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Introduction

¨ Since	the	discovery	of	the	QGP,	there	have	been	two	
particularly	exciting	discoveries:	
¤ Strong	coupling:	η/s	and	the	AdS/CFT	correspondence
¤ Small	systems:	The	nearside	ridge,	strangeness	

enhancement
¨ The	implications	of	these	discoveries	are	not	yet	clear,	

but	they	point	to	fundamental	insights	about	QCD
¨ Can	jet	physics	offer	a	similar	insight?

¤ The	past:	Jet	suppression	as	proof	of	the	QGP
¤ The	present:	Learn	about	the	structure	of	the	hot	QCD	

medium	by	understanding	how	jets	interact	with	it
¨ Two	indirect	approaches	discussed	in	this	talk:

¤ Inclusive	spectra:	Measure	inclusive	jet	spectra	at	
different	collision	energies	and	kinematical	ranges,	to	
constrain	jet	energy	loss	models	

¤ Jet	substructure:	Investigate	how	quenching	modifies	
the	structure	of	jets

APS	April	Meeting,	16	April	2018 1James	Mulligan,	Yale	University



GEM frames 

! GEM supporting frames: 
!  Permaglas 

!  Material: Resarm Belgium 

!  Machining (currently): PCB Workshop CERN (IROC), Resarm (OROC) 

!  Price defined by material losses and precise machining (400µm grid) 

! Checking the possibility of producing frames from single pieces 
!  Spacer grid: needed at all? differnet material?  

!  Frames assembled at CERN or HD  

!  Covering with PU, final polishing can be done at CERN(?) 

!  Substantial cost reduction 

36 

Inclusive jet measurements

2

¨ ALICE	has	published	full	jet	RAA down	
to	pT=	40	GeV at																							TeV
¤ Strong	quenching	observed

¨ Jet	cross-section	ratio	R=0.2	/	R=0.3	
published	for	charged	jets	at	2.76	TeV
¤ Consistent	with	Pythia

¨ This	talk:	Full	jet	measurement	at			
5.02	TeV in	0-10%	centrality
APS	April	Meeting,	16	April	2018 James	Mulligan,	Yale	University
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Jet reconstruction in ALICE

3

¨ ALICE	reconstructs	“full”	jets	by	combining	
charged	tracks	with	neutral	EMCal	clusters	using	
the	anti-kT algorithm:

¨ The	average	combinatorial	background	is	
subtracted	event-by-event	using	kT charged	jet	
pT-density,	scaled	by	a	calorimeter	density	factor

¨ Full	jets	are	more	accurate	than	charged	jets,	and	
more	directly	comparable	to	theory
¤ Experimentally,	they	are	more	challenging

¨ ALICE	precision	tracking	allows	jet	
reconstruction	down	to	low	pT
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Inclusive full jet measurements in Pb-Pb collisions at
p

sNN = 5.02 TeV with ALICE 11

4 Full jet reconstruction

4.1 Jet clustering

Jets are constructed using the anti-kT sequential recombination algorithm. The jet constituents are then
combined using the pT recombination scheme,1

pjet
T = Â

i
ptrack

T,i +Â
j

pcluster
T,j .

The tracking system directly measures ptrack
T . The calorimeter, however, measures the energy of the

cluster. The cluster energy Ecluster can be related to the transverse energy Ecluster
T ⌘

q
p2

T +m2 by

Ecluster

Ecluster
T

=
q

1+ sinh2 h .

We assume that clusters are massless, leading to:

pcluster
T =

Eclusterp
1+ sinh2 h

,

i.e. pcluster
T can be obtained from the measured Ecluster and h . We always use the hadronically-corrected

cluster energy in jet reconstruction.

4.2 Background subtraction

The background density r is determined each event, and used to subtract the average background from
each jet in that event:

pjet
T,corr = pjet

T �rA.

To determine r for full jets, we are unable to directly compute the full-jet pT-density in the calorimeters,
since the partial acceptance of the calorimeters admits only a small numbers of jets per event [2]. Instead,
to compute r in each event, we first find R = 0.4 kT charged jets, and exclude the two leading jets from
the collection. We then compute the median pT-density of the remaining sample:

rcharged = med
✓

pi
T

Ai

◆
.

The full-jet pT-density is then determined by measuring the ratio of possible jet constituents in full jets
compared to charged jets. Specifically, we apply a scaling factor s:

s(C) =

⇣
Â pcalo

T,track +Ecalo
T,cluster

⌘
/Acalo

Â pT PC
T,track/AT PC

where the sum in the numerator spans the acceptance of the calorimeter, the sum in the denominator spans
the acceptance of the TPC, A is the h �f acceptance of the labeled detector, and C is the event centrality.

1Unlike the standard E-scheme, in which the four-vectors are combined to form a jet four-vector, the pT-scheme imposes
a re-scaling on the four-vectors to make the energy equal to the 3-momentum. For ALICE, this is a natural scheme, since we
directly measure ptrack

T , and we assume that clusters are massless (the majority of them arise from photons).
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Analysis method

4

¨ Reconstruct	R	=	0.2,	0.3	jets
¤ 0-10%	centrality

¨ Suppress	combinatorial	jets	by:
¤ Requiring	jets	to	contain	a	5	GeV charged	
track

¤ Selecting	a	measured	range	≈5σ	above	the	
background	fluctuations

¨ Unfold	detector	response	and	background	
fluctuations	
¤ Build	a	response	matrix	by	embedding
Pythia8	events	into	Pb-Pb data

¨ Correct	the	unfolded	result	for	kinematic	
efficiency	and	jet	reconstruction	efficiency

¨ Dominant	systematics:
¤ Tracking	efficiency	
¤ Unfolding	regularization
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Results – Jet spectra
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Jet core modification

8

¨ How	is	the	jet	core	modified?
¤ We	know	that	jets	are	quenched,	and	we	
know	there	is	soft	energy	at	large	angles

¨ Several	observables	show	that	the	softer	
parts	of	the	jet	core	are	removed	from	
the	jet	core
¤ ALICE	R=0.2	charged	jet	g,	pT,D at	show	
modification	towards	harder	core

¤ ATLAS/CMS	jet	fragmentation	shows	large	z	
enhancement

¨ What	exactly	does	this	mean?
¤ Quark/gluon	modification	results	in	these	
distributions,	since	more	quark	jets	means	
more	high-z	jets?

¤ Specific	quenching	mechanism	strips	out	
softer	parts	of	core?

APS	April	Meeting,	16	April	2018 James	Mulligan,	Yale	University



GEM frames 

! GEM supporting frames: 
!  Permaglas 

!  Material: Resarm Belgium 

!  Machining (currently): PCB Workshop CERN (IROC), Resarm (OROC) 

!  Price defined by material losses and precise machining (400µm grid) 

! Checking the possibility of producing frames from single pieces 
!  Spacer grid: needed at all? differnet material?  

!  Frames assembled at CERN or HD  

!  Covering with PU, final polishing can be done at CERN(?) 

!  Substantial cost reduction 

36 

Conclusion

9

¨ New	measurement	of	full	jet	RAA	from	ALICE	at	
5.02	TeV,	which	can	further	constrain	jet	
quenching	models

¨ Jet	cross-section	ratio	adds	to	the	continuing	
discussion	of	how	exactly	the	medium	modifies	
the	jet	structure
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backup
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Jet fragmentation
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