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O aviyveutic ATLAS (A Toroidal LHC ApparatuS) eivon o yeyohUtepoc and
T0US 4 GLYOALXS VLY VELTES oL Vot EYXATACTAVOLY GTOV XUVOUOYLO ETLTAYUVTY
LHC, oto CERN. Eva and o avtixelgevo €0euvdc tou elvon xa 1) ovoxdiugn
Tou copatidiov Higgs xar 1 emPBefaiwon, av avaxaiugiel, Tou Kadicpwuévou
Movtélou (Standard Model). O gacuatoypdpoc uoviny, o onoioc UETEd Tic
opuéc Twv woviewy (Muon Spectrometer) tou aviyveuty €yet daitepn onuaoia,
agol xavdhia Sidonacng Tou cwyatidiov Higgs mou €youv wbvia 6tny el
AATAGTAGT, AMOTEAOVUY EUBIAXPLTES UTOYPAUPES UTUPEENS TOU TORATANVG GOUITL-
dtou. H nopoloa epyaoio emxevtp®vel 10 evdlapépoy Tng oTnv aviyveuorn tng
didomaong tou Higgs uéow tou xavahot: H — ZZ — 4.

H evduypdpuion twv aviyveutwyv woviwy ogellel vo etvar apxetd axplBrc,
WOTE 1) GUVELGPORE TN OTO TEAXO GQAAU UETENOTNE TNS 0pUY|S TWV Woviwy va
TOPAUEIVEL AEXETE YouNAT 6 GYEOT UE TN GUVELCPORE GTO GHANUN PETENOTS
TOU ELOAYOLY XATAGHEVUCTIXS Ol GUYXEXQLIEVOL OVl VEUTEC. AV xat €yel avo-
mtuydel olotnua eAéyyou tng eviuYPQUULOTS TWY AVLYVELTAOY WOoViwy T6COo
oty xoikn meptoyn (barrel) tou aviyveutr, 660 xou ot dVo dxpo (end-caps),
eVTOUTOLS OL GYETIXES UETATOTIOEIS TWV dXpwY WS TEOS TNV xothn Teployr dev
eNEyyovTon pe avdhoyr axpifeta.

Yny gpyaota auth UEAETATOL 1) ET{BpAOT) TUY OV CQUAUATLY EVVUYRAIUUIONC
(LeTatonioewy 1| teploTEOPMV) TéToloU Eldouc, oty épeuva Yo To Higgs (mhd-
TOG XAt IXavoTNTa aviyveuong), To omolo dtaodton Y€ow Tou TPoavapPeLYEVTOC
XAVOALOD.

H npwtn evotnro tng epyaciog avagépetal oTr QUOIXY TV OTOLYELWSKOY
owuatdiewy mou otoyelel va epeuvroel o avtyveuthc ATLAS, otov eidixd xo-
TUOXEVAOTIXG OYESLAGUO TOU VLY VEUTY| o EIOTEQY TENOSG, O0TO GUGTNUA
eVYUYRAUULIONS TWY OVLYVELUTWY WoViwy 6Ty xolAn xot eunpodcdior Teploy .

Y1 Seltepn evOTNTA YIVETOL AERTOUEQRHC avapopd oTov Tpomo ARdng xat
AVIAUGTC TwV BESOUEVWY UE T1) YPTioT UOVO TOL PacUATOYEdPOL woviny. Tlo-
couvotdleton 1 puedodoroyia, 0 YINUATIXNOS QPOPUANGUOS XOU 1) TROYPOUUUATL-
o) epapuoyr oe C++ TNg TEOGUQUOYHC TV TEOYLWY TwV Woviny utd To
deoud e avadhoiwtne wdlac tou unteol cwuatdiou Z (Constrainted Fit-
ting). H ouyxexpiuévn pedodoloyia éyer wg tehixd anotéleoya t Beltiwon
TOU OVOXAUTAOXELAGUEVOL TAdTOUS Tou cwuatdiov Higgs xou dpa tn Behtiwon
Tou TNAixou oﬁpa/unéﬁaﬁpo. Téhog, mapoucidlovton ol mpaypatonotneioes
aneuduypapuioels (LETATOTIOELS XU TEPLOTPOYES) TOU EVOS dXpOU OE GYEOT UE
TOV UTOAOLTIO OVLYVEUTH| XAl UEAETOYTOL Ol ETLOPACEL OTOV TEOGOIOPIGUO TNG



udlog xan Tou TAdTOUS TwV cwuaTdiwy Higgs xou Z. Yto cuunepdoyota o1)-
UELOVETOL 1) YPHOT TOU YVWGTOU TAATOUS TOU GwUaTdiou Z we TpdTog Ylo Tov
TOCOTIXO X0l TOLOTIXO TEOGBLOPIOUSO TV TUYOVTWY CQAAUATWY ATEVIUY QUL
org.
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Abstract

The ATLAS (A Toroidal LHC ApparatuS) detector is one of the four de-
tectors which will be installed in the new accellerator, at LHC, CERN. One
of the experiments’ research aims is the discovery of the Higgs particle and
thus, the confirmation or not of the Standard Model. The Muon Spectrom-
eter of the detector has special importance, because the decay channels of
the Higgs particle which have muons at the final state are clear signatures of
the existence of the Higgs particle. This project focuses on the Higgs decay
through the channel: H — 77 — 4p.

The alignment of the muon detectors has to be very accurate, so that
its contribution on the measurment of the muons’ momentum, to be low
compared to the intristic resolution of the detectors themselves. Athough
the alignment of the muons detectors at the barrel and the end-caps regions
are well is controlled, the relative alignment of the end-caps with respect to
barrel is not controlled with the same accuracy. In this project, we study the
influence of such misalignments (translations and rotations) on the search of
the Higgs particle (width and discovery capabilities), which decays through
the channel mentioned above.

The first part of the project refers to the Physics of the ATLAS detector,
to its specific contruction features and finally to the alignment scheme of the
muon detectors at the barrel and forward region.

In the second part, there is a detailed reference to the data acquizition
and analysis, using the muon spectrometer alone. The method, the mathe-
matical formulation and the C++ programming application concerning the
fitting of the muons’ tracks under the constaint of the parent’s Z invariant
mass (Constrainted Fitting) are presented. This method results in dimin-
ishing the reconstructed Higgs width, therefore in improvement of the Sig-
nal /Background ratio.

Finally, the applied misalignments (translations and rotations) of the one
end-cap with respect to the barrel are presented and the effects on the deter-
mination of the mass and the width of the Higgs and Z particles are studied.
At the conclusions, we mention the usage of the well-known Z width in order
to isolate the kind and the amount of the probable misalignments.
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T tehevtaie dexaetieg, n mpoondiela xatavonong xou eufdduvong o
Sour) xou ot dnutovpyla Tou cOUTAVTOS OTEEQEL TO BAEUN TNG OTOUC ETLTO-
YLVTEC owuatdiny, ot omolol 0dnyolyv TV €geuva TPOS OO Xl UEYUNDTERES
EVEQYEIES, TPOC OMO XAl TO AYVWOTES TMEQLOYES TNG cwuaTdiaxhc guotxris. H
avaxdhudn Tou t-xoudex otov emttayuvty Tevatron eivor yopoxtneloTind TwV
SUVATOTHTLY TWV VEWY ERLTAYLYTOV. X oUTH TN VEXL ETOYT EPYETOL VoL TpO-
otevel o Meydhoc Adpovixde Emtayuvtrc (Large Hadron Collider - LHC)
mou xataoxevdletow oto CERN - T'eveln xat o omolog Yo extelvel tn yvoon
Yoo Tov x66u0 yuew pag. To LHC elvon emtoyuvtrc 800 Seoumv mtomToviwy
oe evépyeia 7 TeV tng xadewdc xar o1 mpwTtee ouyxpoloeg oyeddleTon va
apyicouv oto Té€hoc tou 2006.

H Yewplo tov nhextpacevey oANAETIO0dcEWY EUEAE VoL EYEL UEYAAT) ETL-
toylo ue Ty mEOPBAedm xon TeRxd TNV avoxdAudn Twv W, Z SlayuouaTinGy
uroloviwy otov SPS emtoyuvth. Ta Stavuopatind autd cwuatidio axoxtody
udlo ewodyovtag wa Boduwth SimAéta, 1 omoio omdel T cuUUETpior UETAL)
TWV TEGOYPWY SLAVUOUATIXDY CWUATIOIWY-Qopéwy TNe NhexTpacievoig Jewpl-
ac (WH W=, Z° ). Arodidovtac hoindy o xdie peputovio wa oOLEVEN UE TO
Baduwtd medlo, n onola elvor avdhoyn tne udlag Tou cwyatidiou, TETUY AivoUUE
TNV EpUNVELX TV HolOY OA®Y TWY YVOOTOY CwUATOwY, ¢ TNy aAnAenidoouo
TV copatdioy ue 1o Baduwtd autd nedio.

To Baduwto tedio, To onoio ovépaletar nedio Higgs, mpofiénet Ty Urop-
&n evog gopéa, tou cwpatdiov Higgs, n avoxdhudn tou omolouv Vo emPBe-
Barcdoer T Yewpio andxtnong tne udlac. H ouyxexpévn Yewplo eivar ototyeio
TOU YEVIXOTEROU POVTELOU, YVwoT6 we Kadiepwpévo TTpotuno (Standard
Model - SM). To Katiepwuévo Ilpdtumo duwe and uévo tou napouctdlet Sid-



popeg aduvapieg (m.y. 0 TEOBANUY TOV TOMGY TUPUUETPWY, TNG UN) PUOIXOTY-
TOC XTA), EVE) TAUTOY POV LEVOLV OVATAVTNTA EpWTAUNTA, OTWS YioL TUpdELy oL
YloL TOI0 AOYO UTHEYOUV Ol OIXOYEVEIEC TWV AETRTOVIWY X0 TWV XOUIEXC, TWS
Vo ewoaydel 1 Bapdtnta oe wo evomonuévr Yewplo, mwe e€nyelton 1 oxoTEL-
v OAn xou 1) 6x0TEWT EVERYEL Tou cluravtoc xTh. ['iot Toug Adyoug autolg
UTdEY 0LV TOAAS dANaL poVTEA, 6TwS 1) Vewplia Tng Y repouppetpiog, 1 ontola
AVATTUGOETAL TPOXEWEVOL VAL BWOEL ANAVTACELS, TPOBAETOVTAS XoL UEPIXY. ETL-
mhéov owpatidioa Higgs. O emtayuvtic LHC xan o aviyveutic ATLAS | Aoy
NS UEYAANG EVERYELNS TWVY TEMTOVIWY TwV 800 SEoUmY xol AOY® TwV EBLXWY
AATUACHEVACTIXDY YALUXTNPIGTINGY, Yol £Y0ouy T duvatdTnTal SlEpelvNong Tng
0pVOTNTIC 1) U1 TV Tapandve Jewplmv, avolyovTtag tapdAinia véoug Spduoug
otn Yeyehinon nepoutépw Yewplmy.

‘Onwg e€nyeiton mepoutépwy 0To xelpevo, To cwuatidio Tou SlcTtomvTal oe
WoOvLoL ATOTENODY €VaL A TOL O OTUOYTINS XOVIALYL TNG XAVOLURYLISC QUOLXYS.
Kotd ocuvérela, 1 aviyvevorn twy woviewy eivar onoudaiag onuaciog v Toug
avtyveutég Tou LHC xou e8ixdtepa yia to ATLAS. H napodoa epyaocio Aoty
ETUXEVIPWVEL TNV TPOCOYY| TNG OTNV AVEYVEUOY) TV UOVIKY GTOV ovLyVEUTY
ATLAS xou e€etdlel tic duvatoteg aviyvevong tou owpatidiouv Higgs uéow
AUTWV.

To Te®T0 XEPANAO AVAUPERETAL OTT GUVELTQORS OTY) PUOLXT) TWV CTOLYELW-
dwv cwuatdiwy tou LHC emtayuvty yevixdtepa xar tou aviyveuty ATLAS
EDIXOTERD, EMUXEVTPMOVOVTAS TNV TPOGOYH 010 Xavéht H — ZZ — 2y 2put.
Y10 8e0TEpo xe@dhato YIVETOL Wia TEQLANTTIX TEQLYPAUPY| TV TEYVIXWY Yo
caxtneloTxwy Tou ATLAS xou twv emUEQOUC ALy VEUTIXWY TOU GUGTNUATWY.
To Tpito xepdhaio Tagouctdlel TOUS TEOTOUC TOU TEAYUATOTOLETL T0 GUGTY-
uo evduyeduulone Twyv YaAduwy Woviny 6Ta Sidpopa TUAULTH TOU ALY VEUTH,
EWIXOTERO AVTIXELUEVO TTOU amacyOhEl TN GUYXEXPWEVT Epyacia. YXTo TETUPTO
xe@dAouo didovtar ye Aemtouépeta T Brjuata xan ot pedodoroyieg Tou axolou-
VAU yiow T UEAETY TNE ETUDRAGNC TUYWY CHUAIATOY ELVUYRIUUIONS TWY
Yohduwy poviwy. Téhog, 610 TETUETO XEQAAALO TAPOUGLALOVTAL TA UTOTEAE-
OUOLTAL X0l TOL CUUTEQAGHUATA TG HEAETTS.

Kietvovtag, Yo fileha va exppdow Tig euyaptotieg wou o€ Ghoug Toug av-
Vpwmoug exetvoug mou e Borinoay otny ohoxhripwon tng epyaociog authc. Ap-
wd, oty emPBrénovoa Avamhneadteta Kadnyrteia x. Xeotiva Koupxoupéhn,
yroe T Sty xododrynor tne xat o anapaitnTo uToBalpo Tou Uou ESWOE o
TG TN SIEEXELN TWY YETATTUYLOXWY Uou omoudwy, otov Enixoupo Kadnynt
% Anurten PacovhodTy, yioo T ouveyr| xou ouctaoTixy Borfleld, CUUTOEY-
otaon xa euhiywon xou otov Ernixoupo Kadnyntd x. I'dpyo Awopdvty, yio
TIC Y PNOES GLUUBOUAES XAl TUQATNEYOEIC UE OXOTO TNV dETLOL TUEOLGIAGT) TNS
epyaoiog authc. Xtov Ap. Kwvotavtivo Avdpedrovho ogeilw éva ueydho mo-
C00TO TG YVWONE TOU AMEXOUN O XATd TN Stdexeta Tng Souketde wou. Térog,
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euYoEIoT® OAa exelvar Tor WA Tou Toufa ITupnvixhc xar Lopatidoxrc Puotxnig
mou e othpilay xat Borinoay, Tohhég @opéc altdpufa, xatd Tr Sidpxela TwV
oul{nthocewy Tou elyo pall Toug.
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Kegpdirowo 1

H puowxn Twv oTolyelmwdmy

cwpatdiwy cto LHC xou ctov
aviyveutr ATLAS.

1.1 Ocpehiwdelg aAAnAeTdpAOCELC.

H onuepwi| emxéva mou TepLlYpd@el TOV QUOIXO YOS XOCUO XAl TIC OAANAETL-
dpdioeic 6" auTtov otneileton 6o YEYOVOC OTL OAEC OL AIAATAETIORAGELS UTOPOLY
va tagvounioly pe Bdorn téooepels Yeuehddele xatd oelpd 1oy 00 TNS Loy U-
e TUENVIXAG, TN NAEXTEOUAYVATIXNAS, TNS ao¥evoig Tupnvixhg xot TEAOS TNg
Baputinhc.

H 1oyvpy| (mupnvixy|) dOvaun eivon 1 awtia tng oOVIEOTC TV YOUXAEOVIWY
uetall Toug Yoo oToug Tuprves. Eivar dUvoun uxehc euBéretag xou eCacievel
o€ anocTdotls ueyahitepes Twv 107 m (repinou to péyedoc tou muphvar). H
1oy ver ahAnienidpaon neprypdpeton and TN Yewplo e KPavtinrc Xpwuodu-
vopxhc (Quantum Chromodynamics, QCD).

H nhextpoporyvntixs) ahAnAeniBpaon OAwY TV QORTIGUEVGLY OwUATIOWY &i-
var auT Tou ouyxpatel Tor dTouo xon Tor wopta wall yior var oynuaticouy Ty
OAN mou pog mepBdiiel. ‘Eyel oyl nepinou 1072 POPEC TNV oYY TNG LOYURTC
Tupnvixg Sovaung. Efvar dOvoun ueyding euPéretag, tng onolag to péyedog
UELWVETAL PE TO AvVTIOTROYO TETPAYWVO TNG ATOCGTACNS UETALY TwV AAANAETL-
SpwvTey cwuatidiwy. H niextpopayvntie] adAnienidoouor teptypdpeton and
Vewpia e KPavtixric Hiextpoduvauxhc (Quantum Electrodynamics, QED).

H aclevic aklhnhenidpaor eivor ahhnhenidpoon uxphc euPéhetag xa i-
VoL qUTH TOU TEOXAAEL TNV TuEnViXY) aoTdUEL CUYXEXPLUEVWY TupTvewy. Eivou
uredYuvn yia Sidpopeg SacTdoelg (6Twg n @—Bw’(onocon), eve elvon auTh) ToU
TEOXUAEL TNV PETATEOTT EVOC TpwToViou ot VETPOVIo xat avtioTteoga. H 1oy ig



ivaxag 1.1: Yuvontikds nivakag twv teoodpwy Jepehinddy arAniemopdoewy.

| AM\enidpacn 'Evtacn  Popéag  Poptio Popéa Mdla Popéa (GeV/c?) |

Ioyueh 1 8 yxhouovia 0 0
Hhextpoporyvntixn 102 PWTOVIO 0 0
Acievig 107° W=, Z +1,0 (80.423 + 0.039),
(91.1876 + 0.0021) [1]
Bogutixn 1073 Yxeaitdvio 0 0

¢ efvor Tepinou 1075 POpESC NG oY VOS TNE TUETVLXAS SUvoung.

Téhog, 1 SOvoun tne Bapltntag eivar 1 ehxtixt| SOvoun UETAE) omolovdTH-
note palwv ot goon. Eivor SOvoun peydhne epBéhetac xou éyer oy 107
popéc TNV Loyl g mupnvixrc dovaunc. Amotelel 8¢ 1o mo dUoxolo medio
TELQUUATIXAC EQELVOS OTY QUOLXY TwV VeUeMwdOY Suvduewy. H cuvelspopd
¢ PapdTnTag oToug utohoytlouols wag ooy (et xan yivetar onuovTixn yio evép-
yeeg peyohtepee and ) wdla tou Planck (~ 10 GeV/c?), i tou e toug
OTUEPIYOUC ETLTAYLVTES CwPATIBLY Oev umopel va smrsuxﬁei.l

Y1 oOypeovn guotxy, 1 omolo expedleton Uéca amd TIc xBavtinés Yewpleg
medlou, ot ahhnhemdpdoels YeTall cwuaTdiwy elvol oTNY TEAYHATIXOTNTO oh-
Anhemidpdoelc Yetalh nediwy, oL omoleg TEUYUATOTOOOVTOL UE TNV AVTUAAXYY
(exmount| # anoppdynon) cwuatidiny, ot onolol ovoudlovton Popelc Twv oAAY-
Aemdpdoewy. Ltov mivoxo (1.1) ouvodilovtar ot téooepec adinhemdpdoere,
ol EVTAGELS Toug xad(¢ ETioNE XaL oL PoRelc TouC.

H mpodytn mpoornddeia evonoinong twv ahhniemdpdocwy €oyetal and 1OV
Maxwell, o omoloc cuviéter Ty nhextpwxr) xou TN PoryvnTixr aAAnienidpoo
OTNV MAEXTPOUAYYNTXTH aAANAETISpaoT. Axoholince 1 evormoinoy Tng nie-
xTPOPAYVNTIXAS xou TN ac¥evolg alknhenidoaong otny Yewpla tng nhextpa-
otevolc alhnhenidpaone (Quantum Flavour Dynamics, QFD), 1 onoio Oe-
uehddnxe ano toug Glashow, Weinberg xou Salam xou emiBeBoudinxe ue tny
avaxdhun v uroloviny W+ ot Z, 70 1983 1o LEP [2]. H Vewpla tne QCD
xot Tne QFD ouvidétouv 1o Kahepwpévo Ipdtuno (Standard Model). Apxe-
téc mpoPhédec Tou Kaviepwuévou Ilpotinou éyouv eheydel xou emPBeBarwiei
uéypet ofjuepa ot metpduata egoupeTinic axpiPelac (yror mapdderyua BA. [3], [4],
5)):

'H peyodOtepn Tiuh evépyetoc ebvar twv 14 TeV oto xévtpo udlac tou Yo metiyet o LHC.
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Yyfuo 1.1: Or tperg yeriég Tng UAng.

1.2 To Kaviepwuévo IlpoTuTo.

To Koatepwpévo Ipdtuno eivor po Yewpla Boduidac (gauge theory), n onoi-
a Baoileton oty oudda cuppetploc SU(3)e @ SU(2), Q U(1)y xou meprypd-
PeL TNV NAEXTEOPAYVITLXY, acVevh xou 1oy uph ahhnhenidpacy. To Veuehimdn
owpatidioa Tou Kaiepwuévou Ilpotimou Saxpivovtar oe dUo xatnyoplec: ta
urolovia Boduidac xan tar gepuoviar faduidac. To yrmolovia Paduidac etvar ow-
wartidior pe omy 1, eved tar peputdvia Boduidag eivor owpatidio e omy 1/2 xa
anoteholvToL and Tor AETTOVIAL (To 0Tolo SEV GUUUETEYOLY OTIC LY UEES CINNY
Aemdpdoetc) xar and to xoudpx. Ot yeviéc twv pepuioviny cuvoliCovtar 6o
oyfua (1.1).

O pordnuatiog gopuaiiouds tou Kadepwuévou Ipotinou Baciletoun otny
KBavtixh Oewpia [ediou (Quantum Field Theory), otny onoia yenotuonotov-
Tou medior Barduidag yio va teprypddhouy Tic addniemdpdoeig. Ot ahhnhemidpdoetig
avtioTotyoly o€ cuveyElc Tomxée ouppeTpiec (continuous local symmetries)
e AoyxpavCiavic muxvotnroc. H yetdfaon and 1o avarloiwto tng Aay-
xpav{lavhc auThc Tuxvotntog oe yevixeuuévous (global) uetaoynuatiouoic
oto avahhoiwto tne Aayxpavllavic muxvotntac oe tomxolc (local) oty
popd HETAOY NUATIOUOUS elodyet Tor medior Porduidag xon mapdyel umolovia Pod-



uidag mou ahAnAemBpoly Ue Tor cowuatidiar xan efvor opelc Twv ahAnhemdpd-
cewv UETAC) Twv couatdiny. Xto miaicto Tou Kahepwyévou [lpotinou, ol
udlec towv W xa Z mapdyovia péow tou unyaviopol Higgs (Bh. mopdyp.
1.4.1). O unyaviopdc autds eunhéxet 10 auddpunto omdotuo e cUPPETElC
ue wo emnpoodetn acVevy) dimhéta tou ooty v tediny Poduidac (rediou
Higgs). Auth n Sradixactio e€aopaiiler o enavaxavovixomomuévy Yewplo, Ue
ot prolovia pe pdla (WH,Z), éva dualo urolbvio (pwtéVIo) Xxou éva véo
owudtio ye udlo xar ue omy 0, (umolévio Higgs). SAuepa 1o owpatidio Higgs
elvan T0 wovadixd cwuatidio tou Kadiepwuévou Ilpotimou mou dev €yel axdua
TopatnenUel.

Aev undipyel xavEVA TERAUTIXG ATOTEAECUA UEY QL TWEO TOU VoL SLPOVEL
ue to Kahepwuévo Ipdtuno. Ilapdha autd duwe undpyouv evdelleic 6Tl 1)
ouyxexpyévr Yewpla Sev eivar oloxhnpwuévn. Avouéoa o autég eivar xou o
aprduog Twv eEAeliepwy TUPAUETEWY TOL ELOAYEL 1) Vewpla auTH:

[l 3 otadepéc Leddne (tng loyuphic adAnienidpaonc gs, g aoVevolc gw
XAl TG NAEXTROUAY VITIXYS e),

[ 9 Leteic xatd Yukawa nou anodidouv udlo ota peputdviar (6 xoudpx
xot 3 AETTOVLAL),

[ 4 nopduetpol tou mivoxa CKM (Cabibbo-Kobayashi-Maskawa), o
omolo¢ AMOTEAE! TOV UETACYNUATIOUO UVIUECO OTIC LOLOXATACTACELS TWY
oY VR AAANAETLOPOVTWY XOLVOEX XA OTIC LOIOXATACTACELS TWY AcVEVEDC
IMTAETUSPOVTOV.

[ 2 napduetpor mou eodyovtar and tov pnyavioud Higgs (BAéne map.
1.4.3), ot onoieg eivan agevoe 1 udla tou cwpatidiov Higgs, agetépou 1
avoEVOUEVT) T xevol Tou Higgs.?

Ot Tiég TV Tapamdve TAPAUETEWY UT0POLY Vo UETENDOLY, AAAd dev utopoly
vae mpoPhepdoly and to Koaepwuévo Ipdtuno (eheddepec moapduetpol), ue
amotéheoyo Ty aduvapia tng Vewplog oto onueio autd. Avoauéveton de oL véeg
Vewpleg mépa and 1o Koadicpwuévo Tlpdtumo var eEAATTOO0UY 1 oaxOuoL xol Vol
undevicouv tov aptiud Twv eEAeLVEQHY TUPUUETEWV.

201 mopamdve TapdUETEOL ALEEVOVTAL EQY TPOCVETEL XAVELC TIC GUVOMXS 7 TUPOETPOUC
(3 ya T pdlo xou 4 yio Tov wivoxaee CKM) nou ewodryovtan edv anodovel pdla oo vetpiva
xat v 1 napdietpo fgop, ToL elodyeton AOYe XBavTindy dlopUmdoewy xol AvVadEXVIEL tLol
TohD uixpn emorydpevn Lebin.



1.3 3toyot tou melpdpatog ATLAS.

[Tpoxewévou howndy va avtanoxprdoly ol véeg Yewpleg mou {nroly emiBeBaiwon
(h xou amdppudn) otnv xotavonon tne Puotnic, yivovtor 6ho xou TeplocdTE-
oo BAUOTA GTNY XATAGKELT] AVLYVELUTWY UE OAO XU TEPLOCOTEPES SUVATHTNTES.
‘Evac and toug pehhovtixole aviyveutég elvon xot o ATLAS . Av xan o xorta-
OXEVACTIXY. YOpUXTNEIOTIXE Tou Vo avapepdoly 610 endUEVO XEQPIAALO, elvou
Yoo 1 ovopopd 0Toug TOUEIC TOU ETUBIWXEL Vo EEEQEUVAOEL O AVLY VELTHC.
Entypauuotixd, uropotue vo ToOUe 0Tt oL x0plol GTOYOL TOU TEIRPAUATOS elvou

ot e€hc:

[H avalitnon tov cwpatdiov Higgs. Me ) yerion tou aviyveutr
ATLAS 9o eivor Suvath n avalitnorn tou cwuatdiov Higgs o’oho o
£0p0OC TWY EMTPETOUEVWY Ual®Y, ATd TO TEWALATIXG XATw 6plo oL E¥eoE
to LEP xou to Tevatron péyet 1o avwtepo Yewpnrtixd deto tou 1 TeV.
Av undpyel To ouyreXPWEVO cwudTio, TOTE Yo efvor eQuxTh 1 p€tenom
¢ udlag Tou xou Twv otadepmy (eding Tou Ue PEYAAN axpiBela.

[CAvagntnon yia YTrepovppetpixy) Puowxr). Ot unepouupetoinéc ene-
xtdoec tou KII, 6nwc to MSSM (Minimal SupperSymmetric Model)
TEOPBAETOLY éval HEYANO QAcUN VEDY CwUaTSiwY Ye Udleg Uéypl To Te-
oirou 5 TeV. O aviyveutric ATLAS Yo raier onuavtixd pdro oo nedio
NS €PELVIC TWY T TEPOUUUETEIXRY VEWPLOV.

[ AxpBeic nhextpaceveic petpoeic. Me v Aettovpyia tou LHC,
oL didpopot avtyveutég Yo umopoly va dwoouy axplBelc PETERoES TNg
udlac tou W urnoloviou, tov tpimhodv (eviewy Poduidac (Triple Gauge
Couplings) yia tic nepintwoeic WWy xow WWZ. Enion, Yo mporyuorto-
momndoly Sdgopeg uetprioelc e KPavtide Xeowuoduvouxtc (QCD),
OTwS yia Topddetyua Tng UeToPolnc Tng otaepds (eling Tng 1oy uethic
alAenidpacng a ot Eva YEYAAO €0p0C TNG UETAPEQOUEVNS OpUN|S Q2.

[ dluown Tty adpoviny B. O ueydhog apriuog tapaywyris Tou b-xoudpx
Vo emiTpeneL uetpnoels axplBelag otny TEQLOYY| TNG PUOXTC TV adPOViwY
B. Ynuavtued etvan 1 uehétn tne mapafiaone CP oto custhuata Tou adpo-
viou B, 0 xaoploldc TV ECWTEPIXMY YOVLKDY TOU Hovadlaiou Tery®vou
CKM xat ot yetproeic yiar petén BB oo obotnua BY. Ot nopamdve ue-
Aéteg Ya yivouv emmhéoy xau 6TO EBIXA OYEDAGUEVO YId TO GXOTO AUTOH

netpopor LHCb.

[ Metprioeic Tou top xoudpx. Acdouévou Tou ueydiou puduol mogo-
Yovhc tt oto LHC ( mepinov oxtd yhiddec Ledyn tt Yo nopaydolv tov



TEWTO YPEOVO Aettoupyiog Tou smrocxuvrf]) Yo elvon duvatdg o axpBhic
Teoadloplouss TN udlag Tou top xoudpx, xalng eniong Twy oTadepny
Ceb&ne xat Ty WoThTwY didoracyc Tou. Emimiéoy, Yo teéret vo onueiw-
Vel 6Tt 1 maparywyy| ¢t avopévetar va eivar évar amd to xOpta umoBadea oe
TOMG xavdhior guotxiic. ot T0 AoYo autd 1) axeBic YVeon Tng Topo-
YwYhc Tou top xoudpx eivar avaryxola.

CEEwtixry Puowr. H véa meployr) evepyel®y mou avolyeton oTov xal-
volpylo emtoyuvty Sivel tn Suvatdtnta yia avalhtnon Puonic mépa
Tou Kahepwpévou Ilpotinou xar tng Trepouupetpiog. ‘Epeuveg yia lep-
toquarks xou yto véa Bapid umolovie W' xan Z', Sieyepuéveg xataotdoels
TWY XOLAEX XL TV AETTOVIWY, WXEEC UAVPEC TEUTES ol ETULTAEOV Olo-
oTdoelc efvan Yepixéc amd TIC véeg mpoextdoels. Télog, Vo umdpyouy xou
SuvaToTNTES AValHTNONS Loy YNTIXWDY UOVOTOAWY, UE OXOT6 TNV ECHYNON
NS ®BavTwong Tou gopTtiov.

1.4 Xrndoipo Tng ovppeTpiog Twy NAextpacUe-
vy ohAAniemidpdoewy. To cwudtio Higgs.

To orndowo tng cuupeTplog Twv NAextpaclevony ahhnhemdpdocwy tou Ko-
tepwpévou Tlpotinou arotelel to Bacixdtepo otdyo épeuvac oto LHC. O
unyoviowode BaciCetan otny Umapln evog oudétepou PaduwTtol unoloviou, Tou
owpottdiov Higgs (unyoviouéc Higgs). H adhknlenidoaon twv couatdidy ue
To medio Higgs didet o awtd ) udla toug. Ilpoxewévou va e&nyniel o cuyxe-
APWEVOC UMY aVIoudg, yerotwo etvar va o900y xAwaxntd ot Bacixés Evvoleg
ToU ALYOEUNTOV CTAGILUTOS TNG CUUUETEIOC SIAXEITMY XL GUVEY WY UETAGY Y-
uotlopoy (spontaneous symmetry breaking).

1.4.1 Av96punto OMACIULO CUUUETEIAG SLAXPLTWY UETA-
OYMULATIOUDYV.

Zexvape Yewpwvtoag TNV mo anhf Aoyxeavliavy) Tou meptypdget Eva Bodumtd
nedlo . Tote Vo Eyer T popopt:

1

1 1
L= 5(0,0)(0"0) + 5176 — [\" (1.1)

6mou oy, A eivon (mparypatixéc) otadepéc. O mpmrog Gpog Vo exppedleL Tov
6po pdlac (ue avtiveto npo’onpo), eve 0 OeUTEPOS HPOC TOV BP0 AAANAERIdPA-
one. Tty Aayxpovllavi dpwc (1.1) n xatdotoorn ¢=0 dev anotekel Veye-
M®ON xATAOTACT) xo KATA GUVETELXL OEV UTOROUUE Vo EQUPUOGOUUE TN Vewpla
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Syhuo 1.2: Tpagixny napdotaon tov dvvapixod U(g).

Sratapary v (Vewplfa Feynman). o va tpoodiopicovpe tny nporypotind Depe-
O3 otddun, yedpoupe Ty Aayxpavliovh g Tov xvntxd 6po £ (0,0)(0"¢)
uefov Tov duvoutxd Opo:

L=T-U (1.2)
xo avalnTolUE To EAGYLOTO TOU
Loy 1oy
U=—-p¢o"+ -\ (1.3)
2 4
O¢tovtag 3—2{ = 0, xou ytor 1 undevixd nedio mpoxUTTEL OTL:
1
brin = £2 (1.4)

(oyfuo 1.2 ).I authy v Aayxpavllavi, 1 Yewpio Statapaydv unopel va
epopuootel Yopw and ulo and autéc Tic YeueMwdel otddues. Autd onuaivel
OTL UTOPOUUE VUL EIGAYOUUE €VaL XouvoeYLo Tedio 1), mou oplleTon and tr oyéon:

_ s+ M
n=¢+7 (1.5)

xoL oty TEPiTTWoT auTy, expedlovtag TNV Aayxpavilovh cuVIETHOEL TOU
T, TPOXUTTEL OTL:
1t

1 1
_ i 2,2 3 "2, 4 M
L = 5(0um)(0"n) — pn” £ pip” — 2 A BY (1.6)



H deltepn tdpa tocémta eivar o dpog udlac (Ue T0 6wotd npdonuo) xo
doa €youpe mpoadiopioer T udla Tou cwuatdiou va eivo (o o0YXpLoN UE
v avtiotoyr ediowon Klein—Gordon3):

% <%>2:M2:>m:\/§uh/c (1.7)

O undhotmor Gpol expedlouy Toug GEOLC AAANAETISpaoNC TOU 1) YE TOV
EAVTO TOV.

Me auTOV TOV TPOTO €Y OUUE XATAPEREL VUL CACOVIE TNV CURUETELA TOU
elye opyxd n Aoyxpavliovh (1.1) xdtw and tov yetaoynuatioud @—-¢. H
véa Aayxpavliovi (1.6) dev eivon TAéov dpTiar 6LVEETNOY ToL 1. Amoxaholue
AOLOY UTH TO KOTACIUOY TNG CUUUETPIAS < PopUNTOY, ENeldr Sev ogeileTal
o€ xavéva eEWTEPIXS aiTlo.

1.4.2 Av0b6punto ONACLLO CULUUETEING CUVEY WY WETA-
OYNUATIOUOV.

To napoandvew auddpunto ondolo agopoloe draxelth cuuuetpia (9—-¢). To
emouevo Brua efvor vo xataoxeudcovue uior Aoryxpoavllovy Tou va ugloTaTo
audpuUNTo OTAOoWO GLVEY0VG cuuueTplag. [Mo mopdderyua, Yewpolue TV
AoyxpavCiavi:

L= S (0,60)(061) + 5 (0,02)(06) + L12(8% + 62) — TN (61 + 63 (19)

H teheutaion Aoryxpavliovi| eivon oxptBoe Sia pe v (1.1), udvo mou thpoa
urmdpyouv 800 TEdio P1 xou Po, xan emEd 1 L mepiéyel uévo to dipoioua Twy
TETPAYWV®Y Efvot avahholwTyn XxATw and TG TEPLOTPOPES GTO Py , Po Y WEO.

Topa, 1 SuvouLxn evépyeta elvou :

1 1
U= =51 (61 + 63) + V(67 + 63)° (1.9)
OEToVTaC TOEA
Op1 Oy

TEOXOTTEL OTL Tl EAy LT Yot xavoTololy T oyEo:

3H eflowon Klein-Gordon éyet tn popyr 9,0%¢ + (%)%ﬁ = 0, exgpdleton and NV
Aaryxpavlavh L = £(0,¢) (0 ) — 3 (%)2 $* xon meprypdepet Boaduwtd (3nhadh omv undév)
medlo.
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Syfuo 1.3: To dvvapuxd U(dy, ¢2).

12

a2
dnhadr Beloxovtor oe xxho axtivag p/k (oyfuo 1.3).
Kotd tov (310 T1p0m0 6Twe ey, avanTOGCO0UUE YURW AT EVOL GUYXEXQIUEVO
eAdyloTo (TO «xEVOY), TO omolo EmAEYOLUE Va elvau:

(1.10)

2 2 _
1min + ¢2min -

xou elodyovyue 800 auUTH TN Qopd xawvolpytla Tedia, 1 xou &, To omola eivan
OLaXLUAVOELC YOPW ATth TO XEVO:

£= ¢ (1.12)

Eavaypdgpouue Ty Aoyxpovliav (1.8) pe ta 800 véa nedia xou npoxinTel
ot

77:¢1—§

L= [5@m@n) -] + [20.) @)
+ (A 0 = At € 2] +
O mpoyTog dpog etvan 1 ehebleprn Aayxpavliavy| tng e€iowong Klein-Gordon
Yo To medio 1), To omoio €yel Twpa Yala:

(1.13)

my = v2uli/e (1.14)
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O tpitog bpog exppdler 0 oLleVin Twy TEdiny N xou & To xadéva ue Tov
€aUTH TOL xa UETAEY TOUG, EVG 0 TEAEUTALOS Opog, emed elvon oTalepds apt-
uoe, dev emnpedlel Ty Aoryxpavliovi.

O debtepog tpa dpoc expedlel Tny ereliepn Aayxpavliavy evoc dpalou
auth ) popd mediou & To cwyatidio autéd (unolévio) ovopdletouw unofo-
vio tou Goldstone xat npoépyeton amd 10 OUWVLHO VEWENUA, COUPWVIL UE TO
omolo ce xdie auddpunTo GTAGIO Wag GUVEYOUS xat YEVIXTS GUUMETElS (con-
tinuous global symmetry) mpoxintel ndvto Toukdytotov éva dualo, Poduwtd
(undevixd omv) cwuatidio.

1.4.3 Auvlb6punto ondoipo cvppeTeiog CLUVEY WY, TOTL-
xWV petacynuatiopnyv. O unyaviopog Higgs.

Méypr €8 Aowmdy yekethooue to audopunto ondowuo Stoxpltrc cuupeTeiog
xaL GLVEY0UE GUUPETEIUC XdTw amd YEVIX0US peTacy nuatiodole. To tekeutaio
Briua etvan 1 UEAETN TNS CUUTEPLYPOPAS GUVEYOUS GUUUETEINS XATw amd TOTX00S
(local) yetaoynuatiopole.

YNy mepinTOon) oUTH UTOPOVUE VA ELGAYOUUE ULol SITAETA @, Yid TNV oTola
TaL (p %ol cp* UTOQOUY VO EXPEACTOVY WG YPUUUIXOS GUVBLAGUOS TV P XL (o
Tedlwy mou avagépdnxay oty TeonYolUEYY Tapdypapo. Anladt:

¢ = 1+ idy
1.15
b = B+E (1.15)
Yy nepintwon avth n Aoyxpavliovy (1.8) yedpetar we:

L= L(00)"(06) + Li(6'0) — TN(6"0)° (1.16)

H ouppetpia otpoghc mou umheye mev €onace twpa. H véa dumg Aoy-
xpavllovy| YIveTon avaAlolwTy XdTw oamd Toug (yevixoiq) UETAGY NUATIOULOOE

pdong:
¢ — e (1.17)

Onote, edv anatricovpe v Aayxpavliovi va eivar avalhoiwTn xdtw and
TOTUXOVG UETAOY NUATIOUOVS:

6 — @) (1.18)

elodyovtag xatd cuvénela To dualo tedio Boduidag A xan avtixohoThvTag
TIC TapAY®Yous TNng e&ioworg (1.16) ue Tic ouvakhoiwTeg chxpocycbyoug‘l :

* Aentopephc mepLypoph TNE UETABAONC o TOUC YEVIXOUC OF TOTXOUC UETUCY NUATIOROUC
Borduidac ideton oo BiBilo Quantum Field Theory, C. Itzykson, J. Zuber napdypagpoc 1.2.3
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q
Dy =0, +iz-A, (1.19)

meoxOnTeL 1 AoryxpovCiavi:

L[ TOL I
+ o bwegt — DN (607 — P E,,

omouv FH = OFAY — 9V A* elvor 0 Tavuo TS TOU NAExTeouaY VNTIXOoL Ted{ou.

Me Tov (80 TeéT0 OTWE XL oTo TPONYOUUEVA, opiCoupe Ta Vo véo media:

772451—%, £=¢o (1.21)
xon 1) AoryxpovCiovy) Talpvel TV Lop@n:

L L@ (@) — 7] + [£(0u)0%6)]
+ PR+ 3 (£4) Auar] -2 (£4) @) ar
+ {R 0.6) — O A + % (£) 04,49+ (£) (€ + ) (4,49
A

2\ 2
Al +n€?) — IRt + 2P + €9} + (%)
(1.22)
H npdtn ypouur eivor 1 idto dmoe xon oty eZiowon (1.13): neprypdepet évar
Boduwtd cwpatido (1) ue udla V2uh/c o éva dualo unolévio Goldstone
(£). H dettepn ypopur| meprypdeper éva ehetiepo nedio Poduidac A*, to onofo
OUWS TWEA EYEL AMOXTHOEL RAL AL TOL TPOXUTTEL and VY XpLoN UE TNV e€lowon
tou Proca: °

ma = 2/ ( q“) (1.23)

A2

Ou bpot péoa ot ayxdheg expedalouy didopes oLLEVEElS TwY TEdwY 1,8
xor AH.

[ethyoue howndy va «Eedimhdoouvpey tnv Aayxpavliovi (1.20), n onola ne-
CLEYEL OpO NG Uop1c 9 A, AH | 0 omolog apyxd wotdlet e amho bpo oOleving
TV @ xot A, aAA& oTN CUVEYELX, UE TO WUOEUNTO OTAGIUO TNG GUUUETELAC,
otav 1) Yeuehddng otddun yetatomiletar, TOTE AUTOHC 0 6pog AmoX T udla.

Axdpo duwe undpyer o mpoBinua tou urnoloviou Goldstone &. Iloapotrn-
E0VUE UM TS oV AVTIXATAGTAGOVUE TNV @ and v (1.17) ue tnv avahutixy
NS Expeaot, dnhadi:

SH eiowomn Proca éye. ) wopph 0, F* F,, + (%)2 A” =0, exqpdletor and Ty Aory-

xpavliovl) L = — = F*"F,, + & (%)2 AV A, xon meptypdpel davuopotind (Snhadr omy

évar) Tedlo.
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é— ¢ = (cosf + isinf)(dy + igs) (1.24)
= (¢1cost — ¢gsinf) + i(¢; sin + ¢, cos ) '
xou udhiota emtAéCoupe TNy Pordulda:
0 = —tan"" (¢2/ 1) (1.25)

Vo xatadhZoupe To @ var eivon mparyHaTixog xan dpo ¢y = 0. Luvenac,
oOUQWYAL UE TNV oLYXEXPWEVT Barduida, To & Yo etvar undév xon 1 Aaryxpoavliovy
(1.22) Vo yiver

L = [%(8u77)(au77)_u2772]+{_ﬁFWFMV‘i‘%(%%)ZAuAM}
{8 () () + 5 (£) (4,40 = N — bt} (1.26)
(&%)

Me tov tpb6m0 auTé Aotmoy, EMAEYOVTOC TNV xATIAANAY Boduida, xatop-
Vooaue Vo xataoxeudooupe Ut Aayxpavllavy| mou meplEyel €va Padpwto
nedio N pe pdla (cwpdtio Higgs) xar éva nedio Paduidoc A*, to omnolo,
xTd TNV OAANAETIBPGY| TOU UE TO 1), amoxTA waLa. M’ autédv Tov TpdTo, TO
Stavuopotixd unolovia W* o Z anoxtolv udlo.

Ao v mopandve Vewpntixy Tagouciacn twv Bacxwv apyoy tou Ka-
tepwpévou Tpotdinou xar tou awddpuntou onaciuatos e Nhextpacvevoic
ouuuetpiag xavelc umopel vo xataddPBel emmhéoy po aduvoion Tng Yewpiog ow-
tc. Ilopdho mou o unyoaviopos Higgs doukelel moAD xold, avadexvieTtar 1
aloinom 6Tt 1 eloay WYY TOL GLUYXEXEIUEVOU Baduwtol cwuatidiou etvar audoi-
PETY), Ywelc var tpoxdTTeL dNAadY| amd xoud Yeuehmdn uowxt| apyt 1 Vewplo.
Auté, o6mwg eniong xou ot mpoavagepdévies eheliepeg TapdUETEOL, GANS Xal
n npoéhevon tne CP (charge-parity) napaficong elvon uepixéc and tic xUpteg
aduvoplec Tou Kaepwuévou Ipotinou.

1.5 H avalrtnon touv urnoloviouv Higgs.

Eve n udla tov W=+ xu Z mpoodiopileton and 1o Koadiepwuévo IlpdTtuto,
N mpoPhenduevn pdla tou Higgs, xupaiveton ota dpa 114 GeV/e? < my <
1TeV/c?, bmou to xdtw bpro €xet dolel and Tic yetphoeic oTov enttayuvth LEP,
EV® TO TV 6pto emtBdhhetar and T Vewpio. Lto oyfua (1.4) napouvotdlovto
o Starypduuata Feynman yio v mopaywyr tou Higgs xadde enlong xou ol
EVEQYEC SLATOUES TwV SLABIXAUCIOY WS oLYAETNOT TN WAL Tou cewUaTIdioU.
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Syfua 1.4: Hdvw: Awaypdupara Feynman mov ovveiopépouvr otny mapayw-
yn tov umoloviov Higgs oto Kathepwuévo Ilpétuno: a) ovvnén yrkAovoviov -
ykAovoviov b) ovvenén tt ¢) otvtnén WW ka1 ZZ d) exmounny bremsstrahlung
twr W ka1 Z. Kdtw: Olixr) evepyds datoun yia tny napaywyn tov Higgs oto
LHC oav ovvdptnon tng pdlas tov Higgs, yia tovg didgpopouvs unyaviopovs
tapaywyns tov owpatdiov. Aré tny avagopd [6].
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H oOvtnin yxhovoviou - yxhovoviou péow evog Bpdyou tou t-xoudpx eival
TO ETXPATES XAVAAL Tapaywyhg Tou owpatidiou Higgs. H cOvinin twv -
vuopotixodv urnoloviov (WW, ZZ) yivetou onuavtixs xadog auidveton 1 udlo
Tou Higgs, amoxt®vTog evepyo Statour) duota Ue auTthv Tng oLYTNENS YxAouo-
viou - yxdovoviou yioo mp ~ 1TeV. Auth 1 Stadixacio odnyel oe wa ToAd
eudidixpitn LToYPaY? 300 TBAXWY Tou EXTEUTOVTAL GE WXEY| Ywvid o GyEo
ue tov dfova TN Séoung (eumpbodior midoxec - forward jets). H TOEAY WY N
Tou Higgs pall e Cedyog tt  woli pe 1o W/Z unolévio éyel onpovuxd wi-
APOTERT) EVERYO BlaTouY|, wOTOGO UTOREL VoL AVAdElCel TEAXES XUATAOTACEL TOU
elvan oyeTxd e0x0Ao va dtarywelotody and To undfadeo, eutiog TwY ETTALOY
LToYPUPMY (Yot Tapddeyo AeTTOHVIA) TOU TEOXVUTTOLY antd TN SLEIOTAGT) TV
CWUATIOWY.

[o var umop€coupe va exTiuioouvye Tov puiud Tapaywyc Tou cuuaTdiou
Higgs 0" évay emitaryuvty| Yo mpénet var oploouye To Y€yedog TNe P TEWVOTNTAS
(luminosity). H gotewvétnro vrohoyileton and tov aptiud tov oopattdiny
N; otic ouyxpoudueves déopec (i=1,2), tov aptdud twv toxétwy (bunches) B
TWV COUATISIWY Xl TN GUYVOTNTA TEPLOTROPHE AUTWOY f, :

«_BN-N>-f,

N)

e (1.27)

omou A.rr elvan 1) EVERYOC Stortour] GAANAETUSPAOTC TWVY TAXETWY TV COUO-
Tdlwy, 1 omolo e€apTdTal A TO GYHUN TOU TUXETOU XoL TN YwVid 6OYXouoTg
oawtwyv. H ohoxAnpwpévn putewvdtnta Yo cival 1o 0hoxhfpmud Tng QWTEL-
votnTag o 6ho To ypdvo Aettovpyiag: L = [Sdt. Edv dn/dt eivor o pudude
TUPAY WY NG EVOS YEYOVOTOS UE EVERYO Btatour| o, 1ote Yo 1oy Vet

dn
dt
‘Onwe mpoxintet and 1o ddypopua (1.4), oxdua xar yio udlec tou Higgs
mou ptdvouy o 1 TeV, 1 uéytotn evepyog Satour| togaywyne etvar ueyoklTepn
am6 100 fb. Tt Ty authy Ty Tur Tng Paog ot yior Yol TUTX THLY OAOXAY-
CWUEVNS PWTEWVOTNTIS 10%3 em 2sec !, mpoxUnteL 6Tt Tepimou 3000 yeyovoTa
AVOUEVETOL VoL TaRay VoLV HOAS GTOV TPWTO YeOVo AelToupyiag Tou avtyveuTy.
‘Ocov agopd oTig dlaondoelg Tou cuuatidiov, To Higgs Siuondtor ot xuplwg
oyeTxd Paprd xoudpx xou urolévia - 6Twe bb, tt, WW, Z7Z- eneidf 1 otadepd
Cedéne Tou Ye Ta mpoidvta didonaong elvon avdhoyn tng pdlag avtwy. Erniong
T0 Thdtoc didonaone (decay width) tou cwyatdiou Higgs eivor avdhoyo g
Tpitng SOvaung tng pdlag, Snhadh: 'y ~ 0.5TeV "2m3; xou autd TopouctaleTal
oto oyfua (1.5).
O Aoyog Suxhddwone (branching ratio) twv Baoixwy xavalidv didotaone
Tou owyatdiov Higgs napouctdletar oo oyfua (1.6).

=03 (1.28)
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Yyfuo 1.5: To mAdrog didoraons tov owpatidiov Higgs oav ouvdptnon g
pdlas wov. Ané tny avagopd [7).
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Yyfuo 1.6: Adyor duakAdowons ya ts haondoeg tov Higgs umoloviov oto
Kathepwuévo Ilpéturo oe peppiovia kar proldvia ws ovvdptnon tns pdlag
tov Higgs. Ané v avapopd [7].
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ivaxag 1.2: Avvatétnta dueons mapatipnons tov onuatos H — vy ya
80 < my < 150 GeV. Ta yeyovéta dtdovrar yia L = 100 fb~'. Arnd v
avagopd [8]

| mpg (GeV) | 120 | 130 | 140 | 150 |
I'eyovéta ofuarog (S) 1190 | 1110 | 915 617

[eyovéta unofddeou (B) | 29000 | 24700 | 20600 | 16900
Mnhixo S/V/B 65 | 65 | 58 | 4.3

Ano 1o didypapua (1.6) draxpivouye Tpeic xOpteg Tepoyéc:

by < 130GeV/c?: Yny meploy | auty dVo xavdha SidcTacng eivon o
uovted: H — bb xon H — vy To b-xoudipx efvor to o Bopid pepuidvia
ot omola unopel va Staomaotel To Higgs tétotag udlac xan o Adyog Sto-
xhadwong elvon xovtd ot wovdda. Qotoco, eCutiag Tou TOAD UEYSAOU
QCD vnoBdipou (vnoBdidpeou dnhadr Tou TeptAaUBAver TaPUYWYT TV
b-xoudpx amd yxhoudvia), 10 GUYXEXEIUEVO XavdhL SidoTacTg efvar ad-
vato va avoryvwpetoTtel. To xavdht H — vy €yel mohd uixpdtepo hoyo
Sthddwong (ot draondoels oe PwToVIA Eival OTAVIES), AANG TUREYEL X
Vapd ofua évavtt tou utoPdvpou. Onwe gaiveton otov mivaxa (1.2), to
Higgs unogel va aviyveutel and 10 cUYAEXPIUEVO XAVAAL UE ONUAVTIXO-
TNTO TAPATAENONG Tavw and 50 oe elpog walwy petall 120 GeV xou
145 GeV. Iiveton pmg Qovepd Twg, YL VoL ooy VWRLOTOUY To POTOVLNL
oTnV mepinTwon auth, amouteiton VYN SlaxEiTixy XAVOTHTAL GTNY EVEp-
yeta, dnhadr ToAd xokr) Vepuidouetplor xou moh) xahog Stoywplouds and
10 UTOPadpo TV TdIXWY (jets).

[ 180GeV/c? < my < 2mg: Oudondoec H — WW® yao H— ZZ™),
6TOL TOLAAYIGTOV €va and Ta StavuouaTid urmolovia va eivar SuvnTixno,
yivovTtan onuavTinéS xou TEAXE ETXEATOVV.

[y > 2mgyz: To Higgs umolovio diaomdton xuplwg o Lebyn WW 1
27, 6mou xou T 8o umolévia elvon mporyUaTixd. TNV TEQITTWOT auTH
OVOUEVETOL 0L OTEVT TEQLOY Y| GUVTOVIOUOU UTO TNV Topouacio evoc utxpod
uToBddpou.

H duoxohio aviyveuone tou ocwpatidiou Higgs ogelheton 6T0US TREIC TORUXAT
TAPAYOVTES:
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1. O puiude mapaywyhc tou uroloviou Higgs eivou 1010 YAUNAOTEQOC amd
TOV GLYOAXO pLIUS TopaywYhc cwuatdiwy oto LHC, énwe gaiveto
xou 0To Sidypopua Tou oyfuatos (1.7). Q¢ anotéheopa, Va mopdyetar 1
cwpotidio Higgs ue udlo 500 GeV/e? avd 3o hentd.

2. Ov umoypaéc ue yaunho undPatpo €youv yaunholg Adyoug Staxhdde-
onc. T mapdderyua, o Aoyog Stoxhddwone yio 10 wo xadopd xAVAAL
H — ZZ — 20720 (6mov £ = p, 7, €) ebvor mepinou 2.52107* yior pdla
mpy = 200GeV/c* xou yio tn Sidoroon H = ZZ — 2u~2u™ efvor evvéa
(POPEC UXPOTEQOC.

3. To yeydho mhdrog Sidonaong tou Higgs ue yeydheg udleg amoutel opxetd
UEY AT OTATIGTIXY YEYOVOT®Y X0l SUVATHTNTA APAPEGTS TOL UTOBEVEOL.

1.6 To xoavdht H — Z7 — 2u2u™.

H ouyxexpiuévn epyacia emXEVIPWVEL TNV TROGOYY| TNG OTNY AV VEUGT) TOU
owpatdiov Higgs péow tou xavahot H — ZZ — 2p2pt. Ta 1o Moyo
ath, yenowo eivon va Sobue oto onueio autd g Yewpntixnhc eloaywyhc To
YAEAXTNELOTIXE TOU XOVOALOU QUTOU UE TEPLOGOTERT, AETTOUEQELAL.

To cuyxexpyévo xavdht umogel va mapatneniel oto ebpoc ualov 120 -
500 GeV, agol yioo my > 500GeV, 1 evepyog Statour| Tou xovollo) UELOVETL
Spopatind. Amotehel e uior eudidixprty uToypapy| ot divel TEocEpa AETTOVLAL
(amoutovTon UIoVIaL xou NAEXTEOVIAL, APol TENXES XATUOTICES UE T-AEMTOVLOL
Oev EMTPETOUY APEVOS xaopy| avaoxevy| Tne walac tou Higgs, agetépou eyu-
neptéyouy molU peydho umoPadeo). To avayevéuevo undBadeo, omdte xou
Toe xpithplar épeuvag, eCopt@vton and Tr udla tou Higgs, wag xou 1 adinon
¢ pélag Tou cwuatidiov cuverdyetal, OTwS TpoavapépUnxe, TNV adENcT) Tou
TAATOUS TOV.

Av myg > 2myz, 161 2o T d0o Z umolovia oty TEMXY| xuTdoTACT Ei-
vau mporywortixd. [iow tnv avoxartaoxeuy| e udloc tou Higgs amoutodvton 800
Lebyn hemtoviny Tou ([Sou TOTou (2 Lebyn nhextpovioy 1| 2 (ebyn wovimv) xou
avtidetou goptiou, Ta omoioa ogethouv va divouv avahhoiwtn udla cuuPBatr
ue ) udla Tou Z. XTNV TEQIOY T AUTH, TO UoVadiX6 Un-uetnoilo utdBadeo eival
1 mopaywy Tou Z uéow tou xavolol pp — Z/v*Z/y* — 2072(", 1o omnoio
opwe elvar wxpd o oyéor ue to ofua. Emmiéov, yio udlec tou Higgs ueyo-
Motepec amd o 300 GeV/e? to guowd elpoc Tou Higgs elvon peyahitepo amd
NV Stoxprtiny) eavdTnTaL UAlag TOU oy VEUTIX0U GUGTAHUATOS, OTOTE 1) ETidooT
TOU QLY VEUTY| GTNY TEPITTWOT auTh SEV £YEL TNV QUGTNPET] GUVELTPORYL.
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Yo 1.7: H evepyds owatoun aAdnienivpaons oav ovvdptnon tng evépyeas
oto kévtpo pndlag. Ané tny avagopd [9] .
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Amo v dAAn ueptd, Yoo my < 2myz, to undPadpo eivar LIS, Emimpd-
oteta 670 K3 avagepdéy pn-peiwowto vndBadeo pp — Z/v*Z/v* — 20 20%,
uTdEyouY dUo onuavVTIXd xavdlla uToBdUpou, Ta omolo dUWS Elvol UELDOLL
tt — 207207 + X xou Zbb — 20720F + X. Ty 1o nepintoon, dYo Ae-
TTOVIAL TpogpyovTon amo To 800 W-urolovior mou mpoépyovton amd Tr SldonooT
t — Wb xou 300 AemtoOVIOL TPOERYOVTOL AT TIS NU-AETTOVIXES SLAOTAGELS TOU
b-xoudpx. X1 deltepn nepintwo, 300 Aentovia TpoépyovTal amd TIg SlaoTd-
OelC Tou Z xau 8U0 amd TIC NUI-AETTOVIXEC DUOTAGELS Tou b-xoudpx. Autd ta
500 umoBadpa UToEoLY Vo aropelpdoly amaTOVTUS TNV avakholiwTyn udlo evog
TouAdytoTov (elyoug Aemtoviwy va efvar ouufBoty ue tn wdla tou Z-uroloviou
(1 anaitnon auth eivor apxeth oty TepinTwon Tou t LTOBAYEOL), anAUTOVTIC
6ha tar Aemtévia vor eivan amopovouéva (isolated) (tor Aentévior and Tig dro-
ondoeg b — £+ X elvar ocuvidwg un OTOUOVWUEVA) X0 ATOUTMYTIS ONoL Tal
AemToOVIaL Vo €pyovTon and TNy xopueh ohknhenidpaone (tor hemtéviar amd TIC
Staomdoelc Tou b-xoudpx mougdyovto xutd u€co 6po 1 mm paxpld and THY
%€0pLGT e€outiag TOU UEYEAOL YpoVoL LwNg TwY B-adpoviwv).

Yy magoloa epyacia Vo emixevipwiolye otn uerétn ualov tou Higgs
200 GeV xar 300 GeV, 6mou xar ta 800 Z-umoldvia NG TEMXAS XATACTACTS
elvol TEOYHATIXE, EVE TO AVOUEVOUEVO LTOPBadpo elvon TOA) wixEo.
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Kegdiowo 2

2IXESLACUOC TOL AVLY VELTN
ATLAS.

2.1 Tevixdg oYESLAOUOC TOU ETMULTAYVVTY.

O Meydhoc Adpovixdc Emtayuvtic (Large Hadron Collider - LHC, [10]) efvan
EVag ETITAYUVTAS, 0 omolog Tonovetelton 6To Nd1 udEyov Tolvek Tou LEP. O
oLYXEXQIEVOS emToLYTHS Vo Tapéyel ouYXEOUOEIC TEwToviou - TpwToviou,
xodoe eniong xou Popéwmv oviwy (yia toapdderyuor Pb-Pb). Xtny nepintwon
obyxpouonc pp 1 evépyeta 6o xévtpo udlac Va eivar 14 TeV (entd gpopéc ue-
YokOtepn and tov 131 undpyovia emttayuvth Tevatron, oto Fermilab), evé 7
pwtewotna Yo ptdoet Ta 103 em 257 (100 gopéc peyohiTepn ouyxpvouevn
ue toug mponyoluevouc emttayuvtéc LEP xou Tevatron). Me autéc tic ouviv-
xe¢ hertovpylac Yo Sovel 1 duvatoTnTa aviyveuong xou HEAETNS CwUATIdWwY UE
udlec uéyel mepinou tor 5 TeV.

O Baowde mapdyovtag o Ty exiteun g emuunTic EVEQYELUC OTO XEV-
Tp0 pdlag eivon 1 xdvotnta oTeédng, 1 omola eivan amopaitnTy Yoo THY StoTr-
enon tne déoung xutd Uixog Tne TEpLpEpeEtac Twy 27 Km tou xuxhixol entto-
Yuvth. And tny ediowon hoimodv:

p(TeV) =0.3B(Tesla)R(Km) (2.1)

6mou p ebvan 1 opur| Tng déoung, B to yoyvnuxd medio tou emitayuvTy| xou
R ~ 4.3 Km n axtiva Tng TepLpépelag, TpoxOTTEL OTL TO ANAUTOVUEVO UAYVNTIXO
medlo yioo v eniteuin opurc p = 7 TeV elvou mepinou 5.4 Tesla. Tlpaxtixd
opwe, emedn elvon adlvato v xahu@del Ohn 1 TEQLpEpELa AR UAYVATES, TO
amanToOUEVO payvnTixd medlo mapdyetan and 1200 unepaywytuoug SimoAixoig
waryvitee Titaviovyou vioBiou (NbTi), ot onoiot Ya divouv nedio 8.4 Tesla xau
Vo POyovtan ye tnv mapoyr| uypeol nhiou. Ou mpénel va onuewwdel 6To ornueio
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auTh 6TL oL BioAxol auTol uayVATES anoTEAOLY UEY AT TEY VOROYIXT| TPOXANGT),
agol Yo efvor o1 LoYUEHTEQOL LTEQUYWYIUOL HUYVATES TOU xOouov. Emeldy
UGALoTAL 1) GUYXEOUGT, TWV OUOCTIUN POPTICUEVWY CLUITIdIWY Tpolrovétel 500
EEYWPEIOTES YRAUUUES BEOUMY, Ol XATELYOVOELS TV UAYVATIXWY TEdIWY OPelhouyY
vou efvor avtidetec.

H oOyxpovor twv deoucyv Va yiveton xdde 25 ns. And tnv T tne evep-
YoUc Statouric yia v avehaotixr oxédoon p-p (obh,, = 80 mb) xou and tnv
TeoaVAPERINoA THLY QPOTEVOTNTIC, TEOXVTTEL glxoha! 6t Vo uTdpy oLy TERI-
mou 10" chnhemdpdioeic avd SeutepdhenTo.

Kotd ) hettovpyia Tou emttayuvty| tpofAénovton d0o emuépouc nepiodol:
otnVv TewTn epiodo 1 pwtevoTATA Yor EyEl T 1033 em 2571 (nspioBog <o
uninc cpwrswo’rmocg»), evw 1 deltepr meplodog Vo yapaxtnpeileton and Tiun

pwtewotnrac 10 em 257! (repiodog «udnific pwtewvbTnTICY).

2.2 Tevixdg oYedlaopdg TOL AVLY VEUTH.

O aviyveutic ATLAS (A Toroidal LHC ApparatuS - [8]) eivou évor aviyveu-
™ Yevxhc yprone xou éyet HOn umel oty @don xataoxeuic. To oyfua (2.1)
TOEOVCLALEL TN GUVOAXT) LopPY| Tou aviyveutr. Amnotelelton amd tpla xOpla
TUAUOTOL Ao UEC TIROC TAL EEW: TOV ECWTERIXO AVLYVEUTY, 0 omoiog BploxeTou
uéoo 6o poryviTix6 nedio evoc owhnvoedole wayvitr, ta Yepudouetoa (nhe-
ATPOPOLY VITLXO XU adpovixd) xat TENOC TOUS aVLY VEUTES LIOVImY TOU Beloxovtar
EVTOS TOPOEB0US paryvnTixoL nediou.

O eowtepindg aviy veutrc yenotponotel 0o dapopeTinéc teyvohoyies. Kov-
T4 oV mEloy Y| IANAETIBpOTC UTdEYOUY oty VEUTES TupLTiou, HEYdANS Sto-
xprtnig eavotntag. Elvow totodetnuévol oe xulivipoug otny nopdmievpr emt-
@dveta (barrel) xou oe xOxhouc (p6dec) ota mdpato (endcaps). EZbdrepa,
UTdEYEL O VLY VELUTAG axTvoBohiog uetdfaong (Transition Radiation Tracker),
o ornolo¢ TEOGPBAETEL xau oTNY TawTtomoinon niextpoviwy. Eivow oyediooué-
vo¢ €T0L, WOTE VoL avTamoxplveTtal atoug uhnhols puluoic aAAnienidpaorc Tou
LHC.

To Yepudduetpo anotekeiton and Sidpopa enineda. Ilponyeiton 10 niextpo-
wory vynTid YepuidoueTtpo, mou elvon €vag aviyveutrc pohifBdou xon LYEoU apYHY
(LAT), evéd éneton to adpovixd Yepuidduetpo, To omolo ypnotUomotel avty veuTés
omvinplopol ue aroppopntéc Fe xar Cu. Eivow oyediaocuévo, dote var xohd-
TTEL TEPLOYES AXOUAL XAl THEA TOAD XOVTE ot dEoUT, OTOU BEV UTAQYEL XAUVE(S
GANOS ALy VEUTHC.

To chotnua povioy arotehettar and Yarduoug odicinong, Torodetnuévoug

IN=L- ‘7@(551) =10%*em 2571 -80- 1072 - 10 2em? = 80 - 10? interactions/sec
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Yo 2.1: Yvvohikn popen tov aviyvevtr) ATLAS. O aviyvevtiis éyer pnjiog
42 m ka1 axtiva 11 m.

oe tpla enineda, xAAUTTOVTAUC TOCO TNV TAPATAELRT TEQLOY Y|, OTO XAl TOL TWOUTA
Tou avtyveutr. Ot Vdhapol Beloxovtal evTog Topoetdols yoyyntixo nediov, to
OT0{0 XUUTVAMVEL TIC TPOYLEC TWV NAEXTELXS QOPTIOUEVKDY Woviwy xou Sivel
SuvatdTnTa Yior aveldpTnTeES UETPOES TO00 NG VEong, 600 ol TNG OpUTnC.

O aviyveutic oyedidotnxe yio vou el Tic €Ng EmBOTELC:

1. TToAD ok nhextoopory viTixr) DepuISOUETOIN Y100 TNY AVAY VOPRLOT) XOL TNV
uEtenom nhextpoviwy xal gwtoviey, 1 onofa Yo Bondfocel emniéov oTov
Tpoodloplod TN eENErToloog EYXdpatac evépyetas EFUS you trg evép-
veog Ty Tddxwy (jets).

. Ieavomontixd mpocdloploud TwV TEOYLWY OE PEYSAY) PWTEWVOTNHTA YL
axE37) HETENOT TWY OPUMY YO TNV TAUTOTOMOY Twy b-xoudpx, Twv nie-
AxTPOVILY XL pwTOViwY xolMg xaL YL TOV EVIOTIGUO Tou oTuelou did-
OTUONC TOU T-AETTOVIOU %O YLOL TNV OVOXATACKEVY| Twv B-Staondoewy
o€ TEplodo YoUUNAAC PWTEWOTNTIC.

. Autovoun xou uhnirc axplBetag pétenon tng opunc Twv woviny e Tepio-
30 UEYSANG POTEVOTNTUC, XUVWS XAl IXAVOTNTA OXAVOUMOUO) OE UXPES
EYXAQPOIES OpUEC OE TERIOBO YAUNATC PWTEVOTNTAS.

To oloTUo GUVTETAYUEVWY TOU oty VEUTY| Topouatdletar oto oyfua (2.2).
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Yyfuo 2.2: To odotnua ovvtetayuévwr tov aviyvevry ATLAS.

H Siebduvorn e déoune opllet tov d€ova Z xar to X — Y eninedo eivou
xd¥eTo oTov d&ova e déounc. O Jetindg X-d&ovac opileton var Sebyvel and
10 onuelo aAAnienidpaong mpog To x€vteo tou emtayuvTh LHC, eve o detinog
Y-d&ovag detyver mpog ta dvew. H alipoudiaxy| yovio ¢ petpiéton TepiueTpxd
Tou Z-d€ova, eved 1 okt ywvia U elvon 1 ywvia pe Tov dEova g déounc.

H devdowxitnra (pseudorapidity) opiletar we:

n= —ln(tang) (2.2)

xau Tafpvel W€ TIES (n — 0) TNV xataxopLeN StedYuveT xou UEYAAES
Téc (n — 0o0) oe devruvorn Topdhhnhr we tov dZova g déourg.

H eyxdpoio opuf pr xou 1 eyxdpota evépyeia B xodog eniong xou 1 ei-
Aermoloa eyxdpota evépyetar ES xan dhhec eYxdpotec TopdUETEOL TPOodLopi-
Covian oto X —Y eninedo, extoc xou av avagpépetar dtapopetixd. H andotoon
AR o710 yweo wxitnTag - alipoudaxhc yoviog opiletar wg:

AR = /A + A% (2.3)

Ta xOpta yapoxtnpotind tou aviyveuth ATLAS rapovcidlovtar otov mi-
vaxa 2.1
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ivaxog 2.1: Kdpa yapaxtnpotikd tov ATLAS. Ané v avagopd [6].

TuApoto XopoaxTneloTixd
Topoetdéc ue mupriva agpa
Moy viiteg LOANVOELSY) 0NV ECWTEPIXT| XOLAOTNTAL.

To Vepudouetpa exto6S TOU Yoy vnTxol ediou
4 poryvhteg

Eowtepiog Aviyeutic

Enineda [Tupttiov (Awpidec xau pixels )
Tavtonoinon cwuattdiov(Aviyveutic
AxtivoPohioc MetdBaonc)

B=2T, o/pr ~ 5210~ pr(GeV) @ 0.01
eptoyn xdhudne Peudwxdnrac: 0 < |n| < 2.5

H/M depudouetpo

MoruBdocg - Typd apyov
Eyxdpota Stoéplon
o/E ~ 10%/,/E(GeV)
Heproy | xdhune deudwxdtnrac: 0 < |n| < 3.2

Adpovixd Jepurdoucteo

Aroppogpntic ané Fe + Cu - Typd apydv
> 10\, 0/E ~ 50%/\/E(GeV) @ 0.03
eptoyn xdhudne Peudwxdnrac: 0 < |n| <5

Pocpatoypdpoc Mioviwy

o/pr ~ T% oe woévia tou 1 TeV
aveldoTNnToL amd To SR TUAUOTOL
Heproy ) xdhudne deudwxdtnrac: 0 < |n| < 2.7
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Aviyveutég Pixel

Yyfua 2.3: Tpiidotatn dropn tov eowtepikov aviyvevtr) tov ATLAS (eikdva
puiayuévn ané to Geant ).

2.3 O ecwTepixdc aviyveutic (inner detector).

O eowtepde aviyveuthc (exdvar 2.3) xoAUTTEL TNV axTwixy neployy| and 4
cm pé€yet 1 m yopw and 11 déoun. O ox0mHS TOU GUYXEXQPIUEVOU OVLY VEUTY)
elvan 1) TOAD YeYdhng oxplBELag avaxataoxeur] TPOYLOY 660 TO SUVATHY TATGLE-
oTepa 610 onuelo clYxpoLsTS TwY 300 TPWTOVIWY UE GTOYO TNV EVPEST 6GO
TO SUVATOV TEPLOGOTERMY BEVTEPEUOVTWY X0PLYPWY AAANAETSpaong Xl emi-
oNS Yo TNV TowToToMnon Twv cwudTdiwy. O Sloywelouds Twv QopTIGUEVWY
cwuaTdiny xang ETIeNg XaL 1 LETENOY TWV OPU®Y AUTOY VoL EQIXTH UE TN
Boreia evog cwhnvoetdoic poyvntixol nediou, Eviacng nepinou 2T |, to omolo
TEPYSGAEL TOV ECWTEQLXO AVLY VEUTY).

E€auitiog Tou BePapnuévou negtBdAlovTog AEITOVPYIUS TOU ECWTEQIXOL VL
YVEUTH], 1) XATUOXEVT| TOU UE TEOUTOVECEIC UAXPOYEOVIAS XAl dOLOTNG AELTOVE-
yiog amotehel wa Waitepn Teyvohoyixy npoxhnor. Ag Solue ot adpéc ypouués
I SlapopeTINéS TEYVOhOYIES TOU EQapuolovTal OTNHY TEPLOYY| TOU EOWTEPIXOV
AVLY VEUTH.

[CAviyveutic tne xopupnRc (Pixel Vertex Detector): Eivaw oyedia-
OUEVOC YLl VoL TaEEYEL VOl GUVOAO UETPNOEWY UE TOAD UEYIAT YwpeLxh
StoxpLTix | LXavoTNTA OE améoTacT and 4 e 14 cm and tn déourn. Arno-
tehelton and Tplo xUAVSEIXG enineda GTNV AEVTEIXY| TEPLOYT| Xt TECCE-
eelc dloxoug oTny eunpdovia TeEpLoy Y|, oL onolol elvar aviyveutég Tupttiou
Tepaylouévol oe meployéc draotdoewy 50 um x 30 um O peyolitepog
TEPOYIOUOS EQapUOlETAL xaTd T dlebuvoY 6TRoYHC TwY TEoYiwy uéoa
070 GWANVOELES paryvnTind medio, dnhadh xatd tnyv alipouvdioxy ywvi
@. Xe auty| T cuvTteTayuévn, Yo emteuy Vel StoxpLtint| avoTnToL TV 12
um, eve 1 3e0TERT GUVTETAYUEVT (xatd unxog tng déoung ota enineda
NG TUPATAEVEYS ETLPAVELAS, AXTWIXG OTOUSG EUTEOG0UG Sioxoug) Yo
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uetenVel ye axpiBeior 70 um.

[CAviyvevtic Hutaywydy (SemiConductor Tracker-SCT): Yxo-
TOG TOU EIVOL 1) GUVELTQOP TEGGUPWY UETPHOEWY AVA TROYLE GTNY oXTL-
vix) meploy ) ueTakl 30 xou 55 cm. Oo amoteAeitar and UxEo-Awpideg
avty veutwy mupttiou ye mdyog 80 mm. H nopdmievpn emipdveld tou Yo
€yl TECOEPU DIMAL OTEWUAUTA, EVK 1) EUTpOCGUIA TEQLOY T Toug Yo elvor
eComhouévr ue evvéa dimholg dioxouc. H Stoxpltind| avotnta otny
alyrovdioxh xateduvon (xddeta otic hwpidec) Vo efvor 16 um. H Sto-
©ELTLN eaVOTNTAL NG SEVTEPNS GUVTETAYUEVNS @Tdvel Tar 580 um, edv
oTpapoly 1o 80 aviyveuTixd enineda xadevog and Ta STAd oTEWUATA
xatd 40 mrad o €va w¢ Tpog To dAlo.

[CAviyveutic AxtwvoBoliacMetdBaone (Transition Radiation

Tracker): H axtivoBolio petdfoone ([11], mapayp. 14.9) yenotuonotei-
TaL Yot TO Sloywploud eEAATIBIOTIXG XIYOUUEVWY NAEXTEOVIWY, TloViwy
xat xaoviev. H apy mapaywync tne axtivoBohriog uetdfBaong otnelleTo
OTNV EXTOUTY| axTVOBOANG amd POPTIOUEVO GWUATIO, OTAY AUTO dlamep-
V&L TV EMLPAVELD UETAED UAIXDY UE DIAPOPETINES NAEXTPIXES 1) Wty VITIXES
Wiotnteg. Tote Snuioupyeitar TOAWGT TwV Uoplwy 6TO TEP3EANOY UALXO
X0l XUT AUTOV TOV TEOTO EAATTWVETOL TO UETPO TOU NAEXTELXOU TEd{ou
Tou péoou. H amdtoun avaxatavour) Twy @optiwy oto uéco cuoyetlo-
UEVT X0 UE TNV ahhary ) 6TO NAEXTEXO TES{O TOL POPTIGUEVOL GuUATIS0L
Teoxahel TNV exmouny Tne axtvoPBoliag uetdPacnc. XTic udniéc evép-
yeteg 1 axTiBola avixel o uhxan xopatog twv axtivwy X. O axtiveg
X exméunovion o€ xwvo ywviag ¥ o¢ tpog T Siebiuvor tou cwuatidiou
n onola eivan: ¥ ~ m/E, énov m, E eivon 1 pdla xou 1 evépyela tou
owpatidiou. Aviyvebovtag Aomdv T Ywvio axtivoBoliog, utohoyilouue
™ walo Tou cwuatidiou.
O ouyxexpuévog aviyveutrc Yo xahinTel T0 e0pog axtivag amd 55 cm
edc 1 m. Ot ouviotdoeg tou Yo elvon Aemtol owhfivee (straws) Stopétpou
4 mm, yeudtol and plyuo acplov Xe : CFy : COy = 70 : 20 : 10. O
TEOGAVATOAOUOC Toug Vo elvol aZovixde oTNY TURATAELET| ETLPAVELNL XoU
axTvix6g otov eunpdcvio aviyveutd|. H axtivoPBollo uetdBaong Yo dn-
wovpyeiton oe axTvoPoAnTég TohuTporuieviou 1 Toluonduleviou LeTagl
WY AETTWY OWARVWY, EVH SIAXEIOY UETAE) TWY ONUATOY LOVIGUOD TOU
TEOEPYOVTAL A0 TIC TROYLES TWY CWUATIOIWY XU TWY ONUATWY POTOVIWY
TOU TEOEPYOVTAL AmO TNV oxTvoPolla YeTdfoong Yo elvon eQuTy| UE TNHY
EQUPUOYT| DTAMY XATWOAWY YLt TNV AvdyVeOGY) TOUG.
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Yyfuo 2.4: Katavoun twy onpdror vpnlot katwgriov tov dicukpioty (tdrvew
and 6 keV' ) o€ avakatackevaopuéves tpoyi€g moviowr kar nAektpoviowr 20 GeV
o€ payvnuké redio 0.8T. Ané tnv avagopd [12].

Tavtonoinon nhextpoviwy. H tautonoinon twv nhextpoviwy ue T yehon
e axtvoPollog uetdBaone yenoluonotel T Slopopd GTNY EVERYELN TOU EVO-
TotideTon 6TOUG AETTOUC GWANVES ATO NAEXTEOVLOL X0 AUTH PORTIOUEVAL TOVLYL,
Ta omola elvon 1) xOpLa Ty Y uoPddpou TNV avayvoplon NAexteoviwy. o ta
NAEXTEOVIA, 1) 0UEE VW ATO TO XATWPAL TwY 5-7 keV ogelheton o orjuato and
v axTvoBohio uetdBaong, eve Yo movia ogetheton o€ S-oxtivec. H andppudm
TV ToViwY LToAoYI{EToL UETPOVTUC TOV oELiUd TWY ONUATWY OE UYNAG xUT®-
(AL OF OVOXATACAEVUGUEVES TEOYIES Yo TLoViaL xou Nhextpovia. H xatavou
TOV GUYXEXPIUEVWY oMUtV Topouctdletor oto ayfua (2.4).

ATUTOVTAC VoL UTRYO0UY XOTA UAXOC TNE TEOYLAC OHUTA TEQIGOOTERA OO
Evay oUYXEXQPIUEVO aptdud unopel va uetenlel n anddoon yia ToQay VORI TwY
TOVIWY ¢ MAEXTEOVIY, WC GUVIRTNOT TNS ANO800TNC GTA NAEXTEOVIA.  LTO
oy fua (2.5) mapouctdletar T0 ANOTENEGPA auTAG TS dtadxaciag OTIC XATAVO-
UES TOL OYHUATOS (2.4). Ta an6d00T ot NAEXTEOVIAL TN TAENS TOU 90%, n
ueTpovuevn anddoor ota mévia eivor mepinou 1.2%, mou avtiotoyel oe évay
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Yo 2.5: Amddoon moviwr ws mpo§ Ty arédoon nAektpoviwy. Amé Tny
avagopd [12].

ouvteheoth andpetdne 80 we mpog Tal THVLAL

Téloc, oto didypayuo tou oyfuatog (2.6) gaivetor 1 anddoon oe mdvLa
CUVUPTAGEL TOU XATWPAOL TOU BLELXEIVIOTY, GTNY TERPITTWOT TOL 1 ATGS00T)
ot nhextedvia eivar 90%.

2.4 To Vepudopetpo (calorimeter).

To nhextpoporyvntixéd Vepudopetpo tou aviyveuty (oyfua 2.7) eivon évar Vep-
wSOUETPO LYPEOL aEYOoU UE TAdXES UOAUB0L ToTOVETNUEVES aAVAUESH OE LYEO
apY0 w¢ amoppo@nTés. Acttoupyel wg SerypaTtoAnmTind VepwudousTeo, 6Tou o
AATOUYIOUOS AVATTOOGETAL GTOV UOAUBB0 Xl O LOVIOUOS VY VEVETAL OTO dlp-
yov. To Yepudouetpo dtaperileton oe teTpdywva ue Staotdoelc An x Ag =
0.025 2 0.025. IIpoxewévou woTOGO VoL SLoywELOTOLY Tot dU0 YWTOVIA ATd TN
Sidomact Tou T, To TEKTo eninedo Tou Yepudouétpou SapehileTon TEPLOGHTE-
eo xatd n otnv Ty 0.003.

Ané tn oTiyur| Tou 1 Ywviax Sttty xavotnTa Tou Yepuidouétpou Sev
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Eyfue 2.6: Amdooon oe mévia ouvaptijoer tov katweAiov tov drcvkpiotr. H
anédoon o€ nAektpdvia etvar 90%. Ané wny avagopd [12).
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Hiextpopayvntmd Gepuddpetpo

Adipovikd Tile Gepunddpetpo

1 eunpdobia BeppdopeTpa LAF

Adpovird, spapdotha beppuddnstpa LAr

Yyfuo 2.7 Tpididotatn droypn tov Jeppudopétpov tov ATLAS (eikdva priay-

pévn ané to Geant )

elvon 1 xaAOTERT AMAUTOVPEVY YLt TO xavdht H — v, 10 TpdBAnua autd avii-
uetwniletar e TNV TEooUXN EVOS ETTAEOV BELYUATOANTTIXOU VeQUIdOUETEOU
axp3we wow and 1o Telyo¢ Tou xevooTdTy. Kotd tov Tpdmo autd uetplétal o
AATAUYIOUOS XATE TOV z-dEoval oE dtaopeTind BaUT 010 VepUiBOUETRO, EVG T
axpiBeta ot ywvio ¥ etvou:

B 50mrad
- VE

To Vepudouetpo eivon oyediaouévo yia vor aviyveboel ofuota ¢ évol Ue-
Ydho ebpog evepyelwy. Mmnopel vo mparyuoatonooet axplfelc uetproelc g
evépyelag xot TN VEOTS TV NAEXTEOVILY Xl TV YWTOVIKY, TNV EVERYELXL Xol
™ devduvon tov mddxwv (jets), odAd xou va Tpoodlopicer Ty eAAeimolon
EYXPOLAL EVEQYELX TWV YEYOVOTWY. MTOPEl Vol THUTOTOLAGEL GOUATIA, OTWS TA
NAEXTEOVIY, TOL TULOVIOL XOL TOL PWTOVIAL OO ToL adpdvia xon Toug Tidaxeg. MTig
YAUNAES EVEQYELES VLY VEVOVTOL Ol NUL-AETTOVIXES BlaoTdoels Twv B-yecoviwy
ue F < 1GeV, eve otic uhnhéc evépyeleg mapéyeton 1 SuvaToOTNTA TUPATY-
ENONS TWY SEYEQUEVOLY %aTaoTdoEwY Twv Z § W cwpatidiov ue E ~ 5TeV
(Yo mapdderypor, oe Swondoec dnwe Z' — e~ el ta nhextpdvior Unopoldy va
ptdoouv ta 3 TeV ).

H Staxprtioed) beavotnTa Yo 10 €0p0S TWY EVERYELDY TOU Xoh0TTEL TO Vep-
wdoueTpo meplopiletan 1060 and YopuBo, 6co xaL and TN oToept| avaxpifBeia

(0) (E — GeV) (2.4)
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Yyfue 2.8: Awakprtikry ikavétnta nAextpopayvntikol Jeppndopérpov ota drpa
TOU aviyveuTi) ws ouvdpTnon s evépyeas twy nAeKTpovioy tThs 00KIHaoTIKNG

6éouns. And tny avagopd [8].

otn Badyovouncn tne evepyetaxhc xhipoxac. H Stoxprtixd| xavotnta Tou nhe-
xtpopayvnTieol Yepudouétpou dideta and T oyéon:
o(E) «
E - VB +b(E — GeV) (2.5)

6TOU 0 TEWTOS OPOS elval 0 GLUYNIOUEVOC GPOC TWV BELYUATOANTTIXWY Vep-
wdou€tpwy xat o deltepog Opo¢ elval 0 oTalepds 6pog. TN oyéon AUTH aUTY
éyer mapakngiel o 6pog mou ogeiletar 6To VoEUPBO ECUTIAG TWY NAEXTROVIXMY.
‘Eheyyor tou Vepudouetoou Ue SEOUEC NAEXTEOVIWY UTOPOLY Vo ®MOOLY TIG
otadepéc o, b . To oyfua (2.8) Seiyver tn Sroxprtixy ixavétnto Tou Vepudo-
UETEOU WC GUYHETNOT TNE EVERYELIC TS SEoUNC.

H emhoyy| tou ndyouc tou nhextpoyayyntixol Vepuidouétoou Yo mpénet
var hopfdver umody g v exnitevdn xahlTepng axplBelac otn uétenon g
evépyetag. Tmo authv TNV €vvold, TO OMXO TdY0S TOU NAEXTOOUAYVNTLXOU
Vepudopétpou eivan mepinou 24 pixrn axtvoBoinone (radiation lengths -X)
yior To ToedmAeupo Uépog xat mepinou 26X, yio To eunpécio.
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O x0plog 6x0m6¢ oL ABpoVIX0) VeQUIBOUETEOU EIVOL 1] AVAXATACKEDY| TV
Tddxwv (jets) xou 1 U€TENoN TNS oA EMAEITONGAS EYXdpatag evepyetag. [
TNV TIUTOTOINGY TwV anopoveuévey (isolated) nhextpoviwy eivar mold Baotxt
eniong N u€tenong e amoTWEUEVNC EVERYELNC TioW ATO TO NAEXTEOUAYVNTIXO
Veowdouetpo. H uétpnon tng ehheinoloos evEpyelog amaiTel TnY oviyveEuoT
g eVEpYELag Tou anotideTton 6 OAeg Tig xaTeLYiVoES. JUVETKS, TO ABPOVIXS
Vepudodpetpo Vo @tdver oe mepoyéc uéypl [n] = 5 1 TouldyoTtov 2 povddeg
beudwxbtnTog mpay Tou NhexteouayvnTixol Yepuidouétpou. Xto xoiho ué-
©OC TOU ALY VEUTH YONOLLOTOIELTAL 1) TEYVOROYIX TWY ATOPROYNTOY GISHCOU UE
evdidueco eninedo omVINELOTOY, EVK OTA TOUATA, AOYW TNS YHRRAVONS TwWY
oTvINEIeTOY and TNV axTvoBOANoT), Yenoulomoteitan 1 TEY voloyia Tou UYEOU
APYOU, OTWS XAl GTO NAEXTEOPAY VNTIXO VEQUIBOUETEO.

H Swopéplon eivor oe turuata dtactdocwy Anz A¢ = 0.1 0.1 v To
TopdmAcugo wépog xar Anx Ag = 0.2 2 0.2 yio o eunpéodor uépn.

To mdyoc Tou adpovixo’ VepuIBouéteou ETEREYEL, WOTE VA LXAVOTOLOOVTAL
oplouéveg ouvinxes. Apyixd, éva mohd mayh adpovind Vepwudoucteo Va €yel
0¢ xOplal ENENTWoT TiIg ALENUEVES AhANAETISEAOEIS TwVY Woviny. ATd TV ik
ueptd, €va TohD Aemtod adpovind Vepuidouetpo auidver tny dicioduor adpoviwy
oTo oloTnua poviwy, 6mou xa Yo Tawtomoinoly we wovia.  Aaudvovtog
autd LTodLy, 1o TYog Tou Adpovixol Yepurdouéteou unohoyioTnxe oto 11
uixn olnenidpaonc (interaction lengths - 1,), wote va ennpedlet oo o
SLYTOHY ALYOTERO ToL UIOVLOL TOU TO BLATEPVOUY o TAUTHYPOVA OGO TO BUVATOV
TEPLOGOTEQA ABPOVLOL VAL YEYOUY OAT) TOUS TNV EVEQYELXL EVTOS AUTOD.

2.5 ®Poocpatoypdpog poviewy (muon spectrom-
eter).

Y10 oyfua (2.10) mapouotdleton o gacuatoypdpos woviwy ([13]), o onolog
yapaxtneiletar amd TNy LYY TOU BLaXEITLX LXVOTNTA, THY EPUNTIXOTNTA TOU,
eved) StadéTel aUTOVOUO GUGTIUA OXAYSAAIGUOU xatL T1) SuVATOTNTO aviy VELoTg
oe éva UeYdho e0pog eYXdEaLag 0pUnc, YeudwxitnTag xou ToAxig ywviag.

H aviyvevon twv wovioy yivetow und v enidpact topoeldolc poyvntixo0
nedlou évtaong mepinou 0.4 T. Xtnv meplntworn Tou TOpPoeldoUS uayvnTiXoL
nediou, To ohoxhfipwua [ Bdl , o omolo xat mpoodiopllel Tn Staxpitixy txavon-
TN GTNY 0pU, uTopel vau StatnenVel uPNAG, axdua xat GTIC dxpwe EUTEOCVIES
TEpLoyéc Tou aviyveuty (oyfue 2.9 ).

To cUotnua wovieny dev tepBdhhetar amd GAAO UAXG EXTOC ATO AEPAL, WOTE
va eharytoToroinUel 1) anMAEL EVEQYELNS TV Woviwy AoYw TOAATAOY oxedd-
oewy (multiple scattering) yéoa oto cVotnua. H ehdytotn eyxdpota oput
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Yyfue 2.9: Hikavérnra otpéhng [ Bdl tng alipovthaxiis ovriotdoag tov pa-
yvnTikoU Tediov, odokAnpwpévn peta&d tov mpadTou kai tov teAevtaiov Yaddpov
pioviov, wg ovvdptnon tng Pevdbwkitntas. Ané tny avagopd [13].

TOU OQelAEL VoL EYEL EVaL WOVIO 0TO OTUEiD TUPAYWYHS TOU, WOTE VoL avLy VEUUE
0TO GUYXEXPWEVO TUAua elvon tepimou pr ~ 3 GeV/e xan xodopileton amd TNV
ATWAELXL TWV YAUNAOEVEQYELOX®Y WoViwY 6TO adpovixd YeputdoueToo.

Or opuéc xou ol Y€oeic Twy TpoylwY UeTpldvToL ot Tela uép-enineda, amod
Ta oTolol TO EcWTEPS XAl TO EEWTEPS divouy Tn Véo), eVd To Yecaio TapEyel
NV TANpogopio TNg xVpTWOTNS (sagitta)2 Yoo Ty Y€tenon tng opunc. Ipoxet-
UEVOL VO BLATNEHGOUUE ToV apldud TV Un YEHCLU®Y TEOYLOY YOUNAG XoL Yid
VoL TETUYOUPE XahUTEpT) TowTonoinon tne tpoytds (Pattern Recognition), xod’
Eva amd Tapamdve LTEp-enineda, anoteheltar and Vo emuépoug eninedo ue 3 1
4 otpwoelg avtyveutwy Yéorng To xadéva. Me Tov Tedmo auTHd XaTAYEdPOYTIL
o avahuTed T StavOouata Yéong, o omola, cuVSLHCOUEVYL UE T avTioTOLY AL
WY MoV emTEdwy, Yo anoxalbouy TNy Tpaypatixy TpoyLd Tou uoviou.

O 9dhapol 6Ta TOUATE ATOTEAOVYTAL antd TEGGEQREIC BlOXOUC UE XEVTPO TOV
dova g Séoung. XTIC TEPIOGOTEPES TEPLOYES PELdLXVTNTIC, Ol UETPHOELS
oxPIBElNC TWY CUVTETAYUEVWY TV TEOYLWY Yivetow and Ue Tn Yenon TeYVolo-
vioe twv Yarduwy MDT (Monitored Drift Tube), n Aettouvpyio twv omolwy
TOPOUGIALETAUL TNV EXOUEVY) TORAYPAPO. LE UEYTAES TWES YeudwxdTNTAC Xa
%€0VTd 070 onueio aIAMNAETIBpaong, 6oL oL POEC TwV CLUATSILY eivar LPNAég,
yenotpornoteiton 1) teyvoroyio twv Yakduwv CSC (Cathode Strip Chambers).

2H xlptwon (sagitta) oplletor oc 1 anbdotaoy Tou evdiduecou onueiov g Tpoydc and
v evdela Yoo TOL EVAOVEL TO apyind xou TS ornueio.
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Cathode Strip
Muon Spectrometer Chambers

Resistive Plate
Chambers

Monitored Drift Tube
Thin Gap B Chambers

Chambers

Yyfua 2.10: O gaoparoypdpos pioviwr tov ATLAS. Ilapovoidlovtar o1 did-
POpeES X PNOIOTO0UUEVES TEYVOAOYIES o€ kdDe TepioyT).
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To cbotnuo oxavdahiogot xolinter Ty mepoyt |n| < 2.4. Lty mopd-
TAELPY TERLOYY| 0 OxaVBAAIGUOS TpogpyeTan oo Telo enineda Vokduwy RPC
(Resistive Plate Chambers). Eivar tonodetnuévor xar otic 800 mhevpés tou
uecaiou otaduol MDT xou eite axplBode mdve eite axplBn¢ xdtw and to e€w-
tepix6 otadud MDT. Yto nodyota, 0 6xavdahlouds Teogpyetal and TeelS otal-
woic TGC (Thin Gap Chambers) nou eivon tontodetnuévor xovtd 6to uecaio
otadpd MDT. Kot 800 teyvoroyieg twv RPC xar TGC napéyouv emtmiéov
uEtenom tne delTEENC GUVTETAYUEVNS TNS TEOYLAC, Tou eival xddeTn oTn ouv-
tetayuévn mou divouv or MDT, oyeddy mapdhinio 0TI Yoy viTixéc SuVoXES
voouués. H deltepn autr ouvtetaypévn Yo mpoodiopileton pe axpifeto nepinou
5-10 mm.

Odiopotl oAlcdnone - MDT.

To Iavemothuo AVnvwy, oe cuvepyaoio ue to Edvixod Metodfelo TTohute-
yvelo xou to Apototédelo IavemotAuo Oeocalovixng, CUUUETEYOVTAC OTOV
Pacpatoypdpo Mioviwy tou aviyveutry ATLAS, avéhafBe 10 cuvapuoldynon
30,000 nepinouv cwliveov ohicdnone (MDT), ot onolot, xohknuévor tehxd ye-
&0 Toug, Vo anoterécouy 120 tepinou Yahduous ohioUnone (drift chambers-
[14], [15]). Or ovyxexptuévor Ydhapot Yo eivon ot pxpol Ydhauot mouv Yo to-
rodetniody 6T0 EowTEPIXd ERITEDD TNC TUPATAEUPTS TEQLOYAC TOU OVLY VEUTH
(Odhapor BIS). Eivon oxémpo hotndy oto onueio autd vo avopépoupe T Poaotxt
apy ") Aettoupyiog xon Ta yaeax TNELoTXd Twy Yakduwy ohicdnorng.

Or 9dhapot ohionong [16] avixouy atouc avahoyxois Yahduous avty veu-
Twv. Eivow Statdéelc ol omoleg, ypnotuomouwviac to yeovo okicOnong ovic¥éy-
TV Nhexteoviny péoa ¢” Eva aéplo, ox0TEOOLY GTOV Y WEIXO TEOGLOPICWUO
NG TEOYLAS EVOS CwPATISOU TOU TPOXAAEL TOV LOVIGUO PECH GTO EQLO.

Mo Tumir) Sidtaln evog xuAVSEIXo) cwhrva ohicUnong ue ta Pactxd yo-
paxTretoTixd Tou peyédn nopoustdleton oto ayfua (2.11).

Arnotehelton amd Tov xUAVERIXG CWAAVA, GTO xEVTEO Tou onolou TortoYeTe(-
tou pe axpiBeta 10 um (r.m.s.) obpuo o€ PNAH tdom +V, (dvodoc) we npog ta
ToLy WUt ToU owAvar (xddodoc). Metall avédou xou xadddou Snuovpyeitor
oY LEO NAEXTEXO TEdlo, 1 EVTAoT) xou TO SUVOULXO TOU 0TOlOL GUVIRTYOEL TNG
andotacng and 1o olpua didoviar and Tic oyéoe ([17], xep. 6):

v, 1
B(r) = 522 (2.6)
CiVo
o(r) = =5 1n (;) (2.7)

OTOVL :
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Yyfue 2.11: Xapaktnpiotikd peyéin evés kuAwopikol owdrva odioinong.

_ 2me,
In(r./rq)
elvan 1) ywenuxoéTNTa avd povddo pixous. To oyfua (2.12) napouvoidler

Uop®1| Tou NAEXTELXOL TES{OL X0t TOL SUVAUIXOY TOU AVOBIXOL GUEUATOC.

O owhfvag yeuileton ye xatdhinho aépto (ouvhdwe Uelyua aepiwy oE xa-
Voplopévn avahoyia), o onolo emAéyetol, WoTe vo amautel Yoaunhh Turf e
tdomne Vo, va €xel udmhy| andd00r 6ToV TOAATAACIAOUS TWY LOVIWY, TOA) X0t
AT avahoyixdTnTor xan TEAog xavotnTa Aettovpylog ot peydhoug puipois ye-
YOVOTWY Yia UeYdho ypovixd didotnue. ‘Onwe goivetar xou otov mivaxa (2.2),
oTov onoio TapouctdlovTol To Bactnd yaeax TNEIeTIXE Twv Yahduwy okicdnorg
mou Yo yenotwonomdoly otov aviyveutry ATLAS, 1 Stoncprtiny| eavotnta Tou
TeETUYAlvETUL 0TV TERITTWON AuUTY elvon TN Tagng Twv 80 um.

‘Eva gopticuévo G(;)p.O(TfBLO?’ OLEPYOUEVO amh TOV GWARVAL TEOXAAEL LOVIOUS
TWY ATOUMY TOU aEpiou, ATEAELTVEQOVTIUC NAEXTEOVLYL, T OOl UE TT) GELEY TOUG
ohcVafvouy Tpog TNV dvodo xat, AoYw TNE UEYSANG ETLTAYLYOTS TOL ATOXTOLY,

Ci (2.8)

31Ny nepintwon tou Poacpatoypdpou woviey Tou ATLAS, 1o copatidio tou aviyvebov-
o oToug Yohdpous ohioUnong elvon wévo widvia, apod Gha tar udhotra cwpatidia (adpdvia
xol AETTOVIOL) ToL TpoépyovTaL and To onueio alknhenidpaone éxyouv i1 evarodéoet Ghn v
evEpYELd TOUC Xou amoppo@niel 6To adpovind xat nhextpouayvntxd Vepudouetpo. To uio-
viar glvon oL povadind owyatidiar Tou, Aoyw TNe YaunAfc evepyol dtatourc alknienidpaong,
%aTopUMYOLY VoL PTAGOLY TOUS YOAAULOUC ULoviwy.
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5 Graph of E
10
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Yyhua 2.12: To nhektpikd medio ovvaptrioe tns andotaons ané to olpua (nd-
vw) ka1 to duvapkd oUppatos oto T,y €ninedo (kdtw) evtés owAnva okioinons.

Ané wnr avagopd [18].
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ivaxag 2.2: Evoextikd, Paocikd yapaxtnpiotikd twv Jadduwr odicnong
mov a ypnoporombolv avov aviyvevty ATLAS. And v avagopd [13]

IMopdpetpog

‘ YyedlaoTiXn TN ‘

Mefyuo aepiou Ar/CO4 (93% : %)
ITieon aeplou 3 bars andluta
Evioyuor aeplov 2210
Avvouind cOEUATOC 3080 Volt
MéyioTog ypdvoc ohicUnong 700 nsec
Méon taytnta ohicdnonge 30 um/sec
Araxprtint| iavoTnTa 80 um
Thxbd cwlva Adovyivio
E€wtepnt| diduetpoc 30.00 £+ 0.03 mm
[Ty oc ToymuaTog 400 £ 20 um
Thxd obpuatoc W/Re (97%:3%)
Alduetpog clpuatog 50 + 0.5 ym
M#xog tehixol cwiva BIS | 1671.50 4= 0.02 mm

Tpoxaholy tepantépw toviools (oyfua 2.13). Mdhota, undpyer Suvatdtnta
TO QOPTICUEVO GWUATIO VoL TEQAGEL PEGA amtd Evay anaptdunTy omvinplouoy,
dtvovtag W auToY TOV TPOTO TUAUO Tou UTopel vau Ypnotdomotnlel yio Tov 0ploud
EVOC YeOVOU avapopdc t, (alotnua oxovdahopos).

H olicinom dopxel ypovixd Sidotnua At, Gotepa and T0 onolo 1oL NAEXTEO-
VIOL GUYXEVTPWVOYTAL GTNY Evod0 SNULOVEYOVTUC NAEXTELIXO GHHUN TOU, XAUTAA-
Anha Staopwuévo, pavepwvel To tépacua Tou cwuatdiou. H arndotact tou
SLtavOEL 0 XOTAYIOUOS TV NAEXTEOVIwY and To ornuelo Snuiovpyiag péypet tnv
dvodo Sidetar amo Tt oyéon:

(2.9)

= [ M ()t

6mou u(t) ebvan 1 toydTnTa oAioUnoNg, yoEaXTNEIGTIXY TOU UElYUaTOS TOU
agpiou.

Yuyxexpuuéva, yio To Yelypa agplou mou Yo yenotuortomiel otoug Yakduoug
ohioUnong tou aviyveuth ATLAS, gaivetar, oto oyfua (2.14) n toydtnto oAi-
oUnong TV NAEXTEOVIWY GUVIRTHGEL TOL NAEXTEXOV TESOU EVTHE TOU CWAR VA,
EV® 0710 oy fua (2.15) 1 Ty vt OAGUNGNC TWV NAEXTEOVIWY GUVIPTHOEL TNS
ATOCTAGHC TWY ATO TO AVOBIXO GUOUL.

Me 1t Bordeta uedddwy Tou YenooTololY TO YEOoVIXO QACUN EVOS GWAY VAL
elvar Suvath 1 eZaywyh g oyéone andotaonc-ypdvou. Xto oyfuo (2.16)
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Track, clusters and drift lines

Particle? u*, Ekin=4 Gev
Gas? Ar 83%, €O, 7%, T=252 K, p=2.86077
. T

—Axis leml
)

—0.6F---

&

—Axis [eml

Yyfuo 2.13: Kivnon wwv Jetikdy 16vtwy (kékkivo) mpog tny kdfodo kar twy
nAektpoviowr (umAe) mpog to avodiks olpua péoa o éva owAiva ohicinons. Ané
tny avagopd [18].

Drift velocity vs E

Gas! &r 83%, G0, 7%, T=282 K, p—2.86077 otm

Drift velocity [em /usecl

I N B ]

5

1a
E v,/ cml

Yyfue 2.14: Tayvtnra odicnong twv nAektpoviwr ouraptioer tov nAekTpikov
mediov. Ané tny avapopd [18].
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Drift velocity
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Yyfua 2.15: Tayvtnra odiolnong twv nAextpoviowy ouvaptrjoe tns atéotaons
ané to avodikd olpua. Ané tny avagopd [18].

TOEOLGIALETOL Ulol TUTIXH T — t oLVERETNOT VO owhrva okicdnorg, Yo To

uetypo Ar/COs (93% : 7%).
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Space—Time Relations

Green — Autocalibration
Red — Garfield

Time inns
~
=3
=1
T

400 [
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o z 4 =} 8 e 12 14 16

Distance in mm

Yyfua 2.16: Xyéon ardoraons-ypdrov odioiinong mov Aaupdvetar pie T pédodo
NS 0AOKAPwoNS and to xpovikd pdoua €vis owAniva odiotnongs (tpdowo) kai
pe mpooopoiwon (kdkkwo). Ané tny avagopd [18].
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Kegdiowo 3

To cOotnuo eLVLYEAUULONC
TWV VoUAU®Y ULOVIWY.

3.1 Ewayoyn.

H euduypduuion v Yarduwy okicinong ogeilel va elvon apxetd axplBrc, woTe
T CUVELCPOPS TNG GTO TEAXG GO UETENONS TNS 0PUNAS (n omola TpoPBiénel
axpiBeta 30 um oty xauUndAWoY TNS TEOYLEC) VO TOPUUEIVEL APXETY YaUUNhd
OE OYECT UE TNV GUVEIGHPORE GTO GOPIAUA UETENONS TOL EIGAYOULY Ol Vdho-
uot ohioUnone autol xad)” autol (axpiBetor 50 ym oty xaundiwon e Teo-
yidc). To obotnuo evduypdppone Baociletor oty xotoypopr ev)OYpaUUWY
OTTIXWY dECUWY and aucUNTieES ToToleTNUEVOUS TTévw oToug Yahduoug oAi-
oUnone (otny mopdnieupn em@dvela Tou avtyveuty)) 1 mdve oe pdPdouc (ota
dxpa Tou aviyveuth). H xvpldtepn afeBoudtnra mnydler and tny tomovétn-
on Twv acUnThewy autey. H axplBela otny totodétnon auty| emdiidxeton va
elvon xahOtepn and 20 um. Tao o@diyata 0Ty ToTOVETNOT TwY UcUNTHoWY
VewPoLVTOL AUEPOANTITAL X0 TUY WS HATAVEUNUEVOL. JUVETMS, UVOUEVETAL TO
aVToTOO CUGTNUATIXG CQIAU GTNY UETENCT TNG XOUUTUAWCNS TNS TROYLAC,
OLOXANEWUEVO G” OAO TOV PUCUATOYRA(O, Vo EVOL XITw TwY 2 um, To onolo
avtototyel oe oyetxd opdhuo 0.02% tne xOpTwone oto wovie evépyetag 50
GeV.

Elautiog 1660 Twv Slapdpmy YEWUETPIXMY YOLUXTNPLOTIXDY TOU AVLYVEU-
T 070 x0fho TUNUO XAl GTA dxpa 600 X TNG WXEHEC xVNonNg Twv SLapoewy
TunudTwy (aviyveuong f utootietEng) Tou avtyveuth Aoy g UTapZng Tou ua-
YVNTxo0 Tediou , YeNotLOTO0OVTOL SIUPORETIXES DIUTACELS YLOL TNV XATOYPAUPT
TV VEGEWY TV YaAdumY TG0 GTNV TUEATAEURT| ETLPAVELX OGO XL GTA AXEA,
eV SLopOoRETIXES Elval Xo Ot SLUTALEIC YLOL TNV XATOYPAPY) TWV TAPAUOPPOCEWY
TV PEYSAwY Yohduwy. H ot xataypagr) otny Tapdthever) eRLpAveELD TRO-
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Bhéreton P6vo yio Toug Topelc! twv peydhov Yokduwy, eved ot pixpol Yéhayotl
evduypopuilovTal Ue 1 YpNoT TV TPOYLOY TOU AIAANAOETIXAAOTTOVTOL UE TOUG
Yohduoug 6Toug UEYAAOUC TOUELS.

H axpifeio twv 30 um amouteiton uoévo yia tnv tomovétnom v Jahduwmy
uéoo 0" évav meofohxd mopyo. H axpiBeio mou amauteiton otn oyt Véon
SLUPOPETIXWY TUEYWY, WOTE VA TAPEYETAL 1) TEOSIAYEYPUUUEYY axplBEta aTov
TE0GBL0PLOUG TNG AVIAOTWTNS UAlAS OTNY TERITTWOY TOAU-ULOVIXWY TEAXMV
AATACTACEWY, Elvar TNg TaEne Tou ythootol. H oyetnr) evduypduuiorn tou
PUCUATOYRAPOL UIoViwY, TwY VepUIBoUETEWY ol TOU ECWTEPIXOD OVLYVEUTY
oTnelleTon OTIC TRPOYLEC LYNAOEVEQYELAXWY UOVIWY.

H evduypduuion pe tn ypfor avaxataoxeudouévmy Tpoytwy Yo Topéyet
Evav 1oYLpd Eleyyo Yo mavd dhha cuoTUATIXE GQIAuaTa, To onofa Vo
UTopOVCAY Vo ETNEEAGOLY TNV ATOALTY UETENOT TNG 0pUNAS. 1TN apyY| TOU TEL-
eduatog xat LoTepa amd xdde xopLar Stoaxonr TS Aettoupyiog Tou, oyeddleTal 1
yeron evdlypoUUWY TEOYLWY Woviey (UE TNy anevepyormoinoT Tou T0poeldolc
wayvATrn), ote vo eheyy ol ta cusThuoto eudUYPdUUoNS Xat TEAXE, Vo
Te0oadloploToly ot Slopdwoelg mou Va mpénet vo Angioly unédy oo GQIAULTA
TomoVETnoNg Twv acintnplwy opydvwy. Me Tov tpéT0 autd Vo unopoLeay
var Soptwdoly didpopes dhheg mopduetpol (6mwe 1 uetaBol tne Vepuoxpa-
ofoc), dedopévou 6Tt o1 TopdueTpol auTtol Tapauévouy (Bleg UTO xon Ywelc TNV
Topovaio Tou Yoy vnTxol mediov.

3.2 Ilpodiaypapec.

3.2.1 TonoYétnon Yakduov.

To cOotnua evduypduuiong elvon o Yéon va dopddoet uetatonioels Twy Ya-
Auwy xon oTic Teelg xateuvdivoelc. ITo ouyxexpuévor:

[ omtixéc BEOUES TOL YPNOULOTOLOUVTAL GTOV QPACUATOYEAPO TEETEL Vol
Stacyicouy TNy evEpYd TEPLOY T OAwY TV acinTreiny opydvwy, Tou elvor
TomoVETNUEVOL XATd Uhxog TV Teoylwv Tous. To yeyovog autd Vétel
Vv araitnon oty Tonodétnon Twy Yarduwy oc oyéon ue Evay VIAouo
otov (8to Topéa pe axp{Betor 4 um.

[ H terepacuévn axpiBela otn uétpnorn tne Seltepng oLVTETAYHEVTS VETEL
TNy anodtnomn 1 oyeTiny| Ywviaxh 1otodEtnon twy Yahduwy uéco ¢” Evay
Touéa va efvan xohOtepn and £2 mrad.

VEvac topéac (sector) oplletar wc 1 oudda twv ahdpmy Tou avAxouy oto wod evoc
dedopévou oxtdywvou (yia z>0 1 z<0) TOU PUCUATOYPAPOU ULOVIKV.
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[Qh yetatonioeg Tov TUNUATWY oTHRENS TV Yodduwy e€ontiug Twy Ua-
YVNTIXOV SUVEUE®Y TOU TOPOEISONS POy VATY) AVaUEVETOL Vo Efvor ULxpo-
Tepec and 2 mm oe xdie touéa. H Vepuixt| 8e SlouoTorr Twy ﬂako’tpva
X0 TV TUNUATOVY oThpting autdy Yo eivon tne té&ng tou ythiootol (BA.
[19], [20]).

3.2.2 Aupdwon xbptwong.

Yy mopdnieupn emQAVEIL xou 0Ty eVOIAUEDY) TEPLOYT UE Tol dxpar ( UEypt
In| = 1.3), o npoadioptoude e opuic LPnloevepyelaxwy woviwy otnpileto
oTNV PETENOT| NG x0PTWONE TN Teoytds ue axp{Beta 50 um , YeNCUOTOLOVTIG
Tpelg otoduole Yadduwy MDT. AeSouévng tng uéone Twuhc tne oTpo@xhc
IXAVOTNTOG GTNV TEPLOY N ([ Bdl = 2.4Tm), N €0 TWOT EVHS Uoviou evépyeLag
1 TeV oe ywvio [n| = 0 (xataxdpuga) eivar tne t¢€ng twv 500 um. Xtny
TEQLOYT) TWV AXQWY, 1N 0TEOYIXT avotnTa elvan Tepintou 6 Tm xo o€ ywvio
In| = 2, 1 ®0pTwoT cwpatidiou eyxdpotag opurc pr = 1 TeV eivou nepinou 1
mm. H emdiwin eivon 1 uéylotn cuvelspopd tne evduypduuions oto opdiua
NS ®VPTWoNS va elvon 30 um.

Y11 meployég omou uovo dVo ctaduol eivan Stadéoiol, To choTnUo eudu-
YoAUUONS EXUETAAAEDETAL TO YEYOVOS OTL oL oTarduol autol 1} ToukdyloToy €va
TUAUOL TN OTEPEAS TOUS YwViog, OTwe @aiveTal and To onuelo aAnienidpaon,
AVAXOLY TEVTA GE A TPLTAETA GTOUGVY.

3.2.3 Tono¥eétnon Yahduov UEca OE TOUEA.

Mot axoun amaitnoyn oto cUoTHUA EVILYPAUUIOTC TEOECYETAL ATO TOV AhYO-
oo NG avaxaTaoxeurc twv Teoytwy. Ilpoxewévou va BeltioTonoicouye
NV an68001 TOU CUOTAUATOS UTH TNV Tapouaia evog udnhol uroddpou, o
oYETES VECES TV VOAIUWY 0TO YOpo ogeilouy va efval YVwoTég Ue axpi-
Bea mepinou 0.5 mm. Emmiéov, mpofiénetar axpifela tng tdlng twyv 2 mm
AmO TNHY OVOXUTAOXEUT TOU poryvnTixol mediou, 1 omola mpoépyeton amd Tov
TEOGBIOPIGUO TV VECEWY TwV TNVILY TOU TOPOEWOUS UAY VAT S TEOS TOUG
Yohdpoug.

2¥touc MDT dakdpouc 1 eppoxpacio Yo xortorypdpetor ot x&de ddhapo pe tn Borde
30 cwoIntApwy Yeppoxpactac, axplBeiac 0.5°C, ot onolot Ya elvar Torodetnuévol €€t oe xdle
pepLd v 300 TOAd-emTESWY o 800 Tdvw oe xdde plor and TiC teelc Bondnuxéc pdBSouc
(cross plates) mou Bploxovton atov Vdhopo.
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3.2.4 TI'evuxr] tonodétnon tov YaAduov.

H yvoon e 9€ong twv teimhétny YaAduwy Tne Uog wg Teog TNy dAAT, ohhd
XAl WS TEOS Tl uTOhoLma avty veuTxd cucTtiuata tou ATLAS eivon amapaitn-
TN Yl TOV TPoGdloploUd TNE avaAAolwTnG WAl TEAIXWY XATACTACTEWY TOU
TepLAoPBAvouy TOANS GwuaTiBio, ahAd XL Yo THY TEOEXTAGT] TNG TEOYLAS TWY
woviwy Teog Toug ecwTepolg aviyveutés. H amoutoluevn axpiBela, 1 onola
elva TNG TAENS TOU EXATATOOTOY, vt amdAUTA GUUBATY UE TNV OVUUEVOUEVT]
axplBeta oty apyixy| TomoVéTnon Twv VUAdUWY XAl UE TIC UETATOTIOEIC TOU
xpuootdtn. H yvodon tov oyetxwy Jéocwy twv mipywy 610 clotnud toviwy
UE TOV ECWTEPXH avty VEUTH UTopel var BEATimVEl xou var xatorypapel e T yerion
TEOYLOV LNAOEVERYELIXDY Woviwy. Me ) uédodo autr urnopel va emteuy et
yopexf axpifeta xahltepn and 0.5 mm (xatd v xatedduvon tou Z dZova)
NS TEOYLAS TOU ULoViou 010 EEWTUTO XEAUPOS TOU ECWTEPLXOV OVLYVEUTY).

3.3 Auwtaln.

3.3.1 Evdvypduuion corivwy ce xdde Ydhapo.

To obotnua evduypdupiong v colivwy otov MDT 9dhapo ctoyeder otny
AATUYPAPY| TWV PETATOTIGEWY TOU GUPUATOS TOU CwARVaL UE axp{Belor xaAUTERT
am6 10 ym. Térolec yetatonioelc tpoxdTTOLY And TIC OYETIXEC UETATOTIOEIC
TWY TELWOV cross plates, ta onola anoteholy pépog tne douric otheEne Tou Ya-
Aduov.  YXtoug ueydroug Yoahdpoug, uto oudda and TECCERELS BECUEC PWTOS
xou Técoepelc aoVNTHPES xaTacxevaouévol e Ty teyvohoyio RASNIK (Red
Alignment System of NIKHEF -[21] ), enttpénouy enapxelc, aveldotntec ue-
TENOEIC TWY UETATOTICEWY auTWY. 'Eva amholotepo cbotnua Ue uio povo déoun
PWTOS Elvor ApXETO Yia Toug UixpdTepous Vahduouc (oyhua 3.1).

3.3.2 Evdvuypdpuion JoAduwy TNV TApATAELEY] ETULQA-
VELXL.

A. TIpoBohuxy evduypduuion.

H 8i1dtoln twv guTevdy Seou®y oToug TUpYoUS TS TURATAEUENS ETLPAVELIC
gofvetar 0To oy fua 3.2. XNV Teoolixy| eLUUYRAUUIOT) XU GE YROUULXY) TRO-
oEyyion, 1 doplworn 6TV UETPOVUEVT XUPTWOT TNE TEOYLAS Tou Uioviou elvou
OLVAETNOT EEL TUPUUETEWY UETATOTLONG TV Yohduwy (3 yia TiC YOUUUIXES UE-
Tatonioels xat 3 Yo Tic otpowéc). Téooepelc puTevés Séoues Tou xatory pdpov-
Tt amd SIoBLAGTATOUS OTTIX0UEC UGVNTHRES ToEEYOLY TNV AVECAOTNTY UETEN O
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RASNIK Mask
s
2

Cross-plates Lens

AN

Yyfua 3.1: Aidypappa tov ovotnuatos evivypdujnons twv owAnvoy mdvo
oo UdAapo. Ia tovs peydAovs Jaddpovs odionons (apiotepd) mpoPAénetar n
ordtan twv 4 aktivwr, evd ya tous pikpols Jaddpovs (6eiid) eivar apretri n
arAomoinuévn odraén tng piag axtivag.

TV peTatoTtioewy Tou Yakduou. H mpoBohur evduypdupion tpoypatomoteiton
ue tnv teyvoroyio RASNIK.

B. A&ovuxn evduypduuion.

[Tpoxewévou va teploptoTel 0 aptdudc Twv TeoBoAix®y Seouwy oTov aptiud Twy
YooudTov? LETall Twy wixpov Yalduwy oto peoaio exinedo (BMS), o1 nioyor
euduypduiong amd Ty opdda 800 Simhavey uoxey ToeYwy. H yétpnon tng
oyethc Véomng twv Yahduwy eviog Twy topywy evduyeduutong eivon o xplog
O%OTOC TOU GUOTAUATOS TNS aovixhc evduypduUlons, To omolo QuiveTal GTo
oyfua 3.3

To alovixd cloTnUN EVYRPAUUIOTS YENOWOTOIEITOL ETTAEOV XoU YL TNV UE-
At g Véomg dhwv Twv Yahduwy péoa o Evav toua xadag eniong xou yio
aveTEPTS TALNC dtopiwaotlc Tne TpoBolixic evduyeduuione. To xbpla ototyela
ToU cUCTHUATOS elvar U0 décueg laser avd Touéa xat oTodud xatd Tov z-dova,
avaueoa xat ota 8o dxpa Twv peydhwy MDT Jahduwy xou acidnthpes ey-
YOTNTAG, Ol 0ToloL UETPOVY TNV an60TAUCY) UETAL) YEITOVIXGOY VUAGUOY 0 Evay
mOpyo evduypduulorg.

3T ydoparta autd efvor averyxalo yior Ty oTheLEn ToL TopoELS0UC Yoy VATY.
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Eyfue 3.2: Tpiodidotatn dropn twy mpoPolikcy aktivwy o évav topéa tng

KoiAng empdreag.

proximity sensor
parent Si sensor

Trans
Radial beam

,.

MDT chambers
Reference frame

Yyfue 3.3: To aboviké ovotnua evivypdupuorns.
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r(m) .
Laser collimators

Barrel .

2 projective sensors

10 +

MPA-ALMY
mounting plates

z (m)

2 4 6 8 10 12 14 16 18 20 22

Yyhua 3.4: Anoypn twr Yéoewr twv pdBowy evduypdupnons oto (1, z) enitedo,

ota dkpa Tov aviyveutn kai o€ évay amd TouS oY TW TOUEL.

3.3.3 Evdvuypduuion GaAduwy oto dxpo.

To cbotnua evluypdumone 6Ny TapdTheupT) EnLAvELa SEV UTOPEL VoL Ypnot-
woroinlel otny eunpdotha Teploy |, ENELdY| oL TOPOEISEIS XPUOGTATES GTaL dxpal
eunodiCouy TNV eQopuoYT UEYIAOU aptduol TEoBoAXGY axTiveyY. TNy Teptoyy
ot T0 obotnua evduyeduuione Baciletar oe wixpd aprdud YeuTd-TEoBohixY
axTiVWY Tou EV@VOLY Ta enineda Twv Yohduwy. H euduypduuon Baciletou o
Eva GUGTNUO amd Uy avixd xon Yeputnd ototepes axTivinég pdfdoug avapopds.
[TpoBhéneton €va TAEYPA amd oxTe pdBdoug evduypduuiong Yo xde Evay eu-
meocvio otodud. O pdfdol eivon TomoVeTNUEVES 1) Widt WS TEOC TNHY GAAY UE 1
Boreta evog cuothuaTog and Tolxéc xon alluovhaxés SEcUEC YwToC, oL oTol-
e¢ oynuatilouy €va *AEWOTH GUOTNUI AYUPORAS YL OAOXANEY TNV EUTEOCULA
neptoy ). H onctivin) Sidtadn evduypduuiong mapoustdleton oto oyrfua 3.4.

Or Ydhayot etvor TotoVeTnUEVOL WG PO TIC TANGIESTEPES pdBdoug eutu-
yeduwone ue éva obotnuo and altpovdioxote RASNIK awodntpec.
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Kegpdrowo 4

Medohoyia Adng »xouw avdAvong
TWY OEQOUEVWV.

H epyaocio tou Sielrydn agpopd tnv uerétn twv cwuatdioy Higgs xou Z yéow
Tou xovohol H — 4pu, otny mepintwon mou umdpyouy Sidpopd GIAUAT
evduypduuione otny Toto¥ETnon Twv VoAduwy Uoviey otov aviyveutr. Kiglog
oxomog elvan 0 TPOadloplonds Twv 0plwy GTa GdApaTH EVTLYEIUUONS TWY
AVLYVEUTGY EToL, WoTe va efvon wixpés (<5-10 %) oL cuvéneles Twv GQahudTLY
otnv avaxdiudn tou Higgs péow tou mpoavageplévtoc xavailol.

To otddtar Tng yehétng umopoly va xatnyoplotoinoly o€ exelva Tou exTe-
Motnxav ot batch mode oto CERN xou eivon autd mou mepthauBdvouy tnv
TOEAY WY1 X0 AVAXATACHEUT] TV TPOYLWY TV ULoVIwY ot G€ exelva Tou Tpay-
watonotiinxay Tomxd oo [avemotiuo Adnvody xou agopodcay Ty avdntuln
TWV XATAAANADY TEOYPUUUATWY XL TNV TEALXY| AVAALGOT).

4.1 ITopaywyn TwV YEYOVOT®WY XOL TEOCOWOI-
WOMN TWY TEOYLWV.

[ot Ty TapaywyY| TV YEYOVOTWY XAl TNV TEOGOUOIWOT) TV TROYLWOY YeTCLLO-
nojdnxe o FORTAN x&dixac LHCTOR, (éx8oon 40900) [22]. To LHCTOR
Topéyet To nepBdhhov hertovpyioc (interface) otov x@dixo PYTHIA [23] yia
™V Topaywyh ToV YEYOVOTwY, alhd mapdhinia xou oto GEANT [24] | o
omolo TEPLYPAPEL TARPWS TNV XUTAGKELT] TOU AVLYVELTH oL, AXOAOLVOVTIC TA
owuatidior o€ xde oTASL0, TPOCOUOLWVEL TIC TEOYLES TOUC. LTNY TURAYWYT TwY
YeyYovotwy emhéydnxe 1 clyxpoucT Tpwtoviou-tewtoviou ota 14 TeV evép-
yew 010 xévtpo udloc, evey yenotponotiinxay ot tpoxadopiouéves (default)
TIWES OAWY TV UTOAOITWY TapauETewY. o Tig avdyxeg Tng uEAETNG, EVERYO-
rotfinxay wévo to xavdha didonaone H — ZZ xou ot ouvéyer Z — .
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Hivaxag 4.1: Mdleg ka1 guoikd nAdtn tov pumoloviov Higgs mouv ypnoipuomoin)-
Onkav yia tnv mapaywyn yeyovétwr. And tny avagpopd [25].

| my (GeV)/c* | Ty (GeV/*) | BR (H— ZZ) |
200.0 1.37 0.255
300.0 8.42 0.307

H pehétn éywve yia dvo dagopetinée udlec tou Higgs: yia 200 GeV (xovtd
o710 6plo 2my) xat yio 300 GeV (mo poxetd and to bplo 2my) xou xovtd oo
bpto ualac, 6ToU TO0 PUOIXO TAUTOS TOU CWUATIOIOL LTEEXAUAOTTEL TO TAATOS
TOU TEOEPYETOAL Um0 TNV avty veuTixt| Sidtalr. Xtic und uehétn udleg tou Higgs
uroloviou Tédnxay Tor avtioTorya QuUOLXd TAATY, 6TwS auTd didovtor GTov Ti-
vaxa 4.1. Ytov ouyxexpyévo mivoxa TopouctdleTon xo 0 AGYog Staxhddworng
NG TopaywYhc Tou Z and tny an’ evdeiag didonaong tou Higgs.

Y10 mapdptnua A mapouctdleton wo Tumixy) xdpta etlcddou oto LHCTOR
UE TIC TES TV TapauéTewy Tou Yenowwormotfinxay. To LHCTOR araitel wg
elcodo dedoutvmy Tov ydeTn Tou Loy ynTxol nediou tou Yo yenotponotniel xou
TN YEWUETPIA TWV VLY VELTOVY. 1TV 0hoxAhpwaoT g epyaciog tou, o LHC-
TOR rnopdyet 10 apyeio TwV oNUATWY TV Woviny 6Toug Sidpopoug avty VEUTES
xal To apYElo TwV TPoYLWY oe xde BHud TS TPOCOUOIWGNE Tou OdYNoUY oTA
ofdorTaL UTAL.

4.2  AvVOXATOUOAELY] TWV TPOYLWY CTO POUCUO-
TOYPAYPO WloViwy.

H avoxataoxeus] Towv 1o oy Twy coyatidioy 6Tov @aouatoypdeo woviwy
Tpaypatonoteitar ue to mpdypopupo MUONBOX (éxSoor 60305) [26], [27]. To
TedYpauUa anoutel we elcodo ta SVo apyceia e€65ou Tou LHCTOR (of]pocroc %ol
TPOYLES TV Woviey), xooe eniong T YEwUeTpio Twy Yahduwy ot Tov Yot
ToU Yoy vnTxol mediou. Yto mapdptnua B mapovotdletan yior TUmXr xdpTol Tou
MUONBOX. To npdypouua, UETA TNV EXTEAECT TOU, TULEYEL XATAAANAL Lo
UopwUEVT ntuple Tou TEPLEYEL TIC XVNUATIXES TOPUUETEOUS (opuéc, evépyele,
ouvteTayuéves Véone xTh) 1600 WV TEAYUATIXOV-YEVWNDIEVTOV TpoYLbY, 660
XL TWY ovoxaToaoxevacuévewy. H mopaywuevn ntuple yetatpénetar téhog o€
ROOT-ntuple yio tnv tepautépw enelepyaocio yéoa oo nep3dirov tnge ROOT
[29].
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Yyfuo 4.1: Or déoves mov ypnoyoroovvtar oto MUONBOX ya o tomi-
k6 ovotnua ovvtetaypévor twv Jakduwy poviov otny tapdrAeupn emedveia
(apiotepd) kar yia ta dxpa (dekid).

4.3 Metoxivnon twv Jahduwy plovimy.

Mo var yeretndolv ta Sidgopa opdhuata evduypduuiong, ot Ydhauol wovi-
oV ueTOvoLVIOL amd TI¢ oyedaouéves Yéoceic Toug. 'Etol hoimdy moapdyovto
YEYOVOTO UE GUYXEXEWEVY YEWUETElO TV Vokduwy uoviwy, €Tol 6Twe el
oyedaoTel va elvon TOTOVETNUEVOL, GAAS 1) AVIXAUTACKELT| TAEOV TWV TEOYIWY
TEUYUATOTOLEITOL UE TPOTOTONUEVY] YEWUETPIX, 1) oTolo xou TEpLEYEL TIg VEGELS
TWY YETATOTUGUEVY Vohduwy. H petodvnon twyv Yokduwy uoviey tpayucto-
mote{ton petaBdhhovtac tny evduypeduuton twv Yolduwy otn Bdorn dedouévwy
NG YEWUETP{OG TwV avty VeuT®V. Ol UETAXIVCELS TOU TR HATOTOLAUTXOLY opo-
poloay u6vo toug Yohduove MDT, téoo oty topdnheupn empdveta (barrel)
600 xar ota 800 nduata (End-Caps) tou aviyveutd. Aev mpaypatonotin-
XE UETOXIVNOT OE XOUVEVAY VLY VEUTY) BIAQORETIXNAS Texvo)\oyiqul. Kotd v
ueTodvnot TV Yahdumy uTdpyel SuVATOTNTA TOCO UETATOTIONS, OGO XAl TE-
eloteogrc xatd Toug doveg T, S, Z. O oplouds 1wy aldvwy oe Yahduous tng
TOPATAEUENG ETLPAVELNS Xt TV 300 TwUdTwy gaiveton oto oyfua (4.1). O
d&ovag S opiletar xatd UAxog Twv owAvwy, o dfovag Z opiletar TapdAinia
ue tov dZova Tne déoung Yo Toug VUAIUOUS TNG TOEATAEUENC ETLPAVELIS Yol
x4t ooy dEova TN SEoung Yot Toug YaIUOUS TWY TWUATWY, EVE TEAOS O
T &&ovag elvon xdetog otoug dhhoug dVo. Me xatdhinhes nopeufdoeic ooy
xwdixar, Slveton 1 SuvatdtTnTa PeTAxivnong Twv ertduunTe®y JaAduwy xot ©pog
Tig emiuunTég xaTeLVVVOELC.

1O aviyveutéc RPC xouw TGC ypnowonololvion 6to cloTNUo oxovdahiopol xou ebvor
HEYAANC axpiBetac, eved ol Bdhauot teyvoroyiag CSC, totodetnuévol otny ToAl eunpdodia
TEpLoy N, BeV EZETACTNXOY OTN GUYXEXPULEVT] EpyaoioL.
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4.4 TIpoocoppoyn Tpoyl®y und decwd (Constraint
Fitting).

[Tpoxewévou va emtteuyVel o xahiTeEPOS TEOGBI0PIGUOS Tou TAdTouS Tou Higgs
YENOWOTOAUNXE 1 TPOCUPUOY T TwV SESOUEVWY TOU TPOERYOVTAL ATO TIC oLVaL-
AATAOXEVAGUEVES TPOYIES LUTO T cLYVITXN-Oeoud 8V0 TpoYIEg ETEPOONULY
woviwy va divouy avarroiwtn wdla oo onueio ahAnienidpaong lon
UE N wadfa tov Z, tou cwuatidiou dnhady| and 1o onolo mpoRhday.

Mapaxdtw Yo Sovel 1) meptypapt| Tne wedodoloyiog mtou avartiydnxe wordn-
UOLTIXG. X0 EQUPUOCTNXE LTOAOYIGTIXS XA, OTwS Vo YIVEL QaveEPO GTO ETOUEVO
xeQdAo, 1 pedodoroyia auTA EyEl WG ATOTEAEGUA TOV XUAVTEQD TPOGBLOPLOUD,
1600 TN PALaS, 600 XAl TOU OVUXATACKEVACUEVOL TAdToug Tou Higgs. H ye-
Yodoloyio otnplleton oe avdhoyes epapuoyés Tou avantiyUnxay oo TAcioto
tou LEP [28|.

4.4.1 MeYodoroyio - Madnuatixog Popuaiicnoc.

Yo mopaxdtw, xdde wovio tpoodopileton and To UETpo TN opuNS TOL P, TNV
mohux) ¥ xou alwovthoxy Ywvio @ g xateduvehc Tou.

H npocapuoyh Tov Tpoytov Twv 800 povioy yivetal EAXyIGTOTOIOVTAS THY
icTelelopdolonh

. . 2 . . 2 . . 2
XQ — 22: (p:"ec B plfit> + (9;80 B }zt) + ( :"ec - }zt) (41)
=1 Uprec o-arec U¢7‘ec
UE TNV anodtnor Tou deouou:

Mi2avarrowrn = Mz (42)

xdvovtag yenorn tne edodoloyiag Twv tolarhactaotwy Langrange.

O Beixtne i=1,2 avagépetar oo d0o etepdonua wovia. O yetaBAntéc e
Oetxtn rec avTioToL 00V OTIC AVAXATUOXEVAOUEVEG TOGOTNTES, EVG) AUTEC UE
Oetxtn fit avagépovton oTic avTtioTolyeg TOGHTNTEG OTWS TPOTOTOLOVVTL UE
TNV TEOGUPUOY.

To o@dhuota oyp,.., 09,.., Tpye., TOU EVOL TOL O@EAUATA OTIC TOCOTNTES 1/,
0,4, avtioTtorya, divovtal we dedouéva €10680u 0T SLAdIXAGCIA TNS TEOGAQUO-
YS %ot AmOTEAODY TOPUUETEOUS ATOPACIOTIXAC GTUACIaS Yo TNV emtuyio Tng
TEOGAPUOYTS, OTWE TEOXVOTTOUY ATH TNV AVAXATAGKELY) TNG TEOYLAGS.

Y10 onuelo autd Yo TEEREL VAL OTUELDCOLUE OTL oY LXd, To GQIAUATA VTS
Aoy otadepd Yo xdde uiovio e Tiur mou Tpo€xule and TNy xoTavour| Tng Sto-
POPYC TS AVAXATUAOXEVAOUEYTC OO TNV TEAYUATIXY TopdueTeo. Evdelxtind,
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AVAUPEROVUE OTL TO GYANUA OTIC YWVIES HTAV TN TAENG TOU 10~%rad xou TNV
opu| tepinov 5%. Lty nepintwon auth duwe mopatneRdnxay Un-yXaouctovée
OURESC OTIC XATAVOUES TNS SLoopdc TNS TEOCUPUOCUEVNS O TNY TEOYUTIXY)
TOUEAUETPO. L TN CUVEYELN, WS TOAAUNTA YId THY TEooupuoYr Vewprnxay to
COANIATO TTOU TEOHAVAY OO TNV AVUXATAOKEVT| TNS TEOYLAC ToU xdUE Uloviou.
AN xon oty TERITTWOT AL TH UTHEYAY OL UN-YXaoLatavég oupéc. TEéhog, €yve
TpooTdYELL GUGYETIONG TV GPOAUATOV OE X&VE TOGHTN T GUVAPTAOEL TOU X2
TNS AVAXATAOXEVTC TNE TEOYLAS, WOTE OF XAXWS OVUXATUOHEVACUEVES TROYLES
var oamodoVel peyohitepo ogdhua. Aev QAvVNXE OUWS XAVEVOC EIBOLC GLUaYETION
X0l Ol TWES TV OQUAUITWY TEMXE AAUSBAVOVTOL oR6 TNHY OVUXATACKEVY| TWY
tpoywwv (MUONBOX) xou cuyxexpiuéva and ta Staydvia oTotyelor Tou Tivaxa
o@dhuatoc oTtny €€odo Tou Vepudouétpou.

To mapdptnua E napovoidler avohutixd tov Teémo eaywyhc xat yenong
TWY oQAAdTOY ard Tov x)dxa Tou MUONBOX .

Ov nocbtnteg phyy, 05, xan ¢y, elvon oL avtioToEC TPOCUPUOGUEVES TOpY-
UETEOL, 1) TEAXY T TV onolwy elvon auTy| Tou ehayloTomolel TNV TOGOHTNTA
(4.1).

‘Onwe mpoavapépidnxe, yia TNy TEAYUATOTOMOY TN TEOGUPUOYNG UTH TOV
deoud (4.2) omouteiton 1 udlo myz tou Z-umoloviou, n omofo xou édwoe Ta
avty vevoueva cwuotidion. H udlo auth ue wa ypriyoen oxédm Yo uropoloe eivou
fon ue 91.2 GeV/cZ, 1 tumxr udlo tou Z. H telxd npocopuocuévr udlo tou
owpotidiov Higgs twv 200 GeV/c? napouctdleton oto oyfua (4.28), evéd oto
o oy Aua (4.2a) napouctdleto 1) XAUTOYOUT| TNG AVAXATACKEVAOUEVTS Ao,

Eivar gavepr 1 avwuaiio 1wy YEYOVOT®Y apIoTERd TS xopughc. Me meo-
CEXTIXY| UEAETY) OTIC TEOUYUATIXES XL AVAXATAOXEVAOUEVES TWES TNE UalaC Tou
7 Slomot)InNXE OTL TO CUYXEXPLUEVA YEYOVOTA TROERYOVTUL antd owuaTdio Z,
T omoia elyay pdla ToAD xpedTeERn amd TNV TUTIXY, EV® 0 deopog NS Udlag
XATE TNV TPOCUPUOY T To «TUECEY GE TYIEG UEYAAVTEQES (ﬁéﬁouoc uéoa 010 €0p0C
Tou enétpenay 1o o@dlpota). ‘Etot hotndy, n napdhedn oo onueio autd eiva
T0 YEYOVOC OTL 1) wdla drutoupyiog Tou Z Sdev efvan mévtor 1 Tumier) Tou udla,
oahhd axoroudel wia Breit-Wigner xomxvow’f. o var egopuocTel oty TEdEn
1 uédodoc tng uetafinTtic udlac-decuol, GToV TaPATAVE XWX TPOCTEVTXE
1 €€n¢c pevodohoyia:

1. Efcodoc tne avoxataoxevaouévne udlac tou Z (miy* ).

rec

2. Xoptouoc tou doothuatog (91.187 - mi*©) oe 20 tuuata.

’H xatavour Breit-Wigner (BW) nou yenowonotolue dideton amd T cuvdptnon muxvé-
o mdavétnrac: f(m) = ——~£5——, énouv m, = 91.2 GeV/c* , T = 2.5 GeV/c? 1

= (mPom2)TEmIre
wéo xou o Phoo Thdtoc Tou Z avtioTotyo xo ¢, = m2I'?, Gote To uéyloTo g cUVSPTNONC
va elvon 6T povada.
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Yyfue 4.3: H katavour) tng pdlag tov Higgs Yotepa and tny mpooappoyn twy
arakaKaTaokevaouévwy dedopuévowy vro petafalddpevo deoud pdlag tov
Z.

3. T xadévar twhua, ualac m; (i=1,2,..,20):
*BWprob(i) = miavémta va Bpedei n péla m; and v BW xatavous.
*Oéoe Ty T m; g deoud xou TEAYUATOTONGE TNV TEoGupUoY GOy~
PWVOL UE TOL TUQATAV.
*FITprob(i) = mdavétnta va Beedel 1 tiwd tou x? tre npocopuoyhc.?
*Puvdiaopévn miavétnto: Combined(i) = BWprob(i) x FITprob(i).

4. EnéleZe exeivo to Briua mou divel tny yeyahltepn tiwh Combined(i). And
T0 BAUCL AU TO TEOXUTTOLY XU Ol TEOCUPUOCUEVES TWES TV SUYUOUITWY
TWY OPUMY.

H xotavour e mpocapuocuévne udlac tou Higgs otepa and tnv mapamdve
alharyy| mapouctdletar oto oy fiue (4.3).

4.4.2 TIlpoypappatiotixr] E@oapuoyn oe C++4-.

H mpoypoupatiotiny) vAOTOINGT TG TEOGUPUOYHS TV TEOYLWY LUTO TO SECUO
¢ avallolwtng pdlac mpaypatorotfinxe oe C++ . O xddxag eivar autd-
vopog xat 1 BiBhiotrxn tou (libCONFIT.s0) €yet xataoxeuactel, HoTe vo

3%t0 cuyxexpiévo Bhua yenowonoeitar 1 ouvdptnon TMath::Prob e ROOT pe 1
Borduod erevdeploc (BAéne http://root.cern.ch/root/html304/ TMath.html#TMath:Prob).
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uropet yenotwonomiel and 1o nepiBdiiov tng ROOT 1 H xh\dom TOL YeNoL-
uomoteitar ovoudleton cfLangrangeMultipliers xat 1o avtixeiyevo autic
xhdong umopel var dnutovpyniel xahwvtag TNV cuvdetnon dnulougyiog, OTwg
YLo ToEAdELY AL

7Z_ConsFitObj = new cf Langrange Multipliers();

xaL VoL XaTaoTpagel ue T yerion tou tehecty| delete:

delete Z_ConsFitObj;

[Mapaxdtw mapovstdlovion avohuTixd ol uédodol Tou Umopoly v Yernoulo-
TotnUoly Yior VoY AVTIXEUEVO TNG CUYXEXPLUEVNS XAAOoTS:

[—vbid SetFitMode(char *fit mode)

Emiiéyetar o tpémoc fit_mode pe tov onoio npoodiopiletar 1 T g pdlag -
deopol. T'a fit_ mode = “FIXED” , n mpocapuoyy| yiveton ue tov Seoud tng
avorlhoiwtng pdlag o€ plor cUYXEXQEVT TN, eved Yo fit_mode = “BW”, 7
Tiur) Tou SeoUol PUETUBAAAETUL GUUPWVOL UE TOY TPOTO TOU avamTOYUNXE Topo-
TVw.

[—vbid SetConstraintValue(Double t standard value)

Tidetow 1 otadepr) Tty standard _value tng pdloc-deopod. H pédodog autr
emAéyetan oty nepintwon nou fit__mode = “FIXED”.

[—vbid SetStartValue(Double t start value)

Ttheton n apyxr| Tiun start_ value tng udlac-eopol, 1 onola yeetdletan yio
Stoéplon Tou TuAuatog 91.187 - start _ value, cUugpwva e to TpoavapepdévTa.
H yédodog autr emiéyetar oty mepintwon novu fit__mode = “BW”.

[vbid SetInitialValues(Int ti par, TVector3 vector)

Ttevtar ov apyxéc Twée. Ta to cwpatidio i_par = 1, 2 didetow 10 Sdvucua
vector tng opuric Tou. H xhdon TVector3 yenowonoteitar and tn ROOT yio
To TELODIGTAT PUOLXSL SLoLVOGUALTO.

[—wvbid SetInitialErrors(Int t i par, Double t a, Double t b,
Double t c)

*H ¢éx8oom mou yernowonowiinxe eivou 1 3.02/07.
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Tidevron to opdipata otig apywés Tweg. o 1o cwyatidio i_par = 1, 2
didovtar ot Téc TV oYulUdTwyY oTo PéTpo Tne opuhc (@ = Ap/p), otny
nohxry yovia (b = Af) xou oty aliwoudon ywvia (¢ = Ag).

[vbid ExecuteFit()

Hpaypatomotel Ty mpocapuoyy Twv Sedouévey clugwva e T pedodoloyia
Tou avartOydnxe oty Tapdypago 4.2.1.

[CMVector3 GetFittedVector(Int_t i par)

Emiotpépeton 10 TplodldoToto dvuoud NG TROCUPUOCUEVNC TAEOV 0pURS TOU
i_par cwuatidiov.

[Double t GetChi2()

Enioteégpeton 0 2 ¢ mpayuatonomdeicog npocapuoyrc. H T tng mopo-
UETEOL X2 avd. Badud eheudeplag elvor u€tpo TG TOLOTNTAS TN TEOGAPUOYYS.

[Double t GetNdf()

Enioteégpeton o aprdudc twy Baduny ekevdepiog. Ltny cuyxexpuévn Qaouoy
elvon mavtar 1, aol umdpyel uovo évag decuog, autog Tne availolwtng pdlag.

[Double t GetMaxProb()

Enotpépetar n péylot) tips Combined(i), 6nwe auth opiotnxe otny mponyol-
UEVT) TORAY QAP0 XAl YENOILOTOLETAL UOVO oTNY TepinTwor mou fit_ mode="BW”.

[MVector3 GetFittedObject()

Enioteépeton 10 TplodldoTato dyuoud TS TROCUPUOGUEVNS OQUNEC TOU owUdTLdiou-
decuo0.

[Tht t GetError()

Emiotpéger axépato apriuod (xwdixde ocpdc)\pocrog) OTNV TERINTWOT GQPIAUATOC.
LTy emTUYT OMOXAAPWOT) TNG TEOCUPUOY NS ETIOTREPETOL 1) T UNOEV.

[o Tov €AY Y0 TV TUY®Y CQUAUATWY 1 TNS ETLTUYO0US OMOXAHiEWONS TNC
epyaoiog, yenowonoteitow 1 xAdon cfErrorMsg ue povadixy pédodo tnv:

[char* ExportMsg(int msg)

1 omolot SEYETAU TOV AWOIXO CQPIAUATOC MSE X0l ETLOTEEPEL TO UHAYUUO TOU
COANUATOC.
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tree

4" Branch:masses

Z1 gene’ZZQene

Z1 reco’zzreco

Z1iit’z2iit

ngne’ Hreco’ Hfit

>‘ Branch:probabilities i

{—»{_Branch:momenta | Combined1, Combined2

—»> Total

Pgene 1,234

?reco 1,2,34

fit1,234

4>‘ Branch:charge '
‘ charge1,2,3.,4

Yyfuo 4.4: Aoun twr rapapétpwv mov arolnikeovtar yia tny napaywyn aro-
teAeopudTwy.

4.5 Kodwxag enegepyaciog Twyv dedouevmy.

[ty eneepyaoio twy dedoyévwy yedgtnxe xhdixac o C/C++ yenotuo-
nowwvtac 1o meptBdihov tne ROOT [29]. To loytowxd drafdlet, yior xodéva
YEYOVOS, TIC TapauéTeoug TN TEMxhC ntuple mou mopdyer to MUONBOX,
TpayHatoolel TNy avdhuon xat tEhog anodnxedel Tic TEAXES TIWES SLapopwY
ueyedov ue v dour| twv ROOT trees yia tnv yeténeita Tapaywyr twv dSio-
POEWY SLYPAUUUATWY XA IGTOYPUUUATOY, OTwe auTtd Yo TapoustacTody 6To
emouevo xepdhato. To Sidypouua Twv Slopdeny TapaUéTewy Tou uTohoy(lov-
Tou xou amoVnxevovtan napouctdletar 6to oyfua (4.4).

‘Onwg gaivetar xou 0To Sidypopuo, TEAXA PTopolV Vo ETEEEQYAOTOLY Ol
TEOYUOTIXES, UVIXUTUOXEVAOUEVES X0l TEOCAPUOCUEVES HAleS Twv 800 Z xou
tou Higgs unoloviwy, ol TparyUaTIXEC XAl Ol OVIXATACXEVACUEVES TOOYLES TWY
TEGOUPWY TEMXWY COUATISWY, 6Tou oL wovia 1,2 mpoépyovtal and 1) Sidoma-
o1 Tou Zp xou Tor wovia 3,4 mpogpyovTal and Tr didonaor Tou Ly, To QopTia
WY COUATSIMY aUTOY, ot YeudwxiTnTeg autoy, xaloe exiong xat ot Tavo-
TNTEC TV x? oc xodewd and Tic SVo anautoUUEveS Tpocapuoyéc (wia yio xdde
Z) xat 1 ohixry movoTnTaL

Y10 mapdptnua I' mapouctdleton to Sidypouua poNg Yol TNV TEOGSLOPIGUO
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Twv palov v 8o Z xou tou Higgs.
Ac¢ dolue avahuTixd uepxd ornueio Tou xwdixa:

[CAvTioTolylon YEVVNUEV® Y XOU AVOXATACKEVACUEVLY oviwy. [lpo-
AEWEVOL Vo EAEYVOUY 0L BUVATOTNTES AVUXATUACKEVNS TNE WAL Twy
owUaTiwyY, TEUYUATOTOINXE AVTIGTOLYION TWV AVAXATUACHEVAOUEVWY
woviov pe ta mpaypatixd. H avtiotolyion yivetar egopuélovtag to xpl-
THPLO NS YEWRETPIXNG EYYVTNTAS TWV OVIXATIAOXEVACUEVODY UE TA
Tooypotixd wovio.  Eivar gavepd nwg 1 puedodohoyio auty| dev unopel
VoL EQUPUOCTEL GTNY TEAYHATIXOTNTA, Aol TOTE de Yo elvan dedouveg ot
TEUYUATIXEC OPUEC TWY WIoViwY, dAAd, OTwe Tpoavapépdnxe, autd omo-
TeEAEl Yol avapopd Yo ToV EAEYO TV SUVATOTHTLY GAADY EQUOUOCHUEVWY
uedodwy avoxatacxevric. To xpithplo Tng TANGIESTEPNS TWAS TNS OPUNC
dev Yo uropolioe va egapuocTel, apol Tapatneiinxay artoxhioelg ueTalld
TWY TEOYHATIXWDY XL TWV AYUXATACKEVACUEVODY OPUWDY.

[MMapapetponoinon tne anwieiag evépyetag. [poxewévou va npoo-
Stoplooupe ta apyixd owudtia Z xou Higgs eivon amopaitnto vor utoloyi-
COUUE TNV opun TwV Woviey oto onueio ahinienidpaonc. Ta o Aéyo
auth Vo TEEREL Vo TPOCUECOUUE GTIC OVUXAUTAOXEVACUEVES OPUES TNV
ATWAELXL EVEQYELNS TV Woviwy uéoa oTa VepuBOUETPA xaL oTa Sidpo-
eaL UG Tou GuYVAVTOUY auTd 6Ty Topeia Toug. Emedy| tepopilopaote
OE TPOGOUOIWGT| UOVO TOU PUCUATOYRAPOU UOVIWY, 1) T TN ATWAELS
TNC EVEPYELNC TPOXUTTEL RO TUQUUETPOTOINGT, CUY GUVIRTNOTS TNS Op-
unc xon TN heudwxdtntog Tou woviou. MNtnv mparyyatixoThTa BEBana M)
TAnpogoplo TNe anwetag evépyetag Vo Tpopyetal and Tor VepUIBOUETEAL.

[Tlpocoproy? TV OVAXATAOXEVACUEV®Y OPUMY - ETUAOYY CLV-
dtacpol. H mpooapuoyy) twv tpoyloy yiveton yia xdde cuvdlooud uio-
viwv xat yio xdde (ebyoc wovioy tou cuvdlacuol. O Seoude tTne ovoh-
Aolwtng udloc axorovdel wio BW xotavous| Ue apytxnd Tiu thy avaxo-
TAOXEVAOUEVY) TWUT TOU GUYXEXPWEVOU (EVYOUS GTOV GUYAEXPWEVO GUY-
Sraopd. 10 opdhua g mocétntac Ap/p €yer adpotoTel TeTparywviXd
XL TO GQIAUO AT TNV TAPAUETEOTOMOY TNG UNWAELNG EVEQYELNS. LTO
Briuc autd emAEYETOL XU O GLYBLAGUOS TWVY Woviwy xou elvon exelvog Tou
Siver Ty peyohbtepn mdavoTnTa ToU GLVSLACUEVOU X2 GE x40 TPOCUp-
uoyy. Xuyxelvoviog Tov ouvBlaoud ToU TEOXUTTEL UE TOV TEUYUATIXO
GUVDLAOUS TWY AVOXATAGHEVACUEV®DY UOVIDVY (XELITARLO YEWUETPIXAS EY-
Y\’)rmocg) umopel xavelg vo exTiurioet TV totdTTa TN UeVddou auTrg.
Eminpdoieta, v Adyoug ehéyyou, 1 ETAOYT TOL GUVBIACUOY EYLVE XL
UE TO xpiThplo Twv QopTiwy, emAéyoviac TeEAxd excivo to (edyoc mou
dtver avolholwtn wdla touv Z mAnoiéotepa otny Tumix udla twy 91.187
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GeV/c*. Ta nocootd emtuyloc Tapoucidlovton avaluTIXd GTo EROUEVO
AEQGALO.
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Kegdhowo 5

ATOTEAECUATA - VUTEQACUATL.

5.1 Tumxeg xatavopeg - XopaxTneloTind TwV
woviwy and tic diaondoelg touv Higgs.

ZEXIVOVTOS TIC TUTIXES XOTAVOUES OVAPEPOUNOTE O TPOYIEC Woviwy Ywelg
anevduypappiostc mouv npoépyovton and udlec tou Higgs 200 GeV xou 300
GeV.

Y10 oyfua (5.1) napouotdletar 1 xatavour Tng OAXAC XaL TS EYXAPOLOC
OpUNC TV Woviny oTo onuelo ahAnAenidpaong, oTny €080 TOU PUCUATOYEd-
(POU ULOVIWY XOL 1) AVOXATACKEVACUEVT oTNY TepinTwon tne udloc tou Higgs
v 200 GeV, evd oto oyfua (5.2) o avtiotoryec xatavoués otny TepinTw-
on twv 300 GeV. H péon tiun g eyxdpotag opung oTov Qacuatoypdpo eivo
nepinou 42 GeV oty npwtn nepintwon xou 62 GeV ot deltepn. [Mopatneei-
TAL 1) UETATOTULON) TNS OLVOXOUTAOXEVACUEVTIC XUTAYOUNS XU TNS XATOVOUNS OTO
Téhog tou Yepuidopéteou o oyéor ue TNY xatavour 6To oruelo ahhnheniSpa-
ong. H Staopd auth ogeileton otny anmAEL EVEQYELNS TWV CWUATIWY GTO
VeputdoueTpo.

Emnpbdoieta, 1 ToAxXY xotovour Tov Woviwy UECA OTOV VLY VEUTY| Xl YId
g 800 pdlec tou Higgs napouctdletoar oto oyfua (5.3). Ltnv nepintwon
AUTH 0 AV VEUTAS €YEL YwEIOTEl OE TPEIC TEPIOYES TOMXNC Ywviag O @ o) Ty
xothn mepoyh ve 0 < || < 1.0 B) v eunpdbodia ye 1.0 < |n| < 1.5 xou
Y) Vv dxpwe eunpdotha meptoyh we 1.5 < |n| < 2.5.0 Topatnpolue apyixd
OTL TAL TEPLOGHTEQAL ULOVLAL TEIVOLY VoL GUYAEVTPWVOVTAL GTNY XO{AT) TEPLOYT| TOU
QVEYVEUTY] o OTL OTOL oL ol oxOUoL AtyoTepa €€ auT@Y xatevdivovTal otny
dxpwe eumpootia teployt|. Emmiéov, mapatneolue 6Tt 660 UeyallTeRT elvou
1 udla tou Higgs 1660 o wiéwiar xareudivion oe Sieudivoelg oyeddv xdeta

LAE(Zer va Yuundolpe oto onuelo autd dt oL Yéhopol woviwy Tou aviyveuTH extelvovton
oe xatevYuvon péypt || < 2.7 nepinov, 6mwe BEBoua QalveTaL XL OTNY XATAVOUY.
— )
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,,,,,,,,,,,, Interactlon Polnt : <p>=83.3 GeV
At the end of Calorimeter : <p>=78.8 GeV
Recohstructed : <p>=78.7 GeV

g ¢

Events /5 GeV

g 8 8§ 8

g

L

400 500
Muons” momentum (GeV)

1200 - Interactlon Polnt : <p >=44.6 GeV
__ Atthe end of Calorimeter: <p >=41.8 GeV

— Reconstructed: <p »=41.9 GeV

Entries/ 3 GeV

1000

e WP S Ll | L
[} 50 100 150 200 250 300
Muons’ Transverse Momentum {GeV)

Yyhua 5.1 Katavourj tng okikis opuris (mdvew) xair tng €ykdpoias oppunig
(kdtw) twv povioy aré daorndoas tov cwpatdiov Higgs oto onueio aAdn-
Aemtidpaons (eotyuévn ypauuri), oto tédos tou Jeppidopétpov (umie) kar n
avakatackevaouérn (pavpo) yia pdla my = 200 GeV'.
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Entries/ 5 GeV

Entries/ 3 GeV

1400

_______________ Interaction Polnt : <p>=120.8 GeV
At the end of Calotimeter:<p>=116.0 GeV
Reconstructed : <p>=115.4 GeV

Muons’momentum {GeV)

1400
______________ Interactlen Polnt : «p (>=65.0 GeV

At the end of Calorimeter:<p>=61.8 GeV
1200 Reconstructed : <p >=61.8 GeV

1000

e —_— | -
0 50 100 150 200 250 300
Muons’ Transverse Momentum {GeV)

Syhuo 5.2: Onws to oxrjua (5.1) yia pdda my = 300 GeV'.
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g

m,=200 GeV
_ m,=300 GeV

i §

T

g 58 B g
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g

Batrrel Forward | Very Forward

g

°4\H‘HI

allown ol onnnllananllanas
05 1 15 2 25 3 35 4
[l

(=]

Yo 5.3: ITohikry katavoun twv opudy twy poviov ya g dvo pudles tov
Higgs.

otov d&ova g déounc (xoihn meptoyy).

Y10 oyfua (5.4) TopouctdleTar 1) TEAYUOTIXH EVERYELX TOU YEVOLY TOL ULOVIAL
xatd T Siéhevot Toug uéoa oto Vepuidoueteo Yoo my = 200GeV . H yéon T
e yopévng evépyetag eivar tepinou 4 GeV, mou eivon axp3mg 1) Stapopd YeTalld
TWV 0pUGY 0To onueio ahAnAienidpaong xar oty elcodou To QAoUATOYEAPOU
woviwv. H cuyxexpuévn xatavour| mpocapuoctnxe pe T cuvdptnon Landau,
1 omola TEQLYPAPEL TNV ATWAELN EVERYELNC CWUATIOIWY UECH OF AmOppO®NTES
(BAéne avag. [17], xe. 2). H mdoavéteen tuh e andietag evépyelag eivon 3
GeV.

5.2 IIpoocU7xn anwAelag evEpYELAS.

‘Onwe avapépdnxe oTo TEONYOUUEVO XEQINALO, YLOL VO TEOGOLOPIOTEL TO Ué-
yevog g avahhoiwtng udlag, OTIC AVUXATACKEVAOUEVES OpUEC Do TEETEL vt
TEOGTEVEL oL 1) TUPUUETPOTONUEYY) ATWAELX EVERYELXG amtd TO VepULdOUETRO.
Y10 oy (5.5) Tapouctdletar 1 oUYXEIOT PETAE) TG TEAYUATIXAS ATWAELNS
EVEQYELAC XAl TNE TapaueTpomonuUEVNS Yoo my = 200GeV . Tlapatnpolue 6t 1
TOPUUETEOTOMOT ATOSIdEL ENAPPOS TEPLOGOTERT, UTWAELY EVEQYELAUS ATO TNV
npaypotixr.  Mdhiota, 6nwe mpoxintel xou and 1o Sdypouus (5.6), 6mou
OLYXPIVETOL 1) TORUUETPOTONUEYY) UE TNV TEAYUUTIXY ATWAELL EVEQYELUC YIdL
Stdpopeg meptoy€s heudmxhTNTag, 1 AMWAELX EVEPYELIS TOU ATOdISEL 1) TapUUE-
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| Actual Energy Loss at the calorimeter

y

Mean = 3.979

‘—-

RMS = 1.868
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I { Most Probable Value=2.933 +0.006
/ Sigma = 03468 =+0.0027

:

| | I NI BRI
16

-]

o
N
IS
(-
LG
-
(=]
-
N
-
S

18 20
Energy (GeV)

Yo 5.4: Ipayuatikn ardieia evépyelas twry owpatidior katd tn oiédevor
touvg arné to Jeppuddpetpo yia my = 200GeV. H mpooappoyn twy dedopévwy
éywe e tr katavoun Landau.

Tpomoinon elvon ueyahiTepn o€ mepLoy €S UeYahlTERNC heUdLXLTNTOC.

[Tooxewévou va uehethoel xavelc tnv avorkhoiwtn wdlo twy yroloviwy H
xou Z oo onueio ahknienidpaong Yo mpénet vo AdBeL umody Ty axtivoBohio mé-
dnong (Bremsstrahlung radiation) twv poviov NG TEMXAC XUTAOTAGN . BTNV
nepintworn auth, 1 petoolr tne walac tou Higgs mapoucidletar oto oyfjua
(5.7a), To onoio avagépeton oty mapaywyh, uéow PYTHIA, tou cwuattdiou
ue uala my = 300GeV. H emhoyy| Tng ouyxexptuévng Tiung waloc tpoxunTel
amd To YEYOVOS OTL 1) mdavoTnTa EXToUTTC axTvofBollag mEdNoNe auidveTtan Ue
TNV eVEpYELX xou Elvon PEYAALTERY o’ 0,TL 6TV TepinTwor TN my = 200GeV .
Eivar edxolo Topatnefiotuo to YEYovos Twe, av xat 1 walo tou Higgs Sev ueta-
BaMhetan Spopartind xatd Ty exnounyy tng oxtvofoliog nédnone (Lelwon ubvo
xotd 0.3 %), evioltolc 10 Quotxd Thdtoc Tou cwpaTidion augdver xatd 17.7
%. Xto oyfua (5.78) napovotdleton axpBme 1 (Bio puotxr dtadixasio yio to
Z umolovia mou mpopyovTan and 1 Sidonact tou Higgs .

Tr6 auth v évvola howndy Yo mpénet va Angiel unodgw 6t to GEANT
(Léow Tou LHCTOR) npocoyotdver Tic tpoytés twv onuatidiwy tou tpoidoy
a6 Sauordoelg tou Higgs, o omola duwe 131 urtéotnoay extounyy axtivoBoiio
TESNOTNG. LUVETMS, Ol AVOUEVOUEVES TYEC TOGO TNE UALag, 600 Xat TOU TAATOUS
0V owpaTidiwy Yo TeEtel va Teooeyyilouv auTEC TOU SLUopPPOVOVTAL UETA
NV exnouny Tng axTvoBoliog mEdNoTg.
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Entries/ 0.1
" - -
5 5 §

:

@ III‘\IIlIII|II\‘\H‘H\‘\H‘H\‘H

]
| koo mean = -0.11
R slgma = 0.38

g

g

g

8

-4 -3 2 -1 0 1 2 3 4 5

Bl

E:rue
loss

Yyfuo 5.5: Xlykpion tng mpaypatikng pe tny mapapuetponomuérn anieaa
evépyelas twr owpatdiwy katd tn O0éAevon toug ané to Ueppidopuetpo. Ta
dedopéva mpooapudotniay e katavoun Gauss kar agopolv my = 200GeV .

Mean Energy Loss at the Calodimeter for each 1 region
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Yyfua 5.6: Iapapetponomuérvn kar tpayuatikn anweia evépyeaas oe oidpopes
TePIOYES PevdwrvTnTag, Yia opués povior 30 < P <70 GeV'.
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Generated Mass of Higgs Generated Mass of Higgs
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®)
Yyfuo 5.7 H petaBorii tng pdlag twv owpatidivr Higgs (a) kar Z (B) katd tny
exmounn aktwvofodiag médnons. Ta Oedouéva mpooapudotnkay e Katavourn
BW o€ elpog £2I' ylpw and tny kevtpikn tiun, érov I' efvai to puoikd tAdtog
ToU owpatioiov mpw TNy aktwoPfolia.
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5.3 EmAoyn yeyovotwy.

LTy Topdyeapo AUTY AVAPEROUACTE GTA XQITHELY ETAOYTC TWY YEYOVOT®Y,
AATE TNV TAURAY WYY TWY TROYIWY, TNV TEOCOUOIWGT| TOUS UEGO GTOV OVLY VEUTHY
%0l TEAOG TNV AVUXATAGHEVY| TOUG.

Apywd, epoapuocTnxay xvnpatixd xpthpie. 'Etot Aotnéy arouthinxe dlo
TOL ULOVLOL VAL IXOVOTIOL00V TIG GUVIAXES:

p > 5GeV
(5.1)
In| < 25

To mpdto and ta xprthiplar e€acpalilel Ty anoxonr, and To onueio yévve-
O™g TOUG, TWY YOUNAOEVERYELAXMY UOVIWY, eV To delTtepo eCacahiler udvia,
Ta onofa Pploxovtar eVviog TG YEWUETEIOG TOU ALy VEUTH.

['eyovota mou elyay Toukdylotov 1 woévio, 1o omolo Sev xavorolel Oho ta
TOEATAVL XPLTHRLA OEV GUUUETELYAY GTNY AVAAUOT).

Emunhéov, xatd TV ovoxaTaoKELY|) TOV TEOYLOY AMOLTETOL Vo UTEOY 0LV
o€ xdUe YEYOVOS TEGGEPELS UXPLBMS AUVUXATACKEVACUEVES TROYLES UloviwY, Ta
omolo, avd d0o vo eivor etepdonua (to ohixd Toug Qoptio va eivan undév).

Téhog, mpoxeévou va evioyLloly To YEYOVOTU TOU GRHUITOS, YETNOULo-
TOLAUNXOY YEYOVOT, OTO OTO{OL Ol AVAXATAOXEVAOUEVES UALEC Xt TwY S0 Z
Beloxovtar o€ ebpoc my £+ 18 GeV, omov myz = 91.2 GeV 1 tumxs| udla Tou
Z.

H anddoor twv yeyovotwy yia tig Vo nepintwoelc palokv tou Higgs xan yio
AVUXATUCKEVACUEVES TROYIES Ywplc o@diuato eLVUYRIUUIOTS TapouGtdlovTo
otov mivoxa (5.1).2

‘Onwe avagépdnxe xou oty topdypago (4.5), n emthoyn tou cuvdlacuol
TWYV ETEPOCTUWY NAEXTELXS PORTICUEVMY, UVIXATACHEVACUEVLDY UOVIwY Teay-
uotomotelton xatd TN Sadixacion TG TEOCUPUOYHAS TWV TPOYIWY UTO TO SECUO
e avadholwtng udlag, ondte, and toug dUo duvatols cuYBLIGUOUE, ETAEYE-
oL 0 GLVBLAOUOC oL BIVEL T1) UEYIOTY CLUVBLAOREV TAVOTNTA, OTWS AUTH
oplotnxe otnv mopdypapo 4.4.1. Evalloxtxd, yenoworouinxe 1 pédodog
¢ avarholwtng udlag, e TNV onoio EMAEYETUL O GUVBIAOUOS TTOU BiVEL AVaA-
holwtn udla tou Z minoiéotepa ota 91.2 GeV. T va Stamotwiel 1 anédoor
g xde pevddou eréydnxe av o cuVBLaGUOS oL TEoxOTTEL antd TN uéVodo
oLUPWVEL Ue TOV Tpayuatixd ouvdlacuo. T'a To yeyovota Aoimov mou €yi-
vay 8exTd UOTEQU Um0 TAL XPLTAPLAL XIVIUOTIXNAS, AVUXATAGKEVNS X UNOEVIXOU
ohxol @optiou, Tor GUVOAXE amoteléopata Tapouctdlovton otov mivaxa (5.2).

>Ta opdhuaro utohoyilovion amd TY TUTLXH ATOXALST] TNE BLWVUPLXAC XAUTAVOURC : 0 =
Vnp(l —p)

, 610V 1 0 APLHIGC TWV GUVONXDY YEYOVOTWY Xou p 1 davotnTa va Bpedel éva
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ivaxac 5.1: Anddoon twy yeyoviétwy ota didgopa kpiTrpia.

| mg =200 GeV 4960 yeyovéra | my =300 GeV | 4999 yeyovira |

Kpierijpra arodexopeva % amédoon arodeyopeva % amédoon
yeyovota yeyovita
Kwnuatixd 3820430 77.0 % 3897429 78.0 %
+0.6 % +0.6 %
Avarxataokeuvng
Kai unodevikov 3645+13 95.4 % 371913 954 %
oAikoU goptiov +0.3 % +0.3 %
Mdlas Z 3011+£23 82.6 % 3120+22 83.9 %
my £ 18 GeV +0.6 % +0.6 %
S dvodo (60.7+ 0.7) % (62.4:0.4) %

Hivaxag 5.2: Amdédoon tng emdoyns tov Lelyovs pioviwv amé tig avakata-
OKEVAOTUEVES KAl TPOTAPIOTUEVES TPOYIES.

| | my =200 GeV | | mu =300GeV |
Mé9Jo0d0¢ YEYOVOTA % emTuyio YEYOVOTA % emTuyio
(cbvoho 3645) (cUvoho 3719)
Avahholwtng 3233 +19 88.7 % 3403 + 17 91.5 %
ualo + 05 % + 05 %
Yuvdlaouévng 3481 £+ 13 95.5 % 3634 + 9 97.7 %
mdovdTnTac + 0.4 % +0.2%
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Hapatnpeolue 611 €youpe elpecT) Tou 6woToL (ebyoug Uoviny 6" éva Toh)
avomomnTixd eninedo xou e Ti¢ 800 pevddouc. Eugavéc duwe etvar to peya-
AOTEPO T0000T6 emtuyiag mou didel 1 uédodoc Tng UEYAALTERTC CUVBLACUEVTS
mdavoTnTaC .

5.4 Avoxatooxevacpévn (recontructed) xou mpo-
coppoopevr (fitted) pdla twv Higgs xou
Z.

Y1oyog tng mopaypdipou auTHg Elvon 1) GUYXELOT TWV ATOTEAEGUATWY OTWS o-
Té TEOXUTTOUY OO TNY TEOCUPUOY T TWV AVUXATAGKEVACUEVHDY TOOY DY UTO TO
deoud tng avolholwtng Udloac o GYEoT UE TIC UPYIXES, AVAXUTUOXEVAOUEVES
Teoytéc. T'tar o AoYo auThd YENOWOTOLOUUE TROYLES Ywpelc opdhuota evduypdy-
womng v Tig 800 mepimtwoelg wdlwv tou Higgs. Ot xatavoués mapouacidlovto
07O Gy (5.8). Ot opdyetpot ¢ walag xar Tou TAdToug TeoadiopilovTo
eqpapudlovtac BW xatavour| ota dedouéva o’ ebpog M +20. A&iler de va Tovi-
otel 1 enidpaomn Tou éyel 1 emthoyT| T Teptoy e ualdy (téoo otny TepinTwon
U Z, 660 xou tou Higgs) otnv TpocopuoY| TWY XATUVOUMY TPOXELUEVOU
VoL TpoadloploToly ot avtioTolyec mapduetpol. ‘Etol hoimdv, yio mapdderyua,
otoug mivaxes (5.3) xou (5.4) mopaxdte TpocapuoYés ot To OTEVH EVPOC o
Lwv Yo dwoouv SwupopeTinés Twée. Tapdhhnha, Yo mpénel va onueiwlel Twg
n BW npocapuoyr oto ouyxexpévo ebpoc udlac tou Higgs avtiotoryel me-
olmou e 5 %o 2 AVUXATACHEVACUEVA TAATY Yo Ti¢ Walec my = 200 GeV
xou my = 300 GeV avtiotorya (BAéne mivaxo 5.3 mopoxdtw). Emmiéov, yia
VoL UTOMOYIGTEL 1) ATOBOGT TG TPOCAPUOYHS, XATIPETEETOL 0 aptduog TWV YE-
YotV Tou PBploxovtar evtég tou mapaipou M 15T , 6mouv M xau I' 1
OVOXATOUCKEVAGUEVT] UAL XU TO AVUXATACKEVACUEVO TAdToC avtioTtorya. Ta
aprdunTixd anoteréopota tapovaialovion otov mivoxa (5.3).

And 1o mopamdve TUpATNEOUUE TOGO 1) TEOCURUOYT TwV SeSOUEVRY UTO
deoud mhnowdler Tor TpoydoTiNd dedouéva GE OYEST) UE TIC AVOXAUTACHEVATUE-
veg tpoytés. Tooo 1 udla, 660 xar 10 TAdTOS Tou cwuaTdiou TeoadiopilovTo
A(ANOTEPA GTNV TEPITTWOT TNG TPOCAPUOYTHE SLATNEWVTAS TNV ATOB0CT) TV YE-
Yovotwy otadept).

Oa meénel 0T0 onueio aUTH VoL TOVIOTEL TWS 0TOV UTOAOYIOUO TOU TEAXS
UETPOVUEVOL TAdTOUS ToL owuaTidiou adpoilovTal TETpAY WYX TOGO TO PUOIXH
TAGTOS TOU owUATISOL, 6G0 oL 1) TELPAUUATIXTY SlaxEITXT| avoTnTa 6Tr udla,

CUYXEXPLUEVO YEYOVOC.
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Yo 5.8: To avakataokevaouévo kar mpooappoopévo Higgs ya pdles 200
GeV (ndvw) ka1 300 GeV (kdww). Or evleies kadopilovr to napdBupo M +
1.5 ec
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Hivaxag 5.3: Ipaypatikés, avaktaokevaouéveS Kal Tpooapruoopéves TIHES Yia

to Higgs.
mpg = 200 GeV Fevvniévteg Avoxorto- ITpocoappo-
Tiég OXEVACUEVEG OWREVEG
wdla (GeV) 199.640.0 197.840.1 198.840.1
TAdLTOC (GeV) 2.34+0.1 8.0+0.2 5.940.2
% yeyovéto evtog 1.5/ rir - (89.2+0.6 ) % | (89.2+0.6 ) %
mg = 300 GeV Fevvniévteg Avoaxorto- ITpocappo-
TIRES OXEVOUCUEVEG CUEVEG
p.o'LCOL (GeV) 298.6+0.1 296.61+0.3 297.4 £0.2
TtAdToC (GeV) 11.24+0.4 20.2 +0.8 17.2 0.6
% yeyovota evtde 1.5, ) fir - ( 88.94+0.6) % | (88.9 £0.6 ) %
Onhadri:
[measur \/(Pnat)Q + (Pemp)? (52)
OTOU

erp _
F - Umass

Cmp - 2.35 (5.3)

UE Opmass VO Elvol 1) Sttty ixavotnta ot wdla (Am/m), eved o mok-
ATAACLAOTIXOG TUPAYOVTAS ELGEPYETUL TPOXEWEVOU VO UETUTEATEL 1) TUTIXY)
amoxAeT, 0 € Thdtog I

Edv topa, yio nopdderyua otny nepintwon tov my = 200GeV, Vécouue
rmet = 2 3GeV xau WLl TUTLXY SLoELTIXT IXAVOTNTOL OT1 WAL Opass = 1.6%3,
TeoxOTTEL, VoTEPA amd amAéc padnuatiés mpdéels, mwe I = 7.9GeV,
T Tou TANCLALEL TO TEMXS UETPOUUEVO OVOXUTUOXEVAGUEVO TAATOS, OTWS
gafveton otov mivaxa (5.3). Avdloyo cuunépooua TEOXUTTEL XL OTNV TER(-
Ttwon tou my = 300GeV .

H mopandve dtadixaoctio elvon Suvatdy v AeltoupyfoeL xot avtioTpoga, oTny
TERIMTWOT, TOU TEOCUPUOCUEVOU TAATOUS, TEOXEWEVOL VoL SoLUE TN Behtiwon
Tou ETQEREL 1) SLYXEXPWEVT uedodohoyio o Slaxpttixy txavotnTo Tne pdlag.
‘Etol Mooy, oty mepintworn mov my = 200GeV, edv Vécouue ot oyéon
(5.2) TP = 5.9GeV xou I = 2.3GeV, npoxintet 61t oons:fit = 1.2%, evo

cons.fit __

Yo elvar o = 1.9% o1 dedtepn T pdloc.

mass

SH Sroncprtind eavétnro ot udlo tou Higgs mpoxOmtet, oand Toug pordnuotixols UToho-

yiopoUg e avahholwtng pdlag, vo etvor: ATm|H = g %

ovéTNTaL 6TNY OpUT| Twv Z. H Stoxprtixd aut ixavétnta unopel vo npoadloplotel xou and tny

, 61OV ﬁ‘ elvow 1 StaepLtinn
z Plz

piene _preco ) Al
Z—em?— . Ilpoéxue vaelvor =8| = 2.3%.
Pz

TUTLXH ATOXAMOT) TNE XATAVOURS TN TOoOTNTAC —4—
z
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H Beltiwon mhdroug eivan xalbtepn otny nepintwon e udlag twy 200 GeV
(26%) an” 6,1t ot udlo twv 300 GeV (15%), ool otny TekeuTtaio nepinTwon o
TEWTOS 6p0¢ TNS LTHENE TocdTNTAC 0T oYéon (5.2) eivon GUYXPIOIUOC UE TOV
deltepo, 0" avtideon ue TNV TEKO TN TEPITTWAT), OTOU, AOYW TOU WXEOL YUCLXOU
TAdTOUC, ETXEATEL 1) TEWAUOTIXY SlaXELTIXY IXAYOTNTOL.

Téhog, TPOXEWEVOL Vo avty VEUGOUUE T1) BUVATOTNTA TEOGBLOPLOUOY Tou Ei-
doug xat Tou UEYEVOUS TV GPIMUATOY ELILYRIUULONG, YPTOULOTOLOUUE TIC
YVWoTéS TS Tne udlag xat Tou TAdToug Tou Z. Kat' autdy tov tpomo, uehol-
UE T1) CUUTEPLPOQEE TOU AVAXATUOXEVAOUEVOL Z OE DIAPOREC TEQLOYES TONXTNS
Ywviog O Tou aviyveuty, ol omoleg, 6mwe mpoavapépUnxe, eivou: o) N XOiAn
neptoy) ue 0 < [n| < 1.0 B) n eunpdoda e 1.0 < |n| < 1.5 xar y) 1 dxpwe
eunpooda teptoyl| we 1.5 < || < 2.5.

Yty teptoyn (o) amoutolue var Uty oLy xon to 800 wéviar Tou xde Z, eved
v 1 meptoyéc (B) xou (y) amoutolue var undpyel Evor TOUAGYLGTOY EVoL ULOVIO
Tou Z. o tig 800 pdlec tou Higgs, to cuvolixd anotéhecua nopouctdleTto
otov mivaxa (5.4).

‘Etot xat €6, 6Twe xou Tapandve, 0To TEAXA AVIXATACHEVACUEVO TALTOC
TEOXOTTEL RO TNV TETPAYWVIXT d¥o0loT TOL PUGIXOY TAATOUS XAt TNE TELUHAL-
Tixhe dtaxprtixdc tavdtnrac oty pdlac (oyéon 5.2). AZilet de vo onuetwdel 1
enidpaon mou €yet 1) emthoy | TN neployic walwy (1660 oty nepintwon Tou Z,
600 xar tou Higgs) otny TpOCUpUOYT TV XATOVOUMY TPOXEWWEVOL VoL TEOO-
dloptotoly oL avtioToryee mopductpot. ‘Etol howmdy, yio mopdderyus, GToug
mivaxeg (5.3) xou (5.4) mapoxdtey TRPooUpUOYH o€ To 6TEVH elpog alokv Va
OWOoEL TO PEUMGTINES TUIECS.

YUUTEPAOUATIXG, UTOROVUE VO TOUUE Twe 1) uedodohoyia Tng mpocupuoYhc
TWY TEOYLWY, 1) OOl KOTEVEVELY TNV XOUTAVOUT| UAS, EYEL WS ATOTEAECUA 11|
Beltiwon tou mnAixou S/B. Kot awté yioti, Yewpmdvtoc éva otadepd undBadpo
xar Statnewvioag otadepy| THY anoddcT) TwV YEYOVOT®Y TOU GHUATOS UE TNV
emthoyn) Tou cuUYXEXPIEVOL Tapa)pou (nivaxag 5.3), netuyaivetal Yelwon Twy
YEYOVOTWY TOL UTORAVEOL.

5.5 Tponol petatonicewy xau NEQLOTROPWV.

[t uerétn g enidpaone tne evduypduuions otny aviyveuorn tou Higgs umo-
Coviou 1 avaxXaTAOXELT) TV YEVYIUEVTOY TROYIWY TEaYUaToTotInxE Ue Toug
Vakdpoug woviey (xoflne xou eumpdodiac meptoync) vo eivon eite yetatontoué-
VoL, €{TE TEPIOTPAUUEVOL, WS TPOS TOUS GEOVES TOU GUGTHUITOS GUVTETAYUEV®Y
TOU QLY VELTH|. 1TO Oy fud (5.9) TaEoUGCIALoVTaL Ol GEOVEC TOGO TOU OVLY VEUTH),
660 %ol ol Tomxol TNy xolhn xon eunpbdodior TEQLOY .
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ivaxac 5.4: 'evvnuéves kar avaxkataokevaouéves napdpetpor tov Z ya kdle
mepioxn) tov aviyvevtn). Ta Oedouéva mpooapudéotnkav pe BW katavoun oe
etpos 80 edds 100 GeV e 1 GeV/bin.

‘ I'évveon ‘ Koiln ‘ Eunpéocdia ‘ Axpwg eunpocia ‘
Mo (GeV) | 91.074+0.01 | 90.87+0.04 90.94 +0.04
TIhdroc (GeV) | 2.74% 0.10 | 2.85+0.09 2.90+0.09
Avakataokeun
Méla (GeV) | 90.334+0.10 | 90.29+0.10 90.38 +0.95
ITA&roc (GeV) 5.32+ 0.19 6.69+0.25 6.4440.24

Yyhua 5.9: To obotnua ovrtetaypévor tov aviyvevrn (tpdowo), twv JaAduwy

oty koikn mepioyn) (kapé) kar otny eumpdotha (umie).
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5.5.1 Meratonioelc.

Mporypatomotfinxay 500 edwY yetoTonioelC.

To npdo €idoc apopd yetatémion ohdxhneou Tou Thuatos (end-cap) Tou
VLY VELTH, TOEEAANACL HE TOV dZova Ttng déounc (dovac z Tou avi-
YVELTH) XU EYXAPOLAL, ONOTE €YOUUE OANIXY| KETATOTUCY] TOL TOUATOS
xaTd ToV dova Y Tou aviyveuty. Ot yetatonioeg auTtég Tporypatonotiin-
AoV TEOXEWEVOL VoL UEAETNUEL 1) GLUVELGPOPE TWV GYIUNULTLY aTELILYPAUULETS
TOU TOUATOS OE OYECT UE TNV x0ihn TEQLOY Y|, 0pol, amd TeYVIXTC TAELEdS, deY
el avantuyVel cloTNUA EAEYYOU TWV OYETIXWOY UETATOTICEWY TWY TOUITWY
0C TPOg TNV Xothn TEpoYN. Av xou yiot THY TopdAANAY UETATOTIGT, GAOL oL V-
Aot petatoniotnxay xoatd tov T d&ovd Toug, 0Ty TEpInTwon TNE EYXdPCLIg
UETATOTLONG, 1) UETATOTLGT TOU %ddE Yohdou TEoyLATOTOLEITAL GUVIRTAHOEL TNG
Véong Tou 670 oxTdywvo. H yEWUETE EQUpUOYT| TNS EYXAROIUS UETATOTLONS
didetan oto mapdptnua A. Ou meénel vo onuelwie! 6Tt oL UETATOTIOEIC EQAQUO-
oTnXay WOVo oTo €va modpa (to onolo Pploxeton otov Yetnd z-nudlovar),
eve To dhho Swtneninxe auetdBinto, cav avagopd. OAdXANEO 1O TOUN UE-
TatoRioTNXE cuoTNUaTIXG xatd 1 mm, 3 mm xor 5 mm.

To debtepo ldoc uetatonioEwY TEAYUATOTOUNKE TEOXEUEVOU VO EAE-
yOolv ta cuunepdopatd yac oe oyéon ue dhhec epyooiec (BAéme [30]) xou
APOEE. UETATOTLON UOVO TwV HECHU®WY OTpwRdTwy Twyv MDT Joidpwy
oL xofhov xot Tov eunpbdodov pépoug. H yetatomion €yve ye tétolov
TPOTO, WOTE VAL €YOLUE TNV (Blat LETUB0AY 0TV opuY| Woviwy StagopeTinol Tpo-
ofjuou. 'Etol hotndy, 610 xotho u€pog ol uecaiol VIAoUoL UETATOTUO TNV XAUTA
Vv (Bl popd,, eV ot Vo TwUTA oL YdAaUoL UETATOTIOTNXAY, AvEAOYL TOU
z-nudova mou Beloxovtat, 6mwe gaiveton oo oyfua (5.10). Ltnv nepintwon
auTh ot yecaior Ydhapol yetatoriotnxay cuotnuatixd xotd 100 um, 200 pum
xat 300 um. Tuyaieg yetatorioelg ye opoldouopen xatavour anéd -300 um ewg
+300 um dev €detav onuavTixéc allayés.

5.5.2 Ilepiotpoypic.

Yy mepintwon twv aneuiuypaUUicE®Y TWY AVLYVEUTIXOY SITACEWY AOYW
TEPLOTEOPWY, TEAYUATOTOLAUTXE TEPLOTEOYT TwV YaAJU®Y TOU EVHC TMUATOS
(exeivou mou Peloxetar 6o Vetind z-nuiddova), evéd To dAho StotnerRinxe ota-
Vepd. Tpayyartomotidnxay teplotpogéc YOpw and Tov z xu YOELW Ao ToV
x dZova Tou aviy VEUTH xatd Ywvieg 2.5 mrad, 5 mrad xou 10 mrad . H yew-
UETPLXT EQUQUOYT] TWV CUYXEXPUEVWY TEQIGTROPMY TAUPOUCIALETAL AVAAUTIXS.
oo opdptnua A.
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* No displaced hits
X Displaced hits

Yo 5.10: Meratdmon twv peoaiwv Jadduwy oto koiko kair oto eumpdotho
HEPOS.

5.6 Emnidpaon twyv ancvduvypopuicewy otny ava-
HATACKEVLYN TNG OPUNG TWV WIoViwV.

Apyxd, yeletolue v enidpaon twv Siapdpwy aneuduypauuicEwy OTIC ava-
AATUACAEVUOUEVES TIMEC TNG opunc Twv Wioviey. Etol xortodue tn oyetxh
UETOSOAT) TWV OVOUXUTAOXEVACUEVWY OpUWY OE GYEOT) UE TIC YEVVNUEVTEC Yia
oho Tor wovia.. Telxd, 1 xotovour Tng TocoTNToC ﬁ TEOGUPUOLETOL UE XAl
Tavour; Gauss 6" 6ho 1o elpog tng. H tumien amdxiorn g xaTovounc o Tig
000 UETATOTIOELC TOU TWUATOS XAl YLl TIC UETATOTUGELS TWV UECUIWY OTRWUATOY
v Yahduwy tapouotdletar ota daypdupato (5.11) xou (5.12).

‘Oleg ot Topamdve YRAPIXES TUPACTAGELS EYOUY TEOGAQUOCTEL UE TNV EU-
Velor ehaylotwy teTpay®vwy. And tny xAion tng eudeiog mpoximtel OTL oL
amevuypauuicElc xaTd Toy 2-dZova £youv evTovoTepT ENdpucT GTNY axpifeia
TE0GBI0pIGU00 NG opuhg, o’ 6Tl oL avticToryeg anevduypouuioels xatd Tov
z-3&ova.
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Pgene

Yyhua 5.11: MetaPoAny tns tuvmkris andkhiong (o) tng katavouris

TV
povicor yia Tis d1d@opes HETATOTITES TOU TWUATOS.

Yyfuo 5.12: MetaBoln) tns tumikis anékhions (o) tng katavouns ﬁ Ty
povior yia tis petatornioe§ twy peoaiwy otpwudtwy twv Jakduwy povioy.
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Yyfue 5.13: Avaxataokevr) tov Z otny mepintworn mov vrdpyer touddyiotov 1
116710 0TO peTatomopuévo katd unkog tov déova tng 6éoung nwua.
Or evleies kallopilovr to mapdBupo M £ 1.5I' oe oyéon pe to ndua ywpis
petaromon.

5.7 Emnidpaon twy ancvvypopuicewy otny ava-
HATAOKELY) TNG LAlag Tov Z - Avary vwplon
ansvduypopuicewy.

H mdovy| areuduypduulorn Tou aviyveuTr xot TV TOUdTwY G GYECT UE TNV
AEVTPIXT| TEPLOY | EMNEEALEL TNV AVAXTAOXELT| TNS Ul Tou Z. L Tny Topdypapo
ouTH UEAETATAL 1) ETIBpaoT QUTY XaL ETLTALOV Yernoluonoteiton 1) enidpaon auty
Ylot TOV EVTOTIOUS Tiavey aneuduypauicewy.

Y1y mepinTtwon MooV UETATOTICEWY TOU EVOC TOUATOC TOU VLY VEUTY),
AQATWVTIC Tal UTOAOLTA TUAUATS TOU GTadepd, HEAETOUUE T1) GUUTEQLPOPS TOU
Z 670 UTEPYEL TOUAEYLOTOV €V LOVLO TROEPYOUEVO aTd aUTO TO Z EVTOQ
NS TEPLOY NS TOL UETATOTUSREVOL Ttdpartos (7| > 1.0). To oyfua (5.13)
xou o mivaxag (5.5) delyvouv Tic avtiototyes petaBohéc tng udlog ot Tou TAd-
TOUC XATA TIC UETATOTIOEIC TOU TWUATOS TAUpdAANA X UE Tov dCova Tne Séoune,
EV® 0L UETUPOAEC OTIC UETATOTIOEIS XATA UAXOC TOU GEOVAL I TOU VLY VEUTH
ropovotglovtar otov mivaxa (5.6).

[o v mepintwor Tou teheutaiou €ldoug YETATOTIGEWY, Ol XATAVOUES YidL
T Sidpopec TwéS petatonioewy napouctdloviar oto oyhua (5.14), evd ta
avtioTotya aprduntxd arnoteréouata otov mivaxa (5.7).
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Hivaxag 5.5: Mdla ka1 mAdtos Tov Z yia Ti L€TaTOTIoES ToU €76 TWUATOS
xatd punkog tov déova Tng Séoung kai oTNY TEPITTWON TOU UTdpyel

touddyiotov 1 piévio oto petatomopévo noua.

| avaxatackeln | xwpls perardmon | per. 1 mm | per. 3 mm | per. 5 mm |
pdla (GeV)+0.1 90.3 90.3 90.3 90.3
mAdtog (GeV)+0.2 6.6 6.6 6.7 6.9
% aréboon + 0.6 83.2 % 83.1 % 822 % 81.6 %

Hivaxag 5.6: Mdla ka1 mAdtos Tov Z yia Ti§ L€TaToTioES ToU €76 TWUATOS
Kxatd pnkog tov déova y Tov aviyvevti) ka1 0TNY TEPITTWON TOU UTdpyel

touddyiotor 1 piévio oto petatomopévo noua.

| avaxatackeldn | xwpls perardmon | per. 1 mm | per. 3 mm | per. 5 mm |
udla (GeV)£0.1 90.3 90.3 90.2 90.2
mAdtog (GeV)+0.2 6.6 6.8 7.1 7.3
% aréboon + 0.6 83.2 % 82.6 % 81.3 % 79.8 %

Hivaxog 5.7: Mdla xar mAdto§ Tou Z yia TIS HETATOTIOES TV MeOoAiwY

Jaddpwy kai oty mepinttwon mov undpyowr kar ta 2 pidvia €vTog Tov
Koidov TUTIUATOS TOV aviyVeuTr).

‘ avakataokeun ‘ XWPIC peTar. ‘ net. 100 um ‘ net. 200 um ‘ net. 300 um ‘
pdla (GeV)+0.1 90.3 90.3 90.3 90.4
mAdtog (GeV)+0.2 5.6 5.7 5.9 6.2
% aréboon + 0.6 78.4 % 78.4 % 781 % 7.5 %
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Yo 5.14: Avakataoxevaouévn pdla tov Z ya 0idgpopes petatorioes twy
pneoaiwv Jaldpwy otny nepintwon tov kar 6vo pidvia Bpiokovrar €vTog
TOV K0IAOV TUNUATOS TOU aviy VeuTn.

Téloc, oto Sdypoppa (5.15) napoustdletar GUVOAIXS 1) CUUTEPLYPORE. TOL Z
YL TIC UETATOTIOEIS TOU EVOS dXPOU TOU AVLYVEUTH, EVK GTO L&y pauuaL (5.16)
1 avTiGTOLY ) GUUTEPLPOEE. Yia TIC UETATOTICES TwV UeGAlwY Yohdumy.

Amo To anotehéopata yiveton cagés 6Tl T0 €0p0C TNG UVAXATAOXEVUOUE-
yne udloc tou Z umopel va odnyrioel, ue oyetixd yio tor dedouéva Tou LHC
wxen owuoum’]‘l, OTOV EVIOTIGUO TEOBANUATOY EVYUYPAUUIONS TWY TWUATWY
TOU ALy VEUTY. AxOUN TEQLOGOTERO, 1) UEAETT OE DLOPOLETIXESC YEWUETPIXES TE-
ooyéc (0 < |n| < 1.0, 1.0 < |n| < 1.5, 1.5 < |n| < 2.5 xTh) emtpéner xou
) Smiotworn Tou eidoug Twv peTatonicewy. XNy TepinTwor 8 Tou Vewpr-
OOUUE TO YaYVNTIXO TEdIO X0t TO UAXO TOU oy VEUTY| o€ xdle meployy) opdd
SOUNUEVO GTNY TEOCOUOIWOT), 1) UEAETT] TNG UVUXATACKEVACUEVNC Udlac Tou Z
uropet vo odnyrioet an’ evdeiog oTov Tpocdloploud Tou TUTOU Xl TNE TWHS TWY
ameLYLYPUUUICE®Y XL, 1S EX TOUTOU, GTY BLOPUWGT AUTHOV.

‘Ocov agopd. Thpo 6TNY TERITTOOT TWV TEPIGTEOPHY, aTto ayfua (5.17)
Topovotdletar (EvdeXTIxd) 1) XOUTAVOUY| TNG OVAXATAOXEVAGUEVNS Udlag Tou Z
AATE TIC TEQIOTROYES Y0pw amd TOY AEOVA T TOU VLY VEUTH.

Edv thpo VeAAo0OLUE VO BOOOUVUE TNV GUYXEVTPWTIXY ELXOVA, TO O) T

45 nepiodo younhfc pwtevétnroc (1023 em~2s71) avapévovtor 107 yevovéta/étoc tne
didonaong Z — ppt. Tov (8o puduod €dive 0 cUYXEXPLIEVO xavdM xat oTov emttayuvTy) LEP.
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Lyfuo 5.15: Avakataoxevaouévo BW mAdtog tov Z ya kdOe eldovg petato-
TIOT) TOV MWUATOS KAl VA TIS TPEIS TEPIOYES €EVPETTS TWY MIOVIwY.

Yo 5.16: Avakataoxevaouévo BW mAdrog tou Z ya kdOe €idous peta-
Tomon Ty peoaiwy Jadldpwy kai yia TS TPEIS TEPOYES €VPEONS TWY
pHovioy.
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Yo 5.17: Avakataoxevaopérn pdla tov Z yia Tis TEPIOTPOPES TOV TW-
pnatog katd tov r déova tov aviyveutn.

(5.18) mopovotdlel T UETUBONY| TOU OVUXUTAGKEVAGUEVOL TAATOUS TOU Z Lol
Ta Sdpopa idn meploTteopwy. To cuyxexpluévo Sidypauud, OTWS ol oTo
TEOTYOUUEVAL, QoivovTaL Ol UETUB0AES TOU TAATOUS Y1 TIC SIAPOPES YEWUETEIXES
TEPLOYES EVPEOTG TWV WUoViwY.

Apyxd, TopatneolUe To Gay| Sl wEIoUO TWY TEPLOTEOPWY XATA TOV T XAl
z dZova. MdhoTa, ol TEQIoTRORES YUpw amd ToV T dZova £Y0LY EVIOVOTERT
enidpaon an’ 6,TL auTEC YUpw amd Tov 2. ‘Oc0ov apopd TOEU OTIC TEPLOTPOMES
nepl Tov x dZova, o avtideon ye TIC TERIoTROYES YOpw Amd TOV Z, TO XEITHPLo
NG YEWUETEIXNAS EVPEOTC TV Uloviwy umopel va yenoworoinlel ue oyetixy
AGPIAELY, OTOV TPOGBLOPIOUS TNG TOGHTNTAC TNG TEPLOTEOPTS, APoL UTdpPYEL
Eexdfopog Sloywelonds Ty dUo EVVELWY.

Téloc, yia xde eidouc neplotpoph| (Yopw and tov = xat z dEova Tou avl-
YVEUTN) UEAETOUUE TN CUUTEPLPORE TOU AVAXATAOXELACUEVOU TAGTOUC TOU Z,
Yio xoEULS TOGOTTA TEQLOTEOPWY, AMAUTWYTAS OUWS TNV EVPECT) X0l TwY dU O
woviewy ot xadéva and toug 8 Topelc Touv nHdKAToS (6nwe avtol opilov-
TUL OTO TOPAQTNUL A). H xhon g evdelag mou mpoxOTTEL Elvor eVBEXTIXN
NS enidpaomg mou €YEL TO CUYAEXPLUEVO EIBOC TEPLOTEOPHC, GTY) CUYXEXPLUE-
V) YEWUETPXT TEploy T eVpEoTS Twy Woviwy. H xiion Aowmdy tng eudeioc o
x&de Touéa Tou TOUATOS xou Yo xde eidoug mEploTEOYY| TapoustdleTar 6TO
oyfua (5.19). Ta yeydho opdhpota twv onueiny eivar anotéhecsya TG Wxphc
OTATIOTIXNS TV YEYOVOTwY o€ xdle Topéa Leywpetotd. To dedouéva mpocup-
UOOTNXOY UE TNV OTOAUTH TIWH NUTOVOEISOUS cuVdpTNoNS (YLl TNV TEploTEOPY
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Yo 5.18: Avakataoxevaouévo BW mAdtog tov Z ya kdOe eidovg mepr-
OTPOPTS TOU TWOUATOS VIA TS TPEIS TEPIOYES €VPEDTNC TWY UIOVIwY.

nepl Tov x d€ova) xou ue evleia eEhayioTOV TETPAYDOVWY (YLl TNV TEPLOTROYT
nepl Tov z dZova). ‘Onwe avayevotay, 1 oyedov undevixt) xhion tne evdei-
ag ovadELXVOEL TNV XUAVSQIXT GUUUETPlO Xat, XaTd GUVETELX, TNV LGOSHVAUN
OLUUETOYY) TWV TOUEWY GE TEPIGTPOYES TOU TOUATOS YUpw amd Tov z dZova.
Avtiveta, 1 mepodixdTnTa 0TV TEPLOTEOYY YUpw amd Tov T dfova delyvel
TNV EVTIOVOTERY EMIBpaoT TV XaTtaxdpupny Touéwy (3oc xou 4oc) an’ 6,tt ol
optlovtiot (log xou 50¢).

5.8 Emnidpaon twyv ancsvduypopuicewy otny ava-
xataoxevn tne waloc tov Higgs.

YNy mopdypopo auth UEAETOVUE TNV Enidpaot Twy aneuduypauuioewy (Leto-
TOTUOEIC Xl thocpég) oTov Teoadloplopd g pdlag tou Higgs.

YNV TEQITTWOT TWV UETATOTIOEWY TOU TWHUATOS XATA TOV 2 GZova Tou
oV VEUTH, xat vl Tic 800 TEPITTWOoELC Yevynlévtey ualoy tou Higgs, ot xo-
Tavopés napouctdloviar oto oyfua (5.20), eved to aptdunTtixd anoteréouata
otov ivaxa (5.8).

O nivaxag (5.9) mapouotdler Tig mapauétpous tou Higgs oTNV TERIiTTWOT
UETATOTIOEWY XATd TOV d€ova y Tou aviyVeuTr Yo Tic dVo Tuée udlag Tou
owuatidiou.
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Yo 5.19: Eridpaon twy 6U0 €100y TEPIOTPOPNS 0TO arakataokevaouévo
mAdTos tov Z yia kdOe topéa evpeong twv povioy.

Hivaxac 5.8: Mdla ka1 mAdtos tov Higgs ya TS jetatomioels tov €vog
nwparog katd pnkog tov déova tng déoung.

| mpy =200GeV | xwpis petardémon | per. 1 mm | per. 3 mm | per. 5 mm |

pdla (GeV)+0.1 197.8 197.8 197.9 197.9
mAdtog (GeV)+0.2 8.0 8.4 8.7 8.9

% améboon + 0.6 89.2 % 89.2 % 88.7 % 88.0 %

mpg = 300GeV XwpPIc netarémon | petr. 1 mm | per. 3 mm | pet. 5 mm

pdla (GeV)+£0.3 296.7 296.9 296.7 296.9
mAdrog (GeV)+0.9 20.2 20.3 21.7 22.9

% aréboon + 0.6 89.1 % 89.2 % 88.5 % 88.6 %
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Yo 5.20: Metafodry tov Higgs yia petatomioels tov €v6¢ noparog katd
unxog tov déova tng déoung. Or evdeies kadopilovr to tapdupo M £1.5"
o€ oxéon e to dkpo YwplS petatomion.
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Hivaxac 5.9: Mdla ka1 mAdtos tov Higgs ya TS jetatomioels tov €vog
nwparog katd prnkxog tov déova y tov aviyvevrn.

| my =200GeV | xwpis petardémon | per. 1 mm | per. 3 mm | per. 5 mm |
pdla (GeV)+0.1 197.8 197.8 197.8 197.8
mAdtog (GeV)+0.2 8.0 8.1 8.8 9.1
% amnéboon + 0.6 89.2 % 89.5 % 88.2 % 87.3 %
mg = 300GeV XwpPIc netarémon | pet. 1 mm | per. 3 mm | pet. 5 mm
pdla (GeV)+£0.3 296.7 296.8 296.6 296.7
mAdrog (GeV)+0.9 20.2 20.3 20.9 21.6
% aréboon + 0.6 89.1% 88.9 % 88.2 % 87.9 %

ivaxac 5.10: Avakataokevaopérn kar mpooappoouévn udla kar tAdtog tov
Higgs twv 200GeV ya didgopes netatorioes twv peoaiowv Jaldpuwy tov

avyyvevr.
‘ avakataokevn ‘ XwpPIc petar. ‘ ner. 100 um ‘ ner. 200 um ‘ ner. 300 um ‘
pdla (GeV)+0.1 197.8 197.9 197.9 197.9
mAdtog (GeV)+0.2 8.0 8.3 8.9 9.6
% anédoon+0.6 89.2 % 89.2 % 88.7 % 88.0 %
Tpooapuoyn xwpic petat. | per. 100 um | per. 200 pm | per. 300 um
pdla (GeV)+0.1 198.8 198.7 198.7 198.6
mAdtog (GeV)+0.2 5.9 6.2 6.8 7.1
% anédoon+0.6 83.1% 83.2 % 82.0 % 81.6 %

¥ OhEg TG TOPUTAVG TEQITTWOELS TUPAUTNPEOVUUE TWS Ol UETATOTIGES TOU
TOUATOS xaTd Toug dVo doveg emnpedlel Tov mpoadloploud Oyl T6G0 Eviova
¢ Walag 600 Tou TAdTOUS Tou cwuaTdiou. Autd ogelleton 6TO YEYOVOS OTL
TO UETPO TV 0PUMY TWY WOVIWY XATd TIC UETATOTIOELS auoUEIdYoVTAL Ty,
wote Tehxd oe xdde mepintworn va divouy mepimou Ty Btar T avodholwTng

udlog.

Hapatneolye exiong nwg 1 enidpacn Twy ancuiuypauuicewy yivetor onuov-
L YLl UETOTOTOELS dvew Twv 3 mm.
Téhog, otny nepinTtwon YetatonioEwY TV Uecuiwy Yorduwy xotd 100 um,
200 um xor 300 pm, cOUPWVA UE TOV TPOTO TOU TEOAVAUPELQUTXE, 0 Tivaxag
(5.10) TOPOVCLALEL TIC AVAXATAOXEVAOUEVES X0l TROGUPUOOUEVES TOPUUETOOUS
Tou Higgs yevvnuévo oe pdla 200GeV .
Mmnopolue va cuvodicouue Tal ToEATAVE ATOTEAECUATA TOCO YIA TIS OV
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AATAGAEVAGUEVES, OGO XAl TIC TPOCAPUOCUEVES TYIEC TOU TAATOUG %o TN Amo-
doomg Yo Tic SEPOPES UETATOTIOEIS xou VoL TIC CUYXQIVOUUE UE Ta avTioToLy o
ATOTEAECUATA TOU TEOXUTTOUY AmO TNV avdAuon ywelc uetatornioec. Xtny
nepintwon tou Higgs, to oupnepdouata ouvodilovton ota Stoypduuata (5.21)
xon (5.22).

Téhog, ta oyfuata (5.23) xar (5.24) mopoustdlouvy T GUYXEVTPWTIXY EL-
AOVAL TNG OYETIXNG UETABOATC TOU VOXATAGHEVACUEVOL XAl TROGUQUOCUEVOU
mhdtoug Tov Higgs twv 200 GeV xow tne avtiotoryng oyetixfic anoddong ota
YeYOVOTQ, Yia Tol 800 ElOY) TEQIGTROPWY.

5.9 XuunepdoupoTo.

Avaxepohai®dyvovtag, UTopoUUE VoL TOUUE OTL UE T1) YPHOT| TS AVAXUTACXEUOL-
ouévne udlac tou Z-unoloviou eivon SuvaTOC O EVIOTUOUOS TWY CPUAUATGDY
eVVLYPAUIIONG TOC AXPWY WS TEOC TNV XO{AT Teploy | Tou avtyveutr. Em-
TAEOV B, 1) UEAETN OF OLOLPOPETIXES YEWWUETPIXEG TEPLOYES €0PECNC TWV
woviov g TEMXAS XATAoTAGTS, Efvar Suvatdy va od1yfioet oTo eldog auThv
TWY CPUAUATWY, EVE GE OPLOUEVES TEQITTWOELS EIVOL EQIXTOS XAl O TOCOTIXOG
npocdlopiopds autwy. ‘Ocov agopd otny aviyvevon tou cwuatdiou Higgs,
Omwe avouevotay mdaveg aneviuypaupioec dev petafdAAovy tn wéon Ti-
W TNG AVAXATACKELACWKEVNG WALag agol emnpdlet Tic VeTinée Tpoytég
avtideta an’ 611 Tig apvnTixés. H enidpaor Toug duwe oto ebpog Tou avaxa-
Taoxevacuévou Higgs urmogel va elvon onuavtid, avdhoya ye to péyedog xon to
eldo¢ tng amevduypduutong. Tlapd tadta, e T yehomn evos Aoyixol tapadbpou
UaCag YLor TV anodoy ) TwY YEYOVOTWY 1| ATWAELNL O 0,TL APopd 6NV ATodoY Y,
uropet va Yewpniel erdoovog onuaciog. O tehixndg tpocdopiouos Tou Tapadi-
eou autol Yo emitevy Vel Ye TNV TEOGEXTIXT| UEAETT TOU UTOGTOMUATOS. 1TV
TEOXELEVY TERITTWOT Ypnowdonotdnxe Wi hoywy| extiunon [8]. Me to ma-
p&dupo aUTO %o PEAMOCTIXEG UETATOTICELS KO TEQLOTEOPES PalveTol
o6TL dev ennpedleton Wialtepa v anodoyn Twy yeYovotwy. Koadhe ou-
owotixd (Ue 1§ ywelc uetatonioec/nepiotpogéc) anoxheiovton YEYOVOTA, TV
OTOLWVY 1) AVIXATACHEUT] TV TEOYLOY NTay TEoBAnuatixy|, Yo TeEREL vor 081y n-
Volue oe apxetd anldove Tipég ancuduypduions, MoTe 1 adinoT Tou EHEOUG
VoL AVTIXATOTOIOTEL OE AmWAEla YeYovoTtwy. H edva nagoustdletar tapduoLa
1600 oTNY TEPITTWOT TOL YenotuomoloLyTon o’ EVVEINS OL AVUXATAOHEVACUE-
VEC TROYIES, 600 xal 0TV TERITTWOTN Tou Yenotuomolelton o decuog Tne walog
Tou Z pe xatavour) BW. Yty nepintwon mou yenciuonoleiton deouds ue tnv
Tumxr) walar Tou Z xou Oyl 1 xaTovour, 1) eniSpact) eivon GUAVTIXG UIXPOTERY).
BéBata, otny mepintwon autr xou 1 BeATinon) 0Ty oxpiBEId TS AVIXATAOHEUTC
¢ wdloc tou Higgs ue 0 yerion tou deouou uetpldletal onuovTiXd.
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Relatlve Higgs BW width

Relatlve 26 acceptance

Relatlve Higgs BW wldth

Relatlve 2¢ acceptahce

Yyfuo 5.21: Yyeuikd BW mAdtog kar oyetikr) arédoon ws ovvdptnon s

petatémons ya pdla tov Higgs 200 GeV (mdvw) ka1 300 GeV (kdtw) ya tg

HeTatonioe§ Tov €¥6G Twparog katd tov z kary d€ova tov aviyvevri.
9



Relatlve Hlggs BW width

Relatlve 20 acceptance

Yyfuo 5.22: Yyetuikd BW mAdtog kar oyetikr) arédoon ws ovvdptnon s
petatomong yia pdla vov Higgs 200 GeV ya petavonioe twrv peoaiwv
Jaldpwy tov aviyvevtn).
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Relative Higgs BW width

Eyfua 5.23: Yyetikd BW mAdrog tov Higgs twv 200 GeV yia neprorpopég
TOU €r0§ Tduatos katd tov T kar z d€ova Tov aviyvevti.

Relative 2 ¢ acceptlance

Yo 5.24: Yyenikn) arédoon ota yeyovéta yia my = 200GeV ya mepr-
OTPOPES ToU Vg Tauatos katd tov x kar z dfova Tov aviyvevr).
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Kegdhowo 6
I[Mopdptnua A.

Tumxn xdpta etc66ov oto LHCTOR

LIST

C Debug level, nb of evt to be debugged, nb with level >= 4

DEB 221

C Debug GEANT volume creation (=0 => no printout)

DEBV 0

C Show sub-volumes (1) or not (0) in GEANT graphics

SVOL 0

C Sketch of the detector+event: 2 (0 if not) , 2nd arg= nb of plotted events -2 for
interactive

GRAF 0 0

C  record hits (gt 0)

HIT 1

C write out event or not (1=all hits, 2= only hits in mu chambers)
C (+10= store rays at the exit of return yoke)
WRI 12

C WRI 0

C Input/output files names (64 char maxi)

C FIELD FILE

FIEL ’bmagatlas02.data’

C AMDB FILE

AMDB ’amdb _simrec.0.08’

C Do you want 4 layers for all layers? 0=no, 1=yes

T4LY 0

C INPUT TRACK FILE (PROC = -2) or MUON cross section table (PROC = -1)
TRAC ’sigma_muprod.data’

C Type of event PROC=0 (single particle given by IPSE)

C PROC=-1( single muon prod from cross section table)
C PROC=-2( read particle from a file)

C PROC=1 (PYTHIA event with MSEL=PYSE)

C 2 (PYTHIA + isolation (anti)cuts for the muon)
PROC 1
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C Type of interaction (PYTHIA flag) for PROC=1 :

C ( HO prod is PYSE=16 , ttbar:6, Zprime:21, mmb=2)

C ( PYSE = 101,102,103 : upsilon,’,”, in lead-lead collisions)

PYSE 16

C particle tracked. IPSE=0 === all particles, Only Muons: IPSE=5

C second argument = charge ( +-1, 0 = both ,default)
IPSE 5
C For PROC=0 and -1:

C  Momenta(Pt:Min Max) Phi(Min Max) Rap(Min Max)
PASE 50. 50.01 0.00 360.00 1.0 1.001
C PASE 50. 50.1 22.50 22.51 0.0 1.0

C sqrt(s) for ppb interactions (GeV) (for PROC>0)
PPS 14000.

C Number of associated minimum bias events
NBU 0

C CUTS AT PRODUCTION:
C P cut (GeV) (1: muons, 2:elec, 3:pions, 4:kaons, 5:others)
C PPCU 3. 100. 3. 3. 3.

PPCU 5%*5.

C Pt cut

C PTCU 20. 4*2.

PTCU 5*3.

C Rapidity cut

C RCUT 1.2 4*1.0

RCUT 5*3.

C Maximum COS(theta*) for 2->2 processes
C COST 0.850

COST 1.

C  Vertex dimensions(cm) (0. in z means known vertex)
VTX 0.0015 0.0015 5.5

C time window (ns) after t=C*(distance from the vertex)
TIMC 100.

C CUTS AT RECONSTRUCTION:

C Software pt cut: 1=mu, 2=e, 3=inner tracking
PTRE 3*3.

C Software p cut

PREC 3*5.

C Software rapidity cut

RREC 3*3.0

C GEANT data cards:

C Maximum nb of triggers

TRIG 10000

TIME 2=40.

CDEBU131

DCAY 1

MULS 1

CPFIS 0

MUNU 1

LOSS 1
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PHOT 1

COMP 1

PAIR 1

BREM 1

C RAYL 0

DRAY 1

ANNI 1

HADR 1

C STRA 0

C SYNC 0

C GAMMA ELEC NHAD CHAD MUON
CUTS 0.010 0.010 0.010 0.010 0.010

C CUTS 0.0001 0.0001 0.010 0.020 0.020

C CUTS 0.05 0.05 0.05 0.05 0.05 0.1 0.1 10=0.1 3.E-7
STOP
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Kegdhowo 7
I[Mopdptnua B.

Tumxy xdpta etc68ov oto MUONBOX

LIST
C> > Nombre maximum d’evts. a traiter et/ou premier et dernier evt. a traiter
EVTR 5000 1 999999
C> > Maximum CPU time to reconstruct one event
TMAX 120.
C> > Nombre minimum et maximum de "hits" des evenements a traiter
HITR 3 9999
C> > Si le premier arg, NBXPRO, est different de zero ne traiter que
C> > les NBXPRO premiers evts declares apres le premier argument
EVTS 0 74 189 387 461 1059 4465 4523 4949 5597 6500 90*0
C> > Number of generated muons

MUOG 4

C> > At generation, have multilayers with 3 layers benn transformed to multilayers

with 4 layers ?
C>> Yes <=> NPLG = 4, No <=> anything else
NPLG 3

C> > At reconstruction, transform multilayers with 4 layers to multilayers with 3

layers
C>> Yes <=> NPLR =3, No <=> anything else
C>> BIS BIL BMS BML BOS BOL BIR BEE
NPLR 44 44 44 44 44 44 44 44
C>> EIS EIL EES EEL EMS EML EOS EOL FOS FOL
44 44 44 44 44 44 44 44 44 44

C> > Only muons in digitisation ? ( 1=yes , 2=no ==> electrons also, 0—nothing

(but noise))
ONLY 1
C> > Intrinsic resolution of a tube (microns)
RTUB 85.

C> > Alignement error of a multilayer (e.g.4 layers of tubes) in a mattress (microns)

RCOU 20.
C> > Alignment precision of a station (mattress) (microns)
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RSCO 30.
C> > Noise level factor from photon and neutrons w.r.t. nominal noise
C> > (0. for no noise) for tubes (FNOIST) and strips (FNOISB)

C>>if <0 ===> Noise only in ’active’ (i.e. already hit) chambers
C>>if >0 ===> Noise in ALL chambers
FNOI 0.0

C> > Minimum noise occupancy
C>> BIS BIL BMS BML BOS BOL BIR BEE
NOMI .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C>> EIS EIL EES EEL EMS EML
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C>> EOS EOL FOS FOL
.00 .00 .00 .00 .00 .00 .00 .00
C> > Tube efficiency in %
ETUB 99.
C> > Strip efficiency in %
ESTR 96.
C> > Print Level for debug (from 0 to 5)
IPRI 1
C> > "Severity" of the reconstruction
SEVE 1.0
C> > Printing for plots ( Yes <=>IPLT =1, No<=>IPLT =0)?
IPLT 0
C> > Effective dead time of a tube (in ns)

C> > If < 250. ===> Multi-hits capability !!!
C> > If > 250. ===> Single-hit capability !!!
C DTUB 100.

DTUB 300.

C> > Features of Multi-hits capability :

C> > dead time (ns) , efficiency (%) , resolution (microns) , after-pulsing proba. (%)

DED2 100.

EFF2 65.

RES2 180.

AFT2 70.

C> > Define number of planes of strips along S/Z in each layer for recons.

C>> BIS BIL BMS BML BOS BOL BIR BEE

ISRS 00 00 22 22 30 03 00 00

C>> EIS EIL EES EEL EMS EML EOS EOL FOS FOL
20 20 00 00 34 34 00 00 00 OO

STOP
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Kegpdhowo 8

[Mopdptnua I'.

Adypaupat PONG YLOL TNV AVAALGCT TWV OEdOoUE-

YWV.

1. AwBace and tny xaéva yeyovog.

2. Kavoveg emhoync evog YEYOVOTOC:

o. Téooepa pioviar oty Tehxr) xaTdo oo 6ToUS YUAAUOUS TV UoViwy.
B. Téooepa avaxaTaoUEVACUEVA ULOVIX GTOUEC VUASUOUS TV UoViwy.
Y. Abo detxd xar d0o apvnTixd woviaL.

3. Anulovpylo TV TEAYUATIXOY 0pU®Y 0To onucio aAAnAenidpaong xan Ue-
T4 10 VePUIBOUETPO XAVWC XL TWV AVIUXATAGKEVACUEVWY OPUDY GTOUC
Yohdpoug wovimy.

4. Troloylouds Twv Tpoyotx®my WolOdV Ligene, Logenes Hgene-

5. AVTIOTOlYION TV TEOYUATIXWY UOVIWY UE TO AVUXATAOHEUACUEVAL UE XPL-
Thelo TN ywvio.

6. Topauetponolnon Tng ATMAELNC EVEQYELNS TWV UOVIwY 6TO VepUIBOUETEO
XAl TOU CQAAIATOS AUTHS.

7. Enovoploloc Twy avaxacrEVACUEVKY 0pUMY, TEOGVETOVTAS TNV avTioToL-
Y1) ATWAELXL EVEQYELNS OTO UETRO TNG OpUNC.

8. TToAOYLOUOC TWV AVIXATACHEVACUEVWY Lal®y Twv d0o Z, dedopévne g

Topandvew avtioTolytong (eivar 1 owoth udla Twy Z) xol TNG AvoXaTo-
oxevaouévrne udloc touv H.
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10.

11.

12.

13.

14.

15.

. Emhoy1 tou Lebdyoug woviwy ue xprthpto ta goptia toug (2 Suvatol Guv-

Swwopol). Emhéyetar o cuvdiaopds exeivoc mou dive avadholwTn udla
TOU 7 To x0VTd oTNy TUTKy) wdlo Tou Z.

Trohoyioude g avarholwtng Udlas T0V Lireco, Loreco ATO TOUS TOQU-
TV TEAXDY GUVBLAGUMV.

[t xodévay amd toug 2 cLYBLIGUOUE TWY ETEQOCTIUMY ULOVIWY TEUYUNTO-
TOAOE TNV TEOCUPUOYT| OTIC OPUES TOUC UE BEoUd TNV avallolwTy udla
Tou Z.

Me dedouéves Tic TPOCUPUOGUEVES TIUES TV OPUMY Xal Yidl XADEVa GUV-
Staoud Uloviwy, LTOAOYIGE TN TPOGUPUOCUEVES UALES TV Zifit, Lafits
Hyjy.

Enélele tov ouvdlaoud exeivov mou Sivel Ty uéyiotn mdavotnTa, Onwg
oUTH TEOXVTTEL A6 TO YWOUEVO TV THIAVOTHTOY 0TIC 800 TPOCUPUOYES
(Z1, Z3) i xodévay ouvSLaoud.

Anodixevon arotelecudTwy.

Enouevo yeyovoc.
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Kegdiowo 9
I[Mopdptnua A.

I'ewpetpinn vAonoinorn petatonicewy xou TEPL-
CTEPOPWY ToL Twpatoc (end-cap).

MeTaténior Tou TOUATOE xXATd ToV dEova Y Tou avLy VELTH.

[ Tuyado Vdhauo oto mwUa Tou aviyveuth| xou o omolog Bploxetar e yYwvia
9, 6mwe goiveton oto oyfua (9.1), avalnteitar 1 oyéon avdyeca otoug dEoves
S,Z Tou TOTIXOU CUCTAUATOS CLUVTEVTAYUEVWY Xal 6Toug dfoveg X, Y Tou
OUGTAUATOS GUVTETAYUEVWY TOU avtyVeuT. And 1o oyhua (9.1) eivow:

x = S+ 7, r = Ssing+ Zcoso
(9.1)

y = Zy,— 85, y = Zsing — Scos¢

[a petatomon xatd tov Yetxd Y dova Va eivor z = 0 xar y = d. Ondre,

1 oyéon (9.1) dive:

0 = Ssing+ Zcoso

(9.2)
d = Zsing — Scos¢
A6 v mpwtn oyéon mpoxinTEL OTL:
Z = —Stan¢ (9.3)
Kot pe avuxatdotoon e (9.3) otn dedtepn nafpvouye:
d = —Stan ¢sin ¢ — S cos ¢ = dcos p = —S(sin® ¢ + cos® ¢) =
= S5 =—dcos¢ (9.4)
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Yyfua 9.1: Aboves ovrretaypuévor oe Jaldpovs oto moua.

Téloc, ue avuxatdotaon e (9.4) oty (9.3) npoxinter:
Z = dsin ¢ (9.5)
[t ywvia @, epapuéotixe 1 cOYacr Tou Tapouctdletal GToV Tivaxa
(9.1), eved 1 apidunon twv oxtaydvev tapovotdletar 6to oyfua (9.2).
Ilepiotpogr Tou THPATog Tepl TOV AZova Z TOU AV VELTH.

[Tpoxewévou va meplotpapel xatd Ywvid w rad ohOXANEo TO TOUN TOU oVL-
YVEUTH|, xdle Vdhauoc mepoTREPETAL YUOW amd Tov dfova Z Tou TOTX0U
OUGTAUITOS CUVTETAYUEVWY XATd Ywvid ®, €ve Tapdhhnha petatonileton
®otd Tov d&ova S ToU TOTXOU CUGTAUATOS CUVTETAYUEVKY XUTA ATOOTACY):

d=R;tanw ~ Rw (9.6)

omou R; n axtiva Tou xde Yohduou.

ITepiotpopr) Tov nopatog nepl Tov dZova X TOL AVLYVELTY.

LNy Tepintworn auTy, 6AoL oL VIAapoL TEQLOTEEPOVTAL Xal UETATOTI oV XoTd.
d&oveg, avdhoyo Ye TN VEOT TOUC OTO OXTAYWVO, OTWS TAPOUCLALETUL GTOV
mivaxa (9.2), 6mou  eivor 1 yovia teptotpoprc (oe rad) xou d 1 anbéoTao
6mwe auth opileton and tn oyéon (9.6) .
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Mivaxac 9.1: Avniototyion Jakduov ka1 ywriag ¢
| Tuhpa Oxtaydvou | Twvie ¢ (rad) |

1o T
20 3n/4
30 /2
4o n/4
50 0
60 Tx/4
70 37/2
80 b /4
30
20 4o
lo L 50
80 60
To

Yo 9.2: Aptunon tunudtwr tov oktaywvou.
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Iivaxac 9.2: Metatomon kar mepiotpogn twv Jadduwy tov mwupatog yia
TepoTPoPn avtol yUpw ard tov déova X tou aviyveutn.

TuAro Oxtayovouv | Metatdnion otov | Xtpogn
PN M poPn

T dZova (tomxd) | oe d€ovo: | xatd ywvio
lo 0 Z )
d V2
20 +E Z, S 0)7
30 +d S ®
d V2
40 +5 Z,S W35
50 0 Z w
d V2
60 _E Z, S 0)7
70 —d S ®
d V2
80 -7 Z, S wTQ

102



[Topdetnuo E.

Xeron twv cpaipdtwy cto MUONBOX.

IMo v tepautépe eneepyaoia Twv opoludtony, o xddixag tov MUONBOX yen-
owornotel 3 eidn mvdxwy opolpdtwy (convariance matrices): o. Ltnv é€0do tou
Vepudopétpou (bvopa cozcan, Seixtng ikind = 1), B. v é£0d0 tou eowtepxol
aviyveut (6vopa coycan, deixtne ikind = 2) xau y. Lto onueio ahknheniSpaong
(6vopa cozcan, deixtng ikind = 3). Ltnv avdhuor €yive ypron Tou Tivoxa oQolud-
v oty €€0d0 tou Vepwdopétpou.

O nivaxog opokudtov eivar €vag 55 ouppetpindg nivaxas. To Stoydvio otoyelo
TOU EfVol TAl TETPAYW VA TWV TOCOTATWY:

[cdzcany; : Theta error of crossing point.
[_cdzcanyy : Phi error of crossing point.
[cdzcanss : Theta error of unit vector.
[cdzcanas : Phi error of unit vector.
[cdzcanss : 1/p error.

To ototyeio coxcan;j = coxcan;; anoteholy to o@dhpota cuoyétions (correlation errors)
TWY TAUPATAVE TUPUUETPMV.

[o v elooywYR 0TV TROCUPUOYT TV TEoYI®Y LTO 10 SeoWd NG avaAloiwTng
wdloc twv opohudtwy otig toodtntes 1/p, 9, @, yia xdde owpdtio i=1,2,3,4, ypnot-
womojdnxay ta Starywvior otolyelo coxcansy = cox3d, corcanss = cor4, coxcanss =
COTD %O EQPAUPUOOTANAY TOL TUPUXATE:

[Ccdz3i = A0 = AO = Vcox3i
[Ccdzdi = A%p = Ap = \/cordi

[ cdzbi = A? (1—17) = (A—Qp)Q = 22 — \/cozhi = % = pv/coxhi

P P
[Tpoociétovtac xou t0 o@dhyo delos amd TNV TUPUUETRPOTOIMGCT TNG AMWAELOG

2 2
eVEpYELNC TV cLPATWY TEOXITTEL OTL % = \/(p\/coxf)i) + (%)
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