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Jets probe a wide range of Q2
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Jets probe a wide range of Q2
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Flavor dependence in QCD showers


 Gluon-initiated shower  Quark-initiated shower

CA

CF
=

9
4

Casimir color factors 

Gluon-initiated showers are expected 
to have a broader and softer 

fragmentation profile than quark-
initiated showers
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Flavor dependence in QCD showers


 Gluon-initiated shower  Quark-initiated shower

CA

CF
=

9
4

Casimir color factors 

Gluon-initiated showers are expected 
to have a broader and softer 

fragmentation profile than quark-
initiated showers

Mass effects 

A harder fragmentation is expected in low 
energy heavy-quark initiated showers due to 

the presence of the dead-cone effect 

 Heavy-quark-initiated shower

Mass effects are dominant at low pT 
  

θc ∼
mQ

E

5



 8 Jan. 2025Preeti Dhankher Charm-tagged jet substructure with ALICE

|η | < 0.9

Jet of particles

0.5 T Solenoid

A Large Ion Collider Experiment 
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A Large Ion Collider Experiment 
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TPC	

We both 
have layers!

ITS	

TRD	
TOF	

EMCal	

Solenoid	
magnet	

Vertexing: 
Origin point

Tracking: 
Momentum

Particle 
identification(PID)

Calorimeter: energy

π+

K−

γ
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TPC	
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Particle 
identification(PID)

A Large Ion Collider Experiment 


⃗F = q ⃗V × ⃗B

Lorentz force

 
 

Secondary  
Vertex

D0

∼ 100 μm

π

π

K

γ
γ

Jet

Primary Vertex

⨂ ⃗B = 0.5 T
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More details on Friday  
by Emma!
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Charm jet measurements with ALICE 


Jet 
angularities

Energy-energy 
correlator

Dead cone
Fragmentation 

function z||

c → cg
c → cg
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Jet axes differences
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Charm jet measurements with ALICE 
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 First direct observation of the dead-cone effect

12

Challenges of Measurement:

• Determining the dynamic direction 

of the heavy quark throughout the 
shower

https://iopscience.iop.org/article/10.1088/0954-3899/17/10/023


 8 Jan. 2025Preeti Dhankher Charm-tagged jet substructure with ALICE

 First direct observation of the dead-cone effect

Solution:  
• use declustering procedure 

with Cambridge/Aachen 
algorithm 

•
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Challenges of Measurement:

• Determining the dynamic direction 

of the heavy quark throughout the 
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 First direct observation of the dead-cone effect

Solution:  
• use declustering procedure 

with Cambridge/Aachen 
algorithm 

•

Cambridge/Aachen clusters 
constituents based solely on their 
angular distance from one another


     well motivated by QCD →
14

Challenges of Measurement:

• Determining the dynamic direction 

of the heavy quark throughout the 
shower

https://iopscience.iop.org/article/10.1088/0954-3899/17/10/023
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 First direct observation of the dead-cone effect

R(θ) =
1

ND0jets

dnD0jets

dln(1/θ)
/

1
Ninclusive jets

dninclusive jets

dln(1/θ)
|kT,ERadiator

ra#o	of	the	spli.ng	angle	(𝜃)	for	𝐷0-tagged	vs.	inclusive	jets,	vs.	𝐸Radiator 

Smaller angles

significant suppression of small-angle emissions
15

ln(1/θ)

https://iopscience.iop.org/article/10.1088/0954-3899/17/10/023
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Charm jet measurements with ALICE 


Jet 
angularities

Energy-energy 
correlator

Dead-cone
Fragmentation 

function z||
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Jet axes differences

c → cg
c → cg

c → cg
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Jet axes differences

Follow Emma’s talk!
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Charm jet measurements with ALICE 


Jet 
angularities

Energy-energy 
correlator

Dead-cone
Fragmentation 

function z||

c → cg
c → cg

c → cg

Jet axes differences

Jet 
angularities

c → cg
c → cg

c → cg

17



 8 Jan. 2025Preeti Dhankher Charm-tagged jet substructure with ALICE

Probe mass and color effects with heavy-flavor jets 
Jet Angularities :
λα = ∑

i∈jet

. . .

18
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Probe mass and color effects with heavy-flavor jets 
Jet Angularities :

pT,jet
pT,iλα = ∑

i∈jet
( pT,i

pT,jet )
κ

. . .
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Probe mass and color effects with heavy-flavor jets 
Jet Angularities :

λα = ∑
i∈jet

( pT,i

pT,jet )
κ

( ΔRjet,i

Rjet )
α

Where is the pT in the jet?
pT,jet

ΔRjet,i pT,i

Rjet

20
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Probe mass and color effects with heavy-flavor jets 
Jet Angularities :

λα = ∑
i∈jet

( pT,i

pT,jet )
κ

( ΔRjet,i

Rjet )
α

Where is the pT in the jet?
pT,jet

ΔRjet,i pT,i

Rjet
 &  tunable  

parameter!
κ α

21

 =1 &  > 0 
IRC safe observable!
κ α
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Probe mass and color effects with heavy-flavor jets 
Jet Angularities :

pT,jet
ΔRjet,i pT,i

Rjet

λα = ∑
i∈jet

ziθα
i

λα = ∑
i∈jet

( pT,i

pT,jet )( ΔRjet,i

Rjet )
α

 tunable  
parameter!
α

22

Where is the pT in the jet?
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Probe mass and color effects with heavy-flavor jets 

pT,jet
ΔRjet,i pT,i

Rjet

θc ∼
mQ

E
Dead-cone 

suppression

C

C

C

C

Jet Angularities :

λα = ∑
i∈jet

ziθα
i

λα = ∑
i∈jet

( pT,i

pT,jet )( ΔRjet,i

Rjet )
α

 tunable  
parameter!
α
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Where is the pT in the jet?
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Where is the pT in the jet?

The jet angularities are sensitive 
to flavor dependences in shower
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more weight on wide angle 
emissions  Increased sensitivity to 

Casimir at wide angles 
→

Mass effects

Casimir color 
effects

Results: Probing flavor effects with angularity
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Jet Angularities :

λα = ∑
i∈jet

ziθα
i

ALI-PREL-539958 Measured in Data

 tunable  
parameter
α

Results: Probing flavor effects with angularity

26
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Jet Angularities :
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i∈jet
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ū
D0

K−

π+

 tunable  
parameter
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Results: Probing flavor effects with angularity
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Jet Angularities :
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Results: Probing flavor effects with angularity
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Semi-inclusive jets:  
gluon and light-flavor jets  

Why enhanced?  
HF fragments harder, D0 

carries most of the 
momentum Dead-cone 

effect 
→
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Semi-inclusive jets:  
gluon and light-flavor jets  

Why enhanced?  
HF fragments harder, D0 

carries most of the 
momentum Dead-cone 

effect 
→

Pythia agrees with Data
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Semi-inclusive jets:  
gluon and light-flavor jets  
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2. Differences reduces 
as the  (weight on 

wide angle radiation) 
increases

α

1. Why enhanced? 
HF fragments harder, 
D0 carries most of the 
momentum Dead-

cone effect 
→
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Results: Probing flavor effects with angularity
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Charm jet measurements with ALICE 
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Energy-energy 
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Dead-cone
Fragmentation 

function z||
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Jet axes differences
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Energy-energy 
correlator
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Energy-energy correlator
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Parton shower

Hadronic Collision

Hard Parton

Hard process  
>> !(1GeV) 

Parton shower  
> !(1GeV)

Confinement 
~ !(1GeV)

Perturbative Non-perturbative

RL,34
4

3

1

2

RL,12

QCD emissions in parton showers are angular ordered.

early splittings (perturbative) wider (RL,12) 

late splittings (non-perturbative)  narrower (RL,34)

→
→
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Energy-energy correlator


 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 118

C
on

fin
em

en
t/

H
ad

ro
ni

za
tio

n

Parton shower

Hadronic Collision

Hard Parton

Hard process  
>> !(1GeV) 

Parton shower  
> !(1GeV)

Confinement 
~ !(1GeV)

Perturbative Non-perturbative

RL,34
4

3

1

2

RL,12

 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 114

Energy-energy correlator
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T,jet
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T,jet
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L
pT,ipT,j

p2
T,jet

δ(R′ 

L − RL,ij)

ΔRL,ij = Δϕ2
ij + Δη2

ij

Energy weight
Soft contribution (MPI, UE) power 

suppressed by energy weight

QCD emissions in parton showers are angular ordered.

early splittings (perturbative) wider (RL,12) 

late splittings (non-perturbative)  narrower (RL,34)

→
→

1. Energy weighted two particle correlation inside jet

38
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Energy-energy correlator
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Energy-energy correlator
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QCD emissions in parton showers are angular ordered.

early splittings (perturbative) wider (RL,12) 

late splittings (non-perturbative)  narrower (RL,34)

→
→

1. Energy weighted two particle correlation inside jet

2. Derived from QFT & IRC safe observable  precise 

theoretical calculations
→

39



 8 Jan. 2025Preeti Dhankher Charm-tagged jet substructure with ALICE

Energy-energy correlator
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Energy-energy correlator


Σ E
EC

(R
L)

RL,12

pT,3pT,4
p2

T,jet

RL,34

pT,1pT,2
p2

T,jet

RL

ΣEEC(RL) =
1

Njet ∑
N

∫ ∑
i,j

dR′ 

L
pT,ipT,j

p2
T,jet

δ(R′ 

L − RL,ij)

ΔRL,ij = Δϕ2
ij + Δη2

ij

Energy weight
Soft contribution (MPI, UE) power 

suppressed by energy weight

QCD emissions in parton showers are angular ordered.

early splittings (perturbative) wider (RL,12) 

late splittings (non-perturbative)  narrower (RL,34)

→
→

1. Energy weighted two particle correlation inside jet

2. Derived from QFT & IRC safe observable  precise 

theoretical calculations

3. EECs probes jet dynamics from perturbative (large RL) to 

non-perturbative scales (small RL).

→

40
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Inclusive	jets:	gluon	and	light-flavor	jets

ALI-PREL-540221

ALI-PREL-540221

Energy-energy correlator


arXiv:2409.12687 
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Energy-energy correlator


ALI-PREL-540221

ALI-PREL-540221

virtuality ∼ pTRL
τ ≃ 1/(pTR2

L)

RL

arXiv:2409.12687 

Inclusive	jets:	gluon	and	light-flavor	jets



 8 Jan. 2025Preeti Dhankher Charm-tagged jet substructure with ALICE 43

Energy-energy correlator


ALI-PREL-540221

ALI-PREL-540221

Decreasing energy scale
Increasing time

RL

virtuality ∼ pTRL
τ ≃ 1/(pTR2

L)

arXiv:2409.12687 

Inclusive	jets:	gluon	and	light-flavor	jets
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Energy-energy correlator


ALI-PREL-540221

ALI-PREL-540221

Decreasing energy scale
Increasing time

virtuality ∼ pTRL
τ ≃ 1/(pTR2

L)

RL

Perturbative regime 

Data agrees with pQCD 
calculation

arXiv:2409.12687 

Inclusive	jets:	gluon	and	light-flavor	jets
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Energy-energy correlator


ALI-PREL-540221

ALI-PREL-540221

Decreasing energy scale
Increasing time

virtuality ∼ pTRL
τ ≃ 1/(pTR2

L)

RL

Perturbative regime 

Non-perturbative regime

Data agrees free hadron 
scaling

arXiv:2409.12687 

Inclusive	jets:	gluon	and	light-flavor	jets

Data agrees with pQCD 
calculation
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Energy-energy correlator


virtuality ∼ pTRL
τ ≃ 1/(pTR2

L)

RL

ALI-PREL-540221

ALI-PREL-540221

Decreasing energy scale

Non-perturbative regime

Increasing time
Data agrees free hadron 

scaling

C
on

fin
em

en
t

Perturbative regime 

arXiv:2409.12687 

Inclusive	jets:	gluon	and	light-flavor	jets

Data agrees with pQCD 
calculation
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Scaling behavior identical to massless case for larger . 
RL

virtuality ∼ pTRL + m RL

pT

arXiv:2210.09311 

HF energy-energy correlator
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arXiv:2210.09311 

virtuality ∼ pTRL + m RL

pT

Scaling behavior identical to massless case for larger . 


A turn-over for 

RL

RL → mQ/pT

HF energy-energy correlator
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arXiv:2210.09311 

Scaling behavior identical to massless case for larger . 


A turn-over for 

The change in the slope is a perturbative effect contrary to 
massless jets: 


RL

RL → mQ/pT

RL → ΛQCD/pT

virtuality ∼ pTRL + m RL

pT

HF energy-energy correlator
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arXiv:2210.09311 

Scaling behavior identical to massless case for larger . 


A turn-over for 

The change in the slope is a perturbative effect contrary to 
massless jets: 


RL

RL → mQ/pT

RL → ΛQCD/pT

Small angle 
suppression (<m/E)  

”dead-cone” 
effect
→

Ratios of the 
massive to light 
EECs isolate 
mass effects.

virtuality ∼ pTRL + m RL

pT

HF energy-energy correlator
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241 *pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks

*pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241 *pQCD calculation by Kyle Lee and collaborators

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241 *pQCD calculation by Kyle Lee and collaborators

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241 *pQCD calculation by Kyle Lee and collaborators

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated)
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1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower

56

Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241 *pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower

Peak moves left

*pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower 
and non-perturbative hadronization 
effects

Peak moves left

*pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower 
and non-perturbative hadronization 
effects 

3. Leading particle pT cut in inclusive jet at 
low pT,jet: bias towards quark-initiated 
jets. 

*pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower 
and non-perturbative hadronization 
effects 

3. Leading particle pT cut in inclusive jet at 
low pT,jet: bias towards quark-initiated 
jets. 

4. pQCD calculations reproduce general 
shape, with some tension near peak 
→hadronization effects play important 
role in the peak position. 

*pQCD calculation by Kyle Lee and collaborators
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Charming energy-energy correlator
 c

ū
D0

ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241
ALI-PREL-579241

1. Charm-tagged jet EECs have a lower 
amplitude than inclusive jet EECs → 
consistent with EECs for massive quarks


2. Striking peak position similarity of 
charm-tagged and inclusive jets (gluon 
dominated) → complex convolution: 
Casimir + mass effects in the shower 
and non-perturbative hadronization 
effects 

3. Leading particle pT cut in inclusive jet at 
low pT,jet: bias towards quark-initiated 
jets. 

4. pQCD calculations reproduce general 
shape, with some tension near peak 
→hadronization effects play important 
role in the peak position. 

*pQCD calculation by Kyle Lee and collaborators

5. Ratio of charm-tagged to light-quark jets shows significantly more suppression at small angles
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Sensitivity to Hadronization vs. Parton Shower


PYTHIA and  
SHERPA LUND

HERWIG  
and  
SHERPA AHADIC 
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Sensitivity to Hadronization vs. Parton Shower


c

ū

D0

 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 124

ALI-PREL-579236
ALI-PREL-579236

Cluster hadronization

Lund string hadronization 

HERWIG  
and  
SHERPA AHADIC 

PYTHIA and  
SHERPA 
LUND
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Sensitivity to Hadronization vs. Parton Shower


c

ū

D0

 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 124

ALI-PREL-579236
ALI-PREL-579236

Cluster hadronization

Lund string hadronization 

HERWIG  
and  
SHERPA AHADIC 

PYTHIA and  
SHERPA 
LUND

Lund-string based model provides the best description of both EECs?
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Sensitivity to Hadronization vs. Parton Shower


c

ū

D0

 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 124

ALI-PREL-579236
ALI-PREL-579236

Cluster hadronization

Lund string hadronization 

HERWIG  
and  
SHERPA AHADIC 

PYTHIA and  
SHERPA 
LUND

Lund-string based model provides the best description of both EECs?

HERWIG: overpredicts inclusive jets and underpredicts charm-tagged jets  Sensitivity to 
hadronization vs. parton shower implementations. 

→
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Sensitivity to Hadronization vs. Parton Shower


c

ū

D0

 Elucidating QCD using charm jet substructure with ALICE  30 Aug. 2024Preeti Dhankher 124

ALI-PREL-579236
ALI-PREL-579236

Cluster hadronization

Lund string hadronization 

HERWIG  
and  
SHERPA AHADIC 

PYTHIA and  
SHERPA 
LUND

Lund-string based model provides the best description of both EECs?

HERWIG: overpredicts inclusive jets and underpredicts charm-tagged jets  Sensitivity to 
hadronization vs. parton shower implementations. 

SHERPA AHADIC: predicts peak at lower RL for both EECs suggests later hadronization compared 
to other models.

→

→
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What is next?
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Largest challenge - Hadronization! 
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Parton shower

Hadronization/ 
Confinement 

Hard Parton
Hadrons

Largest challenge - Hadronization! 
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Parton shower

Hadronization/ 
Confinement 

Hard Parton
Hadrons

D0
c

ū

c

d
u

Λ+
c

Largest challenge - Hadronization! 


ALICE measured Charmed 
baryon to meson ratio
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Parton shower

Hadronization/ 
Confinement 

Hard Parton
Hadrons

Universality broken! 

D0
c

ū

c

d
u

Λ+
c

Enhanced production of baryon to meson 
ratio in hadronic collisions compared to 
e+e- collider

Largest challenge - Hadronization! 


ALICE measured Charmed 
baryon to meson ratio
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D0
c

ū

c

d
u

Λ+
c

Universality broken! 

With Run3 high precision charm 
measurements and access to 

beauty measurement

Enhanced production of baryon to meson 
ratio in hadronic collisions compared to 
e+e- collider

Largest challenge - Hadronization! 


ALICE measured Charmed 
baryon to meson ratio
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Largest challenge - Hadronization! 


D0
c

ū

c

d
u

Λ+
c

ALICE measured Charmed 
baryon to meson ratio

Universality broken! 

2−10 1−10
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EE
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N1
 = 13 TeVsALICE, pp, 

 and charge conj.+π − K→ 0D
 = 0.4R, Tkin charged jets, anti-

 0.5≤ |
jet

η|, c < 15 GeV/ch. jet
T
p ≤10 

 0.8≤ |0D
y|, c < 15 GeV/

0D
T
p ≤ 5 

-tagged jets0D
inclusive jets

MC models
PYTHIA
HERWIG
SHERPA-LUND 
SHERPA-AHADIC

Systematically probe hadronization

With Run3 high precision charm 
measurements and access to 

beauty measurement

Enhanced production of baryon to meson 
ratio in hadronic collisions compared to 
e+e- collider
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Thank you for your attention!  


74 74
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EECs modified in p-Pb at low jet pT bin


*arXiv:2311.13322 ALI-PREL-581947
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Higher-twist formalism reproduces the data


ALI-PREL-582290
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HF tagging with ALICE


77

ITS

TPC

TOF

TRD
K−

π+

B = 0.5 T

⊗

⊗

⊗
⊗

D0 → K− + π+
K−

π+
D0

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.

Λ+
c

77 77
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HF tagging with ALICE


7878

2 ≤ pT,D0 ≤ 36 GeV/c
Vprim

Vsec

π+

K−

D0  flight li
ne 

D0  Reconstr
ucted m

omentum

y

x

θ pointin
g

dπ+

0

dK
0

D0 dec
ay

 le
ngth 

DCA

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.

Λ+
c

D0 → K− + π+
K−

π+
D0

78
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HF tagging with ALICE


7979

D0

D0 →
2 ≤ pT,D0 ≤ 36 GeV/c
5 ≤ pT,ch. jet ≤ 50 GeV/c

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

Λ+
c

79
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HF tagging with ALICE


8080
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T
p ≤10 

 0.8≤ |0D
y|, c < 12 GeV/
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p ≤8 

signal region
sideband (SB)
signal + background
background

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

Λ+
c

80
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HF tagging with ALICE


8181
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1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

Λ+
c

81
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HF tagging with ALICE


8282
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Sideband region Signal

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

Λ+
c

82
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HF tagging with ALICE


8383

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

4. Efficiency correction: Charm(D0/ )-tagged jet reconstruction efficiency 

correction


Λ+
c

Λ+
c
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HF tagging with ALICE


8484

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

4. Efficiency correction: Charm(D0/ )-tagged jet reconstruction efficiency 

correction
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| < 0.5

ch. jet
η|

feed-down
prompt

• Efficiency of the D0 cut selections is strongly dependent on D0-meson pT 


• sideband-subtracted distributions are corrected by the D0 reconstruction 
and selection efficiency in narrow D0 pT intervals

84
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HF tagging with ALICE


8585

1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

4. Efficiency correction: Charm(D0/ )-tagged jet reconstruction efficiency 

correction

5. Estimating B D0/  decays: Evaluate and subtract feed-down contribution 

using POWHEG + PYTHIA simulations


Λ+
c

Λ+
c

→ Λ+
c
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HF tagging with ALICE


8686
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T,ch jet) = Nc
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HF tagging with ALICE


1. Charm meson(D0)/baryon( ) reconstruction and selection by topological cuts 
and PID on decay daughters.


2. Charm-tagged jet reconstruction using anti-kT algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband 

subtraction technique in invariant mass distribution. 

4. Efficiency correction: Charm(D0/ )-tagged jet reconstruction efficiency 

correction

5. Estimating B D0/  decays: Evaluate and subtract feed-down contribution 

using POWHEG + PYTHIA simulations

6. Detector effects correction: Correcting for detector effects using unfolding

Λ+
c

Λ+
c

→ Λ+
c
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Probe mass and color effects with heavy-flavor jets 
The position of peak quantified by fitting with following function: 

 [0]*exp(-0.5*pow((log(x)+[1])/[2], 2) where 
 Amplitude of the fit function =  [0] and RL value corresponding to peak= e-[1]

Fit includes statistical and systematic 
uncertainties. 
Peak amplitude of HF jets is more than 
significance of 5σ(3.5σ) away from inclusive jets 
and 6.6σ(5σ) away from LF jets in 10-15(15-30) 
GeV/c pT bin → Significant suppression → Mass 
effect (Dead-cone effect)

Most probable value (MPV) of peak position 
 of HF jets is significance of 1σ(0.5σ) away from 
inclusive jets and 1.5σ(1.2σ) away from LF jets in 
10-15(15-30) GeV/c pT bin →Peak difference 
between HF and Inclusive jet are small. Consistent 
within 1σ significance. 

MPV shift to lower RL with leading track pT cut at 
low jet pT.
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