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Roadmap of this talk

QCD jets

• Analytical framework

W/top tagging Heavy-ions

1 Motivation and state-of-the-art: SoftDrop

2 Dynamical grooming: technique and substructure observables

• Impact of underlying event 
and hadronization effects

• n-Prong DyG extension

• Impact of pileup at HL-LHC 
conditions

• Impact of thermal background

• Sensitivity to QGP effects

[arXiv: 2005.07584][PRD 101 (2020) 3, 034004]
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[Mulligan, Ploskon arXiv:2006.01812]



Why grooming?

p p A A

• Physics goals:

Enable theory-to-data comparisons without the need of a Monte Carlo

• Mitigate impact of: • Minimize sensitivity to:

• Physics goals:

• Enhance sensitivity to BSM searches
• Constrain Monte Carlo generators

• Hadronization
• Multi-parton interactions
• Pileup

• QGP effect on splitting function

• Non-perturbative p+p effects
• Thermal background

• Identify QGP angular resolution 
• Pin-down medium response

Remove soft, wide-angle radiation from the reconstructed jet
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State-of-the-art grooming techniques

[Larkorski et al. JHEP’14]

[Butterworth et al.PRL’08] 3

SoftDrop (SD)
[Dreyer et al. JHEP’18]
Recursive SoftDrop (RSDN)

Given a C/A reclustered jet, i.e. angular ordered tree:

z > zcutθβ
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Elastic scattering amplitude has a (small) real part
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Theory

N=1 N=∞
SD

N+1 subjets

Fully recursive
β=0
mMDT

β→∞β→ − ∞
Less groomingMore grooming



SoftDrop at work: from RHIC to LHC [See HP talks by Mulligan, Kucera, Nemes, Sickles, Mooney…]

[CMS JHEP.20] [CMS PRL’18] [ATLAS PRD’20] [CMS PRL’18]

+ lots of pQCD calculations 4

@LBNLY. Mehtar-Tani 28

Groomed jet observables in HIC

STAR 1704.03046

ALICE: 1905.02512

CMS: 1708.09429
• First groomed jet observables in HI: the momentum sharing distribution

• Sizable modifications observed in PbPb compared to pp

[STAR’20] [ALICE PLB’20] [STAR NPA’17]

p p

p p

p p p p

A A A A

A A



Experimentally: no optimal               -values a priori. Tuned on an observable basis 
with Monte-Carlo, e.g. : 

SoftDrop condition: free parameters

(zcut, β,

Jet splittings: SD grooming 60 < pTch < 80 GeV

• ALICE uses an improved background subtraction:

‣ Tighter SD condition reduces 
remaining peak

z=0.4z=0.1

12

z=0.2

JHEP 1908 (2019) 175

‣ Event-by-event constituent subtraction 
instead of jet-by-jet reduces the peak

‣ Clear secondary background peak 

[Laura Havener talk at LHCP’20]

Theoretically: flexibility to select splittings from different kinematic regions

N)

5

z > zcutθβ



Dynamical grooming

2) Drop all branches at larger angles, i.e.

1) Find hardest branch in the C/A sequence, i.e.

Physical interpretation: • a=2: TimeDrop • a=1: kTDrop • a~0: zDrop

6

Code: github/aontoso/JetToyHI

θi > θg

log 1/θ

lo
g

zθ

log 1/θ

lo
g

zθ

DyG: SD:

θg

z

pT

1 − z

θ

κ(a) =
1
pT

max
i∈C/A

zi(1 − zi)pT,i(θi/R)a

https://github.com/aontoso/JetToyHI/blob/master/include/dyGroomer.hh


Remarks and physical interpretation of DyG

κ(a) =
1
pT

max
i∈C/A

zi(1 − zi)pT,i(θi/R)a

κmax

• Removing soft radiation sensitive to the total color charge of the jet

• Grooming condition auto-generated on a jet-by-jet basis

• More aggressive grooming with decreasing a (similar to    in SD)β

TimeDrop kTDrop
zDrop

7

θ2 θ0
θ1θ2θ1

θ0> >



𝒫(z, θ) =
αs(k2

t )
π

P(z)Δ(κ |a)

Analytical framework of DyG

Building block: 2D phase space probability for the tagged DyG splitting

• Sudakov form factor: probability for no emission with z(θ/R)a > κ

Δ(κ |a) = exp [−∫
R

0

dθ
θ ∫

1

0
dzP(z) × Θ (z(1 − z)(θ/R)a > κ))]

• Splitting function: probability to split given that all other splittings are softer

κ = κmax = zg(θg/R)a

z(θ/R)a < κ

Vetoed showers
[Nason JHEP’04]

8
z(θ/R)a < κ

IRC safe for a>0



Lund planes for dynamically groomed QCD jets

𝒫(z, θ) =
αs(k2

t )
π

P(z)Δ(κ |a)
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9

PYTHIA 8,pp->dijet@13 TeV
HAD,UE::off

log2(κ) ∼ log2(zθa) > a/αsDynamical cut when DLA
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dzg

CMS 2010 Open Data
Theory (MLL; all)
Pythia 8.219
Herwig 7.0.3
Sherpa 2.2.1

pPFC
T > 1.0 GeV

AK5; |⌘| < 2.4

pjet
T > 150 GeV

mMDT / SD�=0 : zcut = 0.1

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Track zg
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zg-distribution in DyG QCD jets

1
σ

dσ
dz

= ∫
R

0

dθ
θ

𝒫(z, θ)

zcut ≈ e− a/ᾱ

• Dynamical cut-off generated at

• For zcut < z < 0.5

1
σ

dσ
dz

≈ P(z) × ᾱ/a

Possibility to measure        down to lowerP(z) z

10

[Larkorski et al PRL’17)
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Impact of UE* and hadronization in DyG-zg (*UE==ISR and MPI)

UE 
(on/off)

Hadron
/parton

zg 

Overall similar behavior to SD. kTDrop remarkably robust to hadronization
11

• zDrop
• kTDrop
• TimeDrop • SD(0.1,0)

• SD(0.1,1)

Comparison among:
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W tagging in the boosted regime
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C/A declustering

W events

zDrop
DropTk

TimeDrop
SD(0.05,1)

(0.05,1)2RSD
(0.05,1)∞RSD

W

kTDrop shows an enhanced resilience against background fluctuations

Mass peak vs npu Mass width vs npuImpact of NP QCD

PYTHIA 8, pp->W; W->qq@ 13 TeV
+ npu minimum bias events

• zDrop
• kTDrop
• TimeDrop • SD(0.05,1)

Topology: Comparison: • RSD2(0.05,1)
• RSD∞(0.05,1)

[D
reyer et al JH

EP’20]
+ Constituent Subtraction

tuned byq

q



Top tagging in the boosted regime

13

PYTHIA 8, pp->tt; t->Wb; W->qq @13 TeV
+npu minimum bias events +Constituent Subtraction

Topology:
W

t
b θqq ≮ θWb

w/o angular ordering
q

q

log 1/θ

lo
g

zθ

3-prong DyG: first step towards n-prong DyG

1) Find hardest branch: 

2) Look for the next-to-hardest:

j1, θleading

j2, θsub−leading

a) j2 on primary Lund Plane of j1

j1
j2 j1j2

b) on secondary Lund Plane of j2 j1

3)

θ1 = max(θleading, θsub−leading)
or

θleading θsub−leading

θ2 = min(θleading, θsub−leading)θleading θsub−leading



Top tagging in the boosted regime

14

PYTHIA 8, pp->tt; t->Wb; W->qq @13 TeV
+npu minimum bias events +Constituent Subtraction

W

t
b

q

q
g

vs

Tagging efficiency: how to distinguish a top jet from the abundant QCD background

Strategy: exploit differences on 

Mg τ32

dN
dMg

dN
dτ32

Mt

g

t

g

[Thaler, Van Tilburg JHEP’12]

t
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32
τ [160,185] GeV, ∈m 

Top vs. Dijets

Plain
Drop

T
3-Prong k
3-Prong TimeDrop
SD(0.05,1)

QCD vs top

Better

3-Prong DyG neat improvement with 
respect to traditional SoftDrop 



Sneak peek into heavy-ion collisions
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SACLAY
HYBRYD w/ wake
JEWEL w/o recoil

DropTk
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ALICE-like set up

PbPb/pp

Goal: asses discriminating power of the kTDrop Rg-distribution compared to SD

kTDrop SD(0.2,0)

• Saclay: P. Caucal et al
• Hybrid w/wake: D. Pablos et al
• JEWEL w/o recoil: K. Zapp et al

Samples: JetTools GitHub

Rg Rg

New 
HP’20

New 
HP’20

Beware: thermal background not included. See: [Mulligan, Ploskon arXiv:2006.01812]

http://jetquenchingtools.web.cern.ch/JetQuenchingTools/


Take-home messages
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Introduced dynamical grooming based on identifying the hardest splitting jet-by-jet

W

Properties:
• Calculable: IRC (IR and Collinear) safe for a > 0

W

t
b

q

q
g

• Versatile: successfully applied to different scenarios without fine-tuning

• Resilient: to underlying event, hadronization and pileup (thermal bkg in HIC?) 

Ready to use: Code: github/aontoso/JetToyHI

κ(a) =
1
pT

max
i∈C/A

zi(1 − zi)pT,i(θi/R)a

http://jetquenchingtools.web.cern.ch/JetQuenchingTools/
https://github.com/aontoso/JetToyHI/blob/master/include/dyGroomer.hh

