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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
⇒ angular ordering of emissions due to colour coherence
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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 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 : p2

⊥ > 0 and mb +mc < ma

▶ 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 p+p parton showers

▶ effects of angular ordering:
θ ≈ m√

z(1 − z)E

⇒ angular ordering favours lower masses and more symmetric splittings
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Ea = 200 GeV

Introduction Angular ordering in parton showers in vacuum (Loss of) angular ordering in A+A Conclusions

Angular ordering issues in p+p
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Jet fragmentation function in p+p
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▶ w/o angular ordering too
many soft hadrons

▶ w/ angular ordering fewer
soft hadrons

▶ sizable differences
between ang. ord. options

→ data favours kin. first
▶ no difference between

true splitting angle and
approximation
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Jet–hadron correlations (leading jet)
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▶ interplay of more symmetric splittings with WTA axis
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Jet–hadron correlations (sub-leading jet)
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▶ again sizable differences between 2 ang. ord. options
kin. first preferred
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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 > Tc

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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Nuclear modification factor

b
b
b
b b

b
b

b b b
b b b

b

b

b ATLAS Data [1805.05635]
no ang. ord.
dyn. ang. ord.
always ang. ord.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Pb+Pb 0-10% / p+p — kinematics first
R

A
A

b b b b b b b b b b b b b b b

100 200 300 400 500 600 700 800 900
0.5
0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

p(jet)
⊥ [GeV]

M
C

/D
at

a

b
b
b
b b

b
b

b b b
b b b

b

b

b ATLAS Data [1805.05635]
no ang. ord.
dyn. ang. ord.
always ang. ord.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Pb+Pb 0-10% / p+p — angular ordering first

R
A

A

b b b b b b b b b b b b b b b

100 200 300 400 500 600 700 800 900
0.5
0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4

p(jet)
⊥ [GeV]

M
C

/D
at

a

▶ p+p reference always with angular ordering
▶ small differences in jet RAA not tuned away
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Jet fragmentation function in Pb+Pb with kinematics first option
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▶ no significant differences
between ang. ord. on and
off

▶ energy loss also restricts
emission phase space

▶ re-scattering moves
partons around
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Jet fragmentation function in Pb+Pb with ang. ord. first option
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▶ no ang. ord. when
T > Tc similar to always
off

▶ clear difference between
ang. ord. on and off

▶ data prefer ang. ord. off
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Jet–hadron correlations (leading jet) with kinematics first option
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▶ small differences at large ∆r or large hadron p⊥
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Jet–hadron correlations (sub-leading jet) with kinematics first option
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▶ similar picture for sub-leading as for leading jet
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Jet–hadron correlations (leading jet) with ang. ord. first option
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▶ somewhat larger differences between ang. ord. on & off
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Jet–hadron correlations (sub-leading jet) with ang. ord. first option
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▶ hardest hadrons consistently most sensitive to ang. ord.
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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 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 τ -reclustering?

work with Chiara Le Roux and Liliana Apolinário:

0 5 10 15 20 25 30 35
<#jet-medium interactions before 1st split>

0.31

0.30

0.29

0.28

0.27

0.26

0.25

0.24

lo
g(

/fm
)

vacuum ▶ extract formation time of first splitting
with τ -algorithm

▶ need small energy loss
→ go to small systems with few re-scatterings
▶ shift in formation time due to loss of

angular ordering
▶ poster shown yesterday

→ talk to Chiara & Liliana and/or look
out for the paper
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