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Introduction

What is jet substructure! QCD angular ordering

Jet * QCD prefers smaller emitting angles and lower
virtuality with increasing number of emitting gluons
 Called angular ordering

91 > 92 > 93, 91 > 64 kT4 §
Y,

kr1 > krop > krs, Kpg > Kpg SIS
S KL

* Internal dynamics of particles constituting jets in
angular + momentum space 1718
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Introduction

ALICE

* Naive expectation that dominance of high j+, Z components at the

early stage (Larger angle) and low j1, z components at the late
stage (Smaller angle)

* Possibly disentangle jet fragmentation and hadronisation processes
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jet fragmentation in run 2 pp

Unfolding

JHEPO9 (2021) 211

7S, Sy = 5.02 TeV e /1 distribution in inclusive z are comparable

Ay =0.465 (p-Pb) . N e

Anti-k., R = 0.4 ' ALICE N pp and P—Pb collision within the
< 0. Vs, \S\n = 5.02 Te . . .

DN O B on Vo 258 oF uncertainty in the previous ALICE

nEENUEnE

t
40 < p, ., <60 GeV/c PYTHIA 8 Monash / = 0.465 (p-PDb)

PYTHIA 8 4C : B
— — Herwig F Antl"kT, F? f— 04

== = VINCIA n | <0.25
- Dire Jet

» POWHEG NLO + PYTHIA PS

« PYTHIA8 Angantyr + Nuclear PDF

* Narrow and Wide components of the

(]%) distributions from the two-

_l—L;L_l_J_l_L_L_lg_l;L_L_J_J_I_L_I_JQ—l;L_J_

component fit to disentangle the jet
fragmentation and hadronisation process
are also similar in both collision systems
Two-components fit (No clear medium effect)

jr in MB pp and p—Pb 3/18



jet fragmentation in run 2 pp

Data QA |
calculation

ALICE detector & analysis procedure

¢2017 LHC pp collisions at 1/s = 5.02 TeV

Dataset - LHC | /p-pass| FAST + CENT woSDD
MC set - LHC |18b8

T

. Background
Unfolding Subtraction
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P - S e Charged jets in || < 0.5 are reconstructed
' with charged tracks in the ITS/TPC

(pr > 0.15 GeV/cand || <0.9,0 < ¢ < 2m)
e Anti-k algorithm with R = 0.4

J7> Z calculation

* ;- and 7 are calculated with charged jets and constituent
charged tracks reconstructed in ALICE ITS/TPC

(N <0.9, 0< P <2m)

 Minimum p+ = 0.15 GeV/c for charged particles

ALICE detector 4/18



jet fragmentation in run 2 pp

Reconstructed y

- iNnc jets Z’ |
3-D Unfolding PTjev < JT RooUnfold Response

HLIE
Unfolding

e Correct detector effects that smear in
jet pr, z, and J1 by switching to a 3D
unfolding procedure

4-D response matrix (Previous analysis)
(p obs *0DS frue [ru 6)

Smearing correction+ Fake
+ Missing(efficiency) correction

Unfolded
PTjet 2+ JT (

T.iet’ JT * PTjev JT

v

6-D response matrix (I his analysis)
(pobs obs  :obs  true  _truUe  -true \ * Fake correction - Correct fake jets and fake tracks

T, jet? < y JT pT,jet’ <  JT

* |terative Bayesian unfolding method

* Missing corrections - Correct missing jets and
missing tracks
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jet fragmentation in run 2 pp

Unfolding closure test

T

8~ This analysis -« Truth MC jT Ch-particle jets
7 = Unfodea . Bp.15=5.02Te

°E-[2D Unfolding (p" , j R = 0.4, Anti-k;

1/N.,1/j_ dN/dj

< ihjet<20 GeV/c x 10°

<p®" <40 GeV/c x 10
T,jet

<p®" <60 GeV/c x 10°
T,jet

<p°" <100 GeV/c x 10°
T,jet

Ratio Unfolded/Truth)

* 2-D and 3-D unfolding closure test results are compared to validate the 3-D unfolding
* Closure test is also done in other z bins Jaks



jet fragmentation in run 2 pp

Unfolding closure test

T
T

10° —_This analysis - Truth MC j._ Ch-particle jets

107 & Unfolded MC j PP, Vs=5.02Te
Jnfolded MC /'R 0.4, Anti-k,

10° == This analysis - Truth MC | T Ch-particle jets
o S Unfolded MC j, PP /5 =5.02Te
108 gp Unfolding (p ' Y

Liet’ T’ Tiet’ <’ T

1/N.,1/j_ dN/dj
1/N.1/j_ dN/dj

—e— 10<p®" <20 GeV/c x 10° —e— 10<p™ <20 GeV/c x 10°
T,jet T jet

—e— 20<p" <40 GeV/c x 10! T E —e— 20<p" <40 GeV/c x 10
T,jet T,jet

40<pf‘jet<60 GeVic x 102 u - 40<p"_<60 GeV/c x 107

) _3 )

—e— 60<p" <100 GeV/c x 10° —e— 60<p™ <100 GeV/c x 10°
T,jet _ T,jet

L) ) ()
-g

Ratio Unfolded/Truth)
Ratio Unfolded/Truth)

* 2-D and 3-D unfolding closure test results are compared to validate the 3-D unfolding
* Closure test is also done in other z bins Jaks



jet fragmentation in run 2 pp

T

108 = This analysis - Truth MC jT
10 5 Unfolded MC /_
10° - | 2D Unfolding (p%" , j

ch
Tiet

1/N.,1/j_ dN/dj

T2 —-— 10<p;hjet<2o GeV/c x 10°
_1 )
10 5 —«— 20<p§hjet<4o GeV/c x 10’
_2 ,
10 40<p;hjet<6o GeV/c x 102

3
107 60<pS” <100 GeV/c x 10°
107 |

Unfolding closure test

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k-

Ratio Unfolded/Truth)

T

1/N.1/j_ dN/dj

Ratio Unfolded/Truth)

10°
10’
10°

T

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k-

10° This analysis

107

10° =+
10

~- Truth MC jT
- Unfolded MC jT

C

=
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<
O
_
<
S
O,
<
~
.

—e— 10<p™ <20 GeV/c x 10°
T,jet
—e— 20<p®" <40 GeV/c x 10'
T,jet
40<p®" <60 GeV/c x 10°
T,jet
—e— 60<p™ <100 GeV/c x 10°
T,jet

Ratio (unfolded/truth)

This analysis

—e— Truth MC (2D Unfolding)

—— Unfolded MC (2D Unfolding)

—— Truth MC (3D Unfolding) x 10
—— Unfolded MC (3D Unfolding) x 10

e 10< p" <20 GeV/c

T,jet

Ch-patrticle jets
pp, Vs =5.02 TeV
R = 0.4, Anti-k-
Injet|<0.5

fog g Omsi OO

. +++ °

—O—_@_—O—_Q__q)_ """""""""""""""""

* 2-D and 3-D unfolding closure test results are compared to validate the 3-D unfolding

e Closure test is also done in other z bins
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jet fragmentation in run 2 pp

Unfolding closure test

T
T
T

10° == ALICE Simulation Ch-particle jets
pp, Vs =5.02 TeV

R = 0.4, Anti-k-

108 ALICE Simulation - Truth MC J. Ch-particle jets

10° o Unfolded MC j_ P> (=502 TeV

— R = 0.4, Anti-k
o 2D Unfolding (pT‘iet, /T)

106 b= ALICE Simulation —-Truth MC j_ Ch-particle jets
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3D Unfolding (pf‘jet, Z, /T)
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T,jet T,jet

—e— 10<p

_1
—*— 20<p 10 10 < p <20 GeV/c

T,jet

—e— 2D Unfolding (p?}et,

= =
- S
b —
= o~
O §®)
D D
O ©
O O
IS Y
= -
O ®)
T e
o 0

Ratio (unfolded/truth)

* 2-D and 3-D unfolding closure test results are compared to validate the 3-D unfolding
* Closure test is also done in other z bins 7/18



jet fragmentation in run 2 pp

Results and model comparison

ALICE Preliminary pp, Vs =5.02 TeV ALICE Preliminary pp, Vs = 5.02 TeV
—— Data Ch-patrticle jets —— Data Ch-patrticle jets

PYTHIAB Monash @:iljg;ﬁa‘* O et il » The jr distributions for different pq,

jet

Jjet
compared with PYTHIA8 Monash and
HERWIG 7 for different z ranges

* PYTHIA8 shows the general trend of an
—=—02<2z<04 —=—02<2z<04 o . ] o
4 04<z =T o ——04<z st 10 < Py, <20 Gevie increase below the ratio value of | at low j.

Crossing above the ratio | at mid Jy
Decreasing at high jr in inclusive and low z

* PYTHIAS8 shows consistency with the data in
mid and high z regions
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* Herwig underestimate the high z region and
overestimate the low z, high j region

10 < priee <20 GeVic
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jet fragmentation in run 2 pp

Results and model comparison

ALICE Preliminary pp, Vs = 5.02 TeV ALICE Preliminary pp, Vs = 5.02 TeV
—— Data Ch-particle jets —— Data Ch-particle jets

= PYTHIAG Monast s |2 E e mblell « The j; distributions for different p

jet

Jjet
compared with PYTHIA8 Monash and
HERWIG 7 for different z ranges

* PYTHIA8 shows the general trend of an
—=— 02<2z<04 —=— 02<2z<04 . . ] o
- 04<z =T . ——04<z =t 20 < pify < 40 GeV/c increase below the ratio value of | at low j.

Crossing above the ratio | at mid Jy
Decreasing at high jr in inclusive and low z

* PYTHIAS8 shows consistency with the data in
mid and high z regions for the lower j
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* Herwig underestimate the high z region and
overestimation as lower pr .., was disappeared
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jet fragmentation in run 2 pp

ALICE Preliminary
—— Data

PYTHIA8 Monash

—a—02<2z<04

—a— 04 <z =<1

pp, Vs =5.02 TeV ALICE Preliminary
Ch-patrticle jets —— Data

Anti-k-, R = 0.4 HERWIG7
N |<0.5 n —

jet

o 02<2z<04
42— 04 <2z <1

Ratio (Model/Data)

40 < pr o < 60 GeV/c

pp, Vs = 5.02 TeV
Ch-particle jets
Anti-k;, R = 0.4
N |<0.5

jet

ch
40 < PT g < 60 GeV/c

Results and model comparison

The j1 distributions for different p

Jjet

compared with PYTHIA8 Monash and
HERWIG 7 for different z ranges

PYTHIA8 shows the general trend of an
increase below the ratio value of | at low j.

Crossing above the ratio | at mid Jy
Decreasing at high jr in inclusive and low z

Jjr distributions widen with increasing z, p

Jjet

Herwig underestimate the high z region and

overestimation as lower p

,J€

. was disappeared
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jet fragmentation in run 2 pp

Results and model comparison

ALICE Preliminary pp, Vs =5.02 TeV ALICE Preliminary pp, Vs = 5.02 TeV
—— Data Ch-patrticle jets —— Data Ch-patrticle jets

PYTHIA8 Monash Anti-k+, R =0.4 HERWIG7 Anti-k+, R =0.4

VG W " . The j1 distributions for different PT.jet

compared with PY THIA8 Monash and
HERWIG 7

<7 <02 E -+ 0<z<02 d o jp distributions widen with increasing z, p

—=—02<2z<04 2 -—=-02<z<04 60 < pihjet <100 GeV/c

Jjet

* Descriptions of models are different in the
different kinematic ranges
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jet fragmentation in run 2 pp

ALICE WIP ,
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* Comparison with POWHEG + PYTHIA will also be in the paper
* POWHEG + PYTHIA shows similar trends that overestimate in low z, high j region and under-estimate the high
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ALICE
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z region tells the trend is from the difference between the LO and NLO calculation of initial hard scattering
process
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jet fragmentation in run 2 pp OLTCE
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* Comparison with POWHEG + PYTHIA will also be in the paper
* POWHEG + PYTHIA shows similar trends that overestimate in low z, high j region and under-estimate the high

z region tells the trend is from the difference between the LO and NLO calculation of initial hard scattering
process
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Jet pr

o Data
PYTHIA8 Monash
Herwig7/

ALICE preliminary
0<z =<1

pp, Vs =5.02 TeV
Ch-particle jets
Anti-k, R = 0.4
In 1<0.5

jet

—a— 20<p;*‘jet<4o GeV/c
40<p$hjet<60 GeV/c
—— B60<p®" <100 GeV/c
T,jet

ALICE preliminary --Data
02<2z<04 PYTHIA8 Monash_;

- Herwig7 f
. ‘/.;\' ‘

pp, Vs =5.02 TeV

. Ch-particle jets
—=— 20<p" <40 GeV/c Anti-k, R =0.4

ch
4O<pT’jet<60 GeV/c n t|<O.5
—— 60<p$hjet<1 00 GeV/c "

Ratio to 1020 GeV/c

Ratio to 1020 GeV/c

. p— —
(- CDI\) ooo

A
"
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jet fragmentation in run 2 pp

dependence

o Data
PYTHIA8 Monash
Herwig7/

ALICE preliminary
0<z<0.2

-

—alr
==y’
.*. u~ . o

‘ op, Vs = 5.02 TeV
Ch-particle jets
Anti-k-, R = 0.4
In 1<0.5

jet

—a— 20<p;“jet<4o GeV/c
40<p$hjet<60 GeV/c
—h— 60<p‘;hjet<100 GeV/c

ALICE preliminary - Data
04 <z <1 PYTHIA8 Monash_?_

Herwig7

pp, Vs =5.02 TeV
Ch-particle jets
Anti-k+, R = 0.4
1N |<0.5

jet

—&— 20<p$hjet<40 GeV/c
| 40<p‘;hjet<60 GeV/c

jr distributions in other pr. .., regions compared
to the 10-20 GeV/c

While both models couldnt describe the j.

distribution, they have good descriptions on the
trend of the ratio in all z ranges

Indicate the difference between the model and

data is not from the pr ;. dependence

Comparisons with MC generators set
constraints on models
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jet fragmentation in run 2 pp

Differential to inclusive z ratio

ALICE preliminary == PYTHIA8 Monash PP Vs =9.02 TeV

Ch-patrticle jets
0<z<0.2 HERWIG7 Anti-k., R = 0.4

. N 1<0.5
SRR L g e ) el SRS
M ee T sy I AX
- 8

= Ty
— O

Low Z / Inclusive Zz

—e— 10<p_ <20 GeV/c

—a— 20<p$:,et<40 GeV/c
40<p$:,et<60 GeV/c

—4— B0<pS"_<100 GeV/c

o [ ALICE preliminary = PYTHIAS Monash PP. 15 = 5.02 TeV * Low J components are dominant in the low z, high Jt
Ch-patrticle jets

HERWIGT pntickr, R = 0.4 components are dominant in the high z which is
consistent with QCD theory

* Models qualitatively explain the data

N
O
=
2,
=
S,
=
~~
N
L
Rl
T

R 0cp? <20 Gl * Further research on the z dependent j+ in specific

= 20<p%_<40 GeV/o kinematic ranges might allow us to explore the small
40<p" <60 GeV/c . .
it system jet quenching
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Status & plans

Run 3 status & plan

Inclusive z Low Z

T

This analysis
LHC249g4, pp, 13.6 TeV
Ch-particle jets, MC reco Ik

This analysis

LHC249g4, pp, 13.6 TeV
Ch-particle jets, MC reco jT
R uncorrected I uncorrected

o i on O piiio 1 5 p uncorrected
R aCn. 0 o P e 0<z<0.2 e - oty
O< 7 <1 PwCailo G -~ om0 000 U 0. . - 02ca< |

This analysis

LHC2494, pp, 13.6 TeV
Ch-particle jets, MC reco /&

1/N,1/j_dN/dj
1/Ng,1/j_ dNIdj,
1/Ng,1/j_ dNIdj.

—— 10<p, <20 GeV/c . —o— 10<p,<&0 GeVic

—— 20<p__ <40 GeVic T —=— 20<p, <40 GeVic
s —— 40<p.. . <60 GeV/c

—— 10 < P e <20 GeV/c

—— 20 < P o <40 GeV/c
—— 40 < PT’jet <60 GeV/c SBEE bt A ol Tt

A Prot < 100 GeV/c —e— 60 < Priet < 100 GeV/c

——60< p,_ <100 GeV/c

* First reconstructed-level j+ distributions in ALICE Run 3 using MC data are shown for
inclusive, low, and high-z region

* Based on jet-enhanced MC sample without correction (LHC24g4)

* Plan to investigate how the j+ evolves with event multiplicity or jet flavor in future steps
of the analysis 15/18



Status & plans

From nPDF to jet fragmentation in UPC y+Pb

* ATLAS recently measured photonuclear
e o dijet and multijet production in Pb+Pb
JosL L e UPC 2 ATAS: 2 vev, 17200

10°

45.3 < H, < 58.6 GeV

e Covering an xA-Q2 region that nicely
bridges existing LHC p+Pb jet data and the
projected yA/eA coverage at the EIC

* In the shadowing region at low x,, all "L s < Mftzﬁw mreE
/ current nPDF sets systematically yore
mm underpredict the UPC y Pb jet yields
® nCTEQ ¢ EPPS21
102 10°

05 104 107 * No single nPDF describes the full (x,, Hy) [ W ONNPDF x TUWU1

Ml range, so these UPC dijet data provide
strong new constraints on the nuclear 8[__ Data Stat Uncert
Forked from the ATLAS slide gluon density

Derived from Arrive:2112.12462

104 LHCW & Z

UPC y+A — jets 58.6 < H; <75.8 GeV
Anti-k, R=0.4 Jets

S
(T
O
~
-
O
D
L
|_



https://indico.cern.ch/event/1263865/contributions/5606670/attachments/2771490/4831171/BSeidlitz_UPCdijets.pdf
https://arxiv.org/pdf/2112.12462

Status & plans

From nPDF to jet fragmentation in UPC y+Pb

PP vPb
xx/;r" Xd Pb Pb
UB000000 8, Y
T X; q
"0
aaaaaa ‘ x/yx Xd q
: 2}@6&&6&6&6\ -
gQ/Q/Q/Q/ .. - i Pb+X+Xn

QY>> d
N\

* Minimum-bias pp case, * Cold nuclear initial state * Cold nuclear PDFs + hot QGP
hard scattering and jet evolution in (nPDF small-x, ...) medium
(almost) pure vacuum * Vacuum-like jet shower (no hot * Strong jet quenching and
medium) substructure modification

17/18



* Minimum-bias pp case,
hard scattering and jet evolution in
(almost) pure vacuum

Status & plans

From nPDF to jet fragmentation in UPC y+Pb

PP vPb

= 2 g Pb / Pb

5000000y,

"O0py
Oy, T Xy C_'
: i}fm&m&m\;;”
o o> Pb+X+X
Q/%/Q/Q/Q/ -, X! +X+Xn
Q/Q/ . d
\ o

e Cold nuclear initial state
(nPDF small-x, ...)

medium)

* Vacuum-like jet shower (no hot

 Cold nuclear PDFs + hot QGP

medium

* Strong jet quenching and
substructure modification

* UPC yPb substructure provides a clean cold-nuclear baseline between pp
(vacuum) and Pb+Pb (cold + hot, quenching) for jet fragmentation observables

17/18



ALICE

Summary & Outlook

* ALICE has been investigating the medium-induced jet quenching effect in a small system
with various observables

* Through the recent ALICE measurements, there was a difference between MB and HM pp
but from the EA selection bias

* [his bias should be taken into account for the further small system jet-medium
interaction studies

* There were no clear differences in jet substructure variables between pp and p—Pb by far

eQutlook

- Results of these recent studies and more are coming with new ALICE papers

- Stay tuned for further researches includes multiplicity-dependent j+ and UPC jet

fragmentation with ALICE Run 3 data
18/18
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Back-up slides



Z distributions

Z distribution zdistribution

zdistribution

Entries 9.799971e+08
Mean 0.4461
Std Dev 0.2628

Z digtrik?ution frOm LHC 17p FAST z distribution from LHC 17pAll
(Binning used in this analysis) (Finely binned)
(This analysis) (Previous analysis)



Advantage of using charged jet

Raw jet yield

—o— Full jet /s =5.02 TeV
%Charged jet LHC 17p PP collisio

O
_‘_

 Much more charged jets than full jets
due to the limited acceptance of ALICE
EMCal

 Acceptance of
Tracking detector (In| < 0.9, 0 < d < 211),
EMCal (|n| < 0.7, 2ad = 110")

 More differential study can be done in various
Z bin

70 80 90 100
jet p_(GeV/c)




Data analysis

Event

& track selection

Event selection

Cuts Parameter
range
Trigger KINT/
# of vertex > 0
contributors
L, <|0 cm
thx IR thx, SPD <0.5 cm

Track selection - Hybrid tracks(filterbit 768)

Parameter Parameter
Cuts or Cuts
range range
DCAZ < 3.2 cm DCAZ < 3.2 cm
DCAr <24 cm DCA,, <24 cm
# of minimum crossed rows in # of minimum crossed
> >
TPC >0 rows in TPC >0
Ratio of crossed ro.ws over findable S 08 Ratio of crossed ro.ws over S 08
clusters in TPC findable clusters in TPC
Fraction of shared TPC clusters < 04 Fraction of shared TPC clusters < 04
y> per TPC cluster < 4 x> per TPC cluster < 4
No kinks, TPC refit, ITS refit Requirements of ITS refit
At least one hit in the SPD No requirements on the
SPD hits
x° per ITS cluster < 36 x° per ITS cluster < 36




Fake and missing compohnents

* Fake jets -> A reconstructed jet is hot matched

(j%)bs, p%bs, 7 °) are set as fake

* Fake tracks -> For detector level tracks that have no corresponding

particle level

(ﬁbs, z°%%) are set as fake

Missing jets -> A generated jets that are not matched to any

reconstructed jet

(J7"¢, prHe, z'™°) are set as miss

* Missing ->When do not find a corresponding track

1€, 7€) are set as miss



Data analysis

3-D response matrix

10<p. <20 GeV/c 10<p. <20 GeV/c

T,jet ,jet
0<z<0.1 sl 062« |

0 0

0.8 0.8 1 1.2
Truth . (GeV/c)

1 1.2
Truth . (GeV/c)

* /r response with respect to 7 and jet py
* /1 distributions at each z bin are clearly different

* Thus, we need to consider 7 when unfolding j in various z bins



Data analysis

3-D response matrix

o
—S— 0.2<Truth z< 0.4 o " reCo Z —o— 0.2< Truth z<0.4

—=— 04 < Truth z < 1
—H=— 04<Truthz < 1

10 < ijet <20 GeV/c

e Reconstructed MC z w.r.t. differential truth z

* Smearing effect can be seen in the distribution

* Thus, we need to consider 7 when unfolding j in various z bins



Data analysis

Background subtraction

Background estimation

* Perpendicular cone (Default)

-Rotate the jet axis by 90° in a positive ¢
direction

- If there are no other reconstructed jets
around the rotated axis(Delta R<0.8),

calculate j1, z w.r.t the rotated axis

* J1,Z calculated with a perpendicular cone
method was unfolded separately

* Used random background method for
systematic check

Aw‘a.yside jet?

' Awayside jet?




Systematic study

Systematic sources

* Systematic items

 Unfolding
- The number of iterations
Jet constituent:

- _let Pt threshold (P71, D)
- Model dependence (jet angularity (g) difference)

- Model dependence (MC generator for unfolding)
- Tracking efficiency

/ Jet constituent 2

(pT9 ", ¢)

* Background subtraction method

e Systematic studies are done without bg subtraction




Data analysis

Detailed understanding
on Unfolding / Refolding

1o}
)
O
O
e
O
o
N~
O
O
O
T
O
e
©
o

This analysis —» Refolded

O<z =<1
Refolding closure © Raw

—e— 10<p$:_et<2o GeV/c x 10°

o 20<p°h <40 GeV/c x 10
40<p°h <6O GeV/c x 10

—e— 60<p <1oo GeV/c x 10°

Inclusive z (0 <z <I)

Ch-particle jets
Vs =5.02 Te
R = 0.4, Anti-k-

Ratio (Reco/Refolded)

This analysis « Refolded

0<z<0.2
Refolding closure

e 1O<pCh <20 GeV/c x 10°

o 20<p <4o GeV/c x 10’
40<p™ <60 GeVic x 10°

—— 60<pCHe <100 GeV/c x 10°

Low z (0 <z <0.2)

Ch-particle jets
pp, Vs =
R = 0.4, Anti-k-

o Raw 5.02 Te

1o}
@
O
O
| &
O
s
S~~~
o)
O
@
T
O
e
©
o

'(I)'hzis anal;asif —»- Refolded
2<z<0.
Refolding closure © Raw

e 1O<pCh <20 GeV/c x 10°

o 20<p e<4o GeV/c x 10’
40<p0” <60 GeV/c x 10°

- 60<p <1oo GeV/c x 10°

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k-

Mid z (0.2 < z < 0.4)

Ratio (Reco/Refolded)

'(I)'rllis analy15is « Refolded
4<z<
Refolding closure © &V

—e— 10<p™" <20 GeV/c x 10°
T,jet

—e— 20<p <40 GeV/c x 10'
T,jet

40<p” <60 GeV/c x 107
T,jet

Ch-particle jets
pp, (s =5.02 Te
R = 0.4, Anti-k
In_1<0.5

Jet

Highz (04 <z <)



SYStematic Stu dy * Auto-correlations in random background method

could affect the small system j backgrounds

Background subtraction . Thys we removed the auto-correlations

* Now the Bg fractions of perp and random gets
more similar

This analysis —-Inclusive j Ch-particle jets ' This analysis -+~ Inclusive j_ Ch-patrticle jets
0<z<0.2 = Background j_ PP Vs =5.02 Te O<z=<1 o Background j_ PP, Vs =5.02 Te

Perpendicular cone A = 0.4, Anti-ky Random background " R=0.4, Anti-k;
: In 1<0.5
jet

This analysis —« Inclusive jT Ch-particle jets ' This analysis - Inclusive jT Ch-particle jets

O4<z =<1 o Background jT ,D,D, \/E = 502 Te 0O4<z =<1 o Background jT 'L:?p,_ \/E — 202;9
Perpendicular cone R =0.4, Anti-k; | Random background = 0.4, Anti-k

—O-
—e— 10<p%"_<20 GeV/c x 10° o

) . ch 0
—e— 20<p" <40 GeV/c x 10’ - —— 10<pI H'et<20 GeVic x 101
40<p$f‘jet<6o GeV/c x 102 —— 20<p <40 GeV/c x 10

ch 2
e 60<p§h_ <100 GeV/c x 10° 40<pl. <60 GeV/c x 10
o —— 60<p$hjet<100 GeV/c x 10°

—— 10<p§hjet<2o GeV/c x 10°
—e— 20<p™" <40 GeV/c x 10"
T,jet
40<p" <60 GeV/c x 107
T,jet

2<pF‘jet<4O GeV/c x 10'

@ —O— —O— —O0—0—"0 >0
O
0= o 4<p*}et<6o GeV/c x 10°

0 <z7<0.2




This analysis
0<z<0.2
Perpendicular cone

-e— |nclusive jT

—o— 10<p§f‘jet<2o GeV/c x 1

—— 20<p§'jjet<4o GeV/c x 10’
40<p§f‘jet<6o GeV/c x 10?

—— 60<p§j_et<1oo GeV/c x 10°

-©- Background jT

Ch-patrticle jets
pp, s =5.02 Te
R = 0.4, Anti-k-

This analysis
O<z =<1
Random background

-e— Inclusive jT

—— 10<p§:et<2o GeV/c x 10°

—.— 20<p$,‘jet<40 GeV/c x 10
40<p§:_et<6o GeV/c x 10°

e 60<p$jjet<1oo GeV/c x 10°

-6- Background jT

Systematic study

Background subtraction

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-k;

* Auto-correlations in random background method
could affect the small system j backgrounds

e [hus, we removed the auto-correlations

* Now the Bg fractions of perp and random gets
more similar

Ch-patrticle jets
pp, s =5.02 Te
R = 0.4, Anti-k-

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k;
Injet|<0.5

This analysis - [nclusive jT

04<z =<1 -©- Background jT
Perpendicular cone

This analysis - Inclusive jT

04<z =<1 -o-Background j _
Random background

e 10<p;hjet<2o GeV/c x 10°

—— 20<p$“jet<4o GeV/c x 10
’ @

40<p$hjet<60 GeVl/c x 10°

—— 10<p§hjet<2o GeV/c x 10°
—e— 20<p™" <40 GeV/c x 10"
T,jet
40<p" <60 GeV/c x 107
T,jet

L _Q__Q_—CI)—_Q— _Q_—O——O—_O__O__O__O_ O



Rebinning

* Re-binned distributions in the response matrix
* Bin numbers are increased two times
* Default bin and changed bin are as below

auto binsjetpt = AxisVar("binjetpt", {5,10,15,20,25,30,40,50,60,70,80,100,500})

auto binsz = Axisvar("zbin", {-1,0,0.05,0.1,0.2,0.4,0.6,0.8,1,2});

auto rebinsjetpt = Axisvar("binjetpt", {5,7, 10,12,15,17,20,23,25,27,30,35,40,45,50,55,60,65,70,75,80,90,100,200,500});
auto rebinsz = Axisvar("zbin"“, {-1,0,0.05,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.1,1,2;);

— J7 default : 0.01,0.0524807,0.0630957,0.0758577,0.0912006,0.109648,0.131825,0.15849,0.190546,

0.229087,0.275423,0.331131,0.398108,0.47863,0.575439,0.691831,0.831764,0.999998,1.20226
,1.44544,1.7378,2.08929,2.51189,3.01996,3.63078,4.36516,10

— J1 changed :0.01,0.03,0.0524807,0.057,0.0630957,0.069,0.0758577,0.082,0.0912006,0.0959,
0.109648,0.12,0.131825,0.14,0.15849,0.17,0.190546,0.205,0.229087,0.25,0.275423,0.3,0.33 1 | 31,
0.36,0.398108,0.436,0.47863,0.52,0.575439,0.63,0.691831,0.76,0.831764,0.91,0.999998,1.1,1.20226,
3,1.44544,1.6,1.7378,1.9,2.08929,2.34,2.51189,2.8,3.01996,3.33,3.63078,3.96,4.36516,5.7,10



This analysis —e— Inclusive jT

0<z<0.2 -©- Background jT

Perpendicular cone

—o— 10<p§f‘jet<2o GeV/c x 1

—— 20<p§'jjet<4o GeV/c x 10’
40<p§f‘jet<6o GeV/c x 10?

—— 60<p§j_et<1oo GeV/c x 10°

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-k-

This analysis -e—|nclusive jT

O<z=<1 -6~ Background j _

Random background

—— 10<p§:et<2o GeV/c x 10°

—.— 20<p$,‘jet<40 GeV/c x 10
40<p§:_et<6o GeV/c x 10°

e 60<p$jjet<1oo GeV/c x 10°

Systematic study

Background subtraction

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-k;

This analysis - [nclusive jT

04<z =<1 -©- Background jT

Perpendicular cone

—— 10<p§hjet<2o GeV/c x 10°
—e— 20<p™" <40 GeV/c x 10"
T,jet
40<p" <60 GeV/c x 107
T,jet

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-k-

_Q_—Q—_Q_—Q— _Q_—O——O—_O__O__O__O_ O

This analysis - Inclusive jT

04<z =<1 -o-Background j _
Random background

e 10<p;hjet<2o GeV/c x 10°

—— 20<p$“jet<4o GeV/c x 10
’ @

40<p$hjet<60 GeVl/c x 10°

* Background fraction of each background
subtraction method

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k;
Injet|<0.5




SYStematic Stu dy e Systematic errors from different background

subtraction methods.

Background subtraction Perpendicular cone method as the default

and random background method used to
extract systematic error values

T
T
T

This analysis = Perpendicular Ch-particle jets
Background subtraction R = 0.4, Anti-k.

This analysis - Perpendicular Ch-particle jets
04<z <1 & Random pp, VS = 5-0_2 Te
Background subtraction A =0.4, Anti-K;

0<z<0.2 & Random pp, s = 5.02 Te
Background subtraction R = 0.4, Anti-k-

1/Ni,1/j_ AN/
1/N,g1/j_ dN/dj
1/Ni,1/j_ AN

—— 10<p§hjet<2o GeV/c x 10°
—- 20<p§hjet<4o GeV/c x 10’
40<p®" <60 GeV/c x 107
T,jet
—e— 60<p™ <100 GeV/c x 10°
T,jet

—e— 10<p™ <20 GeV/c x 10°
e —&- ch 0
—— 20<p§hjet<4o GeV/c x 10’ - —e— 10<p7" <20 GeV/c x 10

40<p§hjet<6o GeV/c x 102 ) e 20<p;hjet<4o GeV/c x 10
—e— B60<p™ <100 GeV/c x 10° 40<p®" <60 GeV/c x 10?
T,jet T,jet

[ @ S
- S =9
O O O
O O =
- - -8
(b D Q
Q. Q. o
| - | - .
(b D eb)
al al 0
S~ S~ ~
& & -
e o e
O O S
C C (-
© © ©
o c 0
9O O [e
5 5 5
0 0C o0

jT (GeV/c)

Inclusive z



Systematic study

Tracking efficiency

T

1/N. 1/j_ dN/dj

1o}
Qo
Qv
O
)
S~
=
-
Qo
W —
D
S
O
e
®
as

This analysis -o- Default

Tracking efficiency

—— 10<p§hjet<2o GeV/c x 10°
—e— 20<p®" <40 GeV/c x 10!
T,jet
40<p®" <60 GeV/c x 10?
T,jet
—e— 60<p" <100 GeV/c x 10°

jet

Ch-particle jets

R = 0.4, Anti-k;

Inclusive z

T

1/N.,1/j_ dN/dj

e
Qo
Qv
O
)
S~
=
-
0
e
D
S
O
e
®
o

This analysis —o— Default

0<z<02 ©- 3% scaled
Tracking efficiency

h <20 GeV/c x 10°

C
T,jet
—e— 20<p®" <40 GeV/c x 10!
T,jet
40<p®" <60 GeV/c x 10°
T,jet

—e— 60<p" <100 GeV/c x 10°

jet

—e— 10<p

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-Kk-.

T

1/N.,1/j_dN/dj

Ratio (Default/Scaled)

10°E~ This analysis - Default

10 04<z =<1 -©- 3% scaled
103 E- Tracking efficiency

10°

10

1

107
h 0
102 —— 10<p;jet<20 GeV/c x 10

—o— 20<p$‘jet<4o GeV/c x 10
40<p§“_ <60 GeV/c x 10?

jet

107°
10~

* We made MC set with a 3% reduced
efficiency and compare it to default MC set

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-k
Injet|<0.5




SYStematic Stu dy e Variation of the number of iterations

e Set default as 4 times of iterations and vary it
from 3 to S

The number of iteration

T
T
T

This analysis Ch-particle jets
0.4<z <1 pp, Vs =5.02 Te

# of iterations R = 0.4, Anti-k-
Injet|<0.5

This analysis i Ch-particle jets
0<z<0.2 i pp, Vs =5.02 Te
# of iterations i R = 0.4, Anti-k;

This analysis | Ch-particle jets
0<z <1 i pp, (s =5.02 Te
# of iterations - R = 0.4, Anti-k-.

1/N.g,1/j_ dNI/dj
1/Ng,1/j_ dNI/dj
1/Ng,1/j_ dNI/dj

—— 10<p$"jet<20 GeV/c x 10°

—e— 20<p§f‘jet<4o GeV/c x 10’
40<p$,‘jet<60 GeV/c x 107

o 60<p§:_et<1oo GeV/c x 10°

—— 10<p§hjet<2o GeV/c x 10°
—e— 20<p®™ <40 GeV/c x 10’ —— 10<p®™ <20 GeV/c x 10°
T,jet T,jet

40<p§hjet<6o GeV/c x 10° $ —e— 20<p$“jet<4o GeV/c x 10’
—— 60<p™ <100 GeV/c x 10° 40<p® <60 GeV/c x 10°
T,jet T,jet

< < <
e e e
~ ~ ~
X X X<
—
= = =
O O O
- - -
qv) ® qv)
C C C

Inclusive z



Systematic study

Jet p threshold

T

1/N. 1/j_ dN/dj

Ratio (PriorX/Prior5)

This analysis
O<z <1
~ threshold
T,jet

—— 10<p§:_et<2o GeV/c x 10°

. 20<p;:_et<4o GeV/c x 10"
40<p;:_et<60 GeV/c x 10°

— 60<p;:_et<1 00 GeV/c x 10°

-5 GeV/c
-4 GeV/c

T

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-Kk-.

1/N,,1/j_ dN/dj

Ratio (PriorX/Prior5)

Inclusive z (0 < z <I)

e Set 5 GeV/c as a default jet pr threshold and
varies it from 4 to 6 GeV/c

This analysis
O<z<0.2
~ threshold
T,jet

—e— 10<p®" <20 GeV/c x 10°
T,jet
—e— 20<p" <40 GeV/c x 10
T,jet
40<p®™ <60 GeV/c x 107
T,jet
—e— 60<p™ <100 GeV/c x 10°
T,jet

unfolding matrix

Ch-particle jets
pp, s =5.02 Te
R = 0.4, Anti-Kk-.

Low z (0 <z<0.2)

T

1/N. 1/j_ dN/dj

)
-
9
-
al
S~
X
-
O
| -
S
O
e
©
o

This analysis
0Od4<z <1

~ threshold
T,jet

-5 GeV/c
-4 GeV/c
=6 GeV/c

. 10<p;“jet<2o GeV/c x 10°
—— 20<p;hjet<4o GeV/c x 10
40<p® <60 GeV/c x 107

T,jet

* Variations of the jet pr threshold for the

Ch-particle jets
pp, Vs =5.02 Te
R = 0.4, Anti-Kk-.
Injet|<0.5

Highz (04 <z < )



Systematic study

Modified response matrix

* Modified response matrix based on the ratio of
truth Jt

He"'Wig e Since high jr at low PT jet increased in Herwig so
< 60 GeV/c

we got scaling factors from 20 < p i

T
T

This analysis - PYTHIA Ch-particle jets
O<z=<1 -©- Herwig pp, Vs =5.02 Te
Model difference R = 0.4, Anti-k-

This analysis--- PYTHIA8 Tune4C Ch-particle jets
O<z=<1 - Herwig pp, Vs =5.02 Te

R = 0.4, Anti-k-
Model dependence n_1<0.5
20<p, <60 GeV/c g

1/Ni,1/j_ AN/
1/N 1/j_ dN/dj

< <
T T
— —
> >
0 0
~~ ~~
Q) D
= =
O O
< L
O O
© ©
o is

PYTHIA vs. Herwig Scaling factor



Systematic study

Modified response matrix

* Modified response matrix based on the ratio of
truth Jt

T
T
T

This analysis - PYTHIA RM Ch-particle jets
O<z=<1 & Herwig RM pp, Vs =5.02 Te
Model dependence R = 0.4, Anti-k-

This analysis - PYTHIA RM Ch-particle jets
0<z<0.2 & Herwig RM pp, \s = 5.0? Te
Model dependence R = 0.4, Anti-k-

This analysis -« PYTHIA RM Ch-particle jets
04<z=1 5 Herwig RM pp, Vs =5.02 Te

Model dependence R = 0.4, Anti-k-
Injet|<0.5

1/N 1/j_ dN/dj
1/N 1/j_dN/dj
1/N. 1/j_ dN/dj

—e— 10<p™ <20 GeV/c x 10° @ —e— 10<p™ <20 GeV/c x 10°
T,jet T jet
—— 20<p;hjet<4o GeV/c x 10’ —— 20<p§“jet<4o GeV/c x 10°
40<p® <60 GeV/c x 107 40<p®" <60 GeV/c x 10°
T,jet T jet
—e— 60<p™ <100 GeV/c x 10° —e— 60<p™ <100 GeV/c x 10°
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Systematic study

Modified response matrix
with jet angularity (g)

T
o)

. . Ch-patrticle jets
This analysis -~ Data g op, s = 5.02 Te

g scale R = 0.4, Anti-k
Injet|<0.5

o
O

N

1/N 1] dNIdj

* Scale the number of jets and constituents
with the difference between data and MC

jet angularity g
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O
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0.1 0.2 0.3 0.4 . 0.6

Getting scaling factor



Systematic study

Modified response matrix
with jet angularity (g)

* Modified response matrix based on the ratio of
truth j+ modified with g

T
T
T

This analysis  _+ pDefault Ch-patrticle jets

0<2z=<1 o Modified with g PP» Vs =5.02 Te

g variance R = 0.4, Anti-k;

This analysis  _o Defaylt Ch-patrticle jets

0<2<02 " o \odified withg PP (s=5.02Te

g variance R = 0.4, Anti-k

This analysis  _o pefaylt Ch-patrticle jets
0.4<z =<1 o pp, Vs =5.02 Te
g variance < Modifiedwithg g = 0.4, Anti-k;

1/N,,1/j_ AN/
1/Nig 1/j_ dNI]
1/N, 1/j_ AN/
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—e— 60<p® <100 GeV/c x 10°
T,jet

jT (GeV/c)
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Ratio (Default g/Modified Q)
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T,jet
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T,jet
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T,jet

40<p® <60 GeV/c x 10°
T,jet

i A
- c5=—cl>——cl>—=€,3==@=_@_ 5 ¢ O

jT (GeV/c)

Highz (04 <z < )



Systematic study

Rebinning

 Rebinned(twice) the prior distributions and
investigated the systematic difference

* There were no systematic differences so we decided
not to use these results in the systematic error

T

108 &= This analysis - Default Ch-particle jets ' 108 &= This analysis - Default Ch-particle jets ' 10° == This analysis - Default Ch-particle jets

10’ 9<2z=1 o Rebinned prior PP’ \s=5.02Te 107~ 0<z<0.2 © Rebinned prior PP s = 5.02 Te ot 04<z =1 o Rebinned prior PP s = 5.02 Te
Rebin prior R = 0.4, Anti-k Rebin prior R = 0.4, Anti-k ; Rebin prior R = 0.4, Anti-k—
: - 10
10°

10"
10°
10°

10

e —— 10<p%" <20 GeV/c x 10° - 1B —e— 10<p%" <20 GeV/c x 10°
107 —o— 20<p;f‘jet<4o GeV/c x 10’ 10 —o— 20<pf3|_ﬁjet<40 GeV/c x 10! 2 —e— 10<p$jjet<2o GeV/c x 10°
1072 40<p? <60 GeV/c x 107 1072 40<p$:‘jet<60 GeV/c x 102 0L T 20<p?" <40 GeV/c x 10
103 —— 60<p;f‘jet<1oo GeV/c x 10° . 103 E —— 60<p;f‘jet<1 00 GeV/c x 10° 4 40<p$jjet<6o GeV/c x 10
107 10°

1/N 1/j_ dN/dj

Ratio (Rebinned/Default)
Ratio (Rebinned/Default)
Ratio (Rebinned/Default)

Inclusive z (0 < z <I) Low z (0 <z<0.2) Highz (04 <z < )



Systematic study

Systematic errors from each

* Each systematic error went through a
smoothening process.

(Add the values of the bin and both side
bins and divide it by 3)

* Fraction of the systematic w.r.t. central
value

sSOurce

O<z <1
20<p" <40 GeV/c
T,jet

O<z <1
10<p®™ <20 GeV/c
T,jet

O0<z<0.2

. 0sE- 10<p®" <20 GeV/c |
# of Iterations # of Iterations Tlet # of Iterations # of lterations
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. : PR - T,jet :
BQ Subtraction - Byl subtraction Ny FEEEER BQ ‘Subtraction TEaneg Bd subtraction
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g variance - g variance o4 g variance | g variance
Generator | Generator 038 Generator ' Generator

0.2

0<z<0.2
20<P0hjet<4° GeV/c

0.7

Systematic error
Systematic error
Systematic error
Systematic error

oot o T et S Setetamat o W 2 e 0.1
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Systematic study

Systematic error
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Systematic errors from each source

02<z<04
10<pf}et<20 GeV/c

02<z<04
40<p$“jet<60 GeV/c

# of lterations

PR p threshold

T,jet

ree=d Bd subtraction
Thaey Tracking efficiency

g variance
Generator

# of lterations

g p.. threshold

T,jet

Taames Bg subtraction
#2274 Tracking efficiency

g variance
Generator

Systematic error

Systematic error

02<z<04
20<p$hjet<40 GeV/c

# of lterations

PR p threshold

T,jet

224 Bd subtraction

02<z<04
60<p$hjet<1 00 GeV/c

77779 Tracking efficiency

g variance
Generator

# of lterations

sEEEd D threshold

T,jet

%2549 Bd subtraction

Mid z (0.2 < z < 0.4)

"::::: Tracking efficiency

g variance
Generator
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Systematic error
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0.2

1
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0.8

0.7

Systematic error

0.6

0.5
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0.3

* Each systematic error went through a

smoothening process.
(Add the values of the bin and both side

bins and divide it by 3)

* Fraction of the systematic w.r.t. central
value

04<z <1

10<p§hjet<2o GeV/c

# of lterations

threshold
T,jet

- Heanas DBg subtraction

04<z<1
40<p" <60 GeVi/c
T,jet

222278 Tracking efficiency

g variance
Generator

# of lterations

threshold
T,jet

maaaed Bg subtraction

72gag Tracking efficiency

g variance
Generator

Systematic error

0O4<z <1
20<p" <40 GeV/c
T,jet

# of lterations

R p threshold

T,jet

Zaezey Bg subtraction

Highz (04 <z < |)

w2224 Tracking efficiency

g variance
Generator




Systematic study

Systematic errors from each

* Each systematic error went through
a smoothening process.

sSOurce

* Fraction of the systematic w.r.t.
central value

Systematic error
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Systematic study

Systematic errors from each source

* Each systematic error went through
a smoothening process.

* Fraction of the systematic w.r.t.
central value

02<z<04
10<p;hjet<2o GeV/c
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20<p;hjet<4o GeV/c
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Two-component fit rEOIEED

p—Pb Wide
p—Pb Narrow ALICE

pp Wide \s, Sy = 2.02 TeV

N
FF)>F\)/Tlfl|Ir;\O\EISVl\/lonash Ay =0.465 (p—PDb)

ALICE p—Pb |5 = 5.02 TeV

Ay =0.465
== Data Cane
Total Anti-k+, R =0.4

Narrow
- \VidE mjet‘ < 0.25

VAN 60<,DT jet<80 GeV/c

Cms

PYTHIA 8 4C -
" Herwig 7 Anti-k+, R =0.4

#J

|

|

VINCIA n | <0.25 l
Dire jet

. POWHEG NLO + PYTHIA PS }

j

J

« PYTHIA8 Angantyr + Nuclear PDF

1 d/N Bo
~ 1. 5 //—°¢
]Vjets JT, ChdjT, ch Bl\/%

Inverse gamma function for the higher ;,

Bl :,, B2 :normalization B3 : normalization, B4 : shape, B5 : scale



Ratio (data/fit)

<
D

Two-compohent fit

* [wo-component fitting was
applied to the data,
'(I)'h<iszaze11Iysis f\iﬁ = ZO:ZOT:V '(I)'rliszazzl}lzsis pp Vs =5.02 TeV This analysis pp Vs =5.02 TeV C O n ﬁ rm i ng effe Ctive

Anti-k-, R=0.4 Anti-k-, R=0.4
In_etl <0.5 In_etl <0.5 In_etl <0.5

s = | 4(J)<pT,jet<6OGeV/c g = | 4(J)<pT,jet<6OGeV/c 2(J)<pT,jet<4OGeV/c Performance a‘cross various
e ~ Z bins

e However, issues were
encountered with fitting in

low ,,.. or low z regions in
data and Leading-Order MC

9@-@@-@1@@@@-@@&@@3 ----- .

 Considering adjusting the
fitting range and ;, range for

data points depending on
the kinematic range



Two-compohent fit

* [wo-component fitting was
applied to the data,
This analysis pp Vs =5.02 TeV This analysis pp Vs =5.02 TeV This analysis pp Vs =5.02 TeV C O n ﬁ rm i ng effe Ctive

Anti-k, R = 0.4 Anti-k;, R = 0.4 0.2<z<0.4 Anti-k;, R = 0.4

— Iyl performance across various

J J J
10<p. . <20 GeV/c 20<p_ . <40 GeV/c 10<p. . <20 GeV/c
T, jet T, jet T, jet

* However, issues were
encountered with fitting in
low ,,.. or low z regions in
data and Leading-Order MC

G PEE DD DS Tinro mgrgrmrm i -

2 O1 N

=
S
©
fd
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2
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fd
®
A

Considering adjusting the ;
range for fitting data points
depending on the kinematic

range




Results

Systematic errors

T

k.

-
o)

This analysis = Center Ch-particle jets
O<z=<1 - SysUp pp, Vs =5.02 TeV
102 ot o R = 0.4, Anti-k
— o

——_, |77]et|<05

* Drew RMS plots without PYTHIAS

e Systematic errors for the RMS
distribution are implemented
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O
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- New j, distributions created by applying
total systematic error to center points, e 10<p*_<20 GeVic x 10°
scaling up and down |

- RMS values extracted from the scaled-
up, scaled-down, and original ;,
distributions

- Differences in RMS values were
calculated to measure systematic error



This analysis
pp ¥s =5.02 Te
Anti-k-, R = 0.4
hqjetl <0.5

POWHEG + PYTHIA
HERWIG7

Results
RMS Jt ™ Priet

* Drew RMS plots without PYTHIAS

e Systematic errors for the RMS
distribution are implemented

. . . . ;: . ( (5356\//0?0 15 20 25 30 35 40 45 > 5(.) 55 60

- New ;, distributions created by applying

total systematic error to center points b0 Narron

] ’ ‘Fo (s, Sy = 5.02 TeV
scaling up and down TR Ao
. = VINCIA n | <0.25
- Dire jet

- RMS values extracted from the scaled- i PUTHIAS Angantyt « Nudeas POF

up, scaled-down, and original ;,

distributions

- Differences in RMS values were
calculated to measure systematic error

JHEP09(2021)21 |



This analysis
pp s =5.02 Te

Anti-k, R = 0.4

| m 1 <0.5
POWHEG + PYTHIA ' jet
HERWIG7

Results
RMS Jt ™ Priet

* Drew RMS plots without PYTHIAS

e Systematic errors for the RMS
distribution are implemented

15 20 25 30 39 40 45 o0 99 60
p_ . (GeV/c)

- New j, distributions created by applying -
total systematic error to center points,
Scaling UP and dOWﬂ +2‘L2|§é|:>g.j§=7TeV <5 PYTHIAB {5 = 7 TeV 4C It

—#%- ALICE p-Pb s, = 5.02 TeV == PYTHIA8 Vs = 5.02 TeV 4C

- RMS values extracted from the scaled-
up, scaled-down, and original ;,
distributions

- Differences in RMS values were
calculated to measure systematic error JHEP03(2019) 169



Results
RMS ;.

10 < pre < 20 (GeV/c) - 20 < pre < 40 (GeV/c) . 10 < prje < 20 (GeV/c) 20 < pre < 40 (GeV/c)

O O

40 < pri < 60 (GeV/c)

40 < ppjee < 60 (GeV/c)
O

O

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Z

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Z

Gaussian component Inverse r component

e Observed the RMS ;, values from each fitting as a function of z

* Also planning to calculate the ; yields from each fitting



