Exploring perturbative QCD splittings

in heavy-ion collisions
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How is it done in

pp collisions?
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Mehtar-Tani, Soto-Ontoso, Tywoniuk]
Caucal, Soto-Ontoso, Takacs]

ALICE, JHEP 05 (2023) 244]
ATLAS, PRC 107 (2023) 054909]

Hardest splitting in jets

1. Find a jet
2. Recluster with C/A
3. Find branching with hardest £,
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Hardest splitting in jets

103
Pythia8 hadrons:
pp @ 5.02 TeV, inclusive jets,
pr =1 TeV, Ranti—k, = 0.4, 1] < 2.8, 1013
102 - dynamical grooming: max k; ° Higher energy — more perturbative
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Hardest splitting in jets

103 - - 2.00
Pythia8 hadrons:

pp @ 5.02 TeV, inclusive jets,
pr =1 TeV, Rangioi = 0.4, || < 2.8, L.75

dynamical grooming: max k;

* Higher energy = more perturbative
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Low k; = non-pert. corrections

=
N\
&

o
o
hadron /parton

0.75
10°F 10.50
0.25

1071 0.00

109 10¢

1/0,

Adam Takacs (Heidelberg) Quark Matter 2023, Houston



Hardest splitting in jets

103 - - 2.00
Pythia8 hadrons:
pp @ 5.02 TeV, inclusive jets, I
- pr =1 TeV, Ranti—k, = 0.4, |7 < 2.8, 1.75
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________________________ kg>306ev] | J1055 * Low k; = non-pert. corrections
O ol R o kg>86ev | [ {10S * Cut on £ to reduce corrections
= o
& =
0.75 8
100 1 10.50
I0.25
—1
107 10! 107 oz 000

1/0,

Adam Takacs (Heidelberg) Quark Matter 2023, Houston



Hardest splitting in jets

5 ' ' ' '
pp @ 5.02 z‘l'llv\\'.’in('lnsiw jets, o ——- Pythia NLO
A Bmient oot i Herwig NLO |
______ ktg > & GeV
3 R,
S . * Higher energy = more perturbative
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How to do it in

AA collisions?
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Hardest splitting in quenched jets
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e Medium scales
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[HI Jet Workshop 2017]
[Caucal, Soto-Ontoso, Takacs]
[ATLAS, PRC107(2023)054909]
[Hangal: Tue]
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Hardest splitting in quenched jets

103 - - 1072
JetMed partons:
AA @ 5.02 aTeV, inclusive jets,
pr =400 GeV, Ranti—r, = 0.4, |n| < 2.8,
dynamical grooming: max Fk;
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Hardest splitting in quenched jets

103 2.00
JetMed partons:
pp,AA @ 5.02 aTeV, inclusive jets,
pr = 400 GeV, Rantiok, = 0.4, || < 2.8, L.75
dynamical grooming: max k;
10%F - 11.50 .
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[JetMed: Caucal, Tancu, Mueller, Soyez]
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Hardest splitting in quenched jets

103 - - 2.00
JetMed partons:
pp,AA @ 5.02 aTeV, inclusive jets,
pr = 400 GeV, Rantiok, = 0.4, || < 2.8, L.75
dynamical grooming: max k;
10%F = . 11.50 .
!E'..! * Medium scales
B B — — — — — — kg > 30GeV_ 11.95
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Hardest splitting in quenched jets

0.5 : : : :
PbPb @ 5.02 aTeV, inclusive jets, o .
pr > 400 GeV, Rantig, = 0.4, |n] < 2.8, Pythia NLO
dynamical grooming: max k; —— JetMed
0.4F "1—"| —— Hybrid
B ra_r 8 j |
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[JetMed: Caucal, Tancu, Mueller, Soyez] 8,0

[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann,]
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Hardest splitting in quenched jets

8 - - :
PbPb @ 5.02 aTeV, inclusive jets, o .
pr > 400 GeV, Rani_g, = 0.4, ] < 2.8, Pythia NLO
dynamical grooming: max k; —— JetMed
6F —— Hybrid
] — Jewel
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[JetMed: Caucal, Tancu, Mueller, Soyez]
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann,]
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Hardest splitting in quenched jets

8 - : .
PbPb @ 5.02 aTeV, inclusive jets, o .
pr > “’“JGUVT Rmmilx,lf L (1).1.]\1/\ < 2.8, Pythia NLO
dynamical grooming: max k; —— JetMed
6 —— Hybrid
. —— Jewel
* less jets = Ryy ki, > 30 GeV e ewe
SOl £a
« flat ratio = no modification! s
4
* testing mode separation 20
* new baseline in AA! 0
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[JetMed: Caucal, Tancu, Mueller, Soyez]
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann,]
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splitting in quenched jets

103 - 2.00
JetMed partons:
pp,AA @ 5.02 aTeV, inclusive jets,
pr = 400 GeV, Rantiok, = 0.4, || < 2.8, L.75
dynamical grooming: max k;
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* Medium scales
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Hardest splitting in quenched jets

e less jets = Ryy

* modification in shape!

[JetMed: Caucal, Tancu, Mueller, Soyez]
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann]
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PbPb @ 5.02 aTeV, inclusive jets,
pr > 400 GeV, Rani—k, = 0.4, 1] < 2.8,

dynamical grooming: max k;

=== Pythia NLO
— JetMed
Hybrid

Jewel

™ kg > 8 GeV
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Hardest splitting in quenched jets

e less jets = Ry
* modification in shape!

e testing color resolution

[JetMed: Caucal, Tancu, Mueller, Soyez]
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann]
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3 : : :
PbPb @ 5.02 aTeV, inclusive jets, o .
pr > 400 GeV, Runios, = 0.4, 5] < 2.8, Pythia NLO
dynamical grooming: max k; JetMed
6 —— Hybrid
—— Jewel
kt,g > 8 GeV
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Hardest splitting in quenched jets

1.4 T T T T
PbPb @ 5.02 aTeV, inclusive jets, ——= Pythia NLO
19k pr > 400 GeV, Runir, = 0.4, 9] < 2.8, ... I~
dynamical grooming: max k; _ Lres —9
l ) R L.0f rJL‘J--‘L‘JL Fladm== === Lis=0
* less Jets = _ - L
: Ad =5 08 o M ki > 8 GeV
. e . . —|= ' A
* modification in shape! 06r ¢ . "
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[JetMed: Caucal, Tancu, Mueller, Soyez] 8,0 0.1 0.2 0.3 0.4
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal] Qg

[Jewel: Zapp, Stachel, Wiedemann]
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Hardest splitting in quenched jets

e less jets = Ry
* modification in shape!
* testing medium response

and thermalization

[JetMed: Caucal, Tancu, Mueller, Soyez]
[Hybrid: Casalderrey-Solana,Gulhan,Milhano,Pablos, Rajagopal]
[Jewel: Zapp, Stachel, Wiedemann]

PbPb @ 5.02 aTeV, inclusive jets, ——= Pythia NLO
pr > 400 GeV, Rani—r, = 0.4, |n] < 2.8, ____ Hybrid wake 1
dynamical grooming: max k;, | n(‘) wake
F‘”"_-“”L Fioilm=a Jewel reco.
L e 110 TeCO.
] 5
:" l.l_ikt"g > 8 GeV
1
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Summary: perturbative splittings in AA

1.  high kt:
. test of mode separation
. vacuum-like baseline in AA collisions
moderate kt:
. test of color resolution
test of jet thermmalization

new baseline for AA collisions
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Hardest splitting in quenched jets

1.0 — ———
JetMed pp @ 5.02 aTeV, inclusjve jets,

pr > 400 GeV, Rani—k, = 0.4, [h] < 2.8,
(0.8 dynamical grooming: max k; :
Background Ny,¢ = 7000, <p7;\2|: 1.2 GeV

...... oD
—== pp + bkg

—— pp + bkg + CS |
1

Bkg estim: GridMed, AA = 0l01, rep=1 |
|
kt,g > 8 GeV

0.6F CS: AR = 0.25, a =1

* Expected luminosity ~ 10 nb! 04l

* Unfolding is stable for k; > 8 GeV !

AA/pp
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[Berta,Spousta,Miller,Leitner]
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