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Introduction

Angular ordering
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» red emission resolves blue splitting — both legs radiate independently
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» red emission does not resolve blue splitting — both legs radiate coherently

6, >0,

= angular ordering of emissions due to colour coherence
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Introduction

Colour coherence and re-scattering
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qJ_>1/dJ_ qL<1/dL

unresolved structures remain unperturbed
colour decoherence due to re-scattering

after decoherence time both legs radiate independently
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angular ordering is lost

Mehtar-Tani, Salgado, Tywoniuk, JHEP 1204 (2012) 064 doi:10.1007/JHEP04(2012)064 [arXiv:1112.5031]
Casalderrey-Solana, Mehtar-Tani, Salgado, Tywoniuk, Phys. Lett. B 725 (2013) 357 [arXiv:1210.7765]

Korinna Zapp (Lund University) Colour coherence and intra-jet observables Quark Matter 2025 3/21



Introduction

Colour coherence and re-scattering
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» unresolved structures remain unperturbed

» colour decoherence due to re-scattering

— after decoherence time both legs radiate independently
— angular ordering is lost
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— Is loss of angular ordering observable in hadronic final state?
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Angular ordering in parton showers in vacuum
00000

Angular ordering in p+p parton showers

angular ordering automatic in angular ordered showers and p, ordered antenna showers
in other showers implemented as explicit veto

kinematic constraints on splitting a — b+ c: pi > 0and mp + me: < m,

vvyyvyy

in JEWEL (virtuality ordered shower) two options:
JEWEL directly generates splittings with exact kinematics

1. impose kinematic constraints first, then angular ordering
2. impose angular ordering first, then angular ordering

beyond formal accuracy of parton shower — theory/modelling uncertainty
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Angular ordering in parton showers in vacuum
[o] lelele]e]

Angular ordering in p+p parton showers

> effects of angular ordering:
m

- z(1-2z)E

= angular ordering favours lower masses and more symmetric splittings
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A lar ordering in parton showers in vacuum
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Angular ordering issues in p+p
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Angular ordering in parton showers in vacuum
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Jet fragmentation function in p+p
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Angular ordering in parton showers in vacuum
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Jet—hadron correlations (leading jet)

leading jet; p+p ; 0 < x; < 1
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Angular ordering in parton showers in vacuum
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Jet—hadron correlations (sub-leading jet)

sub-leading jet; pp; 0 < x; < 1
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» again sizable differences between 2 ang. ord. options
©T R s e ek kin. first preferred
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(Loss of) angular ordering in A+A
[ Jeleleleleele)

Angular ordering and re-scattering in JEWEL

» assumption: all partons re-scatter independently

i.e. focusing on one aspect of colour (de)coherence
» recoils/medium response included
» angular ordering options:

1. kinematics first: re-scattering disrupts colour coherence — no ang. ord. for next emission
2. angular ordering first: no ang. ord. required when splitting happens in region with T > T
default in JEWEL so far

+ angular ordering always on or always off for comparison
> option 1 with true splitting angle not shown any more
no significant effect of true compared to approximates angle
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ss of ) angular ordering in A4+A
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Nuclear modification factor

Pb+Pb 0-10% / p+p — kinematics first Pb+Pb 0-10% / p+p — angular ordering first
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» p+p reference always with angular ordering
» small differences in jet Raa not tuned away
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(Loss of) angular ordering in A+A
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Jet fragmentation function in Pb+Pb with kinematics first option

Pb+Pb 0-10%; IV < 2.1 — kinematics first
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(Loss of) angular ordering in A+A
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Jet fragmentation function in Pb+Pb with ang. ord. first option

Pb+Pb 0-10%; yI*! < 2.1 — angular ordering first
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(Loss of) angular ordering in A+A
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Jet—hadron correlations (leading jet) with kinematics first option

leading jet; PbPb 0 — 10%; 0 < x; < 1 — kin. first

S B e e
B —— CMS Data [2101.04720] 2 e T e 2 P T Y
= —+— no ang. ord. El C1s5E . 15E 3
—+— dyn. ang. ord bl £ E L El
' —+— always ang. ord. - S 1 pr— + S g ———t +—
1 B 7 3 050 1341 4
- p™ & [0.7,300] Gev] - 05 F E|
1070 —— E 4 b e 2 Errr R
——— —_— —— < 5 E E E
= . — P 3gﬁ5‘:5‘5=,=,zj:‘:‘f' E s 15 -
== s S ¥ 5 25F E = £ E
10 e S e 4§ i
(12 x10 ™ 2 0 3 osh 14813
107 g g E ] T I I I IR T I B b b ke b o b b L
2 3] w10 2B n b b b e e e fre g
— 3] x10 E E E
— === = 1,5:%5'%&‘#—‘ s 15F -
107 e | §1: § E = . } |
s g F ok 9 E
b = ] > 05F = [J'm:
* T 3 Y Y PO PYUTY FUUTR PUVR POORT O Y Y UL PR POV FUVE POVIN IR PO
2 B e B N A N
| . E iy L E
9 J T T E|
107 = osE = osp 1230013
g _ 8,12] 105 ] bbb L o L bbb e oo
=t = - 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
1078 TH + - Ar Ar
%
1079 =
o e e e e T o s e » small differences at large Ar or large hadron p
:

Korinna Zapp nd University) Colour coherence and intra-jet observables Quark Matter 2025 14 /21



(Loss of) angular ordering in A+A
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Jet—hadron correlations (sub-leading jet) with kinematics first option

sub-leading jet; PbPb 0 — 10%; 0 < x; < 1 — kin. first

3 a0 T T G Dtk faronograo) 3 2 e e e
= —+— no ang. ord. k| o 1 = s 155
—+— dyn. ang. ord ] £ El g L
—+— always ang; ord. - 2 = 2 = .
pﬂ‘“e[o.7,3oo]cev§ g [0.7,30013 g 0sE y
10 - P 2 Errr
e e | (07,1 x10% = 3 5 15
1,2] x101] § 3 § 1E S % %
1 g DL
4 HE 2 Bt
2.3 x10-73 A B I M M L A A A R \
= = s 15F
8 —— 1 :
S = = 1H +—t
g IE g osE- IRRR IR ’
I I N U N IV FNUTY ST S S U U TN P INUTL R N
s e g s en e s fres frees b
£ e i W
£ 3 £ E
8 ER- | ‘
e BN T T T el
I I N BN BN R O OO P S Y N A N I I BT SR
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Ar Ar
B b o oo . . . . .
R A » similar picture for sub-leading as for leading jet
:

Korinna Zapp (Lund University) Colour coherence and intra-jet observables Quark Matter 2025 15 /21



(Loss of) angular ordering in A+A
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Jet—hadron correlations (leading jet) with ang. ord. first option

leading jet; PbPb 0 — 10%; 0 < x; < 1 — ang. ord. first
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» somewhat larger differences between ang. ord. on & off
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(Loss of) angular ordering in A+A
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Jet—hadron correlations (sub-leading jet) with ang. ord. first option

sub-leading jet; PbPb 0 — 10%; 0 < x; < 1 — ang. ord. first
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Conclusions
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Conclusions and outlook

Conclusions from p+p
> effects of ang. ord. non-trivial due to interplay between splitting angle and energy sharing
» kinematics matters: sizable uncertainties beyond formal accuracy of parton shower

> fragmentation functions and jet—hadron correlations prefer kinematics first option

Conclusions from central Pb+Pb
> differences between ang. ord. options reduced

— re-scattering further restricts phase space and moves partons around
— obscures signs of loss of colour coherence

» hadrons with p; > 10 GeV most sensitive to ang. ord.
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Conclusions
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Conclusions and outlook

Outlook

» look for angular ordering effects in more dilute and/or small systems

maybe ang. ord. effects more visible in systems with fewer scatterings
» introduce resolution scale for re-scattering in JEWEL work in progress

> JEWEL release with angular ordering options
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Measuring angular ordering with 7-reclustering?

work with Chiara Le Roux and Liliana Apolinario:

024 1 ____________________________________ e » extract formation time of first splitting

0251 with 7-algorithm

0261 + » need small energy loss
%-0-27‘ — go to small systems with few re-scatterings
B 0281 + » shift in formation time due to loss of

-0.291 angular ordering

0301 » poster shown yesterday

~0.311 | | | | | | ‘ ‘ — talk to Chiara & Liliana and/or look

0 5 10 15 20 25 30 35

out for the paper

<#jet-medium interactions before 1°¢ split>
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Conclusions
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