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Jets to probe QCD matter

Why do we think jets may eventually lead to some answers? 
• Jets are calculable in pQCD 
• Jets capture parton dynamics 
• Jets probe a wide range of scales 
• Jets have rich observables

We want to answer big questions about QCD: 
• What are the degrees of freedom of deconfined QCD? 
• How do deconfined QCD transport properties arise? 
• Does QCD factorization hold in AA?

Jet substructure

The era of precision jet substructure studies

SCET Chien-Vitev JHEP05(2016)023
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Relate precise jet modifications to medium properties

ATLAS

sNN ! 2.76 TeV
R ! 0.4, ! Η ! # 2
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There are a variety of directions to go…

Why is jet RAA < 1 at pT = O(TeV)? 

What is the relative suppression of g vs. q? 

What is the parton flavor dependence at low pT? 

What is the source of the large-angle soft excess? 

What causes jet v2? 

Are there really no cold nuclear matter effects for 
midrapidity jets? 

… 
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FIG. 3. The suppression of the quark (blue) and gluon
(green) cross sections for the lower left panel of Fig. 1 as
an example. The individual suppression (bands) can be seen
relative to the vacuum fractions (lines).

the suppression of the inclusive jet cross section. On the
other hand, the large-z suppression is compensated by
an enhancement at small-z, see also Eq. (8). We note
that the HIC jet data puts more significant constraints
on the large-z region of the Jmed

c . This is due to the con-
volution structure of the jet cross section, which forces
the phase space with a combination of small xa,b and
large z to dominate the jet production rate. A possi-
bility to constrain the small-z behavior more directly is
the measurement of the energy distribution of inclusive
subjets [64].

In Fig. 2 we also observe a significant di↵erence be-
tween Jmed

q and Jmed
g where gluon jets are significantly

more suppressed at large-z than quark jets. This be-
havior is generally expected from model calculations. In
fact, we find that it is not possible to fit the experimental
data with the same weight function for quarks and gluons
in Eq. (7), while retaining a probabilistic interpretation
(positivity) of the Jmed

c . We investigated this large dif-
ference at the level of the cross section which requires
us to define quark and gluon jets beyond leading-order.
This can be achieved by introducing the jet functions Jcd

that not only keep track of the parton c initiating the jet
but also of the flavor content d = q, g such that [65, 66]

X

d

Jcd(z, pTR, µ) = Jc(z, pTR, µ) . (10)

In Fig. 3 we show the separation of the vacuum cross
section into quark (blue line) and gluon (green line) jets
using the

p
sNN = 5.02 TeV setup (lower left panel of

Fig. 1) along with the corresponding separation in the
medium (blue and green bands). We observe that gluon
jets are significantly more suppressed than quark jets in
the medium. Some jet substructure observables indeed
support this observation, see for example [67–70]. In the
future it will be possible to better pin down di↵erences
between quark and gluon jets by including �/Z +jet [71,
72] and hadron + jet [73, 74] data in a global analysis.
We thus conclude that the leading power factorization
formalism with medium jet functions not only captures
the feature of in-medium interactions of jets with the
QGP but also allows for a clear physical interpretation.

FIG. 4. The dependence of the Rjet
AA at

p
sNN = 5.02 TeV on

the jet radius R (upper panel), and quark and gluon jet con-
tributions �d

i /�pp with d = q, g, see Eq. (10), in the medium
i = AA (lower left) and vacuum i = pp (lower right).

An intriguing aspect of jet quenching studies is the
jet radius dependence. While the current experimental
data remains inconclusive, di↵erent model calculations
in the literature predict the Rjet

AA to either increase or
decrease with R. In general, a non-monotonic behav-
ior is expected: the Rjet

AA increases at both formal limits

R ! 0, 1. In the limit R ! 0, the Rjet
AA is expected

to approach the hadron Rh
AA which is generally above

the Rjet
AA [75]. For large R the energy lost by partons

due to medium interactions should eventually all be con-
tained in a very large cone. However, both limits are
formally not covered by the factorization formalism in
Eq. (2). For R ! 0, the jet scale µJ ⇠ pTR ! 0, and
the evolution starts at µJ ⇠ 1 GeV with a nonpertur-
bative Jc. For the experimentally accessible R values
it is thus a priori not clear if the Rjet

AA increases or de-
creases with R. In Fig. 4 we show the R-dependence
obtained within our framework at

p
sNN = 5.02 TeV.

In the vacuum the gluon fraction of the jets decreases
with smaller R, caused by more phase space to evolve
and the Jg evolving faster, which leads to the increase of
the quark fraction (lower right). In the medium, gluon
jets are more significantly quenched (lower left), which
is why the Rjet

AA (upper panel) e↵ectively inherits the R-
dependence of the quark jets. It will be interesting to see
if these findings will be confirmed by more precise data
in the future.

Conclusions. In this Letter, we proposed an approach
to phenomenologically establish QCD factorization of jet
cross sections in HIC. We considered inclusive jet pro-
duction at the LHC and found that it is indeed possible
to describe the Rjet

AA by the leading power factorization
formalism for p + p collisions with medium modified jet
functions. Our results thus support the notion of QCD
factorization in the HIC environment. Since our frame-
work operates at the parton level, it is possible to sepa-
rate quark and gluon jets. We found that gluon jets are
significantly more suppressed than quark jets; and there
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Tracks in 
the jet cone 
ΔR<0.8 

Tracks out of 
the jet cone 
ΔR>0.8 

CMS 

PRC&84&(2011)&024906&

Significant energy flow out of the jet cone 

Quenched Energy Flow for Dijets with CMS 
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Jets in ALICE

ALICE is very good for: 
• Jet substructure 
• Particle Identification 
• Low-pT tracks: 150 MeV/c 

• Medium recoil particles

Charged particle jets (most ALICE measurements) 
• Pro: Experimentally simpler 
• Con: Additional modeling to compare to theory 
• Well-resolved particles for substructure 

Full jets (charged tracks + EMCal         ) 
• Pro: Direct comparison to theory 
• Con: Significant experimental complication 
• Limited EMCal coverage

ALICE is not good for: 
• High statistics  
• High pT > ~100 GeV  
• Jets at forward/

backward rapidity

π0, γ
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Jet analysis in ALICE: Practical information

Basic analysis steps: Example

Documentation: http://alidoc.cern.ch/AliPhysics/master/READMEjetfw.html
Includes examples that can form the basis for new analysis tasks

Note: The jet infrastructure is a community effort, please provide feedback and join the efforts!

Running your analysis 
• Locally (task development, testing): See documentation 
• LEGO train (full analysis): 

AOD file
Charged tracks

JetFinder
Raw Jets

Bkgd  
sub.

Jets

Response matrix

+

Final observable

Data

MC AOD file
Charged tracks 
Truth-particles

JetFinder

Truth-level Jets

Det-level Jets
Matching

Observable
Analysis!

Unfolding

https://twiki.cern.ch/twiki/bin/viewauth/ALICE/AnalysisTrains 
Send request to: alice-analysis-emcal-jet-train@cern.ch 

http://alidoc.cern.ch/AliPhysics/master/READMEjetfw.html
https://twiki.cern.ch/twiki/bin/viewauth/ALICE/AnalysisTrains
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Current activity in PWG-JE

Lots of US involvement!

Recent/ongoing analyses 
• Inclusive jets 
• Jet correlations 

• Jet-hadron correlations 
• Gamma/pi0-hadron/jet correlations 
• Hadron-jet recoil measurements 

• Jet substructure 
• Groomed jet substructure 

• Heavy flavor jets 
• PID in jets 

       …

I will try to avoid talking 
about analyses that will be 
covered later today…
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Jet	substructure:	map	of	splittings in	vacuum

3

plot	from	G.Salam,	QM18

Unwind	the	CA	clustering

At	each	step,	register	the	kT,	∆R coordinates

Follow	the	hardest	branch	at	each	step

d2P = 2↵s(k?)CR

⇡ dln(z✓)dln( 1✓ )

In	vacuum,	flat	2D	density	except	for	variation	of	the	coupling	with	kT
General	observable,	others	can	be	derived	from	it

!7

Groomed jet substructure
M. Dasgupta et al. JHEP 1309 (2013) 029  
A. Larkoski et al. JHEP 1405 (2014) 146 

1. Cluster jets with the anti-kT algorithm, 
then re-cluster each jet using the C/A 
algorithm
• This produces an angularly ordered 

tree, similar to a parton shower
2. Unwind the last clustering step and 

check the Soft Drop condition: 
3. Discard the softer sub-jet and repeat

G. Salam, QM2018

θ 1 − z

AN: Softdrop 4

1 Note for the reviewers: list of plots requesting perliminary58

The requested preliminary plots are the following:59

– pp Unfolded results, zg, Rg and nSD (Fig 24)60

– Performance of background subtraction plots for zg (Fig 30)61

– 4 plots for Raw inclusive zg distributions in PbPb for different Rg cuts, Fig 3362

– Pythia Lund Diagram Fig. 3763

– Iterative Lund diagram for Embedded and True difference 3864

– Iterative Lund diagrams for difference of Data and Embedded with SD cutoff 4165

– Iterative Lund diagrams for difference of pp data and PYTHIA with SD cutoff and only the 1st66

splitting 4267

– nSD in PbPb compared to the embedded reference (47)68

2 Introduction69

3 Definition of the SoftDrop Algorithm and Rg70

The analysis detailed in this note centres around the use of the SoftDrop [1, 2] jet grooming algorithm71

in order to study jet substructure. Jets identified using the anti-kT algorithm with FastJet are passed to72

the SoftDrop method, also within FastJet, where the grooming procedure is performed. Grooming is73

performed by first reclustering the jet with a defined clustering algorithm (default - Cambridge-Aachen)74

and unwinding the cluster sequence one step. This unwinding results in the last two jet components75

to be clustered in the sequence. The pT fraction of the two subjets (z Eq. 1) is then compared to the76

condition in equation 2. If the measured z of the two subjets fails to meet this criterion then the softer of77

the two is dropped and the other is unwound once more back along the cluster sequence. The procedure78

is repeated until the criterion is satisfied at which point the value of z between these two subjets becomes79

the groomed momentum fraction zg80

z =
min(pT,1, pT,2)

pT,1 + pT,2
(1)

z > zcut

⇣
Rg

R0

⌘b
(2)

The jet shape Rg is the h-f distance between the two subjet axes that satisfy the SoftDrop condition.81

This distance is defined by82

Rg =
q
(hsubjet,1 �hsubjet,2)2 +(fsubjet,1 �fsubjet,2)2 (3)

Also considered in this analysis are the number of groomed branches which is simply the number of83

softer subjets that are dropped in order to find a sufficiently hard splitting that satisfies the SoftDrop84

condition and the groomed-pT fraction which is defined as the ratio of the groomed jet pT (pT,1 + pT,2)85

and the original jet pT.86

2 / Nuclear Physics A 00 (2018) 1–4

one step. The resulting pair of subjets are then considered and their momentum fraction, z, is calculated

as z = min(pT,1,pT,2)

pT,1+pT,2
, where pT,1 and pT,2 are the transverse momenta of the two subjets. If this momentum

fraction satisfies the grooming condition:

z > zcut

✓
�R
R0

◆�
(1)

then the splitting identified is considered su�ciently hard and the grooming procedure is stopped. If the

condition is not satisfied then the softer subjet is discarded and the clustering of the harder branch is unwound

an additional step; this process is repeated until a splitting satisfying (1) is found. The momentum fraction

at this stage is identified as the groomed momentum fraction zg. The angular separation of the two subjets,

as defined in ⌘ � ' space, is another important parameter of the splitting and is assigned as the groomed

radius Rg =
q

(⌘subjet,1 � ⌘subjet,2)2 + ('subjet,1 � 'subjet,2)2. Reclustering with the CA algorithm is designed

to replicate the angular ordering of QCD vacuum splittings and, to leading order, the measurement of zg in

vacuum reproduces the Altarelli-Parisi splitting functions.

In addition to studying the parameters of the leading hard splitting of jets the number of them that arise

in the evolution of the jet can help identify any additional splittings occurring due to the presence of the

medium. To count the number of splittings, the grooming is continued past the first splitting to satisfy (1)

and, following the hardest branch at each stage, the total number that pass the condition are counted and

assigned as nSD.

1.2. The Lund Plane
A very useful representation of the splittings is the Lund kinematical diagram. The Lund diagram

represents the 1! 2 splitting process of a parton on the two axes as shown in Fig.1. The axes reflect the

gluon emission probability given by:

dP = 2
↵sCi

⇡
dlog(z✓)dlog

1

✓
, (2)

where ✓ is the aperture angle of the splitting and Ci is the colour factor for a gluon radiated o↵ an initial

quark (Ci = CF) or gluon (Ci = Nc).

Representing the phase space of splittings in this way allows one to isolate regions where di↵erent

medium-induced mechanisms are expected to contribute to the modification of the parton shower splitting

function. As it can be seen in Fig. 1 (left) the region where soft wide angle splittings dominate can be clearly

separated from the region of hard collinear splittings. Fig. 1 (right) shows how this diagram is populated

with recursive splittings generated using PYTHIA and identified using CA reclustering.
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Fig. 1: Lund kinematical diagram representation of splittings with limits imposed by a jet resolution R (left) [8], and populated for

splittings in vacuum PYTHIA 6 Perugia 11 (right).
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Map of	Splittings	in	Medium

vLund	diagrams	represent	phase	space	of	splittings	
using	momentum	fraction	and	opening	angle	

v Allow	to	differentiate	regions	where	different	
medium	induced	signal	can	dominate
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large angles small angles small 𝜃 —><— large 𝜃

Lund diagram:
• Represents the phase-space density 

of 1—>2 splittings, described by (z,𝜃)

Soft Drop

The resulting hard splittings are 
described by:

• zg: momentum fraction of 
the first splitting

• Rg: angular separation of 
the first splitting

Approximately reconstruct the 
shower history of a jet 
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ALI-PREL-148229

!8

ALICE groomed jet substructure

Paper in collaboration review 
https://alice-publications.web.cern.ch/node/4745

• The groomed sub-jet sample is 
examined in two subsamples, 
depending on the ΔR between 
the two sub-jets

• ΔR < 0.1: hint of 
enhancement of collinear 
splittings at small zg

• ΔR > 0.2: depletion of large-
angle splittings at large zg

ALI-PREL-148233

ΔR < 0.1

symmetric —><— asymmetric

<— asymmetric symmetric —>

ΔR > 0.2Medium can resolve 
large-angle splittings?
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Jet RAA
Preliminary results: https://arxiv.org/abs/1812.07681 
Paper in IRC review: https://alice-publications.web.cern.ch/node/4796

DRAFT DRAFT

Low-pT jet RAA for multiple R
Similar suppression observed in R=0.2 and R=0.4

All models qualitatively describe the RAA 
But quantitatively, most models have slight tension with the data 

https://arxiv.org/abs/1812.07681
https://alice-publications.web.cern.ch/node/4796
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pp jet cross-section
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Pythia: LO matrix element + LL parton shower 
POWHEG + Pythia: NLO matrix element + Pythia shower 
Predictions forthcoming from recent NNLO + resummation…

DRAFT

Preliminary results: https://arxiv.org/abs/1812.07681 
Paper in IRC review: https://alice-publications.web.cern.ch/node/4796

https://arxiv.org/abs/1812.07681
https://alice-publications.web.cern.ch/node/4796


James Mulligan, UC Berkeley ALICE-USA Meeting 2019, UT-Knoxville !11

The jet cross-section ratio of 
different R is useful to constrain 
the contributions to the 
observed cross-section from: 

• pQCD 
• hadronization 
• underlying event
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Precision QCD jet 
measurements

Preliminary results: https://arxiv.org/abs/1812.07681 
Paper in IRC review: https://alice-publications.web.cern.ch/node/4796

https://arxiv.org/abs/1812.07681
https://alice-publications.web.cern.ch/node/4796
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Heavy-flavor jet measurements

HFe-jets in p-PbD0-tagged jets in Pb-Pb

Introduction
Heavy-Flavor Jets

D-Meson – Hadron Correlations
Conclusions

HFe Jet Tagging
D0-Meson Jet Tagging

HFe Jets in p–Pb at
p

sNN = 5.02 TeV (NEW)
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Includes HFe from
beauty and charm

Agreement
with NLO pQCD

POWHEG+PYTHIA8
simulation

No evidence of CNM effects

Salvatore Aiola (Yale University) Heavy-flavour correlations and jets with ALICE 7 / 23

HF-tagged jets at low pT
Work ongoing…
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2018 Pb-Pb dataset
A Large Ion Collider Experiment 

Data taking�

•  Pb-Pb run 
–  0-10% ~ 9 x 2015 
–  30-50% ~ 4 x 2015�
–  Minimum Bias = ~ 2015 
–  delivered lumi ~ 2 x 2015 
 

•  pp run 
–  ~ 20 pb-1 delivered 

•  brings total for Run 2 to 59 pb-1 

•  data-taking efficiencies 
–  ~ 92 % for pp 
–  ~ 85 % for Pb-Pb 

•  data quality is good! 
FA | ALICE Week | 10 December 2018 3	
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–  0-10% ~ 9 x 2015 
–  30-50% ~ 4 x 2015�
–  Minimum Bias = ~ 2015 
–  delivered lumi ~ 2 x 2015 
 

•  pp run 
–  ~ 20 pb-1 delivered 

•  brings total for Run 2 to 59 pb-1 

•  data-taking efficiencies 
–  ~ 92 % for pp 
–  ~ 85 % for Pb-Pb 

•  data quality is good! 
FA | ALICE Week | 10 December 2018 3	

Pb-Pb Run 2018

• Very impressive reduction of distortions


• High IR (~7.5 kHz): from up to ~4 cm, down to ~1 cm


• Medium IR (~4.5 kHz): from up to ~3 cm, down to ~0.3 cm


• Fluctuations reduced by a factor of 2

!17

Federico Antinori, ALICE Week Dec 2018 
Marco van Leeuwen, ALICE Week Dec 2018

Many jet analyses have improved prospects — I will only discuss a few

Most of data reconstruction is complete 
LHC18q, LHC18r preliminary runlists available 

https://twiki.cern.ch/twiki/bin/view/ALICE/DPGDataProcessing2018Progress
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What should we measure next?

1
First measurement of jet mass in Pb–Pb and p–Pb collisions ALICE Collaboration

Fig. 10: Fully-corrected jet mass distribution for anti-kT jets with R= 0.4 in the 10% most central Pb–Pb
collisions compared to PYTHIA with tune Perugia 2011 and predictions from the jet quenching event
generators (JEWEL and Q-PYTHIA). Statistical uncertainties are not shown for the model calculations.
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Fig. 11: Fully-corrected mean jet mass compared to PYTHIA Perugia2011 and the jet quenching event
generators (JEWEL and Q-PYTHIA) for anti-kT jets with R = 0.4 in the 10% most central Pb–Pb colli-
sions.

is compatible with the PYTHIA expectation at the two center-of-mass energies within systematic uncer-
tainties. A hint of a difference within statistical uncertainties only in the ratio and in the mean jet mass in
the lowest pT,ch jet range is of interest to motivate further work on reducing the systematic uncertainties
in order to increase the precision in jet mass measurements as well as pursuing more differential studies,
for example with respect to hard fragmenting jets. The fully-corrected results are consistent with the
observation based on detector level comparison with PYTHIA embedded jets. The measured jet mass
in Pb–Pb collisions is not reproduced by the quenching models considered in this letter and is found
to be consistent with PYTHIA vacuum expectations within systematic uncertainties. These results are
consistent with previous measurements of jet shapes at the LHC [20, 62].

The observed suppression of jet yields in the presence of a dense medium, RAA < 1 [63], is interpreted
as due to radiated partons lost or scattered out of the jet cone. Therefore, one reconstructs a subset of the
entire parton shower within a jet with resolution parameter 0.4. In the extreme case that only the leading
parton were to escape the medium, and then shower in vacuum, one would reconstruct the mass of the
leading parton at the point of exit. Since also the virtuality evolution of the parton shower is modified
in the presence of jet quenching, one would expect in such a scenario that the escaping (reconstructed)

15

Phys. Lett. B776(2018) 249-264

Jet mass at different R
Jet mass shows little modification, which models badly mis-predict

But jet mass is a balance of (i) particles flowing outside the jet cone, 
and (ii) particles flowing to larger angle but within the jet cone (both 
radiated energy and medium recoil).

Perform R-dependent measurement (and low pT)
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What should we measure next?

2 Generalized angularities

Small-radius jet shapes in pp and Pb–Pb collisions at ALICE ALICE Collaboration
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eβ ≡ ∑
i∈jet

ziθ
β
i

β = 1

β = 2
Radial moment       Significant modification
Jet mass        No significant modification

We should measure multiple 
angularities, including an 
intermediate value (e.g.            ) 

(The R was also different)

β = 1.5

Ability to do more differential jet shapes
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Visual Dead-Cone Signal at 
Hadron Level

Ø Dead-cone effect can be seen through Lund Maps of the 
splittings.

Ø Radiation from the heavy flavor vertex appears suppressed
at small angles compared to the inclusive distribution.

Ø Larger suppression seen for Beauty than Charm quarks.

Ø Structure bands created for heavy flavor jets. 

Ø Minimum cuts on kT can remove non-perturbative effects.

Inclusive

Charm

Beauty

20/03/19 13th International High-pT Workshop - Knoxville 21

L. Cunqueiro, M. Ploskon arXiv:1812.00102 
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What should we measure next?

3 Heavy flavor jets at low-pT

HF-jet substructure 

)c (GeV/
T,ch jet

p and 
T,D

p
10 210

A
A

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

), 0-20%c > 3 GeV/
0T,D

p-tagged jets (
0

D

p-Pb data reference

), 0-10%c > 5 GeV/lead

T
pCh. Jets (

POWHEG+PYTHIA8 reference

, 0-10%, arxiv:1804.09083
*+

, D
+

, D
0

Average D

ALICE Preliminary

 = 5.02 TeV
NN

sPb-Pb, 

| < 0.6
jet

η = 0.3, |R, TkCharged Jets, Anti-

ALI-PREL-157488

HF-tagged jet RAA 

Should see significant improvement! 

Visual Dead-Cone Signal at 
Hadron Level

Ø Dead-cone effect can be seen through Lund Maps of the 
splittings.

Ø Radiation from the heavy flavor vertex appears suppressed
at small angles compared to the inclusive distribution.

Ø Larger suppression seen for Beauty than Charm quarks.

Ø Structure bands created for heavy flavor jets. 

Ø Minimum cuts on kT can remove non-perturbative effects.

Inclusive

Charm

Beauty

20/03/19 13th International High-pT Workshop - Knoxville 21

L. Cunqueiro, M. Ploskon arXiv:1812.00102 

New observables! 
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20/03/19 13th International High-pT Workshop - Knoxville 21

L. Cunqueiro, M. Ploskon arXiv:1812.00102 
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What should we measure next?

4 Jet acoplanarity

Look at angular distribution between trigger hadron and recoil jet

Biggest deflection at low/intermediate pT

Phase 1: Achieve sufficient precision to distinguish AA from pp
Phase 2: Achieve sufficient precision to distinguish AA models

In-medium acoplanarity: GLV vs BDMPS 

7/24/2018 Selected issues in jet quenching 
measurements 23 

Δφ

Ratio to vacuum distribution 

BDMPS: multiple soft scatterings 
GLV: few hard scatterings 
→interesting variation of in-medium interaction 

•  Both models: significant yield suppression relative to vacuum → jet 
quenching 

•  Acoplanarity may discriminate pictures of the medium 
•  need ~few percent precision in angular distribution: possible with current 

STAR data, ALICE Run 3 data 

GLV 
BDMPS 

Gyulassy et al. QM18 

Example:

Gyulassy, et al. QM2018

(i) Search for large-angle 
Moliere scattering 

(ii) Search for angular 
broadening near jet axis 
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What should we measure next?

5 Next-generation Jet RAA

• Push to lower pT and larger R 
• ML? Mixed events? Improve unfolding? 

• Reduce size of error bars  
• Control unfolding? Detector systematics? 
• Can we measure the R-dependence? 

• Centrality-dependence  
• Useful for HF-jet RAA comparison 

• Extend to higher pT? 
• Limitations: Tracking, EMCal non-linearity, pp 

reference 

• Push also to smaller R? to test theoretical 
understanding of R-dependence. Do we start to 
recover the hadron RAA?

Many possible improvements:
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What should we measure next?

6 Next-generation Groomed jet substructure

How to interpret grooming in 
PbPb? 

Scanning of the 
Lund plane

Measure zg modification: 
• pT-dependence 
• Centrality-dependence

Can we figure out 
how to unfold zg? 

Are there better groomed 
substructure observables? 

30

The	Lund	plane	in	medium
Angular	ordering	not	expected	in	medium,	so	using	

CA	to	recluster is	an	operational	choice

New	scales	appear	due	to	the	medium	and	divide	the	

phase	space:	formation	time,decoherence time,	

decoherence angle…:

tf<td<L		vacuum	splittings inside	the	medium

In	medium	splittingswith	td>L	:not	resolved	by	

the	medium	

td � tf splitting	kinematics	dominated	by	

medium	effects	Lund	plane	not	filled	with	the	

pQCD uniform	probability

K.Tywoniuk et	al,	Novel	tools	and	observables
for	jet	physics	in	heavy	ion	collisons,
https://arxiv.org/pdf/1808.03689.pdf
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What else should we think about?

Limited pp reference data 
• pp reference dataset O(1%) Ncoll of Pb-Pb dataset 

• O(10/nb) pp, O(1/nb) Pb-Pb 

High-pT tracking 
• Is this something we want to spend effort to pursue? 

Role of EMCal in jet measurements 
• Difficult to do substructure — Important for pT scale  
• Triggered data — pp reference with jet trigger? 

New substructure ideas!
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Comparing to theory

Our goal is not to measure observables and compare them to 
an MC generator. Our goal is to learn fundamental physics. 

Crucial to systematically study jet energy loss 
models in a controlled way, and try to extract 
real understanding of the physics.

https://github.com/JETSCAPE/JETSCAPE

22
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JetScape Collaboration members
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PART FOUR Summary and Future Plan

JetScape Collaboration members

Several ALICE 
members involved!

A modular 
heavy-ion event 
generator

JETSCAPE

�2
Y. Tachibana for the JETSCAPE Collaboration, Hard Probes 2018, Aix-Les-Bains

Package of MC event generator for heavy ion collision

- General, modular and highly extensible
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Viscous Fluid dynamics of 
QGP

https://github.com/JETSCAPE - Current version, JETSCAPE 1.0 available at

JETSCAPE Event Generator

Poster by J. Putschke

STAT part (future release) Talk by R. Soltz (Tue)

Yasuki Tachibana, HP2018
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Summary

Jets are a promising tool to understand 
deconfined QCD matter

The ALICE 2018 Pb-Pb dataset gives us a substantial 
boost in statistics:  
• More precision 
• More differential 
• New observables

We have learned a lot about jets, and are using that 
knowledge to choose our next measurements



Thank you!

�23
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Leading track bias
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ALICE full jet RAA at 
5.02 TeV is similar to 
2.76 TeV for R=0.2, 
with hint of increase

Results — Jet RAA
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How well do we understand jet RAA?
Can we distinguish the R-dependence of jet energy loss?

Provided by Dani Pablos
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Figure 7. Inclusive jet nuclear modification factors RAA in Pb+Pb central events in
Jewel+Pythia for different jet radii R and including medium response with 4MomSub.
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without medium response while the blue and red lines show the result including medium response
with 4MomSub and GridSub1 respectively.
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and relative azimuthal angle ��12, respectively. Here, the leading jet is required to have

– 12 –

JHEP 1707 (2017) 141

JEWEL Hybrid model

• Do we recover induced gluon radiation and/or medium recoil?    
(Less suppression as R increases) 

• Or do smaller R jets tend to be more collimated, and therefore less 
quenched? (More suppression as R increases)
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Can we achieve sufficient experimental precision to distinguish 
whether jet RAA increases or decreases with jet R?


