Measurements of jet nuclear modification factor and

azimuthal anisotropy in Pb-Pb collisions at /Syn =
5.02 TeV with the LHC-ALICE to clarify the parton

energy loss mechanism in Quark-Gluon Plasma and
evaluate stopping power
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Introduction
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Physics target: Parton Energy loss mechanism

Partons deposit energy in the QGP medium.

Energy loss Jet suppression mechanism
AE « gIL"

N q[ \\é Collisional

q: transport coefficient = Py

L: path length in QGP A X

Radiative
Quark/gluon| L&t //// —}—@ AE o L2
4 I

s T 1

Energy deposit |IQGP medium]

)

- o 3
Neuclear’ 1 : AE o« L
QGP medium M

There are some jet suppression mechanisms, but the detail ratio of suppression or correct
model are not clarified.
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Parton Energy Loss Analysis

Energy loss: AE o« gL"
Nuclear modification factor (R,,) is built by
comparing heavy-ion collisions and proton

collisitions. ;
Jet|iz \Y\; jet
Quark/gluon ) o s Vs

<£|/ﬁ g interact with QGP
Nuclear E> Jet yield of Pb-Pb collisions | QGP

QGP| i)  scaled as binomial collision

Jet v, is built by comparing in-plane jets
and out-of-plane jets.

Ni _Nout

Nin + Nout

Ni,, N :: Jet yield at in-
Out-of-plane plane and at out-of-plane

dL

=
B
<<

RAA -

7

/2 Jet yield of p-p collision In-plane

<]§roton [> Using difference of the path length
between in-plane and out-of plane
allows to study L dependency of AE.

— Quantify the power of n
2024/02/27 RBRC Monthly Meeting

Using the difference between with and without
suppression allow to measure the magnitude of

suppression. > Quantify g
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New points of my study for Energy loss (AE o< gL")

- New jet v, measurement at /Syny = 5.02 TeV as ALICE
- Simultaneous comparison of charged jet v, and Ry,

—> Expect strong model constraints and acquire accurate v, and Ry, of 70 measurement using PHENIX
suppression parameter values. VSN = 200 GeV data (2010)
. . https://j Is. . |/pdf/10.1103/PhysR
- Use JETSCAPE model simulation framwork Letfc),slé/SJ.olilr;:Oslaps rEp/ecl S
02.—' (a) B waDG A MRASW -! (b) o A 'j;R:'A;SJ;'FIT' ' '
- JW:1 ”J“” P --__.I“':I~J'dllp“
0.15:__ + __J“':I-Idlp:: - + - m.-uj.mpf; -
4 I“':l-jdllpf:; ]
> 01 ,_:‘?.\ 4
’ “&S{\ ]
i N ]
0.05 ‘,\ -
[ NS
- 6-9 GeVic N
8F
08[
06
& ol ®
02} (d)
R
Npan

T.Kumaoka 2024/02/27 RBRC Monthly Meeting


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.105.142301
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.105.142301

Analysis
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Analysis Flow

______________ r————

I Raw Jet task | : Unfoldmg Result
[ - : [
! Raw Jet inclusive : I RM Jet Ry
: Event Plane Angle I I I
I Raw Jet in-plane T : R|_V| 1R Jet v
I Raw Jet out-of-plane 1 ) RM I 2
R ] —_— ] = =

Qn vector calibration Er;b_ed_ch;g_ - _|

- VOM detector I Response Matrix (RM) |

' Kinematic efficiency

e - e e e . .

Systematic Uncertainty
- prrange

Different prior
Tracking efficiency
Unfolding iterations

Energy loss
AE o gL™
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Charged Jet reconstruction in ALICE

ITS and TPC (0<@<2m, | 771<0.9) :

Reconstruct charged tracks

Charged jet {

Reconstructed tracks

Fast jet package [Phys Lett B 641 (2006) 57]
Clustering track p; in resolution pamareter (R) range.
- Signal Jet—> anti-k; algorithm

- Background densify% kI algorithm
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Background p- distribution (ordinary inclusive jet way)

In HIC, a huge number of particles are produced
— Signal jets are reconstructed with the background particles.

—Estimate background p; density (p) except for signal jet area

/S
r » p = median(pt;/A;) A :cluster area, i: cluster id

background p; for centrality . . _ _
p is considered uniform for azimuthal

s o ALICE Pb-Pb ,
¢ working inprogress | angle and determined event by event
/I =5.02 TeV — subtract the background from each

signal jet

jet ___Jet
» PTcorr = PT — pA
A :jet area

lon lon lon lon

L1l L1 11 ‘ L1 1l |- 111l 1 111
10 20 30 40 50 60 70 80 90 100
Centrality (%)
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Inclusive Raw Charged Jet Yield

Corrected Raw jet p; distribution (w/o unfolding): pjre’zorr = pt™ — pA

=~
S . _ _
= %: Charged jet
g R=0.2 z V¥
— 13107 . 4 /¥
=5 10 = Leading track cut 0.15 [GeV/(] ® Y i 7»
/:: u | Centrality
— | <1074 -109
- = m 0-10%
% = 10-30%
05 A 30-50%
= v 50-70%
- ® 70-90% .
(0° Centrality [%]
1077 =
107° - suppression
[ = I O | A P |
20 40 60 80 100 120 140 160 180 200

Prcorr [GeV/c]
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Determination of Event Plane Anlgle

Event plane angle
1 Qn
Yep,, = —arctan 22
n nx
Flow Vector compornet Heavy lon
Qn’x _ z w; COs b, . b
i Event Plane VAN Vi O,
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(¢; : Track angle, w; :multiplicity weight, n: Fourier order)
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Event Plane Angle Resolution

R {meeas} < ( [‘Pa W ])> <C05(n[‘P%P,n o WEP.n])> <cos(n[‘l’§p\n o \I“I:EP.n])> Ujet L 1 E Nin — Nout
ES EP,Z —_ coSsin Ep‘n — n ——] ; 2 pr— oas 4 N —|— N
<COS(n [\Iltépqn - lIJEPn])> Res{l'IJEPJZ } m out
g% Work in progress
Idea”y, LI',]f-_-f:ll;) n — ]E:Il;)u’ls,h Close to O % 1 ALICE Pb-Pb |s,=5.02 TeV/c
) ) e

In that case, Res{Wgp» } close to 1.

VO sub-detector
(b: TPC <O, c: TPCN>0) 06

0.8

0.4

I | | T T | T T | 1T | I

0.2

T T

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
10 20 30 40 50 60 70 80 90

Centrality %

o

VOM (VOC and VOA) event plane angle resolution for centrality
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Local background p- estimation

The soft particle background is not uniform for
azimuthal angle ().

—>The background calculation should take the ¢
dependency into account.

The local rho is estimated using tracks except
the leading jet nregion. (Because of the statistic
problem, it includes the sub-leading jet region.)

In this analysis, a following equation is used.

Pen(®) = po x (142 {505 cos(2[p — P ]) + 55 cos (3o — Prrs)) } )

Wep, and Wgp 3 are calculated by the Qn vectors.
And pp, v9°%, and v3PS are fitting value.

g Leadlni Jet Area

Remove This Area for bkg estimation

>
o [rad]

b/nen] ¥/

Background track
p; distribution

Pen (#)

2 [GeVid]

@ [rad]
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The background 6p+ distribution

_ track RC Projection on y axis
6pT - Zi pT,i o f_RC p(¢) d¢ .
38000 median
x10° x10° - = Pch
ALICE Pb-Pb ' ALICE Pb-Pb 0 7000} — plocal (¢)

op_[GeV/c]
- N
(4] o
>
o o
o P, [GeV/c]
- N
[4)) o

vSNN = 5.02 TeV
Centrality 0-10%

v/SNN = 5.02 TeV
Centrality 0-10%

6000}

—140

5000}
4000{—

3000

2000[—

1000}

onxn 11 1

-15 -15 -3 -20 -10 0 10 zngEG‘eV?c(])
0 0.5 1 1.5 2 |¢§éi{JER X [r:;d] 0 0.5 1 1.5 2 Iq)gé‘iPER X [r:;d]
* The median rho has ¢ dependency and the local rho makes smaller the ¢
dependency.

* The dispersion of local rho background is more narrow than median rho.
And these same tendency is seen in the all centrality regions.
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Raw Charged Jet Spectrum for each Event Plane
— p(9)A

Corrected Raw jet p; distribution (w/o unfolding): p

count

ALICE Pb-Pb Anti-k; Charged Jet
- VSNN = 5.02 TeV R= 02, |I’]Jet|< 0.7
= .._ LHC18q Leading track cut
E Working in progress  0.15 [GeV/(]
" 'Y Centrality 0-5%
== fm - Out-of-plane
= Tr -®-In-Plane
- '..-. Centrality 40-50%
- o Py {FOut-of-plane
= = Py -O=In-Plane
E .-n—".r-;,».,‘. ‘.
= -'-f':,:'«_,_.,,‘__-.- -
- = ':':.:ﬁi;:::‘jj,‘:-: v Teo
- ) '-:iﬁ;ji:'-:.iﬁ;ji:r!-"'... 'Y
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pﬁf’:h ” [GeV/c]

Out-Plane jets are more suppressed than In-plane ones for each centrality.
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Unfolding Process

The measured jet p; distribution is affected by the background fluctuations and the finite
resolution / efficiency of the detector
—> Correcting p; distribution distortions by Unfolding.

Data (Pb-Pb)

Background
Detector effect

Detector level

Embedding
~ Response matrix

Unfolding

Truth level MC jet (p-p PHYTHIAS)
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Kinds of Systematic Errors

Detector level p; range of response matrix
> 4+5GeV/c
Different prior
—> Modify a prior distribution to unfolding by multiply a ratio of measurement
distribution and MC detector level distribution.
Tracking efficiency
—> Nominal (98%), Compare (94%)
Unfolding iterations
- +1time
Different event plane angle determination detector
—>Nominal(VOM), Compare (VOC and VOA)
Different background fitting function
— Nominal (v2 and v3 combine), Compare (only v2 component)
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Inclusive charged jet v,

ch jet

0.15—

0.1/

0.05

—  ALICE Preliminary —e— ALICE: |5, = 5.02 TeV, Centrality 30-50%

| Pb-Pb \s=5.02TeV _o— ALICE: {5y = 2.76 TeV, Centrality 30-50%
[~ Anti-k;, Ch. Particle Jet
R=02,1n <07
P >5 GeV/c

PLB 753 (2016) 511-525

—m— ATLAS: s, = 5.02 TeV, Centrality 20-40%
PRC 105, 064903

_ f
vchJet( 'et) n 1 Nin( ety N (T) \)}
PO AN, ey N
T/ OGP - Out-of-plane
In-plangﬂ

- At low p-, the charged jet v, show
evidently positive value. As it becomes
high p;, the charged jet v, gets close to
zero.

- The charged jet v, of this measurement
is consistent with ATLAS result within
uncertainty around 70-110 GeV/c.
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Moedel Simulation
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My Simple Toy Model Algorithm

[ 1. Determine Centrality ]
— *

[2. Parton position (rxy,l,rxy,z)

v Z
[ 3. Calc P(rxy,l,rxy,z) ]- b

-4

| 8. Estimate jet Ry, |

10,
= | Centrality 30-50%

-
" Aaqieqoid

[ 8. Estimate jet v, ]

L

9. Evaluate y? and
Select the best model

!
e

4. MC for create parto

rxy,ll Txy,z

m pp data
— Tsallis Fitting

PbPb data
Model Fitting
® L (Collisional)
® [? (Radiative)
A I3 (Ads/CFT)

[ 6. Calc Energy Loss

v
[ 7. Determine C by fitting

PbPb jet distribution

R o
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3. Calculate Hard Scattering Probablity density (P(Txy,l:rxy,z))

: : , N p
Ty sinhucleon: 3 Consider collision o(r) = _ . ( o )
A et at same position 1+exp(5R)  po=3/(47R°(1+ Tr)

piry
. LJ
''''''''

Woods-Saxon

‘ Projection (Integral) on x-y plane

—1Txy1
R

Po For case of Pb, the values are t = 0.55 fm and R = 6.8 fm
Py (1y1) = 2 f do o .

Cos

0

1+ exp(C2S8 )

P(rxy,li rxy,z) =P (rxy,l)xpz (rxy,z)

P (rxy,l' Txy,z)

Pmax

Y (rxy,li Txy,z) =
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4. MC for create parton P(r,,, 1, 7'y, ,) <MC

Calculate the probablity density
P(r_(xy,1),r_(xy,2) ) on the step.3

— 0 3 0
5105 Centrality 30-50% '1 o [EE5EE o0 e Rrelelaly elnsin) Actual parton creation points
8l— - 0 0.9 . .
: & judge creation of a parton at the (50,000 events)
61— ~0.8 = . ,
: & parton point.
4:— —0.7 E 10: 1000 &
2 —06 = 4 Centrality 30-50% ! o
B B S
02_ =05 t P(Txy,l’rxy,Z)' MC 6 —800 -
-2 404 ] bec-emmmmmmme—m———mmm— == 45_
_4:— 0.3 N
_Gf_ (rxy,l; Txy,z) 5> MC No 2? — 600
- o
-8 0.1 C
A I T T I R T e A Yes} -2 —400
-10 -8 -6 -4 -2 0 2 4 6 8 x[frr’?]o O / - . :_
(rxy,l» rxy,Z) E
-6 200
—8:—
_10—...I...I...I...I...l...l...l...l...l... 0
-10 -8 -6 -4 -2 0 2 4 6 8 10
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5. Calc pass length

The edge is Woods-Saxson R 10°

Regard the length from a parton creation point to a cross 10;
point of the original atom edge as the pass length. -
- The original atom is supposed as a cercle. 1
- The density of QGP is uniform on the reaction area. S T TR T N 'le?f'm]
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6. Calc Energy Loss (dE = CL") / 7. Determine C

yield

Sum up

= Pp
== Distorted
=== Dispersed hists

disperse

' pr [GeV/c]

Path length
dependence

Disperse histogram (dE distribution)

+—
c
>

O
)

10° E_\ Model
}4:_-. e L (Collisional), C:1.70
104;_ »&.‘k m L? (Radiative), C:0.46
S A L3 (Ads/CFT), (C:0.12
May,
10°} " T
[ l- “‘A AAAA
1025_ l-
i v
105— -
1 oo - = "
L L L L l L 1 1 1 1 1 1 l 1 1 L l 1 1 L l 1 L L
0 20 40 60 80 100 120
dE[GeV/d]

C ditermination

g 0.12
e L

R

0.1
- o
008+ \ -
Y
- Y
0.06}= &
™ . a |
004 < 3

0.02} 4 3

OH. I | ]

i Model
f ® L (Collisional)
/  m L? (Radiative)
A L3 (Ads/CFT)

' I | ]

0O 02 04 06 08 1 12 14 16 18 2
C[GeV/d]

1. Using the dE distribution, disperse each bin of the pp jet pT distribution (MC/Fitting function).
The dE distribution is normalized by each pT bin counts.
2. Make a suppressed jet distribution by summing up distributions of each pT bin.

3. Determine the best C to match the suppressed jet distribution and data PbPb jet pT
distribution.

T.Kumaoka
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7. Each inclusive charged jet p; distributions

ke Opp data pp fitting function (Tsallis)
> F (ALICE 5.02 TeV) 14p ] P2/ (02—1)
@ —Tsallis Fitting F(pT) = po XDt I [1 + (pz — 1)X p_
3
10+ C1PbPb data Do : 0.524, p; :2.252, p, :1.127, p3 :0.497

(ALICE 5.02 TeV
Centrality 30-50%)
Model Fitting

| EN | IIII”I I

107 ® L (Collisional)

- W L? (Radiative)

B A [3 (Ads/CFT)
10°° - =
107

; 1 1 1 l | 1 1 [ 1 | | l | | 1 l | 1 1

20 40 60 80 100 120
P, [GeV/c]
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count

- |n plane
= Qut-of-plane

T.Kumaoka

8. Make In/Out of plane jet yield distributions

Energy Loss (n=1, collisional)

count

C ee®e ® Inplane

4 ® =
100%™ o W
1035—
10°E

105— -

" m Out-of-plane

Apply suppression parameter C estimated Step.7 to In/Out of plane jets, respectively.

(In: parton emission angle -t/4 — t/4 and 31/4 — 51/4,

Out: parton emission angle /4 —31/4 and 5m1t/4 — 71t/4)
Path length

Jet Yield (n=1, collisional)

Yield

® Inplane

107°E

1078

1077

o m Out-of-plane

20 30 40 50 60 70 80 90 100 110 120
[ [GeV/c]
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9. Use Tsallis fitting function for model RAA distribution

Use Tsallis fitting function for model R,, distribution

B 02 Chi*2/NDF Ch-Jet Ry,
(L, L2, L3) = (0.017, 0.018, 0.023)

0.2

Chi*2/NDF Ch-Jet v,
(L, L2, [3) = (0.0074, 0.023, 0.036)

»& NDF: pT bins — 1 (Free parameter C)
(L, L2, L3) = (Collisional, Radiative, Ads/CFT)

— Best model isdE=CL, (n=1)

0.2
%O 30 40 50 60 70 80 90 100 110 120
Pr hjet [GeV/c]
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Best L dependece Search

Al

x
0.045

AE = CL" >< Each coefficiency of C is adjusted

for each pass length dependency n.
0.04

0.035
0.03 Minimum y?
0.025
0.02
0.015

0.01

III|I|]|I|I|IIIIIII

0.005

| | | [ | | | | | | | [ | | | | | | | I |
8. 0.6 0.8 1 1.2 1.4

S

Just n = 1is the best pass length dependency for parton energy loss.
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Different pass length edge

Use Tsallis fitting function for model R,, distribution p(r) 7

B 0.25

0.2

0.15

................

For case of Pb, the values are t = 0.55 fm and R = 6.8 fm.

Chi*2/NDF Ch-Jet Ry,
e (L 12, 13) = (0.013, 0.021, 0.023)

_llllllllllllllIIII/L'IIII'IIIII

O ¢ -
Fo's) -
B R R e |

Chi*2/NDF Ch-Jet v,
o g EE (L, L2, [3) = (0.0089, 0.022, 0.031)

0.4F
0.3F
0 IEllllllllllllllllllllllll[llll[lllllllllllllllllll

'%O 30 40 50 60 70 80 90 100 110 120

PaulGevd = Best model is dE =CL, (n = 1)
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Best QGP Edge Search

° 0.008F~

. Woods-Saxon R
0.007|-

0.006 ® o

0.005— ©® loeeoooo®

0.004{—

d
12

0.003[

0.002] The result of QGP edge indicates the Woods-Saxon R is
- the best.
' — Every participants contribute the QGP creation, and
Ot e b b the thermarization of QGP happenes immediately.

tmear M (Do not need to consider density profile and

dependency of energy loss for the density.)

0.001}—
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Summary and Outlook

- To clarify jet quenching mechanism and estimate its parameters, charged jet v, is
measured using the ALICE data of Pb—Pb collision /sy = 5.02 TeV.

- The charged jet v, in centrality 30-50% show positive value and it is consistent
with other experiments.

- Compare the data resulsts with my very simple toy model

- The simulation indicates that the parton energy loss is propotional to pass length
(dE=CL, (n=1)).

- The model with n=1 reproduces well the value and shape of both charged jet R,,
and v,

- Determining the quenching parameter requires more complex models in
JETSCAPE.

- Additional analysis: Different centrality, Different jet resolution R(= 0.1, 0.4)
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JETSCAPE Framework

JETSCAPE Event Generator JETSCAPE

»im =

%S VUV 4 VU
H V B 9

Viscous Fluid Dynamics for -

https://arxiv.org/abs/1903.07706

(Jet Energy-loss Tomography with a
Statistically and Computationally
Advanced Program Envelope)

Hard Particle
Production

Hadronic Cascade

- It has @ as a variable parameter.
- Some models having different L

Initial geometry of
Nucleus-Nucleus collision

Medium
dependency.
Diagram courtesy Y. Tachibana 1.2 008 "
Pb-Pb @ 2.76TeV  0-5%| HIScARE 20-30% FDEDG EHOteN”  Elslva
1.0 ETSCAPE . 0.061 + anti—ky;, R=0.4
reliminary anti — k — adron
The JETSCPAE already 081 (a) k=04 (b) ' e S pacon
plaa s A __A.__.i o 0.049 ¢ —-- Pure LBT (E-by-e)
4 A A —— | | [T \
represents close value of the e < IAUE
. | &7 002{ N [ ZAr—d-. oy
Jet RAA and Vz —— MATTER + LBT AR
0.21 L' cMS 0-5% =—= MATTER + MARTINI | A CMS 10-30% 0.00
A ATLAS 0-10% —-: MATTER + AdS/CFT 4 ATLAS 20-30% ETSCAPE
0.0 . . . . . . . . reliminary MATTER+LBT
50 100 150 200 250 50 100 150 200 250 300 0 160 180 200 250 300 30
pr (GeV) pr (GeV)

DOI: https://doi.org/10.22323/1.345.0072
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https://arxiv.org/abs/1903.07706
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Nuclear modification factor (Ry,)

o , _ . I =
= + STAR Au+Au, unbiased ~ R=0.4 4FALICE R=0.4 0gF. ATLAS :
n-fIi 1 STAR Au+Au, biased - I » - Pb-Pb 0-10% |5, =5.02 TeV “E anti-k, R=0.4 jets, {5,,=5.02 TeV ]
2 pp Vs =5.02 TeV 0.8f E
1y 1<0.3 p*">7GeVic 0.7E —
et T I - = /// -
o Iél(B)TI-ETG % ALICE 0-10% 0.6 e I ;
. | [] Hybrid Model, L., = 0 Correlated uncertainty 0.5k 5 o r
Fe *~' | Il Hybrid Model, Lres= 2/(xT) Shape uncertainty o <
I - [ JEWEL, recoils on, 4MomSub fo— -
| | " W JEWEL, recails off 0.4 =
: . 03L ——e—— Dala A
C e SCET,, 9%18 x .
10 1 0.2F SCUG,;-ZE’ 0-10%, ly| < 2.1 3
: i “F WEENN SCET;NLO 2015 pp data, 25 pb”’
+ >~ UNBIASED 01 —— eozmmw 2015 Pb+Pb data, 0.49 b
1 OL —d i " A V DR T T
lJ\JllIJJlJIII||III|II|I|II|I|||II|I 1m 200 300 500 900
5 10 15 20 25 30 35 oo o (GeV]
pih t (GeV/ C) Prjor (€ ATLAS PLB 790 (2019) 108
,Je )
STAR Phys. Rev. C 102 (2020) 054913 ALICE Phys. Rev. © 101 (2018; U37011 Centrality X
io eam
/A
o<t >
\ 4
QGP
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https://reader.elsevier.com/reader/sd/pii/S037026931830995X?token=EBEB82D3C8C7BC30A09CD13A4FDBD22020EB73E03D0BA38533C106FCBEB96AA138AF6AA92A968ADB15F12BC3FE35A4A8&originRegion=eu-west-1&originCreation=20220414200343
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.101.034911
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.054913

Event Selection

Number of events: 38 x 10° events
Primary vertex:|z| < 10cm.
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Centrality determination

_— 1 T 1 ] | ] ] ] T 1 Ll 1 | ] 1 1 T ] 1 1] 1] ] I 1 T 1 ] I ] ] 1 l 1 I
-*g 10 AU.CE PS;:: Syy = 9-02 TeV Al 1 | Using NBD-Glauber fit for VOM amplitude,
; NBD-Glauber fit 10 1 I the event centrality is determined
% fP p'koxeltf):q PR 107 .
12 =0.801, n=46.4, k=15 |
S |

10 <5 . =
= 107, 500 1000 -

10~ | .
O = =
w© 1.5 E
oc o Ll o e M AT 1Y, , | | R

U= Al i | R bhe 4 i METRAL TR {'W B
0% 5000 10000 15000 20000 _ 25000 30000 35000,

VOM amplitude (arb. units)
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Qn vector calibration

VZERO-A
_ VZERO-C

ﬁ'ﬁhﬁ!Tl—

esimated for run-by-run.
Average means the run average.

1

Gain equalization > 220" LHC18q! Pass3, Run 296510 Recentring < - +
3 .- - - ” 2 &=
2 F. , e o+
<Mref) 2 200~ = = Tam : O W/oAr'wycorr Q o= Qn - <Qn> é\‘ OE - salis o ++
wCh — Mi § = - . " e w. Gain corr V  _o001b = +
( M;) wof- . - b : —¢—_¢_+
S i Equalizate Q,, o=
160 —— C
. . i - : - i ~0.003— -t].*'—+-
Equalizate gainto | voc 1 VoA -] to uniform for : -+
. - 1 R -' . Centrality _0'004; LHC18q, Pass3, Run 296510
uniform the each | E = 3
channel value on : o 3 = /o Any corr
: 100 L. E e w. Gain+Recen +
the same ring. ; - o007t
80__ | | 1:1 1-1 | | | O_ I1‘0I | I2|0I - I3‘0I - I4|0I - I5|0I - I6|0I - I7|0I - I8|0I - I90

L1 1 1 L1 11 L1 1 1 L1 11 1 )
0 10 20 30 40 50 60 Centrality
Channel number
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Event plane angle resolution

(b: TPCNn<O0, c: TPC n>0)

0.6

meas = <cos(n[‘l’f3p?n o lFEPn])> <cos(n[‘l’?ﬂ,‘n P \P%P.n])> jet 1 7 N’Ln — Nout
Res{Wgp, } = (cos(n[¥kp, — ¥a])) = . b c Y2 = measy |4 N N,
(cos(n¥hp,, — ¥p,)) ) Res{Wias} 4 Nip + Nout
Ideally, ¥&p,, — WER" close to 0. %j f ALICE Pb_ph
In that case, Res{Wgp, } closeto1l. % O'Sg , i =502 lfg\iess
VO sub-detector S T s

0.5

T

0.4

03" @ VOM (VOC and VOA) ——

A VOC R

v VOA ——

0.2

0.1

I l I I I I l
5-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
Centrality %

o

ot
&
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Local background p- results

Pen(@) = po x (1+2{V§ 5 cos(2[p — ¥ .]) +19% cos (3] — Wer3]) } )

S [ALCE

& | LHC18q 296623
‘; - Single Event

< 60[ Centrality: 1.7 %

S0[- T 1

40

0.15< Py ok < 5 GeV/c, In"ack| <0.9

- P (9)
- P,
.= Py (1 +2v2cos(2[(p-‘PEP’ N)
=« p,(1+2v cos(3[e-¥_, 1))

£l ! h
v, s N » N
(| S—— ',Al NN vamn g
30— %‘ 3 /
20 +
T T T T T [ T T Y [ T U T T N TS M S A [ T T T T [ T T T S [
0 1 2 3 4 5 6
¢ (rad)

— ALICE 0.15< Py ack < 5 GeVl/e, |1]"ack| <0.9
35 ~ LHC18q 296623 '
- Single Event — P, (P)
~, Centrality: 43 %
30[ "= Py
W — p0(1 +2V2C°S(2[¢"ng, 2]))
25/ L
[+ p,(1+2v cos(3[¢ P n))
20|
g
15[
[ 2 ==
10(
51—
0
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Evaluation of background fit (6p )

RN\
Leading Jet Area,

9
>
%)
S,
-
SY

Random Cone Area

dp; is a gap between integration of
background tracks p; and integration of
background function in a random cone area.

2 |opr

Background track
pr distribution

N\

We expect the local rho’s 6p; should be
smaller than the median one.
And in the local rho case, 6p; phi dependency

,. Och (#)
\\ \ is expected to make small.

\ > The Random cone is created once per event

except the leading jet region.
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Background pT function fit quality

o : S [Auce A5<p_ < .l <0.
. V, V3 combined g | LHC18q 296623 BIBEPE vi OCOVIE ][00
B Per(P) = po(1+2{v,c08[2(P-WEp,2)] + V5COS[3(P-WEp, 3)]}) = oo SingleEvent  —p,(0)
T 60_ Centrality: 1.7 % 0
ALICE Pb-P Sl o
1 LHg1 8q b- b s p0(1+2vzcos(2[(p-‘PEP’ 2]))
\/m =5.02 TeV 50 po(1+2vscos(3[(p-‘PEP’ 3])) +

U L L

' ‘ .h'

l”
et \‘-'
20— ‘+>
C | R P [ TR | | |
oL 1 I T | T T | 0 1 2 3 4 5 6
0 10 20 30 40 50 60 70 80 (0} (rad)

centrality

track functlon

Z (p _track / (# of bins — 3)

[

# of free parameters (pg, 2, 13)

% is smaller than 1. - Fitting quality is good.
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Response Matrix

Centrality 0-5% Centrality 30-50%
< 200 ' 5 S E——
> Work in progress > Work in progress !
O) =l
= "% ALICE Pb-Pb {[5,,=5.02 TeV/c : | ALICE Pb-Pb (5,=5.02 TeV/c >
s, _ A
S 160| Centrality 0-5% —0.4 Centrality 30-50% 0.6
0.5
—0.3
0.4
—0.2 0.3
Anti-k;, charged jet Anti-k;, charged jet 55
R=021n <07 R=021n <07 '
p[craading track ]> 5 GeV/c ' p:_aading track ]> 5 GeV/c 0.1
20 60 80 100 120 140 160 180 200
40 60 80 100 p% go il ;10 £ (&

The corrilation between particle level and detector level jets seems well.
— Embedding working well.
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Raw charged jet v, (R=0.2)

et 1 T Nin

- Nout

Uy

~ Res {¢12neas} Z Nin + Nout

ALICE Pb-Pb

VSNN = 5.02 TeV
LHC18q

Working in progress

T ETT T

0.5

Centrality [%]

e 0-5

= 5-10

A 10-30
30-50

__'|""|""|'+'£+
:

Anti-kt Charged Jet
R=0.2, Inul<0.7
Leading track cut
0.15[GeV /]

ch jet

n
o

40

p:‘:; [GeV/c]

Runl (v/syn = 2.76 TeV) Result (centrality ?)

T [ T T T T T T T T T T T T T

(no unfolding)
© o o
N w A

2
o
—

o

IIII'IIIIlIIIlIIIIIIIIII

—.— pch(¢) subtracted

—#=— (p) subtracted

Value of jet v, is close to Runl (y/syy = 2.76 TeV) results.
And the shape around 20 — 60 GeV/c is also similar with Runl results.
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ASW model

- Midium: Gyulassy-Wang model (A center of scattering is stationary, The transfer
momentum is about Debye mass(p))

- Multiple emition: Independent random scattering—>Poisson distribution

- Emitted gluons: soft
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Quark-Gluon Plasma

Quark-Gluon Plasma (QGP) is a state of matter made of deconfined quarks and gluons

Predicted by QCD theory

Formed at high temperature and/or density

QGP has existed in the early Universe (=~ 107° s after the Big Bang)

Critical temperature T, = 173 + 15 MeV, €, ~ 0.7 GeV/fm3 from Lattice QCD calculations

A
! Quark-Gluon Plasma ' ' ' '
N 250 anord\a\o : oe: l er RHIC
é’/ 200 Um\/e\rse (<1 \Oo \ . .} 14 - €T l l - - |
g \ V\fk} ". 12 - - ] - - t i
. ’0.. . &
o = :' "’é‘ / L i i - ]
= nic gas s 10 +
o 150 Hadronic gas LHC
5 ‘/ o7 - 1' d sPs
= P14 3 flavour
100 f Oy 6 - 2 flavour —
|
501 \ Neutron Stars 4 -
2 - " 4
"Ordinary" state T [MeV]
.(/""— 888% Net baryonic density oL ,dﬂ . . . , ]
0 T 8 (normalised, d/dy) 100 200 300 400 500 600
po ~ 0.15 GeV/ fm3 arXiv:1304.1452v1
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- JETSCAPE (Jet Energy-loss Tomography with a Statistically and Computationally Advanced
Program Envelope): https://arxiv.org/abs/1903.07706

1.Initial state » 2. Hydrodynamics » 3. Jet energy loss » 4. Hadronization

1.2 0.08
- - (o)
Pb-Pb @ 2.76TeV  0-5%| {ETocARE 20-30% Pb-Pb @ 2.76TeV  20-30%
1.0 1 anti—ky, R=0.4
ETSCAPE 0.06-
5.8 reliminary anti — kr | + s |5
i (a) R=0.4 (b) —==JS Parton
0.6 —-= Pure LBT (E-by-e)
83
X 0.4
= MATTER + LBT o
0.21 A" cMS 0-5% =—=. MATTER + MARTINI | A CMS 10-30%
A ATLAS 0—10% —-- MATTER + AdS/CFT 4 ATLAS20-30% ETSCAPE
0.0 . , . . . . . . reliminary MATTER+LBT
50 100 150 200 250 50 100 150 200 250 300 ¥ i ) ) i i .
pr (GeV) 20 10010 oy 20 3% 30 DOI: https://doi.org/10.22323/1.345.0072

The preceding study of JETSCAPE shows the jet transport coefficient § by comparing
the result of R,, in the two centralities of CMS/ATLAS

This study will constrain models and give more accurate the g value by more various
centrality information and low p; range distribution.
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https://arxiv.org/abs/1903.07706

Unfolding QA

Closure test ReFolding test
',-> 10 3 E_ "T_‘ -3
O - Unfolded MC det, niter =6 o 107k Refolded Pb-Pb, nlter = 6
O] “L E g
> d_w 4 = ‘ MC Truth 5 104k Measured Pb-Pb
= E g
Oo F —‘ ot F Work in progress
s 5 . S8 B
— Zm 10 E Work in progress Lz ALICE Pb-Pb |s,,=5.02 TeV/c
— z - .
- = Centrality 30-50%
- ALICE Pb-Pb |[s,,=5.02 TeV/c -2 F Y
107" N 10° -
: | Centrality 30-50% :
107 107
- Anti-k;, charged jet ’ [ Anti-kr, charged jet
107° E 10" -
E R=0.2, Iniet <0.7 E R=0.2, Ir;iet <0.7
- i - leading track
107k pleadmg Y B GeV/c 10 P adngfra™ 5 5 GeV/e
= T - T
= I N T P B PP B O
.'qo-j 14: I 1 l 11 1 LL); - :&anlmlw(ris l L1 l 1 1 11 EB 1.1 -E-_ ApphedResponse
E% 1 = 2 = = = . é% 1 E—‘—‘——+—_+_ *
o= o8E 0.95f-
§ oeE. 0.9 , , , : : ; .
20 40 60 80 100 120 140 160 180 200 e = o L ) o 1 " e 120
Pt (GeVie) e (GeVie)
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Systematic Error Ratio

O ,
© [~ systematic error ratio Work in progress
© s el ALICE Pb-Pb |[5,,=5.02 TeV/c
—~ = Centrality: 30-50%
o == V0 Detectors ' _
o 0.8— = Background Estiamtion Way Anti-ky, charged jet

. . - R=0.2,1n 1<0.7
) - Tracking Efficiency leading track J®!
= | . p; >5 GeV/c
o] - [t€rations
& [~ Truncation
% 0.6(— - Reweighting Prior
0 -
7)) -

0.4}
0.2
% I
0 —— - S S S S S
30 40 50 60 70 80 90 100 110
GeV/c
pT, ch jet [ ]

_ |0bSC0m _ObSNomil

- 5sys obsNomi

- For all p; range, the systematic
error is lower than 1.

- The reason of the large error on 80-
90 GeV/c is the observable value is
very small.
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R dependency

CMS JHEP 11 (2016) 055 102

Y. Tachibana etal, | S ' ‘
‘ i Leading Jet 276 T 1
PRC 95, 044909 (2017) (a) 9 o 07630 :’/\; |
: , U- ()
SEPaNIS 10'F — PbPb (w/ Hydro)
- ~-- PbPb (w/o Hydro)

or r B PbPb (Hydro)
» 7 o W e pp (PYTHIA)

102 plfY> 120 GeVie e

pifh> 50 GeV/e G ,
Apq »> 57/6 l
trk 10 1 1 ! !
1 1 Ztrke(r—ér/Z,r+5r/2) Pr 0 - 0.2 0.4 06 b 11
Pier) =4~ Z et s : v
e r \/ \/
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Compare my results of R,, with Hannah analysis results

RAA

1.2

0.8

0.6

0.4

0.2

T I T | T 1 | T

| l | | I | I I | I | I I I I I | l | |
" ALICE |5, = 5.02 TeV, 30-50% Pb-Pb
- Ch-particle jets, anti-k;, R = 0.2, |njet| <0.7

>

] Area-Based, ptT’a;“ad >5 GeV/c
[~ ML-Based ‘

B 7 ,, normalization uncertainty
| I 1 | 1 I 1 1 | l Il | 1 I I 1

I | | | I | L1

| l 1 | 1
20 40 60 80 100 120
GeV/c)

'DT, chjet(

Centrality 30-50% result is consistent with Hannah’s result
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Systematic uncertainty of R =0.4

0 - ¥
20 40 60 80 100 120

.0 5F : systematic error ratio o 4= o S
46 . Work in progresg y_ otal -oc_-“- - Work in progress Anti-k;, Ch. Particle Jet -g B Work in progress Anti-k;, Ch. Particle Jet
= B sze:WérEll;:t,yl:F 5'5:;1 ‘?/; 5.0 ToV/ — \éo DketectodrsE iamtion W = - Centrality: 10-30% R=04,In 1<0.5 — B Centrality: 30-50% R=04, lng{|/< 0.5

| =5.02TeV/c === Background Estiamtion Way — - _ ad — - _ ad
S - S e Eeionar S 3.5[ ALCEPb-Pb5,=502TeVlc pf*>5GEVlc S - ALICE Pb-Pb |5, =5.02TeVic  p;*>5 GeVic
oy - e Iterations =I= S - o 4H
o Anti-k;, Ch. Particle Jet — Truncation = - . n
= | R=04,1n 1<0.5 = Reweighting Prior L 3 systematic error ratio L
= - R=04, n . T - — Total © B
= | p**>5GeVic £ - === V0 Detectors = -
o - o - == Background Estiamtion Way o) B
5 3 +—= 2.5 == Tracking Efficiency % 3
Q2 i 2 - — lterations > | =
7 7 - == Truncation «

= - = Reweighting Prior B

E 2F e =—— ' [ - E——— ——

- ﬁ ‘—— J— T ——
21 S m— 2 — —

- 1.5 - ~ systematic error ratio

- : - — Total

- - L ‘ - j = V0 Detectors

; ==|l_|—|7 I 1= I 1 B === Background Estiamtion Way

— g — ~ - = Tracking Efficiency

- '\:| | B = |terations

r‘ 0.5 - - Truncation

= ~Ee == Reweighting Prior

[ = -

‘ -

| - o — e 0
0

90 100 110 120

3 40 50 60 70 80 20 40 60 80 100 120 140 160
Pr ch jet [GeVic] Pr chiet [GeV/c] P cnjot [GeV/c]

- For all centralities, itelation, VODetector, and Turnication are very large.
- Background efficiency also too large.
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Simulation fitting to data results

sk T -
° F ® MC pp result 3 - — ALICE
3| . . S s
10 E W Fit function E Centrality 30-50% Pb—Pb |sy, = 5.02 TeV
[ % %r— 10—4 :_
o & 3—+—
g ——
= —| =2 B
- ", \Y; 8
107° .'l'-.— 107 3
- e - I
"~ i
10° . - =+
10—7—_ E . L2 a
E B A 3 *
: I I T I L1 I L1 | L1t I L1 1 | L1 | L 1 3(_)| 11 14.101 ' 15|01 ' 16|01 11 17101 11 18|ol 11 lglol 1 l.lloo
20 40 60 80 100 120 140 -
plecrsie Gy pSiet (GeV/c)
pp jet p; distribution Fit disparsed model pT distribution to data PbPb

one to determine energy loss coefficiency
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Progress figures

ET ol
: ) 10°k ;10_1!;‘; w2
4 i o A L3
L 107 W3
- 102E ° ‘-‘A“A“
o 103} “:. m““‘.‘
i - 2 Con
_2__ 10} -‘- “a
: - 10—45— ° -
. :
: 1k 10—5:_ ° - . A A
_6 | | Ll | | . - SEETE FRET PR FETE FETTE FRTE FERTl SRTRl SRR FRY
-4 -2 0 2 4 0 10 20 30 40 50 60 70 80 90
[fm] energy loss [GeV]
Parton creation points Path length distribution Energy loss distribution for
(Centrality 30-50%) each toy model (dE = CL")
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Results comparison of different paton emission wa

L] L] L] L] L] L] — 10
Use MC pp distribution, for model R,, distribution .
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5 0.3 ‘_Work in progress

EX - Centrality: 30-50% ‘_’i’f’ﬂ‘gp’”
[ ALICE Pb-Pb |5 = 5.02 TeV/c
E 10-30

0.2 —_Anti-k;, Ch. Particle Jet : 30-50
““I R=02,1n_1<0.7
- p*>5GéVic
0.15
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0.05}—
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-0.05}—
_0'1__““1““1“.11““11.“11.“1““1““1““1“,
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q Evaluation

AE < ag CrgL"

03<a;,<05 - a,=0.5

AE = CL"
_{q:4/3

Cr = { g:3

aSCR = 15

(1.125 (collisional)
0.225 (raiation)
0.040 (Ads/CFT)

\
(0.75 (collisional)
g =< 0.15 (raiation)

k0'027 (Ads/CFT)

(a) At
JETSERFPE
| B TR | I | L ] LI I | l L I T 17T I | E B B | I LI B
= B
— — MATTER 90% CR fo EMATTER+LBT1Z
- - LBT90% CR ‘?: 125_'3”‘" For
— - MATTER+LBT190% CR 7
~ & JET Collaboration 0t

p=100 Gevic . NEE
{ I S | l 111 1 l 111 1 l 1 l‘l I 1 1 1 1 l L1 1 1 l 11 1 1
1 02 03 04 05 06 07 08
T (GeV)

https://doi.org/10.1103/PhysRevC.104.024905

(3.47(collisional)

G/T3={ 0.694(raiation), (T3 = 0.216)

0.125(Ads/CFT)
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https://doi.org/10.1103/PhysRevC.104.024905

g Estimation

AE « ag CRgL"
AE = CL"

f1.695(collisional)
C =< 0.46 (raiation)
| 0.12 (Ads/CFT)

03<a,<05 - a;=0.5

_{q:4/3
Cr = { g:3
aSCR = 15

(1.13 — 4.24(collisional)
g =< 0.31—1.15(raiation)
0.08 — 0.30 (Ads/CFT)

11.6 — 43.5(collisional)

G/T3=1{ 3.15 — 11.8(raiation) , (T

0.82 — 3.08 (Ads/CFT)

= 0.46)

min g-hat: col, radi, AdsCft = 4.2375, 1.15, 0.3
max g-hat: col, radi, AdsCft =1.13, 0.306667, 0.08

min g-hat/T"3: col, radi, AdsCft = 43.5348, 11.8147, 3.08211
max g-hat/T”3: col, radi, AdsCft = 11.6093, 3.1506, 0.821895
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S = model
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