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Jet-axis differences
Jet Axes

Standard: anti-kT jet with E -scheme
recombination.

Groomed: Apply Soft drop grooming
with different values of zcut and β

Winner-Take-All (WTA): Jet axis is
given by its leading constituent.

Calculate the angular separation:

∆Raxis =

√

∆y 2
+∆φ2

Pedro Cal, Duff Neill, Felix Ringer Wouter J. Waalewijn[ArXiv:
1911.06840]

Motivation

Angles have different degrees of soft sensitivity:
ST-WTA → Moderate dependence on soft radiation
WTA-GR → Low dependence on soft radiation
ST-GR → High dependence on soft radiation
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Grooming Algorithms

Intended to remove soft and wide-angle radiation from the jet.

Help to reduce the PU dependence of jet mass and shape observables.

Soft Drop

Recluster the jet constituents with C/A algorithm

Evaluate the condition for subjet j1 and j2,

zg ≡
min(pT ,1,pT ,2)

pT ,1 + pT ,2
≥ zcut (

∆R12

R0

)

β

If it fails, remove the softest constituent and reiterate
reclustering.
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Event Selection

PYTHIA8 event generator. 10M events. pp collision at
√

s = 200GeV

Also, used the Detroit Tune [arXiv:2110.09447v2]:

Charged-particle jets were reconstructed at ∣η∣ < 3 using the anti-kT algorithm
with R = 0.4.

Jet selection: pch,jetT > 10 GeV, ∣ηjet ∣ < 0.6.

Scan different Soft-Drop parameters;

zcut = 0.1, β = -1, 0, 1, 2, 3
zcut = 0.1, 0.2, 0.3, β = 1
zcut = 0.1, 0.2, 0.3, β = -1
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Jet observables: Jet pT
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Left: The distributions of the jet transverse momentum for different β values with zcut = 0.1 with default Pythia8.
Right: The distributions of the jet transverse momentum for different β values with zcut = 0.1 with Pythia8+DETROIT tune.

31 Jan, 2022 5/25



Jet observables: Jet mass
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Left: The distributions of the jet mass for different β values with zcut = 0.1 with default Pythia8.
Right: The distributions of the jet mass for different β values with zcut = 0.1 with Pythia8+DETROIT tune.
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SD observables: zg
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Left: The zg distributions for charged-particle jets different β values with zcut = 0.1 with default Pythia8.
Right: The zg distributions for charged-particle jets for different β values with zcut = 0.1 with Pythia8+DETROIT tune.
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SD observables: Rg
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Left: The Rg distributions for charged-particle jets different β values with zcut = 0.1 with default Pythia8.
Right: The Rg distributions for charged-particle jets for different β values with zcut = 0.1 with Pythia8+DETROIT tune.
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SD observables: pgT /p
jet
T
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Left: The groomed jet energy fraction for different β values with zcut = 0.1 with default Pythia8.
Right: The groomed jet energy fraction for different β values with zcut = 0.1 with Pythia8+DETROIT tune.
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SD observables: ρ ≡ log(m2
/p2

T)
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Left: The distribution of ρ ≡ log(m
2
/p

2
T ), where m is groomed jet mass and pT is ungroomed jet pT , for different β values with

zcut = 0.1 with default Pythia8.

Right: The distribution of ρ ≡ log(m
2
/p

2
T ), where m is groomed jet mass and pT is ungroomed jet pT , for different β values with

zcut = 0.1 with Pythia8+DETROIT tune.

31 Jan, 2022 10/25



∆Raxis : ST-GR

Calculate the angular separation: ∆Raxis =

√
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Left: The angular separation between the standard and groomed jet axis for different β values with zcut = 0.1 with default Pythia8.
Right: The angular separation between the standard and groomed jet axis for different β values with zcut = 0.1 with
Pythia8+DETROIT tune.
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∆Raxis : WTA-ST, WTA-GR

Calculate the angular separation: ∆Raxis =

√

(yg − yj )
2
+ (φg − φj )

2

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

WTA-Standard
=-1β=0.1, cutzWTA-SD: 
=0β=0.1, cutzWTA-SD: 
=1β=0.1, cutzWTA-SD: 
=2β=0.1, cutzWTA-SD: 
=3β=0.1, cutzWTA-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8  = 200 GeVspp 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

WTA-Standard
=-1β=0.1, cutzWTA-SD: 
=0β=0.1, cutzWTA-SD: 
=1β=0.1, cutzWTA-SD: 
=2β=0.1, cutzWTA-SD: 
=3β=0.1, cutzWTA-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

Left: The angular separation between the WTA and standard/groomed jet axes for different β values with zcut = 0.1 with default
Pythia8.
Right: The angular separation between the WTA and standard/groomed jet axes for different β values with zcut = 0.1 with
Pythia8+DETROIT tune.
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Backup
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Jet observables
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Top: The distributions of the jet transverse momentum for different β values with zcut = 0.1 (left), different zcut values with β =
1.0 (middle) and β = -1.0 (right).
Bottom: The distributions of the jet mass for different β values with zcut = 0.1 (left), different zcut values with β = 1.0 (middle)
and β = -1.0 (right).
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Jet observables
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The zg distributions for charged-particle jets with different β (top) and zcut (bottom) values.
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The zg distributions for charged-particle jets with different β (top) and zcut (bottom) values.
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The Rg distributions for charged-particle jets with different β (top) and zcut (bottom) values.
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The Rg distributions for charged-particle jets with different β (top) and zcut (bottom) values.
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Top: The groomed jet energy fraction for different values of β (left), and for different values of

zcut (middle/right). Bottom: The distribution of ρ ≡ log(m2/p2
T ), where m is groomed jet mass

and pT is ungroomed jet pT .
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Top: The groomed jet energy fraction for different values of β (left), and for different values of

zcut (middle/right). Bottom: The distribution of ρ ≡ log(m2/p2
T ), where m is groomed jet mass

and pT is ungroomed jet pT .
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Top: The angular separation between the standard and soft drop groomed jets for different values
of β (left), and for different values of zcut (middle/right).
Bottom: The angular separation between the WTA and standard/groomed jet axes for different
values of β (left), and for different values of zcut (middle/right)

31 Jan, 2022 22/25



∆Raxis
Calculate the angular separation: ∆Raxis =

√

(yg − yj )
2
+ (φg − φj )

2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

=-1β=0.1, cutzStandard-SD: 
=0β=0.1, cutzStandard-SD: 
=1β=0.1, cutzStandard-SD: 
=2β=0.1, cutzStandard-SD: 
=3β=0.1, cutzStandard-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

=1β=0.1, cutzStandard-SD: 

=1β=0.2, cutzStandard-SD: 

=1β=0.3, cutzStandard-SD: 
 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

=-1β=0.1, cutzStandard-SD: 

=-1β=0.2, cutzStandard-SD: 

=-1β=0.3, cutzStandard-SD: 
 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

WTA-Standard
=-1β=0.1, cutzWTA-SD: 
=0β=0.1, cutzWTA-SD: 
=1β=0.1, cutzWTA-SD: 
=2β=0.1, cutzWTA-SD: 
=3β=0.1, cutzWTA-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

WTA-Standard
=1β=0.1, cutzWTA-SD: 
=1β=0.2, cutzWTA-SD: 
=1β=0.3, cutzWTA-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

gjR∆
2−10

1−10

1

10

210

310gj
R∆d
Nd

 
N1

WTA-Standard
=-1β=0.1, cutzWTA-SD: 
=-1β=0.2, cutzWTA-SD: 
=-1β=0.3, cutzWTA-SD: 

 > 10 GeVch jet

T
p

| < 0.6
jet

η|

Simulation Preliminary
PYTHIA8 Detroit  = 200 GeVspp 

Top: The angular separation between the standard and soft drop groomed jets for different values
of β (left), and for different values of zcut (middle/right).
Bottom: The angular separation between the WTA and standard/groomed jet axes for different
values of β (left), and for different values of zcut (middle/right)
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ALICE collaboration, Ezra D. Lesser(UC Berkeley / LBNL)
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https://indico.cern.ch/event/1009701/contributions/4368923/attachments/2256809/3829563/Jet%20substructure%20for%20SM%20measurements%20on%20ALICE.pdf
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