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Abstract

Abstract

The Standard Model (SM) is a successful theory describing the fundamental par-
ticles and their interactions. However, it is still imperfect due to some limitations: the
neutrinos are considered massless, dark matter particles are absent, and the interaction
coupling constants do not unify at high energy scales. Clearly, new theories beyond the
Standard Model (BSM) are needed to resolve these issues. Supersymmetry (SUSY) is
one of the most popular BSM theories aiming to solve most of the big questions in par-
ticle physics. SUSY models predict supersymmetric particles, which can be searched

for by experiments at the Large Hadron Collider (LHC).

While the current exclusion limits on the strong production of SUSY particles (g, §)
are stringent, the limits on the electroweak production of SUSY particles (electroweaki-
nos, Chargino 7= and Neutralino 7°) are relatively weak. Therefore, chargino and neu-
tralino production could play a significant role at the LHC. In light of this, four analyses
are performed in this thesis utilizing a dataset of pp collisions corresponding to an in-
tegrated luminosity of 139 fb~!, recorded with the ATLAS detector at a centre-of-mass
energy of 13 TeV during the Run 2 period from 2015 to 2018. Searches for chargino
and neutralino productions via intermediate W/A boson or 7 or ¥ decay are considered
in the first two analyses. The third analysis reinterprets a selection of ATLAS SUSY
searches, optimized for R-parity conserving (RPC) and R-parity-violating (RPV) mod-
els, in SUSY models with variable RPV-coupling strength. The last analysis provides
constraints on the 19-parameter phenomenological Minimal Supersymmetric Standard
Model (pMSSM-19).

The ;Zli ;Zg production via W/h boson decay to a final state of at least one light
lepton and two tau-leptons has been studied in the first analysis. The multi-jet back-
ground can be strongly suppressed by requiring one light lepton from the W decay, and
the analysis also benefits from the higher branching ratio of higgs decay to two tau-
leptons. The analysis is expected to be sensitive to light electroweakinos, which are
strong candidates to explain the excess from the Fermilab Muon g—2 Experiment and
can also provide an excellent dark matter candidate. To estimate the reducible back-
ground, a data-driven Fake Factor method is developed and implemented. This method
has reduced the uncertainty of the reducible background estimation by a factor of three,
consequently increasing the signal significance. Since no significant deviation from
the expected SM background is observed, SUSY particle mass limits at 95% confidence
level are obtained in simplified models. For a massless )?? , ;Zli/ )?3 masses up to 330 GeV

are excluded.

The 77 and 7¥ 7 production via % or ¥ decay with a final state of at least
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two tau-leptons has been studied in the second analysis. This model not only satisfies
the requirements of relic density measurements but also offers an explanation for the
observed excess in the Muon g-2 experiments. The same sign (SS) two tau-lepton events
are studied to improve the sensitivity, especially at a very compressed mass spectrum,
which is the first study in such analyses. No significant deviation from the expected
SM background is observed and SUSY particle mass limits at 95% confidence level
are obtained in simplified models. In the scenario of direct production of ;Zli pairs,
;Zli masses up to 970 GeV for a massless )?? are excluded. In the case of associated
production of pairs of ;Zli and pairs of degenerate ;?li and )Zg , masses up to 1160 GeV
are excluded for a massless ;??. These limits improve upon previous results by around
340 to 400 GeV.

The third analysis reinterprets ATLAS SUSY searches from di-tau and multi-lepton
analyses in RPV higgsino pair production models. The SUSY models considered in AT-
LAS SUSY searches mostly assume prompt decay of SUSY particles, while they could
be long-lived. The current constraints on the models with long-lived SUSY particles
remain relatively weak. Therefore, it is crucial to reinterpret the public SUSY searches
targeting prompt decay models in SUSY models with varying lifetimes or decay branch-
ing ratios. The study explores the impact of 4,33 coupling strengths on the lifetimes and
branching ratios of the higgsino and provides the latest theoretical upper limits for these
strengths, which is the first result of its kind for ATLAS. Specifically, the systematics
of displaced tau reconstruction, identification, and triggers have been studied for this
analysis, which is the first such study in the ATLAS experiment and has been approved
by the ATLAS Tau Performance group. The exclusion limits on higgsino masses reach

up to 800 GeV in scenarios with lifetimes below 10~2 ns.

The final analysis provides a summary of the constraints from SUSY and BSM
Higgs searches performed by the ATLAS Collaboration in the context of the pMSSM-
19 model. External constraints from previous electroweak, flavour and dark matter re-
lated measurements are also considered. Whilst exclusion limits using simplified mod-
els provide an easily interpretable picture of the sensitivity of analyses to specific areas
of parameter space, they are far from an exhaustive exploration of the MSSM. Thus, it
is important to recast or validate existing exclusion limits derived from the simplified
models against more intricate SUSY models. This study not only serves as a systematic
summary of ATLAS Run 2 searches but also stands as an important reference for fu-
ture SUSY searches. In general, the bounds on SUSY particle masses from the ATLAS
searches are weaker in the pMSSM when assumptions entering the simplified models
are relaxed, especially in the compressed regime. The Higgs boson and Z boson funnel
regions, where a low-mass neutralino would not oversaturate the dark matter relic abun-

dance, are almost completely excluded by the considered constraints. However, models
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with A/H -funnel or g/ ;Zli/ ;Zg co-annihilation as the dominant mode are still viable.

In summary, the studies in this thesis have comprehensively covered nearly most
of the aspects of SUSY searches, they include studies on R-parity conserving and R-
parity violating models, on simplified models and the pMSSM-19 models, and on the
boson decay mode and slepton decay modes of the wino-like gaugino pair production.
The models involving light electroweakino 7 70 and 7 77 productions can explain the
observed excess in the Muon g-2 experiment and the observed dark matter relic density.
Notably, it is the first time that the channel decay via W/h boson with two tau-leptons
has been explored within the ATLAS experiment. The combination of same-sign and
opposite-sign two tau finals states has significantly improved signal sensitivity, particu-
larly in the mass compressed regime. The data-driven methods employed in the analy-
ses, such as the Fake Factor method and the ABCD method, have effectively mitigated
uncertainties in background estimations. Furthermore, the exploration of higgsino R-
parity violation models is the first of its kind for the ATLAS experiment. This thesis
also provides a summary of the constraints from searches performed by the ATLAS
experiments on the 19-parameter pMSSM, which is an important reference for future
SUSY searches.

Key Words: Supersymmetry, R-parity, MSSM, LHC, ATLAS detector
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Fl1E 5lE

B1E 5I5

H BT, ARSI A T4 3 2 b R AT T B R A T 14 e TR 0
W 24 2012 4ERRNAZ T HO 2 B T8 61 )5 (1, 2], Fra s e B i & 1)
BAKR FE IR B . SR, kLT EE SIS A T 2L S 86 & A R £
PG TEE A FRHERE AR, (00 ep ol 1 F JB i PO AT (3, 41 IS5 S IS e R A 77
15 [5-71, edh, Fmeilnsl (o 7o R B S8 T AR R AT (8], X281 AR 1AL
LR A A A AR AR F— A B 2 AR A AR AR R B A AR RE ST D)

TERZ 8 AR A B R | X FRELE R i X PIE 2 —. X
FREEE [9] 22—t Sl PR R BRE 00 PR, R FRIERS R B 6 T 5 3ok 1
WEF RS EST, —SEZESTRR TG T E hEHS, fi2H
BRGNP EAEEX PR N ARRAZE . X PRENE ZRE X PR HEAE I RE
e, SRR UL 7 AR BB 7 H LAY PR ] o X BRI AT DASR A
W) TR T, 4R T BRI, R B ARTE A, Besh, BWTRA
TERG—febr P —EAMH AR AEE, B MENEZEIS S M it
AR AESBL [10].

K ls e i SEIS B A G R, BB FRELe e ILE, =
F | P C & S = S i O ) BN A 1 )L 1 A R S RN { Oy AL D A O
B H it b e R R TR -5 bl (110, H EIFRER ATLAS 52
By [12] F1 CMS SE5% [13] 2R GRERETIT O EESLK, ATLAS SLIF1 CMS
SCIS YL E bRz — e T8 AR R A B S, FR A S HOE R RR
K. ATLAS SZEGFE S — 40 BUEUM R IS B0 BE RN 7 TeV, B2 N
4.5 o' PSR BHR A O RE RN 8 TeV, F4r2niEh 20.3 o (il seab kit , 78
2015 4F 2 2018 4E (455 "R BUSINIA], ATLAS SCEHUS TR AER N 13 TeV,
Ry 139 b1 BSZb Bt . (EL AT A X L S BRI 400, ATLAS 5256
VA BB TAELER % . [, ATLAS SZIGYE 95% R EAGE FET
A SR St R A B 11 AT T R, A SRR R B 11 SRR T
0GeV, WIE I #RA EAE A A AR T (8. ) BT EHER R 2 2 TeV
Zedr, BT LHC S5 B EIR, ad l A B AR PR B R 1 (7%,
FOHE) BFRHES RARX AR, 0L GeV & 1 TeV A4, AR KT
BRRZS[E] [14], CMS A58 TRMIMZEE (15, 161, bAh, HAR BBk a3
RN B K B T 1 3R S 0 L P R B PR TR AE 42

BT H RIS A AR SE 0 UL I B R BB, AR RIS, AU PATR
A AT TR :

(1) SEAR AR AR AR R T & 70 ¢ Ao R, TR & i
G WAEAE, T DASKEIR oA T R SRR 588, AE X T 4R TR e AR Py Hh B3 4 4 AR S A
HEIFBXTFRIIIE T (gaugino) 7 A1 75 WUBREIRS, 162471 LHC RO RERT

3
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AR KB TR R 250, Fr DAEEXT gaugino ()34 2 X HEL,

(2) AERFRA S50 A AE X BRI, R i X B AR e AP Bl
A PERU 1) R FRRR I & S B0M M AR . (H XA Y A 5 3 1) B )
FRALF- AT DA A K ) 54, TDATE ®AT—BEBE By 5 7, X SURiAl a7 217
LB RR RS o (BTSRRI AR, FHREK AR B 58 o B
——HERR, B ARSI — R TS S XA A f . 0 SC IR S0 R I HERR RE %
HhEEEL,

(3) KFRA 0615 2 A HEBR BRET X ) 2 B AL X PR, B & HA
Wi ZAEESE, B PASZIR N A AR B BR ] JE 5 A%, (H s/ N X FRAR EA
WS Z , WA AT BEAAAE AR R 5 2 AR A 58 B oL o S A1 )
R ARAL T

AL FEET ATLAS SCInAE 28 S BUIOH R BU D RE R 13 TeV., B2
o 139 o~ SEEBAE A E = AT T TRFSE, A SO RS ;

55 2 BB AR S B, I R B RIS A A N )
FEXTFRARERATY 3 K AT A BRFBIHLAT R

55 3 B R EAN R TUBR AL ATLAS $RI1%28 404 % b L4 B L
MRS TR ATLAS #8300 #5 il

5 4 RN ATLAS SCI g 8a sk BRI B A 2T, BG4 1) T e A %)
BE, PAKBE T in-situ BERABIE. P19 in-situ B8RS IERFFER: R AR K9 S b
TR SRS UE I Pl B4

55 S TN GHE I AP gaugino K XiIFEId W, b JL0 TOEAE A
— I ARSI, IWFRMES XOER A T “cut and count” J5y%, Xt
FEATARICRH T “Fake factor” &7t

55 6 TS HAE AR gaugino Ki X Ff 1 stau B{# sneutrino 1
B S AR W T RS T4, IR ES XL R A T “cut and count”
%, WMEZAAARERMA T “ABCD” JrkiHTilitt, R T2 22 E0E
AT TR

5 T ENGR A AT RN ATLAS 525548 F 55 HH FAE H1 ™ AR B pRhs
TR R Z 5T HONE AR SE RIS, X R FRRBIABAHA TR S,
AT R O~ B A B i

55 8 T4 H R S IR 45 RN ME G e/ VRS FRARTERL R FR ] . IL Ao
I HERI SRS 0] 38 S BURE ) 5 2O A5 S8 A, FIH ATLAS SEBG7ESE 4 L
B (BT 8 AR TEASL AL BRI T 4R N LAl 9E ATLAS 5256, X Bino 2 LSP A%
HATRR S

5 9 BAL AT B LS5 U A R OB+ F- R R B

WAL, ARSRXHEALRIIT I AN K Al 2 AR T8 PR A 2 Ay B ) T 2
BB,  BRFSR — GBS S B AR AR 0 A IR 2 1 . A TR 5
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$2E NYYEREERSBXIRER

Ziﬁi¥?ﬁﬂ%§/T%HZ§§téﬁﬂ%1 TR, FEASIMERZL ., EXITFRILE I R/ v
XIPRRERZY  HAEAN T f 5 v TR B v 2 ATLAS SCH B FR 8 - 4R p 31
N

2.1 pREREE

BT Y BRI ERCAY (Standard model, SM) /2 H Hir s Jd i ik EE AL 1
LA EAE A PG . AR R 2 B0 B A5 20+ o Fi 55 A0 ELVR Y B P 55
g8 — B FI AR AN EAE A & @80 %% (Quantum chromodynamics, QCD).
Py PRAA A R b A X A T AP A LA, RSk 55 RS 51 M
AN FAT G A EAE A PR A 4, T38| — e EAR N e &
(Ultraviolet completion) [ i} SCAEARAERS T AT SCHRHE R PRIE . (HXS T
=P EAE A, AR AR o] DORS A Mt 1A X =R ELAR A2 5 Hoh g A
K3

1961 47, A% B i TARER R OIIEZ —: WIS MIE. AN
FIAT SUQ) @ U IR REEEH , @d BG I ARR IS & 55 EAE
MR T Zo BIAEAE [17]e AEXZ )5, IRTEMEER A S EhH, TiE
TS EAE AT R W B T 2 M EIR AT, RS T
DRI R (18] AESRAH AR 516, /RS MUK EARAE 1964 425 H ik
SO (19, 201, ARIFIGTRAIRZR S TRINTREE T . BRI B otk PrBE
FRNB AL T VARE S BIE N BRI RS R, G — 7 = Al EAEA], s
1575 - RS - A 0THL A (Brout-Englert-Higgs AL, Higgs ML) MRRE 1A
KPR R FESKI T, W) IHE 19 128 70 SFAUREI T ¢ e,
b0, BT v B IAEAE, AR 1983 4E KB T W M Z 3 a1, FE 90 UKk
BTt SN e BRCT, RAAE 2012 AR T AARIIRL T b A, BB, AR
TERL R A5 S0 5 RE L

2.1.1 EAXKF

TEARERS I v | AT B HA ELAR Y R AR ECHE o B el 12 i gk 1
s F e 1 ABE TR AR

PRERIZR ] — A~ HAT SUB), @ SUQ2), ® U(l)y MLz il
ESLH S MESEXSARIE R A TR B A EAE e . SUG), T
b EAE N, T ks e Uz “BlE”, HALEROR G (a € (1,8]) MT ik
HANFBEREWR T, RITEARERR P2 IoiER 1. SUQ), BN
LW (a € [1.3]) 5 Uy WAESIT B 15 H ARFRIEB SIS R & Wik %
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LA EAE I W= Z 30 TRDE T3 (), Hbfabs LGRS FRAEE T
e, Y AR E AL SRTISIEIIM, Ae B e W M B A RED
AR, FTAPMERCMG AT Higgs HLHELEIIR A6 W= Z 360 T3R5 .
Higgs HLHIRIGIATS T Akg il 4 7 r9fefe, At oy aieh 0, AIAR
B3 ¢ FORHRLITY . BN 2-1 [21] Frs, ARAERias 12 ffvd e gg
(RS W e ol LR R

A 2-1 briEBOBE A I PE R (210,
Table 2-1 The properties of bosons in the SM [21].

i Jin HLfar [e] HAE | HMEIEM | AR
Bk
K&¥ (g) 0 0 1 FRAH AR A 1
<1MeV [22]
T (v) 0 0 1| gHEAER 1072
<1078 eV [21] < 107% [21]
W BT 80.377 £ 0.012 GeV [21] +1 1 FHHEAE 107
VA TENN 91.1876 + 0.0021 GeV [21] 0 1 A EAER 107°
FAEWIB 7 (h)| 12525 +0.17 GeV [21] 0 0 -

KT U ot B EARE 1, BT8R 2 5 BAE %S 5
MAS G5 AR R 1. H RS0 2 692 sofis 36 =, AR
HAMERANER 2-2 1211 foR, BB RM IOk T8 — DAL T, [R5
e MBI, PR ERER AL 12 R TS 36 ST, FERMERIAL
AFREWHRETYH E FoR, AT TS mn su@), “ES

L %o [23]:
\%
E=¢, L= 2-1
R <fL> (2-1)

Hopr o My il Zona s AR e r e R . KR, S5 a F RS
H U D FoR, PR SU©2), —ELH O i [23]:

urp
U=MR,D=dR,Q= d (2_2)
L

Heufind 3p3Zm (. e 1) M (d. s, b) ZIEHIIERT
212 HEAXHEEMEH

AR FR$ G 5 e P 5 R T R LT O BT 5553 ( Lw, strong)
AL TR MR )| R S TRIAH TS (Ligiges) ALK

L= £EW, Strong 1 EHiggs (2-3)
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2 2-2 BRUEROTOR TRPER (211,
Table 2-2 The properties of fermions in the SM [21].

BN £t iy HJE | Hf [e] FF i

B (e) #—1% ] 05101 £ 107 MeV | 1/2 -1 > 6.6 x 102 4F
TP (v,) | 1t <0.8eV 12 0 H/FE > 300 s/leV

29 (u) 4| 105.6+10°MeV | 172 -1 (2.196 +107%) x 107 s
BYHMT (v,) | A <0.19 MeV 12 0 HlEE > 154 s/eV

W+ () FH=4C | 1776.86 £0.12 MeV | 1/2 -1 (2.903 + 0.005) x 1071 s
Wit (v,) | =18 < 182 MeV 12 0

B ) || 206 00 Mev |12 | 2

Tk (@) | H-t| 467 TOTMey |12 | an

g (¢) | Hmf| 1.27+0.02GeV 12 213

HRET (s) |H M| 934 fi'i MeV | 12 | -153
&5 (1) AR 172,69 +0.30 GeV | 172 2/3 ~ 10725
K& (b) | #H=R| 418 ’:8'8; GeV | 12| -113

2.12.1 MEIHFBRIFIR =

PRFE 347873 1) Fi 559 -5 e AT ELAE T IR 1 MY B € T A Zh BE AT B AR LA T
Wi, PARBROR TS REAULIEAR B 0T (23]

LW, strong = _ZGZVGQMV B ZW/‘OI"WWV B ZB/NB”V (2-4)

+ ). (GLDyL+iEDgE +i0Dy0 +iUDyU +iDD ;D)
generation
Horp SR AT R P 2450 (Feynman slash notation) #EH5> (D = y#D,)

o3 il 23]

i i

Dy =9, + 587 Wy — 38'Y B, (2-5)

i

D, =9, — 58'Y B,
i i i

Do, =0, + Egs/laGZ + EgTUlWHa - gg'YBM
i 2i

Dy, =9, + EgsﬂaGf{ - ?g'YBﬂ
i i

DDM = (3” + Egs/laGZ + §g/YBM

Hg. g’ gy i@ SUQ) . Uy M SUQG), MumM G HE, 7, A
M, A, MR 2HFE,

g AL
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W =0,We =0, WS+ geus WIW! (2-6)

B,, =0,B,—0,B,

Horp e, FORINYE-ATUERE TS o ARSI v s FL S8 AT ELA A 8 70 15 el
GERE P/IR(O8 S SR U1 NI/ ) % 1 & 7 S ) = = TN ) X 7 G
K- A B AL B o

HTghE (QCD) Blig:
PLECE 2-4, IR TAILESARIZh BRI S A AR I Gy, 5o [23]:

Ga, =0,G¢ - 0,G + g, /5 GG 2-7)

FE g, A AR, 12 S SU3), 36 R B A I 5) 5 R 045 M e (struc-
ture constants) . WA T I FIA BN AES EHITLIER, 7 VBB 2-510 9%
RN AEIR K T-J6 ML 48 £ 90K AL T ARIEBIZE QCD 3. QCD
PR MR ST A IR, HE— 2 AR 10T e th = e T
PR AR PR T R 0 A B S o 4 S R B
PR AW B AOPERR : TR RERRI , 4 SR (TR A . M
BE7HAG QCD B 0 10 -{E BT UL AR ML 7 S0 — W ST 4 o BESR IO 4 [24],
50 A B BB PR T 5 T 1 -

Sy th AT W BT S EAE I S T, A PR (a3
XL RRRE , BRI YA B, 205 P Ak — XA
%O, RARREAMNENAS. HHSRuNEE TasATSET,
AT af A OAHRWE OS5, BT i RN =M, b
FHEI CTE MRS, TEMAETEE A IRABRRIK . QCD BRI AyH A 1R )
HL AR RO ROV (RTT FHET 7 DA QCD BRI th AL TSI REMIAL 4 fh Al (1 4%
FIBLS , (LA BTG R X A\ S B ARRE 38—
MESN, XIS, P SUs e T DU B DA TE (o3 o 0y H b
T BHILHABEE Geo.

2122 FHRAHSZ)IBEHIHIKE

PEFERT PRI ZORPL R P S T T, W RN T, A
TG BET, BT W, Z3 1, M TSRl £ A s ik
To T AR AR JE RFE RS PR L G R I AT R IR [, BSR4
i7" Higgs Bl (BEH Hll) . Higgs AL AT DARGHIAR N . AAs i E= A%
XFRRPER R A T ARMERAR e W Z B PR BCE I, [R NS AT 1
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JIH & LR T 3K RO BRI A& A i 32 14 0 ) TR 5 ZOURI A% Sl 0
IR (23]

Litiggs = (D, })° — Ap* + 24> 7 (2-8)

- ) (AL$E+1,04D + 404U +h.c.)

generation

Horft, ¢ HGMVSBGIH: D, = 0, + Ler,We — Lg' B, DI EHIEAAELE

A R - A I B P 5 i

IR 12 < 0, 5 28T R BTN B MEIF AU, TR P
HIDA 87 = 2 ety —ANELL, PHBLEZSTEE VP = AL S
LS F R ARG A, LML T DA BT SR IRAG £ 25— A
g, T IR AT DA

= % (v +(c)1>(x)> e
ST ARLEC R, BRETRR T ABERIT J (23]

(D, 87 = SO0 + 2(v+ BPgIW, — Wl + 2(v + P (W5 +g'BY  (2-10)
AT BLAS 2 0PI AR, 5 SRR A tan 0y = £, SRR
BT, T DA

W+ = %(W1 FiW,)

2

Z =cos Oy - W3 —sinby, - B (2-11)

A =sinby - W5 +cosby - B

B Z g e 15 y 2k W e 5 B a3l A AR A SR . TR
Higgs HLHEABIAMVEXIFRIERTHISE T ARSI T 736 TR RS, A
(GEIE

gV
My, = =
M)
2 2
M, = YETEY (2-12)
2
MA=0

Sg, T WS Z 6 TR EAR R R, B M AT R A U AE BT ok

9
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i 5 R AFAS A
TEAFE| Ve BB 15 v FAE, SR #Y
PR T ZHEI 2-4, Al AR A (23]

1

1 . _
Lermion = —elJpy A +—=————C Ly W0 7" W ————J{( Z,]
ermion U 2 sin Oy H #7 sin By cos Oy o 1;)

Ho gh, = frAT + D f SR THREOR, f RELEEIK T, WA
RETRRE 5 e TR 2 E R 52 A ] . 55 T RAR TS LR WE B (G
THMHELER, R AT 5% TR 8ok TR a5 m T AS w7
Wy, FEREUE TR T 5 IR R Z 36 T E AR, Hoh gl =
FYPTsf — Qpsin® Ow fr* f o FEHECER LG40 10 ML 95 37 5h RE T -5 1 AH .45
Fikt 2-4, TRASE X W BT 5 A A Z 35 @ T s T EAE
TS, SRR T BRI B
i PG 2245 2-8 1 5 BEFB 4 FE T IS 1T AR5 -

V= %CD“ + @ + W22 (2-14)

SR — TR, A TR My = V22, AP
FASIR IR T, M T 1 = 7 B M T 15 D 7 R i T

)45 Cabibbo-Kobayashi-Maskawa Jif4: :

PG & FRIR -8/ 58 ATHIE T A 59k T IG5, E
i 2 AL I R I NP e e B I R oR , FTLAMSEEN: £ = %V(ﬁeée +
Agiudgdd) WIES, itk BEZSARRMEREE 17 )R G T AR ok i o
i) %ﬂv, ARER &/ SE R U)o S5k & SR iy co UF) SR RIUE FEEi S R 46PN
F.o ) IR EUA ] ARE AT BB

£=—(abmyﬁ)nﬂ¢<2¢> ~ (53 B ¥y ¢<?> (2-15)
L

10
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+<aR,c‘R,fR>Yq’

CbTiUz(
¢Ti0'2(

(i)TiGz (d

ur
/
L

‘L
!

St

tTL
'

L

)
)
)

HA Y, Y, F Y] A, 5okt | M g Rxd fa i, 7T DA A

eV, HpE R a4
Y., 0,0

0, y., 0
0, 0, y,

H H AT AT A 2 Je iy BB AL 5 A BAE I AMESHYIR &, L Cabibbo-
Kobayashi-Maskawa (CKM) JEFEHGAAA THRERAY, bR V 2R

— T
Y,=V |4

d’ d
S, = VCKM S
b’ b

2.1.3 FRAEEBYRIERRE

PRERAL 2 4 R 1R B T AR RO RE W B IRRE A R e, HAER
Y TeV BEbR_EARSR o] DAMERRl AR SEG 45 0 . BRiEREEY B AR EAT 155 | 1AM A HE
WHESE , (AR TS SRR, SR 7 AR TR ERE, AR
HBIAT CKM [, H2, FRERBRAEAE IR 7 R ak S -

o, ARMERE OB X R R S IR AR (Pontecorvo-Maki-
Nakagawa-Sakata FH[4) #4744 . HET, KBHA L% 251, VT
SEH (3], KA ILER [26) AP AR S [27] SFIUERH T IR
e, HFMET ZRPHTHREZEFOLE (3, 4. LREERE PR TR
ANTR, X SRR RA N2

HR, FREBLEL A RS ) B S BE R AATE . WIBRFRAITRBLE R IY
AL T R S A AR TR 2 T | T FIE A I HE 56 B 0 VR IR A A i
DL ERE R (28], XUl B R WA SN Gl 5| I REE R R, e
N TEEYIR AR . AR, QR TAT2EA “PRUERIZLY ACDM #E% [29] A fliidk
1EW, IRATH AP ATAE 3 IR R A RE T S0 0 0 28] Fr) 7 6 3 i ik
P4 (301, HAT, TS (CMB) [5]. T R RBEZ ) [6] FlTi
SEE AR (7] SR SEI S R Y T SRR R e, I RBLFEE Y 27%
IREER BREPIIT, 2 68% MBE Sk ARG RE &, MARMERIBIELSHA Y H
5%,

5, ARMERIRLH R 2 KRG —PHiE (Grand Unified Theory, GUT). K45

11
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PR FE I W L a0 N AR BNE - FEm Bednist, S5 B AR SR AH AR S
— R —Fh A EAEH , TEARRERRET, X = FhAH BAE F BB A = Fh v X4 B AH B AE
Mo BVEH BRI HEE PP 2A FE AT G X — IR IAFTE , A 2R R AR
R SUB), ® SUQR), @ Uy MFRMERA T KIS FRIEF . KBS &R
LR, Hp AR SUS) FE (31, 321 #1 SO(10) FEIE [33, 34], X EERHE
WE T A FE AN AR R FEAE , SRT S50 b I A UL 2 2 B
4, HAE 90% B (S TS 7T A kT 0.96 x 10% 4F [35], XtFH T
HLEMCE (nEDM) 5 SE56 R & B F AR R BOAFFE , HHAE 90% MR T HE
BT Id,| > 4.1 x 107 e cm W75 (36]. 1LAh, SUS) 5 SO(10) BRI ShRER
R, WIRBTER RN — G B, WX RSO A 8L (Gauge
Coupling Unification),

WA, ARUERAY Y %4 ) (Hierarchy Problem) & — MRiiBAIA 5E 2
(LT . BRI TAETE S — S B, Mt 4 ¢ BT TR L u 5 Ty
B T U S R PR 5 1 1, 53k S R Ay B 9 1Y ) 5T 5 R S BRI G Bk
PEARK, ANET A (Naturalness) WIS, AR AP KA B AR ) A0 7
KBt F IR . TS Ims B AR T )| R &, Ak o1 4 2
Jiife (Physical Mass) K452 —/N5ahr 277 X R B EIEIE [8]:

Ay — A2

sm> , = fA2 + (log. div.) + finite terms. (2-16)

ht ™ 82

Hop f REFKT, Ay AFHITEOMERE, A, 07 IHE R, A NEb6E
Fie T ULARETHE 6 T T T A MO BEAR I, X 2 [ SRR TR S
W) A AR T B 240 125 GeV, IR A 7E TeV REFRPAIT, P8 P18 1E 7 DA
W L SIS R B R YR TeV AT 2 b o s AR AR B UL
M7 520 G 1E TeV BB K IR AR ke 7. 53— T, S
SRR R AR g W Bt T B 2428 80 GeV, 1151 M ELAE i 3 B v A
mpy ~ 10" GeV, % EEIFRMEMIELE 7] FREAFIIE, K AEFTR R Ba 2 1 v fg
R R A, ARA AL (T R T AR . ERT, TERB AT
FREIUR , A RS I S HGHA TR A0S (Fine Tuning) 45210 %] iy
FABITE 6 T8, (HIX LB A— AN a2 E I o AR AL
T SHO TS M4 B X 2AE 435 8 (Fine Tuning Problem ), it
ZAh, HBEH WL AL RS VA FROAFRERIZHAGE I T TeV fEFRR, £ TeV fghiz
AR AL R S U, IR X FRERE B (BRI (Technicolor-like
Theory) S4B [37]. 53 A AT DA o8 I8 IG5 1 5 R 1y S e 1 9k
B, BB KN, HA RS TTRERT (Effective Planck Scale) A DA TeV
B [8].

12
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22 BIIFRER

FEXTFRME (Supersymmetry) [38—41] AU . AR5 i A AETE 20 HH4D 70
AR ERTARIEIE E IR IR 2 2 T S TR, 5 A T0 K [38],
EHEH A RET , T2 RARR S TR X RIS s di >k, ERTR
PERCA TR Sk 73 53 a7 PRIER IS . G, BXTRIE S e s
&, BUR T R EEAL TS [42]. 1977 4E, FREREREHE T RREE SR ERL AL SE
fr, PRI T S/ N PR HERC AL [43], 33X 1 IR AR 2L R R O 8 1 B ) A G R
kg, HAED, @RI Z IS 0GR e, A E T EZI0A [10]:

o HXTPRELE AT DASE R SR TIHIBSS G, W IS0 2 A 2SR E WAL IE A
Pk
o Y TEEXSFRERIE AR T BT REAR A IR ACHIORT AREARTE B, T DA
PRI TE =y REFR A B8 2K .

o JENIARIE AT DAYE K GE— BE AR IS =S 03537 0 A A RIS &5 4008
—H

o FANIFFIHIS AR (Superstrings) FHiE 5 M P (M-theory) HIfILAEINT
fl.

221 BWRBILEIT

X BRI R I 2 — R R Pk T 5 6 T B PR e, ERARIEIE R oK
T 5 OTEEENEEEFH—MEEZES (Supermultiplets ), XJiE 2 B
TN FRAZ I W] DAORFR RGE T IR EAE . BN PRS0 T 2 [9]:

O |boson) = |fermion), O |fermion) = |boson) (2-17)

Hrpfigst [boson/fermion) fURALH (L T/8K T35, MIBHNTAI, WER—AXF
PR AT DAKRE Piof 25335 Bt ) D8 T S-S5 0L 1 N B R AR ok, I BB B3
THPKT AREANZE 172, I8 AXASARIER A SO Z AT 1/2 1) B e, R
0L IR FRPERARBOE 2R ME— B E 1Y (44, 45]:

oy, oMy =274, p,sNM (2-18)

Horb o NBERETES, N & HBE, v NIKAIHERE, 6 NP NIT 6 ML, P,
VU2 AT DAY= AL I 25 V- R Y DU AR G o [R] IR AT AR5 -

{0",0"} ={0,0} =0, (2-19)
[P, Q"] =[P*,Q] =0,

TESE] p* 5 Q WX XRJG, BE-ThHHEA -P* HAKS 0 X5, FibA
AR — AN 2 SRR TR AR R A FRY . R O tS bR rERIAL A A T

13



ATLAS S50 tau AZSEFRbL 119548

Xt o, BT LA T IR — AN 22 B SRR T #0553 [l L 0E 55 8 A A iyt g — 2
. ARG (D, Hdv s (AR ENE, FAFERFES: O TS0 AEM
ML, BORTEN-1, SiaAK2-18, WA [9]1:

Q(=1)* |boson) = |fermion) = —(—1)>*Q |boson) (2-20)
2 HGHDRPH ) = Y =DP007 1) + Y (il (D> Q"))
= 2 (1 =D»00 i) + Y (il (=1»Q" 1)) (jl Q1)
i )
= Y (1 (-D¥00" iy + Y (il Q(-1)* Q" i)
i J

}Ei(ﬂ(—lﬁfpﬂh)=()
O RUIC VDR

JITA—AN DR 22 B A P S oK TR B 8 51 I EEAH AR

Zi b, AR RIRPEAAAE, WA — PR EA RO 1-#R G FH B 1) 6
- (Superpartner) , {HIFRATHEE A LEAR HERLEY P 25 2 18 B AR B — X kL
+, WA B B AT AC S AR — B TR B AN SRR PR
TE, AREX R — e FE R Redn RIS T . BT B R oA R R AR B
Jra SR, B DATCIEAR R PR R ) 2. H Rl R EaA 2 A B
5" (Soft Breaking) T, HJI [9]:

L = Lgysy + Lo (2-21)

S Loysy LA BT RIER G4 E TR0 I B T, Lo, PR
X HERE B RREAT R TR WES A T X PERICBIT, 0J57%
A R IR IR R EE, B (9]

L MAA+ d " by + b7 i, + V5 p* by — (mP)p* g, (2-22)

XA IR A AN foe/ VB AR A IR S AR H B

FER PR L 5 A GBS ARIE S BB, P AMEREVT 2 A R A B O A
SEERIHTT . — I e AR B 6 TR SR PR BRI, AR T
o) |IRB G OR AAs i i B ) ok vl LA o 91

A
5m§l = mgoﬁ[@m(/\w/msoﬁ) +..] (2-23)

Hor mgop RMXIFRPE TR BCE, AFEIARIERBRITEESR . ATLABR R, WA
BRBEAR-5 b AR ARURL BT, AT AR AR HEAR 2 S R A X A AR T B ¢

14
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TR BT, AHFBATE TeV GeAn F M B AR AT, BreARD
FEEXI R, IB At A BRI A SE G, KGR AR A, T4
RO ARG TR A/ NE L R (Little Hierarchy Problem) . 75 —7J7THi, 7EKR4E
—RERS T, ENFRIIE IO RESE— b AR A ) = SIS RO S AR 18] 2-1 [9]
JEN T P EHE IR N G R R sl , e S RS AR R R A & 5
B, BARNREERIIRE A EE B, SRS R AT ELE.

60» T T T T T T T T T T T T T T T LI

E ~< '
E < -4
< P
50F ~~< -
- \\\ - -3
F = - ]
E =l ]
40F - o E
E - - E
- =~ e
- . ]

-1 anE /’/ \_
o 305 . ]

20k

105 :

0O~ 8 10 12 14 16 18
Log,,(Q/GeV)
P 2-1 STAEIXBRYERRE A T8 (9:2) SRR &5 O Zk) MiReksmal, A~
bl AR ALY, TEOR I WilE [9].
Figure 2-1 The coupling constants after introducing SUSY (solid line) and those only consid-
ering SM (dashed line) vary with the energy scale. Different colours represent different
gauge fields. The calculations are conducted with a precision of up to two loops [9].

222 BINEBIIRRAR SR

o/ INEEXTFRFRERLAL (Minimal Supersymmetric Standard Model, MSSM) 4k
& THRRFRAE TR — WX PR AIAR MERL B . B T BRSPS
TR THA — MR T, BRI AR BRI (H, = (H, H).
H, = (H;,HS)) PR T AR ER AL ) A A AR B NI I B T ATE S (Gauge
anomaly) [46] H K TR i & . 75 CP (HLfarL¥iFRR) AUEST, MSSM 5] A
THA RN — LSS (H) . Pt CP AR @B bkt ¢ 1 (HO,
h) Fl—A CP As i Ay ik € 1 (A°), —BEA R SEs b & BRY T8y 125
GeV W AR (7R Ao MEAb, AR R G N 172 5 SR TRy X
PRAET BER 0, FRUEREai i) R s3I IR T B iER 12, 114 H
HWELZES. o, WMABEXIFRE RSP, 7683 ZARPRIEm s, 2
P RAEHE KT (Goldstino, Gp) o RZ, QNSREFRME R e, W
MSE ERLEATE R (211, FERGEE| #IE (Supergravity), PR T
(Gravitino, Gyp). % 2-3 [21] B45 T _ERiBAFRBL T30 7R A SCIAT 5 51



ATLAS S50 tau AZSEFRbL 119548

2 2-3 I/ BREA BRI AR, Feb ARSI ST [21].
Table 2-3 The fields of MSSM and representations of the gauge groups, graviton is not

listed [21].

BEZES | M| ey | fokT | SUG) For | SUQ) FR | U(D) R
gluon/gluino | Vg g g 8 1 0
gauginoboson | V| WE W | W= WO 1 3 0

gaugino v’ B B 1 1 0

slepton/ I (V.87) | (voe), 1 2 -1

lepton E° & & 1 1 2

squark/ 0 | @.d) | wd), 3 2 13
quark Ue i us, 3 1 -4/3

D¢ dy ds 3 1 2/3

Higgs boson/ | H, | (HY, H}) | (H, H}) 1 2 -1
higgsino H, | (H,HY) | (A}, H) 1 2 1

MSSM BigHr, A nl DA Ny [21]:
Vo= (ul? +mi H)P + TH )+ (ul? +my JHGP + [ H7 1D (2-24)

+[b(HFH; — HCHO) + c.c.]
+ 2@+ g DHDE + [H = |HOP = |H P
I HY + HOH P
Hofmy,  my, 155 RFRIRR X v, 5 v 4itE B F1HO 5

B, & X tan p K v, 5 v, BHIE. TERSSXIFRIERS B?TF%%W Ziﬁ
@, WAASI BRI SR B A A A (o1, TR [9]:

2 2 2 2
mA—de+mHu+2|,u|
2 _ 2 2
My = My + My, (2-25)

1
my , = E(mi +m’, + \/ (m% + m%)2 — 4m%m’, cos? 2)

TEPR AL b, AT HEAEHARESR R 2-30 k75 LA G —4
22 PHERE M %T”LH?EEEHLTEIBZ@? & 5%%%1‘%@@‘2@? H* W)iRA,
FESRRAMES L 77 5 77 (Chargino) , 7 WRRIZT 7. M TEW B
BER IR [9]:

M2 78V
Me=11 V2 (2-26)
\/zgd H

Hr M,y SUQ) BIEIA MRS 6 F W IS4, Chargino (5 & SR

16
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Gl AR AL Mo 155, B

UM,V = (Mfli 0 > (2-27)
V=

hrERRE GG T B, WO SR G T H). H) IRAH My f#id,
TEA RS FE ) Y2 s [91:

1 1
M, 0 —38'vy 38
1 1
0 M. -8V —=gV
—58'V4 58V 0 —U
1 1
Eg Vu _Egvu —H 0

Hrfr My S UD) HEAREHE 67 B T RSE. IR OIS A TR AT
SHIR TR 70 (Neutralino) , i it 1 2 4, #FRMEFIEHET . AfiTh &
DA XL My 155, H:

<

e 0
M .o
NTMyN = < (2-29)

0

0

-0 0
3

M

o o O
OREOO

0
0 7
M W, B, H WIRGHH, AJPARE X — Chargino 5{ Neutralino & Wino
(W H4K54)) . Bino B (B (H48KB4)) 1652 Higgsino B (H 45 K
45). MSSM B, EXFREE - SRS i DAIREG, —RIERT, £=
R T (F) BIRAME AL R (7. b) MIRAKK.
MSSM 7 [ ARV AR PRI IR e 4 B FfE A % (Superpoten-
tial) T, I FLxXSEI5 e AR T SR 2ok . o T BR X Se IR, —
SRR R FFRAT A G, HoE LT

R = (_1)3(B—L)+ZS (2-30)

Hi B, L5 TRESETR, S A, IR RFERSFE, IBARRNE
XFRRL T (Lightest SUSY Particle, LSP) X @80, w DAVE I ook 1k
F, [, R FARSHE BRI FoRL T SO 77 A B K, — N EERHRRRL T
%“F~%R%F¢%ﬁAEﬂﬁﬁ%

B MSSM S A 124 A H WS EC 210, o m i H B R AT E 24T
h&T#ﬁleﬁM%ﬁME% TR TAPRF R B A SO M BN EE S

M 4 dpe /MR B b B % (Phenomenological MSSM, pMSSM)
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pMSSM it iy 19 NSEdA (47, 48] (T2 EHHEMES , th 20
HISERAS) o EXREE—RRE R T 55 iR -5 & 1 AitEF T ik,
NGNGB CP A, AIARBARR PR, AR FEREBIR, K& R
R 19 NZSH: My My, M 405125 U, SUQ). SU3) HRTEIA EEAEIE 3%
TIRESE, my. pw NEASA RS, tan p NESHEME v, 5 v, BIHIE,
A Ay AL RNEREE = RE AR T SEASITS G MG A S8, TRt
BRI RTFREE TR RSO MG MG, My, M7 R M.

fifLBix! (Simplified models)

ALY [49-54] & H A seiin) iz i By —. FEfRifepait, —fik
HA W) =B FRORL T AT PATE SE g gl = A, Hp Bk 7 A S 5 ROV,
H HABX ORI 01 5 A8 4y S LUl R IR T Ak . BT AR B AR S AR A B
EHASEE S, A BT S48, (HaX FhiE (e 52 aY s PRk ) o B HEG:
BR AT HEF] MSSM I BIIE i HEM BRA 3 K 221 .

223 BXFRIBISHEXAE HiREREIER

FERTAR IS AR ) T H T A fERC ALY MSSM e, 9 5 — b H At
AT BES (Beyond the Standard Model, BSM) A HE & . Hi, WA #EHT—
HAHAL (two-Higgs-doublet models, 2HDM) [55] /2 H RI#A TR, EWE T
P SUQ2) —ERAEINA L. 2HDM 2 &5 SM g, BErAMER
SUSY BB F B —sr, Wal DA ES SUSY, B anf 2 sEpil 1R 2L i o f B
w561, AL, Bib AT AR IE SO SR X FRPE (5510 el ) 2HDM (15 14
MHESE, HATAZE CP FERR-FEIAZAL, WAl PAE CP FHRmE sy, 5
Z] DA BT SFEAEAY [55]. HAl, S L2 CP FERRsFEAEEL, 13k
BRSNS AR B (4 7 RN B A A8 S B (8 IO ] o e Ah, ARAE A AR T
AR TR AR AR, 2HDM BAEGA A] DAGE—2B44), 428 2HDM
BAUSAH £ RIPE TS, BN type-3 BT PAGL 5 R I J2 10 A R 25038 R P i
(Flavor-changing neutral current, FCNC) [55].

XTI R G —FEIE  (supersymmetric GUT, SUSY GUT) Hi 2 X HFR )
A, BT EXIFREERIS I, SUSY GUT ] DARHR A4 010, HAE KRS —RERS:
— =M EAE R 211, A IERESOR T A s s 1 ) R A B Y
S DA T BRI [57]. ARYE GUT B ARIRFREERIARLE , GUT BHE T
FHMERWAE, 5 UWLEA BTG 67 A .

WA SINEFRIE (Extra dimensions, ED) FI5ZieH KB, HE2MEREE
W AFEXT RIS < BE, [8]. 1 Arkani-Hamed, Dimopoulos £ Dvali $2 H
ADD ##7% [58] ;& ED iz Gl e, BHiE T TeV BRG] 1+, dWE
TAEXHEML_E R RE A 25 AR ) S R R (8]

IeAh, MSSM BB A AR FRIERI R A %0718 (the Standard Model Effective
Field Theory, SMEFT) [59] ##iik, —SS@XFREHE TS T KA AT MAFAE. X

18
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SMEFT [ #fF 78 il -3k K 3 ahr 715 B 3 iR XHE AL SL 0 A #4 R
224 ATLAS LIGFHEXIFRIBIR

FHGBEAT PR T E 2 ATLAS SR B S B H bz —. £ ATLAS $51
gt EXRRORL T 7 A IR R A AR o B R A AR A
XA PRI T (&) SOBXFREYE (§), B —DRNFRI 5 — xR .
B bR FL S A LR AR AP FRER T (4) 5 Chargino 15 Neutralino, 7E
13 TeV BrORERET pp M T, S8 AH AT A8 4R T 22 v T 1R 55 A0 ELAF T R A
X AR AR AT S SUSY RL1 s (AL AN B 2-2 (60, 611 s . 4k, ATLAS
TR BN R FHOR A SER BT T34, X R FARSFEIINE I, pp X
T A () — RGBS FRRL T e A 2 A AW LSP. WK LSP Jy ok 1
HHAZAESAN AR, W TEEAERN &5 A B R RN, e AR A fE
BEK (EPS), WEMB AR . WT R FFRBIRATED, LSP 4 &34y
AN TS, WML R PSSR, MK EPS 8%, flnmg T
IATET SIS X JEARAY [62]. ATLAS iRt K Akl Filff7 733k, Ry
HR R A AL A7 i A R R ], X B St S R AR AR 2 A T B . B
W, RFHRBIN G RBEARSS, LSP AETRM a3 h AT — Bl s HaAs, A
FeHERAL (Displaced) THR . FFEiWHEARD, MAMrHEZL (63].

10 pp, VS =13 TeV, NLO+NLL - NNLOgpprox+NNLL

— g9 —— Xx (higgsino)
eLe] — X1 X1 (wino)
102 4 — §q" XiX3 (wino)
— EE*,[)B* — ZL,RZL,R
a
S 100
c
RS
9]
()
wn
21072
3]
10—4 p
1076

250 500 750 1000 1250 1500 1750 2000
particle mass [GeV]

Bl 2-2 Jfebfigs: 13 TeV T pp kb ™ 4@ AHRRL T #0E [60, 61].
Figure 2-2 The cross-section of sparticles production for 13 TeV pp collision [60, 61].

FURT, SEH P30 R 2 W W R AR TP e e, [k, ATLAS 55
BAE 95% BEAF BN XS AR A B A T HERR . 18] 2-3 [14] R T H A
FEXIFRAL T I HERR DX TE) . oo R TR OL. X F g At Bl
T4y 245 TeV SHERICEHR . X Taimft g, FI8Z. GFA%E—. =
PURERFIHANOL, a1 TeV WSRO THE=10g, BT

19
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50, FEMT1.25 ~ 1.35 TeV LB EHHER . FER T A fEd, FfEy
1 TeV LR 77 R 7, EEHERR, JFRZ08 0.7 TeV DUR IS —. R 2 X
e JFHLIH 0.4 TeV AR 7 CEHERR . Besh, XIT R FRRBIRAROL, B
FC i R IR 1k — AN AR A 2S5k, BroAMERAZS 4 — 1Y
HERIR . ATLAR R, BAS DI EIRAUAR R, (EAECHRs T #54 Run2
SCIBREITTISE R, T IHERIRIAE] T 0.5 TeV , —SSHFm 7 HER PR thik%] T
1 TeV . [FIF 77 Al 7y 76— S8 R iR R AN | TeV .

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

August 2023 Vs=13TeV
Model Signature  [£dr ('] Mass limit Reference
T
4, 3401 Ocu  2Gjets Lmk 140 |IENNEEDEGEN] 10 185 miT)<400 Gev. 2010.14293
2 monoet  1-3jets ER 140 |4 [8x Degen 09 (@) m(F})=5 GoV 210210874
RS Ocu  26jets P 140 g 23 2010.14203
) H Forbidden 1.15-1.95 201014293
3 Ten  26jets 140 |z 22 m(E})<600 GeV 2101.01629
9 e, pp 2jets  EPe 140 |7 22 m{i})<700 Gev 2204.13072
B Oep Tiljets  £me o 140 | & 1.97 mu]’? <600 GeV/ 2008.06032
2 SSey  Glets 140 & 115 m(g)-m(¥}}=200 GeV 2307.01094
£ gpont) 04 et 3ap  Eme 140 |z 245 m(i})<500 GeV 2211.08028
SSep Gt 140 |2 125 m@ym(T)=300 Gev 1909.08457
iy O 2h P 140 (B 1.255 m 210112527
B 0.68 10GeV<Amid, 210112527
os Ocp 65 140 |8 Forbidden .23-1.35 7 /(=101 190803122
£s 2 2b 140 | b 0.13.085 /=130 GeV, mit})=0 GeV 210308189
5
33 01ep =1 jet 140 |§ 1.25 miE)=1 Gev 2004.14060, 2012.03799
4 Teu  Bjetsith 140 |7 Forbidden 1.05 miE})-500Gev 2012.03799, ATLAS-CONF-2023-043
35 120 2jsib 140 | & Forbidden 14 m(71)=800Gev 210807665
-2 Oept 2¢ 361 |z 085 mE})=0 GeV 180501649
“3 Ocp monojet 140 & 055 (s 2ymiid)=5 Gev 210210674
i, =i, o Zhe) 12ep 1-4b EPS 140 [& 0.067-1.18 m 2006.05880
haf, b + 7 3ep 1b £y 140 |0 Forbidden 0.86 m(¥})=860 GeV, m(f,}-mi¥})= 40 GeV. 2006.05880
¥ via wz Multiple ¢/jets Lo 140 0.96 miit)=0. wino-oino 2106.01676, 2108.07586
ee. g z1jet  Ep 140 0.205 m{FT)-m(P)=5 GeV, wino-bino 1911.12606
T via ww Ep 140 0.42 m(¥!)=0, wino-bino 1908.08215
1% via Wi Multiple ¢/jets 140 Forbidden 1.06 A 2004.10894,2108.07586
L Wik vial v 2ep 140 1.0 1908.08215
=8 o] 27 140 FR.R11 034 048 ATLAS-CONF-2023-029
WS i, o6t 2ep 0jets 140 07 miFs)=0 1908.08215
eyt z1jet 140 026 m(f)m(F)=10 GoV 191112606
HH, H—hG |74 Oept >3b 140 0.94 BR(T] — G)=1
dey  Ojets 140 055 BRIE] — 2G)t 210311684
Ocp = 2largejots 05 140 0.45-0.93 BRIT| - ZG)=1 210807586
2ep =2jets  ETS 140 0.77 BRI — ZG)-BRU{ — 1C)=0.5 220413072
Direct £1¥; prod., long-lived ¥5 Disapp. tk  1jet  Ep™ 140 | ¥} 0.66 220102472
u 021 Pure higgsino 2201 02472
Stable ¢ R-hadron pixel dEfdx s 140 |z 2.05 220506013
Metastable & R-hadron, g—gqt} pixel dE/dx Efs 140 | & [6(@) =10ns] 2.2 2205.06013
v Displ. lep Ems 140 | 07 201107812
% 034 201107812
pixel dEfdx s 140 |7 036 220506013
T o zeoeee 3eu 140 | X/E}  [BR(Zr)=1, BR(Ze)=1] 0625 1.05 Pure Wino 2011.10543
IR - wwiztettv dep Ojels IR 140 (TR INAREOMEIE] 095 1.55 miE})=200 GoV 210311684
2, 7—qa¥, ¥\ - ggq =8 jets 140 |2 (m@})=50 GeV, 1250 GeV] 6 225 Large &7, To appear
= Multiple 361 [0 W24, 102 055 1.05 00 GeV, bino-lke ATLAS-CONF-2018.003
& SbET, AT - bbs =4h 140 |7 Forbidden 095 mei; 2010.01015
i 2jets+2b 367  [WENIg@ns) 042 0.61 171007171
2ep 25 31 |1 0.4-1.45 BR(; —beby)>20% 171005544
1y ov 136 |0 [et0< 4, <1e8,30:10< 1, <309] 16 BA( —gu)=100%, cost=1 2003.11956
R —otbs, ¥ —bbs 12epn  =Bjets 140 |8 0.2-0.32 Pure higgsino 2106.09609
1
“Only a selection of the available mass fim new states or 10-! 1 Mass scale [TeV]
henomena is shown. Many of the limits ased on
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simplified models, c.f. refs. for the assumptions made.

Pel 2-3 ATLAS Lgbxprb: 13RSI HERR R DX ) [14].
Figure 2-3 The mass exclusion limits of sparticles from ATLAS SUSY searches [14].
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KLY B & R AT e S S g &, E—FENA T Ak T
HRATTI Bre I W A E R 2R PSR DIE S R X AR BRI, ASEERF A 2 A SO Y 55
ARk ATLAS 5055 . AT 0/ M2 K B 1 HE LS xR
HURCRY, HS 4R XL B ATLAS 5250 . ATLAS SEEER N4t
T ATLAS FRINERIIEH . PEREF L0050 1 1R L

3.1 KEGEFIHEN

RAUGE 57X it (Large Hadron Collider, LHC) [11] 25 Fe KK T
A, HA T oL 5% E R A BN AZ 7 H 0 (European Organization for
Nuclear Research, CERN), J& 26.7 /v HL, HFE)E N 50 K% 175 3K, LHC 3t
A 1232 AR R R A T A R B L T B B R E] (Bunch) 7RG
BEHNWEE, B4 392 N S DU RSB TR ERH . Fra BB NN
B, VARG LRI S =S5 TAHEAEM « 8 TARERER A, &38R AT RA
PEfEEIE 8.33 T G TGk, M REMZITIREL N 19K, HEAR A,
RGBT AT RES (Beam Ring), [B]FER 192 22K, IS
TERNRIE (Beam) izt , SRILHAIRAIGER N 6.5 TeV. &N HRIR
5\ E L KIS NI, A ELRIEKEA 528 K, HTilER
Mi#s 5 es, WKl 3-1[11] Pis.

JNANEL XK, A P KIS R PR A2 AR D, H ey
PO KRB 25 AT BILSE TG . ATLAS (A Toroidal LHC Apparatus) [12] SZ56
£ CMS (Compact Muon Solenoid) [13] 525543 {57 5 F T DX, AT H
Z PR gs, FEE HAR A RMER A AR I & . SRS I AR ERL AL
A A% T3 €81 B L o DA S SR I AR HEBL AL B I 5 . S I
ALICE (A Large Ion Collider) 3£45 [64], s& LHC _[ME—iE o B B 7 X0HE =4 10
B ST B RIT AR R A R A AR A B BT S . S AW
LHCb (Large Hadron Collider beauty) SZI& [65], 3= ZERl4 H Fr Aok if ) & F vk
SR REAE R S AR TS, R, S5 NASRKIEAUEZ I RREAR
Gt HRMUADAELAXKEF AL G A, KNG P 400 MHz H 550858 i1
WAL, WAHRREE RGN ARG RG. SN RG0S 16 &
S¥niE (Radiofrequency Cavity ), SFPAT i 1| F Sl 7 B4~ S i Ay 7= £ ] S04 1)
WA M EEIR A Rs , BASE Y R IAIE(E N 2 MV, BRELIRES T, —4
SOSN8 ] DA AR 16 MV IR . 4 G 03 5 o 1A 3R A 21 18
IR VCECET , AL iy i SR s sy A R, AR s A o tesh, S
PN SRS PR ) PR 37 3 2 itk — 25 A T ) R 4 PR A
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Low B (pp)
High luminosity

Radio frequency
and future experiments

' Octant3

Low B
(B physics)

Low B (pp)
High luminosity

Pel 3-1 LHC H&3ehii)sy, HRMeHHEF AAS B2 [11].
Figure 3-1 The layout of the LHC beam rings, with eight straight sections sorted clock-
wise [11].

TEFEA LHC AT, B 27 HAR Rt N gag o, anigl 3-2 [11] fr
N o AT BT T2k B EUR T HLES, g LINAC 2 B 248 ini# 5 A Booster
(Proton Synchrotron Booster, PSB) £4t, i {-7£ Booster N# I £ 1.4 GeV )5
i A CPS (Circle Proton Synchrotron, PS) ZRZH-#ih# £ 26 GeV., [6]if, CPS
N 28 =48 R 1, SR IZRE )G 3E A SPS (Super Proton Synchrotron) %,
FHm# 2 450 GeV., PSR =24 B HZ&H k@A, M SPS #f A LHC
W, If i LHC il SRS B E M 2 6.5 TeV, Xt BEEFEAERT 20 4044,
TEAEAN I —T 2 IR, AR A S TR, RIS IOk AT
P

£ LHC N, o6 25 24 2000 ST, ol Y BRI o5~ s 4011
BASRAL Z18 101 AT [66], GAIAAER MK E L 10em, H)0IE A fiE
O Sa LAk 3.5 ek, £F 2016 4% ] BCMS (Batch Compression Merging and
Splitting)  [67] BTG LR 2 ok, H G BEABEARRA G 200 TAEB g A
Wl WHTETEEEE N 25 ns, 3% 3-1[66] iCs% T PIAER RS 4L

TESEgm R EDHE IR R R 5E E (Luminosity ) , & X fE B BE
P RERAENR, AT BB S8, R S HE mAb i — 2P R4 . i Se 3 L
A PAZRIR R -

NN,
L=fon—==F (3-1)
4ro,o

xOy
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Table 3-1 The LHC beam parameters of each year [66].

Pel 3-2 LHC R A Lk &8¢0

M N
\fo\oster

<

e
P [11].
Figure 3-2 The schematic diagram of the LHC beam injection and acceleration system [11].

% 3-1 PRI S B (66].

TSR Wi 2015 2016 2018
FOEAR R Sk - 33% 49% 49%
TAERE P ARiE ARiE/BCMS BCMS  [RAIRIAG AR 1 AR 2 BCMS
W HE R [TeV] P 6.5 6.5 6.5 6.5 6.5 6.5
o AR 2808 2244  2040/2076 2556 1916 1868 2556
o (6] B [ns) 25 25 25 25 25 25 25
o N B TR (10 1.15 1.15 1.2 1.2 1.2 1.25 1.1
FE T RE R4 75 [mmemrad]  3.75 3.5 3.512.1 2.1 23 1.8 2
WIS BEIAE [10%em?/s] 1 055 0.83/1.4 1.74 1.9 2.06 2.1
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H Ny 5 N, RERBNEL TR, of 5 o) FoRXHE R R R 7KF-J7 1)
HIREESME IR, BN T foon FTPARRTFN feon = npfo, Hr n, AR N
RPARCRE, fo NARIAE LHC WS40 (Revolution Frequency ) . 5% B %2 (A
T F AT TSR I A RGN ] < RN 2R R R R 1 Y RIR
W, TTRAZIRA:

(0.07)?

4050y

Horr 0, NHGRI IS, of RN BRI O AR, AT DA K IR 4 o 141
R R AT P R A AT DASS NG S B . AESEER T, XHE B T — B
() S5 A5 3 A SR DB o ARG 5 B (Integrated Luminosity ) -

F=4/1+ (3-2)

Lm=/uwr (3-3)

IR R), REN R A B EAR R, W] DA I R0 SO O do/dQ
T2 E R, XL R R, B RN L R BT RURRIE (M-

d
qmz/E%MMHMF (3-4)

— BRI, SRATIA) R A AR RO -

Nexp = Otot * Lint (3-5)
Pt PAYE LHC S2i v n] DA AR 19 B8R B 1, 3 BB fb~! (in-
verse femtobarn) , HARE X Z K 1 b~ = 10%em?, 1 b~ fe /oA —ARIE N
1 £b F AR B BT R B AR 228, BT AR 52 B B AT AT S em/s.,
FEBEH LHC 523, T 7R B BE RTINS 14 TeV, 7 2010 2 2012
SR EANE (Runl), LHC —J3Lp=E L0 REfR N 7 TeV £ 8 TeV, KAH
SVEERESg 28.3 £b7! SIIR RO . 7E 2015 5 2018 AERYAE A EUE (Run2) 1],
LHC {s2BrBu b AER A 13 TeV, BIL3IZ 156 b~ f%d, Mo ATLAS 5¢
U AER) T 139 £b~ 1 B TT T BT SR , 1 3-3[66] 45 T Runl 5 Run2
DI AR o S BRI 0 5 B s i RS2 B, A Sl I 1) 2 ATLAS SEI6 434
139 fb~! {ySZRH . LHC SEI AT ez 7R K 1), H BT IEAERE 748 =5 L
¥ (Run3), FOBERILTIE 13.6 TeV, iZ17 MR 2023 4E % 2025 4F, Hi
1 SR N 260 £ AESE SRS BUSES SRR, LHC T4 2 i 5o i K 1
XHEAL (HL-LHC), THRI7E 2029 Az 7B, it b aE sk 14 TeV, & 3-44
LHC 5 = #5005 HL-LHC BT IR EHRI R (BRRIMEIT T 2022 48 2 7).
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— 22
= 70 & o0of Run 2 4
2 r £ °F
2 60— ;Q 18F (s=13TeV B %
I3 | = 3
g 2017 = 18F ;'3. *
£ 50 2 uF . i{;
3 C 3 E i e
T 40 £ 12F i
2 E £ £ ?
g r T RN NN S ? ..............
o 3 E ¥ ..
8 a0 > . .
EoE g oot Ioos W
20 & osF L ‘e
£ F M . .
oF 0.4F 4. f AT N
- 2011 E . P s
F 2015 o.zzlf. f .
oL ‘ B PP £ SRS EA RN | IO T PE A I Ve
02-Mar 02-May 01-Jul 31-Aug 31-Oct 31-Dec 2011 2012 2013 2014 2015 2016 2017 2018
(a) (b)

K13-3  (a) LHC JHAERS s8R 0L S (b) IBRIRFSEREWEA 1 L [66].
Figure 3-3 The situations of (a) integrated luminosity and (b) peak of instantaneous luminos-
ity over the years [66].

[ 2022 [ 2023 [ 2024 [ 2025 [ 2026 | 2027 [ 2028 [ 2029
[@iTazTa3Taa|ai [a2 [a3 [as |ai [a2 (a3 (a4 |ai (a2 (a3 [Q4 |ai (@2 [a3 |4 |ai [a2 (03 [a4 |Q1 a2 (@3 a4 |ai [a2 (a3 [a4
LHC
Injectors
YETS 22/23  YETS 23/24  EYETS 24/25 LS3 (shifted by 1 year and extended
to 3 years)

Pl 3-4 LHC 45 5% 'y HL-LHC B RLRI (BLRIEIT T 2022 45 2 ).
Figure 3-4 The schedule of LHC Run3 and HL-LHC Run (revised in February 2022).

3.2 ATLAS 325§

ATLAS SEE ] i) ATLAS 452 LHC bR Z g ailig:, A1
T 100 KAk . ATLAS 530065 24— A B IS R FRAT IR ERIR PRI &5, 1LY 46 K, IR
MBI H P, ATLAS RYEARHN 25 Kk, B 7 T, fiNEIMEAN
IAFRTHRNARSGE, LTIV 4z WAL fE R, FA BRI RSEA
Pty ORL T AT HEA T RES M & . 141 3-5 [12] J@/x T ATLAS S840 T
PN R GE . TEERI G d A BRI 2 N ER A R0 85 (Inner Detector, ID), F:=ZJ]
TS A AR, AT 2 T it . HANE RS RS, TEA
PIJZ, WIZ AR, ] DA IR R e ) S5 T i e, SN2
SRHEAERY, HHECIRINIRAZ S BRI ATLAS ffshze2 2 7% (Muon
Spectrometer, MS), FE R TABUREH M. [ ATLAS NifE AR HER
M SRR ARG, BATiRE N 45K, NNFILR A . s (End-cap) MIZ
TGRS -

32.1 EBIFELEE (ATLAS) SIRMIZFALIRER

ATLAS R A F RWEALIR , A B, 2 JirrA T TR, x-y
T EI = R a0 T S 1 = B2 e 2N Py P 1 = e ) S BUR SR
AW5E z JhT1 . AL z BhIEEE O BRI RN A S, 5 2R R C
Siiro % RG] ATLAS $FME A z B, BroAtinl AREHHEARAR AR, r— & P i
HPAZIR x-y S, ¢ %€ SCN-S x BlikJef, 0 N5 z e .
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Tile calorimeters

\ : LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

3-5 ATLAS #5291 F5: [12].
Figure 3-5 Sub-detectors of the ATLAS detector [12].

RS b P SRy = 5In 2725y KR E T HPRL T3
[ (2 k) P96 2 A0 ok, R M A 0 fRT AL fRT BA AR I RRA , 4= ' = y—tanh™! B,
[FIEASKE A EE Ay 27810 26 ANE ) . ATLAS SEI6 v g 5 fff R o A0BF 0 ff
HEXF N n=—Intan (0/2) X THADCHBSNRLT, BERELSETHE, T
TR, RS TR . FrDAE R e TR, IR T
PRI EB R T 0 J5 , FRESIAFAEEITTE I AR = VA2 + Ad?,

% EE| ATLAS SLEG A 0] . AKSKTHEAE r— ¢ T _LAsh ey, FrA
HEEh& pr = \/p3 + py SHEAER Er = E/coshy & ATLAS 5236 h %15 /2%
AR X AR SR VR AR VR, O ATERR IS B R R
5, AR GE & E K (Missing Transverse Momentum, ET™), #iif |- EX'°
5 A AR I R TR Sl B R BRI — B, PR, B ERSS = -X by,

322 AERMRITER NS

NP AR IES (Inner Detector, ID) J& ATLAS #RI % 55 P EBAY 5 R 5
e, el AL AR pp XHERIWIH SRR IS . BB ER I #
ARG RME 2 T #i3s, wlPAMIE pr KT 500 MeV ByAFHALT-. ID SKZY
6.2 K, HR2.1K, Hi Inl <2.5 K, FEMASTHEHRNL (Pixel Detector,
Pixel). P SARFBIRM 2% (Semiconductor Tracker, SCT) Fl %88 %E S 42 0445 )
#% (Transition Radiation Tracker, TRT) X =A[EEHATREG, XETR
GBS (Barrel) Sumagilsr, &l 3-6 [12] 4r BR/R T ID 742 ] 5% 1 A
[

BERMZS (Pixel)

Pixel @R E e m RN ARSE, K2y 14K, HRZ04Kk, =2 N
TR ZRMIES 5 5 N2/ IBL (Insertable B-Layer) [68], It 2024 M5,
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(@) (b)

Pel 3-6  NIRARIEERINZS N IRE K, Pl L 0FAhs Y IBL [12],
(a) IR TR ERIN AR 45, (b) Ry A TAR R I s ) 4544
Figure 3-6 The structures of the Inner Tracker, IBL is not shown on the figure [12].
Figure (a) shows the radial structure and (b) shows the axial structure.

AL E 2 9200 MR R, AT DAL B0 = A A AR S 5 T B ]

IBL 2 55— AN KIE BB W A = 4RI R B ERI R 55 [69], | 14 4K 64 JHK
RSB IBL BT AL, 7 T B BRI 24 33 2 K4AL . BN HICH 5 20 4~ IBL
B, AL TR 12 AR 200 SOK TR AR B IAR 5 Winn 4% 4 AR
4 230 TR = HERE G R IRMES . A IBL BIE S 1200 HAMEE, 48
R 250 x 50 fok, FRAEE R (r— ¢ ) 10-45 fok. 9hm) (z fil) 60-180 fk
IO E PR . IBL 7R85 S ORI WM A E] ATLAS #8305 P9 PAST KD A 400
2 R B3 8 B RICR R, IBL $2 7 1 45 3 AR5 0 1 6 31 R

ZREEGR RN EF NN 105055 38k 6458 Layer-0, Layer-1 1 Layer-2, H
PE T EER A = 2R M 7 T2 50.5 Z K & 122.5 Z K75, shas sl
ST |z| R 495 A E 650 ZAKREH . SRR EIFENAR LA 1744 A
B 10 x 10 em? fHFMIREER , 5 MEHRIE 250 ok, 4 47232 Mg &, T
2R TRIRR ], A RUR EBRARE 46080 4. BEMGEIIBLEL A5 56 50 fiKk, K 400
A, 7 5 F i e AH B e AR A R N & 600 foK, LR ) 10 UK
By 110 SHOKI 2 BER

PR MES (SCT)

SCT MHEMAARIAS , MERIA 4 )2, 7T 299 2K E 514 ZKMEH, b
TAA 9, N 934 oK E 2720 K HTER . SCT R T Pixel, wJRAFRHEPY
2 IAGEAFE - VUEHEHE SCT g 2112 MR, & a5 ) JUZ SCT 3k
H 988 MMM, AR B 2408 285 ok, W& 4 MM E
S . BE MG ISR A 2 EEA E RATEA M2 6 K, 98 80 fiok
IR AT, PRI BT PR e — R A R — MK 2 12 JEOR MR, B
AFRMBHAL S 768 MRS . BRI W A —4H, JMLh 40
mrad, FRAIRAS T AT AR ALY R 710 =455 B . BRALER I ZR A i) DASR b
] 17 oK Ghim) 580 ORI AL E 4 5
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SRR IR IE (TRT)

TRT 27T ID f /MR TR AR SE, MK 6.8 K, SMEAN 11X, N
2l 0.55 K, B Inl <2 MK, AR 4 2K e R R SR AT
BAS AN, AEBAL AT RS 144 JBDK, s s LAY IS 37 JHDR, TRT St
WYY 35 ARG . MR ERE TR0 R Do EARY 31 oK 2 8
L2 IR, B RE DA T 22 J2 25 1 A o T AR G, TR 35 oK, SR
— 2R Z AN I TR N U RS 5-10 Z R, e 70% BT 27%
TERARRRAN 3% BRI TRT 08 =2, B0 32 e, e
A 73R EER . mE Y TRT 65 20 ARG, BAEMEA 8 24§t
BZ M ICAA 768 MR HESI T s . TRT n] AR Zh & kL 1Y
/AL BTREA , L] AR e B B 1R SRR, [T DATE S R
G, AR A A VTR I AR T R, B DA R SR A 17 (o7 A
TS AR IR RS VTR IR AR [ RS, Fr AR SR 2 — @ RO EAR IS, A
PSS A3 M i 7S 2 PRI G 4 0 BRI 2490 130 Bk, —fieml DABRAIE 36 417
A

323 =HERS

ATLAS [ Reds R N BUE AU EREAY, Al DA &SR T B 50T RE
&, B Inl <49 WX K 3-7[12] R T 'R RGNS, HILEwAT
RG5. WHERIN T RGN HCE LG R, B AR ERER I3 f A ) S FL R e A5
B i w5 B PN ) R LR == e 7 (Electromagnetic End-cap Calorimeter, EMEC)
M. WEBERERERN D TR TR, BT ik EMEC 5
MIE R E e T &4y (Hadronic End-cap Calorimeter, HEC). Hv.0bh i) G HT 7]
HHE#s (Forward Calorimeter, FCal) FI AR G HL 0 & e A S MU HURE2Y
SRR AR AL SRR AL 8 - B R L DRI S AL, A — AR AR o DA
K At C s — M RER B AR ER A5 -

ik LG

T PR B RE AR PSR R AV R, el S R R AR, By B T
ESRUR) JUART 5L, T DA St FL 4 ST 55 iR 15T o SR PR 4 2 RE A 1) B o 40 %
WIMEN op/E = 9%VE @ 0.3%. A5 HCE R R AR S 1 = O 1P 43
WA, AR 3.2 0Kk, AR 1.35 2K, AME 2K, WRERAME]EIFE 4 22k, 3t
B Inl < 1.475 BRI, R4 o fARilsr o 16 RIS, 3t 1024 240K
WA, RS ] () TECE A A AR AR RS 5, FAR SRR BE 2 2 220K, Hi[H]
W GRS RE &, W A RS S e R A AR R, AT B AT A
[l 3-8 [70] o« AMERI AR /i &l 3-9 [12] #) b 2o Frs, Bl 11 AT A
Gy R R = )2, BN ZROR B S, PRAb R e SO B R,
SMNZVBR AR, FEATTRBCR R RS Re R, BT AFESIARF |yl
TR AR, $RAEA 22 MR EE (X)) 2 33 DAERMIKE .
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Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

Pl 3-7 ATLAS HREZ REEn R [12],
Figure 3-7 Structure of the ATLAS calorimeter system [12].

outer copper layer

inner copper layer
kapton ——=

outer copper layer

stainless steel ——»

glue
lead —*

Pel 3-8 Rl sl bz i RE 2 A 4l 4 (701
R 7RI TS G, R R TR SRR ARR R £
Figure 3-8 Structure of the barrel liquid argon electromagnetic calorimeter [70].
The upper figure shows the accordion structure and the lower figure shows the structure of the ab-
sorber, sampling element and electrode.
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PP

AL/ ) /7

— I

1834.00

3 Pl 3-9 LR L A (12
TR TRIRRER A, AN BN T s “NERT RS, AR T COMET RhSh
P
Figure 3-9 The electrode distributions of the liquid argon electromagnetic calorimeter [12].
The upper figure shows the structure of the barrel part, the lower left figure shows the structure of
the endcap ‘inner wheel’ , and the lower right shows the structure of the ‘outer wheel’ .

Bz AL A EMEC e 45— %17 (Wheel), 75 63 JEK, Wit
2903 K, SMEL 2.1 K, EiE ol AT 1.375 2 32 K, 4% ¢ A%k 8 A
B, BTG “OME” F—A “AR”, WNAMBEIBRALT 0] =2.5 4L,
A =2k, FANRILH 256 MR, 7 MR EEA R MZ, s dts
768 NRAR , SARES— R AR A R =)2 . i fe A 24 X 2 38 X
ARERE

sii 1 BN

5 15 BEAS 1 DO RORFEZ R BESS (The Tile Calorimeter, Tile) 41, %
Inl /T 17 (5 R SRR RE AR AR 1 5.8 0K, A Sl C S E 1 4%
K26 K. sraAEd AR 2.28 K, SME425 K, KA 64 IR, HRINE
B i FUR R -5 IR A R AR PR R 458, R IR UL 4.7: 1,
VR AR 1A ™ A Y RS BB 2 e DAL, DAL AR IR AR Y B 1R Ot
Lt B IS E LS B, A AnA 3-10 [12] frs. Tile NN 2=y
R ZJREE, HE g 3-11112], feft 20 74 MHEERKE (1),

WmaE T Aedy (HEC) mifi Ve Ameloik, did s Ve Reei, ek nl b
T 1.5 232 BXI. 5 EMEC 260, im0 HEC & “irh” (HEC1)
5 “Efe” (HEC2), [MIEEZY 8 2K, MRy et BUR FEAHIR], B2k 2K, &
A 32 M, HES I 3-12 [12] fR .

R ERESE (FCal), 3% [n] 24 3.1 2 4.9 By X, Fi) € 5k 5l
WEAMRREER, R TEeEEEMRE, A FCal /5 245k 1T, FCal #
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Photomultiplier
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Steel

Scintillator

Bl 3-10 BRI PERL R RRSS M a ks R 1 [12].
Figure 3-10 Structure of the Tile Calorimeter [12].

3865 mm
0 7 7 /// 7 S L e XD 95 = - = " P - ]
A1 |A2 {A3 |A4 /(A5 |A6,|AT A8 /rAQ ,{Am{ E2 /%A13 ,|’ A14 /{ A15,’J{ A16. -~
2280 mm 1 / 2 . - - e _-
) I A , , , . L 4 . - P - -

? 500 1000 1500 mm E3 -7 /,/ e )’/,/
beam axis
e =

Pel 3-11 Tile FiiR 15 Ko 22385 ks R [12].
Figure 3-11 Structure of the three-layer structure of the ATLAS Tile calorimeter in the barrel

region and the extended region [12].
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Pl 3-12 s ¥ Hifikdy (HEC) £5kysiii [12].
Figure 3-12 Structure of the liquid argon hadronic calorimeter (HEC) [12].

R oy R =2, HEERNIE 3-13 [12] s, BJZJE 45 JEOK, N2 oA
SEFER , X B RS BAFRIVERE , SRR 3 R R 14 . FCal Ry 24
BRFRA I I S AL AR AU T SRS ARURAE AR, LN HRRIBIUAR 5 5 Sh 5%
HRBEFEH R, i ETHA LA G S HAh, SNRPZRE R S 7e shid
AIREL) 1 EARE ASE ) o

| [ I 1 1 [
350 400 450 500 550 600 650 (cm)

Pl 3-13 gwnim sfesy (FCal) 5k (121,
Figure 3-13 Structure of the Liquid argon forward calorimeter (FCal) [12].

R T BHE 28 R G0 M L TR 0.7 HOMRIHE BY | BERHM RN 0, E =
50%VE @ 3%. iliEAESE L AT HL L 104 (NI B, RER RN op/E =
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100%\/E & 10%.
324 BN

B (MS) £ ATLAS $RUZ§ oMz, WATE |n| < 2.7 W21
S, FRA AR (1] < 2.4 JEEMZ T A RS . MS A5 YA TR
T 250, 5k WisEM#E % (Monitored Drift Tubes Chambers, MDT) .
FH#: 45% (Cathode Strip Chambers, CSC). PH{4:AR%E (Resistive Plate Chambers,
RPC) 1% (] = (Thin-gap Chambers, TGC), Uif]1H) B A 8 12 KL 125
AR R B S S ORI B IR, RIS MS N REER AR
Gt DA b AR T B B (0| < 1.4 BYFEHE N R R U
TRIEREGAR ML, 1.6 < |n| < 2.7 FEREINIREY hinas i kdeft, 14 2162
(i) P DX 1 10 37 A 85 i o (] PRt o DY 2R G0 B[] 2 AU S ) = 2 R 0
ar ST 1) =2 R RS, gt tniE 3-14 [12] s, Hrpr, MDT 5 CSC
A PRt E S R s B E, RPC 5 TGC ST I T 1 fil % 255 .

MDT i 7| < 2.7 XK, B Sima, 5 MDT A5 =2 /2%
B, EREHARY 3 HK, WAUARER 3, UARHECH 93% MESS
7% W) AR . B RIACE RN 80 ok, 2 ZIERE A M MDT 1Y
DPERBEARE 35 Wk, CSC i 2 < |nl < 2.7 WX, 0T i w S N 2
HZ 2ZIEWEH . 2 221F a1y PR 22 (8] PR AT BHAR 22 5 B 25 ) TRl R3S R 2.5
2K, NEAARE R TSE ZE bk CSC AYFERT a5 i a2 FER 0T MDT,
R ) 23[R HER LN S oK, AR e PR 2 40 fok .

RPC ik |n| < 1.05 PAfEBXIE, TGC 83 1.05 < |n| < 2.4 Y X,
AT B[R] R 15 2 25 ghRD, AR s BN P i e F . RPC 3045 3
2, WA KR i ST EE ML 4 2, )2 RPC &2
PR TG, B e i P T FE AR AL AL, [RIFE 2 220K, NP sEh 94.7% 1Y)
CoH,F,. 5% 4 Iso — C4H, 1 0.3% 1 SF;. P2 5EN ) RPC 1] AR AT HHER A%
R, 456G 5MN20) RPC /] DAHERR s s ry A, 271 Tk REm)
PERERE . TGC MZ5HFN CSC KL, ohZ2IEE, H2ZEM2Z 531 r
[ SN, B DA DASR AL K R 58, IR REFR AL BE 4 i =5 A 70 3

325 WBKRLE

ATLAS (Y5 FR G0 80 PRy, 26— AL ID i rbO F R ik
(Central Solenoid Magnet) , K% 5.8 >k, EHAE 2.56 X, N THPYIRE, B
JEEEN 4.5 JEAK, W BEAL 0.66 X, (HERML T ik 2 T B-FAT T3R5 7]
G . 56 NIEREER (Toroid Magnet) , A &ARERIY /AR AL 2k 5 45
A s w o e um gk, PRGSO R . NS RBLRE R K 25.3
K, Wig 47K, HMR2y 10 K, $24L 0.5 T it smacfiekIE 5 oK, EHiE 10.7 K,
PR 1 T . Bk b, Bk RSERTHm T AL s sh Bl Ao
SUINESESE S e N WD/ e i i S VAR ) = v e A S 11 B
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Thin-gap chambers (TGC)

|

Cathode strip chambers (CSC)

I
B\e\m\an’

\ Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift tubes (MDT)

P 3-14 21 (MS) g5k [12].
Figure 3-14 Structure of the Muon spectrometer (MS) [12].

326 MESBIRIRRAL

[l 3-3 [66] J€7R T Ji4F LHC HYIBEI 55 BERIUEEAE, R 1 VERC AN e Y B
FE, ATLAS $RMGRAE T B R AT DAL D 17 121 pp WHE R SEI0EE .
H ATLAS B3NS EE @B —ACh B F24 3, st S s EieE 5 a2
A HL 213 il TR R R A AP RE P A 600 12 MB [ HL 12455 dE . K 600 12 MB/S 1
SEIRHEE ATC S N ORZ N TTBERY, FrPA ATLAS [fil A& SEIRIRIUR S (The
Trigger and Data Acquisition systems, TDAQ) #¥ Jf3E 1% . #1254 FEFFEAE 1 5
B T BOSR B E 4y . TDAQ RGEALHL LI Fidln SR H SN IR, SH—1425
BRBFE TR L1 flkess, 55 20 F 2R T MR HLT fili /%% (High Level
Trigger) , L1 filt’&Z 2503 RE5 R 240 HLT fil & 45 0 A% . HLT W] DAZRSE
X148 L2 fih k¢85 BF (Event Filter) £&4:, & 3-15 [71] &/ T TDAQ 42 fit
K5

L1 filt & 28— T 2502 L1 el & #% (L1 Calorimeter Trigger, L1Calo),
BRI BN ASNEE, RAM®REAEERS pr 1. J6F. Wiy
SRR T (theq) FIFGI, AT KA AT RAXHBAT AR BE (isolation)
FFER . L1Calo tLAESRVE & A B ERSS . B Ml S ok 2 W $i6i. L
B n— T RGELBFiAd, MIHiED RPC 5 TGC M EIH pr BRI
BA . XPR A R TR, A RS EAR R . S XA
il 2 A RO BB 8 2 rp e fi A AL FRAS (Central Trigger Processor, CTP)
17 L1 ZWEpifse. SUcFny, SNEHE B AR 2 gl b 31 DAFR (RS ff 1) 23 Tl 7 B
R FESEFIEA L Gk, Has a0 Bl B Al fE SR X, (Regions-
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Calorimeter detectors

TileCal| Muon detectors

Detector

Level-1 Calo 1 4 4 Level-1 Muon | Read-Out
Preprocessor E?dclap_ E:arrlel .
sector logic | | sector logic
. nMCM : d '

CP (e,y1) JEP (jet, E)

| 2
3
,,,,,,,,,,,,,,,,, P
i
L1Topo ©
] : >
cTP o
> [ CTPOUT |
| Central Trigger | | §
Level-1 2
Q
R & Data Collection Network
Rol . Fast TracKer +——
1 (FTK) —
High Level Trigger L4
Data Storage "
(HLT) Accept . g ]
Processors O(28k) II
Event )
Data | Tier-0 |

Pl 3-15 ATLAS filh'ke 58kl & 4 n e [71].
Figure 3-15 Schematic diagram of the ATLAS trigger and data acquisition system [71].

of-Interest, Rol) f&iB%5 L2 fil iy . L1 il Z#87E 2.5 ToRb5e liukeske , il i
FPeMe 2 100 kHZ.

L2 fil e EEETHRAEY:, Bl 4 724 CPU BLLA K, 7EH:ILE)] Rol

FEJE, SME Rol {24 mIM BAR S . RER(E E 91L& R AUt — 2L i

o L2 2 HANEEMIRNEE R, A 40 ZR N Mk, FOiEs
P 2 3kHZ. DAQ R WMt T L1 A=Epln) Mg EE, g
FHEA T L2 ik, DAQ ARG IIE BT B FMIEE, HGEE
FHI{5 B 245 EF . EF 20k < T B R BrF6), Spmssit—%
ik % 200 HZ ., ATLAS 7E55 "5 PR 2238 T {2l 8 548 (Fast TracKer,
FTK), BE T HEZHENF (FPGA), it Ryl st =i,
BRI E R L1 il g gRr i (100 kHZ), APR38R 15 SR
ft25 HLT i .

WERTE L1 5 HLT BB, JEMilUk SRS sl IK, it T TDAQ RS ny ik
P FRR, TDAQ (i H T4 (Prescale) S : 42> [l g FCm (1) S 4 p HUEL—
AT . TESFOIE S EAR BT A AR 255015, B 15 B 28k iffF7E CERN
i) Tier-0 ¥ O LS Se PR o I AME — 2808 (Metadata) 114>
PEAEAEA R, — Mk ATLS 0% 7= A4 i (5 5., BY “BdR %R . Metadata
ARZ TS R [72], HoanB BB (B N AR 7352 B (Luminosity Blocks) il
SR T T T A GRL (Good Run List) , AT I 34347+ 43 B 2E
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3.2.77 ATLAS ¥FilSe44E

TE 2015 4F 4 H % 2018 4F 10 Ha), ATLAS SZInsbfT 7485 4%, Run2 fif
FH AR RT3, SR E)#E > 25 ns, JFOBERR 13 TeV, LHC #REL T 156 fb!
P SEgR R, A 0.6% T2 BEZIE, 0.4% T L1 il A ) 1 e In) @ im A gk
oSk, 147 tb7 BSCIRAIR g ATLAS SEIRAESE T Rk, ik 139 fo~! fysesh
e H T M. FTPAK L ATLAS SEBG A8 R H 22 m i . A S0 &
R BRI A S BG40t J2 Run2 45 3BR 139 £b~! (i scib fids. 1 3-16af#
78T ATLAS 7 Run2 3 [7] iy 2B B I I 1) 4201

ATLAS SZEGCSR T R A, (Ha s B s m ey, (Pile-up).
HERRY e o 2 BN LSE I ME DB S O B, BRI FEoRYA: (1) In-time
pile-up: PSR ANHERA LA pp HEAEM ; (2) Out-of-time pile-up: 4 & 4%
A pp MEAER, ERBIERRAZE, (B0nER T, X 24T 2
WEDE, &l THINZR RS R . WA 2774 KREAIR, XT3 Hid
BRI, Sear, 8 T R R A R AR AR, , I 8 2 YR AN [F] R R 5
[ s 1] 1 11 BAIK Out-of-time pile-up [73]. S5 H— M (u) Fm 3B B2 N R
PR E AR VR B, &l 3-16b [74] JE/R T ATLAS SE5 4 584 Run-2 4]
IR () (BAMT, Bk b () AbT 10 570 2 (A, S0H7 0 I 524 R I T RE A
238 2 el AR FAGUA )y SRR A ELSE SEIR R () R B S2

%—'160" T T T = B00F T T T T T T T T T T T
2160 = ; L
E7CF aTLAS 15 Tev £ [ ATLAS Online,13TeV  [Ldi=146.910" ]
%‘140} Preliminary 8 500 2015 <p> =134 |
E120F Wurcoeivered  pecoies 171" E: = zmie: > =251
E 'k [JATLASRecorded Psicsii3om g 400 0 2018 <E> =361
PP E £ r : 1]
o 100: DGood for Physics g C [ Total: <u>= ]
2 r 300 —
T 80 = k=] C ]
> L 5] [ 1
j7) C kel |- 4
£ 60 = § 200f 3
S a0 = ¢ f
[ae C 1001 a8
20— - r q¢
G: L |

10 20 30 40 50 60 70 80

o W5 \\x"oa “Wo \‘@a w1 \‘(l " “Wd \‘&e, - .
0 TR T TR Tt TR Ty “MO?‘I\I)h in Year Mean Number of Interactions per Crossing
(@) (b)
Pl 3-16 ATLAS fi Run-2 B BeREBUY SEBE R REF (a) S5 AEHT -S40 B A K B o A

(b) [74].
Figure 3-16 The integrated luminosity (a) and mean number of interactions per bunch cross-
ing (b) of the ATLAS detector in Run2 [74].

3.3 ATLAS IEHISRFFig &I
33.1 EHFIEE

L IR AR SRS, [75] d878 T A% T N ERAAAE N il H AT, PRy
THEA (Parton Model) #df i SRARREX A BIGE [76, 771, FR> TRAAN pp Xt
M REA ORI RS AR EAE A, R T BT R sh
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ALAZIR N Prparion = Xp, Fe x ABEFSIRATLLH], 4T 0 Z 1 208], p AN
TEE . N x BT RREL f () bR A ES T2 Aii B %L (Parton Distribution
Function, PDF), TS T RAGMBUIMER—: X, [ xfi(x)dx = 1. P
T IR R B SRS R WHE J TR IR L AN F A S5 5 Sa AR ], R A BT
RIS PR 1, B APt A% Tl . pp A ELAE 4B T DA
5N

o=%¢/wwwnuamhwWJmM) (3-6)

HoH AR AT a, b SRR FAHIRAL, Gupesxx, sy WA T a. b
RIEAR P26 X (ORE, T DA BObIE R 0, T8k 22 SCa i i
i, i Global fitting ST 4 T4 A B, T SEHRHCH 5 BEIE TN
PDF TR AL A0, SCkep 21— L L1 58 LHC 1y
PDF 407 AL 45 S RS, HBE AT - MSTW (78], CT [79]
A NNPDF [80], flsfi 124 T ATLAS Fif FHG¥CTSk W 5 5 ES 1 PDE 4043,

332 BF-BrrxHERI SRS

TR AR AEAR Y B B R T RS B AR SO M AR T I A S A AR A
iR, ATLAS SEBG 5205 RIS SAEAMESR (SR Rigr=a:+) #-Bil. &
2 3-64AR TS (Hard Scattering) /%, 7EMiE 7Aoo mEUs, %
SAME Oab— X (x1.x,) Rl HE BT (Matrix Elements, ME) ﬁ‘%, Jﬂﬁﬁﬂﬁ%
A i — BT AR B . ME BSR4, (Factorisation
scale) 5 u, (Renormalisation scale) FJREH, N [RISEHGE BUR) 73728 (kAR 2
B2z 8. ME Jikim 4] USSR T8l a1, ol B 45
LM E TR RN, FreACE T B S A AR IS ST (ISR) FRASE
S (FSR) A%, 1 HAT RSN SR o T kR AN, Bk, #Bor17%
%1754 (Parton Showers, PS) Bt R ARG =4 (37, PS JriAAERLAL
KB EER > TIPSR T ME 5k, &9F ME 5 PS J5 3 AT DAIR] BB S0 Hic
SRR T, RS RS E S M s T AR, FERP
FIRrEA, FTLAILHS S G0 (Matching and Merging Schema) ## t DAfi#
e ME 5 PS it S E A, #lin CKKW A= [81]1 5 MLM £ [82], A [n]
PRI R IR 2E SN R G- —FR )

ME 5 PS J5 k7 AL T o TR el Cfar i), o 1453 0 BAS Y Y a1
T ZONER A TS A TR AR . BT H A B TS e R B R A
BRI TROA R EIE , BT DO SR A AR S MR Y . B RS se T H 2 PS 7
IR I B % 457 (Lund String Model)  [83] Bk #& #1457 (Cluster Model )
[84], F# PS p= AR ABLALL i A SR £ 0 AR KL T

WA, FERTFXHEAS R, B TR TR EAER , i FEE A2
W& TS FESH] (Underlying Event, UE). UE 2l BT 1R T 1774E, #AR
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BRI A DARZE A A A HAE A, W AE R 11k, R 280 FAH A
YEH (Multiple Parton Interactions, MPI), J5E#iFR A 457 (Beam remnants ).
PR BRI T2 T RHEALAY A IS L T AHEALA A IS 42 F 2R A, R
WA TR MIERE, B PS A TR,

TE pp XHEBU S, B TREBUR R B B TR, AR EIRK
FT LI S5 R S50, FrATREAAMA TR (Tune) DARERIIIZE R B #21k
B R . ATLAS 5 R A £ % UE (1) A2 877 [85], %1%t MPIL il PS
(1) AL4 YT [86], DASERXT of it BRI LB IRy [87, 88] 4%,

2 328 T ASCH LA PDF, ME 5 PS /L1l Tune, [T
= PV ER S, BrAFEAER XS UE i T A3 877 [89].

& 3-2 APt K PDF. ME 45 PS )= /: T-fll Tune,
Table 3-2 The PDF, ME and PS generators, and the Tunes used in this thesis.

Process PDF ME Generator PS Generator Tune
SUSY Signals NNPDF2.3LO [90] MaDGRrAPHS_aMC@NLO 2.2.3 [91] PyTHIA 8.186 [92] Al14[86]

tf NNPDF2.3LO POWHEG-BoX v2 [93-96] PyTHIA 8.186 Al4

Hitop By Wi, s/t il NNPDF2.3LO POWHEG-BOX v2 PyTHIA 8.186 Al4

ttWIZ NNPDF2.3LO MADGRAPH5_aMC@NLO 2.2.2 PyTHIA 8.186 Al4
Z+jets, W-jets NNPDF3.0NNLO [80] SHERPA 2.2.1 [97, 98] SHERPA 2.2.1 SHERPA
Multi-boson NNPDF3.0NNLO SHERPA 2.2.1/2.2.2 SHERPA 2.2.1/2.2.2 SHERPA

ggh, VBE-h NNPDF3.0NNLO POWHEG-Box v2 PyTHIA 8.186 AZNLO/NNLOPS
tth, h+W/Z NNPDF3.0NNLO MaDGRrRAPHS_aMC@NLO 2.2.2 PyTHIA 8.186 AZNLO

3.3.3  ATLAS #FiNS5a 431

FEATER, A ARG, 6 SOl R e, R PR S
SRS R ELAE A PR T — 20 38 . PRI SRS 40 HORE T AEA T
HMTORATRE R BE)S, BEARRRE T a0, OB A AR BRI g L4
MITOREE R, B OB RIS e B . iR e @ IR B SR BB
FESCSER R, B T SR EE S R R A A R A
E P

ATLAS PR S LB PRI 1L, 58 —Fhid i T Geantd [99-101] fy4x
5l (Full Simulation, FS) , ‘ERRE RS, (HIMFABRKAITRRR, FliE
FAAER 73— PR (AtlasFastll, AF2) [102], B T RS REAHELI
(FastCaloSim) 542iditiitl (Fatras) , FERLIDITTR AR T — g [102].
ARSI AR R AR R ] FS AU, (5 SHEA Y AF2 Bifl
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F4E HAFEERSEH

ARTCAESR 3.2.675 /4 T ATLAS PRI R IRe, B 17X il 7245 S Ak
P Bdn i deid F5 B A FONE R E R . TG RF B S A AR
1 R AL AR A LA I DR, A 5 1 AR AR I DA SR
PR SN kL E R RE R G o AR iy R R R A, LT
A PR G ) B AR OB Y R . FEAS BRI R B S, BT RHE R TOUS e AT
PARREEOR, A GREBRMZ T MEE, HRr Y E Gul nl AgEE
L ERIMZE ., A, FOEEN R - SEHE N EENREEAL, LA
ANRL RSP AT 42

REERFS T4 ATLAS 5250 Run2 JJ[R)# ORI/ TS . PO T 27,
. BRI AR R R R BRI R A

ot

4.1 RiTRA

ATLAS 528075 2018 4FBURIN AT pp SHIEEL () IOUEEZ0% 40, Kk
ST 15 S5, DA R B 72 2 600 46235, i b 14
KA 08 5 T T T S R D . A
PR TR T A SO R IGRIE (short tracklet) FIA
3235 (Large Radius Tracking) 7, LAY H AN IR0 A AT
TR A A

AR T2 5 I AR 2 R A TE oy P b R e R 15 2
7 T 2 SR SR . X T Rh R BRI TR0 780, ATLAS 525
RATABBOTHA, FoP Ak SR kR TRHR I P R

. 200 b 0. 2) 4-1)
Pt

do WP AR 2240 (Transverse impact parameter) , Rt Bz fl (O
i) B RS 2 BRSO E] x-y PR RN 2o, zo BEFR A S
%0 (Longitudinal impact parameter) , B DAL I z) A —E 2L B x-y -1 i
IR REE RS . ¢ Rl I A Y) m iBEsh 2 25 x flingJers, B2 m
WIT0LA, 0 RARIBAEM S YIS z iy dess, B m il o

I EHN PA I, 55— B E (Primary tracking ), E#iH
T R = AR R R, 38 R IRA AR E# (Secondary tracking) , 32
BEH AR 2K T AL 17 F 7 P AR I S ) 5 -5 A ELAE AR IR
WL FHEALARE (Conversion) o AR YI B FEARR], (HE BRI 2 2 :
IR BT, MR RAE, BT A SRR .
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WA FhT->k B Pixel Fl SCT St /2 BRERMAS , W RAFEELL =
JE =250 A5 (space-point) B4 BT AL TRz Sh s, W] DAE A F
T B SR RE BAL TR A2 i & RIS FEE N &R % 4R (Search
road), FEFE RN HE &R /RKE3ED Y (Combinatorial Kalman Filter, CKF)
RIS N AME KA, 8RN KRBT A ERC AL H (Holes) .
X IO ARSI K AR R 1, SR A TR E L T B4 E 51 Rol H1,
W 2B, IBE R ARIB AR SR VEFEAE— 3 L, HAE I TAE ) B 20 S
(Bremsstrahlung radiation) 72 TH FRYER . 5ERRAIEIMEIRE AT EE T
TGO (Ambiguity solving) B IR, — A M 45 (Neural Networks, NN) £
BRI F AT 7, BERA 2t sdidh & (Shared hits, SH) BR/F83E
W AR e/ N A ) b, BT W] BBk B R REmE T AR i 28
TR =), BT 75— NN Tl ey e il . &5, &
NZFEMAE R TR EEE S5, SR T REE IS 7E TRT
W R, CKF R R T K2 2 TRT, W2 TRT NEA XY
ML, AR R i o R #5428 (Si-only track), [z, WIF-JO0 iR
118N B AIG BN R A IRB S IRPAZDII Tk B iR R Rol
PR TRT Wiy, HEK TRT A0 N ARTERI AR TRT ZEK . TRT [0 Ly
R NP e R EAMIRTH)Z SCT b, F% ) Pixel REK, JEgE AR
EHIHAZIAAL

AT BEARMEROY, 5 SR Al s R AR, @RI R 2 D
TA RN B2 DR PR PRS0 H Pixel (R
FAREZ T —A. X —HEAMPE ATk TAE S (Loose working point, Loose
WP). Loose WP [ EE R T 80%, Ki¥ pp > 5 GeV HFIIE A 90% [103]. &
123l 4r 8 (Fakerate) 5 (u) BUIF ., (u) = 30 i}, Fake rate 3T 5% [103]. i@
it Z - pp IRENRREE S dy. zo I HERALT 20% [103].

JOT N ) TR i R i R S . AR R TR R,
fBis B A AR R ST A = o, BB B AR I VR SR ) o A1 AR
B RER T AR R, AR R W M KR M T s i 1. e TR T
Ja, —PMNETHENR/REIERAETE (Weighted adaptive Kalman filtering) £
fhitFhr RS R m R TR, BREANRE P @SR &
 (Lbanfhr 2 DS GWAED) HIWfh & h BTSN IZES, &%
FIEN, AR DAS B — 2 X T

FEAR 2D = AR AR I A R TS Y AR 18 95% , VU AR NI 100% [104]
T ALE W) 2 0(10) oK SRS, FFREFRER a8 i jsiv)s [104], Hopiz
T Bl FE b R A K R T B e AR T A5 (Primary vertex, PV), JHABTH S Y
Fric HEFR TR S (Pile-up vertices) .
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42 HBTF/RF

M T (e) 56T (v) AT ALE AL G B REAS N B N HRERRST, IF DT 5
ID B AT AT AL L S 1, X IO TR 44t (Converted
photon) , FTPATE ATLAS SZigrh, JtF-RIH 700 B SVA KB ER & . AR
43 ATLAS [ E R EA iR B any i 1 S TRYEEIALE ID 58
P A T,

421 BFRFHEE

B S TR T “HZERT”  (Supercluster) o ZR3C 3.2.3%5 4 3],
U E AR MR EEAR =, Bt DAL THI0E 148 ECal (RS RE B 2 TIRIEZ A
MWETCHN, XFEER TR g ] (Cluster) o AR ) 2 H#GE
IR FE R R AR R ik 1], M EE TR SE R i 353k (Sliding window
algorithm ) , {777 VARE S JE S VY O RE MRS . BEMR b BRI IR 1 A
EFEFALG T2 15% AR, W IR HERIE T T 15% % 25%.

brdEBR A ARAERE AR AR T O T A R B, A
A% )= ECal #5590 BCHYH BERUN THEHIRY g, R s M TR RER = T
AN DU TR, 1) S 2 B AR (Y OB RE i T AR IR P A 4
AT, 5 HRRE R R e — TR R B s T AR S RO AR AT, ARk
WA ZAN M HR] 2 Bl RE R TR, I BRANFR I ooy h 2k [105],

HL T35 M- Fe s VL e 5 BT ) A B AS A A v pO Al s ek, (B
M/ N FIEWE T ESE e vrEZ AR HR . Tk Mg AL -1
IECXS, FERARZE A ECal (955 " RFIMEIG, AR RASE SRR AR(g) /)
T 0.05, WA TR sl M AT RE B R VERC . AR 2 MRl 4 o Al —~ k], )
PLSER A Pixel i 282 (AR, Q2R Pixel dy s BOHIE], WIRAT AR B/ Mtfe

FALE TR M- FediPC i n] PABLAE., #2400 T4E ID NIRBLY %2 — X
AR 7 [ R S IR AR, B A B SRRkt — X R G R 2 LFoh 0
LA S5 AR, 38— A5 ANAE Pixel B MEATE SRR SR, I i BT
TRT ({5 SRS AR o2 5 KA i1~ [106], W@, fEgid—&
SRR X SR A TR BE SON LTI . MFALTH A A Al 2
PEAT AL T SR 2 A - DT o

R AT St I e o R s ) F - DL Y e AT 5 ARl 1 B e 1
VERCAY L 23 Bl 1R B 1S AR T OB SR R . s, — A EE R
) An x Ag B N 2AERE 6 B S LR (Satellite cluster) , AR J558E
B EEES SR R, RN YR . FIRRRY, AR E B
JH R Ui T2 B2 A AT 5 1 ook B SRRSO, s At R o AT 5 T B )
TR, YRR ECal 5 R NS YRR, B AR R R
R A2 N IR =2 ECal 40 Bochy iR AE & -
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TR TOE T EARRERER G, ERRg ST — R R RS
PLEABIE [105], PO 20 B a5 S I T A0 ik A D e 07 vk — B 7 34
PEA TR AT TS o Q2R HL T AR AT S Al DTS , WIS B S 1,
RIFALTI G5 E T AR DL, W3 B RAGT, SRR Toik
AR VLR, WRR ARt 1. BAh, X IULECH B & Ik 9
gL, PRSI ] BER R N BN B 500 1. e i ad B Al R
R E BRI [107] X E# A 7O T 3T IR G IE, AT 5
FeF AR B DMEIEA PR 12 51

422 H®F/HFRIEFNFOILE

N RpEHEBTRERAENE T, SRk B THAL, MECRBEAE
ECal WHYBERUIBAIE T —MEH T, —PETAREER . BRATEARFI RS-
n-¢p VTTCEE R BL R oR 50T SR BT R - B AR BE (10510 AR5 155 HUMAR
PR IR AT [105]:

Lgp)(x) = H Pgp)i(x;) 4-2)

Hooh x; A | AT IR AR, Py gy, FRIEE (AIR) ORI
%51 (PDF), {55 PDF U Z — ee 5 J/y — ee id#2, ZJifY PDF 3
T di-jet bR, FEFFEIARAUS S0 PDF J5, AT DATHEA% 8] 08K sl B0 41
dL,(S/B) = log LS/LBo @%E@%%Ui%ﬁﬁ%ﬁtt%ﬁ”ﬁg dL *ﬂ{yyﬁgéﬁﬁg%%ﬁﬂé
S 1 O30T P T S B R T, DA dy AR B T RO
HH) Loose., Medium, Tight =/MFrifE TAES . K 4-1a, 4-1b [105] S H@RA TA
7 TAE SRS Er 5 0 (97506, TR B Ep > 40 GeV I, Tight fiyk
PERCETT AR5 80% , AL PSR LIRS T W25 74 . T2 %11y Tight T.
VR AR T 2B Tt AZE VR R TMVA BEERGSA [105], H H AR
Ep JEFE 4 9I0ET 7 TMVA fifk, B 4-Tc. 4-1d [105] 40 BIRR 75646 TA1E
AT Tight TR IEBECEREE Ex 7ML, 25008 (S00) Fomxt (R
%F) RIF Ex JEES B TR, FTA%L Er > 40 GeV i, Tight fpkf%
WORERE 85% DA b T ATLAS [l & RG A AL T 5B T
BT A Medium 5 Loose [y 7 A B THERIE AL, PG BIAS TAE SR IX 4%
W A

F T 5 FEARAR, BT ECal SIS R ES™20 RIEL T AR 7
fry pe 0N oA AE Bl A A R TIPS . ESO20 S0 1 S i B A
FHy AR < 0.2 FERIN, BR TSR H.0 An x Ag = 5 x 7 /> ECal 4
I BT R AN RE TR, IS5 08 1RO . UE RIS SHIMER I,
DA e AR, ESo20 i/, p 00 SR i B DU AR ) AR < 0.2
(AR < min(10/pp[GeV'1,0.2)) [IEFEIPN, it K DALY d AT R Bl 4311
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W] AR BB MANAT , AR P HABAR D>, pl e S, ST 5T
(AL BEf T A i S ESone20 | plyarieone2 BRI & 1FR, Hod B9 3
A AR FRIETRTE % 0.4, HL T Gradient TAE S ZFEpRAF ES20, %arconﬂo (5
k&bl pr 284k, pr = 25 GeV i}, Gradient [FEFERCR € 4 90%, pp = 60 GeV
F, e Wik 99%. A TAE SRS B A SR ¥ o B (E, Hp AR ki
111 FCHighPtCaloOnly/FixedCutTightCaloOnly H 253K & pr W E B F/HE T
ECal 937 & . F—> Tight TAE 35 AR EEERCRITLE 90% PAL, Loose T AE i
()RR S BERCRAAE 99% Aiha [105].

# 41 B POE ARG E T8 [105], pp Sk GeV.
Table 4-1 Isolation criteria of electron and photon [105], p; is in the unit of GeV.

HARL T | TAEA R RAL B IR
Gradient e =0.1143 X p; + 92.14% € =0.1143 X p; +92.14%
e FCHighPtCaloOnly | ES™* <max(0.015 X py, 3.5 GeV)
FCLoose ES™®/pr < 0.20 Py ®/p. < 0.15
FCTight E&™/p. < 0.06 pyreone2p < 0.06
FixedCutLoose ES™ < 0.065 X Ey P?/E; < 0.05
T FixedCutTight Eyreored < 0.022 x Ep +2.45 GeV p°T°"°20/ET <0.05
FixCutTightCaloOnly | Ey**"* < 0.022 x E; +2.45 GeV -
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: —a— Tight . F Vs=13TeV, 811" . Ton ]
r B r Electrons, E_> 4.5 GeV B
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e - ATLAS Simulation B I I ATLAS Simulation B
S Als=13Tev 4 8 1f=13Tev =
s F 1 % F ]
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it:» r Z—>Ilym B S FZ-lly je 7
0.8 ’_.:04 Inclusive photons 3 0.8 Inclusive photons {
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c  E e EI - E
.0 1’—%—&% * = o0 O e o8 9800 ° =
Q2 E E Q2 E
= = P " | k| = 1 I E|
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Pl 4-1 0O TR0 TR XA PERCR B 8l ) F A8 s E & [105].

(a) R T oL T30 TAR SRR GRS Er FR AR, (b) FER T HLT20 TAE R PR

RE KR, (c) R TR 745 Tight TAERREFERCRS Er lIXER, (d)
R T ARG T 4500 Tight TAE SRR Er KR,

Figure 4-1 The selection efficiency of
electron/photon identification working points as a function of kinematic variables [105].

(a) shows the relationship between the selection efficiency of electron identification working points

44

and Ep, (b) shows the relationship between the selection efficiency of electron identification
working points and #, (c) shows the relationship between the selection efficiency of non-
converted photon identification Tight working points and E;, and (d) shows the relationship
between the selection efficiency of converted photon identification Tight working points and
kinematic variables,
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43 ZB¥

HARSHIZ T (n) MIHEDUGAESS, 8 ID B T RIEER, 798
A N ILESREN, faoE MS WHHIRE Ml fE e . 25 B2 1 i B
N, BBEIPER, DA ID BJLIEER, B R BEJCVAAE = TR R ey B
TR, FrA ATLAS A TRV WINE 1 B SR DA I E 2R

431 ZBFHIER

BN R A 3.2.442 8], BR MS WK RS INZFE
% (MDT fl CSC) HA=)2, (HAE2EA Z RN HRIT, FroAMS a2
IER A0 REAAI 2 21 B T B ARE (segment) . MS P23 8 X 2650
Rl A, JEIEE R AR (Hough transform ) fiff i B 2 BRI 45 1) 22 TR I BT )
dr @ REA AR, HHERRME T DR R o S8R =2 W AR
P R R IR R, VIR B TR . RS G MS P Tl R 2R )
ML (RPC M TGC) WfE B =4E18i (s 8. e, sl 3k
PE =gl E e, UESF B ALS n] BRI 2 1R 259 Bk A H
LGN ER, 2R EERER S e kiRl s, 07 2k Dy
et ST e R, KA T R BRI B A AR . A,
WERM ARSI ZE 2 iy dd i, FREB AR 2% i 250 [108].

ZdE

1 11) T AR R SR R Y. AR R BT SERM SR A EAE 45 R, Hoar
FHEBAIVEWT [108]:

e CB (Combined) Z: X2HMRETMB FEE. |n] <2.5 WA,
WA ID (425 MS 4230 n] DA [A]— AR S 5k, W A A fE
HUA—%MID 2 MS (58820, hT IR o ggmdimiigs, iz
WA WEIER T TSR R BRI EE . T ID R4 0ok B
w, FTDAMRIEILG 4R, W REIE SR MS N T A i BUF R A . 24
lnl > 2.5 B, fT ID BJUAZ54, RIRETCIEIR BN ID 1808, IUh 3 k%
J& Pixel 5 SCT Epyisrp s Rl A ST Faksemg, XA @S T9ihr A SiF
(Silicon-associated Forward) 2&1-.

e 10 (Inside-out combined) Z8-f: X|FHEs &I ARSARI 25 MS [F5ER
PZ T, AIRBTCIATE MS B F e, XHT 10 SEHE AT DASR = H B J# AR X T0
VAVLECE] MS 12389 ID 42308, AN n] AYE MS Py ICECLE] 22 /0 =ASa] AR AL Al
W& ARILRRHE A, T ERI R PIE S5, Wal DAVEN 10 211k . 7
PAG T 5ERERY ID 42308, MS fXHE S EREds i B e E B G, 10 212l
i CB &1 E @i hiAgi ok,

e ME (Muon-spectrometer extrapolated) 287 f1T ID FYL5F BRI, i 55 7
AR B HICR AR, B |n BRI AR A 52 B MS 423k, H
VAP SE ) ID A2, X ME Slg A] DA R E AR . 2R MS 942 g
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VARBIUCELE) ID 42500, T2 Y AE 2 i _EAG A ST W UCEE, MM EEH 0|
B = ME 21,

o ST (Segment-tagged) Z&7: XFhE @ RMEET X ZTE ID N SE AR
H MS WAE 20— 5838l n gl . EEMRERZ ID 12055 MS kil
XM E—3, ID WRESHCR s EE A TR ERZ TS

e CT (Calorimeter-tagged) Z8-F: X ILEN X 2 R AEFE MS B T2
-, Bl MS FE |n] < 0.1 FIXRIR NG EERR, 7T REJCIERR IS A1 Bl N 2
To DLEFSs HISE L) ID £2 0 VUL A HH fe/ N B RESTIAE 5, SR mT PADCRL
ID LS HR B TEEZ TS5, Bk ID A0 FHE WL pr > 5
GeV DA DA G5 %

432 ZFRILEHFOIMLE

Z7 %5 E R H AR K B 9 R R T A E R A RN T
PRtk XRZFHHN non-prompt 27, AT E] H A KT 1 non-prompt
Z7. HT TR Z TR, BRI, B MR
Z2, W PGB AR TR X 3. TR T AR R, Ol R, FTDATR
P A A ID 5 & AERRAY isolation HEATIX 7. 14BN AL & B
PAZR PR, SR — IR AR R K, AL AR ID By RS MS AR
R, H MS R HRE— BRI 2 0A G =l . 282 1D 23
5 MS f2IBRIILES, A WAL T RAICCRI LS . SH— T o/p MER)
UNLE

Ipip — q/
q/p compatibility = |9/Pp — d/pwis| (4-3)

\e2(a/pip) + 62(q/pys)

B ANRET pr A
, |pT1D — PTM™S|

(4-4)
Pr.cB

=R RN ID 5 MS i S USRI A E AR S5 ERE, — A
— G 2RI, T E S Tight TAE &S . 5 DY 252 0 B A2 300 i T A 0
R, —REK |dol/o(dy) < 3 F zgsin < 0.5mm, Fij— T X o ) 2 Fop 38 2
K, E IS BRI S AL Y S W IV A

WG RHX P AAS R EER, el LT IR E 21 TEM, B
58 Loose, Medium, Tight, High-pp, Low-pp. H ' Loose f % CT. ST.
CB. 10 2+, FrPAHARCRER s, EARKRERMERRRIG, EENT 22T

ASHAHT. Medium HAL{ ME, CB. 10 21, Jir ATEHAG 8 5 AR,
AT EHIPERE A 8. 1 Tight A CB fl 10 &7, FHRPRBH »* Hileg ™
MR, AR, FEEEA T AR S E- 5B X 3 BT . X
AN TAE S B AN 4-2 [108] s, FTRARK BRI 2 Tight TAER, 2%
WHEEILE] 90%. AL, High-pr HALE T Medium % 5117 CB #1 10 [¥) pr > 100
GeV NZT, BT pr 85, RBAHZCRMR, sk, A
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T LML) TAE R ST s B2 TRYEE . pr > 100 GeV i, High-pr TAERHY
REREEIRE] 80%, pr~ 1 TeV NRAGRENFR, 250 99%, Z 5B ik [108].
il Low-pr @ MRS R Z TR0, Rsif2Z77E MS R RETCIA B T seimte
W, FrPARE T AE SAANESK ID AN ﬁiﬁ?iﬁﬁ}\ﬁﬁ}fﬁﬂéﬁﬂé??ﬁ HZ
T RS (cut-based) BEZAEHT (MVA) HARAS R R
XFT pr <5 GeV WYMREBESI E2 T, M TAR AR AL H] 86% DA L [108],

lol nanal T T T 7 = T T T T
[ ATLAS Simulation ] £ [ ATLAS Simulation
2 [ Vs=13TeV,fl,p_>10GeV ] 2 | s=13TeV,ff,p >10GeV o
o r T B ©120
S110— O Loose, prompt O Loose, hadron - Qo - O Loose, prompt O Loose, hadron
E [ @ Medium, prompt ® Medium, hadron i E - @ Medium, prompt ® Medium, hadron
[ & Tight, prompt L Tight, hadron 4 L Tight, prompt L Tight, hadron
100 ] fo0 M
E] DDDDDDDDDDDD,
EIE‘UE‘UQ ®e0c0ccvcscsesoce
AAANMAANAANAANANLANAANT
Y AAA ] 80 N
BU‘rA - L ™ i
[ ] .
A
L A

520 25 30 35 40 45 50 55 0 _2_15—1-05005115‘2
p, [GeV] n

(a) (b)
Pl 4-2 221 Loose. Medium. Tight T.fi ifikfs &5 (a) py Al (b) n MK [108].

Figure 4-2 The selection efficiencies of Loose, Medium, and Tight working point as a function
of (a) pr and (b) # [108].

B (IR SRR UE S BT T IR HEZSAL, T A B3 2o 4250 1y I 57
55 R AR B B RS BE W, 0] DA G R RIS S R AR B A A R R
(Particle flow) [109] J& , XPARLT-I AR BEDEAT HIWr . 25 4-2 [109] B4k 1 FH Y
PRSLJE TAE IR+, Hod pr 5 Er WL S TO6 TR E L—2, Fom
AR JE I Py HABAR D B R ARSI RE A, 5T AN W b 2 varcone30
)52 SLEY pr < 50 GeV i, AR = min (10 GeVipy, 0.3), K2 AR = 0.2, #lk
b, BT pr > 50 GeV B, £ TAEMINEFECR#EEL 100%, pr ~ 10 GeV
i, Tight TAESAIRCRHAG 65% A4, {H Loose i TAE SAB4EREAE 80% LA L.

% 42 MM TRPOLE TR, py FonEES TR, ALY GeV [109],

Table 4-2 Commonly used muon 1s01at10n working points, where p; represents the transverse
momentum of the reconstructed muon in the unit of GeV [109].

TAERATE PR EHR 23 pr BRI
Pfl L varcone30 04 - EneflowZO <0.16 -
o (.)Ose (pT 30 * Tfl 20 ) Pr DPr > 500 MeV
PflowTight (P +0.4 - EX"V") < 0.045 - pp
L varcone3(0 <0.15 - EtopoconeZO <03.
?Ose I\’/Zrconcﬁi() Pr mpoconeZO Pr Pr >1GeV
Tight Pr <0.04 - pp, E; <0.15- pp
HightP(TrackOnl sone20 < 1.25 GeV
l-g e e pvarcane30 ) Pr > 1GeV
TightTrackOnly Py < 0.06 - pp
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44 WRE

iyt (Jet) /& ATLAS SEBG i FBERA W) WEER R IEA A MBI T
RUPHERES ST, A UE SRS 1. FEm Tt i )G, Xk
AERERSR T, MR T STERAERS N T A, AR @i e B
ZNERIES . — IR, B A R TR - BT, TERRERT
WIE B ZABENETIER], HHRIRTIESTE ID N T RBMEE, X EmiEE
B RRFIE . ATLAS S Rk i savA a1 A i el , P A
FasT JET {4 [110] $203tA9 anti-k, 88035 [111] 320G

441 BUERIER

AT EENGET R T (ParticleFlow ) 1 anti-k, $73% . AR 3CHESS 4.2.1°97
ST TR, PR SR T A RETE R RE AR N B TR, (A SR T R]
PAFE ID N i, %85 ID [RER - BFE R, PrASE & 1Al fE B AR
FARL TR AR T B 4-3 (21 MRS KL TSk m P IR, ek
Pt Tight TAESERBE B A T2 T, [ RN SRAR I A
AT 40 GeV By 1L AT T8 boost FETIRRE R P ILEES K. B h okl
g n 5 ¢ AMICKCARIEFIREN], HE2ORERRER AT 10% Miedsh . il THE
ERT, FET MC BT BUCRE] TARSs R A AR = 0.4 JEH NI
RERERYR I S Z8 , FEREAT EE I NRE i 340 B % 28 45 2 U0 ) 3 A LA RE
% [ F FAANSIE T A RS T AR A 22 AR, e R B P R T A TR E
DA E 25 75 2R AR = 0.2 T WA H AR AN AR B B . SR i
WReE S TSI RE R, R N AT S R T, Rz, IRt
FrRERm A RR . RERRS IR S A TURRE & % B foe o R B0 oD D g SN JE
HLRPRF SR B ik A B e s TR R BT RE &, Ui R S B IR TR R 0
RERPRRIATTURAE R . 58 MRS B2 BRSO A1 5 B T 0 & S U RE R iR 221
XFEE, WEPRBE RS/ 1S R U R R, WA IR B i R T
ARG, [z, WA KB B T i 75— R IR, FHRE5 B A OO I
Kb XIPMPRESPFTZ IR, NIMTRSZ AR5 AR Ve BE AR T3«

Tracks

Clusters,

Inm¢
lusters

Pel 4-3 Bi F-imr st mfe [(112].

Figure 4-3 Workflow of ParticleFlow reconstruction algorithm [112],

anti-k, FIRETRL TS R EE BT . BRI D2 IR § 5 7 Ak
TR R (kp) RIS AR (AR) 275 R PAVRT [/ — BT,
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HARE SR [111]:

2

4., = min(e2, K0y 4-5
ij = mintkp;, k) R2 (4-5)

Hrbp 5 R EFREWSCHER, ATLAS SLIpmiEE@E AR p=-1, R=
0.4, p=—1 27 “anti” BRIE, anti-k, YRR RAR A7l A 1 A I r 2 s
(AR WY R A G ) RS AT R B 454 [111]. p =1 BfiXE
SEYEWIRA Kk, A, HPEREFE R UE RN MR 22 (111]. p = 0 B [H]
JH Cambridge/Aachen 3%, ¢ H THFEMEERIE5H (111]. Bboh, — Ml
R Jet T3 BE@ A Jet THAARIC (jet-vertex-tagger, JVT), iXjg— T 2455
Mrivgseng , B 12 He AR ERR ALY 18 M) A IS [113].

BT AN EREAR T, RS E KR Er s, HiE T
MY BB RT B SR, T DAER VAR B T 2 R R A0 B (112, 114]. WiyE
1) RE 5 2 AL EX DU AT [114]: DA g IR0 s A S B T HE AR
YN 5 A Y RE B R RF EE Y Y BE R M B #& IE 2 Truth-level [1)6E &My 5. DA
PG HE MR T Ed; @it ID 5 MS 195 B 14 /U745 1 DAL PR
SR AERY R AN R e R ER s & T ik = MEIE S, hBi Il Data
MC 57 258, £&%F Data 4 Pud B IE  (in-situ calibration) PA#E#T MC,

442 TEIREEE (b-jet) BIERIC

B b H IR TR AR cr AT DATAE] 450 pm, BCRF AL — NI BTG TR
AL (Displaced vertex ) o R T0 S A RHIE 7T AR TARICIR T b 38 1

B, X ARCHIRN b-tag, b-tag UGS & A ¢ S B BT BEERA S
c. bR TIIVE, ATLAS 7t Run2 J[E]R A 1T ARE SR Mg A1 s 2 5 22 70 &
3BT REg DASE I b BEERRIC . (RGO SR DR F e TR, IR H ARA
[, ARG AT A A =Fh: (1) TP2D I IP3D [115]: #iy AZZ & AR50 il 1
Z4; (2) SVI[116]: it i/ N FE A LS VE AR VL FC A bR DAER 2 Y
AT S (3) JETFITTER RN 1S B (topological multi-vertex algorithm )
[117]: JEid BT RR SR PR HE A B W m A &, 1SR IRICEAR G5 5
2 ISR MR 3 B B F Basi s A (Boosted Decision Tree, BDT) #i# ) MV2 5%
B [115] A A NN [ DL1 SERE [115], A7 A8 s 050 T AR 3 SR ms i i
AR, FEARE b WA ICACEE LT A TAER, SRS 0h 85%. 17%.
70% A1 60% [118].

45 BEF

b (1) RHBRIRIR T, BORMBE R AGERY T2 8 A 7 18 E
W5 TARE (thaa ), WATLAERRIRTARE (11gp ), BN HTHAF6y c7 ~ 80 um
B, A ID A, A AR BRI RS B TXF ¢ g TEE . AR
T4 ATLAS SEERHY) Thog FRRNG, thog HOAF AT B, (RS RT7 R/ NI BT Y B
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PR, A e BHEGTA A S — B = 75 A TR TR —.
451 FFHIER

Thad BLEFVEEEAAE 2 S0 E Thag M5 T8], L)y M) EE Y 7 T (Tau
vertex, TV), RIEWTFHE #* 75 ID W N AL, f/a A3 rReR IR [119].
HIT Thag FEFE R TRE (1-prong) B=58 7 RZ (3-prong), HH5RT
PA 7=, K* T3, FTRA thag PIE AT TIEE . 1ag BT “Fh T 22
pr > 10GeV, |n| < 2.5 AAFEA TR AR Kk (1.37 < |g] < 1.52)
1) anti-k, WEYE . HETRVAE SC DA FE AU RE B AN, A T A A
ATCAR RE & el A A I L 2 SRR Y Th0q 710 TERA o J5 TR A
AR < 0.2 R AL E NEFEFEEZ 5% pr > 0.5 GeV 423, it #1) ] 5
WIS AU T, X LR ] AR B ) 2 AT . P T s 2 ) A2 3
pr MR RIS OR I TSR « T & 4-4 [120] 4058 T v* — o 3t
& 1-prong 1 3-prong 7 il i = TH s FIHI G T s BEA T AR e BE A SE B A8CR A pr 1)
KR, WLABEEIM T8 AR S v, (AR ¢ TN AR
P, NHENTARSIED v AL TV Ml 0,9 HJE, —DEFRHZRK
#% (Recurrent Neural Network, RNN) ByESXTA AR < 0.4 (UL, 18
WMEF AU, HIHAEZ 0D (Core Track) FIPA742i% (Isolation Track,
IT), #Z%OREB FERFE RS TV KXW 25 NFIES, BeFrh « 1218 (Tau
Track, TT), WA HIFER S thag TCRIIRT o 55 =RARMPRR N AL
123k (Conversion Tracks, CT) , 2 [EE|JEF AT AR #59 BAFE F =4l 1,
T2 Thag A FEAIRZ —, I H 1,0 2280 2° FEEBEROE TR,
Fi A BIDGT A W R T RO AR A& SR 2L, SRS HL T AR AR I A A AR
W a2 I RHSET IT Fl CT BAERARE, X RBFR RIS (Fake
Tracks, FT), FZEORFEEHEFRY . K 4-5 [120] @R T804 R BRI
f4 (Confusion Matrix), W PAZBURML S EHCE BB ET . BT ¢ FRREAZRA
Ryt o, W AR A Jok &y v S8k, BrAs TR iR BB & TG IE IRV,
Thag WIEEEE, BEELZIERL o2,

ATLAS 1] 7,9 BERZIFEIETH NP, 25— (baseline) ZERIHERIRLY.
IR A N FEF B IR [119], W] PABEFRR A

ELC - Epileup

E v =
cal R(ELC - Epi]eup’ |’1|’ np)

(4-6)

A3 TR 3R MR RE & FP I A MR RN, ) 82 4B 4 A i BE 2 B Vi)
B, RDMEIEJE MR . 7 FH prong B AASRHINEREL. 2B, Epjewp
Al PAZETN N AR R T S i . n A A0 prong B AT B pRER :

E

pileup = A(|nl, np) X (Npy— < Npy >) 4-7)
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16— T T
L ATLAS Simulation —e— Primary vertex
1.4f Preliminary —+ Tau vertex
[ Vs=13TeV

[ Truth 1-prong, y*- 17

t Vertex association

Efficiency
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Efficiency

t Vertex association

0 o L e
L ATLAS Simulation —e— Primary vertex -
1.4 Preliminary ——Tauvertex |
[ Vs=13TeVv i
1 2; Truth 3-prong, y*- 17 ]

13lva‘vlv‘vlvaf—vaffv‘valV‘v‘vlv—*'*fvf
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(b)

Pld-4 v — oo RERRE « iliid © BESURIRI S i A TRl e BRI L FR R S pr IRIOR
% [120], (a) & 1-prong z, (b) 4y 3-prong 7.
Figure 4-4 The efficiency to select the correct = production vertex using TJVA or the default
primary vertex in y* — 77 events as a function of p; for truth 1-prong = (left) and truth

3-prong 7 (right) [120].

T T T T
ATLAS Simulation Diagonal efficiency: 91.0%

|~ Preliminary Truth 1-prong
V/s=13TeV

RNN track type

FT

1.5

CT

0.7

| | |
T CT IT FT

Truth track type

(a)

RNN track type

T T T T
ATLAS Simulation Diagonal efficiency: 93.3%

|~ Preliminary Truth 3-prong
Vs=13TeV

FT - 08 4.6 21

27

28

0.8
|

FT

Truth track type

(b)

Pl4-5 v — oo W REQTRRIEHIFE, BUACH RS F i, Ghahoh 2L T RNN Sk o) ek
H[120], (a) & 1-prong z, (b) & 3-prong .
Figure 4-5 The confusion matrices of the classification of a track by the RNN and its truth
classification, measured with y* — 77 events for truth 1-prong 7 (left) and truth 3-prong

7 (right) [120].
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Figure 4-6 The 7,4 energy resolution of Baseline energy scale and Baseline+BRT energy
scale [121].

452 FEFRIZS

Thaa FIEEN T HPRASER T, SR—ER 02 S T4 (1211, BH T
AR I AIAE B B W DT FE ]S 1-prong = FRAE—20 58 #8702 5 3E had
FEAE S BT IX 4, ATLAS SR T a4 M 2% (Recurrent Neural Network ,
RNN) v [122].

X515 1-prong = () XA T XL B EEK, i AR < 0.4 5[ N
DB T theg FEOFELE . AT 4.2 17542 2 W 1) F @ AR THEHORE T
LIIReREL, FEH TS5 1-prong 7 RRKAMEAVE DN, EEEHL 1A BLAR R AL TAE sk
PRI 1-prong 7 SRR H] 95% [121], XA TAE SRR S SRIEA
pr Fl n JEETES)

Thad 2= BT ) RNN SBE G0 H i A S50 18T 06108 25 1) Al A e 1 2 B
AME R, FREEE TARGEEAE BTN S L, B E s S
I R A ) Je 45 [122]. YIGRFEASRHA v = o () MC AR AR
di-jet iIFEAFE AT, X 1-prong I 3-prong 7 73 HATINGR, T I AR ERRL
RHfE T D TAES, 435128 Very Loose. Loose., Medium F/ Tight. i% P4/ T.AF
A% 1-prong (3-prong) = IE SRR E BT 51k 95% (95%) . 85% (75%) .
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W6 pr 5 n BA, ATRAKRIRTER 4 KRS pr 19 n OB S, 1B pp AR AGHT
BB FEAL. Bl 4-8 [120] 433 f@/R T v* — o it #211 1-prong Fil 3-prong 7 %5
MRCRFEE + KPR pr W37, A di-jet s2F#£RY 1-prong Fil 3-prong 7
TEYE R pr P, HhIE4E 3 ORI EIE. FTRA%L I 3-prong 7,4 I
A+ KRR pr BN R, [FIRHREE 6,9 FIELR pr B TR
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Figure 4-7 Rejection power for misidentified 7,,, depending on the true 7, efficiency [122].
Shown are the curves for 1;,; candidates using the RNN-based (full line) and the BDT-based (dashed
line) identification algorithms. The markers indicate the four defined working points tight,
medium, loose and veryloose.
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Figure 4-8 [ Efficiency for 7,,, identification, combined reconstruction + identification
efficiency, and the inverse of the efficiency (rejection) as a function of the 7,,;, p; [120].

Efficiency for 7,4 identification, combined reconstruction + identification efficiency for 1-prong (a)
and for 3-prong (b), and the inverse of the efficiency (rejection) for misidentified 1-prong and
3-prong 7, candidates from di-jet events as a function of the z,,, p; for 1-prong (c) and 3-
prong (d).
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4.6 FgFRY in-situ GEEIEIE

Thaa B ALV JZTH HY RE &8 21 FE AL A MC BUDE BB IE EE AN M2, It
Hb, Thag WITEHE BB TE PR T—IR in-situ REREIE (in-situ TES) DAMEIESLE:
A MC BIREA 2250 . In-situ TES (7 H 1208 1F SCIE A MC R4S 1t
FAIRI A BB AES Thea WRERZERE, FHE]— X MC BHUM B IES L. In-situ
TES (il THT Z - 7,97, 1FE#Y “tag and probe” J7ik: PRk H v BT
AR IE A R AR u AR H v SR T AR 1,9 , B SR AL
PEAT MC FEAR) 159 T 4 W RGEAE & my 15EUE ESEL . R SEUL 110
75 &-A prong & (1-prong B 3-prong) . || #EH.0> X (Central region) A4
AT X (Forward region) . 5 pp & B JCHRIY) my; A TAEAL (loose, medium,
tight ) ,

R AIBGE T HHRPETIX. Wjets iR EEHIIX (W-CR) FZ S
X (QCD-CR) M5E 3, HHf Zcos Ag = cos Ad(u, EFS) +cos Ad(zyq, EF)
H Thaa B n 5 EFS (et AT “tag” B p FEES B TR, ik
| medium %25 TAER, FHAEMTXIEL (In] < 2.5) o WAGLERZEREFSX
(SR) AIHEHIX (CR) HENHIF o 709 BORIEW RO, pr T 20GeV , FF
i1 crack region veto, HTARAHATFE b BIER S5, FrLA SR Fl CR #JEK
b-jet veto. SR WHAME TN Z — a7, FTLAZER SR AP p i R IS K,
HY thea HLRS . AN, FEE W g7 BT, i
W ERSS | BTAE L ER p 5 ENS BRI KT 60 GeV UEAR Wets i
Mo ZIEF] Wjets MIZBHEIT IR 1,0 K ABHE, BES EFS i85
JERAR. JeMmBKR, FrbA SR JEEEK Zcos Ag > —0.2 PAE— AR S {F 5 4l i
(Purity) .

SR NI EEANEH Wjets 1. QCD =AW Z MRS, top FretH K
i AT multi-boson 378, HAEIA TR 1.9 AR BT RER, FrPd
XA A A TR T 2B IR s . Wjets ARG R T HE#=
XANFEMEIESHPAEIE SR Hil QCD-CR 1 WHjets S RITIL, BIESHN
KSos s = (Data — MCpoq wyjers) S OSMCSOS, o T Z B R IIfR T T SS-
OS J5ik, HIEH| u MIBEEIRE R 1,9 KBCEERAL, FTPARM SS 2Bt g
f&it OS AR fi . % B F | Hfaf iy 256t (Residual charge correlation), OS i
FERIAGIL SS WA E L, FrPAILTHETE QCD-CR WRE| u. 1y,q [Fl 515
SHIHGE, M [R5 10 2 B A T 5 5 RS KN 2 i S AR R Tk
Z W I AR S0 Eo i A B S i Ao h HA A IR AR R ST 2 . W-CR
5 SR M), BRTHRS p WRICLEER, HER w5 EPS RERBTR RS
F 60 GeV il Zcos Agp < 0 A4, FRESK EMS > 30 GeV PAZE—4: 8/
EPSS @R 2 WiEid 4. QCD-CR 5E SR p AR R ST B 4 1 5
MR TG Zh R S, A8 R WA Ay fa B DA I e it ot

AT TG, in-situ TES R T /D R EBA R X MC #
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#* 4-3 In-situ TES (155X (SR) . Wjets EFEfEHIIX (W-CR) FIZ Wi R IX
(QCD-CR) 1z .

Table 4-3 Signal region (SR), W+jetscontrol region (W-CR), and multi-jet control region
(QCD-CR) definitions of In-situ TES.

PRPESRAT EReS Wjets F il X | Wiy X
u PRS2 (PflowTight_VarRad) pass pass fail
H-Tyag TS LT 0s os| ss os| ss
b-jet Fric (DL1dv01, e = 70%) b-jet veto
my(p, EF™) < 60 GeV > 60 GeV
Epss - > 30 GeV
X cos Ap > —-0.2 <0
My 1-prong central: € (46,86) GeV
1-prong forward: € (50,90) GeV € (40,90) GeV
3-prong: € (50,92) GeV

AHBIERRRE . AT G AVERT theq B TES B1IEZA o MEIE pr 201l :
pr =~ (L+ o)pr, FHOREF p AR KA RAZ VARG LR AL, IR EIXE my 1
BIEN

myig > V14 a-myg (4-8)
ET my M n i/ D B A A R
(NP2 — FNE@) = NP9

=Y . @
i ( NiData)z + fz(ANiSIg(a))z + (ANibkg)Z

oot NDUERE S ol g AT SEIRER . EUON T (truth iy, ) R B A
Thaa TES i A bin (SEBIEL. £ RSB0, FI VAT 1 H T (4 S B A
MC BEAR (% (R 22 B TES 8 TE RSN, 0SS $ei Rl MC REAR 1 2 HlsiR
22 . o HEINT FrA ) truth z,,g , 4GRS truth 7,4 SR H Z — 1597, IS
AN SR R G RS AA A 52 . Tn-situ TES fUL& 4> J i,
S TR o AT (-2, 21% JEIEI TAEZSTA), 3940 o 2K 0.1%, X145
A Ufiged » ;(2(aﬁxed, ) B R THE B 5 (Gradient descent method )
HEEG TR (Momentum), 2055 agyeq MR 22 (@ixeds fmin)e 5
T A SO aggeq FREARFR . XTI/ 22 (@ixeds Fanin) FTINALTT
FOBICHE A, A /N T O Ak S B 5 T AT B — A R R, IR R AR
/MBS PR AR AR B A B 2B TEBEX dpom» XTI FIE/IMETE N 22y, T UK
BEPBAFET 2 + LSO FRE RN @ MO AR,

AHFFEE NN inclusive 251 TAE &, prong £ . |n| RKig o 5247 T
ErE . dF prong BOER 0] Wt IE AR IR, ARG EE A
[FIEY prong Fl |n| KIKHBEAT T mys, 4M GG bin SERER DAL . AT HLE AR IR
myis M TEE R bin FEREAYLA A, A HEEL »*/NDF SRR A, AR E S i
Il 75, Hordt NDF il B th B, ZEAHFSE bk bin 0N . e, Xt
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F 1-prong H.O XK, my, 2T EN [46, 86] GeV |, FiJE k8 GeV ; 1-prong Hi
In) I A7 FE A [50, 90] GeV , %ifEk 8 GeV 5 3-prong g KIg7E Hl 4 [50,
921 GeV , TiJEH 6 GeV . MRS T RFIGVERES bin SRR IRZER—TK
gy, AW T T U, BT ARG 5 R E R RS iR 2

In-situ TES [ RG0 1R % R EASG AT IS Wjets (B IESH IR 2.
SS-OS J AL S22 . Run2 M iR2E . MRV 1iR2s . Wik
BINRGIRZE . bjet LM REIRZE . BT EHN RS IREN A il & 451 1%
250 Ty DN RERISBMERF RGRZEMARIS, FrAAWF 58 R B~ =t
FR—ANRGORZEX a 5 E0 N RZE, BRI m A2
M xlo REIRE T, X +1lo REM —1o IRE T W0 BIEL /T
WA MFR RGRZEMB IESE aygye T tgygs BT |@ugyst = Cnom| HZEEEEL
KA RZETT AR N R R iR 2. L & PR B RS RS N &
IRZE

K 4-9. 4-10% 5J&/R T medium ) 1-prong. 3-prong [ H] . H0 KIEHY
PLARTFILE G my, 4010, " PAR BB ) SM it BRI L0 R A4 A R 4T
X Npins B/NF 1, SM G RN SC IR MR 1 22 BRI R 1R 22 TE N . TR 4-1143 3l
7~ T loose. medium Fl tight ™Y a {1, AT PAKBURIE ID RS IESEE N
i, A ID B IES B 22 E N RGE IR ZE N — 3 . 1-prong 1) 7,9 HY
a LT 0%, T 3-prong ) a K, &T 1%, XAREREHENZA 7+ T r MC
B LI A — 258

ARMFER A T /DB WA=, FRF A M R G R ALY
AT RS A A, T AR SR A R BRI . ASBIFIRAE S5 2 8 T 3T Mor-
phing J5¥% [123] fF KSR A . Morphing 7552 —F#({E (interpolation) J5
W, BB S AR S B O T I A B ) 4 A R AR . il Morphing
FEREER T my 100 a FMEIEAVER T my, AHPRGRES [ AR —4
URREL, WITRF a. REIREM £ KRB, i 5/IME PR R BTS2 &
g5 . BT Morphing 1) £ RAUAAIU & ] T TREXFitter #i{f-fJ [124]. Morphing
YA LRSS R S BT /N RVE LG B LI 45 R 1-prong HL DRI 45

+0.09 +0.06
Bl a=-0.56 0 13%; 1-prong Hi[m] KIHAIZE RN a = —0.22 008%; 3-prong
+0.10 +0.28
HLL I 25 R a = 0.75 0 18%; 3-prong Fi [a] XA 45 KA a = 0.59 0 14%0

{HS2E0 e R R ] Morphing 73k, BRI : i TS EREA R AT R
ST RGERE, BERGRERIK, T8 SM @RI BRI 21 Tk
PORZE S, RAFE Wets ) SF (525 . SS-OS JrAR) TF [ iRZENIHA 5L
K=Y pulling 393K HCHR AR -
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Figure 4-9 Pre-fit and post-fit dis-

vis

-prong central and forward regions of Medium working point.

The left column, (a) and (c), shows the pre-fit distributions, and the right column, (b) and (d), shows
the post-fit distributions. (a-b) are for the 1-prong central region, and (c-d) are for the 1-prong
forward region.
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The left column, (a) and (c), shows the pre-fit distributions, and the right column, (b) and (d), shows

the post-fit distributions. (a-b) are for the 3-prong central region, and (c-d) are for the 3-prong

forward region.
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47 HEEEEEX

SRS 32. 1 N THARAS T ERS 8 X, BT T, ol mn
HERSRURL T, B4 LSP AR & AR Tl EXSS | FFRA EMS i BL T4,
BREYL,

ENSS [ SO T A PR S A T DA SO R 25 HoAth iy B R S T Y
FEFIRER, BeAh, BT HA E A T AR SR AR 25 5 B 21 AT
Pk EF isS pERPE, FTPAEAHE (Overlap Removal, OR) 12 EaniSS &7
FISCHEE IR, ERSAE x, y I B E A AR F

miss _ gomiss,u miss,e miss,y MiSS, Tpaq miss,jets miss,soft
Ex(y) - Ex(y) + EX(y) T EX(y) + Ex(y) + Ex(y) + Ex(y) (4-10)

SSAMM R RIE “ARL, ERRMER RIS, %4 TH N
Rt EMS ST, A7 T AR ACAS S AR ESS
i —E ASAIE Fo 51 B —Bebk . SRR S — TR soft 1, FER R AR
W A RS, VAR AE N AS IS A MBS M U, Soft T fr) 8 2t
HPIRITE, R EETRERE B CST [125] )73k, i CST J7 i i et
SN HIRIAR, A AT AR TST )53 ATLAS () 550 5 A5 35 [126].
TST 7535 % R8T A0k T 7 A S A A, MRl 488 2 e B ) 0 T
BATHIFRTE , MK AR pr B soft 1.,

£ ATLAS S, BIRERM T TST Jrik, MRt EF i s g
K, B 4-12[126] J&/R T Z — pp i3 A EPSS S5 < u > 4R,
FEPS AEm e, BT ARSI R T R [126]. BRIEI i B
TR Z - pupu i3 A8, truth-level i) ET 2 0, WIARIL < p > Mg, ES
SRR . Run2 BEIRIY < p > (2R 33.7, ASCOMMTE LG 5 IX g ERS
RGREEN 5% 5 7%, TR 64> Run2 $odhs FAS S XCR FHIE EMS fil %
AN ERSS SRS RRBRST [127], HBT I SS sty < u > BT 25.1, &
SR soft TR A T A VA S ME BB 22 1 CST, (HIG ENSS RGEIR 2N
2% % 6%. WAL, B AHETRBEE (Forward jet) $&IZHGIH (1] > 2.5 W,
fIVT BRI [128] T A R TH i e W i S vk A, 7T DA PR R S
PEREROSRTHB SR T ENS p A EAE, X2 EDS f o m RO TR R
SHEE,
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s 3 T
3] [ ATLAS Simulation Preliminary .
S [ Powheg+Pythia8 Z—spp i
& 30 i1s=13TeVv ]
2 Fooe ST —
2 [ = TSTandp™"*™>30Gev 1
(] 25 T
o [ a TSTandfJVT — i
8 L - ——
|E.I.I>‘ L 0"’ —a— B
- 20 PR 7
E L 0'.. -""‘;A- ._._ ]
LJJ>< : .“._A_-A;"- "-I" :
15 - -:.A.-A-""_.;I» ]
P ]
r @A ]
e ]
A1 e S D S D I T I

o
o
-
o
-
o
n
or
[\S)
o
w
o
w
o

40
Number of primary vertices va

Pl 4-12  ET™ 5385 < u > 3 Hk, o VT [128] R FEHEFTINEE (Forward jet) )
Tk [126].

Figure 4-12 E;“iss resolution as a function of < y >, where fJVT [128] represents Forward jet
reconstruction algorithm [126].
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FS5E BRRBRFUMFRE gaugino AIFHIF X

AEEALE ATLAS S50 1 {8 Run2 3§ JE] 139 o~ fyscaagioiint 7570 st
P IS Wh AR B AR (£) RIS thgq RS T4 ATEHT( I A9 15
B AR 75 A 7Y & Wino 2, T 7V J2& Bino-LSP, fifi1ff A MiE s (a1 B.
W IR LT, BB T (gaugino).,

51 WHRBYIESER

AE 22495 R E], ¢ M g R FAE LHC b 3Bl si Al G AR =42, FrbAre
AR K, HERRHERIRE &85 TeV B4, FrOARIE ¢ F1 g 7746, ]
f Bt A AT RS M 24 BT LHC ROHIITE I . s 34 728 78 M 7)) 14
AR, ENREmER /N, FrAZEYSET LHC FULAERTR, 15A R KR ARGt
SR SR, [FRE, Bino 2 70 SR BORL 1A 1 BAREH, W 7 5
ZE17) 5 Bino 2 LSP f)Fi 43, LSP al DAl 5 A E X ok T (NLSP)
MIEEEE K (co-annihilation) % H K (self-annihilation) &G fFiim BE 25
JEDARE A TR (210, UAh, BB £ M ZT ) T AR ST W F g 2
TR 11291, 45 b, S, 77 . 5 B 5B FEEE ATLAS ikt
BT SR E BB 02—, K S-URR TARZERN 775 7) it Wh 5748
R, HBIRR R FRRSPIER AR, pp WHE 4 —x) wino-7E 70, 7F 5%
ASF| LSP S1E52M W B0 T, W R TRAST A e o p (), 79 %455 LSP A
HEFE h BT, h AR tau T (14, ), EATEIN 1027, KT,
HA th0q WIS . ARBEFFRAIRE T RN “Wh R 5 “Wh 4
r” (Intermediate Wh analysis ) .

ATLAS SZB7E Run2 B BEAM IR 79 5 h 3848 5IX0G 1. bb I £ i3 Fiit
Frid 34k, FERK B A B ARERR SR PG, HHAE 95% BAEIE R R
VAT T WA [130-133], 24 LSP BRI O 1, BT 740 GeV 19 7579
HEBR T o ASHF98 /2 ATLAS 3286 L1k 18 h w48 20 7t R, 4T Wino
B 7 7 it Wh AR 2 B AR i A

AHFEE ;?li M 7, #7216 57 3 (Branching fraction, B) ¥ 100% DA
PEARBLLZHL, B(h — 77) fil BOW — 2v) {§i ] PDG $E AR 3¢ 5256 I BHAE 1) 42
R E AR, 70 RETEE N 0 F 160 GeV , 75 . 70 FREEIE, W% 126
GeV % 500 GeV , Hrfr 126 GeV HHAME ] PAGIIELESE h 7= 4E, AR FTH
SEFRRL TR R E R 010 TeV) MRS S5ES SR (E#E) . K 528487
WFSERT s S TR A, LSP 5 g/ 79 Wit B £ 2k AT B 5 B 752 1Y
FEA

AR A EAE AT T A T ResummiNo FESE, i j T CTEQG6.6 Fi
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64

Bl 5-1 77 ik Wh 63 R i

Figure 5-1 Representative diagram of 7" )?3 via Wh decay process.

mee [GeV]
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220f—
F {s=13TeV, 139 fb*
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140 . . .
120; . . . . . .
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80; e ® o o o . . . .
60— IR .
C Y ® & o o o o o o
40; K o o ° .
- e ® o & o o o L] L]
20: o o
Ot 1 1 | gigi e b o iele 4 oleie b oiel 1 b1 1 1
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Pel 5-2° Wh WESERE S RS 800 A -
Figure 5-2 Mass grid of the W signal points.
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MSTW2008n1090cl ] PDF, ks 5 Sk 7k B (NLO), I 7 NLL (Next-to-
leading logarithmic) S3EXTHR BRI B IE (NLO+NLL) [61, 134—
136].

52 EfIERE
52.1 EfIFMEMSHEE
HRRF] F7 7 WTH R, AEXHET S RN 2248 (prompt decay ), ifi

H Wh BIARESHEWA v, FreAZeREANERRF O 208 — e R R E
BRI, T HADZ T 2 AW 4% pr > 400 MeV a1 fifeill .
H A SO RS I B0 B R MEERAE B DABEEEAT b-IE iy s a5 HA
—AEARME, 2 S-LEEE T WEER) B AR
%6 5-1 Wh i Remgme: il brifle .

Table 5-1 Summary of the selections for jets in the Intermediate W# analysis.

T (jets) bW (b-jets)
Anti-k, EMPFlow | anti-k, EMPFlow
FHARME pr > 20 GeV pr > 20 GeV
(Baseline) 7] <2.8 ln| <2.5
JVT,, = Tight DLI1r algorithm
IVT, ax = 60 GeV T1% TAES

BRI S BN (5 2 Wiyt , (AMERRY. 5 UE 1 sl A I3 A73 7 mT
B, T H 1 MEEBFEBENS Y, TABENEER CEE. BEEE
KA T FRUER) anti-k, RLFEYE, AR WEN 0.4, R ZI R H RE S bR
. HEGHIBE R E FFEW L pr > 20 GeV Al |n] < 2.8 BEAFME, N
G5 AR AR BOR LB R YT, BT RA Il SR 2.8 19 _FFR AT DA /2 43 B i)
oK o FEE BTN, [RIEAL B AL S v BB oK H T B4 B R I S 1 A )
R BRG] AL, AT IR, FEVFE IR EEK pr KT
60 GeV BYBETH AT IVT 52| £ ™% 1Y Tight FRifE.

HIRBEREE R T DL ARiER) b-tag Bk, HAH THRCAEN 77%
W TAERS, BT Inl $it—2BBRHIFE/NT 2.5 AR IR ERAL , o4y E bRl 5 8
HEABRE—EL

HT Wh BRESEAEZANRT, ke, u. t WEESHHMRME, —
FPpe PR A ELASRHE (baseline) , AR TR AR A SHHERE X RWE
a, HE TIPSR A HE R S E S FOI RS, 7 —MichEs
bR (signal), JHT7E baseline fyJEal FiE—E X BTG TBR , RARAR,
L S20E TR T EEPRE.

Thaa MV EE R 73T RNN (ARMEE HO, AT W EEY) pr 5T 10 GeV
M . BRI Thag T AR pr T 20 GeV, |n] KT 2.5, X iy B E bR,
G THREREEBEMN A B 1,y - T RSN 1.37 < |n| < 1.52 X]H]
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F5-2 Whidiinge. pu. v igEdbE

Table 5-2 Summary of the selections for ¢, ;, and 7 in the Intermediate W/ analysis.

Thad € H
pr > 20 GeV pr > 4.5 GeV pr > 3 GeV

HEAKRAE Crack region veto In| <247 Inl <2.7
(Baseline) Tau Track = 1 8{ 3 LooseAndBLayerLLH ID = medium

BDTyg,, og = medium d, significance < 5 mm z,8in @ < 0.5 mm

RNN-ID = medium z,8in @ < 0.5 mm

pr > 25 GeV pr > 25 GeV
{E54UE | RNN-ID = medium =f tight FCLoose ( py < 200 GeV) d, significance < 3 mm
(Signal) FCHightPtCaloOnly ( p; > 200 GeV) FCLoose
TightLLH

WAEZERT, XA XAIPFRA crack region, AL crack X[H] NI 7, WY EEHRCREL
%, FPAZEFET Inl AT 3X BB Thea  (crack region veto) o IAN, BEK 7,
“h 1-prong B{ 3-prong, #EHy A7 AL, I il 7T BDT fH M FAEG
B, HTAESN medium, X baseline 7,4 , T RNN BYEM %5 TAE S K
medium, X} signal z,,q , HRPEEANE G0 AT AESE S 2 tight TAEAN .

JTIRE Wh SRR 830% , baseline e [T BT pp > 4.5 GeV
0l < 2.47 XPFDFEAZRSN, |TE5# 2 prompt 11 F2, FT AR ZRAZIL
dy REVE (dofoy,) T zgsin@ B/, H ELEEET IR G0 I 5RIE 11 loose
TAE (LooseAndBLayerLLH) . Signal e [{JERE R 4%, [ T8 pr ZoRER
£ 25GeV , HETAREK pr JGH, e I EHRA TR, SRR TAES B
24 MVA B¥E S 511 tight TAE S

u RIS e JEfLl, XIT baseline u, pp BRHEAF 3GeV , |n| /NT 2.7, FF
I /& medium S5 TAE S A zgsin @ R, {HX}T signal p, JRS7EA pr HESR
5 signal e (M), FfHXF dy BEPEZR/NT 3 mm, MIMHE A E R

522 RESRMEE

T FEF O 2R, N2 I Y EEXT ge#AG AH T Ho At = @ X 5 W 7
FEEK, AR R T B LB 2 A E S (Overlap Removal ) PAJH R &
R ESM BT, R SIRGTEAEALRE, MERETHHFRREAEES
RO, FIanss—A 2B R u EEwE. AR R REH S AES
PR R T EE R ARARIERT, BT e Ml p MEESLFH T ID WEE. e u
HWERE AW AR FRESBIRS T pr TASL, PR pp BUIK, 25 8EREINER IR 22
A FROR, B T E A . b, AR T R LA R B A IS Al 11
F, 2%F baseline 1y, BIARHERFEAL ZE loose TX veryloose, SERE N 11,9 L E
RIEGI, WERADE IR, SRR BE, A ARt mstac g H
A pr EEMIKE Thag SHBEEETRE S
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%% 5-3 Wh R Z0EA R, rad FonBl pr 28R ERYE, ID track RnFH] ID M58
T AR TR FEACH ST py B SRR 7,0 S 5RBHER LB .

Table 5-3 Consecutive steps of the overlap-removal procedure for the Intermediate W# anal-
ysis, where ‘rad’ represents the standard that varies with p; and ‘ID track’ represents
the use of ID information. For the samples used in the background estimation, only 7,,,
of the highest and second highest p, are involved in the overlap-removal with jets.

BR | BRI | SO B HWT S TR
PIBEXTR | PIPEXE SR

1. jet muons various criteria Removes p-Flow jets based on various
criteria including delta-R, jet track
multiplicity , mu_ID_pt/jet_SumTrkPt ratio
and muon calo isolation.

2. tau electron AR <02

3. tau muon AR <02

4. electron muon shared ID track

5. jet electron AR < 0.2

6. electron jet AR < rad Variable “rad” is based on the electron pt:
rad= 0.04 + 10 GeV/py,. If rad is larger
than 0.4, rad will be 0.4.

7. jet muon NumTrack < 3 and

(ghost-associated or AR < 0.2)

8. muon jet AR < rad “rad” definition same as the “rad”
in step 6 but use muon py

9. jet tau AR < 0.2 Only leading and sub leading 7, if
Tyaa ID s loose or veryloose

523 HEgEERNEREMASNERE

TEIR3) A E A5 baseline YHINT G 5, BT OIS E S I H X Loy 2T
SAEEANEBINEL EDS | AR A TST 53 H# soft-term TRk -

filt A AR )RR IR T T ARSI BT R, B HBAT B A
B AR IERRRCREI R R B E R, Kl ka8 8RR pr 221k,
Y opr RTHEANBES, SCERASEEE—ME, M E#RSERR, AR E 6
J1EcR, M HRGRZENTF SRR, MR pr B L EIE (Plateau)

X1 Wh it s, HORSES— N1, MRS iU pr BIERAL,
PASE FH B H T/ 1 il & A5 B SCRAHRE ] 709 FH K Bl 28 B9 20R K = . Wh
AR TH M ik, XA B MXER. ARG,
BE A AR, 3R 54845 T DIE A B HLT /) pp S840 pr BI(E (Offline
prcut), HA=ANERERE pr B ARS8 KR
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F 54 WhidRUGIE 252 PE, Offline pp cut Fo7s BELkBf.
Table 5-4 The triggers for the Intermediate W# analysis, ‘Offline p; cut’ represents the

offline thresholds.

it Sz e R il K A 44 B | pr fEEIESE [GeV] | pr BEIESE [GeV]
HLT_e24_lhmedium_L1EM20VH 2015 24 25
HLT_e60_lhmedium 2015 60 61
HLT_e120_lhloose 2015 120 121
Single electron | HLT_e26_lhtight_nod(_ivarloose | 2016-2018 26 27
HLT_e60_lhmedium_nod0 2016-2018 60 61
HLT_e140_lhloose_nod0 2016-2018 140 141
HLT_mu20_iloose_LIMU15 2015 20 21
Single muon HLT_mu26_ivarmedium 2016-2018 26 27.3
HLT_mu50 2015-2018 50 52.5

53 fFEESXEX
53.1 ZEBIHE

BRI RO EENFOGE, FEFTFEOIVE VS SR E A E S0
[ [R] 25 B IR A AS =01 . Rl i MC BIFEAS, B AME SRS
W2 451E (Event Topology) 470, Wh it BB Bl AT BE AT DA R A48 &

my : SUSY 434 i B J5T & 11 58 55 WAL B o [R]85 LI S8 U AN ]
B3| SUSY K378 W] DA A To g R 2% BRI A LSP, LSP ({5 54+
fEfE EXSS | TR SUSY 3 b iR B RS 1 2 W1 A BT R A0 ENSS R S8
Jik: mp(pr.qr) = \/2(0F 4r.,), PTPABE] mp 9 L RRJE SUSY SRR i it

mp, (Stransverse mass) [137, 138]: mp, £ —X 1R 45 H B4R &£ —1
AT WRI DL T A0 — AR AR ARE T, TS S ATHR I AR T2 ES 4K
HRA LR . W T RSP thag M1 EDS BIEZS, myy B A

mry = min [max (mr, 1 (pr. 4r), mr.c2(pr Ep = 41))] (5-1)
T

Horpgp UK A o1 BRI BB TR SR . BrOA moy S5 B Sl 40 B0k
H TP IR T/ pr WO TTER, ATIAL S Ea R iR i &, BRI, moy
)RRy R A

mis® s AR % € B thag 5 EPS WA myy 5, B IR
mry , XT Whid#, XARRITRE R TARSH R T 5 The -

m(ty,7;) : AR Thad o) B AR I 1 o

2 5-55045 7 Wh i RERGFBIRI e . a0 F5 24 I B Tl A s 5 pr
fH, HZR—A> signal lepton, WIS AW St b5, FLAEFEALE bjet
Gl BeAh, FRINEGAREAP KA h AW tau 521, FrAZOREES 2
DALEPIAS signal 7, , T H. pr S S FIRE ) Thag AT S, AAZBTRAL T m(h)
P, ZEE] tau 227328 P A B I T ILRE R TCYA R, IrRA m(7y, 7p)
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W5 DR 5, 40 GeV & 160 GeV Z[a], XFERT AR EE K IRAMEE, It
EBIRI R A ¢ BTN Wjets SIREIIAE. B4, di T MC BftlpeA< h
Wejets TEPTANBEE T Tl A B HL S 2R A HER AR, T DARR I thpaa HOJE A
|Ap(ry )| < 3o T KI5 5 7 NLSP FI LSP (522 58k, fiT A NLSP
AR b Y pr R, boost S b TEAS I T, RN, FTLA |A¢(T 7)< 3
SHMES ARBTG5, %IEH Z+jets A FEAN W-jets AR miS™ fOFEES
EFRAY 5 91 GeV 180 GeV ity , TifE S/ 77170 R T 126 GeV , fif

PLEESR mim* > 30 GeV.,

4 5-5 Wh B pilpnik.

Table 5-5 Summary of preselection requirements for the Intermediate W/ analysis.

Single lepton trigger and offline p; cut

== 1 signal lepton
> 2 medium 7,4, (OS)
b-jet veto
Higgs requirement (40 GeV < m(z,, 7,) < 160 GeV)
|Ag(z;, )| <3
my5*>30GeV

&l 5-3J/R T FBIRIEER) “N-17 7pAf, N-1 704 1t A b A
SN HABE R SPGB B =AME 5 U A1 T AR B e 2 PR 1Y
G, FTPAR IR SR ERHME SRR RGBS, A AR AR,
5K R B 2 SR RS 5 MC BHUARAEARI XS LU, m] A AT SRR
R, W] SM AR RER) MC L Al FERY .

532 FEEEEX

TELTFBIRITEIG , o SRR A A 5 5 1) O A 28 W 32 1 7K T
BT SR THME S AR, BB U S R R E S X
(Signal region, SR) . {55 KA AT AR HE MM T-4% (Exclusion SR) |
7] DA ARHI B B 2 A TA% % (Discovery SR). i {r 5 X1 B A8 B2 A
S (Signal significance) , b TSR FAA S BIIREARTE (5 S X545
BORBENE, FiASES%E SRR T T, Wh B LG A S8,
HA7 5 5% S PEIR R 3% B AR i (1) 3R 1 Gaugino iR,
R I B 25 7 ) M LSP iR 25 . (2) AL T HUMHERFRIHL, 4 T ¥
JEIBER, WTRESN S SR T2 R R . RS ARkES %,
AT ) B B S S AT A 5-6 % «

e (H'5 5% 55, “Cutand Count” J7 ¥k KM MARIE S IX. 7
AW T 2 A RITA ARG AENA G, BRAERES B EESE
BRI AL VR SR S, Wh Bl A R 45103 5T, [ 7 vt
TEWIEIT BEC M RTAG m(ry, 7,) Fl mi SEAH S 7S REBEATHE— 25 IR 51, SR
T U B
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0 ET Trrrrrrrrrrrrrp T j23 L L D
S 102 4 Data 2 SM Total s + Data = SM Total
o 1011:% [ Multi-boson Wiiets & [ Multi-boson W+ets
1f09 E (s=13Tev,139fpt  WTop WHiggs (s=13Tev,130ft ~ MTop WHiggs
B W Z+jets .Z+Jets
ig E My Mp= ==+ (2025,725) GeV m?,? Mmy= ---(2025.728) Gev
10°E- --- (225, 75) GeV - - - (375, 0) GeV - (225, 75) GeV - - - (375, 0) GeV
10°E-
10'

= =
[ [
® 1 3 i /////’///%// /’/ %
% 05 £ 0.
e o 0 02 04 06 08 1 1.2 14 16 18 2 Q 0 50 100 150 300 350 400
bTag m(11,12) [GeV]
(@)
@ T T T @ .
s 4 Data == SM Total S 4 Data ==SM Total
|_|>J [ Multi-boson W-+ets |_|>_| [ Multi-boson W+jets
(s=13Tev, 1301t  MTop MiHiggs Vs=13Tev, 1307  MTop MHiges
-Z+|es -Z+Jets
mk”rk‘ = - (202.5,72.5) Ge! mx"rﬁe o= - (202.5,72.5) Ge!

- (225, 75) GeV - - - (375, 0) GeV - (225, 75) GeV - - - (375, 0) GeV

HHHI‘ HH\H‘ HHHI‘ HH\I‘ HH\H‘ HHHI‘ HH\H‘ HHHI‘ \HﬁHH\H‘ HHHI‘ HH\H‘ HHHI‘ i)

31 3
i »
3 3 2244
£ £ e I
e 3.5 4 e 0 20 40 60 80 100 120 140 160 180 200
Ag(r1r2)| my, [GeV]
(© (@)

5-3 Wh e flpnikah 132438 s A .
(a) b-jet ¥, (b) m(t, 7,) - (c) [Ad(z),7y)] Fl (d) mr; o
Figure 5-3 The distributions of relevant
kinematic variables from the pre-selection requirements in the Intermediate W analysis.
(a) shows the number of b-jet, (b) shows m(z,, 7,), (c) shows |A¢(z,, 7,)|, and (d) shows m,.

ﬁ 5 6 Wh Lﬂm1;%£%nno
Table 5-6 The signal reference points for the Intermediate W/ analysis.

(GReE == &5 [pb]
m(7E1 7. 7)) [GeV]

(202.5, 72.5) 1.726134
(275.0, 75.0) 1.165122
(375.0, 0.0) 0.1580759

(1) mpgm @ KSESHE (e il u FIW 1,q ) B mp FREF, mpgm W FFR
IR AR )ik v EP

(2) mry(lep): pr I e B p BT

AW TARFOIG R H, Wh e LT R IERES X (SR-
Wh-LM, SR—Wh-HM) [F]BsHE A1 discovery Fil exclusion SRs, H:H SR-Wh-LM
ATFF4R 7570 B BRI A1 NLSP-LSP (145t it 45 K8 {55, SR-Wh-HM
T3 777, D BRI, AT E LN 5-8 /K. SR-Wh-LM (SR-
Wh-HM) K m(z), 7p) BEEEES 1 E—20 fRI 2 90 % 130 GeV (80 % 160 GeV
), FEHEEEE b TR, MU R Wjets,  Z4jets il top 1 F#. 7
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#5-7 Wh bt “Cut and Count” Jj 7507 FHR 6 e .
Table 5-7 Cut combinations of ‘Cut and Count method’ for the Intermediate W/ analysis.

1A | PRI
m(t,, T,) > 40., 50., 60., 70., 80., 90., 100., 110. GeV
m(t,, T,) <80.,90., 100., 110. , 120., 130., 140., 150., 160. GeV
mpy” > 30., 40., 50., 60., 70., 80., 90., 100., 110. GeV
pr(T)) > 20., 30., 40., 50., 60., 70., 80. GeV
pr(7) > 20., 30., 40., 50. GeV
my(t,) >0.,20., 30., 40., 50. GeV
my(lep) > 0., 20., 40., 60., 80., 100. GeV
Mg > 0., 300., 350., 400., 450., 500., 550. GeV
NrightTau >0,1,2
AR(z|,1,) <2.0,22,23,24,25,2.6.,3.,100.

SR-Wh-HM i, KA 7y0q JF AR(ry, 7p) < 2.2 (YRR T ARARIR B A © 15T
Wk, DUOAMIRTE ¢ BB RO B 2 L0k, f AR, M T 5
Al T e Sk A, mi 7E SR-Wh-LM (SR-Wh-HM) 4B i
FEARET 100 (80) GeV . FFEF| SR-Wh-HM 413 ({5 53 R0 75/ 7y R
B, FTRARASRL TR B R A%, PII7E SR-Wh-HM 11 Ji] my(lep) > 80 GeV
Fil Mpgum > 450 GeV HEFR 4 AT AE— B4R R i 5 1

% 5-8 WhidRmfs 51X X
Table 5-8 SR definitions of the Intermediate W# analysis.

\ SR-Wh-LM \ SR-Wh-HM

fl K28 Single e or u trigger
Medium 7 (5 >2

elu HE =1

Tha Charge combination (0N

b-jets %t =0

|A¢(T1s Tz)l <3
AR(z),1,) - <22
m(t,,7,) [ GeV] € [90, 130] | € [80, 160]
mp, [ GeV] > 100 > 80
my . [ GeV] - > 80
Mm [ GeV] - > 450

&l 5-4. 5-55 51" T SR-Wh-LM FI SR-Wh-HM & A8 5 N-1 4311
N-1 734 7R 1 N & B35 Je A s AN HAAE 5 KR F ), (55 R kRl
B EARBAEA R TR Al AR BT SR-Wh-HM, AR AS
MG R AR, X 2T 2 SR-Wh-LM Ml SR-Wh-HM H A LSRN R Z —
BRI A1 1 B B0 R T AT P Bl AR e U AR AR (R S 1B A
WM B, ATPA%EL SR B PR LA E B il I AL . 3R 598
G5 TS I MC FEA B R Gead 2i AR AU & F01 48
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> E T T T T T El > E T T T T T g
8 10t i = SM Total Multi-boson j 8 10° i = SM Total Multi-boson j
g OE (5=13Tev, 139 b wajets [l Top = § E V(s=13TeV, 139 fb! weets [l Top E
g 103% SR-Wh-LM .Higgs W z+jets é g 103% SR-Wh-LM .Higgs B z+jets é
() = 3 [} = 3
G o B s B gt B ST G
10t - 10t .
1025 - 1025 4
k= [=
N 3 N 3
2 2 i
o i = h =
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
m(11,12) [GeV] m(t1,12) [GeV]
(@) b)
> SRR R
() = > .
] C = SM Total Multi-boson
5 E Vs=13TeV,139fb? weiets [l Top
% % SR-Wh-LM .Higgs B z+jets
L% E m;,,? - (202.5,72.5) GeV
- (225, 75) GeV - -- (375, 0) GeV
Zzz ;
gz
=
N 3
2
1E E
020 40 60 80 100 120 140 160 180 200 220 240
my, [GeV]
(©
; . pay.
$] 5-4 SR-Wh-LM {555 X5 LY N-1 53 i
AN -EL e > E=1 SH P
FHE NS #F&H’Jﬂéﬁ%‘ﬁ:ﬁl‘, HAlt SR-Wh-LM Wik #5562 % 18, B EAR R

FAE AR (a) mry, 7)) NEREGEESESEME. (b) m(z, o) EIRAEEESAEA (c) my,
TFEEI’JJH% A
Figure 5-4 “N-1” distributions of relevant kinematic variables.
The distributions after SR-Wh-LM requirements, except the one on the shown variable, have been
applied: (a) m(z,, 7,) lower cut, (b) m(z,, 7,) uppercut, and (c) m, lower cut.

% 59 Wh il Bfs 5 XIROR AT A AL A 0 S Bl g
Table 5-9 Event yields in the Wi SRs. All SM background yields are before the background-

only fit.

PR AR SR-Wh-LM | SR-Wh-HM
Top 2.16£0.60 | 0.16+0.12
Multi-boson 1.87 +0.28 1.07 £ 0.16
W-Hjets 0.23+£0.22 | 0.062 +0.062
Higgs 0.131 £ 0.013 | 0.059 + 0.0082
Z+jets 0.061 + 0.030 | 0.030 + 0.022
SM Total 445+070 | 1.38+0.21
m(FE1 7, 70)=(202.5,72.5)GeV | 4.01 +0.80 -
m(FE1 7, 70) =(225.0,75.0)GeV | 5.79 +0.82 -

m(FE1 7, 70) = (375.0,0) GeV - 4.02 +0.33
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Figure 5-5

(a) m(z, 7y) FHOHERR AL
(d) Mg FERAGVERESEAE

( ) m(zy, 7,) R AR SR ( ) mT2~F
(e) AR(z), 7)) FFRIBEBLAEA (f) my,

“N-1” distributions of relevant kinematic variables.

The distributions after SR-Wh-HM requirements, except the one on the shown variable, have been
applied: (a) m(z,, 7,) lower cut, (b) m(z,, 7,) upper cut, (c) mp, lower cut, (d) mq,,, lower cut,
(e) AR(zy, 7,) upper cut, and (f) my , lower cut.
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54 ZREfEiT

M S-ONPAE R, Wh {55 X FEEAE /& multi-boson, top % 5iAH K1)
IR Wjets, MR E# 1,9 J3FE. Z+jets Fl higgs fH EAEWA Tlk.
Tl MC SRR ZZ WA, I b m R AR T e B2, Wh 2y
R R A IR R T = AR R B3 T ARl T . Wh SRR AR A
—MNET GV thag > RIEE T 109 BRI, ATRAGRAT =3 (1) 8275
A Thag 926 HIEGE YIS (Truth) PANE (RATAARNE), EZORIE
J& multi-boson 4%, JuHE WZ 36 TR P= A it B . ok, F. We il Z+jets
AR TR T/ N A ITARE. (2) RSUEEMERNE TS —MRHEE
) Thag (fake-Tyaq ), TREEEIY Thag WA BLUEMIE, FEAKHLELE 1 &5
(Top) HIKidAR, FB4 K H Z+jets Fl multi-boson i F2. (3) KISHIPIA thag
LR HWEREE, FEEARCREE Wets 1312,

XTEE (1) BAJE, FEARIESE RPN RS RS, AO0E
Bl MC BIUAEAS, I @ L THHIEX (Validation region, VR) PAK:E: MC %
PIER M. XTT5 (2) AR, R0E LT i top iR 8 = ZE oMk A5 il
[X (Control region, CR) #ATA AN, #ad$2 ii XAF %] top FEAIIE IES4L,
HE T VR #HATEIE. 56 (3) ZEARMACAL TR A T 88583 (data-driven)
i) fake factor J7%, & L THINMAY CR Fl VR, AJELE(E 5 X P A A 5Tk kG
AICIUAERE], A 5.5 3R T A AR A v

541 BERMMREE tg FEHIARKMIT

Fake factor 75 V£ ) H ARA2F H A 18 1 medium % 5] T AF 5 ) fake-7,,4 (anti-
tau) HA (5 BEAT AN DAME T8 i medium TAF 55 ) fake-7,,y (medium-tau)
5310, AT AMER SR I U EBE PR A4 A 1 (transfer factor, TF) , 7E fake
factor J5 ¥ Hich fake factor (FF). b T4l & ) medium fake-7;,,4 133 FE,
5 ZAE anti-tau R E AT CR & IR A XKIRPATHE FF: (1) pp fierm
W T, B5E anti-tau (AA X3) 5 (2) pp @ 1, 72 medium-tau [ 7K 5
A4 anti-tau (MA X3) 5 (3) pp S AR E ) 119 Y2 medium-tau (MM [X
) P, T SR Hi MM RAUA B (Npges) B, 290X AA KA1
AN (Nan. fakes) T o BRI Thag TEHEATIME, FEXNREM 109 M, Sb
HE BT ATIY) FF 302 FECY Al FFCY -

C C
Nises = Nan fakes X FFSS X FFX (5-2)

Hrp FF {8 =08

>1 truth tau
Ndata,MA - NMC,MA

FFR = (5-3)
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_ Nzl truth tau

FFCR _ N, data, MM MC,MM
2

-4
N _ Nzl truth tau (5 )
data, MA MC,MA

HoA Ny IBEE (Data), NEC™M™ ™ J0R 5 85— truth 7,4 f9 MC
UATEAEASBIE, FrATHE FR 58 22505 T8 truth 7,4 ISR .

Wh #8217 FF 7E W-jets 172 4 941 X FFCR-Wh (5. BRT Wjets
14 A%, FFCR-Wh 1) top i RERYSEBIEL T LU 29 6% £ 7%. h T SR BAE
fTHEEERS, FFCR-Wh [#5E 305 SR 24{LL, {E2h T4 anti-tau 5%, ZHRETA
Thaa WFLIRTRPZEAHIR], FEPRAR TS R ER . AN, T HIF FF HER T
Wh A H1i8 58 LT #3 X FEVR-Wh, FEVR-Wh [J5E X 5 SR-Wh-LM —3, {Hji
Bi - m(zy, 7p) M mpy* BIEER AR = 4t 5 . FFCR-Wh Al FFVR-Wh [ X
R 5-10077R .

4 5-10 Wh i i fake factor Jj 74 B JI 2 DXRVR 6 IX ff 2 S o

Table 5-10 The definition of the fake factor control and validation regions.

FFCR-Wh | FFVR-Wh
> 2 very loose 7 (SS) > 2 medium 7 (OS)
m(zy,7,) >20GeV |40 < m(r), 1,) < 160 GeV
mps* > 20 GeV mps* > 30 GeV
b-jet veto
[Ap(z),7,)| <3
= 1 signal light lepton (e or u)

B SEA 10 FEMMT =AM A8 5, 40415 512 pr - n Fl prong
. ZEIERZETME o1, 2 ) FF XA RS ER R, o1 RA pr
43 bin, 72 RH n 43 bin, bin B 58 W G0 vt w0 R & AT Tk, [FIEE
JEFNRE N thpg PBIREA S (q) FKT (2) FARRBYHEXTS,
PAR] DARFSYE S B B . 24k . oA GETT R S, 52K FFCR-Wh Fl
SR N fake-7y,q MMETERB W FBILL G (a/g) 1EN FF M RGIRE, 455 LW
Wjets 1Y /g WIZERIHEGITIRZEIEREIN, top i3 2R q/g ZE5IHE 20% LAWY . dHid
1 FFCR-Wh W15 FF, & K 1-prong 1,4 ) FF £ 0.4 /°47, 3-prong ") FF
1E 0.1 224y, MfiI#ES bin O 5 iIRZE MR 5-6R, Hh FF i RS R %
WEGEHRZER MC BT NZU™ ™ ™ IR RS 2% . i Tl AR 1 R
MC REA T NZU™ ™ ™ RO R SE 25 R TR, Al SR ISR 51
% 30%, FEDAAEFSER A T 30% BMIX iR EAE N R G iR,

AR E| TR FF 5, AHride i {5k X FEVR-Wh k55 FF (1) Eaf
Kl 5-7Tf&7/~ T FEVR-Wh N 7,4 W) pp 5 mpy 501, HHy KGR E T KR H fake
factor AICAL T, WA I SE IR0 A A AT T O 45 SR AHAF . Hi T fake factor 77
EARTE T IR EE 1q MTTHER, ATRAL R AR E) MC B AR S ZR FH 4 2 /0
EH — Truth 1,4 PAEESR T fake factor flitH AR ICE S,
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Figure 5-6 The Fake Factors and uncertainties.

The Fake Factors and uncertainties as a function of (a) 1-prong leading 7,4, pr, (b) 3-prong leading
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Thad Pr» (€) 1-prong sub-leading 7,4 |#7|, and (d) 3-prong sub-leading 7,4 |#| for the Interme-
diate Wh analysis.
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2 ¢ Data 44 SM Total o ¢+ Data %4 SM Total
g ATLAS Mis-ID T Multi-boson g ATLAS Mis-ID T Multi-boson
- Vs =13 TeV, 139 f5* B Top quark [ Z+jets 2 Vs =13 TeV, 139 fo! 0 Top quark [ Z+jets

4} FFVR-Wh, post-fit [ Higgs Wjets o FFVR-Wh, post-fit [ Higgs W+ets
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Figure 5-7 The post-fit distributions of (a) 7,,4 p; and (b) my, in FFVR-Wh region.
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54.2 Top ZFIEMAKAMIT

Top 4 yiid#2/2 SR-Wh-LM H (5 IR IASE, F2okH o offE, Hrp—
Mt SRR W BT EE R NIRRT, Nt SRR 1y, [
I — YRR BN Thag o« Top AR F2EIE 1 MC BHUAEAR RIS, b T Sk
Wil top AR, ASHTAE top IR G REGR FHEHI X TCR-Wh HHSFZ IE 2
¥ (Scale factor, SF), [@]Hzs7 #5251 X TVR-Wh ¥:iF SF 1 &34, TCR-Wh
TVR-Wh )78 SCHGE T SRV E L, 2~ T 1 top IR ST &, SR 111 b-jet veto
PN 1 < Npjos £ 2, BER TREIA 1109 AT HIEER, [ m(z), 7))
) I 1 1 R B SE & 40 GeV & 160 GeV o Sk T AL f A S ik F2 11 45
AR T} top R i, Mgy EESRIER 22 250 GeV o R S-11JB/R T
TCR-Wh 5 TVR-Wh 3¢ X, top iR & 850 2R 73% F1 81% . &l 5-843- 5
JE7R THAGHI TCR-Wh [ my, 43T AIIN SF J5 1) TVR-Wh [ my, 4341, W]
PAR IS I it S s B RS AR AT SRR T

#5-11 TCR-Wh 5 TVR-Wh 1% ¢ .
Table 5-11 Definitions of TCR-Wh and TVR-Wh.

TCR-Wh | TVRWh
= 1 light lepton (e or u)

> 2 medium 7
40 < m(z,7,) < 160 GeV
1< Nyjy <2
A@(r),1,) <3
Mrgm > 250 GeV

20 GeV < mis* < 80 GeV | mi* > 80 GeV

———T T T O —— 77—
% 10 L ¢ Data %4 SM Total _ %) L . ¢ Data %4 SM Total

(UD) ATLAS Preliminary I Top quark Multi-boson E g [ ATLAS Preliminary I Top quark Multi-boson
- s =13 TeV, 139 fb™* Mis-ID 1 [l Z+jets B < 102} Vs=13TeV, 139 fb? Mis-ID T [l Z+jets

2 TCR-Wh, pre-fit I Higgs W-jets 7 2 TVR-Wh, post-fit W Higgs Wiets

g 10 E e

w - w

0 10
(% 1% | 3 ?) 1% 1 N i |
2 0.51 IOIR N = WA Gy, sy " = 0' 1 %//////4444,%4@747/74444477/17//%7/ % 4
= 0. - ! = 0.
@ ]
8 %0 30 40 50 60 70 80 8 %80 90 100 110 120 130 140
my, [GeV] my, [GeV]
() (b)

K 5-8 (a) TCR-Wh RLaiACHATIH (b) TVR-Wh L ali A KA G 1) mo, 5340
Figure 5-8 The m, distributions of (a) pre-fit TCR-Wh and (b) post-fit TVR-Wh.
5.4.3 Multi-boson T 2RI A EEIT

Multi-boson I FE /& SR { FEANE Y —, FHEORFEE WZ 3 (673540 3 Fkg
TR Thag o« WL, SR-Wh-LM Hr 45 /D34 1Y) multi-boson [ oiHk K H WW
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B 27 Yoo 1A fE, Ko s MR E AR 1,9 o Multi-boson [ A JIEA
TFFREA A MC BUUAEAS, I T 39X M BVR-Wh % =i f 75k .
T 380 multi-boson AR &I 5 SR Giif2#1EAL (Orthogonal), 5 [EF| W,
Z Yo7 R AR mry BN WL Z R, FrPA m(zy, 7p) B HEEEAE 40 GeV
% 70 GeV Z[d], my, KN mp, < 80 GeV. K T JEAL W-jets I Z+jets 3174,
M BVR-Wh 3t pp IR EHY Theq K pr,, > 30 GeV, X AHEfEAAF R AREARE
PR 1,9 AR N T HE— 2P Z+jets SRR SZIR, 2 Ao o &
FEFET 70 GeV . 3 5-12845 7 M BVR-Wh [#)5E 3, HPH multi-boson 15 F£
TRAN 61%. B SRR T mpy Ml m(zy, 7o) 7341, Al LAK B SER A SM i
T AR AR 4T
#5-12 MBVR-Wh [ty ¢ .
Table 5-12 Definition of M BVR-Wh.

M BVR-Wh
=1 light lepton (e or u)
> 2 medium 7 (0OS)
40 GeV < m(z,1,) < 70 GeV
Pr., > 30 GeV

my, > 70 GeV
My, < 80 GeV
b-jet veto
[Ad(z), 1) <3
> e L o e e LA e AL > = L B e e s s sy s
O H - ¢ Data 44SMTotal 8 60— . ¢+ Data 4:SMTotal o
g 50— ATLAS Preliminary Multi-boson [l Top quark | n r ATLAS Preliminary Multi-boson [l Top quark
= r Vs=13TeV, 139 fb? Mis-DT [l Z+jets ] > F Vs=13TeV, 139 fo* Mis- DT [l Z+ets B
@ 4of_ MBVR-Wh, post-it [ Higgs Wiets g 50— MBVR-Wh, post-fit I Higgs W+jets ]
g I ] o F ?
o 7 40—
30— — E
F ] 30
20— - E 7
C 2 ] 20—
— e C
s I I S s O G o
= 9 | 2
015 Eq l i 1 915 4 4
= 1t ¥ =1 Z
T 05 ! 805 T ¥
QS 0 S 0
a "o 10 20 30 40 50 60 70 80 o 40 45 50 55 60 65 70
my, [GeV] My, [GeV]
(a) (b)

Kl 5-9 MBVR-Whf) (a) mpy fl (b) m(r,, 7,) Gl gliA A a5 4
Figure 5-9 The (a) my, and (b) m(z,, 7,) distributions of M BVR-Wh.

55 REFRESH

K RGIREAR Z DR, FEARAYBNRERN LR RE, B
SRR, SMAME SR I IR, ASRAIRAS T IR ks, Hd
fake factor JPYAMIRZELE SA VPR NG, ABEAMER, ARETENG Whid
REHARAR N B RS IRZE
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55.1 SCIHRE

ARSI T SR R 25 (] ATLAS SEIGE 7 ) LR 22 A ik, #%
HYHED R AR, BRRZERFEEA—FC

o o, u WREUTREZESRESPIRIRE, EHPCR. AR
PSLE B R B REE, SRR S IERRE .

o Tpyg MIRZEGSE jet FPTHURE R 2 BEFN jet FhF Ry B 5 RE, K>
HLFRRVET RIIRZE , Thag WEEE . ERHIRIZIEERRZE .

o jets, b-jets JiR7E FEORIEE jet RER ZIE SReE AP IRZE, [FEHA
FHE IVT EETRZE . AN, b-jets BiRFEEIRALE b-tagging AR ZE

o EMSS (KRGS, R EE EDS BN R 1iR 2
e A EDNS R, 55— 2 soft-term (IR, XERAMIRZE A & RER X
5o PR iR

o BUrseEi iR T2l AR A4t , ATLAS SE55 Run-2 J ] 4 A6
WZEN £1.7%.

o MEBUMIIRZEIE T RSEL < p > HYIRZEL I 2 HIALE .

552 BRIRE

PR IR O S AN EAE S PSR EW R, AT E Sl B ES
region P AT R ) MC #£74< (nominal sample, Nom) FI{EARZER MC FEA
(variation sample, Var) {3525 (acceptance, Acc) MHFHXTZE RISk E R :

Accnom — AcCyy,

= 5.5
OVar ACCNom ( )

KT LT HEGXP AR, BT rARIRIER, fEEH X AEERA Scale
factor (SF) &A&iB3E5 X, FroAvHE X N S 1R 2R ST %%
% scale factor [JFRISIRZEN I SR GHORCE, TTEALTF:

ACCSR,Var ACCCR,Nom

USF -1 (5—6)

- ACCsR Nom  ACCCR Var

AN SM G R A 77 AL RIS R IR ZE RV RS A, BT T
A2 R IR 224, B B R ] MC BIAE A T SM A 1%
Y2 18T S N A Y TR

o multi-boson WIS IRZEAL T (1) ME 1HHEMMINY ug (Renormalisation
scale). up (Factorisation scale) Fl pg,r ([FIHFERAE pg A1 pup); (2) PDF f)iR2E,
W ITHEE 100 ASAS[F] B PDF A2 4k F i 1 i nd e KA ZE A iRk 22 (3) PR
HE ag MHGIBERF N ; (4) Matching and Merging Schema ) CKKW {222,
i 25N [A] 1) Matching and Merging fE &S 4(1) MC FEARTE(E S5 KA L (5)
QSF {2 1 1154 148 51 R A 1Y) resummation 11522 ; (6) CSS_KIN: PS J5ikfH)
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S bR (Recoil scheme) [HiRZ:,

o Wjets/ Z+jets fFiE %% 5 multi-boson 254, 87 CKKW Fil QSF
TR SR T 2 D B B ST 4 45 HE B S B A T IR 22 0 5 ¥

o 17 /singletop/tfV : (1) ISR {%ZZAHI FSR AyiR2s, lid LB AR Z%k
PIREAASE]; (3) PDF fyiRZE, B HEE 30 /AN [ ) PDF A28 Akt 45 1 ki 1
KAWMZEVERR2E: (4) WedARRRT3, @ 5T DR schemes I DS schemes [
AN MC BEASTTE (5) SREUHAISR T1hiR2E, 45 H 2 3@ % LA R i MC
FEATTEL,

o 1th PPHRIREE f TIREREML, ME—RIEE B AR §1 %A 2% & PDF
R,

FS IS IR 2S5 SN AR R 2ZE AN R 3K PU A4y (1) PDF [
Z2K H 100 SA[E ) PDF 284k (2) ug A1 pp 095255 (3) Matching and Merging
Schema 1325 (4) WIA/ARSHEPRE .

553 “A@REMEESRFIRE

N T RERARMIT AR A B, AT U S S ARG, ¥
BT & el AT AR (Backgroun-only fit) . ZEASRHLLE (I A4 A KA
PEHI KNI E LSS, A% 8 SM ARid R, 255 e K I vTEk .
F5 KA E IR, ARIE AT AR By B 55 X0 S IR ) T fg 2 4 H e 1
PSSR . AR 2 i ARG (Profile likelihood fit), T
HistFitter £ [139]. & HfH @l fi G BB RS RE, Wil i ve
NA B RGIRER TN, 2T DA IR s &) Feak X

L(n,0°\u, k,0) = H P(n;|pt - S(0) + k - B(8) + B/(8)) X H G(6910,,40) (5-7)

bin-i syst-j

For PRI, ng RS i A bin WINFIGEOIEL, o TR S, fE
SAEAL G TR 0, S; WIS SMSHHIE, k%% SF, Bk (R) {ué SF&
AR, T G HiiR RG R LTI, Horh 00 h RS RE MR
DME, A6 BRGIREM N (BRI TERE ), o2tk Ve oy 1 s
A3 AR A S5 SR 5 AL SR R B B

Wh BF5E s 3L T #561X TCR-Wh, it 4l < i il & J5 15 319 SF 4 1.00 +
0.14. [l 5-10/8/5 7 Bd il IX TCR-Wh DLAMI 4K i SM AR 40, T 111
Uk (0 B 22 RS0 (225,75) GeV M5 S 5, 7T DA & BLAS SR T 8 A1 S 30
M2 N ITE X A & IR I

% 5-13RR T A GRS X E R GREMAR KON, TR
TEXPIAME B KA, Giiliias R F 8292 —. It4h, multi-boson st FRAGHEE
REMRX NG S XK EEREZ —, —F0 57 N2 multi-boson I FEAE(S
SRR, BB E T multi-boson B IRIEN MC BEAG
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, ATLAS ¢ Data = SM Total [1 Multi-boson
10 Vs =13 TeV, 139 fb? B Top quark [l z+jets [l Higgs
Intermediate Wh channel

Mis-ID T

- -m&f&‘z’, 9;) = (225, 75) GeV

Number of events

Pl 5-10 Wh i Filr, 928550 5 SM AN VHE TVR-Wh, M BVR-Wh fi1 SR v jdisd4li
ANEHAA I A ALLES , P22 E ¥ i R E .

Figure 5-10 Comparison of the observed and expected event yields in the TVR-Wh, M BVR-
Wh, and two SRs after the background-only fit, where the hatched band represents the
combined statistical and systematic uncertainties of the total SM background.

AR GuitiRZERR, JUHE SR-Wh-HM o HUGR I Y HER 0 AT 71,09 HYRERE
ZESEMNIRRG R, X2 KA E SCIER BT 1,0 PHEEE, 11
Thog VE AL SR ERH YA . IO, EPS RGREMATZN, F5
XA SCRH T B A, BUA 5 BER IR ZEAE BN 5 X rh A AR Tk
e, ATPATETEE] top MR IRZEVA I 5 Z M R ERIY b-tag 1 1%ZEAE SR-Wh-LM
TR, X2 SR-Wh-LM H top s R FH B i -

# 5-13 SR-Wh-LM flI SR-Wh-HM W) 3 R BT T7E.
Table 5-13 The dominant systematics in SR-Wh-LM and SR-Wh-HM.

AR | SRWh-LM | SR-Wh-HM
BARGIRE 26.6% 30.4%
GiitiRE 14.1% 13.5%
Multi-boson [#157F: modelling Fif 1R 7% 7.1% 21.8%
Top PRt 1RZE 4.6% <1.0%
Factor factor %2 11.1% 2.5%
Top SF i#% 5.0% <1.0%
EP'S REGiR%E 2.5% 7.4%
b-jet FRID R G 7.6% 1.5%
Jet BEER PR G IRE 17.6% 9.7%
Thaa HESEZBE 1.7% 8.6%
Thad 5 BIRE 1.2% 2.9%
Uy RERZE 1.1% 1.6%
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56 LR

RAFHNBAPI IR LIRS, N TR (E S X bR A AR AR A A
WAR, AFFFEUEAT T IO G, HHEa H Tl AR AL AR (R S XA
T FR, b TSR SUSY i BN SEIR AR AR 0L, A SCUEAT 7RO
&, e TS R HERRER .

56.1 FHEBUKBILE

TR A (model-independent fit) (] T 204 A15 2 SR K
SM AJRHUYME , 38X b SM AR B TSR S LI 2 ) S Bt Andn (s
5 XA I AMER R 5 S F IR O T B R AR R R i R A AE Y
MR, THHE LSRR EL L (profile likelihood ratio, PLR):

L(u.,6,)

) = ——— (5-8)
L(.,0)

SOt BN LGOI AR B, 4TRSS (5 S SR o 2 1 B
PLR KRS RLE S8 1, = 210 AGo). TERAEREISE AL 1, 5, p-value T
Hh: )

v=[ s, (5-9)

e, (AR £ @) TEERIBR L (> 10) ATDUCRA HHEN—/ 2 1
I8, FEFHIBEARIT B K i ] Toy model 34525451 5507311 PR 2 2% 13 bR 5007 A=
B AU SIS T R A . BB REYE Z o Z = ©7!(1 - p), v
@ ZIESHMH K%L (quantile of the normal distribution ) ,

TeAB U A 1R 15 (Hypothesis) & {55 1T 0, Bl p(u =0) (py),
FIT LA po /)N, ANAFTEAE S HMRR AL, 8 PR eI AL R i A el R B g o 3R 5-
14355 TAES X8 po- LN E] 1) SEIR AT SM AT . A (e Y 3+
BIBCRHEATRIA G SR . W PAR IR MES X, LI a1 SM. i
A ERERL, RHiEGAH T 95% BEAGE Nl B AR WG S 1 #Em LR

(0_95)o

562 HEUREHIS

BRUKH A (model-dependent fit) HIREIZFEFTAEE (poyy) , I LE
fEFE CLs=p,,y/py. BEEUFRILAH BT MG S HAAE SR NIFBIEL, 456
FEIRE u MBI TR AR, SM KK SF 5 u A TIE . R —A
AR (S BRI g > 1 IR 95% B BHE I T iHER:, NE SR g HE
& [140],

BT SR HIf A B BRI IS, AOHTHE T SR-Wh-LM £
SR-Wh-HM 7£ 95% A5~ ) Br - HEBRFR . f T SR-Wh-LM Fl SR-Wh-HM [ &
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7 5-14 SR-Wh-LM #i1 SR-Wh-HM {008 55 A i 0141

Table 5-14 Observed and expected numbers of events in SR-Wh-LM and SR-Wh-HM. The
one-sided p,-values, and the observed and expected 95% CL upper limits on the visible
non-SM cross-section (afiss) from the model-independent fit are given. Values of p, > 0.5

are truncated to p, = 0.5.

SM process

SR-Wh-LM | SR-Wh-HM

Multi-boson

1.85+0.5 1.1+04

Misidentified processes 14+0.6 | 0.06+0.03
Top quark 1.9+0.6 0.04709¢
Z+jets 0.05 +0.02 | 0.03 + 0.01
Higgs 0.1370% | 0.06 + 0.02
SM total | 53+14 | 13+04
Observed ‘ 4 ‘ 2
m(ZEL7, 7)) = (225,75) GeV \ 58+1.5 \

Po

Expected o7, [fb] 0.05 0.03
Observed o-?i [fb] 0.04 0.03

SRR IEREHY, AR (RHEIR RG22 70 — W h BURAE W/ 5 2 K R
BB MR, P 5-1URSR T RCRHER I, 7T DA% B SR-Wh-LM Fil SR-Wh-HM

X R B AR . e

TF 330 GeV [rXda.,

4 LSP Fi il O I, AW T 7717 REAL
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X, - wne2 < B KX - whe2x i
= 250 = 250
3 = SR-Wh-LM K F SR-Wh-HM
= [ Vs=13TeV, 139 fb* o = [ Vs=13Tev, 139 fb* »
Eik 200~ masm -~ Expected Limit (+10,,,) Eﬁx 200~ g=m ---- Expected Limit (+10,,,)
[T . [T .
[ Alllimits at 95% CL — Observed Limit [ Alllimits at 95% CL — Observed Limit
150? lSOj
100} < 100 3
501 501
O"\H"‘\HH\HH\H“HH RN B A W R
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450
mg,m [GeV] mg;,m [GeV]
'S 'S
(a) (b)
250%?; - Wh+2 x;l:
S C ,
8 [ ATLAS SR-Wh-combined
= [ Vs=13TeV, 139 fb*
Eﬁk 200~ — - Expected Limit (+10,,)
E Al limits at 95% CL — Observed Limit
1501~
100~
50—
| P < N S I S IV I
100 150 200 250 300 350 400 450

m%,t,m;cp [Ge

2

(o)

Vel 5-11 95% EASEEF 77 7 Wlid Wh pe 8 W HERR R .
(a) HZ%E SR-Wh-LM; (b) H*E SR-Wh-HM; (c) SR-Wh-LM # SR-Wh-HM B4 HER:
B, REHERRBRAN T U B RS X
Figure 5-11 The 95% CL exclusion
contours for simplified models of 7} )?20 production decaying via an intermediate Wh.
(a) SR-Wh-LM, (b) SR-Wh-HM, and (c) the combined contour where the best expected limits for
SR-Wh-LM and SR-Wh-HM are used. The solid (dashed) lines show the observed (expected)
exclusion contours. The band around the expected limit shows the +1¢ variations, including
all uncertainties except theoretical uncertainties in the signal cross-section.

57 ZAREING

ABFFEA ] ATLAS 9256 Run2 3] 58 5 1) S0 BRI 98 T Gaugino iU 7
PRI W, h A E IR T TAGS IR, A HTE LS K0 T
M. RSN 1020, IH B R — E RS . TS KR
| W B AR BLGE, FT AR T T 95% HA5 1 T4 ME 5 K i
AR S0 < BRI IR, B BEid A4 SR-Wh-LM (SR-Wh-HM)
[ BUE x BT RALT 0.04 b (0.03 fb). [, FERLBIRAGRE T, A54r
BT m(7E 7)) — m(7Y) B SRS HER IR, 24 LSP Biih 0 I, A<Mk
BT m(7E ) T 330 GeV 1K, X ATLAS SCB i W44 h it AR HERR
B

84



o M T RS gaugino R 4R

% 6= ==} ailﬁ%*lu\ gaugino *ﬁ?ﬂ"]%?ﬁ

A/ ATLAS SC8 F ] Run2 #[H] 139 b~ B s Bedimxt 7570
FEFT P A T U, AR BT 1, RS F

6.1 FRAREFVIMSSIKEL

ASHTHE SBANE 6-1FF7R, XMASFEET R FHRAFHE R R

2, &) 6-1(a) Fll 6-1(b) 43 FIE/R T gaugino M3 /v, FPIAIZSHEAM AR, DL
RGifrh “Stau 3 F2E” (Intermediate Stau analysis) . A~/ ALK SIS 56 5.18
FIRIFI A — ﬁ:ﬁﬁﬁzw@mﬁﬁiﬁﬁ,F%ﬁﬁwmmmﬁiﬁ&m
STEER  AE SRR 45 = AR slepton() HiAE—. —f slepton (£) X% [141],
PRI AT DA AL 7 oP RSB SE FRAH IR Y gaugino KiFs BEAh, FRERKAY
gaugino I 7 ] DAMBREZ 1 I i AR SEIG WL IN B po gt (1291, T HAZmFoedest 5
TR E V5 I Y B e . BT A A Mo ot e B A AR SR 4 B Sh LA
=

ATLAS SE557E Runl [y B Al Run2 #J A% gaugino X p=A:= i #4712 54k, I
AR P S AR R SR IS , 25 T 95% AR BT I BT EHERR R [142—
1ML@%UW%ﬁiﬁmiﬁ??iﬁﬁ$“ﬁﬁ§ﬁ%&m&V%§ﬁ§
BIReHER:, 78 777 Wt Ead ferf, 7 . 70 AR 760 GeV PATR Y K sk ik
B [144]. SIGFES, CMS 250 H 5E 3 1) Run2 SEREE T 7T 7y Wt £ HEAR
SFEPEAT T 54, gaugino FTRHERERIAE] T 980 GeV [145]. [ PA% I ATLAS
SEEGHERRBREE S TeV BHATA R K AS], FroAfi 5880 ATLAS Run2 SEIG4L
P T T A EE . A, T Z B0, AR5 1 T RS F 1K
A, AT DA LR o e 4 KI5 5 RS, ARBFSEIA R T AT RNN £
U Thaq RN TAERL, KIBFETE T thag BB ERCRIFRAR T KAK.

EEARBITE, K T RACBAITRSH, X TR 7 45 v, HEas L

SEEHN BGE - 7)) = B, > vi) =1, &%, 755 dBEESEEPA th -

ﬁﬁ\v%wéﬁmSP,ﬁigmﬁu»*A—“\(/¢>mm —A (ZAY) v, 4
LSP, A& FEGIERE R DA N 1100 WL ERESLOTH, U, . 7 Hl 7R

JRER AR, #Hﬁﬁﬁ% #f%md—mWWQHWWﬁwoﬁﬁﬁﬁﬁ
Eﬁﬁv@%@éﬁ 7) BRGS0 800GeV , 7+ 7, MG 100 % 1500 GeV
o HAHNIFRR TR ES Wh 20, WAHEMERES. B 6-2knR T Hik
(S B R S HUM . 2 EF 770 & wino B, 77 H. 7 Fl v, B30, FbA
AT ik B(7" — #v) = B(F - V,7) = B(7,) — #1) = B(3 > ¥,v) = 0.5
B S FEAR B AE AR AR T A AR A T ResummiNo HEZE . FIA T T CTEQ6.6
1 MSTW2008n1090cl /) PDF, £5:%] 7" NLO+NNL [1¥5
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(a) (b)

Pl 6-1 Gaugino Xty 4:Jfiliid 7/v, 2Rk .
(a) BORT 7z @i oy, wgide, (b) R T 77 il #v, wAsid e,
Figure 6-1 Representative diagrams of Gaugino pair productions via 7/7_ decay.
(a) shows 7F 7 and (b) shows 7 7).

800} x x x x x x x
700t x x x x x x x x
600 - x X X x x x x x x —
x xxx x
< 500} X X x x x x x x x x x A
8 X X X x
é:; 400} X X X x x x x x x x x x
\E/ X X X x
300} X X X x x x x x x x x x x
X %
x:"x Xx x
200+ XX % X x x x x x x x x x x x —
xxx X X X
xxxxxxxxx
100} XX x % X X X X x x X X X X X x
X X X
X X
ol
0 200 400 600 800 1000 1200 1400 1600

m(x,* /xs) [GeV]

Pl 6-2 155 xS B .
Figure 6-2 The mass grid of the signal points.
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6.2 EPBIEZMILERE

Stau ;A FR P PEXT R B . FOIHEEMEEGHRES Wh 3fE—5, &%
5 5.2.1%, ARAHIE. H Stau FREAUASRER S Wh 3T 2.

T Stau i, T 7y, MEEFERITERN S S, W LHC 330wt 4L
HRGE, FASIRT di-t,q R4 (un-prescale) filth a i) BUELE H 8w, DR
T EHBIERERCR. [FE, ZEF| Stau (55 SR EEER K, NEMES SR
EMSS O ARIEAERAS AR K, BTA Stau i3 FEFI R T ET I g B 85
>KH asymmetric di-z fiflt & 251 T 5 ENS BURE) di-o+ EPSS il 25 AR i
SRR K 6-1 DA T XMl A% D A R il & BI{E 2K, W DA R
K A A AR ET X TR R RSB 1A 25 (0], asymmetric di-7 fjll & #4x%F pp 22
R E . 2018 EH’J%EEZ{%%@/‘ “tracktwoEF” , i 2015 4£ % 2017 fEHfil kK #5844
FRAALE “tracktwo”, iXJEH T— PR T 5w AN E B REEE N T e &
HERS.

% 6-1 Stau WLRNGML RN pr 15 EP™ IR . .
Table 6-1 The triggers and the offline thresholds of p; and E[™* for the Intermediate Stau

analysis.
i A 22 fib A e AR Oy | pr RS [GeV] | pr BAIEFRR(F [GeV]
leading tau p; [GeV] 2015-2017 35 50
2018 60 75
Di-7 + E"‘“ trigger | 2nd leading tau p; [GeV] | 2015-2018 25 40
E™ [GeV] 2015-2018 50 150
Asymmetric di-7 trigger | leading tau p; [GeV] 2015-2018 80 95
2nd leading tau p; [GeV] | 2015-2017 50 60
2018 60 75

6.3 FESXEX
6.3.1 EEfHIHE

AHFFEH gaugino BN AR AL £/0, FEAFI A ARA WIAHLE] 77 (CICT)
7 gy (CIN2) kgt . CICH SRS HmEATN thaa » I MRS
CIN2 li*IE/‘J;K/uﬁ#/\j /I\Thad, ZIKjC %[ﬁﬂid /\i//l\ﬁ/l\ Thad H/Jﬂ{
A, I H pr SEANRE T thag R PARS (CIN2SS) w535 (CIN20S).
HARArH, %3] OS Fil SS i) FEALIH A —3, FrPA ClCl\ CIN20S #i
CIN2SS 1EN =AA[F 1 A2 BT 5T -

EFBIHIEG B, % EF] CIC1 F1 CIN2 ({5 S RES B LR K, I
ﬁmﬁﬁ (AT i s A SR A [ 22 SRR, T RAG 5l SC T AR & (LML) i ot
& (HM) F5X. g imaEs X £ 2 H 23 R I ET FH#5 Run2 £S5
FIMIRERIEHE, RS XN T2 H 12058 gaugino Fi & HIF1 NSLP-LSP
R RR/N X, £ 6-2) 878 T OS Fil SS R FHFIWI A, B REAR
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FORRKSEDEBMWA 10 » C1C1 F1 CIN20S HER AN 13,9 575, CIN2SS Zisk
%5 % EEE S5 RWA b-jet FXMIPIIXTGE, FrPAMAT b-jets veto fikH
SATHEAR top M KANE . A THEAK OS RASH Z B A 34 (4 TH XA R TTlk, A
SIMTAE OS SRR TRAS o FIAE TR m(ty, 7y) 55T 120 GeV PLUEARAH KA
Ji§ (ZIh-veto) . IEAh, T HIHM (FSXKIEA, LM {55 XER EMS < 150 GeV,

¢ 6-2  Stau P FHIRIESAE

Table 6-2 Summary of preselection requirements for the Intermediate Stau analysis.

ERESX | EREEEK
> 2 medium taus

b-jet veto
Z/h-veto (m(z, T,) > 120 GeV) (only for OS channel)
Asymmetric di-tau trigger |  di-tau+ E;“i“ trigger
EP™ <150 GeV EP™ > 150 GeV
R 6-1ER T 7, Ml 7, 1) pr HEER

632 EEREX

KT EXfESIX, CIC1, CIN20S F1 CIN2SS X =g R M T “Cut and
Count” J7yk, B FEERE LT 4% LM g% HM BN IE R (E 5 X, Al
BEHERET DA G XG5 X . (55 XEE LFEAEFH T1ES 850,
HTESHESHGEER, AR T =MAREES R ENE TS A

o m(7i, 7)) = (700,400) GeV: ¢ = 4.4387 [fb], %%+ LM Fl HM i J X
i

o m(7E/ 7). 79) = (1100,400) GeV: o = 0.740372 [fb], %%} HM XK.

o m(7E17), ) = (157,92) GeV: o =4389.25 [fb], 4% LM X1,

£t Cut and Count J5 #1535 CIN20S (CIN2SS) {55 XERKRER DY
AW OS (SS) i T medium TAERY 7,9 , CICT ZURARZS HAEA PIAS
OS i) medium-7y,,4 -

T LM (EE X 71, CIC1 (1 LM {E5X (SR-C1CI-LM) #1 CIN20S [ LM
55X (SR-CIN20S-LM) FRELRARASH medium-7y,q 2D — 1y, L T
tight TAE& . XEF R LM (F5 XA EFSS BORIAR . BEERZ, BT AR thag B9
SR PR, DA ARV i A R B 74 « SR-C1C1-LM Al SR-C1N20S-LM
WER EPSS > 60 GeV PAiE— 5 I R IR L 70 HOTTHR. [, SR-CICI-
LM (SR-CIN2SS-LM) R T |Ag(z;,7,)| > 1.5 (> 1.6) , SR-CIN20S-LM #I
SR-CIN2SS-LM ZR TR/ T =AY, B TEAL QCD d A K. AT,
SR-CIN2SS-LM F| ] mygy > 200 GeV #E—2FA% W Z 358 T4 K AR

JiiH HM {55 AR mygm #E4T T ESKARARAE . Frf BI15 5 AR mr,
AT T BR A AR of F1 WW AR . £ 6-30 45 TRSRIE XL, K&
AR AU A SBT3 6-41E T T B4 .
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4% 6-3 Stau A RHHE S X L.

Table 6-3 SR definitions of the Intermediate Stau analysis.

%BIX: SR- | CICI-LM | CIN20S-LM | CIN2SS-LM | CICI-HM | CIN20S-HM | CIN2SS-HM

fiih o e asymmetric di-z di-t + EJ™®

EM™ [ GeV] <150 > 150

Medium 7 3 & =2 >2 >2 =2 >2 >2
Tight = ¥ >1 >1

Thag 19517 HELAHT 0S oS SsS oS oS SS
b-jets $ & =0 =0 =0 =0 =0 =0
Jets & - <3 <3 - - -
|AG(z,, 7,)| > 1.6 - > 1.5 - - -
m(t;,7,) [ GeV] > 120 > 120 - > 120 > 120 -
ETs [ GeV] > 60 > 60 - - - -
My | GeV] - - > 200 > 400 > 400 > 450
mp, [ GeV] > 80 > 70 > 80 > 85 > 85 > 80

A 6-4 Stau LR AR EFT A IS HIe FeBl 5 .
Table 6-4 The event yields in the SRs, The yields are before the background-only fit.

YRR | SR-C1C1-LM | SR-CIN20S-LM | SR-C1C1-HM | SR-CIN20S-HM
Top 0.95 +0.38 1.08 + 0.40 0.36 + 0.22 0.36 + 0.22
Wjets 0.43 +0.50 0.62 + 1.18 0.30 £ 0.17 0.30 £ 0.17
Z+jets 1.42 +0.51 246 +1.43 0.78 + 0.56 0.86 + 0.56
Multi-boson | 1.65 + 0.36 3.18 £ 0.47 2.19 +0.42 243 +0.44
Higgs 0.27 +£0.26 0.39 + 0.27 0.011 + 0.003 0.73 £ 0.72
Multi-jet 1.86 +0.19 4.51+0.29 0.77 £ 0.20 0.72 £ 0.19
SM total 6.58 + 0.95 12.24 +2.00 441 +0.78 5.40 + 1.07
Pyaidfe | SR-CIN2SS-LM | SR-CIN2SS-HM
Top 0.01 +0.01 0.84 + 0.36
Wjets 0.32 +0.32 0.10+0.10
Z+jets 0.20 +0.20 0.59 + 0.56
Multi-boson | 0.47 +0.11 0.81 +0.21
Higgs 0.00 = 0.00 0.02 + 0.00
Multi-jet 0.94 +0.27 0.0 +£0.0
SM total 1.95 +0.48 2.35+0.80
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6.4 ZREfbIT

Stau 1 FEH) T EEAE W DR I “ELSL” (truth) B “BREE” (fake) 7,9 AT
328, B RR AN ARG, FEGRN ARG WA Fake 7,9 3
EOR B Bl S e s T 5 Aad B A iy, PAK e 5k p iR EE M 1-prong
Thad - Stau {IFE AT A EHY T ZOR & Z Wi id #E (multi-jet) . Wjets il top
Hyuf iR, Hh 2T AR AT R B R BRI, (B TR R, B
PAENRBIE 85, LM {55 X1 multi-jet LB 28% % 48%, HM {55 X )
multi-jet tLEIMET 17%. X F 2B, Stau 547 RH T 49K ABCD Jy
EIATT

KER I Wjets IHFE A —A W 38137481 truth 7,4 FTRD— AW
1 ) fake 7,4 , P Stau 2304 R A T 2R ERIKSI R YA, & LT Wjets S
FIFEHIX (WCR) IEIE Wjets 172 28 BELSEEG . Wjets 24 5 BUA I 4L
%) 4% 2 16% . SS K&E5 XM top R ALY fake-7y,q M2 EEAERIE, K
PEET AT AR ZS R top (A e AH X458 il XA T IE

TEAT] LR T, X7 multi-boson i3 #2, OS KSR EEACHFEZE WW
BUH ZZ 77 AR, T SS ARASH FE 2R R E WZ 724 truth 7y, o AL, Z4jets
WSS truth 7,4 AT . Z+jets I multi-boson 1 FEH truth 7,4 HY & & =ik 85%
% 90%. OS K75 top 1 FEHY truth 7,y Er Bt E L 80%. X truth 7,4 S )
R, Stau HTEEMEH T MC B AFEA A TF I 2 B SO UIE XA AR 28
PEBE .

6.4.1 ZBEFITIEAREMEITF ABCD Fik

I 6-3/2 ABCD HERE K, ABCD i JeEBisl i B K L=
HAEAZ WS, 298 R X =AM X AE 5 X a4 AL B, C (3%l
X) FID (F5X), X DA D[R] — i 1 A B8 2 L% AR AT SCHR B 1 3l
J12EAs B e o

ABCD J7 1 ORI Z BT FE A A 1 X C (CR-C). B (CR-
B) WHHIFAEFESX D (SR-D) FHEHIIX A (CR-A) ByLHLHI—FE, M E
SR-D Y Z WiV E I FEFBILL Np = No X (Nc/Ng), HHE L Ne/Ng HEHSFR
¥ (Transfer factor, TF), SR-D X} T Stau /M /s ME2 K. B2 Tix P44 CR
(SR) 4, ABCD F¥£ifAE X T HAIEX VR-E Al VR-F, SREGIE TF {80, IH44
T8l J)2F 78 B RIS B RS R 25 . W 6-3[7R, KHEX VR-F (VR-E)
#£1f SR-D (CR-C) F-7E SR-D Fll CR-C (CR-A HI CR-B) 27 [&] DARAAR A XI5
IEAZ

M Thag BB TAE SR mpy (8K mygyy ) PR EMER /NS TR 8
R IRUER IG5 X PR b My R A M TR R G iR 22 .
Hdr, CR-C. VR-F# SR-D | T medium Bf tight X5 TAE &, H 7,9 MR
RFIMEEX—%L, M CR-B. VR-E 1 CR-A f] T very loose T4f )5 SR-D IF
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Used for nominal
ABCD method

My, or stum
Used for validation

[GeV] and systematic
uncertainty estimate

Multi-jet T
CR—/JA\ ) SR-D

Multi-jet T Multi-jet
VR-E ) VR-F

Multi-jet Multi-jet
CR-B CR-C
T-id
very loose 71,4 medium or tight 7, .4

orthogonal with SR

Pl 6-3 ABCD Jjidins il
Figure 6-3 Illustration of the ABCD method.

Ao HADAS R WA 6-5. BLAh, b2 Wiyt F = 2 phy A EAE F
R, RZS EPSS AR, FTDARRAR EDS B RS 0hxt TF BsgmdEa /N, TR
P X 5 Bk X b 2w I AR e B S 1T &, B CR-B. C Al VR-E. F f#fjl
KR di-tau it g%, HOPRA T di-taut EPSS U250 pr B, FTLAX
B KBRS 1,9 PIARSHHZS R, X TF S0 A%

%7 SR-D 4, ABCD Jy A& Kk h Z ey i B S o 5 o3y =2
T SEIR RO I 25 oAt SM i FE ) MC BHDREASZIIR . & & I = AN FE
55 XX CR-B fil VR-E T Z B R & 5518 90% , CR-A [ 2Byt
ol 41% % 95%, CR-C [t i or il 26% & 54%.

ABCD KM ARG IRERZ 1K, FEAHE:

o Thog B TAES TN mpy (mpgn ) BRI SEHE (correlation) 7 KA R AR
WRERE LA CR-B, C 1y TF #l VR-E, F 1y TF (5.

o CR-A PHAh SM I f8n Rk Rt im s Fh 2w eyt 5y 2
P SE IR A 2 A A I AR i MC B A, i DARE 2255 TRk 0 2 iy F At A
JIEH) MC BRI R G IR ZE R RO o X TR 22 1 B AR T R i s A IR S &
L, TERLEBBEUONE L 2B R SE, I 8 CR-A /R A H:
I, TR RGIRIEENT SF 52T, H T A CR-A Fl SR-D L= [[—4> SF,
JIT AR GEIRZE 523 PA SF R ZEMIE AL 2 SR 2t .

o THIXBHAZ I E: CR-B fil CR-C MGt iRZEEXT TF B0t &—1
AT RS R
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#¢ 6-5 Stau Y ACBD Ji#b, CR A VR g X . Hd CR-B. VR-E il CR-A 1y X
{5ill ¥ very loose ID,

Table 6-5 The definition of the ABCD regions for all channels, where the definitions of CR-B,
VR-E, and CR-A use very loose ID.

WIS | #2480 | CR-B/CR-C | VRE/VRF | CR-A/SR

CICI-LM | my[GeV] | €[1535] | €[35,80] > 80
EP=[GeV] | €[10,150] | €[10,150] | € [60,150]
CICI-HM | mp,[GeV] | €[35,60] | €[60,85] > 85
Mygm [ GeV] | € [100,300] | € [200,400] | > 400
EMs[ GeV] > 50 > 50 > 150
CIN20S-LM | mq,[GeV] | €[15,35] | €[35,70] > 70
EF=[GeV] | €[10,150] | €[10,150] | € [60,150]
CIN20S-HM | mp,[GeV] | €[3560] | € [60,85] > 85
Mygm [ GeV] | € [150,300] | € [200,400] | > 400
EPs[ GeV] > 50 > 50 > 150
CIN2SS-LM | myy,, [ GeV] < 100 €[100,200] | > 200
[Ad(7,, 7,)| <15 <15 > 1.5
CIN2SS-HM | my,, [ GeV] | € [100,200] | € [200,450] | > 450
EMs[ GeV] > 50 > 50 > 150

6.4.2 W+jets RJEfGiT

Stau i FE G S K, HRERT Wjets AR DEH 1 fake 11,4
HTBIEIREHE 1, BR8N Wjets I RRMBRIS IR 2, AWF9E50 74T
%} C1C1. CIN20S (CIN2SS) 35 . 7 WCR-0S (WCR-SS) F4i[X, WUEIE
Wjets 15514k, WCR 1 SGEIARE W — pv S FRGH BT IR 1,9 o
WCR [l & 45 BE R B 1l K4 , WCR-OS (WCR-SS) [T u il fake 73,4 1)
HLfif OS (SS) MIARZ. N TH/DHAARI 0, Z2T1 pr ZoKET 40 GeV
, Thad B9 pr ZEKET 50 GeV o AL, RSN top S 5a AR A=A W 3 8-
FEREZ W B r= Az, rPA WCR % A F) T b-jet veto il mep (Cotransverse
mass) [146] A top 1 HE. mep IS B E AR IRBERTS EMSS iR I5
K& 1t NP AR IS ¢ — bls + W OEARET WG R AR R AR i, [RIER
W F T 2R B — W BT, RSk E bls 558, B4
FRAE b AT DA 32388 5 T A A I ) 28 A0 S WA + 1/ Taq + A EISS IR
RGNS i il top e Jim A A, I HIErFHBI% B «f B9 FETE
PAR KRR FEHD ARG 17 33 A2 . A, AT 320 KA single top Fl Z+jets AJiE, OS
(%) CR 1 VR [ A BRZ 11 mp < 140 GeV DAAREE S B w11 Z+jets 1o
o N SS RACEH Z gt TRy oTikae Ak, FrbAy CR FI VR & L) my JilCE
£ 150 GeV , HEZOK my , +my, > 80 GeV DARAREZ WEANE. &5, HEE W
TEAEPE [ PRI AP AE P TR BT, OS (SS) i T EP'™ > 60 GeV
(EMSS > 50 GeV) IR SMAEAR KR 505 Wjets ot A5 i ] i HE AR G A ARG
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BT Wjets it FEARZSHY fake 7y,9 F p %A KR, FrLAE L fake 7,9 F1 g THEE T
1B mry HARTE W B T BTt AL #kWr, BT ASEAR 25 18 mpy X Wjets it
RS, S T WCR Fl WVR ()5 23 SR, OS HiFPEK mpy > 40 GeV,
¥ H OS (SS) RH mp, =70GeV (mp, = 60 GeV) %14+ CR #il VR, &4 WCR,
WVR [ LU 6-6[17R

% 6-6 Stau 3T FLK) WCR Fl WVR 15 2 o
Table 6-6 The definition of WCR and WVR.

WCR-0S \ WVR-0S I WCR-SS \ WVR-SS

Baseline electron veto
b-jet veto
Pr. > 50 GeV, py, > 40 GeV

= 1 medium 7, = 1 isolated u (OS) = 1 medium 7, = 1 isolated u (SS)
m¢r top-tagged events veto -

my, < 140GeV 50 <my, <150 GeV

- my, +mp, > 80 GeV

ET™ > 60GeV ET™ > 50GeV

40 < myy(z, 1) <T0GeV | mpy(z, 1) > 10GeV || myy(z. ) < 60GeV | mpy(z, 1) > 60 GeV

WCR 1 WVR H ) Z Bt R A AR AL T35k OS-SS ik, BERI
T SS (0S) RAEMZHE SRR FEFEALTT OS (SS) RS Z B FEMR F
Bil%. LA WCR-0S hffl, Bt WCR-OS [ L) OS HLfiiEisk g SS Hff L
R, AE SS AZS I SLIR B Ik 25 H A AR Y MC ASDURE AT B 1 40 1R 1 L AE N
OS RS Z W FE 1 . XD EHOE T Z Wiyt #2117 SS 1 OS il B
1, FEREIF BRI EEAE L, A pr BRIRL F-AEAR I 2 H 1) HE o
IEAS FERAG, P AR S B AN T 100% (ARSF 2451522, T WCR Al
WVR 2B RS BARAL, MO IRZENT Wjets ARAG TR mIMR/N. FE4
WCR Fl WVR H1, Wjets fY2E (purity) ik 73% £ 85% .

6.4.3 Top £52id 27 SR-CIN2SS-HM Hyf&it

Top #H %3 #24E SR-CIN2SS-LM 4 H{%T 1% , {HiE SR-CIN2SS-HM i#3;
K, FERN Y RH ) top M FEE A — fake 7,4 , Stau 237 ST #54]
X TCR-SS-HM FIEGIEX TVR-SS-HM K B - Hifhi i top AN, N3 6-THTR.
KT HEI fake 7,9 FHL, Thag WA B TAE S ZERPEFE AR E veryloose Fl loose,
TAE SRR BN 2B A S, FrPA CR Al SR 19 SCR I 2R BE 1
EP™S > 150 GeV R4S, 4 CR Al VR w1 top i3 L& 1k 83%.

6.4.4 ANATAREHIAREMTT

Stau 7 A YA AT AR AL T multi-boson i3 7%, PAK OS {55 X H Y top 57
(B of FEA WA W B0 T) Fl Zjets 12, 3% 6-8 145N X 115
P e
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#6-7 Stau (SS) LK TCR-SS-HM Fil TVR-SS-HM (15 X »
Table 6-7 The definition of TCR-SS-HM and TVR-SS-HM.

TCR-SS-HM | TVR-SS-HM
Di-7 + E;"i“ trigger

> 2 very loose 7, > 1 loose ©
Nmedium-r <2

> 1 b-jet

EP™ > 150 GeV

Mg < 400 GeV | iy, > 400 GeV

o OS KA top FEE N 7% 2 14%, A R A MC B H AN, FF
7E LT TVR-0OS-LM F1 TVR-OS-HM itk R K5 E MC B TR v SE . & X
HIZR 2 b —A b-jet PAYERN top RS EIF HESXIER, mygy, Fl mpy BIEK
1 SR AH LLBE A 22 B DA AR Wjets Fil Z+jets. thAh, % [E3 boost Z/h FE7% Hi 1)
P Thaa FARB/DN, FTLAIIAT |Ad(zy, 1)| > 1.0 PSR, FHEOR m(zy, p) #EFF
ZIh G 1, AT EAR Z+jets 1 A AH AR

o OS R Z+4jets I FEM S 8AE 16% % 21% 2 6], multi-boson 15 2 |5 H 4
25% % 50% , FiAGE LT ZVR-0S-LM (MBVR-OS-LM) 1 ZVR-OS-HM (MBVR-
OS-HM) ZiiiE Z+jets (multi-boson) ] MC BETT AT EEME . VR (12 SUAH A
AR(7;,7) < 1 (AR(zy,1y) < 1.2 H A¢(z;,75) < 1.1) Frict boost Z (Z. W) 7
FHIFEY PABE ) Z+jets (multi-boson) & & . % fEF multi-boson RS 17,9 7T
B Z AT, mpgm 8K, HTTIAT My > 150 GeV MAHFEH 5 £
PO F R EENERE, BT Z - oo RN my, 00T Z 31 A
Wr, FrPAFIH mp, = 60 GeV Xi|4) Z+jets £l multi-boson f56IEX .

e SS KAH) multi-boson 1 FEH 73% )= A truth 7y, 4 1, B EX MBVR-
SS [ L TR il &y, @SS OS 1) p MNIFRIC Z 3% 1,
WL |Ap(r, EF™)| < 175 B W B0 TR Y 700 Rl v, AITHE S multi-
boson iR Fr . BN, EFSS > 100 GeV # T IERE Wi AR,
K 6-443 5 E7R T TVR-OS-LM, TVR-OS-HM ,ZVR-OS-LM,ZVR-OS-HM ,MBVR-
OS-LM #il MBVR-OS-HM [ 5648 &40 7. W LABEE], £ IE X A IS FE )
ARy, T HARE A MC BHUA R AF S350, BT AH AR MC A
P2 FTEE
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N Total SM  -e-Data
W Z+jets [ Multi-boson
Vs=13TeV, 139 fb™ I Top quark Multi-jet

W-ets W Higgs

N Total SM  -e-Data
W Z+jets [ Multi-boson
(s =13 TeV, 139 fo™ I Top quark Multi-jet
WHiets I Higgs

Events / 10 GeV
=
<
Events / 50 GeV

MCl/data
MCl/data

600 700
mTt+mTt [Gev]

N Total SM -~ Data
W Z+jets [ Multi-boson
(s=13TeV, 139 fb* I Top quark Multi-jet

Wets M Higgs

N Total SM  -e-Data
W Z+jets [ Multi-boson
Vs=13TeV, 139 fb™* I Top quark Multi-jet

WHets 0 Higgs

Events / 10 GeV
=
<
Events / 10 GeV
[
<

8 E 3 8 e
= %0 70 80 90 100 110 120 130 140 150 = Y 10 20 30 40 50 60
ET™ [GeV] m., [GeV]

(© d)

N Total SM  -e-Data

0 Z+jets [ Multi-boson
(s=13TeV, 139 fb™ I Top quark Multi-jet
W+iets I Higgs

N Total SM  -e-Data
W Z+jets 7 Multi-boson
Vs=13TeV, 139 fb™ I Top quark Multi-jet

W-ets I Higgs

Events / 10 GeV
=
<
Events / 50 GeV
[
<

Il ol p—

g g i e s

[3) S - B o -

= 060 65 70 75 80 85 90 95 100 = 50 100 150 200 250 300 350
my, [GeV] p,,[GeV]

) ®

Pl 6-4 2 HUEIX 2N Sy A8 oAl o _

(a) TVR-OS-LM i) mp, 4347, (b) TVR-OS-HM ] myy,,, 51, (¢) ZVR-OS-LM [¥] EX™ 4y
i, (d) ZVR-OS-HM [ my, 4347, (e) MBVR-OS-LM i) my, 4347, (f) MBVR-OS-HM
iy Pr1 G3AT

Figure 6-4 Kinematic variable distributions of each validation region.

(a) my, distribution for TVR-OS-LM, (b) m,, distribution for TVR-OS-HM, (c) EM** distribution
for ZVR-OS-LM, (d) m, distribution for ZVR-OS-HM, (e) m, distribution for MBVR-OS-
LM, and (f) pr,, distribution for MBVR-OS-HM.
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%% 6-8 Stau LRl LA RIS E X 0 3L

Table 6-8 The definition of validation regions for irreducible background.

00T <
O =
N =
M =
n 9[3urs
SS

cl> cl> 0r> 01> -
01> 01> - - 0T < 0T <
08I < 08I < - - 0SI < 0SI <
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06 > 08 > 09 > 0L > 0CI < 0CI <
0Sr < [0ST‘0L) > 0SI < [0ST ‘Op) > 0SI < [0ST°02) 2
0= <
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6.5 IREDH

VO I ARG RIERIE S 26 5.5 N4 Wh BFs A —2, Bk BT RA
TSR IREMBEIE R . LRIRZE MR O E A RE . ARMITIT IR REMN
GiTiRZE. T Staw WESHARESHERUERRK, PFroMESHEARmEe
RETTEF Wh WA

6.5.1 (ESHERIRE

HTE S ESEE R EER K, M T gaugino i & X, 5 gaugino Jii
Tt DX BT it He 46 X35 (Compressed region ), 111} OS {55 XA {57 & X Al compressed
XE S AR, I HARR & XAE S EOR, FFEW A FBI%, Frid
R EET (mili/}?g,mi?)=(267.0, 232.0) GeV, (232.0, 167.0) GeV, (225.0, 125.0)
GeV Fil (200.0, 50.0) GeV BXPUAE5 AU IIB IR ZAEN m gz, 0 < 500 GeV
Am(fli — 71) < 150 GeV fE 5 WIS R ZEMANTT, HRARETRE KA compressed
XEFE B REDTE 10% i, HAaES SIS REYTE 5% 4, Bl
K 6-5/#/~ T SR-CIC1-LM 15 = [X [) Matching and Merging Schema %2,

900 1.00 900 1.00
R1 ged; e as he o e a SRLQCUP o6 b1 a3 s oo s v
800 800
Vs =13TeV, 139 fb~! 0.75 VE=13 TeV, 139 o= l 0.75

700 ; w2 a1 e s> s ks e 700

/g 3 ls a1 e @1 ge a8 lss o
600 o i 600

500

my3 [GeV]
°
°
8
mi3 [GeV]

400 400

300

200

100
7

0 200 400 600 800 1000 1200 1400 1600 0 400 600 800 1000 1200 1400 1600
mi; [GeV] mit [GeV]

(a) (b)

P 6-5 SR-C1C1-LM {5 X I¥) Matching and Merging Schema [FJi 2% .
(a) RIRZETR, (b) ZiRZEM LR,
Figure 6-5 The uncertainty of Matching and Merging Schema in SR-C1C1-LM.
(a) shows the down uncertainty and (b) shows the up uncertainty.

652 ZEHEIEMREFIRE

1E ABCD J7iAH, CR-A HHAl SM A R MRt HFn s 1, PR i He At
SM AR R AR E W S ML BHEE L ABCD fliit. FEAARIGH,
ZBEAREGIAT SF (mu_QCD), -5 HoAth X I [ UL & 9 77 30KF SF iR 2%
R RETX, £ -9/ TR AA IG5 OS HAER A CR-A ) F A
Giirde. A NERIXp, BT Wjets A& 8 HETHRERR, FreArE
M RS GEHRZERR, I H Wjets FYBISIRZERN . Ak, WHEMRER TR
FARFEM T0q WBER Z|FEIRFEMRK . A AL SF AYIREAE 20% 5 30%
Z I8
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98

% 6-9 Stau jEFE OS {55 XX CR-A I EERGER I
Table 6-9 The dominant systematics of CR-A for the OS SRs.

FHXF iR 2E Multijet-CR-A, C1C1-LM
NIRRT 98.00
mu_QCD_OS +28.06 [28.6%]

alpha_FakeTauBGQCR1
gamma_stat_MultiJetCR_C1C1_LM_cuts_bin_0
alpha_W_PDF_Theo
alpha_JET_JER_EffectiveNP_1

mu_W_OS

alpha_JET_JER_EffectiveNP_6
alpha_JET_JER_EffectiveNP_7

alpha_ W_CKKW_Theo

+21.21 [21.6%]
+12.45 [12.7%]
+8.91 [9.1%]
+3.23 [3.3%]
+2.61 [2.7%]
+1.24 [1.3%]
+1.08 [1.1%]
+1.06 [1.1%]

AR ZE Multijet-CR-A, CIN20S-LM
ENPEE 5175 245.01
mu_QCD_OS +58.95 [24.1%]

alpha_FakeTauBGQCR2
gamma_stat_MultiJetCR_CIN20S_LM_cuts_bin_0
alpha_W_PDF_Theo

alpha_ TAUS_TRUEHADTAU_SME_TES_DETECTOR
mu_W_OS

alpha_JET_Flavor_Composition
alpha_JET_Pileup_RhoTopology
alpha_JET_JER_EffectiveNP_5

+51.22 [20.9%]
+17.95 [7.3%]
+11.67 [4.8%]

+4.71 [1.9%]
+4.10 [1.7%]
+3.12 [1.3%]
+2.69 [1.1%]
+2.31 [0.94%]

FAS 22
AR EF B

Multijet-CR-A, C1C1-HM

14.99

gamma_stat_MultiJetCR_C1C1_HM_cuts_bin_0
alpha_FakeTauBGQCR3

mu_QCD_OS

alpha_W_QSF_Theo

alpha_Z_PDF_Theo

alpha_W_PDF_Theo

alpha_ TAUS_TRUEHADTAU_SME_TES_INSITUFIT
alpha_7Z_CKKW_Theo

alpha_JET_JER_EffectiveNP_9

+4.13 [27.6%]
+3.09 [20.6%]
+2.88 [19.2%]
+1.61 [10.8%]
+0.90 [6.0%]
+0.72 [4.8%]
+0.63 [4.2%]
+0.54 [3.6%]
+0.46 [3.1%]

HAS 2
AR BIEL

Multijet-CR-A, C1C1-HM

14.99

gamma_stat_MultiJetCR_C1C1_HM_cuts_bin_0
alpha_FakeTauBGQCR3

mu_QCD_OS

alpha_W_QSF_Theo

alpha_Z_PDF_Theo

alpha_W_PDF_Theo
alpha_TAUS_TRUEHADTAU_SME_TES_INSITUFIT
alpha_7_CKKW_Theo

alpha_JET JER_EffectiveNP_9

+4.13 [27.6%]
+3.09 [20.6%]
+2.88 [19.2%]
+1.61 [10.8%]
+0.90 [6.0%]
+0.72 [4.8%]
+0.63 [4.2%]
+0.54 [3.6%]
+0.46 [3.1%]
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6.5.3 HAthARRIRE

HF OS MEE X, JLHE HM (G5 XN SM ARMSGEITTHRZER K, N TH
RGP R RZE , TR EES KA AIRERIS R 220, BIFEAR T
— BB SRR . SR-CICL-LM #1 SR-CIN20S-LM ff) EIMSS 3 % 30 GeV
, SR-C1C1-HM FI SR-CIN20S-HM [{] mry,, #il% 5 200 GeV . & 6-650 787 T
Sy HTET FREAFIENE R ZEFEA ) FOIE S /9 /370, B EJR/R T multi-boson
(1) CKKW iR 25, i ISR LB nl AR AR i 22 e SR 22 N, 1k
RS AR .

»w 10-E T T T E| n 10-E T T T T E|
o] E MultiBoson_CKKW15 E| el = MultiBoson_CKKW15 E|
° 3 ——e——  Nom:364250+364253+364254+364286+364283 o 5 ——e——  Nom:364250+364253+364254+364286+364283 |
< 10°g +364284+364285+364287+345705+345706 = s 10°g +364284+364285+364287+345705+345706 =
E +345723 3 E 3457 3
s Sys:364256+364275+364297+364367+366039 s Sy5:364256+364275+364297+364367+366039
10° +366044.+366049+364372+366064+366069 =] 10° +366044+366049+364372+366064+366069 =
E +345848 3 E +345848 E|
10 | " - 10 -
E -, . El E ——=
= e S = E ————— — 3
1= = 1= \ E
107 E 107 E
1072 ? = 102 —+— =
1 n—a - L 1 L P I L 1 n—a L P L L L L
R i . ] § 2 T =T
& | [ — ] .
2 o0 ' 2 o e
> 0 50 100 150 200 250 300 B 0 100 200 300 400 500 600
& E™SS [GeV. @& my +m;_[GeV]
T [ e ] Tt Tt
@ (b)

Pel 6-6 53 BT FEAS HIBIIR TR IEFEA
35 A, Ul OS A& LM {55 X 1) Matching and Merging Schema s\ i5% 22 h#il.
CKKW $R2[f (a) EF™ Fl (b) myg, KA.
Figure 6-6 The kinematic variable distributions of
the nominal sample and variation sample for the CKKW uncertainty of the OS-LM SRs.
(a) is E;“iss and (b) is Mmyg,-

6.54 HARMESREFIRE

Stau 43 H WCR-0S 1551 Wjets ] SF 25 0.98 + 0.12, WCR-SS 155
1 Wjets 1 SF 4 1.04 + 0.09, TCR-SS-HM 75| top 3% SF 4 0.71 +0.11,
K 6-TReR T Al 2 A P& J5 & Nk XG5 XA SM T E . SEI8 A Al
G5 2% S mtEN, EAEREIEXR Y, SM HUER LI LT SRR
it

K 6-8JE 7 T 4% SR W AL RN, TPA% P C1C1. CIN20S #1 CIN2SS
P EB RS RZE N MC FEARM TR ZE . WA T IIRZE . Thag A
BIAIRE R ZI 1R ZE . W yE By g & 20 B A HE R a0 15 22 A multi-boson i3 F2 AYHLIE
22, Hh multi-boson AR FIISIRZHKAAYIEA K (1) multi-boson i FEAE
FE AN REAN, HIF AN X BEAGRZ; (2) multi-boson 72
PG R AAR, — 28X Bl 72828 o OR R v 158 22 To ikl i R AR B 45 14 1
KfEEgita, AR IRZEZ G TR R
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10° ATLAS ¢ Data <=SM Total Multi-boson
Vs=13TeV, 139 fb* wiiets [l Top quark [l Z+ets
Intermediate stau channel B Higgs | Multiet

- = = m, X)=(300,150) GeV = = = m(x’, X)) = (700, 400) GeV

Number of events
=
Q

10° | 2 - = = mEIR, %) = (157,92 Gev = = = mF/X. %) = (1100, 0) Gev

8

o]
~
—

>

o

o

c

)

0% AN EE\) \,N\ \/\\“ ) FE\ T\ AN B\

C% WR \N\‘P‘l\lgosl\laos PALCE 05 X\‘?\S B\'?‘O‘?\E IR 0% \5\'“ '3_03 XC'X &WLO \’Nlo N’ﬁﬁ R e
N—r

Pl 6-7 AN DX PsegS Bl . SM BRI S M il 1 .
Figure 6-7 Comparison of the observed and expected event yields in all VRs and SRs after
the background-only fit.

P
=
c — : Total uncertainty
= 1— ATLAS - ‘ N
E ! I MC Statistical uncertainty e Normalisation
Q
o ‘f_ N identificati —_ . i
2 13 TeV 139 fb Tau identification and energy scale MET soft-term resolution
3 = +++ = Multi-jet background = = = Multi-boson theory uncertainty
; 0.8 Fake Tau estimation = ==+ Jet energy scale and resolution
Ko
[J]
@ : :
Direct stau channel Intermediate stau channel ZIntermediate Wh channel

0.6—

Pl 6-8 155 XA ERsr i, BTPUANE 'S IXAMEA ST DB TE I .
Figure 6-8 Summary of the total uncertainty in the predictions of the background event yields
of each SR. The first four SRs are not involved in this thesis.
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6.6 SRIGZER
6.6.1 FHERURFIE

% 6-102.45 17155 Aol 2 iy 2 5 5 i F1 SM A IS . Hh B A
B T AR A . T AR IR RME S X, W 2 B S2 3 EicE F1 SM
TUEST SRR, FPA T 95% BGE Nl AR E S A8k R
(695)0

vis

¢ 6-10 SR-C1C1 FI SR-CIN2 UL EcPa fil SM. ek F4E I

Table 6-10 Observed and expected numbers of events for the background-only fit in the SR-
C1C1 and SR-CIN2. The one-sided p,-values, and the observed and expected 95% CL
upper limits on the visible non-SM cross-section (“3i55) from the model-independent fit are
given. Values of p, > 0.5 are truncated to p, = 0.5.

SM 5 7 | SR-CIC1-LM | SR-CIC1-HM || SR-CIN20S-LM | SR-CIN20S-HM
Multi-boson 1.6 +0.6 22+1.6 32+12 24+1.6
W +jets 0.4 +04 0.29%0% 0.6%>% 0.297035
Top quark 1.0+05 0.36 + 0.13 L1 0.36 +0.14
Z+jets 14413 0.78 + 0.34 25+ 1.7 0.9+04
Higgs 0.27 +0.06 0.01%043 0.40 +0.22 0.73 £0.23
Multi-jet 15+05 0.37 £0.21 45+10 0.31 £0.17
SM total | 6220 | 40x18 | 122:48 50+20
Observed | 1 | 4 I 14 4
m(7E, 7°) = (700,400) GeV 3.0+06 1.6 47+1.0 14.1+2.8
m(Fi1 7, 7)) = (1100,0) GeV || 0.20 +0.05 3.1+0.6 0.39+0.11 46+1.0
Po 0.5 0.5 0.4 0.5
Expected o [fb] 0.04 0.05 0.10 0.05
Observed 67> [fb] 0.02 0.05 0.10 0.05

SM Py i | SR-CIN2SS-LM | SR-CIN2SS-HM
Multi-boson 0.47 +0.20 0.8+04
W +jets 0.33+0.25 0.10 + 0.05
Top quark 0.0170% 0.59 +0.20
Z+jets 0.20 +0.15 0.67%
Higgs <0.01 0.02 +0.01
Multi-jet 09+0.5 0.00 + 0.00
SM total | 20=x07 21+ 1.1
Observed H 2 3
m(ZE7, 7)) = (157,92) GeV 4.6+13 0.00 +0.00
m(ZEL7, 7)) = (900, 300) GeV 0.84 +0.07 6.23 +0.21
2o 0.4 0.3
Expected 67> [fb] 0.03 0.04
Observed 67> [fb] 0.03 0.04
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6.6.2 ZFEHKAHEEIKTIE

T SR A B AR ER R B, AT 95% BEE T
()R RS HEIR IR . 2777 R 77y R A6 Wino-Bino B2, BT LA
FE M 7 W R T, IF B RS S, BTDATT AR SRR A A
DARRIS 7577 + 7570 ek d A . SR-CICI-LM il SR-CICI-HM J2IEAZ, Ff
PART ARGl & 15 3 777 i RO HERR . SR-CIN20S-LM, SR-CIN20S-HM,
SR-CIN2SS-LM I SR-CIN2SS-HM J21EAZ ), Fr At ] A#EAT I & A 15 2
7 AR HE R . T SR-C1C1-LM (SR-C1C1-HM) #1 SR-CIN20S-LM (SR-
CIN20S-HM) - ARIEZZ, BioA%t 75 77 + 7 7 i B Bl F 2 M SR-CIC1-LM
(SR-C1C1-HM) F1 SR-CIN20S-LM (SR-CIN20S-HM) H1ikfE—AME2 X, fr 4
PEPE T AL A5 HERR RE 1 IR A , ABFSE R T SR-CIN20S-LM #il SR-CIN20S-
HM [ &R 7527 + 75 70 337 Stau 5371 workspace 14 3 S0 & 61 T
pyhf B {40 [147, 148].

5 6-9(a) JB/R T 7 7y I FEAE OS {55 KA R S HERR IR, 24 LSP ikt Hy O i,
3 7570 SRR RIS E] 1060 GeV . [ 6-9(b) JER T 77T b BRI R S HE
BR, 24 LSP ik O B, *F 717 e A HERRFIAE] 970 GeV . & 6-9(c) R T
LI+ 2y AR RHERBRA 72y R RRAE SS 55 X AG B 1 T RLHERR PR,
PAJ; SS-OS BEAEHISE R, [ 6-9(d) Al 6-9(c) —FK, (HYRAFAT R 77/ 7y
MILSP {25, WK T AR compressed XIS HERRAE 1, TTRA%K L SS
{55 Xt compressed XIS HERR AE JJ R0, 24 LSP ) 0 I, AN &
B 75 R 20 FRRIHERIRIAE] 1160 GeV , A58 B HER FRAT HL2 mi
WF5EHER T 340 GeV % 400 GeV , =25 K2 i FH 58 22 Run2 FHaiii k41t
R TF A AT RNN 9 7, T80 2500 T AL B RE RO TT
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~ovl Jve+2x T Lov s Xty +2 L2x By -2
S‘lOOGS:% Vel T+T/ v +2x v/ T+3 x T/ v+ x;‘: ; 800?;9: x TU(vT) xng
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or F (s=13TeV,1391b_ o = 700 \5-13Tev, 139 b o
£~ 800 1 ____ Expected Limit (+1 gew) Eﬁk £ -~ -~ Expected Limit (+10,,,)
E All limits at 95% CL 600 M= =(m, +m9)/2
700E- === Observed Limit (1 Gpoo") E Al limits at 95% CL —— Observed Limit
6005 5001
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400 300—
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100 = ‘ ‘ ‘
E 07 Lo L 1 1 1 1
Ay e
0 200 400 600 800 1000 :I,g()(?n :té%Q/] 0 200 400 600 800 m;;([)ggv]
(a) (b)
R - W) ) - el BE - 2x B - 2 x vl RR - %Pt(l;b) TGH(R') - w?n(w)ﬁ:’ ?‘E:ﬁ 2x %(@r) 2x w?
= 1200 e e = 350 RN AL AR AR AN RARRS R ]
8 L ATLAS =~ - - Expected Comb. Limit (£10,,) | 8 C ATLAS |
e 1000/ Vs=13Tev, 1391 :;m:medu:sewed B = 300~ Vs=13TeV, 139 fb* S Expected Comb. Limit (100)
£ L "‘? m SSD :En:: ] £ F mp=mg Combined observed ]
F o mp=(my + mp)2 expecte B =% £ mg=(m, +mg)i2 v i
8001 AHhm\lS 't 95 % CL " OSobserved 7 E 250: Al ||m2?a( 952% cL zzz:::u:: ]
N T Oseweced 7 < E = OS observed ]
600 h 2000 s E
4001 . F ]
; : ;
P RN B RN RPN I EPRRT | WA AT T T T T T 3
OO 200 400 600 800 1000 1200 1400 100 150 200 250 300 350 400 450 500 550
mg,m, [Ge mg.,my, [Ge!
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© (d

Pel 6-9 Stau 5Byt HEBRER -

(a) HEIET 777 iRete CIN20S fE S IR BRI, (b) IR T 77y il R0 bt
BB, (c) JBART Zia + 7 7y AR HER IR, 777 W FRAE SS 155 AR EIY T
HHEERBRA SS-08 B A LA RIEER, (d) JBR T BE 548 KIS A HERR R .

Figure 6-9 The 95% CL exclusion contours for simplified models.

(a) 773 production only considering CIN20S-SRs, (b) 7" 7 production, (c-d) 7= 77 + 775
production considering the combination of the channels, where (d) shows the details of the
compressed region. The solid (dashed) lines show the observed (expected) exclusion contours.
The band around the expected limit shows the +1¢ variations, including all uncertainties except
theoretical uncertainties in the signal cross-section.
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6.7 AREING

ABFSEFI I ATLAS SC5; Run2 §9 5] 58 5 1 SCE SR BT 98 T Gaugino BX
P T B U, B RS 0 ASHERR, AMHTE LIE SR E g RS
T P R A — IR . T X A UL 2 B S A v R g
MG, FTLARBI I T 95% BAF T 2 AME S X A8 bR ME R (5 - i i
X B IR . [, ERCBRA R R, A T m(7E 70 — m(70) i
SRS HERRIR, 24 LSP iy 0 I, At s a1 7 Fl 7y R
HEFRFRIAE] 1160 GeV , X2 ATLAS S8 H Fi s ed 7/ 7y a4 =AUk
T REAS TR HER R . BLAN, AT RIR T [ A RS 5 ok 45 DX Sk 72
R, oGS TR T L s i 2%
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FTE BFHEATEDN R FHEHIENEE

AT ST 6F RN T A R FHRsPIER) SUSY 1S 405esk:, WAl
I AR R LS o T ATLAS HoAt R SFHR<F{EA) SUSY Fi 1~ FR 5550t
BAULIN B ATAT R AR RS AU B S, ARSI E NS, 2R SUSY ¥ 3ifedE,
MM 2. Hb— D RER2 R FARBIA SUSY i, R FHRMEAR
2 FELSP Y372, IR LSP YeR I a5 N BpHE T i A B =28, KB
fiiki ¥ (displaced particle) (K #avki 7 (Long-lived particle) . H g4}
BIRIIFEAR 2, B anEE XK 75 Ay R 1 B9 e/ N B RE R0 20 B (1491, % 4b
A Jo 7 e 46 X 38 disappearing-track #fF5T [150] AT RRRY SUSY K1Y
LTI AT [151] SEEERE b o . (HR & 20 A b & 52 SUSY K175
A SCH R A, ——HFBR R FRRBEAIA AL 2 AT RERY . A AR AT Ak
TR R T B 5 AR AF S i BB AT X K A5 iy 40 SC AT AZ ) R SRR AR
RHEBRAE S 2 T .

7.1 R FHREBIFRY SUSY REYFNFF 5 B4
SUSY BT it I3 rpAFAE AR vl 5 e 7 el RO SR i 2k [152]:

Aijk . , _ km o
Wrpy = TLiLjEk + )’ijkLinDk + TUiDjDk +k,L;H, (7-1)

Horprio j ik RER TS S, L E; 73 5IRERE T SUQR) A
FLESHMATHRE, Q. U, Ml D; pRSwiAT ES, AT wp HESwH
AT down RS HAES . H, AAASHE IS up M5, Xt
IR T RFFR, FrA S X sl R FArR (RPV) AL,
P PR AT R A A AL BRI, B0 A WAL 4, = — A
BROASARHG 27 4~ F OB RIFE O ML AL T = A LR &4 A7,
A 2T SIS R AN, WMARHRGEE K A =DM S5 R FARFER
SUSY #i% (RPC) &) ZMWF5E, 1M RPV BALRRFFEAHNE D, {H RPV
BRI ] BEFFAE. RPC A LSP 2 ek 1, T7E RPV #&44r, LSP 2]
PARASH), HAfr (rsp) HMAHEIREZMS S LSP A RBXFR I K 71
JEE .

ARG S H T 2 higgsino Y] )?I_'— N )?g F }?? B PR AR I A 1 A3 1% Ar33
WA, AR AT Ass B Agss RN Ajsz Tl Ay BT DASECh il 1
(7=, X AL TR Z G | ABEARALE] (seesaw mechanism) [153, 154].
[G1HF S Ays3 F Agsy TR] DAL I AREREZE 1 SRS REA AR H (129, 1551 FHEEWR Y2
L [156, 1571, IbAh, RPV IR AAAE 528 LSP 248 M ARG 5 R3S
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(g ERSS | PRI H ATRBFSERT SUSY L7t Rd, 53 /MR Y higgsino
B stop R DAY JE H #&kM: (Naturalness) B3R [158].

AR 7 gp A, LSP WA KRR G728, M= A 3T RPC #4Y
(S ARTS . MR rsp AT 007 — 1) ns Z[A], LSP REAE 27 AR (LTS
(displaced vertex ), F-#RFEOIRLFAIBFIT [159] B H baf i Jpizd . sl &5
ARSI, NLSP WA 7] GE 2 37 2 5 A48 bR A Bk i 48 2 LSP. A
FES IR AT BT A 7.sp ~ O(1) ns 3 NLSP 57 Bl A8 (i H .

ATLAS & {EZLI A A Run2 $1a] 139 b1 #1452 #5055 4 higgsino f
RPC BiFI 1 RPV BIRIERHEFT T 5T, Hoh higgsino % RPV ZEAS (57 (14
BHECK AL Rk 11601, TS 7177 A Ay BFFE A wino-bino [
FiAL [62]. FTPAH B ATLAS FOF98 15 H B35 A i RPV B8, [AlR, R
ATLAS SEAH SRR RFEE Y o gp MR S0 BT THF9E, B RA B
t sp BARMBASL ZI AR RGO, BT AL SR SUSY WFEATI vl e frfe i 5 k. A
WFFT MR T 58 655/ di-t M ATFIUEE T (4L) 44T [62] BF5T 1 X iAo AT e
higgsino [¥) RPV BT HERRAE /. Di-t 4M TR S HBERIFIA g R 1 EMISS
, DA EX) o ep BRI BT B, T AL A Hr RS E K 2 DA%
-, FTOAXS rpgp BAK. LSP BB A8y I it e 2 E i iy o ASWIF 9 15 ) FH 3K 2643
Bkt higgsino JiT i FIAR A H AL 4133 Fl Agss A TRR

72 HREEHR
K T-LEZE AR SR R B
#7-1 S BRINBEE

Table 7-1 Summary of signal models.

PR FR Higgsino pair production

A Aiz3» Where i € {1,2}

A3 WA R BERAR }?li/)?g — qq(fv/ff);??

A3 Ao B }?li/)?g - qq(fv/ff);??, ;?? — CtvitTv
Aizs W EIRERCR 75— Crrltwlfvy and g — frvitov

] . m(7) =2 TeV
:H: 7 XS \”T o ~
oAb RRRL T R m@) =5 Tev
higgsino-like ;Z?
LSP Yy #il s 1 m(7) - m(7)) =025 GeV

m(7)) - m(7) = 0.5 GeV

ARGHTIIIE T Arzz T Asg BIE 5 BT SO FRAYIE O, (RN FTA HAt Y =
LEPERIUZEER RPV #8 A 19184 0. Higgsino i dr, 75 (79) H1 70 (s
HEERH025GeV (0.5GeV ), B/MFEZER I GHE 77 8 1) TS 7)
77 A — A B 1, W] B 22 R AFAE AT & higgsino BUTIS . &
X higgsino IR AETEAW S 7 KT, H2 T R T2 ABE R PSR 725
LSP ({578, MIMTsZ0 LSP (2483 3 Al A dir (LI 7-1) o FIEFIABFFIN
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BRI higgsino ik R 1 TeV | # BREPHE RN 2 TeV , DMFIEHAE S
NLSP 45 %5 LSP i sPAIZSH T, NAES 5% LSP 3848, HAth AAH ¢ i kL 145
WHEN 5 TeV NMTEREG. BEHE 43 (€ (1,2)) Hl higgsino FREAE 53 37 1
575 56 2 i T SPheno 4.0.2 [161, 162] 454 SARAH 4.12.0 [163] #1511
e 7-1)&7% T higgsino %Y LSP [{y%¢755% , 11T higsino %Y LSP 5 v Al v AR &%
ik, FrLA LSP Hul i Bj7ei) 7 748,

Pl 7-1 LSP jfiid RPV S 3k 5 1%l
Figure 7-1 LSP possible decay channels.

721 Apzz F Agzy RIFEE RELLIR

H1 T RPV TUAAAEA N & FE LSP YL, 3 250 Ay 382 ) e 32 ol
M, LA DA i A AR SUSY B TR S RPV IUATHE & R LA TER 1 .

XF A3z BRI EZEA TPy s E NS . IR A BAAE, RPV
WSS n] AT [164]:

W/l = Aijk[‘jL,iéR,keL,j + éL,je_R,kVL,i + éR,k\_/L,ieL,j - antisymmetry termS] (7-2)

WER A WAREIES, MAK A AR T v,. « 17 G, By,
ALY e oF 1 R E DAS AR R, AR AR [165]:

1

sm, ~ —2 — Mgygym? (7-3)
m-
T

Horp Mgysy HEXFRAENR, FTCABRMFATERRERE S, MONARYE & AR, &
IR T FIARERL AR 7% it tH 22 7 . 7E higgsino A58, AEEEAMA
i) SUSY ki1, fxEAY SUSY Ki1Je 7, FrPA 7 BB Mgygy. ABFSE
SR B R T i o B Rl 2022 AR R R BN E e S5 (KATRIN,
Karlsruhe Tritium Neutrino Experiment) Bl &E(E: 0.8 eV [166], % Ay33 )L
FRA -

m~
Aiee < 0.0014 : 7.4
133 < 100 GeV (7-4)

M2 T rr iR EREGR . 2999 0.2 MeV AR [167], FrbAv, JIl&5E
W TCTEARBERXT A3z WG PR, Apsz HOFA BRAIDR B 122 A GO I
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% IE T A S R, WY E SCANE
R, =T(z —» evi)/T'(z — pvv) (7-5)

PRMER GBS TR RM Sy 1.0282 [168], TAEAT Ayz Fl Agsy HIREE R EOT
PASEOM A RE® FIES M EA W2 [168]:

1+ e, |2
Rixp/REM _ | 13k|2 (7-6)
|1+ o3l
;H\:':F' Fijk H‘J%Xﬂ‘]
M2, |42
Fijk = —;V 112 (7-7)
g mf

ABFFER A M = {E K B PDG LG4 [167], HEIET —f% o 2= /R, =
(97.62 +0.28) X 1072, 1Ak, HTF m(v,) Xt A3z BIBRHIARSE, FTPA 4,33 TEIHE
AT PAZAIS , il % L AR AT IR, PTRASE] Axss 19 ERR
mz

A 0.047 .
233 < 100 GeV

(7-8)

7.2.2 Higgsino RS EZE

ABFFAL AR DI B R R0 higgsino BT A48 7075, BV 7T AT
I ZOR0, FE4 IR Ays I gz DEFT THEFE. ScBarp BB 7075 A 707 ik ity
LT OAZNE , PRI S B, L 20 70 R IR
B 1A R ATHE . BT LASR S O HER IRt — B, [l 7-20 7% T 401 R NLSP 4:7
TE7E % LSP ({4 SR i S S 8, 1 Il 7-308 % T AR T higgsino # H%E
i RPV iR es (2 @ e,y T a7 3k (0 T 367 IR T3l RUREAR, TEVEmbE
T H R, AT S5 B R B AR E A S DU AN T

Higgsino {5 5 B 100 GeV & 950 GeV , & 7-443 BIJER T AR &
BRI 20 . 7R FE A S SR A R . A 70 R 70 R
F HL#J° higgsino 267, FrPAMAT1HY RPV S84SR 4 3 He—8k. T 70 B sEA8 43 32
e B(P) — £ov)B(F) — tov) T 12, SR RIE T-1HAEAS B8 G 1 A 58
BEAHIE. P6 7-SKR T 75 it RPV Bigeds s @ A, (T 75 2% £ 0 0, %
A B(EE — BV/BGFE — Vo) BEET 1, i H. 7 355 v fl ov 14 K I
W 1, FTPARRZ 7F it RPV B4 X 1l B(FE - ow) @ BUFE —
tw) i B(Ff > trd)=1:1:2,

72.3  BHUEER

BEHFSE (5 BB REARIE B IR T ERIEE 5. 635, [ 7-6/8 % T
LSP Finkt 70 70 7B AT R, B RS R T I E BRI 650
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BTN FER) R TR R A 18R

(c) (d

7-2 Higgsino ¥R MM 2H, b 77 7) GxeBs 70, 7) MBine % SM ki 1.
Figure 7-2 Higgsino pair production channels, where NLSP decays to the LSP.

9o

(@)
e/l

T/v/v
T/v/Vv
T/v/v
T/v/v

i3 HAiz3

e/l
(c)

e/t

(GY)
Pl 7-3 Higgsino xEA8iliM P 52 Pl , I+ higgsino 2 P8 S br i BALR: 1.
Figure 7-3 Higgsino pair production channels, the NLSP decays to SM particles
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7-4 Higgsino [R5 2 LLRE A5 (i€ {1,2}) M2 i,
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Figure 7-4 The branching fractions of Higgsion as a function of 1., (i
(a-d) show 77, (e-h) show 77, and (e-h) show 7.

Clt

’ZN'R :< 1% \7L :<
X (a) Ve X (b) R
Bl 7-5 7, ik RPV W2l B, 7 by L8in i

Figure 7-5 7, possible decay channels, 7, is the conjugation.
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L, ME—1 X B2 baseline 7y, 1 %5 51| TAE 52K £ veryloose, MIMTE Ef iss
P EETHE T ELZ ML 1, PSR . WAL, FoEARERE DA —
4™ baseline Thad » 7% 53 di-r 43 HrX} signal Thad =il Pr BUR A ARS B B S
W, AR EEX R sem, BT DA i B Py B 5 S @ R e R di-T AT
—H, AJPAKIINTARES e Al p B, LSP Bk, B g,
T R R A AT B 0 S A SR T RO AR, X T mag MBS, 1
/ﬂ‘ggj’ﬂg%ﬁ T sp = I ns E‘Jﬁézlilﬁ/ﬂ Thad i&%%?ﬁﬁﬁ%ﬁé@#ﬁ? T Sp = 0.01 ns
E/‘Jﬁézlgﬁ/ﬂ Thad @Ii@%ﬂ: T sp = 0.0001 ns E"Jﬁézig, E%EH?K [ﬁjﬁézli Thad 451
AIAAN Thag B IAHNT KRG/ . DA 1-prong =y, FUIEILABY, G12R
W pr SE R AIREE S AL dy T 709 BT Ly S84E 11000 IBLTE
7rgp = 0.0001 ns fEEAH | LSP AR AT 1,9 FEEHTE logdy/[mm] € (-2,-1)
H.log L, /imm] € (0,1) X EErH. XFT 7 gp = 0.01 ns fyFEAHr, LSP 32745 H
(1) Thag NIE(EFSZ) ] logdy/[mm] € (-1,0) H. log L,,/[mm] € (0,2) iy X,
MR Hmit— PRI ZE v gp = 1 ns, IABE(ERFE)E] logdy/[mm] € (1,2) H
log L,,/Imm] € (1,3) By, A}, 74,9 BEEETE logdy/[mm] € (-2,0) H.
log L, ,/[mm] € (0,2) {yIXIHr, I HAFRATE log dy/[mm] > 0 5 log L,,/[mm] >
2SR ST, AR Theg Wi AR log dy/[mm] < -2 B} log L, ,/[mm] < 0,
BIRFCEAI N, (HNERENE . FrAT 7gp = 0.0001 ns FYFEARYL, H
i 2 S5 & 20— baseline 7,4, XFT 7.gp = 0.01 ns 5% 1 ns FEA, &
A Z/b—> baseline 7,,q FJFHILLHEBAR, TCHEXT 7 gp = 1 ns BIIHAL, JL
P FOIARTCIRW R BL R [, A% RS £ /0 — baseline 7,,g HYZEFE
Mg, BT RKGEIFOIN 1 BRERCRIER, A “SEF7 MBI T
EHABCRME R, FEKAEMRA S FHI 1,0 BEEHIE S, EPS
MIFEE LSP 1Y 75 A i<, X2 o LSP 3272 iy % 1~ JovA gl st ok
RPEBNE R T ERS TR0 meg HE R KSH T pr 5
EMSS [FREA, AT DAK T B AV R A el T AR, X2 Rl LSP # iy
AR, WEZRSWRER EE L, MRS YW pr s E MR T TR E
et d it E%“iss H R
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Figure 7-6 Distributions for the scenarios with the higgsino masses of 600 GeV and 4,,.
(a) lepton multiplicity, (b) 7,4 multiplicity, (c) EIT“iSS, and (d) mg.
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73 BB(ERR ATLAS 447

AR TP ATLAS SGAEHE KR, bz —2% 65 08
ARSHBETE (di-r 2047), H—A2ETaHr (4L 247) (621, XPAHT
B I AR ERC R LS, BB H] di-c AT E AT SRAEAR ST, BreA
AATRHR A4 AL 2381 REANA B1F [169] ORI BUX A~ 04 o X P~
Bras A A5 KGETH 2 IS R SRR bR B, (B X i 155 X E X
AES, AR TR A E .

731 HEFSH

PUEET-or BT oe iy SUSY i BRSNS, (1) Apy Fll Ay BB, Hor
LSP NEntiEar; (2) RPC F 5w #7447 (General Gauge Mediation,
GGM) FEHEMZIRT AT [170], HAd GGM AR —AN 38 it fli A 4o ] 18 13 510
JEAH A F R X R % i 22 SUSY by A bR B BN 2 - i #he .
AL ST R S KEOR 200U e p B 7, FFHHLEIR e+ p B9BCE . b-jet A
Ml—Xfi2 TR m e DA Z gt TN E s AR ES X, R7T2845T
A 13 ME5 XKE L.

AR 72 AL GBS Do SO B H bs .
Table 7-2 SR definition and physical motivation of 4L analysis.

KA New) Ny NO-taggedjets) ZBE@ TS bl L
=0 require 2 candidates EI* > 100 GeV  higgsino GGM
=0 require 2 candidates EI* > 200 GeV  higgsino GGM
>0 require 2 candidates E}“iss > 50 GeV Excess

410T >4 >0 >0 require 2 candidates E%“iss > 100 GeV Excess
=0 veto mg; > 600 GeV General
=0 veto my; > 1250 GeV RPV LLE12k
>1 veto my; > 1300 GeV RPV LLE12k
=0 veto mg; > 600 GeV General

3L1IT =3 >1 =0 veto mg > 1000 GeV  RPV LLEi33
>1 veto mg > 1300 GeV  RPV LLEi33
=0 veto mg; > 600 GeV General

22T =2 >2 =0 veto my; > 1000 GeV  RPV LLEi33
> 1 veto my; > 1100 GeV  RPV LLEi33

HAFIPYAME S KEXTE S 2 GGM B higgsino SN £, [A]I)
FRRAHL T T AT HHRAETE Z BT, FHHI EDS R IE A2 PAME 5 X DA
FEXIANE SUSY K 7-Jiig . HAPIAEIMNYES X2 T K577 Run-2 £
Py & PR T RERE S (17110 HARENR RPV AR H (55 K ZOR okl AR S H
EHMAET Z 90T, Hl T LSP AYTEAS S8 TRARAY EXS | BTDA mog BT
R4y IEAZ B M5 5 R PAEF XA R G SUSY KL Fife. HF I A ml st 25 18 T 5 0
HL S AR EAE A2 SUSY KRy, FIrA b veto I TARICR B & 37487 R/
b-jets. FRZAE RPV BRI, 24 m(7)) 4bF 400 GeV & 700 GeV  [a]if, 4L 4y
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BB T B AR T 980 GeV 11 75 70 WL T Hxd Lt it . BRI AT I 7570
il 70 Tk 2 ARG, & SEAR TR mo AT, FTLAREZAE ARG

74 RFRESH

ASBIFSE i T Y AR AL & 58 B R AR A IR R G ik 22, A AR
HBUMEE TR SRS RZE. BT di-c Ml 4L AT RN AL 109 »
FIE) 28 R Thag FEEFIEE SRS , SR 2 73 A BRI Thoa EATOOAL, TIAS
SCWFFEIIAE S LSP n] PA6AT— Bl B o P A I P R RS OL T o HI T BRI
AL Thag FIREAL Thag MVEEFIEE SR REA R, B AASCEIEXTH Z - o7 572
PR BEI ALY Thaq FH RPV {557 LIRS AL Thag ISR ET XS FENL 7100q HIFR
Firzz. mA, FIMARRREME ATLAS SEAMERR KR IRE . BT tha
T R G IR ZE IS RIS .

74.1 BAL 7y, EZEMERRE

SR Thag T HTYZE TR Thag 1Y pr B AR BIEIE S8 d v Tpaq BT
ALy, il prong ¥, 10 pr Fl n X EEFCR S MIEIEALT do X E SR
o, T AR %R dy. Ly, F prong &4 43 bin. F B FEAESHEAN) 73
AT AR P ARG AR R ar S B EOR, AR A HAE Z — o7 FER
HHEMFAR N 0% H2 DWW SHEARNGETHRZEMT 50% 1) bin Hrit 55 &
Biinzs, B Z - ot FEAREEECRRGE SHEARCRPFIIEE L
H AP E SRR FISE R B/ N B WA 3], AR R 22 0 A2
HI bin M RGIRZE. W T-T55R TESFYME. Z - oo IWEBEYCEMRGE
IRCERZER, F4% 1-prong Fll 3-prong z,,q 353 FTLAK I 79 HY BRI U6
{HAE logo(dy/[mm]) € [-2, —1]. logm(ny/[mm]) € [0,2] BRI N, 4o RFERAHY
1-prong 7,,q FRERZEHIAE 5% VAN, 3-prong zy,,q WK 20% . MR 7, AL T H K
A RCR2E R bin Py, I B ER BT bin URICR2ZE I iR 2E

742 AL 10q A RHIRRIRE

T di-r 287 69 asymmetric di-z Fll di-z + ED fil % g8 24T Xt RN 75728
() Thag EATHEAL , FTPARE ZEHFFEIXPIAS di-7 fill R A AE WIS AR 1 70 A Thaq
FZERIEN ARG RE . AHFEARN Z - oo W BEFIE SRR, AT
W B ITRIRZE, AR ZE S E I B AS BN TR theg WK pro, KT
Fdi-r+ EPSS it G20 H T EMS VR ASH. 18 asymmetric di- fill % 2%
H, Z — o JRRFE SRR R 1 A Thag PR pr HZZ B 53 A P
R IEN 6% Fidi, fEH asymmetric di-t R 2HIOAIIMRIE . 7E di-r + EP'S
fil % 25, 24 EMS 55T 130 GeV I, 2R HUBE S pr IO EL EXSS (315 th
TN, BN 12% o4, WAEBE S di-c + EFSS fil 3008 MR 2
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ATLAS Simulation Internal
1-Prong; Text represents Thag Eff. = Unc.
T

~ 3
:‘?:‘ Signal average
g 2
o
1 L
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_qL
-25 ) ‘

0
10910 (do)

(a)

-Prong; Text represents Thaq Eff. + Unc.
T

Z- tT sample

IOQIO (ny)

ATLAS Simulation Internal
3-Prong; Text represents Thag Eff. + Unc.
T

3
Signal average
2 L
1 L
0 L
—1F
26 "’y 2 0

10910 (do)

(b)

3-Prong; Text represents Thag Eff. £ Unc.
T

Z- tT sample

IOglO(ny)
IOQIO(ny)

0.40 0.51
+ =
0.07 0.03

0.44 0.42 0.43
+

+* k4 +*
0.03 0.01 0.01

0.23 0.21 0.20
+ + =
0.03 0.01 0.00

0.33 0.18
0.03
0 0
10g10(do) l0g10(do)
© (d
3 1-Prong; Text represents distinction on Thag Eff. + Unc. 3 3-Prong; Text represents distinction on Thaq Eff. = Unc.
3 3
3 3
o 2f & 2F
o o
1r 1r
OF or
-1r -1r
25 0 : 26 2z ) 0
l0g10(do) log10(do)
(e ®

IE' 7-7 Thad E@*ﬂ%%ﬂﬁgo

(a). (b) 4Bk H{& 2 1-prong. 3-prong 7, HUMACTHIZE, (c). (d) 4 HIhKH

Z — vt iR 1-prong. 3-prong 7,4 K, (e). (f) 4334 1-prong., 3-prong 7,4 Y
G559 Z - o AR
Figure 7-7 The Reco+Medium-ID efficiency.

(a) 1-prong 7,4 in signal samples, (b) 3-prong 7;,, in signal samples, (c) 1-prong 7,4 in Z = 77
samples, and (d) 3-prong 7,4, in Z — 77 samples, where the efficiency of the signal samples
is the weighted mean. Figure (e) and (f) shows the efficiency difference between Z — =7 and
signal samples of 1-prong and 3-prong 7,4 separately.
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743 (ESHHEIRIRE

5 di- 1 4L S35y, (o e iR 2= Hlm 2 A #a 1% 2E . PDF 132,
UR»> Hp TRZ= . Matching and Merging Schema 1222 fIHI &/ K SRS R 2 . H#
TRZEM A T ATLAS SEAMERRE, HAB 2R B EAE N B R
Hr A A [ -

o PDF #2=: XIT di-r M B g BEny PDF 2, AWF50RH T Wh
IHr—3H3%8E 100 > NNPDF /1 (PDF260000-PDF260100) /) LHE AU B
SRR P 2R R ITE IR ZE, ARG5S HHAE 10% A .
T AL 3t TAERBR G, Jok BB T8 PDF XHEZ B Ry s, FrPARH T 10%
P ERSF AL

® Ugp, U PRZE. Matching and Merging Schema 7 22 ) &/ R S48 iR 22 -
X di-z A AT EFTRRE, AR T truth-level #7347 BT FEAFIR ZE A
MIZIWERIREE, A RIS RIEEATE 20% DA 4L 3B 2 2055 X
A TGS AR R E, Ao rEER AT ESE, KERHE S KR
ZeHRTE 20% DA [62].

75 SEWER

ABFF pyhf [147, 1481 F1-H 64758 HHARE . FIH di-o AMHTRI 4L 4347, A
WFIT IR AAE 95% BHAZBE %) higgsino SO A S AREA T THER: . P 7-84) il J 7
TROZ . POE A AT AR Ayas K Agys M AIERAHER IR, HER I SHCH
higgsino MM AT . B LM ELNHIRRT rsp ML B 7 — 70
YL, I MR G X AR & ERROR B m(v,) FI R, B S20 . S A
FERARIS, di-c A HTROHERRE S i T AL 2007, 2 ) AL A3 AR . 4L 4 Mtk
AR T HUR R R 22 (1) BT EHRCRNE o sp 171 I R,
MITTFEAR AL {55 X E B s (2) Higgsino BRI 2 R S B H
PR 8&RAL, 1M di-v 208 HEESRIAS thag ITPATE 7.gp BRBHZIE R 5
(HRAE 77 7] idFed, B — 7)) Wi, AL AT di-c /0 MR, X E e
Al 7E it RPV g As I MR 7k =AM 1, T dier A0 5 XE SO
) migum HFERT pr BEFIKEN tha » H EP™ BEE ARSI E R
MFAR. M 7577 (FS MRS AR LK% AEEECRR N, di-r 0 B3
PSS TR W

2 71 gp = 0.01 ns B}, higgsino i & HEFRFRALT 200 GeV 2 600 GeV 2 [i]., 4
7 gp = 0.001 ns 5}, higgsino T EAKT 800 GeV 1 Ik @k HERR .  4n SR HE Ao i o
25, higgsino T FHEGBR S LT Z 900 GeV . 453 KT 107 5% 7;.gp > 0.01 ns
iF, di-z Fll AL A M7 TE S B G R .

TERE di-z AMHTHER 50, SR-CIN20S-HM {52 [X [ {5-5 R B , 31X
24 higgsino F7E 7= A [ boosted zyaq FIFFH T 1T VAR B KB mpgum I ETISS

116



87 E B THEONTER) R TR R R

DAY AR5 X S

B AL M HER R SHBIRE S REUE IS N 2, AR SRR B
AR REESIX: (1) T 7079 i, 2L2T H mg > 600 GeV K= X
R, R 2070 S e HIRTTE A, FRDART e p BORESR
BARHE S KM RBIEE R . (2) WF 2075 A8, 202T H my > 600 GeV 5
Mmepe > 1000 GeV M55 X REEmm, Hi2XT higgsino FifTE 200 GeV /=
FEE AL, 4L0T Bk ENS > 100 GeV H.E M AMER Z 3 0 Tk
fE S X AGUEE . TR, BT 7 BN SR TRSHNS LR
50%, FTVA 77 MREAS IR L 70 WO AR A A R I mepe, FTDAN meg 3%
SRS (5 5 X T DAXY higgsino 5B 5 O REAS A B DU s ) R . 0
Fla—FiER, 4 higgsino JTRAARK, mee HEMAK, HASHETHEEA
50% FIRRZKFNFAS, HE MR TR pr BRE KSR TA S kR
DATGE T T Y X SRR Z B TR T (3) W 7577 idfE, 3LIT H
megp > 600 GeV ({55 X HEBR B S50k, X T BN 77 MFEA8 n] A= HE M X
HE IR TRE D 00 o BAN, 777 SRR AR S S A B AR T
FRRSRITITAR T 70 75 1%, DA 4L0T {55 IXAE(% higgsino Fi X ({75 R ik
ES AL EER
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RPC-RPV: - Z ¥(~ ewit )/ X ~ ew / tv  Higgsino-ike X', X, RPCRPV: X Z (- uv/tww) 1 — v / 1uv, Higgsino-iike X, X
T
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< 2400¢ it s e i o 24007 e e — vy
$ 2200 - - - Expected - 8 2200 - - - Expected -
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1200F- 12005 o o ofF FELS i 4
1000~ g8 1000 ¢ O S FEE ix
800F- 800F- N QRN s iz
600 ~. 600F w0 22 4
400F- 400F- N £:
200 | 200 0 T e mmgfi‘ﬁ
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© (d

RPCRPV: i - W {(~ etv/tty )/ ¥ ert/eww /vy, Higgsino-like 1€, ¥ RPC-RPV: X = W' X(— prvitv) 1 i~ pre / pow 7 wv, Higgsino-like ¥, X
< 2400f R bR L 2 T, S 2400 e ot -
8 2200 - - - Expected 8 2200 - - - Expected -
= F Vs=13TeV, 139 fb™ —— Observed = F Vs=13TeV, 139 fb™ —— Observed 3
&3 2000t ™ Dit Combined 95% CL limits &3 2000t ™ Dit Combined 95% CL limits =
~  1800F — 4L Combined 1800 — 4L Combined =
bl 1600 ;);fproduction %H 1600 ., X, production . “'?ef 5 & 3 E
E 1400F- £ 1400F £ EE £ & %: 3
1200F 1200F o o oF SESS L
1000F- g8 10008 & 0 IE EEEE s 3
8005 s HE
600F- . 6001 . 2 4
400~ 400~ . §& -
200F- ‘ 2005 L >3
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(e) ®

Pl 7-8 Higgsino SRARHERRER .

il (ab) Sy 70y PR B (e-d) S g 77 PRI B (ef) S g AT PR, I
B (). (c) 1 (e) A A MA, B (b). (d) F1(F) K Ay WA TUHHERRFR K
REZR, WLIHEERBR L, KO X IR m(v,) F1 R, A& 52

Figure 7-8 Exclusion limits for the higgsino model.

(a-b) 7 75 production, (c-d) 7 7 production, and (e-f) 7F 7 production as a function of 4,3; and
higgsino mass. Among them, (a), (c), and (e) correspond to 4,55, while (b), (d), and (f) corre-
spond to 4,5;. Expected limits are shown with dashed lines, and observed as solid. The grey
region is forbidden by constraints from m(v,) and R, measurement.
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7.6 REING

ASCEEAIFR T R FHRIRIHE & RN A133 A1 Axzs X Higgsino 75 i l43
XSG, X 42 ATLAS ERWFE MR, RIS SCE T H BT Ass A
Aoy MG REIIE B, TERGIRZES T, AR SCFEHMUTI T 0L 1) H
STNFIAE K A 2R R IRZE , X2 ATLAS B YO HH R IRZEHA TG . AR5
TE 95% EAG N 45 T s & &5 1Y Higgsino YA A A7 diy T BT HERRIR , 245
G RBEEK, Higgsino FEAE 2 FRUERIAUN 114 37 lL BRI, Higgsino JiT &AL T
800 GeV [ XIgHERR, [RIBS M 6] TSR fE 5 KRR 1 B A — & A an i)
BARUTA BE L.
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5 8 7 MER R/ N FRARMERAY Y 1R

B8E HRR/NEMIRERENZE

8.1 WFRZH

f& LHC 1) Runl 1 Run2 By B, ATLAS F1 CMS =255 53 5i%F SUSY #5817
TUNE T, AR R B WA AR B R G, AT R ) S 4
PEAT TSI 23R . (IR R RIEL Y B i S 8O A N, TR E T e )
MSSM ZHFHZ3 (8], T LASEBR I HERR BE 1 S5 A2 BB A 2500 . 56 2.2.277
AEARIH, MSSM S50 25 (8] B Hh BEAR =7, X MSSM AR 2 40k A T HE I
RRTTBERY, {H pMSSM-19 BT K MSSM A3 fk. 3 19 4~ 24, FibA
X pMSSM-19 7 JEF 7R il S AT AEAY . X pMSSM-19 BT fity 24 AL AT PAKG 25
ATLAS SZI6 5 9 ELSE R SUSY BRI A SHERR L, B4 AR SUSY T4k
BEESHE L.

1E Runl BrBf, ATLAS S2I8sdad7E 19 4EAH 23] H 30,0000 4~ pMSSM 17 |
Xf SUSY 4R SLI dHiaRE [172], CMS LIt fii f 7 45 DLt Brge 1T v Ae =5
() AT BRI B0 R [173), 45 /R Squark F1 Gluino A1) J5T 5 4 4 5k 1Y)
2. 7E Run2 BB, 0% Runl By BEZU S 5  HL S B XS BRI T-, ATLAS SC5
e TR 2 [ HEAT T A RE, 45 SR KT R R A L 5 R X ARORL T A HE
FRBE SR A BR [174]. A<3CHH FH ATLAS SZ55G Run2 H[A]X] HL 55 10 R a5 it F =
A4z SUSY fi7-F LI L5 R, X pMSSM BT . AT Runl [HHFSE,
A RBFFER ) Run2 B B2 40 TFE MC FEABLLL, W3t s . HRIES e
HHEHARTE, HFH Run2 (FLCRERET R . BUOREEL. A, ARRIFIEF
T ATLAS S1EHTT KA. SiMPLEANALYSIS HEZE [175]. workspace [ fif
17 [176]. RECAST [177, 178] }% REANA [169] T BHESL,

AL G XT LSP 2y Bino B 7)) FASAY , sCH AR IS ) R ik A 25 (Reelic
density) %5, LSP {EHEY B T3t 7T DAY ARSI IIIE : QA% = 0.12 (5], B
PRI TR,

8.2 4rAIREg

RATREN BT TR, L EPAFHERL . BUFEA . pMSSM KL 2
B . SRR SEIR 2R EE A

8.2.1 ERMAEZRFNEEERIMLIAILIR

ARICK) pMSSM 253075 [ 1 HURE SR S 7 [ B 1) 2 5003 [) i 33 ST IR
&1 8- 1R 1 HIBTHUREAS 219 pMSSM BRI AR i) T AR AR -
pMSSM KL B S 2> il JLANRR e TSR A B g 4 Pl i
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Model generation

MiIcROMEGASs 5.2.1

SPHENO 4.0.58

Superlso 4.0

SPHENO 4.0.58
(fixed m(Higgs))
FeynHicas 2.19.1

FeynHigas 2.18.0

m(h)&
LEP

limit&
Qh?

Calculate
cross sections
with ProspINO

) LSP &
Successful

generation?

{m(¥7) < 1200 GeV
and I(¥f, £9) > 0 and
ogw > 0.07 fb } or {
m(g/g) < 2.5 TeV and

oQCcD > 0.0001 fb }

Yes
Truth-level evaluation

Simuate events
at truth-level

SIMPLEANALYSIS

‘ Use truth-level results ‘

Patch signal yields
into preserved
likelihoods & calculate
CL; with PYHF

0.001 < CLE®-bt < (1

Detector-level evaluation

ATLFASTII simulation RECAST

8-1 pMSSM WF5E LAERIRE, MEBOMIRRE 2 AR BERLE A RHERR -
Figure 8-1 Workflow for the pMSSM scan, starting from sampling the pMSSM parameter
space and ending at the determination of whether each model is excluded or not.
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e SPHENO 4.0.5 [179, 180] JH T4 SUSY K1 BT ik fl A8 4 3, ic
<8 SLHA S04 [181].

e FEYNHIGGS 2.18.0/2.19.1 [182-189] : 2.18.0 i A F T8 MSSM #izlrh
AT (Higgs sector) AHCIIYAL S, AN SM ARl SUSY Hr i kg ks 1
) Jo1 8 A 5 A8 43 S b . FEYNHIGGS 15 3] i i 5 Fl 43 5 He o T8 2 SLHA S
HIA KA, %83 higgs sector iZZ k2 5200 SUSY KL B & A4 L L,
FrPAZ i 1B ek ) SLHA S FRUE i SPHENO FFATHEHT. 2.19.1 A H T 5
MSSM Ht W 3 {8 119 i it

e MICROMEGAS 5.2.1 [190, 191] FI-T-i1% QA2 . LSP {4 Jibr 78 K
HEE S5 AT LSP /£ WIMP % T- (Weakly interacting massive particle) 5%
T-H B iEfH (Spin dependent, SD) A1 HJEJC % (Spinindependent, SI) HU L
T TS0 O B 40 S SR A AR A B3 T WIMP ) QA = 0.12, % &%) LSP
fEk WIMP L1 Qnh® ATRERAAR, FTRA WIMP-% -1 I 1 T EE 45 S %
RZE Qh% 0.12 %,

e SUPERISO 4.0 [192] HIT1155 MSSM 24 rhiR My #R S K153 3

MR — MR EIE AT FIRME—AR ) i B A, BR824 i Y A
B, XA RS S SUSY Bri i A R BHEZORT RN . S, Mk ik
i Bino Y (Bino JEATHLBIR T 50%) 77 14 LSP AUBIAY, I SR 5
Arkg T I 0 1 A R AE SM A kg g oo 1 g B i m(h) € [120,130] GeV.
AR B AR E RO, FEEHT & RERRKH, 71 b X m(h) A5
MR E R IR ZE T RE R T 3 GeV [193]. 04N, BFRC S A XHEAL L
B HERR AR AR B2, A SCOR A LEP SEER N DO SE¥n i) 45 R T iidEfR . 78
EWKino (Electroweakino) JrTij, WIREEZER Am(F;, ;??) >3 GeV, N2
m(77) < 103 GeV [P R IR, QUREEZER/NT 3 GeV , WRE: 77 Fik
fliT 91.9 GeV IBAL, ¥ g J7i, DO L5 R H AL E cMSSM [194, 195],
pMSSM-19 BIRI ) SEAH S I & T cMSSM BB AH S [|], QiR A DO
(PSB4G5 R T BE 2 R RS, A EERSFAEER & TR (LT 100 GeV iyt
A,

BT ATLAS SZukt pMSSM AU 253, A SR T 9F ATLAS S22
W, HA RSB Wk 61 i 5 AR B R T RS0 pMSSM BB 1) 25 . 5K 8-
LEGE T RN ARMTEHE . WYBTS E T =40 LW E R B(b — sy).
B(B; — uu) Fl B(BY — zv), SLEGZ5545) 51k A PDG 145l A [167] Rl
() LHCb SCEGZE R [196], 5 BT 20 MIRZETEH . IR E (Electroweak
Precision observables, EWPO) 5T /> M [E T p 280 Z 35 (6 15748 2N A8k,
THYFEE (T (2)) FI W 36T (m(W))e p BRI TE SR p = mi Iy cos® Oy
] I, SM AEAULER RIRE RE T p o 1, SUSY b #20] DAGE o B8] I sk B X N &
p IZTHOR T GRITTER EAEHRYEER [197]. Ty, (Z2) R T SLC 1 LEP 525 )
453 [198]. m(W) SR H T PDG B4 mfth &, #UE I A% 1 CDF SLIR i 4551 [199],
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[N} CDF SER 4525 HA LI i 4 R 22K . BEAh, i T i3 MSSM A

Y m(W) BB TRZZRK, Bred m(W) FIAHGEE R 1518 20 i225h, B85

PRET 6 MeV BT MYEH . WY U E RN S STA SD R LS HIR A T H

HI 2R iR ) LZ A 1E4L [200] A1 PICO-60 5555 [201] Y5 .

% 8-1 Al ATLAS 934§ pMSSM BURBEILZIA, 51 DK Ik Bisy 1k sk
A B IR L B e -

Table 8-1 Constraints from non-ATLAS experiments. They are electroweak precision mea-
surements, flavour physics observables and direct-detection DM searches.

p i) R il TR ol R
Flavour ~ B(b — sy) 3.11x107%  387x10™ 2022 PDG average (26 window) [167]
B(By - up) 1.87x10™°  431x10™°  Most recent LHCb result (2c window) [196]
B(B* = 1v) 6.10x 1073 1.57 x 1074 2022 PDG average (20 window) [167]
EWPO ép —0.0004 0.0018 Updated global electroweak fit by GFITTER group [197]

(not including CDF W -mass measurement [199])

I'w(2) — 2 MeV Beyond-the-Standard Model contributions to precision electroweak measurements
on the Z-resonance from experiments at the SLC and LEP colliders [198].

m(W )(extended) 80.347 GeV 80.407 GeV 2022 PDG result (excluding CDF W mass measurement [199]) [167]
but with the 20 window expanded by 6 MeV to allow for uncertainty due

to the top-quark mass in the MSSM Higgs calculation [202]

DM Relic density - 0.12 Latest bound from Planck [5]
Direct detection og; Exclusion contour on direct detection of DM from the LZ collaboration [200]
Direct detection ogp Exclusion contour on direct detection of DM from PICO-60 [201]

XT38 3 TR e Y pMSSM BEAL A RE Al ] ProspiNo B4 S ALAE
LHC FR#KTH , FERENIRSr . #Tk, pMSSM AALRER: PR A T3 T 55
AR TR e, T 5CRE—&R 5 SUSY R+t &4 i ML B AR e S AR B HE R o At
A, BARKRME R R m(F) > 1.2 TeV, WIHEGHEH =4 SUSY K111
IR FRIC AR, QR m(g) 1 m(9) ¥ T 2.5 TeV, NEEfEH ™
Az SUSY KL H i AR T N AR HERR . BEAh, AR A& B K E R
W 75 7). g g, MR A R AT T A R R . WK A
imm% SRR AT KRR K AL T4k 555, Bl ATLAS SC6

ot fe/ N B R I S A L K A ik T [149].

pMSSM #1155 REA ) MC P24 & MADGRAPHS_AMC@NLO2.9.5, PS
FEHE R PyTHIA 8.306, FRIENHHLANE] , — MESHEAT] REXT B AR I 5541,
—HR & T Geantd 5 AF-II {3 FUBNL, X PPRITE BT TR AS R, T RA
HAE DG SEEAR M T Bl o5 — MR TR 2 mrE e, @il
i} StMPLEANALYSIS HEZR [175], S E0 4k #0075 ) 17 b 50t 1 281 A S0k - +h
Bl B AROR 5% (Smearing) . 4 T 3iiiE SIMPLEANALYSIS [ A3 ZIK/ ¥
BTkt T30 555w TR el ™= A B BRER I Z8 B4 Smear BIYL, FHAEAR AR
PIES DX LS BIER ZE 00, e A RSB R ZE G T 20%.

233 T WA PR R AL BUTE S UE S HEAR B, A PyHF HE
21 [147, 148], FIH] HepData [176] i f7-f) workspace, %} pMSSM #5547 HE
W o AR —MRELAE B 43 B b e I T EEECMW&ﬂﬂmmﬂMIZE,
M2 34T AF-TLA448, 3:{# i} RECAST [177, 178] #il REANA [169] E 28 147 5¢
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B DMIE I FZ Clsgy (KT 0.05 (15 95% MEERET) RIBAI P ATLAS
FIRHERR .

822 (EEEEISHMEEE

% 8-2J€ /5 T 41X Bino #Y LSP /) pMSSM iU S B4R TuE, AT ICH
Bino-DM . A T2 Bino 7 LSP [JHFERCH, Bino JiESEL M, #iXE N
160 % 2 TeV Z[H], Wino ()5 824 M, 1 Higgsino H)Jit 5240 p 1434 FIR
H 5 TeV . FJEF| ATLAS SL5%f § F1 ¢ HERRBE IR, FrPA & TS 8 M;
FZe. HF GRS E my .« mgq W ERISHEER S TeV . HEF g 5§ 7]
PAZE I iR 7S EWKino J487=4E 2, FTALL. BT £ WIRRSH my . ms 194
BRULEE 5 TeV . FE Higgs sector AT, —Ze kAR & 5 B0 I HE TS N A
BT 8 TeV , EAREAIEINE AT A WRESHIE N 5 TeV , HEHHEE
Fef9l tan pom AT 1 22 60 2 [H].

4% 8-2 pMSSM ERUBUFER S5 i .
Table 8-2 Parameter ranges that are randomly sampled for the pMSSM scan.

BRSH  FRTR PR ER ER

mp, (=mg,) 0TeV — 5TeV  ZFEE—. U slepton itk

m, (=mg) 0TeV 5 TeV HFHE—. AL slepton it

mp, 0TeV 5TeV ETF stau i

Mg, 0TeV 5TeV £ F stau Jfi g

mg, (=mg,) 0TeV  5TeV  ZEFH—. —R squark fi

mg (=mg) 0TeV 5TeV HFE—. ZAC up B squark fFir
mg (=mgz) 0TeV 5 TeV HFHE—. —AC down B squark Jii &
mg, 0TeV ~ 5TeV  ZEFH=A squark JiiH

Mg, 0TeV 5 TeV FHFE=AC up Y squark Jli &

mg, 0TeV 5TeV FHFE=A down B squark Jii &
M, -2 TeV 2 TeV Bino G E S5

M, -5TeV 5TeV Wino JFEZS%(

u -5 TeV 5TeV I Higgs i S4L

M, 0 TeV 5TeV Gluino JE&=Z4L

A, 8TeV ~ 8TeV  Top —ZM:AHAHREIE

A, -8 TeV 8 TeV Bottom = £k {48 A 0m

A, 8TeV  8TeV  Tau =& -AE4 W

M, 0TeV 5TeV J&EbR = Higgs iS4

tan g 1 60 Higgs ELZ5 A

%< 8-3/&/~ T Bino-DM 4 1Y 2t 44 20 BRIV i 15 )5 AR 5 s & . Bino-
DM I TERI I B ST BURE T 800 5 M5 i, &4 A& MSSM Rz sk |
LSP % 7 H. Bino {RA ST 50% ML 10% Aot . AR FIRCRAE SLH6 T
Wz, RN SRR BRI D T HAB IR 1 I 25 (bias) , (HRCRA L
K. 7E 82 AR, B2 IR QA S BUA R =T M, X
524 Bino AU LSP FIH:Ath SUSY 1A K p A A BAK, XF T Bino IR &1L
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Bl E ) LSP, NG 7E LSP 53T Z. h 956 TS —2Rt, —%F LSP A fE
Wit Z/h B FEAE SM BT (Z/h-funnel) , MIPEAE QA . W12 LSP iy Fi &
BT Z. h P T RR, A LSP (TR G A/H 3% (0 TR i —2F I 8¢ Bino
(VR A L% . Wino/Higgsino HIRE LRI, LSP A4 BEW & Qh? £f, IS
i) LSP AT DA B 548 2 A/H K- (A/H-funnel) 5035 NLSP B4 w8
1% QA% .

TEEIL m(h) WRIG, RA YW T AR, X B AR 1
5 BURE B T X higgs BB ST K. BT M, WRESHERA 5 TeV
R PARFB AT A, m(A) STt T m(Z), BLIE 8 RS B R 7 %) higgs (145 5t
Bk AT DA TR A [203]:

m(h)z — m(h)Z,tree + Am(h)z,l—loop (8-1)
Horb L8| [ Tk oy [203]:
Ao = 302 Ms | XP L XP (8-2)
An? V2 mn? ML 12M;

Ht X, = A, — pcot p N TIRGBHE, Mg =/m@) - m@) K SUSY fghs. TILA
B ERE T 1X/Mg| ~ V6 ih, T X mh) B E TR, (A5 HT
PMSSM 2 P ek B R HIR A SRR T 1, S8 m(h) ARG . FFA
B2 m(h) (O LIRREIR T 20 1/3 (ORI 383 m(h) 2k (TR A A4 BT 45 22
ORI, A

TEGI A AR R AR, 29 LTAMEEE AR, S R4k B(b —
sy) R, XD tan fEGEIRE L FRECE , tan p%F B(b — sy) YRR [204]
B2 LU AR T DS o500 T B S IR A 230, HLrh SRR 2 oo

8.2.3 BRE{ERR ATLAS 4

AR T ATLAS SEH X B FRRL T-5-HR 45 RIS H AR R 7
I BT RIS . 3 84855 T ATLAS LI, Jih s — b 34k
HL 55 A AR AR AR T, 45 A T R SR A P AR R RORL T, ]
(IR R R AR S T4, IFRi% EWKino 4l gaugino iR 4,
DA SUSY A7 745875 43 32 HUAN gaugino T i078 (LA IR S M 60 S 3k . i
4h, XIT “Disappearing Track” 437, FHT5¢ % 15 B 75 00 FRS B Freres O F )
PR, FTDAAS TR ZOR I 7 R TR AR . TR A R A T
S B P P T 75 I A WP . 7E Higes SCBb T, S — 2Rk ) h 3%
8B B AL T4 3L, AT E M Bth > w) + B(h > 7070
BA/INT 0.107 [205] BEFTLIH . 45 A2 ok Ay 00T B 7 A S0 0 1 o B
R 480 GeV Tt R [206] FZIHE. f5t 5 200K 19 TR REA RS T B (0 T3 4%
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4 8-3 pMSSM BRIURER S HE ISR i A il e £ 55 P11 Bl
Table 8-3 Set-ups for the pMSSM scan performed and the number of models passing each
step and constraint.

’ Hii s ‘ Bino-DM ‘
| M, | range 0-2 TeV
LSP type Bino-like ;Z?
R e
Sampled 8,000,000
Successful generation 1,354,670
Bino-like LSP type 824,891
Satisfy DM relic density constraint Q% < 0.12 32,846
b e SRAHEAEN RIS EAE
Pass pre-filter 30,971 18,808
Successful particle-level evaluation 30,954 18,789
R
Satisfy LEP and DO constraint 31,908
120 GeV < m(h) < 130 GeV 19,249
Satisfy non-DM external constraints 8,937
Satisfy all external constraints 4,412

B oo AGSHIBOE, A AR A SusHr 207 HEZEHT B TR A (ggH) M b £ 5
% (bbH ) TR MEAARIOR T A B0, 5 AR o0 RS I,
A 3 U B RN 23 52 L AR B U 75 A FHRRRFR I [208] HEATZR

4 8-4 pMSSM 434 R i) ATLAS 925553 Bt
Table 8-4 List of ATLAS analyses considered in this analysis.

iR IR

FullHad [209]

H 5 SUSY fajfbfsizy

Wino 7 7Y via WZ, Wino 77 via Wh, Wino 7 7, via
WW, Higgsino GGM

1Lbb [210] Wino 770 via Wh

21L0J [211] Wino 7" 7 via WW, slepton pairs

2127 [212] Wino 777 via WZ, Higgsino GGM

3L [213] Wino 7 7Y via WZ, Wino 770 via Wh, Higgsino 7779 7,
Higgsino GGM

4L [214] Higgsino GGM

Compressed [215]
Disappearing Track [150]

Wino 779 via WZ, Higgsino 77 79

Wino 7 7 and 7 77

Strong 1L [216] §8/4q via i

Strong 21.2J [212]
Strong SS/3L [217]
Strong MultiJets [218]
Strong OL [219]

£8/Gq via 73, g via 7\ then

g via " then g7, gg viafin Af,,, #/b via 7)/ 77
g via " then 77, g3 to 7! directly, gg vis 7 in A},
BDT, Discovery, and Multibin analyses

£8/Gq via 7F, §8/3g/gq to ) directly

B(h — inv) measurement [205]
m(A) measurement [206]
4., MEasurement [208]
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83 SR

ARG AR, R I, T30S B A B “ATLAS Run2 searches”
ZFR A B 4E SUSY F1 Higgs ifF98 25, “ATLAS SUSY (Higgs ) searches” M| 3&
NHFEER H ATLAS SUSY (Higgs) WX SLE 203 . “EWK (Strong) Prod.” 3
A BRI R 55 RE (AR ) 774 SUSY ki, “Strong+EWK Prod.” 3
NMIX B 7= A i RS 2 1 CLs P i 4r ) (CLs % /MP)) . “all non-DM
constraints” /R Rk TG P 5T BRI SEI6 Y 29K DAAMY BB JE ATLAS 52
FRZy, “all constraints” KR A IE ATLAS SLIRAY 20 . AR R
ATLAS S5 FIE ATLAS 5255 %) pMSSM #5181 SUSY R4 i 5 Al 78 43 3¢
FERI 2SR, BTl PR, SEE 2 mo%t pMSSM-19 S8 FRHIAE I 5% R, XF
SUSY i+ Jiv & —4E 51 i HERR e I 7ERT % =@/, B ATLAS [ SUSY #5984k
[ SEER A% pMSSM B [ B il (1) A0 AR AE PR 53 DU P o

8.3.1 LSPREMNAR

&l 8-2) Jll i 1AL LSP it o i S W HEER I LU B, 141 8-2(a) J/R T R
AWBRAE A ATLAS SEBG 290 5 i 7011, Hor i 8 i 2 o ATLAS
1) Higgs BFFEH RIS P 8-2(b) Jan T AR e ad JlE ATLAS SER 2R 5
)31 253 {E ATLAS SEB 2005 H1 ATLAS | Higgs BFFT20R ., Zad I ATLAS
YL R A ATLAS SEER ARSI 0. AT LA £l ATLAS SEE%} LSP (i)
R F AR PAEARTOR XA, LSP BRI T 100 GeV HFE L4 ATLAS L5
HER:, 90% DA Ef% LSP KT 500 GeV iz th g ATLAS SZEGHER: . fn[R]
25 AR ATLAS SEER 205, WIBTERT 550 GeV 1) LSP KL 1 LT84 i HERR
i 90% Ky Fii AL+ 1.1 TeV DA F YRR ATLAS FI-E ATLAS SCE0 205 i HERR o

8.3.2 X FIBIFRETRILIR

] 8-3J87R T4+ BIE/R T ATLAS f SUSY HF42 % Bino-DM B kIR L1,
HH 310 m(@)-m(7) B5A5, 5300 m(@)-m(7Y) (531G, § Fon—.
RZE. A F XSRS T iR X PR 7 (min (G, 4R 1, ¢ €u.d,c,s), [F
B A4 B R T 4Bzt | 5@ dE ATLAS 2550 (s fia@ 1 4 ATLAS 255
PAS ATLAS 1) Higgs BF 58 20 R AR H B HERR I 0 . K] _E1¥) ATLAS HEBRFR
K B A B B F B AH SC AT i) 3 T TR A B g HERR PR

PA%L L, ATLAS f) SUSY WFFEx B4 & TERAPO I AR 295 F
YA HERR FE B, [R]HT pMSSM A5 2 A HE I 174 31 Bl 5 T Ak A AL HE ik FIR 0 [l
BB, VAR ALBZAR AR 3K T pMSSM KL & IOAHIE, m(g) < 1 TeV
(T L TR A TR HERS oAb, AT (AT R TR HE I B Y Fr) — 43 pMISSML 74T
RS, A T BRI, S5— XK m(g) 75 ~ 200 GeV BT H.
55 LSP 25 Am(g, 70) < 15 GeV, AN m@) B E, {Hi25 LSP
H RS R Am(g, 7°) < 1 GeV. W g FiEBA%, 724 g Wik Tah et
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@ 2000[ 4 @ 20001 4
3 E All considered models 3 E All considered models
o [ —1 ===~ After ATLAS Higgs Run 2 ] o [ —1 After external constraints —]|
1750 =13 TeV,140 f 99 1750 =13 TeV,140 f

£ F Vs=13Tev. 1401 = After ATLAS Run 2 B £ F Vs=13TeV.140 1 After ATLAS Higgs Run 2 ]
kel E Ring. — bl E Rina.l 7" + external constraints u
5 1500 g‘"o DME\SA?;”P " - 5 1500 g'”" D"fzfﬁanp ’ AT ATLASRUn2
K [ Strong+ rod. 7 2 [ Strong+ rod. + external constraints
€ E 3 [S C J
S 1250 — S 1250~ —
P4 C 7 z r ]
1000 — 1000f— —
750 — — 7501 — —
500 - 500 =
ET ] E ]
250 — — 250 — —
ok - B
5 10 - 5 10 =
x | = x E |
(0] E | [} = |
. 05 = — . 05— -
[} E Seam—m=—ao | (&) | 4
s S T E 1] = E

- 00 . - w 0.0 . . .

0 500 1000 1500 2000 0 500 1000 1500 2000
m(x}) [GeV] m(x}) [GeV]
(a) (b)

Pl 8-2 Bino-DM [4f) LSP Jii it 53 £ L5 B HEBR Ay LE

(@) /R T T A BRI ATLAS SEIR 20 5 i 401, Hoh il g 4o UG AT
LAS Higgs #IFFEHH RIIZIA (0) R TRrA B2 4 ATLAS SCR ARG 731 . 24
1A ATLAS SCE #4505 Hl ATLAS Higgs #2200, 4 4 ATLAS SCER 29301 ATLAS
SRR A

Figure 8-2 Distributions of the LSP mass.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-
ternal constraints and the ATLAS Run 2 constraints are applied.
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SRR, FTVABNE Am(g, 7)) K, & BIZEAE =3 pr T RERAR . I UNSR & R
R AR EZERIET 1 GeV |, TRk Pl i it B8 X b, RS pr
SAREAR, TS S0 . TRk 9 A DX I HERR BE 7R BE 5 R 5k
A Mono-jet AT . BEAL, IEATPALIL m(g) ~ 2 TeV ifif LSP )i SAH Xt
BARINE, pMSSM B A HERR I 1B st T AL AL YL B, X2 N & RO
H g fl 70 fiT 22 e s, Hofth SUSY AL Tl DAMA & B8 it i, TR
KA, 1RSSR ZE pr IR TE N, MWﬁWE&ﬁvi%xr“ ARWFFIE
g *Hi’él:iﬁklﬁ’]ﬂi%ﬁﬁlfﬁﬁ%?éqjﬁf)u gt 7 AR 7 A, HEAS I
B(7y —» 7 +7v) BALT 1, BB SAe S| A TH 1155 X S8k .
ULAh, ATLAS {1 SUYS SAT293RTE § il 4 TeV BHAHERR T 50% A
A, R T AR R B X § 2R, B BRI § FE Rkt
FEAE IR B SUSY M HER:, AT SB35 2 m(8)-m(7)) i i s Ak
HER IR S

£ m(@)-m(7°) Vi L, m(@ <400 GeV WL LT 4R, FETE §
Jiim T 2 TeV WA KB HERR, X2l g8 R gg i fE 801
FI DA 26 A4 1) pMSSM 52 7E i AL ARL B HEBR BR PR AR B 4 HERR , H—
FEALTF NS 2 [R5y o X A2 HH T S 2 HE R BRI 1) R AR B i . gy, A
Gr MR, BT ¢ RER/NERDIT, MELHRREREG T 6, JHEK
TPUERETE, XF pMSSM-19 AL, T HAS—. R g L=k
BESH, FIPAERH R WRRE, NERIFRREAEN, BT
2R HERR PR P AR B L 4B HER: , (HEE 2R S 2R 2 a) ) XS HERR AR T &
5B AN AR A THERR Y DR T TR R A X, M R § R g
MEE—. A gr MIRESEUE BT, B DA AR T I — T ek
35, /\%%Tékﬁmmim#m~¥ BARA A FEOL AR .

[l 8-4J/R" T ATLAS f SUSY SEEGAGHERR LU BIHE m(8)-m(q) PRI, fi
A R HERR R R N R B R O, 0% T gq oAb iR . WIDAER & T
8T 1 TeV WE e &HRR, HHRRREETT S ¢ R TC X . RN § tpf
ATLAS () SUSY W58 ZILK, & B ARny, KT 1 TeV [ § #i5E 24k
B, TkEE & EThmE, X q REMARIEE T, X2l g Bmh), @i g
[¥) t-channel =& Gg MR DA K &G 7= OB 20 E i, FEHESRE S T 1%
BEEF, §IREALT 400 GeV 11 DI SE S geHERR T, T HGIEl 8-4(a) FiT 8-4(b) W]
PAZ BRAE ATLAS SE5 ) 2 X A A BR AR, X4 20 AR A 2 ok P e
W5 0 O L B R M S B ) A B, R @ T DA LSP A% e t-channel #;
M. ULAbh, BTDAK Loy R AR B HERR R SN pMSSM S g HERR T, iX
SRR R AE R LSP R, Hog . 7H1 b JRER T, AT /\E
4 5 B T AT B TSR A F = AR O RTET . B, PTDAR B m(@) il m(@) 3 IX
I pMSSM AL HERR I LU BIAE X, X2 BT m(@) F1 m(§) B2ikht &g ™=
A IO R TR AR X482 1
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Bino-DM scan, Strong Prod., /s=13TeV, 140fo~" Bino-DM scan, Strong Prod., /s=13TeV, 140fb~"
ATLAS exclusion fraction ATLAS exclusion fraction

= 2000 — - 10 = 2000 - - 10
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D ATLAS simpl. [} ) ia C1 decay excl | (7}
o, 175 ATLAS simpl. g t B &, 1750 R via N2 decay excl. = 3
= 5 08 C = to LSP di 7 08 ¢
S5 1500 & <3 1500 bniiiod 4 &
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Pl 8-3 Bino-DM % ATLAS SUSY WF 5y HEBRIGLEBI (m(2)-m(7)). m(@)-m(7)))-

(ac.e) R TRAUE m(@)-m(7) FHIELY 5 (0,d.0 R THEAERINAE m(@)-m(7)) P

B . (a-b) HIE T AT Bino-DM L, (c-d) )& [ i1l ATLAS Yy, (e-)

7 Tl dE ATLAS 25 H1 ATLAS Higgs WF5T A2 o iRz,

Figure 8-3 The fraction

of the Bino-DM scan models excluded by ATLAS SUSY results (m(g)-m(7?), m(§)-m(7?)).
The first column shows the m(g)-m( ;Z?) plane and the second column the m(§)-m( ,1710) plane. The

first row includes all considered models, the second includes models that satisfy all external

constraints and the third row includes models that satisfy all external constraints and ATLAS

Higgs constraints.
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Figure 8-4 The fraction of the
Bino-DM scan models excluded by ATLAS SUSY results shown on the m(g)-m(§) plane.
(a) includes all considered models, (b) includes models that satisfy all external constraints, and (c)
includes models that satisfy all external constraints and ATLAS Higgs constraints.
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] 8-5)%7% T ATLAS SUSY SZEa i HES L BITE m(8)-AX Hl m(q)-AX ik
B, Hop AXCE SUN AX = Am(g— )IAmE - 7)) 8L Am(7 = 7)) /Am(G— 7).
TR HER R A ¢ DO S 6T, G 3% & 3 7 v WA B pMSSM
A HER I B 5 A B AR A 22 B R, R ANR (1) % T pMSSM K% 3¢
Pi, MR g G FRROR, BB TR AL T A A A R SRS B A, 3 AT AT
BegopAs sl it 7y AR AR POl 77 — A (2) pMSSM B g il §
HARG LA

&l 8-64F BIER T G Al G HOHERRIENL, Hob G (Gr ) MOHERRIR G T
G (Gr ) HEIRM G ORI, BN AAWS], DAV B E] pMSSM-19
B, AT GH2E. B—. TR § kB R—PBESE, Frol 2
PUTE R, (HX) Gr VLR TR/, Froh SUSY 20Hx) gy BOHER:BE S S5
BLAh, #E Bino-DM BB Hr 7 v Wino [ FLBIA T, 1ff Wino 5 g FURE A9 1E
MR, FrUALRSE: SUSY 4047 i iR i 4y 32 1 B(G — 75) = 100%, 1
Xt G BIHER BE B HE— AR

SUSY faifb Az & fff F A6 43 2 1L, BB SEAS SUSY R348 14y 32 1L
[ 54 100% . {5 pMSSM FZ Hhr ) 43 37 L & B SR R R AR . [ 8-7)@
RT & BAEE EWKino (7). 79 M1 77 ) . G . ar M B M. BT 7 -
F R 7T o wino IR B E, I H & A RX AR TR L T, FTRA
B(E — 7)) Rl Bz — 7)) MR 100% . BRI 4> HArfith, ATLAS 52
1 SUSY BRI A HER: I s, (A5 T] S R —LE 5 43 52 A (R HERR EL 19 24
& TE75 % EWKino [4> 32 LR RN, ATLAS 2 Hrid kg He il thie s, X2
SUSY 43 Wit ekid it EWKino — 25 248 1 (L BT HUAE R (5 SR, B A4
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Figure 8-5 The fraction

of the Bino-DM scan models excluded by ATLAS SUSY results (m(g)-AX, m(§)-AX).
The first column shows the m(g)-A X plane and the second column the m(§)-A X plane. The first row

includes all considered models, the second includes models that satisfy all external constraints

and the third row includes models that satisfy all external constraints and ATLAS Higgs con-

straints.
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Figure 8-6 The fraction

of the Bino-DM scan models excluded by ATLAS SUSY results (m(g )-AX, m(Gg)-AX).
The first column shows the m(g; )-AX plane and the second column the m(gg)-AX plane. The

first row includes all considered models, the second includes models that satisfy all external

constraints and the third row includes models that satisfy all external constraints and ATLAS

Higgs constraints.
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Ggr branching ratios before and after the ATLAS Run 2 SUSY constraints are applied.
(2) BR(Gg — &) (0) BR(Gy = 1), (¢) BR(Gy — 7). and (d) BR(Gg = 7))

138



5 8 7 MER R/ N FRARMERAY Y 1R

HRAS L I AT R R, T RA pMSSM AR it HE I IR B A1 o] AL A 2R HE [ bR 22
PRI o T A R 25 R 28 — AU AR S ye i 04, it AXS pMSSM fHE
W LEBIEEAR . m(h) 2R BT T BRI AR . B, ATA L BT EE AR
F 600 GeV ) 7 5% b JL 9524 HER:

Bino-DM scan, Strong Prod., /s=13TeV, 140fb~"
ATLAS exclusion fraction

Bino-DM scan, Strong Prod., v/s=13TeV, 140fb™"
ATLAS exclusion fraction
T

— 2000 - i 10 — 2000 3 10 ©
% [0) % C1 decay excl 3 (o]
O, 1750 E] O 175 ATLAS simpl via N2 decay exci. [ES E]
C:’:: 1500 E 0.8 % c:):é_ 150 ATLAS simpl. §_gd_g to LSP decay excl .é 0.8 %
£ E 2 E E | 2
1250 E 06 § 1250 E E 06 §
1000 |~ 1S 1000 |~ = £
750 £ 04 2 750 4 Fo4°
500 02 8 E 1 Mo2 8
250 = w 250 = 4 C
E . : oF A 3 Moo
00 1000 2000 3000 4000 0.0 0 1000 2000 3000 4000
m(;) [GeV] m(by) [GeV]
(a) (b)
Bino—gM scan, Strong Prod., /s =13TeV, 140fo~" Bino-DM scan, Strong Prod., /s = 13TeV, 140fb™"
ATLAS exclusion fraction after external constraints ATLAS exclusion fraction after external constraints
3 2000 e ATLAS simpl. G4 via G1 decay oncl. E 10 B =3 2000 ‘ G v 2y ox 1 10 3
o, 1750 E 5 @ 175 = El
~ E 8 Q ~ El 08 g
25 1500 F = 08 ¥ <5 150 = 8%
E E E 3 £ E £ °
1250 E i 0.6 § 1250 E E| 0.6 %
1000 = E 1000 Ly £
750 = §O4 2 750 - N4 2
3 if ¢ 500 F EN -
S00E g Moz g E 7 Moz 3
250 = I = w 250 1 w
- ) =) oF . 4 Moo
00 1000 2000 3000 4000 0.0 0 1000 2000 3000 4000
m() [GeV] m(by) [GeV]
(©) @
Bino-DM scan, Strong Prod., /s = 13TeV, 140fo™" Bino-DM scan, Strong Prod., /s = 13TeV, 140fb™"
ATLAS Iexc\us\'or_\ fracn‘z_FS(tseh N AT|LAS ‘exclus|i0r‘1 ttrac(i;){_]l_zilserH‘ N
— 2000 external cons!‘ramls + > Iggs siarc ‘BS 1 0 — 2000 external constraints + liggs searches 1 O
% [] ATLAS simpl. § g, via C1 decay excl. 7 8 % ] ia C1 decay excl | 8
g H ATLAS simpl 'R Via N2 decay excl. - 08 E g H R via N2 decay excl. B 08 B
—~ ] to LSP d I. b .8 Q — [ to LSP decay excl. i .8 Qo
?;{_ 1500 : RO lecay excl i 6 C[); 1500 H (o] lecay excl 1 E;
& C ] » & L ] »
E r 06 o E F 1 H06 ©
- L ° r q °
1000 — — g 1000 — - g
g 1 §%s . 11
500 [~ . s 500 [~ - s
C ' 02 % C ] 0.2 g
F ] g F ] g
- g I F q [
. - 0 P— y 0.0
00 1000 2000 3000 4000 0.0 0 1000 2000 3000 4000
m(E) [GeV] m(by) [GeV]
(e ®

Pel 8-10 Bino-DM %} ATLAS SUSY S5 ZudHERR M LEB] (mD-m(7)). m®B)-m(7))).

(ac.e) JB/R THHE m(D)-m(7)) FHEIAEES : (b.d.f) IR THELERAIAE m(b)-m(7,) 1K1

B . (a-b) HIE T A Bino-DM L, (c-d) % )& T i1l I ATLAS YRR, (e-)

g T AE ATLAS ZY50F1 ATLAS Higgs HF50 2R AR

Figure 8-10 The fraction

of the Bino-DM scan models excluded by ATLAS SUSY results (m(7)-m(7"), m(b)-m(7?)).
The first column shows the m(f)-m( ;??) plane and the second column the m(b)-m( ;??) plane. The

first row includes all considered models, the second includes models that satisfy all external

constraints and the third row includes models that satisfy all external constraints and ATLAS

Higgs constraints.
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Figure 8-11 The fraction of
the Bino-DM scan models excluded by ATLAS SUSY results (m(7)-m(7"), m(7)-m(7?)).
The first column shows the m( ;Zf—')—AX plane and the second column the m( fg)—AX plane. The
first row includes all considered models, the second includes models that satisfy all external
constraints and the third row includes models that satisfy all external constraints and ATLAS
Higgs constraints.
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Figure 8-13 The fraction of

the Bino-DM scan models excluded by ATLAS SUSY results (m(£)-m(7?), m()-m(7?)).
The first column shows the m(£)-m( )Z?) plane and the second column the m(%)-m( ;Z?) plane. The

first row includes all considered models, the second includes models that satisfy all external

constraints and the third row includes models that satisfy all external constraints and ATLAS

Higgs constraints.
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Figure 8-15 The fraction

of the Bino-DM scan models excluded by ATLAS SUSY results (m(7)-og;, m(#,)-ogp)-
The first column shows the m( ;Z?)—GSI plane and the second column the m( )??)-O'SD plane. The first
row includes all considered models, the second includes models that satisfy all non-DM external
constraints and the third row includes models that satisfy all external constraints and ATLAS

Higgs constraints.
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Figure 8-18 Percentage overlaps in the models excluded by each search and constraint.
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for EWKinos, and (c) shows the summary of ;Z?, g, and third-generation 4.
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App Figure 2-0 Shown are distributions of the signal per unit deposited energy, normalized

o

to the response for minimum ionizing particles (MIP). The average values of the em and

non-em distributions are the em response (¢) and non-em response (1), respectively [225].
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App Figure 2-2 Front view of the dual-readout calorimeter prototype, where (b) shows sketch
of the front face of the calorimeter detailing the relative positions of the Cherenkov and
scintillating fibres [227].
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App Figure 2-3 Distributions of ADC for the Cherenkov fibres in the M1 module.
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App Figure 2-8 Relationship between the absolute angle of the platform where the calorimeter

is located and (a) the maximum energy of a single fibre and (b) the root mean square of

the energy distribution collected by scintillator fibres.
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App Figure 3-1
Distributions of M, before and after the ATLAS Run 2 SUSY constraints are applied.
(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS

Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the

remaining models after all the external constraints are applied, the remaining models after all

external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-2

Distributions of M, before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
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constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-3

Distributions of M, before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-4

Distributions of y before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-5 The fraction of
the Bino-DM scan models excluded by ATLAS SUSY results shown on the M,-M, plane.
(a) includes all considered models, (b) includes models that satisfy all external constraints, and (c)

includes models that satisfy all external constraints and ATLAS Higgs constraints.
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App Figure 3-6 The fraction of
the Bino-DM scan models excluded by ATLAS SUSY results shown on the M- M, plane.
(a) includes all considered models, (b) includes models that satisfy all external constraints, and (c)

includes models that satisfy all external constraints and ATLAS Higgs constraints.
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App Figure 3-7 The fraction of
the Bino-DM scan models excluded by ATLAS SUSY results shown on the M,-u plane.
(a) includes all considered models, (b) includes models that satisfy all external constraints, and (c)

includes models that satisfy all external constraints and ATLAS Higgs constraints.
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App Figure 3-8

Distributions of M , before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-9

Distributions of tan § before and after the ATLLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-10

Distributions of A, before and after the ATLAS Run 2 SUSY constraints are applied.
(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS

Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the

remaining models after all the external constraints are applied, the remaining models after all

external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-11

Distributions of A, before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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App Figure 3-12

Distributions of A_ before and after the ATLAS Run 2 SUSY constraints are applied.

(a) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
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constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) The distribution of all considered Bino-DM scan models, the
remaining models after all the external constraints are applied, the remaining models after all
external constraints and the ATLAS Higgs constraints, and the remaining models after all ex-

ternal constraints and the ATLAS Run 2 constraints are applied.
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(a)(c) The distribution of all considered Bino-DM scan models before and after the ATLAS Run 2

constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
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App Figure 4-2 The distribution of the mass of (a-b) 7" and (c-d) 7; .

Higgs constraints applied. (b)(d) The distribution of all considered Bino-DM scan models,
the remaining models after all the external constraints are applied, the remaining models after

all external constraints and the ATLAS Higgs constraints, and the remaining models after all

external constraints and the ATLAS Run 2 constraints are applied.
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App Figure 4-3 The distribution of the mass of (a-b) 7} and (c-d) 7..

The first column shows the distribution of all considered Bino-DM scan models before and after the
ATLAS Run 2 constraints are applied, and the blue dashed line shows the remaining models
after the ATLAS Higgs constraints applied. The second column shows the distribution of all
considered Bino-DM scan models, the remaining models after all the external constraints are
applied, the remaining models after all external constraints and the ATLAS Higgs constraints,
and the remaining models after all external constraints and the ATLAS Run 2 constraints are

applied.
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App Figure 4-4 The distribution of the mass of 7.

(a) shows the distribution of all considered Bino-DM scan models before and after the ATLAS Run 2
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constraints are applied, and the blue dashed line shows the remaining models after the ATLAS
Higgs constraints applied. (b) shows the distribution of all considered Bino-DM scan models,
the remaining models after all the external constraints are applied, the remaining models after
all external constraints and the ATLAS Higgs constraints, and the remaining models after all

external constraints and the ATLLAS Run 2 constraints are applied.



[

pMSSM-19 L 0 ok 15t 5311 -5 HERR L

400

350

30

=)

Number of models

250

200

150

100

V5=13TeV,140 fo!

Bino-DM scan
Electroweak Prod.

T T T
All considered models

——- After ATLAS Higgs Run 2
EEE After ATLAS Run 2

K

Frac. excl.

-

—_——

Neeno

400

1500 1750 2000
m(/) [GeV]

1 1 1 1 1
250 500 750 1000 1250

(a)

30

S

Number of models

250

200

150

100

50

3501 \/5=13 TeV.140 fb™"

Bino-DM scan
Electroweak Prod.

All considered models
——- After ATLAS Higgs Run 2
I After ATLAS Run 2

(w1 [NUWH RNEE ARENE ARRNE NRRNE NN

Frac. excl.

F11 ATL

1000 1250 1500 1750 2000
m(t) [GeV]

250 500 750

(¢)

Number of models

Frac. excl.

Number of models

Frac. excl.

n N w
=3 a =3
=] =} S

NS REEE ERRER ERRRERRRR

a
=]

w
=3
=]

n
=}
S
T[T [T T[T T TTrT T

o
=]

o
=]

0

All considered models
After external constraints

. After ATLAS Higgs Run 2
+ external constraints

VE=13TeV,140 fo~'

Bino-DM scan
Electroweak Prod.

After ATLAS Run 2
+ external constraints

. . . . . . . =

250 500 750 1000 1250 1500 1750 2000
m(?) [GeV]

C T T T ]

E All considered models ]

[ — ~1 After external constraints |

C Ve=13TeV. 14010 After ATLAS Higgs Run 2

' Bino-DM scan 77 + external constraints

F~ Electroweak Prod. — A 2

+ external constraints

T T T r T T T

= ———————]

j-/\‘,/\“n—_‘\/‘\/‘\, | | :

0 250 500 750 1000 1250 1500 1750 2000
m(t;) [GeV]

Kl 4-5 Bino-DM, (a-b) J&oR ¥ £ 545 (c-d) J&R T 7 g5 i
ZEBRETR T A AR AUAE A ATLAS SEBs Y 29RO 701, Pl (8 R 2 30m U AT-
LAS ) Higgs HFFEAHKRITAHG ASRER T RTA B4 ATLAS S50 205 /97
fii. Z5d Al ATLAS SEE 205 M1 ATLAS Ry Higgs BF7EAW . Z0d 4l ATLAS SEER 2R

AS ARG A o

App Figure 4-5 The distribution of the mass of (a-b) Z and (c-d) 7.

The first column shows the distribution of all considered Bino-DM scan models before and after the

ATLAS Run 2 constraints are applied, and the blue dashed line shows the remaining models

after the ATLAS Higgs constraints applied. The second column shows the distribution of all

considered Bino-DM scan models, the remaining models after all the external constraints are

applied, the remaining models after all external constraints and the ATLAS Higgs constraints,

and the remaining models after all external constraints and the ATLAS Run 2 constraints are

applied.
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App Figure 4-6 The distribution of the mass of (a-b) g and (c-d) 4.

The first column shows the distribution of all considered Bino-DM scan models before and after the
ATLAS Run 2 constraints are applied, and the blue dashed line shows the remaining models
after the ATLAS Higgs constraints applied. The second column shows the distribution of all
considered Bino-DM scan models, the remaining models after all the external constraints are
applied, the remaining models after all external constraints and the ATLAS Higgs constraints,
and the remaining models after all external constraints and the ATLAS Run 2 constraints are

applied.
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App Figure 4-7 The distribution of the mass of (a-b) 7 and (c-d) b.

The first column shows the distribution of all considered Bino-DM scan models before and after the

ATLAS Run 2 constraints are applied, and the blue dashed line shows the remaining models

after the ATLAS Higgs constraints applied. The second column shows the distribution of all

considered Bino-DM scan models, the remaining models after all the external constraints are

applied, the remaining models after all external constraints and the ATLAS Higgs constraints,

and the remaining models after all external constraints and the ATLAS Run 2 constraints are

applied.
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App Figure 4-8 The distribution of the mass of (a-b) §; and (c-d) g.

The first column shows the distribution of all considered Bino-DM scan models before and after the
ATLAS Run 2 constraints are applied, and the blue dashed line shows the remaining models
after the ATLAS Higgs constraints applied. The second column shows the distribution of all
considered Bino-DM scan models, the remaining models after all the external constraints are
applied, the remaining models after all external constraints and the ATLAS Higgs constraints,
and the remaining models after all external constraints and the ATLAS Run 2 constraints are

applied.
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App Figure 5-3 Distributions of the variables
of flavour physics constraints before and after the ATLAS Run 2 constraints are applied.
The blue dashed line shows the remaining models after the ATLAS Higgs constraints applied. The
first column shows the distribution of the EWK production and the second column shows the

distribution of the Strong production.
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App Figure 5-4 Distributions of the variables of precision electroweak
observables constraints before and after the ATLAS Run 2 constraints are applied.
The blue dashed line shows the remaining models after the ATLAS Higgs constraints applied. The
first column shows the distribution of the EWK production and the second column shows the
distribution of the Strong production.
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