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Ŷ (N )∑
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Ŷ (N
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∂Ŷ (N )/∂Y (N )
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dŶ (N , pT)

dpT
=
∑
m

(p )
dY (N , pT)

dpT
.

(p )
π

(p )
Y (N , pT)/ pT Y π(N , pT)/ pT π



5%
N

N =
0 N ≈ 20

pT
π

5% pT π 0.3, 0.3 0.45 GeV/c

pT

5−10

4−10

3−10

2−10

1−10

1) T
N(

P

Uncorrected
Unfolded
True

 = 13 TeVspp,
ALICE

This thesis

0 5 10 15 20 25 30
TN

0.9
0.95

1
1.05

1.1

U
nf

ol
de

d 
/ T

ru
e

N
N



1 2 3 4 5
0.8

1

1.2

0.8

1

1.2

0.8

1

1.2
 = 13 TeVspp,

ALICE

This thesis

1 2 3 4 5

pp + 

- + K+K

-π + +π

1 2 3 4 5 1 2 3 4 5

)c (GeV/
T
p

U
nf

ol
de

d 
/ T

ru
e

pT π

R 0 ≤
RT < 0.5 1.5 < RT < 2.5



(S0)
S0

S0 ̂

S0 =
π2

4

(∑
i
−→p i × ̂∑
i p i

)
,

S0 [0, 1]

S0 =

{
0, .

1, .

S0(
Sp =1
0

)

Sp =1
0 =

π2

4

(∑
i p̂ i × ̂
N

)
,

p̂ i N
Sp =1
0 Sp =1

0

π− π0

pT S0

S0

Sp =1
0

Sp =1
0



̂
S0 0.345

S0

Sp =1
0



0 0.2 0.4 0.6 0.8 1=1)
T
p(

0S

0

5

10

15
3−10× )

=1
)

Tp( 0
S(

P =1)
T
p(

0SGenerated
=1)

T
p(

0SMeasured
20 % Jetty
20 % Isotropic

ALICE
 = 13 TeVspp,

| < 0.8η 10, |≥chNCL1 III, 

This thesis

Sp =1
0

Sp =1
0

Sp =1
0

Sp =1
0

|η| < 0.8

N



N

N

N
pT

N

N

N

N

R
Sp =1
0, Sp =1

0,



Sp =1
0, Sp =1

0,

Sp =1
0,

Sp =1
0,

pT

pT Sp =1
0,

pT Sp =1
0,

pT

Sp =1
0, Sp =1

0,

pT

= .

Sp =1
0,

Sp =1
0,

pT
Sp =1
0



2 4 6 8 10
0.8

0.9

1

1.1

1.2 -π + +π
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

| < 0.8η 10, |≥chN III, SPDN

2 4 6 8 10

 = 13 TeVspp,
ALICE

This thesis

- + K+K
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

2 4 6 8 10

1

pp + 
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

)c (GeV/
T
p

EB

2 4 6 8 10
0.8

0.9

1

1.1

1.2 -π + +π
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

| < 0.8η 10, |≥chN III, SPDN

2 4 6 8 10

 = 13 TeVspp,
ALICE

This thesis

- + K+K
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

2 4 6 8 10

1

pp + 
1 % Jetty 1 % Isotropic

-int.
=1)

T
p(

0S

)c (GeV/
T
p

EB

pT Sp =1
0

Sp =1
0,

Sp =1
0

N π



pT

σ
±3 σ

xy ±3 ±1

μ, σ τ



π

μ, σ τ
|η|

π
μ σ τ

3% 10%
β

)c (GeV/p

 - 
fit

) /
 fi

t
μ(

0.6 0.8 1 1.2 1.4 1.6 1.8 20.5−
0.4−
0.3−
0.2−
0.1−

0
0.1
0.2
0.3
0.4
0.5

3−10×

 = 13 TeVspp,
ALICE

This thesis

β

 - 
fit

) /
 fi

t
σ(

0.8 0.85 0.9 0.95 150−
40−
30−
20−
10−

0
10
20
30
40
50

3−10×

 = 13 TeVspp,
ALICE

This thesis

β

 - 
fit

) /
 fi

t
τ(

0.75 0.8 0.85 0.9 0.95 1
80−
60−
40−
20−

0
20
40
60
80

3−10×

 = 13 TeVspp,
ALICE

This thesis

μ σ τ
p β

μ σ τ p β

μ σ τ

|η|

μ σ τ
2 (

μ)

μ = μ + α · ,

α μ = 0
σ = 1

p



1000

p p pT

pT ( ) |η|

E/ x p
(〈 E/ x〉 σ E/ x

)
〈 E/ x〉 σ E/ x

βγ 〈 E/ x〉
|η|

〈 E/ x〉 σ E/ x

βγ 〈 E/ x〉

3, 4 5
1000

p p
pT pT |η|

π



)c (GeV/p

 - 
fit

) /
 fi

t
〉x

/d
Ed〈(

0 20 40 60 80 10015−

10−

5−

0

5

10

15
3−10×

 = 13 TeVspp,
ALICE

This thesis

〉x/dEd〈

 - 
fit

) /
 fi

t
σ(

50 55 60 65 70 75 80 850.2−

0.15−

0.1−

0.05−

0
0.05

0.1
0.15

0.2

 = 13 TeVspp,
ALICE

This thesis

〈 E/ x〉 (σ E/ x

)
βγ
(〈 E/ x〉)

pT /π /π

〈 E/ x〉 σ E/ x

/π /π

5 10 15 20
)c (GeV/

T
p

5

10

15

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

 = 13 TeVspp,
ALICE

This thesis

-π + +π
- + K+K

5 10 15 20
)c (GeV/

T
p

5

10

15

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

 = 13 TeVspp,
ALICE

This thesis

-π + +π
pp + 

/π /π
pT



pT pT
pT

χ2/N

z

RT SpT=1
0

pT R pT

pT

R

pT
Sp =1
0

Sp =1
0



R Sp =1
0

Sp =1
0 pT

π

1 10
)c (GeV/

T
p

0

2

4

6

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

Total
Signal extraction

=90clN
Feed-Down
Tracks variations
ITS-TPC matching
TPC-TOF matching

 = 13 TeVspp,
ALICE

This thesis

Reference
-π + +π

1 10
)c (GeV/

T
p

0

5

10

15
Sy

st
em

at
ic

 U
nc

er
ta

in
ty

 (%
)

Total
Signal extraction

=90clN
Tracks variations
ITS-TPC matching
TPC-TOF matching

 = 13 TeVspp,
ALICE

This thesis

Reference

- + K+K

1 10
)c (GeV/

T
p

0

5

10

15

20

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

Total
Signal extraction

=90clN
Feed-Down
Tracks variations
ITS-TPC matching
TPC-TOF matching

 = 13 TeVspp,
ALICE

This thesis

Reference
pp + 

pT π
Sp =1
0

pT π
0 ≥ R < 0.5

1 2 3 4 5
)c (GeV/

T
p

0

2

4

6

8

10

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

Total Signal extraction
TPC-TOF matching Track-variations
ITS-TPC matching Unfolding
Feed-Down

 = 13 TeVspp,
ALICE

This thesis

Transverse
-π + +π

 < 0.5TR≤0

1 2 3 4 5
)c (GeV/

T
p

0

5

10

15

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

Total Signal extraction
TPC-TOF matching Track-variations
ITS-TPC matching Unfolding

 = 13 TeVspp,
ALICE

This thesis

Transverse

- + K+K

 < 0.5TR≤0

1 2 3 4 5
)c (GeV/

T
p

0

5

10

15

Sy
st

em
at

ic
 U

nc
er

ta
in

ty
 (%

)

Total Signal extraction
TPC-TOF matching Track-variations
ITS-TPC matching Unfolding
Feed-Down

 = 13 TeVspp,
ALICE

This thesis

Transverse
pp + 

 < 0.5TR≤0

pT π
0 ≥ R < 0.5



π = (π+ + π−) =
(K+ + K−) = ( + p)

√
s = 13

R
Sp =1
0

R Sp =1
0

N

π,K p

Nch/ΔηΔϕ

pleadingT

pleadingT � 5 GeV/c



N

〈N 〉

R = N /〈N 〉
R

5 ≤ pT < 40 GeV/c
pT 0.15− 5 GeV/c
|η| < 0.8 N

R R N
〈NT〉 = 7.366±0.002 (stat.)

pT π
N

R N R
N

pT

R = N /〈N 〉 N N
[0, 0.5) [0, 3]
(0.5, 1.5) [4, 11]
(1.5, 2.5) [12, 18]
(2.5, 5.0) [19, 30]
[0.0, 5.0) [0, 30]

R

R R
〈NT〉

〈NT〉
7.93, 7.88, 8.15 6.31

N (N � 8)

(N � 10)
N R

R
(R > 2) 〈N 〉

R

〈NT〉



R

TN

) T
N(

P

4−10

3−10

2−10

1−10
Data

 = 13 TeVspp,
ALICE

This thesis

 0.002 (stat.)± = 7.366 〉
T

N〈

|<0.8η), |c < 40 (Gev/leading

T
p≤5

|<0.8η), |c 0.15 (GeV/≥
T
trackp

0 5 10 15 20 25 30 350
0.5

1
1.5 PYTHIA 8 Monash

PYTHIA 8 Ropes

Herwig
EPOS LHC

M
od

el
-to

-d
at

a

TR

) T
R(

P

4−10

3−10

2−10

1−10
Data

 = 13 TeVspp,
ALICE

This thesis

|<0.8η), |c < 40 (Gev/leading

T
p≤5

|<0.8η), |c 0.15 (GeV/≥
T
trackp

0 1 2 3 4 50
0.5

1
1.5

PYTHIA 8 Monash
PYTHIA 8 Ropes
J. High Energ. Phys. 2020, 192 (2020)

Herwig
EPOS LHC

M
od

el
-to

-d
at

a
N R

〈pT〉 pT

(〈pT〉) pT R
pT

300 (π, ) 450 ( ) MeV/c
pT = 0

pT
5 GeV/c

pT π
pT 0 − 300 MeV/c 0 ≤ R < 0.5

38% 19% 22%
π

m

R
pT χ2/Ndf

pT



N/ y (〈pT〉) 2%(1.7%) 2.7%(2.3%) 2%(1.5%)
π 0 ≤ R < 0.5

0.5 1 1.5 2 2.5 3
)c (GeV/

T
p

2−10

1−10

yd Tp
/d

Nd

Levy Tsallys
-exponentialTm

Fermi-Dirac
Bose-Einstein
Blast-Wave

 = 13 TeVspp,
ALICE

This thesis

pT R

〈pT〉 π R
〈pT〉 π 0 ≤ R < 0.5

〈pT〉 R
R

π 〈pT〉
R

〈pT〉
〈pT〉 R

〈pT〉 0 ≤ R < 0.5
R

π
〈pT〉 R

〈pT〉



〈pT〉

〈pT〉 R

〈pT〉 〈pT〉 π

〈pT〉 R
π R

0 1 2 3 4 5

0.5

0.6

0.7

0.8

PYTHIA 8 Monash
PYTHIA 8 Ropes

0 1 2 3 4 5

Herwig
EPOS LHC

|<0.8η, |c 0.15 GeV/≥
T
trackp

|<0.8η, |c < 40 Gev/leading
T
p≤5

0 1 2 3 4 5

0.7
0.8
0.9

1
1.1
1.2

 = 13 TeVspp,
ALICE

This thesis -π + +π - + K+K pp + 

1

1.2

1.4

1.6 Toward Away Transverse

TR

)c
 (G

eV
/

〉
Tp〈

R

π

R pT /π /π
/π /π



/π
R

/π
R /π

/π R
/π

R /π
/π R

/π

/π /π
/π /π 10% 50%

0 1 2 3 4 50.11

0.12

0.13

0.14

0.15

|<0.8η, |c 0.15 GeV/≥
T
trackp

|<0.8η, |c < 40 Gev/leading
T
p≤5

0 1 2 3 4 5

PYTHIA 8 Monash
PYTHIA 8 Ropes

0 1 2 3 4 5

Herwig
EPOS LHC

0.05
0.06
0.07
0.08
0.09

0.1
Toward

 = 13 TeVspp,
ALICE

This thesis

Away TransverseT

TR

)- π
 +

 
+ π

)/(-
 +

 K
+

(K
)- π

 +
 

+ π
)/(p

(p
 +

 

pT R

/π /π



π,K p

pT π R

R pT R

pT
R 0 ≤ R < 0.5

pT
pT

pT

pT � 2.5 GeV/c

N
N pT

π

R 0 ≤ R < 0.5 2.5 < R < 5

π pT 0 ≤ R < 0.5

pT
e+e−

0 ≤ R < 0.5 pT � 1.5 GeV/c
2.5 < R < 5



1 2 3 4 5

0

0.5

1

1.5

2

 < 0.5TR≤0.0
 < 1.5TR≤0.5
 < 2.5TR≤1.5
 < 5.0TR≤2.5

1 2 3 4 5

|<0.8η, |c 0.15 GeV/≥
T
trackp

|<0.8η, |c < 40 Gev/leading
T
p≤5

1 2 3 4 5
0

1

2

3

4

5
3−10

2−10

1−10

1

10

210
Toward

 = 13 TeVspp,
ALICE

This thesis

Away

-π + +π
3−10

2−10

1−10

1

10

210
Transverse

)c (GeV/
T
p

-1 )c
 (G

eV
/

Tpdy
/d

N2
 d

ev
N

1/
 0≥

T
R

R
at

io
 to

 

pT π R
R



1 2 3 4 5

0

0.5

1

1.5

2

 < 0.5TR≤0.0
 < 1.5TR≤0.5
 < 2.5TR≤1.5
 < 5.0TR≤2.5

1 2 3 4 5

|<0.8η, |c 0.15 GeV/≥
T
trackp

|<0.8η, |c < 40 Gev/leading
T
p≤5

1 2 3 4 5
0

1

2

3

4

5
3−10

2−10

1−10

1
Toward

 = 13 TeVspp,
ALICE

This thesis

Away

- + K+K 3−10

2−10

1−10

1
Transverse

)c (GeV/
T
p

-1 )c
 (G

eV
/

Tpdy
/d

N2
 d

ev
N

1/
 0≥

T
R

R
at

io
 to

 

pT R
R



1 2 3 4 50.5−

0

0.5

1

1.5

2

 < 0.5TR≤0.0
 < 1.5TR≤0.5
 < 2.5TR≤1.5
 < 5.0TR≤2.5

1 2 3 4 5

|<0.8η, |c 0.15 GeV/≥
T
trackp

|<0.8η, |c < 40 Gev/leading
T
p≤5

1 2 3 4 5
0

1

2

3

4

5

3−10

2−10

1−10

1 Toward

 = 13 TeVspp,
ALICE

This thesis

Away

pp + 
4−10

3−10

2−10

1−10

1Transverse

)c (GeV/
T
p

-1 )c
 (G

eV
/

Tpdy
/d

N2
 d

ev
N

1/
 0≥

T
R

R
at

io
 to

 

pT R
R



1 2 3 4
0.6
0.8

1
1.2
1.4 This thesis

1 2 3 4

 = 13 TeVspp,
ALICE

1 2 3 4

-π + +π

0.6
0.8

1
1.2
1.4 PYTHIA 8 Monash

PYTHIA 8 Ropes
Herwig
EPOS LHC - + K+K

0.6
0.8

1
1.2
1.4 Toward Away

pp + 

Transverse

)c (GeV/
T
p

M
od

el
-to

-D
at

a

1 2 3 4
0.6
0.8

1
1.2
1.4 This thesis

1 2 3 4

 = 13 TeVspp,
ALICE

1 2 3 4

-π + +π

0.6
0.8

1
1.2
1.4 PYTHIA 8 Monash

PYTHIA 8 Ropes
Herwig
EPOS LHC - + K+K

0.6
0.8

1
1.2
1.4 Toward Away

pp + 

Transverse

)c (GeV/
T
p

M
od

el
-to

-D
at

a

π
0 ≤ R < 0.5 (2.5 < R < 5)



pT

pT /π /π R

√
s = 13

pT � 1 GeV/c R

R /π /π

/π
R

/π 0 ≤ R < 0.5
/π R

2.5 < R < 5
0 ≤ R < 0.5 pT � 2 GeV/c pT � 2 GeV/c
/π

pT � 2.5 GeV/c
/π

pT /π /π R

(0 ≤ R < 0.5) /π /π pT
/π pT

R

R /π
pT /π

/π
R /π

/π 0 ≤ R < 0.5



1 2 3 4 50

0.1

0.2

0.3

|<0.8η, |c < 40 Gev/leading
T
p≤5

|<0.8η, |c 0.15 GeV/≥
T
trackp

1 2 3 4 5

Eur. Phys. J. C 80 (2020) 693

1 2 3 4 5

0.1

0.2

0.3

0.4

0.5

0.6
Toward

 = 13 TeVspp,
ALICE

This thesis

 < 0.5TR≤0.0
 < 1.5TR≤0.5
 < 2.5TR≤1.5
 < 5.0TR≤2.5

Away Transverse

1 2 3 4 5

V0M I

V0M X

)c (GeV/
T
p

)- π
 +

 
+ π

)/(-
 +

 K
+

(K )- π
 +

 
+ π

)/(p
(p

 +
 

pT /π /π R

R

√
s

R π
R

R π



1 2 3 4 50

0.1

0.2

0.3

0.4

PYTHIA 8 Monash

PYTHIA 8 Ropes

1 2 3 4 5 1 2 3 4 5

 < 0.5TR≤0.0

 < 5.0TR≤2.5

0.1

0.2

0.3

0.4

0.5

0.6
Toward

|<0.8η, |c < 40 Gev/leading
T
p≤5

|<0.8η, |c 0.15 GeV/≥
T
trackp

Away

 = 13 TeVspp,
ALICE

This thesis

Transverse

)c (GeV/
T
p

)- π
 +

 
+ π

)/(-
 +

 K
+

(K )- π
 +

 
+ π

)/(p
(p

 +
 

1 2 3 4 50

0.1

0.2

0.3

0.4

Herwig

EPOS LHC

1 2 3 4 5 1 2 3 4 5

 < 0.5TR≤0.0

 < 5.0TR≤2.5

0.1

0.2

0.3

0.4

0.5

0.6
Toward

|<0.8η, |c < 40 Gev/leading
T
p≤5

|<0.8η, |c 0.15 GeV/≥
T
trackp

Away

 = 13 TeVspp,
ALICE

This thesis

Transverse

)c (GeV/
T
p

)- π
 +

 
+ π

)/(-
 +

 K
+

(K )- π
 +

 
+ π

)/(p
(p

 +
 

pT /π /π R 0 ≤
R < 0.5 2.5 ≤ R < 5



π K p

π
Sp =1
0

N

〈dNch/dη〉

〈dNch/dη〉
N 41.6 (53)

N
〈dNch/dη〉 |η| < 0.5

〈dNch/dη〉 26.02± 0.35 18.7± 0.25
N

〈dNch/dη〉 33.01± 0.55 21.57± 0.32

Sp =1
0 N N

Sp =1
0

Sp =1
0

N N



pT Sp =1
0 N

N Sp =1
0

Sp =1
0

pT

N

N
N



=1
T
p

0S

=1 Tp 0
S

/d
N

 d
ev

1/
N

M
od

el
-to

-D
at

a

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.6
0.8

1
1.2
1.40

10

20

3−10×

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|

 = 13 TeVspp,
ALICE

This thesis

 = 0.73〉
=1

T
p

0
S〈

Data
PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig
EPOS LHC

=1
T
p

0S

=1 Tp 0
S

/d
N

 d
ev

1/
N

M
od

el
-to

-D
at

a

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.6
0.8

1
1.2
1.40

10

20

3−10×

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|

 = 13 TeVspp,
ALICE

This thesis

 = 0.77〉
=1

T
p

0
S〈

Data
PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig
EPOS LHC

Sp =1
0 N



pT

〈pT〉 〈dN/dy〉 Sp =1
0

pT

15 20 25 30
〉y/dπN d〈

0.6

0.7

0.8

)c
 (G

eV
/

〉
π

T,p〈

V0M I
-int.

=1
T

p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 ISPDN
-int.

=1
T
p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 = 13 TeVspp,
ALICE

This thesis

〈pT〉 〈dN/dy〉
Sp =1
0 N

〈pT〉 〈dN/dy〉
N 1% 10%
〈pT〉

〈pT,π〉 10% 1%
1% 〈dNπ/dy〉

〈pT,π〉
30% 〈dNπ/dy〉 10%

〈pT〉 〈dN/dy〉



〈pT〉 〈dN/dy〉
〈pT〉 〈dN/dy〉

N

Sp =1
0

〈pT〉

N 1%
R Sp =1

0

R

R

R

pT π 1%
Sp =1
0 N

Sp =1
0

pT
pT

pT Sp =1
0

pT > 3 GeV/c
N

N Sp =1
0

pT N
pT (< 1 GeV/c, < 2 GeV/c < 3 GeV/c π, )

pT pT



pT pT
N

pT

N pT
Sp =1
0 pT 2 (3) GeV/c pT

pT π ( )
pT

Sp =1
0 pT �

3 GeV/c

pT

pT
1% Sp =1

0 N

10 GeV/c



-in
t.

=1 Tp 0
S

R
at

io
 to

 
-1 )c

 (G
eV

/
Tpdy

/d
N2

 d
ev

N
1/

)c (GeV/
T
p

1 10

0.5

1

1.5

1 10 1 10

1

10
 = 13 TeVspp,

ALICE

This thesis

4−10

3−10

2−10

1−10

1

10 -π++π

Jetty 1%
Isotropic 1%

-int.
=1

T
p

0S

-+K+K

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|

pp+

π
Sp =1
0

1%
N



-in
t.

=1 Tp 0
S

R
at

io
 to

 
-1 )c

 (G
eV

/
Tpdy

/d
N2

 d
ev

N
1/

)c (GeV/
T
p

1 10

0.5

1

1.5

1 10 1 10

1

10
 = 13 TeVspp,

ALICE

This thesis

4−10

3−10

2−10

1−10

1

10 -π++π

Jetty 1%
Isotropic 1%

-int.
=1

T
p

0S

-+K+K

)c 0.15 (GeV/≥
T
p

 10≥chNV0M I, 

| < 0.8η|

pp+

π
Sp =1
0

1%



5 10
0.5

1
1.5

2

This thesis

5 10

 = 13 TeVspp,
ALICE

5 10
-π + +π

0.5
1

1.5
2 PYTHIA 8 Monash

PYTHIA 8 Ropes
nasas

RopeRop
Herwig
EPOS LHC

- + K+K

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

0.5
1

1.5
2

Jetty 1 % Isotropic 1 % pp + -int. 1 %
=1

T
p

0S

)c (GeV/
T
p

M
od

el
-to

-D
at

a

5 10
0.5

1
1.5

2

This thesis

5 10

 = 13 TeVspp,
ALICE

5 10
-π + +π

0.5
1

1.5
2 PYTHIA 8 Monash

PYTHIA 8 Ropes
ash

opesop
Herwig
EPOS LHC

- + K+K

)c 0.15 (GeV/≥
T
p

 10≥chNV0M I, 

0.5
1

1.5
2

Jetty 1 % Isotropic 1 % pp + -int. 1 %
=1

T
p

0S

)c (GeV/
T
p

M
od

el
-to

-D
at

a

pT
1% Sp =1

0

π
N



pT /π /π 1%
N

Sp =1
0 Sp =1

0

Sp =1
0

(
dN/dydpT
dNπ/dydpT

)
S
p =1
0

/(
dN/dydpT
dNπ/dydpT

)
S
p =1
0 −int.

.

Sp =1
0 /π

/π
Sp =1
0

/π
/π pT � 1 (3) GeV/c /π

N
/π

pT (> 5 GeV/c)
Sp =1
0

/π
N

N

p̂T

Sp =1
0 /π

Sp =1
0

pT � 1.5 GeV/c
N

N Sp =1
0

pT ≈ 2.5 GeV/c
pT (Λ+Λ)/2K0

S

/π
/π

Sp =1
0 pT ≈ 3GeV/c



5 10 15 20

0.8

1

1.2

5 10 15 20

0.2

0.4

0.6

 = 13 TeVspp,
ALICE

This thesis
)c 0.15 (GeV/≥

T
p

 10≥chNV0M I, 

| < 0.8η|

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|
Jetty 1% Iso. 1% -int.

=1
T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(-
+K+

(K

)c (GeV/
T
p

5 10 15 200.6

0.8

1

1.2

1.4

5 10 15 20

0.1

0.2

0.3
)c 0.15 (GeV/≥

T
p 10, ≥chNV0M I, 

| < 0.8η|
 = 13 TeVspp,

ALICE

This thesis

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|

Jetty 1% Iso. 1% -int.
=1

T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(p
(p

+

)c (GeV/
T
p

pT /π /π Sp =1
0

1%
N

Sp =1
0 pT



2 − 7 GeV/c

/π pT � 7 GeV/c
pT

/π
10 GeV/c

N /π
pT < 1 GeV/c Sp =1

0

pT � 2 GeV/c
/π

pT

pT /π
/π /π
pT

/π Sp =1
0

pT � 4 (2) GeV/c

/π
/π

10GeV/c pT (� 4GeV/c)

pT ≈ 3GeV/c pT
pT (� 4 GeV/c)

pT ≈ 4 GeV/c pT ≈
4 GeV/c /π



5 10
0.5

1

1.5 PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig 7
EPOS LHC

5 10

 = 13 TeVspp,
ALICE

This thesis

5 10

Jetty 1 %
Isotropic 1 %

-int.
=1

T
p

0S

0.2

0.4

0.6
)c 0.15 (GeV/≥

T
p| < 0.8, η|

 10≥chN I, SPDN

)c (GeV/
T
p

)- π
 +

 
+ π

)/(-
 +

 K
+

(K
M

od
el

-to
-D

at
a

5 10
0.5

1

1.5 PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig 7
EPOS LHC

5 10

 = 13 TeVspp,
ALICE

This thesis

5 10

Jetty 1 %
Isotropic 1 %

-int.
=1

T
p

0S

0.2

0.4

0.6

)c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chNV0M I, 

)c (GeV/
T
p

)- π
 +

 
+ π

)/(-
 +

 K
+

(K
M

od
el

-to
-D

at
a

pT /π
N

/π Sp =1
0



5 10
1

2

3
PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig 7
EPOS LHC

5 10

 = 13 TeVspp,
ALICE

This thesis

5 10

Jetty 1 %
Isotropic 1 %

-int.
=1

T
p

0S

0.1

0.2

0.3

0.4 )c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chN I, SPDN

)c (GeV/
T
p

)- π
 +

 
+ π

)/(p
(p

 +
 

M
od

el
-to

-D
at

a

5 10
1

2

3
PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig 7
EPOS LHC

5 10

 = 13 TeVspp,
ALICE

This thesis

5 10

Jetty 1 %
Isotropic 1 %

-int.
=1

T
p

0S

0.1

0.2

0.3

0.4

)c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chNV0M I, 

)c (GeV/
T
p

)- π
 +

 
+ π

)/(p
(p

 +
 

M
od

el
-to

-D
at

a

pT /π
N

/π Sp =1
0



SpT=1
0

Λ Ξ π
Sp =1
0 Sp =1

0 N

π K0
S Λ Ξ ϕ K∗0

Sp =1
0 N

Sp =1
0

〈pT〉

pT /π

Ξ Λ

/π

Sp =1
0

Λ
Ξ

Λ Ξ

Sp =1
0



0 0.2 0.4 0.6 0.8 1

0.8

0.9

1

1.1 )c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chN I, SPDN

c < 20 GeV/
T
p: 0.3 < πN

c < 20 GeV/
T
p: 0.45 < pN

c < 8 GeV/
T
p: 1 < ΛN

c < 6.5 GeV/
T
p: 0.6 < ΞN

PYTHIA 8 Monash
PYTHIA 8 Ropes

0 0.2 0.4 0.6 0.8 1

8

9

1

1

p
Λ
Ξ

EPOS LHC
Herwig

 = 13 TeVspp,
ALICE

This thesis

=1
T
p

0S

-in
t.

=1 Tp 0
S)π

) /
 (h

/
π

(h
/

0 0.2 0.4 0.6 0.8 1

0.8

0.9

1

1.1 )c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chNV0M I, 

c < 20 GeV/
T
p: 0.3 < πN

c < 20 GeV/
T
p: 0.45 < pN

c < 8 GeV/
T
p: 1 < ΛN

c < 6.5 GeV/
T
p: 0.6 < ΞN

PYTHIA 8 Monash
PYTHIA 8 Ropes

0 0.2 0.4 0.6 0.8 1

8

9

1

1

p
Λ
Ξ

EPOS LHC
Herwig

 = 13 TeVspp,
ALICE

This thesis

=1
T
p

0S

-in
t.

=1 Tp 0
S)π

) /
 (h

/
π

(h
/

Sp =1
0 Sp =1

0

N



R
Sp =1
0

π

π R Sp =1
0√

s = 13

R Sp =1
0

Sp =1
0

R

R

R
pT /π /π

R



/π

R

e+e−

π R

〈pT〉

〈pT〉
Sp =1
0

pT /π /π

R Sp =1
0







E/ x

pT

ϕ′

ϕ′ = ϕ

B < 0 ϕ′ = 2π − ϕ′

q < 0 ϕ′ = 2π − ϕ′

ϕ′ = ϕ′ + π/18

ϕ′ π/9
< 0.12/pT+π/18.0+0.035 > 0.1/p2T+π/18.0−0.025

pT > 3 GeV/c
E/ x

pT ϕ′

pT



2 3 4
〉y/d

K
N d〈

1

1.2

1.4

)c
 (G

eV
/

〉
T,

K
p〈

V0M I
-int.

=1
T

p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 ISPDN
-int.

=1
T
p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 = 13 TeVspp,
ALICE

This thesis

〈pT〉 〈dN/dy〉 Sp =1
0

N



1 1.5
〉y/dpN d〈

1.2

1.4

1.6

1.8)c
 (G

eV
/

〉
T,

p
p〈

V0M I
-int.

=1
T

p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 ISPDN
-int.

=1
T
p

0S Jetty 1 %
Iso. 1 % Jetty 10 %
Iso. 10 %

 = 13 TeVspp,
ALICE

This thesis

〈pT〉 〈dN/dy〉
Sp =1
0 N



=1
T
p

0S

=1 Tp 0
S

/d
N

 d
ev

1/
N

M
od

el
-to

-D
at

a

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.6
0.8

1
1.2
1.40

10

20

3−10×

)c 0.15 (GeV/≥
T
p

 10≥chNV0M I, 

| < 0.8η|

 = 13 TeVspp,
ALICE

This thesis

 = 0.76〉
=1

T
p

0
S〈

Data
PYTHIA 8 Monash
PYTHIA 8 Ropes
Herwig
EPOS LHC

Sp =1
0



-in
t.

=1 Tp 0
S

R
at

io
 to

 
-1 )c

 (G
eV

/
Tpdy

/d
N2

 d
ev

N
1/

)c (GeV/
T
p

1 10

0.5

1

1.5

1 10 1 10

1

10
 = 13 TeVspp,

ALICE

This thesis

4−10

3−10

2−10

1−10

1

10 -π++π

Jetty 1%
Isotropic 1%

-int.
=1

T
p

0S

-+K+K

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|

pp+

π
Sp =1
0

1%
N



-in
t.

=1 Tp 0
S

R
at

io
 to

 
-1 )c

 (G
eV

/
Tpdy

/d
N2

 d
ev

N
1/

)c (GeV/
T
p

1 10

0.5

1

1.5

1 10 1 10

1

10
 = 13 TeVspp,

ALICE

This thesis

4−10

3−10

2−10

1−10

1

10 -π++π

Jetty 1%
Isotropic 1%

-int.
=1

T
p

0S

-+K+K

)c 0.15 (GeV/≥
T
p

 10≥chNV0M III, 

| < 0.8η|

pp+

π
Sp =1
0

1%



5 10 15 20

0.8

1

1.2

5 10 15 20

0.2

0.4

0.6

 = 13 TeVspp,
ALICE

This thesis
)c 0.15 (GeV/≥

T
p

 10≥chNV0M III, 

| < 0.8η|

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|
Jetty 1% Iso. 1% -int.

=1
T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(-
+K+

(K

)c (GeV/
T
p

5 10 15 200.6

0.8

1

1.2

1.4

5 10 15 20

0.1

0.2

0.3
)c 0.15 (GeV/≥

T
p 10, ≥chNV0M III, 

| < 0.8η|
 = 13 TeVspp,

ALICE

This thesis

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|

Jetty 1% Iso. 1% -int.
=1

T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(p
(p

+

)c (GeV/
T
p

pT /π /π Sp =1
0

1%
N



5 10 15 20
0.8
0.9

1
1.1
1.2

5 10 15 20

0.2

0.4

0.6

 = 13 TeVspp,
ALICE

This thesis
)c 0.15 (GeV/≥

T
p

 10≥chNV0M I, 

| < 0.8η|

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|
Jetty 10% Iso. 10% -int.

=1
T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(-
+K+

(K

)c (GeV/
T
p

5 10 15 20

0.8
0.9

1
1.1
1.2

5 10 15 20

0.1

0.2

0.3
)c 0.15 (GeV/≥

T
p 10, ≥chNV0M I, 

| < 0.8η|
 = 13 TeVspp,

ALICE

This thesis

)c 0.15 (GeV/≥
T
p

 10≥chN I, SPDN

| < 0.8η|

Jetty 10% Iso. 10% -int.
=1

T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(p
(p

+

)c (GeV/
T
p

pT /π /π Sp =1
0

10%
N



5 10 15 20
0.8
0.9

1
1.1
1.2

5 10 15 20

0.2

0.4

0.6

 = 13 TeVspp,
ALICE

This thesis
)c 0.15 (GeV/≥

T
p

 10≥chNV0M III, 

| < 0.8η|

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|
Jetty 10% Iso. 10% -int.

=1
T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(-
+K+

(K

)c (GeV/
T
p

5 10 15 20

0.8
0.9

1
1.1
1.2

5 10 15 20

0.1

0.2

0.3
)c 0.15 (GeV/≥

T
p 10, ≥chNV0M III, 

| < 0.8η|
 = 13 TeVspp,

ALICE

This thesis

)c 0.15 (GeV/≥
T
p

 10≥chN III, SPDN

| < 0.8η|

Jetty 10% Iso. 10% -int.
=1

T
p

0S

-in
t.

=1 Tp 0
S

R
at

io
 to

 
)- π++ π

)/(p
(p

+

)c (GeV/
T
p

pT /π /π Sp =1
0

10%
N



0 0.2 0.4 0.6 0.8 1

0.8

0.9

1

1.1 )c 0.15 (GeV/≥
T
p| < 0.8, η|

 10≥chN III, SPDN

c < 20 GeV/
T
p: 0.3 < πN

c < 20 GeV/
T
p: 0.45 < pN

c < 8 GeV/
T
p: 1 < ΛN

c < 6.5 GeV/
T
p: 0.6 < ΞN

PYTHIA 8 Monash
PYTHIA 8 Ropes

0 0.2 0.4 0.6 0.8 1

8

9

1

1

p
Λ
Ξ

EPOS LHC
Herwig

 = 13 TeVspp,
ALICE

This thesis

=1
T
p

0S

-in
t.

=1 Tp 0
S)π

) /
 (h

/
π

(h
/

Sp =1
0 Sp =1

0 N



√
sNN =







pp
√
sNN

√
sNN =

√
sNN

√
sNN = 2.76



T

pT√
sNN

√
sNN = 2.76

ψ

Υ Υ Υ√
sNN =



pp

√
sNN = 5.02

pp√
s = 7

√
s



pp
√
s = 0.9



√
sNN = 2.76

√
sNN

√
s



√
s = 0.9



√
sNN

√
s = 0.9 7

√
s

√
s

1.8 TeV



π√
s = 13

pp√
s = 0.9

√
s

√
sNN

√
s = 0.9



√
s = 5.02

Λ K0
s√

sNN
√
s



Department of Physics
Particle Physics

ISBN 978-91-8039-281-5 9
7
8
9
1
8
0

3
9
2
8
1
5

N
O

RD
IC

 S
W

A
N

 E
C

O
LA

BE
L 

30
41

 0
90

3
Pr

in
te

d 
by

 M
ed

ia
-T

ry
ck

, L
un

d 
20

22


	Tom sida

