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Plan of action
• Quick Overview of the idea of jet structure in 

heavy ions and implications  

• Summary of the latest jet structure results  

• MC/Theory calculations and comparisons with 
data 

• What is the next step (my personal thoughts and 
views)
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Quick introduction to HI
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Jets are internal hard probes that help us characterize the 
QGP structure/properties



Jets in HIN events 
• Background 

techniques employed 
to remove the 
fluctuating UE  

• Issue a bit different 
than UE subtraction 
due to pileup 
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Jet Quenching
• Jets	are	quenched	as	they	travel	through	the	QGP	

Phys.Lett.	B746	(2015)	1-14

Phys.Rev.Lett.	114	(2015)	no.7,	072302
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• Similar level of suppression between different jet resolution 
parameters (in the measured kinematic range) 

• decrease in suppression as jet pT increases 



Jet Quenching and its effect on 
jet structure

Slide by Marta, HP2016



What is the (new) goal?
• How is the inner jet structure modified -  

• core vs soft sector in the jets  

• Parton shower modifications, LPM effect  

• splitting? sensitivity to medium effect? 

• Whats the status of the MC? 
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Monte Carlo Market
• JEWEL 

• 1111.6838,1212.1599 

• HYBRID MODEL  

• 1405.3864,1508.00815 

• LBT HYDRO 

• 1503.03313, 1605.06447   

• Q-PYTHIA 

• 0907.1014, 0909.5118  

• PYQUEN  

• 1103.1853

• MARTINI 

• 0909.2037, 0911.4470 

• HYDJET 

• 0809.2708 

• HIJING  

• 950.2021 

• YAJEM 

• 1009.3740 

• MATTER 

• 1301.5323
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MC needs to do

Including the medium interaction

• PDFs  

• Hard Scattering 

• ISR 

• FSR : parton shower 

• Color reconnections 

• Hadronization CTEQ school summer 
school lectures
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Modeling the jet-medium 
and medium-jet interactions

Treatment	of	Recoils	

• Scattering	centers	realized	
from	the	interaction	of	the	
high	energy	parton
propagating	through	the	
medium
•w/	Recoils,	as	soon	as	
interaction	happens	and	a	
gluon	is	emitted,	it	is	stored	in	
the	event	record.

Scattering	centers	drawn	from	a	thermal	distribution

Marco,	HP2015

LBT wake 

JEWEL
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Importance of pp baseline!
• Heavy ion generators reproducing vacuum result introduces 

confidence in medium modeling  

• If they match in PbPb, but not in pp, over quenching or under 
quenching or just some weird combination  

• General structure is good, but important to close the gap for 
precision physics 

RKE, Korinna Zapp 1608.03099
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Results from the last 
year regarding Jet 
Sub-structure in 

Heavy Ions 
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Fragmentation Fnc

Girth

Charged Jet Mass

Splitting fraction (CMS)

Jet Shape

pTD

Splitting fractions (STAR)

CMS 1609.02466
Leticia, 1512.07882

ATLAS-CONF-2015-055/

CMS-HIN-16-006

Kolja Kauder, HP 2016

Chiara Bianchin, HP 2016
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Pi: Altarelli-Parisi splitting 
functions (symmetrized)
q→qg, g→gg, g→qg
(Kernels in DGLAP)

Role of b:
b>0 - IRC safe
b<0 - (IR)C unsafe
b=0 - IRC unsafe 

– but Sudakov-safe

For � = 0, zg > zcut :

d�

dzg
/ Pi(zg) +���O(↵2

s)
~ independent of as
~ independent of pT (in UV limit)
Connection to fundamental QCD

Note:  AP functions govern split 
kinematics, not frequency
àTreated differently in E-loss models

Larkoski et al., 
PRD 91, 111501 (2015)

Kolja Kauder, Marta Verweij, HP2016

Splitting  
Fraction



Use of jet grooming tools 
A lot of the recent results (both public and in preparation) 

involve the use of jet grooming such as soft drop etc…

figure from Jesse Thaler 
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Use of jet grooming tools 
A lot of the recent results (both public and in preparation) 

involve the use of jet grooming such as soft drop etc…

It is necessary to study the interplay between background 
subtraction and jet grooming in HIN events

figure from Jesse Thaler 
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Does it translate to splitting?
figure from Jesse Thaler 
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Slide from Kirill lapidus 
HP2016



Comparison with Data -  
Splitting fraction
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RKE, Korinna Zapp 1610.09364  
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Milhano, MIT Workshop
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Jet Mass

20
Chiara Bianchin, HP2016



The puzzle 
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Chiara Bianchin, HP2016

Why? What are the models missing?  
Jet-Medium vs medium-Jet contributions to 

the jet Mass?



Conclusions
• Jet sub-structure studies in HIN are becoming 

increasingly important avenues  

• Comparing data with predictions from MC offer 
some degree of meaning to deep questions  

• Active collaboration with pp community is highly 
encouraging and important for the future 

• There is still lots of “New Physics” to be learnt from 
the background :) 
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Future thoughts  
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• Highlighting the effect of medium on jet core vs soft 
contributions 

• Can we use pPb as some mediator 

• Historically pPb always throws surprises so … 

• Correlations between different observables 

• direct extraction of quenching parameters from 
comparison with MC 



Correlations without detector 
smearing effects

JEWEL+PYTHIA 
5.02 TeV 

(with SoftDrop grooming)  

pp PbPb 0-10%

Note: x axis scale is a bit different for PbPb 24

How does the QGP affect 
this correlation? 

Extract transport properties   
PRELIMINARY



Bonus Slides
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Background subtraction 
techniques

Constituent subtractionEta slice pedestal subtraction 

O.Kodolova et.al.	EPJC	(2007)	117. 1403.3108

Familiar to pp community

Curtesy Peter Berta, BOOST14
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Jets sit on top of a large 
fluctuating background 
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random cones after subtraction 
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ALICE



Slide by Marta, HP2016
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Slide by Marta, HP201629



Slide by Marta, HP201630



Slide by Marta, HP2016
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SCET-g

Theoretical Frameworks

Effect of color coherence/screening 
SCET-g

1608.07283

1610.08930
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