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Jet substructure

Study of jet substructure correlations

Vacuum QCD: QCD matter:
Fragmentation: j_ vs. z Soft Drop: Gg VS. Z_
- Multidimensional test on QCD jet fragmentation - Multidimensional measurement
- Baseline for high mult. pp, p-Pb and Pb-Pb studies to disentangle jet survival bias

from medium induced parton
shower modifications
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Jet substructure

Study of jet substructure correlations

Vacuum QCD: QCD matter:

Fragmentation: j_ vs. z Soft Drop: 0 _vs. Z
Multidimensional measurement

Multidimensional test on QCD jet fragmentation
- _Baseline for high mult. pp, p-Pb and Pb-Pb studies to disentangle jet survival bias
rom medium induced parton

(
hower modifications

Also check tomorrow’s session 1 poster

by Jaehyeok Ryu who presents a new
ALICE measurement of jet fragmentation!!
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Jet substructure

Study of jet substructure correlations

Vacuum QCD: QCD matter:
Fragmentation: j_ vs. z Soft Drop: 0 _vs.z
- Multidimensional test on QCD jet fragmentation - Multidimensional measurement
- _Baseline for high mult. pp, p-Pb and Pb-Pb studies to disentangle jet survival bias
( rom medium induced parton

Also check tomorrow’s session 1 poster fhower modifications
by Jaehyeok Ryu who presents a new
ALICE measurement of jet fragmentation!!
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% 5/‘: // Tomorrow at 9 Anjali Nambrath will also
9\ S present the first ALICE measurements of

Fragmentation hadrons @

parton: @O . EECs in pp and p-Pb!

Cartoon by Eric M. Metodiev ot e o oo
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Jet substructure

Study of jet substructure correlations

New ALICE paper searching

QCD matter:

for scatterings off of quasi
Fragm particles in QGP using Soft Drop: 6 _vs. z
= i . . g
- Multidime groomed jets (SD + - Multidimensional measurement
- Baseline f Dynamical Grooming) 3 to disentangle jet survival bias
arXiv:2409.12837 from medium induced parton
shower modifications %
0-10%, 30-50% Pb-Pb, pp \/snny = 5.02 TeV  [llHybrid w/ wake
Anti-kr ch-particle jets, R = 0.2, |njef] < 0.7~ EEHybrid w/ wake + Moliere
60 < r.gp o < 80 GeV/c =jgstCLA(r:iv:iif)AA22
I JEWEL (no recoils)
Dynamical grooming a = 1.0 Soft drop z,, = 0.2
1500 ALICE I 5
4 Data - Sl
§125 T -i E
EI.OO ----------------- R T %
LL075 3 T iR
t t - In
e\ 15} 1 1. Y
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Cartoon by Eric M. g <5 TR T : Cartoon from arXiv:1107.1964
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Jet substructure

Study of jet substructure correlations

New ALICE paper searching
for scatterings off of quasi

QCD matter:

Fragm particles in QGP using - 9 Vs. z
- Multidime groomed jets (SD + Models suggest asuregment
- Baseline fi Dynamical Grooming) S AP 2| bias

arxiv:2409.12837 to Moliere scattering
0-10%, 30-50% Pb-Pb, pp \/snny = 5.02 TeV  [llHybrid w/ wake

ik choaricejos, R =02, <07 EEmenecwe | Ut NO evidence so far

,,,,, [0 JEWEL (recoils)
I JEWEL (no recoils)

Dynamical grooming a = 1.0 Soft drop z,, = 0.2
150 aLICE ¥
4 Data

12 fm

May be masked by
yield suppression due
to jet energy loss

30-50% Pb-Pb

i<

0-10% Pb-Pb .

More work to do! /. %
_ ] " T2°-T1
50T ' Cartoon from arXiv:1107.1964

Cartoon by Eric M.
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Jet fragmentation: Observable

- Measure transverse momentum (j;) of particles === —-—
in jets differentially in jet momentum fraction of , < J14 R
particles (z)
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Jet fragmentation: Observable

- Measure transverse momentum (j;) of particles == —-—
in jets differentially in jet momentum fraction of , ~ Jy 1 =S
particles (z)

- Naive expectation: high j_ at early stages, low j_
at late stages
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Jet fragmentation: Observable

- Measure transverse momentum (j;) of particles === —-—
in jets differentially in jet momentum fraction of , < J14 R
particles (z)

- Naive expectation: high j_ at early stages, low j_
at late stages

- Possibly disentangle hadronization and
perturbative jet fragmentation
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Jet fragmentation: Model comparison

- J; distributions compared to

model predictions

Measured differentially for:

Inclusive, low, mid and high z

Bas Hofman

Ratio (Model/Data)

s —— Data

10 < Prjet < 20 GeVic

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

E T
£ ALICE Preliminary

E === PYTHIA8 Monash

1
Jj (GeVie)
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Jet fragmentation: Model comparison

- J; distributions compared to

model predictions

low z, high j;

Bas Hofman

Measured differentially for: _
Inclusive, low, mid and high z E

PYTHIA over estimates

10 < Prjet < 20 GeVic

— = ‘
‘% = ALICE Preliminary

o 10° = —— Data

Ry £ == PYTHIA8 Monash

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

-
ch
10< p,‘_.Jel <20 GeV/c

T4 _PYTHIA

Ratio (

1.6
1.4
E =]
B
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Jet fragmentation: Model comparison

J; distributions compared to
model predictions

- Measured differentially for:

Inclusive, low, mid and high z

- PYTHIA over estimates

low z, high j; \

- PYTHIA underestimates
low z, low j;

Bas Hofman

10 < Prjet < 20 GeVic

— = ‘
‘% = ALICE Preliminary

o 10° = —— Data

Ry £ == PYTHIA8 Monash

T
pp, Vs = 5.02 TeV
Ch-particle jets
Anti-k;, R = 0.4
In,,1<0.5
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Jet fragmentation: Model comparison

J; distributions compared to
model predictions 10 <py;, <20 GeVic 20 <p, <40 GeVic

— N E —
B = = ALICE Preliminary PP, Vs-502TeV | S 3 = ALICE Preliminary . V$=502TeV
& 4ot —— Data Ch-particle jets 3 10° - —— Data Ch-particle jets
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Jet fragmentation: Model comparison

J; distributions compared to

model predictions

Measured differentially for:
Inclusive, low, mid and high z

PYTHIA over estimates

low z, high j;

PYTHIA underestimates

low z, low j;

High j. suppressed for high p

Bas Hofman
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Jet fragmentation: Model comparison

- J; distributions compared to

model predictions

low Prjer low z, high j;

Bas Hofman

Measured differentially for:
Inclusive, low, mid and high z

HERWIG overestimates

10 < Prjet < 20 GeVic

E T
£ ALICE Preliminary

E == HERWIG7

T
pp, Vs = 5.02 TeV
—— Data Ch-particle jets
Anti-k;, R = 0.4

L+ 0<z<02
- —=—-02<2z<04

-
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Jet fragmentation: Model comparison

J; distributions compared to
model predictions

- Measured differentially for:
Inclusive, low, mid and high z

10 < Prjet < 20 GeVic
& 10°e T T
% F ALICE Preliminary pp. Vs = 5.02 TeV
O 1o — Data Ch-particle jets
Y E == HERWIG7 Anti-k;, R = 0.4

L+ 0<z<02
- —=—-02<2z<04

- HERWIG overestimates P e —
. . s F — |
low p.., low z, high J; .. HERWIG
) 1':8:_0_5_ =SS =EEE
- HERWIG underestimates ——" """ """
high Z region o | 1jT(GeV/c)

Bas Hofman

Hard Probes 2024

HERWIG: arXiv:0803.0883



Jet fragmentation: Model comparison

J; distributions compared to
model predictions

- Measured differentially for:

Inclusive, low, mid and high z

- HERWIG overestimates

low Prjer low z, high j;

- HERWIG underestimates ——»° "

high z region

Bas Hofman
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Jet fragmentation: p_ dependence

Bas Hofman

Ratio to 10-20 GeV/c

Inclusive z

L
|

& ¥ ] X —

S 10°E ALICE preliminary ~ -»-Data

D == PYTHIA8 Monash
z< .

g 102 U5 1 1 Herwig?7

C].l

(@)

o 10

i)

s

o

. ' pp, Vs =5.02 TeV
—=— 20<p]’ <40 GeV/c Ch-particle jets

15 40<p§jm<so GeV/e Anti-k;, R = 0.4
—— 60<p$:m<100 GeV/c Il]jet|<0.5
1 1 L l 1 1 1 ] 1 | 1 1 l
10" 1
Iy (GeV/c)

Small dependence on Pr jer decreases with p
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Jet fragmentation: p_ dependence

Ratio to 10-20 GeV/c

o —— . ——r
S 10°c ALICE preliminary ~ —-Data
o] E == PYTHIA8 Monash
g 102; 0<z<0.2 snHerwig?
By E
o I
e 'F
o) 5
T 1E pp, Vs =5.02 TeV
I E ch
E = 20<p(] <40 GeVic Ch-particle jets
joiL  40<p <60 Gevic Anti-k;, R = 0.4
E —— 60<p$jgl<100 GeV/c |r7]e‘|<0.5
L L ! 1 1 " 1 L P |
10" 1
J; (GeVic)

Models predict Pr et dependence in all z regions
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Jet fragmentation: p_ dependence

Ratio to 10-20 GeV/c

Low z Mid z

o ——— . — o —— . — —
S 10°E ALICE preliminary ~ --Data S | ALICE preliminary - Data
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Models predict Pr et dependence in all z regions
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Jet fragmentation: p_ dependence

Ratio to 1020 GeV/c

10°

10°
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Models predict Pr et dependence in all z regions
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Jet fragmentation: Ratio to inclusive

Models qualitatively explain z dependence

Low z/ Incluswe z

E— .
1oL ALICE prellmlnary == PYTHIA8 Monash ?f,’; ‘Sn 5| 02tTeV
o particle jets
0<z<0.2 HERWIG7 Antik., A = 0.4

Low Zz/ Inclusive z

—e— 10<p5" <20 GeV/c

—a— 20<p;'.’;el<40 GeVic
102 —— 40<piie‘<60 GeV/c

—— 60<p;':m<100 GeV/c

10_3 P | 1 1
10~ ,
) (GeV/c)
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Jet fragmentation: Ratio to inclusive

Models qualitatively explain z dependence

Low z/ Incluswe z

N % -
© oL ALICE preliminary = PYTHIAS Monash PP. 15 = 5.02 TeV
% 0 0.2 ' HERWIG? Ch-particle jets
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N
3
o
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Jet fragmentation: Ratio to inclusive

Low .

=

ALICE preliminary
0<z<0.2

10

Models qualitatively explain z dependence

Multi-dimensional study of jet
fragmentation has allowed for fine grain
probing of fragmentation in the vacuum

lsive Z

Monash PP: Vs =5.02 TeV
Ch-particle jets
Anti-k;, R = 0.4

Low Zz/ Inclusive z

—e— 10<p5" <20 GeV/c

—a— 20<p;'.’;el<40 GeVic
102 —— 40<piie‘<60 GeV/c

—— 60<p;':m<100 GeV/c

107 =

Bas Hofman
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High z / In
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—a— 20<p$‘le(<40 GeV/c

ch
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Substructure correlations

Study correlation of
Soft Drop Og and z

Angular = 9
g

Momentum = Z

z =02,p3=0
Soft Drop: arXiv:1402.2657
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Substructure correlations

Previous ALICE measurement

Study correlation of K 0.05 01 015 R,
b o = T T T —]
Soft Drop 6_and z SIS 1 e ALICE (5,,=5.02TeV’ | _
g g 2 390 mpbPbo10% Charged-particle jets Jet narrowi ng -
| 5 3F  Sys.uncertainty R=0.2, | njetl <07 3
(o) 25 E— i 60 < pT’ _— <80 GeV/c _
g + Soft Drop z,,=0.2, f=0 1
28 w8 i = E
156 Frgaes = 088, Tlppy =089
F. B ]
1Fe g E
0.5k : .
f‘ T MJETSCAPE leE\lNEIL, ot o
e F m Caucal JEWEL, recoils on, .
ol 2K Pablos, Les = 0 Yuan, gL = 5 GeV ]
o g Pablos, L, = 2/nT - Yuan, med q/g ]
Ang u |a|' = eg T W Pablos, L = o Yuan, quark
Momentum = Z

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984

Bas Hofman Hard Probes 2024



Substructure correlations

Previous ALICE measurement

Study correlation of K 005 o1 o015 R
bl 3 ' ) o E
Soft Drop 8_and z N ALICE (5, =5.02TeV .
g g ¢ 35F wPb-pbo-10% Charged-particle jets Jet narrowing:
~| g 3F | Sys uncertainty R=0.2, | Mg <07 2
(o) 25 E_ i 60 < pT’ _— <80 GeV/c _
E Soft Drop z_,=0.2, B=0 1
= ' oML Drop 2,202, °0 Decoherence?
156 ¢ Frgaes = 088, Tlppy =089
o
1Ee ‘ g E
05 : N
f TRUETSCAPE leE\lNEIL, ot o
e F m Caucal JEWEL, recoils on, 1
21 20 R i Ioer Yo meaoie :
Ang u |al" = eg E - IPabIos: L:: = oo Yuan: quarkq 4
Momentum = Z

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984
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Substructure correlations

Previous ALICE measurement

Study correlation of K BTG % 015 R,
b o - T T T —]
Soft Drop 6_and z SIS 1 e ALICE (5,,=5.02TeV’ | _
J J 2 390 mpbPbo10% Charged-particle jets Jet narrOW|ng:
| 5 3F  Sys.uncertainty R=0.2, | njetl <07 4
5 e = 60<p, , . <80GeVic
. 2 . ,Ch e =1
E Soft D =0.2, =0 1
2t ' . o DIop RGO 4 Decoherence?
150 Frrgges = 0-88, Fran oy = 0.89 E
. [
e E PR,
o5t S - quark / gluon fraction”
ES TRUETSCAPE leE\lNEIL, oolsoR
DI- ‘Q. F m Caucal JEWEL, recoils on 1
ol 2p) Pablos, Lyes = 0 Yuan, gL = 5 GeV* 3
Angular = Gg - bl mFabion, (722" Vo, auarke ~
Momentum = Z

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984
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Substructure correlations

Previous ALICE measurement

Study correlation of .o 0.05 01 015 R,
Soft Drop 8_and z S .. ALICE (5, =502 TeV _
g g 2 3-55_ m Pb-Pb 0-10% Charged-particle jets ‘ Jet narrOW|ng:
—| % 3F | Sys.uncertainty R =02, | njetl <07 4
-y ] 60<p. <80 GeVic ]
250w Soft Drop 2,,=0.2, f=0 ]
2k 4 oMt Drop 2,702, A0 3 Decoherence?
g + ’ fro =088, 4 =089
1.5__ o es =
. -
05) = - quark / gluon fraction®
i a g I IJCIIETSCiApE I ijWElll: rlecoli:s olff BE— ;
0 é“‘ 2] el Smdoer Survival bias?
Angl"ar = T W Pablos, L = o Yuan, quark .
g9
Momentum = Z

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984
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Substructure correlations

Previous ALICE measurement

Study correlation of K 0.05 01 015 R,
Soft Drop 6_and z SIS 1 e ALICE (5,0,= 502 TeV _
9 9 g 0n misme i SEECHAEERE Jet narrowing:
~| g 3F ys. uncertainty =0.2, b <0. 3
= 2.55— . :Of: g T, chjet <_802Ge\_// c_
2 ¢ O Drop 2,=02, =0 3 Decoherence?
150 ’ Forsges = 0-88, Fan g =0.89 ]
i 3 :
1Fe E ; 2
05t = - quark / gluon fraction®
Bl [ B SpEems o
é“‘ 2 T e Survival bias?
Angular = Gg . mPablos L= Yuan, auark ]
Unravel with
Momentum = Z multidimensional
analysis!

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984
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Substructure correlations

Previous ALICE measurement
Study correlation of
o f T R RE ey ]
Soft Drop 6_and z 33 10E o pp ALICE sy, =5.02 TeV
g g g - m Pb-Pb0-10% Charged-particle jets 1
| € [ Sys.uncertanty R=02, |7 [<07 - . .
S e0<p, , “scevc | NO modification found
6l Soft Drop z,,=0.2, =0 ]
4i_ . Foraged = 0-87, Fragoeq = 0.88 ]
21_ . ] a ] v ]
é a - I-JIETSICAPE T I%JIIEWEL, rlecoills of‘f
e _;I: a 14 L -ggglc(:)asl P I 'JEYgEL, recoils on h
Angl"ar = o i Pablos, Lyee = 2/xT =-Qin
g 12F m Pablos, L, = e N
Momentum = Z

0.2 0.3 0.4 0.5

z =02,p3=0

Soft Drop: arXiv:1402.2657 Previous ALICE result: arXiv:2107.12984
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Substructure correlations

Study correlation of
Soft Drop Og and z

Angular = 9
g

Momentum = Z

z =02,p3=0

Soft Drop

s arXiv:1402.2657

Previous ALICE measurement
o o C T T I I I T y T ? T
-o|%‘ g ALICE sy, =5.02TeV -
g - m Pb-Pb0-10% Charged-particle jets
| sl Sys. uncertainty R =0.2, | njetl <07
o L
i T, chjet
6F Soft Drop z,,=0.2, =0
r PP —_ AA _
- Flagged = 087 Flagoeq =0.88
, : . . a . 0
o) s L s | L s L s | s L L
o a F m JETSCAPE z: JEWEL, recoils off
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Substructure correlations
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Substructure correlations: pp

Reasonable agreement of data with PYTHIA, POWHEG , HERWIG

JEWEL vacuum predicts too wide of jets in pp

[NeW result ] 0.0 0.1 0.15 R,
T T ' ! f T ! s X ' T . L

] 8!’—@— pp ALICE Preliminary ]

F Sys. uncertainty 7

| F. — PYTHIAS VSyy = 5.02 Tev E

6" — POWHEG + PYTHIAS ppji. k; charged jets, R = 0.2 3

F —— HERWIG7 ek J

14 JEWEL vacuum In,<0.7,60 < ps' " < 80 GeV/e 3

< 1 2 Soft Drop z,;=0.2, =0 —

elke} C fData _ T

@ 1_— tagged — 0.89 -]

—~ 2.2 0-8:_ 02 g 24<0.35 e

0.6 =

04—y / —

0.2/ —

2k : =

‘H1 5F i o E

= +—/ i =

1 - ¢—i— ... ] ........... - T + ........ -

Unbalanced ,.fT—+- ' 3

0 01 02 03 04 05 06 07 08 09 1

Bas Hofman POWHEG: arXiv:1002.2581 Hard Probes 2024 JEWEL: arXiv:1311.0048



Substructure correlations: pp

Reasonable agreement of data with PYTHIA, POWHEG , HERWIG

JEWEL vacuum predicts too wide of jets in pp
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Substructure correlations: pp

Reasonable agreement of data with PYTHIA, POWHEG , HERWIG

Shape of 2 well described by models including JEWEL vacuum
[New result
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Substructure correlations: pp

Reasonable agreement of data with PYTHIA, POWHEG , HERWIG

Shape of 2 well described by models including JEWEL vacuum
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Substructure correlations: Pb-Pb

Jewel predicts too wide of jets in Pb-Pb
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Substructure correlations: Pb-Pb

Jewel predicts too wide of jets in Pb-Pb
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Substructure correlations: Pb-Pb

Shape of 2 well described by Jewel
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Substructure correlations: Pb-Pb

Shape of 2 well described by Jewel
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Substructure correlations: Og

Jets narrower in Pb-Pb compared to pp
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Substructure correlations: Og

Jets narrower in Pb-Pb compared to pp
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Substructure correlations: Og

Jets narrower in PbPb
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Substructure correlations: Og

Jets narrower in PbPb

Jets being narrowed by QGP? (v
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Substructure correlations: Og

Jets narrower in PbPb
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Substructure correlations: Og

Jets narrower in PbPb
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Substructure correlations: Og

Jets narrower in PbPb
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Substructure correlations: Og
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Substructure correlations: Og

Jets narrower in PbPb I New result I 0.05 0.1 0.15 R,
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Substructure correlations: Og

Jets narrower in PbPb I New result I 0.05 0.1 0.15 R,
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Substructure correlations: 4

No significant modification in narrow jets within uncertainties

[New result

4 55’_._ pp ALICE Preliminary
TE ——0-10% Pb-Pt.) Sy = 5.02 TeV
4 5_ Sys. uncertainty Anti-k; charged jets, R =0.2
3.5E In,,1<0.7, 60 < Py < 80 GeVic
%|-'8°’ 35— S;f;Drop Z=02,8=0
o 2.5 Fiagged = 0-89
= = 0<6,<03
= 1 e — 1
= 1
1.5E 1 t %
1E-
0.5
E M T IR
1.8:— — JEWEL no recoil
o 1.6 — '
_C'J‘% ! '4“
Ll | =T -
Narrow E
02 025 03 ' '

Bas Hofman Hard Probes 2024 17




Substructure correlations: 4

Wide jets show 2 modification
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Substructure correlations: 4

Wide jets show 2 modification

Wide jets more independent energy loss sources?
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Jet fragmentation

J; measure

d for various z

Hard Probes 2024
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Jet fragmentation

d for various z

Tension with models
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Jet fragmentation
J; measured for various z

Tension with models

Correlation of Soft Drop 6 and z
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Jet fragmentation
J; measured for various z

Tension with models

Correlation of Soft Drop 6 and z
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