High-pr particle production, correlations, and observables sensitive to energy loss in
small (and large) collision systems

/

~ /

/
DMW\

/Nm‘versity of Jyvaskyla, Finland, 2. HelsinkiTnstitute of Phys! CERN

Tuesday 14" February, 2023

¢ :
I UNIVERSITY OF JYVASKYLA . HELSINKI INSTITUTE OF PHYSICS

Centre of Excellence in Quark Matter v



QCD Shower Intro

]ET FRAGMENTATION - TWO STAGE PROCESS
Soft QCD Rad. Showerlng Hadronization [
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Gaussian fit to FSR off 3
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Angular Ordering
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3 C/ ALICE, JHEP 1903 (2019) 169, arXiv:1811.09742
0, s 6,

< @ QCD showering can be

3 C > separated from hadronization
(Two component jr via two
particle correlation)




QCD Shower Di-hadrons

DECOMPOSITION, SHOWER AND HADRONIZATION

PYTHIA 8: M(100 GeV/c?) - gluon + gluon

< O O

6< th< 8 GeV/c 00.4<x,<0.6
FSR on

0.63 x FSR off

Soft radiation (FSR on - FSR off)
Gaussian fit to FSR off

Inverse Gamma fit to soft radiation

| \HHH‘ | \ﬁHH‘ | \HHH‘ | \HHH‘ | \HHH‘ | HHUJ_‘ LI

ALICE, JHEP 1903 (2019) 169, arXiv:1811.09742
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QCD Shower Di-hadrons

DECOMPOSITION, SHOWER AND HADRONIZATION

V Dji 0 (GeVic)

Di—hadron analysis, two diStiHCt Components, ALICE(JHEP 1903 (2019) 169)
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REesuLts- jT DISTRIBUTIONS

QCD Shower Jets
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o jr for four jet pr bins >
40 GeV/c
@ low jt - no jet pr dependence
@ higher jr > 1 GeV/c increase
with increasing jet pr

ALICE, JHEP09 (2021) 211

3/23



RESULTS- jT DISTRIBUTIONS, MODEL COMPARISON

QCD Shower

Jets

4
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@ Sensitivity in low and high jr regions
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QCD Shower Jets

RESULTs- jT DISTRIBUTIONS, PP Vs PPB
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ALICE, JHEP09 (2021) 211
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QCD Shower Discussions
COMPARISON TO DIHADRON jT
— T — T T
= Je[jTv Wide ALICE
e JteT, Narrow _
2} = Dihadronj , Wide p-Pb s =5.02Tev ]
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= o Phrack
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20 40 60 80 100 120 ALICE, JHEP09 (2021) 211
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@ A direct comparison between jet and dihadron jr measurements is not possible.

O Different R parameters: jT max = p - R
O Leading tracks versus jet as reference
© Harder jets in dihadron analysis

@ quark and gluon jet fractions

© the details are in the paper
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Jet Quenching

MEDIUM INDUCED GLUON RADIATION

< [T T T T T T
= [ ALIGE, 0-10% Pb-Pb, {Syy=2.76 TeV X
o 8<p®< 16 GeVic ] ﬂ(g 0 N. Borghini, U.A Wiedemann hep-ph/0506218
o T Near side (JA¢| < 0.7) B d¢
o ’ -
2 180 # 7%-hadron (v, bkg) B = OPAL, Vs=192-209 GeV
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1 Gi j 12 [ ---- in medium, Ej,=100 GeV .~ “\“ 7 = pT,h/pT,jet
-6 ] Lo * TASSO, Vs=14GeV
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© Atlow pr, both for Near side ~ x 2-5 — Enhancement
© At high pr, moderate Enhancement for Near side and large Suppression for Away side.
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Jet Quenching

MEDIUM INDUCED GLUON RADIATION

< [T e e T a
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@ Atlow pr, both for Near and Away side ~ x 2-5 — Enhancement

@ Athigh pr, moderate Enhancement for Near side and large Suppression for Away side.
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Jet Quenching

MEDIUM INDUCED GLUON RADIATION IS OBSERVED AND QUARK/GLUON SUPPRESSION
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BROADENING OF JETS

Jet Quenching

"~ 0-37ALICE, Pb-Pb {5y =2.76 TeV
g  0-10% 1<p, < 2 GeVic
= LAY < 172 1< p < 2 GeVic
g " |An| < 1.6
iie 0.2 PNl
= o r 4% scale
° - uncertainty /
: : zDDDDDDB SE
53 — S
Zm % 0.17 Aq) proj' E
5 L v An proj. o
- = --- An fit
Z 0B L ‘n ‘

ALICE, Phys.Rev.Lett. 119 (2017)102301

0
Ad (rad) or An

\ ‘
1

0-10%

© Broadening in various kinematic regions.
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Jet Quenching

BROADENING — INARROWING IN DIFFERENT KINEMATIC REGIONS

03 Broadening Narrowing

—— V.o s = [ Pb-Pb/pp |/sy, = 2.76 TeV, Centrality 0-10% 1
g TaLeE R BwszieTe T e
© o 0 pT,trig evic 2.5 [~ ALICE Prellm\nary 7
= - Adl <2 1<p <2 GeV/c [ AMPT/pp data ]

g [ [An] < 1.6 Trassoc L ngpspt\r(ilmrﬁeslﬁ;macn% rescattering on ]

2 -<e]- 0.2- |An| . ol 9 g g 4
Z|o b 4% scale = I ]
© I uncertainty g ]
g r = [ ]

al = L [y ]
=3 04 « A proj. 1k — _
° + ¥ o An proj. i } 1
o — A fit F + §
-2 L --- An fit 05- .
Z o= . .. T Ll b bbb
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Ad (rad) or An lAn|

ALICE, Phys.Rev.Lett. 119 (2017)102301

© low pr, jet medium interaction, effect of radial flow?
O Intermediate pr, effective guark/gluon contributions?

_ @ Multi-scale problem during jet shower in the medium '.

lhttp / /jetscape.wayne.edu
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Jet Quenching

No PID DEPENDENCE, IS IT EXPECTED?

ALICE, arXiv:2211.01197

= F ALICE Pb-Pb 0-10%, sy =5.02TeV | ALICE Data  AMPT  HIJING
3- =
c 8< pT,mg <16 GeV/c 2 B
25F Aol < 0.9, An| < 0.7 E =Kgh - -
E Bkg (v, 3) subtracted E =-h-h [ ] -
2F 3 Bo-TH < 1.2, | < 0.7
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@ The relative hadron production rates in quark and gluon jets differ for K and A (OPAL,
Eur.Phys.J.C8:241-254,1999)
© Different fragmenations, U. Wiederman, looking for the paper 0/23



Jet Quenching

m/], ]ET VIRTUALITY EVOLUTION

1 dN
Nevt dmj]'

Ratio
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— - N\\_ anti-krR=0.4 |n|<0.4
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© Proving L dependence via di—je’csl

LPRC 75 (2007) 054910, JEWEL(JHEP 1707 (2017) 141)

M; = (p1 + p2)?
~ 2prapr2 (cosh(An) — cos(A¢)),

@ No modification in pPb MB within
the uncertainties (ALICE
Preliminary)

© Check HM events in lower Mﬁ"

@ PbPb measurements?
@ significant modifications
@ clear Mﬁ dependence can be checked?

O low M]%, clear recoil effect
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Hard-Soft  Diffusion Wake

@ MacH CONE SEARCHES

char large small (tiniest substance in nature)

mic

y [fm]
o

, B FIns0081 1
fig ! A
Umedium ~0 ~ 0.65 xc
Vjet ~ 5km/hour ~ 20-200 GeV/c
viscosity/entropy | >>1 ~1/47(~0.08), perfect fluid
substance H,O gluons and quarks
scale A~ cm ~ 1fm (0.00000000000010 cm)

© There has been no evidence of the mach signal so far.

© The modification of the away side jets turned out to be odd harmonic flow signal,
ALICE Phys. Rev. Lett. 107, 032301 (2011) .
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@ MacH CONE SEARCHES

Hard-Soft

Diffusion Wake

char

large small (tiniest substance in nature)
| @ (w0,y0) = (=3fm, 0 fm)
7=12fm/c GCV/ﬁn )
15
10 04
5 03
£ 0 02
> -5
-10 0.1
-15 0
-15-10 -5 0 5 1015
fig
Umedium ~0 =~ 0.65 xc
Vjet ~ 5km/hour ~ 20-200 GeV/c
viscosity /entropy >>1 ~1/4m(~0.08), perfect fluid
substance H,O gluons and quarks
scale /A cm ~ 1fm (0.00000000000010 cm)

@ Radial flow influnces the shape of the signal as well as hard scattering points(random in the collison

zone) (| 1. Hirano et. al, Phys. Rev. C 90, 024904, Phys. Rev: € 93, 054907 (2016) ) — need new way?
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Hard-Soft ~ Diffusion Wake

DOUBLE PEAK STRUCTURE IN 7) IS FROM DIFFUsioN WAKE

3.0 36
(a) |A¢| > /2 (b) |An|<1.8

2.54 2.51

2.04 X.N. Wang et al. Phys.Lett.B 777 (2018) 86-90

g
=}

1.51

—— 0-10% Pb+Pb 0-2 GeV/c
=== p+p 0-2 GeV/c

—— 0-10% Pb+Pb 1-2 GeV/c
=== p+p 1-2 GeV/c

—-- Gaussian fit

dN/dAndA

o
0

" © doulbe hump peaks around

0.0 = T T T T — OO T T T T T
-75 =50 -25 00 25 50 75 20 25 30 35 40 45 3 K
An = 2 from jets in a model

An=nh— Njer Ap = ¢n — Piet
ALICE. Pb-Pb 1<p.  <2GeVic © low pr 2PC shows similar shape
g 1<p."™ <2Gevic ; ;
(S = 2.76 TeV Tassoc in much smaller region (also seen
=037 ALICE, PoPb (s =276Tev 0-10% in AMPT String melting model)
g 0-10% 1 2 GeV/ & &
g L 0-10% <Py <2 GeVie .
= [ Bel<n2 d<p <2GeVie @ not so clear in A¢ for both results
dgoof <16 T o1 L
13 V4L 494 scale 8 O the origin is the same?
o! f uncertainty 9o
S 43
8 [ z\5
2= 0.1 <
=13 0.1 « Ag proj. © %9 ALICE, Phys Rev.Lett. 119 (2017)102301
S 8 = An proj. =
— r — Ao fit N
2 h 0
L5 - Anf
S nit ‘
-1 0 1
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DIFFUSION WAKE IS SENSITIVE TO EOS?

Hard-Soft

Diffusion Wake

X.N. Wang et al. Phys.Lett.B 777 (2018) 86-90

-0.05 1

-0.10

-0.15 1

-0.20 1

0-10% Pb+Pb

-0.25 1

dN/dANdAG(|A[>T/2)

030 vV SNN ,= 502ITeV

0.0 1

s95p
eosq

-6 -4 -2 0 2

n=nn—Njet

© Hardening of spectra — reduction of soft hadron yield and DFW valley
© Larger Mach cone angle — shallower DFW valley

4 2 0 2 4
N ="nNn— Njet
< Cs >eosq

> < Cs >s95p
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Hard-Soft ~ Diffusion Wake

@THE MODIFICATION OF Uy IN THE PRESENCE OF JETS — EVIDENCE OF MACH SIGNAL?

. gr
o012l This Work g &
& i
o 8
i O B
0.10 @ 8
=}
«~0.08 8
N - PbeO\/Sm =5.02 TeV
g O mée[ecﬁon © Clear deviation on v,, up to 40% difference
006 @ O 10 < prjet < 20 w.r.t No Selection
5 g 4212 < Prjet < Zg @ The deviation is quantified for various flow
0.04r o < Prjet < observables.
@ O 60 < prjer < 100 ) )
14 ‘ ‘ | @ Maxim’s Master thesis (https://helda.
$ ® . helsinki.fi/handle/10138/343236)
8
o O] B Ed
S 121 dh o
<
PR & 0) $ %
1009 S | © | | ° | |
0 10 20 30 40 50

Centrality (%) 14/23
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Hard-Soft  Diffusion Wake

FLOW OBSERVABLES IN THE PRESENCE OF JETS — EVIDENCE OF MACH SIGNAL?

x> to “No Selection”

10°%
° . - v
This Work Yo
-@ NSC(n,m)
60<pr <100
104
2 NDF ° @ 30 <pr <60
X ° @ 20<prje<d0
- 10<pr <20
PDPb Vsyy = 5.02 TeV.
100 . Ini<os
° : ° °
® *
10? ' .
° L]
.
[ ] L]
100 [ ] Y [
L4 [ | ° e e ® :
*e [ B o H ]
L[] ° L]
.
. ) .
10°
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8 ° (]
L]
10t L]
.
@ o D P De @ Dwe o p D o Aw p Dw b Ae r ® PPN P
e ¥ LR o o P e ¥ e IS o7
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@ largest on vy, higher orders are not very sensitive because of jet shower size. s



Hard-Soft ~ Small systems

Sort AND HARD COMPONENTS IN SMALL SYSTEMS

101,""|'"'I""I""I""lz
0T T T T T Fpp Vs =13 TeV o PYTHIAS Default 1
I pp \f Ifyﬁ’{ IT:;/D ol ] 100 E-qon, , ¢ PYTHIAS Shoving 3
[ e ] otk |+ EPOSI ]
O ALICE S oo oeskYy . .
8l - S10-t1f | 3&3? + AMPT String MeltingJ
7 N “ | i = B i ] 9922300
= 1 [ o E 1072 ! | 99;.330 =
3 6 1 1 1 1 1 I | 1 % 50 E
= 1 [ [ > ! ! R ]
S i PS o ] ] ! Sagets ]
[ a1 =+l FMDA | < o i AN
A RN AU N : DO
o : 10 E2 ] : hy', 3
| 1 1 F E
I 1 Z 1 AT 1 1 F 31 1 0-5 % *ui N N
[ R T TR T 1 105k ! 1 tf B
21 i |: i i :I I-:- T T 1 S T
‘ ‘_4‘ = ‘_2‘ ‘ 0‘ ‘ ‘2 = 4 0 40 80N 120 160 200
n ch
char comments
© large n-gap to remove the non-flow with different PYTHIAS Default | jets only and no flow
combinations of mid-forward dectectors PYTHIAS Shoving jets and flow : i
AMPT jets and flow String melting
© mini-jets in larger 1 often not taken care of EPOS jets and flow EPOS4
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SoFT AND HARD COMPONENTS IN SMALL SYSTEMS

Hard-Soft ~ Small systems

VPUVPIJ;eszP(ﬁ‘“N/U

PYTHIA8 Default pp 13TeV
TPC-FMDA, 0-20 % TPC-FMDC, 0-20 % FMDA-FMDC, 0-20 %
0.8 <pr<1.3 GeV/c

pt>0 GeV/c

vpuvp/ueszp(ﬁ“‘Nm

FMDA-FMDC, 60-100 %
= Default
—— Gap-A
& = e
0. oy Gai-D
0. 0.22
0. 0.20
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Hard-Soft ~ Small systems

SoFT AND HARD COMPONENTS IN SMALL SYSTEMS

0.180F T T T - T T T

Pp VS = 13 Tev i 102 ppvs =13Tev e ]
0175F  LM-template, 60 - 100% ¥ % LM-template, 60 — 100% & %
o Default (x1/4.5) 1.00f o PYTHIAS Default (x 1.28) & gy, o, E
0.170F 9 Gap-A(x1/4.1) 0 PYTHIA8 Shoving o "%%
« Gap-B(x1/3.6) . 098f ° ity O 0 1
5 |s 0.165F e Gap-Cix1/3.1) 8|5 : i:/IOP?S(I:’I( (1;001.)94) maooe LA ﬂ KX
H ® Gap-D(x1/2.6) y % S 0.96F g %
- L & -2
Boeoa A = 0.94
03338e000000000000000006000000000000 48
00 008 s
0155 :*....“ WWW“‘ P TPC-FMDA 0.02k RIS o “.;' TPC-FMDA
oo g, St et PYTHIAS Default : °MW‘ A 11<|An|<5.6
0130 J'%.%Mwwfﬁ 0.8 <pr<13(Gevic) E 0.90],  emmmI ™+ 0.8<pr<1.3(GeV/c)
et iy T
LREL] S } } | | 4 ! ! ! I I I
1.075 P
2 1050
©
= 1025
ey
1.000 f | i |
-1 0 1 2 3 ry -1 0 1 2 4
Ap(rad) Agp(rad)
@ Only way to extract flow in small systems - 2PC
© But assumption borken in models: no flow in LM-Templates pIPC—FMDA _ /,TPC—FMDC
T S . Un(pr.1PC) = : y
© Multiplicity definitions are different (pr.ec) pEMDA—~EMDC
,

@ Su-Jeong’s talk, WWND2023
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Hard-Soft

Sort AND HARD COMPONENTS IN SMALL SYSTEMS

Small systems

pp AMPT String Melting

0.06
ok PP VS = 13 TeV
0.05f- o p+p 0-20% L AMPT String Melting 0-5% 1 ALICE 10-20% Pb-Pb |/s, = 2.76 TeV
m A+A Gap-D ont K
0.04]- L , =pip o0
& *AR FE4E
0.03} b o ] = 01 sgg *
4 O | s
£ ® +® ﬂ] + ° A .
& + 0 = 85 .
> o.ozfm‘ %, Fy© ++|1{1 1 i L ;
’ t %, v, & 005 { dls s
© g
0.01 iy } I + N
° b
1 3 {1
0.00 | - o
Il L Il
—0.0 I I I I I I I I 0 1 2
B %).0 0.5 2.0 n.8 0.5 1.0 2.0 2.5

(my - mg)/ng (GeV/c?)

1.0 15 15
(mr —mo)/ng (GeV) (m1 —mo)/nq (GeV)

. . . ALICE, JHEP 06 (2015) 190
@ Mass ordering in larger systems — collective flow

@ ordering is in pp AMPT but different from PbPb data
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Hard-Soft

RIDGE AND FLOW IN THE PRESENT OF JETS

Small systems

0.08

0.06

0.04

Yridge

0.02

0.00

2.5

Ratio

0.0

ALICE, JHEP 06 (2015) 190

o AlicE Near-si T I I : I
lear-side =
_ _ pp /s =13 TeV 4
[ 555 PYTHIA 8 String Shoving g =3; _T_ 0-0.1% ’ -
PYTHIA 8 Tune 4C /
&5 EPOS LHC / <
[ Leading Particle 4 —— Jet, anti-ky e ]
|| < 0.9 / R=04|n <04 Ls
’ pid
/ 7’

—

1.6<|An <18

[ 1 <Pruigasso) <2GeV/c = [ -
| | 1 [N | = 1 | —__l_ 1 | ———
0 3 5 7 91320 0 10 20 30 40
P min (GeV/c) PEin (GeVic)

0.15

o

0.10

0.05 |
Unbigeey3 5 7 9 13 20Ump, ]

T I | T T | T
pp v/s =13 TeV, 0-0.1% | p
[ 1 < Prigassec) < 2GeV/c
® ALICE, 16 < |An[ <18
Leading Particle || < 0.9

00*

1

ALICE Preliminary

Jet, anti-kt R=0.4 |n| < 0.4 *

¢

T
Jet

p‘IL',Pmin (Gevic)

@ Weak or no sensitivity to event-scale selection with the uncertainties

® However, some cautions on the model interpretation

Jet

PT. min (GeV/C)

[ [
0 20 30 40 50 60
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Hard-Soft

Small systems

SEARCH FOR JET QUENCHING IN SMALL SYSTEMS, USING HADRON-JET ACOPLANARITY

* pp minimum bias (MB)
* pp high-multiplicity (HM) :

5x larger multiplicity in VO detector w.r.t. MB

1 d]Vjet

1 djvjet

Arecoil (ASO) = N dA . — Cref * Noewo dA i
. N . o
trig @ TT{20’30}&PT,J'¢1 trig @ TT{6’7}&1’T.J‘¢1
- e ey R — e T
’\G ALICE preliminary L(% 0.07f~ ALICE preliminary — hadron TT{20, 30} =
2 pp Vs =13 TeV = F ppVs=13Tev : +4
©} Uncorrected 3 S (0sF HMdata5<VOM{VOMy<9 — hadronTT{6, 7} _I__-
8 L HM data 5 < VOMAVOM) <9 % E Uncorrected — Arecar +
b=t = Anti-k; charged jets, R=04"5 % 0.05F Anti-k; charged jets, R = 0.4 Al oxl
o = Ay >030 Z F Ay>030 o +— 3
ke) 1] = ch.reco + =]
. —_— m,l<05 = o 004 20<p7 7 <30GeV/c =
=" —— Ap>7 - 0.6rad 3. = E g de 0.5 ++ 1
° Tt —_— 4= = e =
e} s —_— ~  0.03F i+ 4
=i G T F ++ 2
= = E(Zb?}ao St 0.02- it 3
. 69‘)11 E St 3
I Crot = 0+ 0.01—
10%E ‘ Arscoi c
E | Al LR SRR SRR | VRO BIEPRIETPR~ |
20 40 60 80 100 120 0
ch,reco
Pri (GeVIO) IAg| (rad)

TT{X,Y} means
X< Py <Y GeVic

trigger

/" Ap

20/23



Hard-Soft ~ Small systems

LiMIT ON ENERGY TRANSPORT OUT OF R = 0.4 IN P-PB

Aooi in log scale

h
F - [ P 'cr,jet]
r aexp |- T

pih. +§}
‘— _ Jjet
aexp [ T

= A

recoil |50— 100%

7Arecoil|0_20%
[ETITEE ANA A AT I A I

Arecoil |O—20 %

Arecoil|50-100 %

ALICE, PLB 783 (2018) 95

«< T e e
Z 13f 3
No "I ALICE p-Pb |s,,, =5.02 TeV ]
X F
S _1.2¢ E
T8, F ]
3 o 1.1 =
< F - 1
I T N—— E
< E
2 o09F T 4
R _ F ]
8 3 0 8 :_ TT{12,50} — TT{6,7} _:
L8 [ Anti-kycharged jets, R = 0.4 ]
o = F * * ]
<\ 0.7F 043<y <186 -008<y’ <097 E
F 7 —Ap<0.6
0.6 [ [ Syst. uncert. 4
F— 0.|4 GeV/c spectrlum jet shift
[

15 20 25 30

35

P IR A
40 45

50

P (GeV/c)

T jet

Medium-induced charged energy transport out of
R = 0.4 cone is less than 0.4 GeV/c (90% CL)
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Hard-Soft ~ Small systems

BiAs TO UNDERSTAND JET QUENCHING IN PP?

x107° 107

L L L L B B BN B Frr T
ALICE Preliminary

pp Vs =13 TeV

Anti-k; charged-particle jets
I, <0.5, R =04

40 < pf" <60 GeV/

ALICE Preliminary

pp Vs = 13 TeV

Anti-k charged-particle jets
I /<05 R=04

25

+u..|..u\_.+_u|u

A oo (GeV/c x rad)!

<40 GeV/c
s TT{20,30 TT(6.7} 15 TT{20,30,— TT(6.7}
= MB = MB
® HM:5 < VOM/AVOM) <9 ® HM:5 < VOM/AVOM) <9
3 E [ syst. uncert. T [0 syst. uncert, @ PYTHIA 8 Monash shows

similar suppression pattern

© Need to understand this
bias for jet quenching effect

PN AT i

I
3

PYTHIA 8 Monas|

PYTHIA 8 Monash
— MB

A ooy (GeV/c x rad)
£
A A

ool 1 1 1 |

0 LI HM o O HM
B RRARETRTERTERTERRRRREE | P
o= 14F o= 14E
SE et ey =4 TT 12E SR = =
o> o8f T _;_—?— 0> o8 R =
O 06 F 0 06 F b
0'4\ 1 1 1 Il 1 1 1 04\ 1 1 1 Il 1 1 1
16 18 2 22 24 26 28 3 16 1.8 2 22 24 26 28 3
A (rad) |Ag| (rad)
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Hard-Soft ~ Small systems

SUMMARY

@ Decomposition of parton shower and hadronization, can be measured in PbPb?

@ Two particle correlation results can be revisited with state-of-art jet quenching
models?

@ Hints of shock wave in PbPb - rethink the double-peaks in A7, similarly in a
recent model calculations

@ A new way of proving the shock wave is proposed.
@ Jet quenching in small systems - few ways to dig into the data

@ However, interplay between jets or jet quenching and flow measurements is
not clear in data as well as in models
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Hard-Soft ~ Small systems

Thank You!



Parton shower

PARTON SHOWER IN MODELS

Program  name characteristics

PYTHIA8 Simple Showers PYTHIAS®, default in PYTHIA8
PYTHIA8  VINCIA Showers pT-ordered 2—3 branchings
PYTHIA8 Dire Showers pT-ordered dipole shower

HERWIG angular-ordered parton showers
MLLA 2 leading-logarithmic approximation (LLA) of QCD
TMDFF®  universality aspects of QCD factorization contain nonperturbative QCD information

Qs sz

dpa%bc = E@Paabc(z)dzy (1)

@ Q% = E20%,,. ~m?*/(z(1 — z)); angular-ordered
shower(HERWIG)

@ Q* =pr* ~m*(z(1 - z);
transverse-momentum-ordered (PYTHIA) :
ensures the ordering in the hardness and also
effectively favours large angles '

! T. Sjéstrand, Eur.Phys.].C39:129-154,2005

2 F. Arleo et al. Phys. Rev. Lett. 100, 052002 (2008).

3 M.G. Echevarria et al. Phys. Rev. D 93, 011502 (2016), F. Ringer et al. JHEP 1711 (2017) 068 25/23



HAaDRONIZATIONS

Hadronizations

courtesy of T. Sjostrand

Program PYTHIA HERWIG
Model string cluster
energy-momentum picture  powerful simple
predictive unpredictive
parameters few many
flavour composition messy simple
unpredictive  in-between
parameters many few

MC/Data

p/ in INEL pp collisions at /5 = 7 TeV in |y| < 05.

—— ALICE Data
—— Herwig 7.1 default
~—— baryonic reconnection
—— g — s5 splittings
—— new model

Herwig 7

e rﬁ

25 3
Pr (GeV/c)

S. Gieseke et al. Eur.Phys.J. C78 (2018) no.2, 99
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Hadronizations ~ Revisiting

I-]ET ]ET QUENCHING CAN BE SEEN VISUALLY DL
1%

1 rotor— 1 rototr

—
CMS,1| CMS Experiment at LHC. CERN

- ; Data recorded: Sun Nov 14 19:31:39 2010 CEST
\| Run/Event: 151076 / 1328520
Lumi secton: 249

/Ad, An AE ~ o Cp § L2

i ©MS Experiment at LHC, CERN
Data recorded: Thu Aug 26 06:11:00 2010 EDT
Run/Event: M3960 115130265
Lumi section.
Ot uf:mwng a14080 1281

3010, pt: 205.1 GaV

@« |3

~ 1.25%3 for weak coupling,

» |3

> 1.25%3 for strong coupling,

( Phys. Rev. Lett., 99:192301, 2007)

© We can see a clear away side jet suppression for this special PbPb event (Jet Quenching in QGP).

@ Deeper understanding of jet quenching is not an option.
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Hadronizations ~ Revisiting

DEEPER UNDERSTANDING OF JET QUENCHING IS NOT AN OPTION

Lund Plane
40 —~10— = 3 ¥
EF | 7/ pQCD[00,T] arXiv:1207.6378
T 9 | —— s [.a 0\ag,, T
20 | 8 of | T HTL [§ O a, T log(L/T)]
o [ | — scenario LIl [§=1.25 T(n/s)]
S 7;* ——— Scenario |, I x 10 [a: (1.25 Tal(n/s))]
& ior G; ————— K (a.u.) (Liao & Shuryak)
o E
< 5F
g 5 £
n jt
3 aF
<3
o} e 2;
s
1 . : : * E T
0.4 0.2 0.1 0.05 0.02 0.01 GO 05 1 15 2 25 3 35 4
AR Temperature (T/Tc)

Gavin P. Salam, Dreyer, Soyez, GPS, in progress © An unambiguous determination of both sides of [the equation]

> R from experimental data ? (Phys. Rev. Lett., 99:192301, 2007)
<pL®>=qL, 5 )
o )~ 105 ™ for weak coupling,
AE ~as Crg L. s | > g for strong coupling.

Cr = 3(gluon) and 4/3(quark)
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Hadronizations

QUANTIFYING jT DISTRIBUTIONS

Revisiting

ST . .
10 ALICE p-Pb \s,, = 5.02 TeV
= A =0.465
N’>'\ mee= Data yCT:
— Total Anti-k;, R=0.4
Qo L oo Narrow
‘%) — — Wide I";al <0.25
o 102 60 < Pr < 80 GeVic
=
S
Z| =
Bt
S
=
- ©
._.'_
2
Ll RS
107
=
&
3
@
k=2
2
T
o

ALICE, JHEP09 (2021) 211

Two components : Gaussian and Inverse
Gamma functions

7 B, -5
Bz *ﬁ B3BS4 e T (2)
Biv27w I (By) jhatt”
The narrow component RMS:
(7) = Vo, Q

The wide component RMS:

2\ BS
- ey

where it is required that By > 3.

4)

© Gaussian alone doesn't fit the jr
distribution

@ Narrow < the hadronisation process
© Wide < the perturbative part of the
fragmentation process
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Hadronizations ~ Revisiting

TwO COMPONENT FIT RESULTS

p-Pb V‘Vide ALl‘CE

—Pb N
2 Powide Vs, [y =5.02Tev |
\} = —|
g"J(T:{KJgMonash a y_cms = 0.465 (p-Pb)
PYTHIA 8 4C Anti-k;, R =0.4
Hemuig 7 In 1<0.25 .
VNG jet © Narrow component - no jet pr
POWHEG NLO + PYTHIA PS dependence - Universal hadronization

@ good description by PYTHIA settings

\ IjjT2 (GeV/c)

© Herwig?7 underestimates the data

© Wide component RMS increases with

oL . increasing jet pr
= 157 I @ good description by Herwig?
° [ ]
b= [ ] @ most of PYTHIA shower models can
¥ 08 5 describe the data very well
1.2
= [ © PYTHIA Dire shower underestimates
E 1r the data and weak jet pr dependence.
= b
¢ 08 :
ALICE, JHEP09 (2021) 211

o

[«2)
N
[s)
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