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WORKSHOP/TH INSTITUTE @ CERN

• bring together theorists 
and experimentalists

• connect theoretical ideas 
with clearly defined 
observables & exploring 
technical challenges

• focal point of discussions: 
grooming techniques for 
jet substructure 
observables
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OC: Matteo Cacciari, Leticia Cunqueiro, Yen-Jie Lee, Yacine Mehtar-Tani, Guilherme Milhano, Matthew 
Nguyen, Dennis Perepelitsa, Konrad Tywoniuk, Marta Verweij, Urs Wiedemann, Korinna Zapp
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COLLABORATIVE EFFORT

• Twiki
- working groups/topics 

for future discussions

• GitHub
- available tools and 

samples
- (currently need CERN 

account…)

• Slack
- discussion forum

• mailing list
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https://twiki.cern.ch/twiki/bin/viewauth/JetQuenchingTools/WebHome
https://github.com/JetQuenchingTools/JetToyHI
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MOTIVATION
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• can we devise a strategy that reduces sensitivity to 
(uncorrelated & correlated) background while 
preserving (some) theoretical control of perturbative 
jet structure?

• can we isolate effects (regimes of dominant 
contribution)?
- useful for crosschecking MC’s and theory

• summary of main discussion topics & results to 
appear as a “round-table” doc soon…



THIS TALK:
I will try to outline some of the main lines of discussion, using simple 

theoretical arguments to discuss phase space generation, motivating further 
MC studies of specific (groomed) observables.
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SPLITTING KINEMATICS
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✓

dPvac = 2
↵sCR

⇡
d log z✓ d log

1

✓

Consider a generic 1→2 splitting in QCD.

For soft & collinear radiation, we can write a splitting probability!

z, p? ⌘ z(1� z)E✓

m2 = z(1� z)E2✓2The pair invariant mass

Formation time of splitting: tf ⇠ �E�1 =
2z(1� z)E

p2?
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LUND DIAGRAM
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z = 1

logR

log 1/R

log zθ

log 1/θ

dPvac = 2
↵sCR

⇡
d log z✓ d log

1

✓
Triangle is uniformly filled, with probability:

[This holds iteratively for a vacuum jet, given C/A recombination algo.]

B. Andersson, G. Gustafson, L. Lönnblad and U. Pettersson, Z. Phys. C 43 (1989) 625.
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LUND DIAGRAM
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[This holds iteratively for a vacuum jet, given C/A recombination algo.]

B. Andersson, G. Gustafson, L. Lönnblad and U. Pettersson, Z. Phys. C 43 (1989) 625.
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THE MAP…

• mapping out possible parton splittings

• in vacuum process self-similar (running of 𝛼s)
• for medium-induced radiation, splitting is not uniform 

in the plane ⇒ not directly comparable!
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RADIATION PATTERN
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RADIATION PATTERN

13

)θlog(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
lo

g(
z 

10−

9−

8−

7−

6−

5−

4−

3−

2−

1−

0

3−10

2−10

1−10
 = 0.4R Tk, anti-c > 200 GeV/

T,jet
p
QPythia (hyd)

)θlog(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
lo

g(
z 

10−

9−

8−

7−

6−

5−

4−

3−

2−

1−

0

0

0.05

0.1

0.15

0.2

0.25

0.3 = 0.4R Tk, anti-c > 200 GeV/
T,jet

p
JEWEL (with Recoil)

)θln(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
ln

(z
 

10−

9−

8−

7−

6−

5−

4−

3−

2−

1−

0

0.04−

0.02−

0

0.02

0.04

0.06

0.08
 = 0.4R Tk, anti-c > 200 GeV/

T,jet
p
QPYTHIA (hyd - vac)

)θln(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
ln

(z
 

10−

9−

8−

7−

6−

5−

4−

3−

2−

1−

0

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

0.3

 = 0.4R Tk, anti-c > 200 GeV/
T,jet

p
JEWEL (med - vac)

)θln(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
ln

(z
 

10−

9−

8−

7−

6−

5−

4−

3−

2−

1−

0

0.05−

0

0.05

0.1

0.15

0.2 = 0.4R Tk, anti-c > 200 GeV/
T,jet

p
JEWEL (med - vac)

)θln(1/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)θ
ln

(z
 

10−

8−

6−

4−

2−

0

2

0

0.05

0.1

0.15

0.2

0.25Cambridge-Aachen Declustering
 = 0.4R Tk, anti-c > 200 GeV/

T,jet
p
JEWEL 0-10% Centrality

QPYTHIA JEWEL (wo/ recoil) JEWEL (w/ recoil)



K. Tywoniuk (CERN) JETSCAPE 2018

GROOMING EXERCISES

14

min(pT,i, pT,j)

pT,i + pT,j
> zcut

✓
�Rij

R0

◆�

SoftDrop condition (mMDT)
 A. Larkoski, S. Marzani, G. Soyez, and J. Thaler, JHEP 05, 146 (2014)

[Shaded region is excluded.]
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1) GROOMED MOMENTUM FRACTION

• normalized to # of ungroomed jets
- # of surviving jets depend on angular structure!
- for vacuum: resilient to splitting kinematics!

• sensitivity to recoils most visible for small zg
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2) GROOMED ANGULAR DISTANCE

• QPYTHIA broadens jets wrt vacuum
- consequence of increased splitting prob early in the shower

• JEWEL jets more collimated
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3) GROOMED JET MASS

• more resilient to recoil effects - just a coincidence?
• further studies possible

- serve as MC-exp, theory-MC comparisons
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OTHER STUDIES

• hadronization effects, sensitivity 
to shower ordering variable

• embedding into heavy-ion 
background
- tuning sophisticated 

background subtraction 
techniques (CS, SoftKiller,…)

- realistic observables w/
grooming

• leverage from reclustering algo?

• plenty of ideas for the future!
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INSTEAD OF CONCLUSIONS…

• it	was	a	lot	of	fun!	

- opportunity to learn, discuss & check expectations!

• open	(source)	

- discussion forum agnostic to modeling of underlying 
physics processes

- using publicly available tools

• effort	to	establish	jet	quenching	observables	

- demands theory & experiment collaboration 

19



THANKS FOR YOUR ATTENTION!
Special	thanks	to	Leticia	Cunqueiro,	Harry	Andrews	and	Marta	Verweij	

for	providing	most	of	the	MC	plots!


