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Jets quench — but how?



Level of detail
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Full jet Large structure Constituent



Full jet
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Full jet

Jet RAA 
Z/γ+Jet 

Dijet balancing 
…

PRL 119 (2017) 082301 
CMS-PAS-HIN-16-014 
…



Constituent
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Constituent

Inclusive jet shape 
Photon-tagged jet shape 
Fragmentation function 

…

1803.00042 
HIN-PAS-18-006 
1801.04895 
…



Substructure
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Large structure

Momentum sharing 
Jet mass 

Opening angle

PRL 120 (2018) 142302 
HIN-16-024, arXiv 1805.05145



Substructure
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Subjets with momenta p1μ, p2μ

Groomed Jet Mass

Momentum Sharing

We measure

Better cancellation  
of systematics

Mass scales with 
jet pT in vacuum



How do we do it?



First, we find a good jet
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mMDT / Soft drop Grooming

Constituent Subtraction
anti-kT

R0 = 0.4

Remove average 
expected energy from 

underlying events

Further cleans up jets
Requires subjet separation ΔR12 > 0.1Jet pT > 140 GeV

Talk by Chris McGinn Wed 11:50
Particle Flow



mMDT / soft drop grooming
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Soft drop condition: 



Grooming Settings
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Good theoretical 
properties 
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Stronger grooming 
at large angle 

More resilient to large 
angle soft radiation 

"Jet core"

Comparison between the two can tell us something interesting



Analysis Strategy
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PbPb vs. smeared pp

Smeared pp = what we would have gotten if PbPb 
events were simply superposition of pp jets and PbPb 

minimum bias events



Smearing
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Momentum sharing zg

pp vs embedded pp

smearing matrix

apply on data

Groomed mass Mg/pT,jet

event mixing: 
pp + PbPb background

Internal cross check: the two methods  
give consistent zg result

subtraction and grooming



Results



Data vs MC in pp collisions
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Jet PT = 160–180 GeV

Different centrality ranges

Good agreement between 
PbPb and smeared pp

M
or

e 
pe

rip
he

ra
l
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Jet PT = 160–180 GeV

Different centrality ranges

Good agreement between 
PbPb and smeared pp
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(zcut = 0.5, β = 1.5): core of the jet
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10% most central events

Different energy ranges

Generators tend to 
predict large modification

No significant modifications 
to the core of the jets
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T

EPJC 74 (2014) 2672 
EPJC 63 (2009) 679



Shape in JEWEL / Q-Pythia
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Pb
Pb

 / 
pp

Mg / pT, jet

Partons lose energy  
— bulk moves to 

smaller mass 
compared to 

ungroomed jet PT
1

The rise in large 
mass tail is due to 
the recoil particles 
scattered at larger 

angles

Recoil off
Recoil on

If there is large amount 
of broadening, mass will 
increase and ratio drops
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Jet PT = 160–180 GeV
Different centrality ranges
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Deviation in 
more central 

events

Imbalanced 
subjets, 

Larger mass
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10% most central events

Different energy ranges

Modification diminishes 
with higher jet energy
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10% most central events

Different energy ranges

Generators tend to 
predict large modification

Modification diminishes 
with higher jet energy

H
ig

he
r j

et
 p

T

Large amount of broadening in  
q-pythia, mass generally larger

EPJC 74 (2014) 2672 
EPJC 63 (2009) 679



(zcut = 0.1, β = 0.0): flat grooming

 25

10% most central events

Different energy ranges
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To summarize…
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Summary
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Jet mass and splitting function measurements with 
substructure techniques in pp and PbPb collisions  

with the CMS detector at the LHC is presented  
using 5.02 TeV data

We see no modification for the mass of the core 
of the jet in PbPb

For the flat grooming setting, some modification 
is seen for zg and to a lesser extent jet mass



Different grooming settings
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This region could be interesting! 
Future analyses might tell us more



Thank you!



Backup Slides Ahead



Redistribution of Energy
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Systematic Uncertainties
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mMDT / soft drop grooming
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Look at the  
subjet pair
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Soft drop condition: 



The strategy
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The strategy
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The strategy (validation)
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