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p

p

LHC, RHIC, Tevatron

• Jet substructure observable studying the distribution of hadrons inside a jet

• Probes jet dynamics at a more differential level

• Provides further constraints for fits of fragmentation functions 

• Possible studies include spin correlations and 

• the modification in heavy ion collisions

jet, pT

hadron, phT
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Definition:

where

It describes the longitudinal momentum distribution
of hadrons inside a reconstructed jet
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Procura, Stewart `10; Liu `11; Jain, Procura, Waalewijn `11 
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Bain, Dai, Hornig, Leibovich, Makris, Mehen … 

Arleo, Fontannaz, Guillet, Nguyen `14
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• Jet fragmentation function studies at NLO for pp

• Fragmenting jet function studies within SCET
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Jet fragmentation function in pp

Gh
!1
(z, µ)

J!1(µ)

Factorization

Chien, Vitev `15

Li, Li, Yuan `13

F (z, pT ) =
1

�
tot

X

i=q,g

Z

PS

dy dp0T
d�i

dy dp0T

Gh
i (!, R, z, µ)

J i(!, R, µ)
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Fragmenting jet function

, pure dim reg,

Gj
i,bare(!, R, z, µ) =

Z
dk2?

(k2?)
1+✏

↵s

2⇡

(e�Eµ2)✏

�(1� ✏)
Pji(z, ✏)�alg

• where:

�anti�kT = ✓(k2?) ✓(z
2(1� z)2!2 tan2(R/2)� k2?)

Pqq(z, ✏) = CF


1 + z2

1� z
� ✏(1� z)

�

O(↵s)MS

e.g.
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Matching coefficients standard collinear fragmentation functions

Dh
j (z, µ)

, pure dim reg,

Gj
i,bare(!, R, z, µ) =

Z
dk2?

(k2?)
1+✏

↵s

2⇡

(e�Eµ2)✏

�(1� ✏)
Pji(z, ✏)�alg

• where:

�anti�kT = ✓(k2?) ✓(z
2(1� z)2!2 tan2(R/2)� k2?)

Pqq(z, ✏) = CF


1 + z2

1� z
� ✏(1� z)

�

O(↵s)MS

• matching onto standard FFs              for

e.g.

Fragmenting jet function
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   ,        schemeMS
where

Jqq(!, R, z, µ) = �(1� z) +
↵s

⇡
CF


�(1� z)

✓
ln2

✓
! tan(R/2)

µ

◆
� ⇡2

24

◆
+ P̂qq ln

✓
! tan(R/2)

µ

◆

+P̂qq(z) ln z + (1 + z2)

✓
ln(1� z)

1� z

◆

+

#

Jain, Procura, Waalewijn `11, 
Waalewijn `12

P̂qq(z) =
1 + z2

(1� z)+

Quark FJF at 1-loop:

anti�kT

Fragmenting jet function
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anti�kT

Ellis, Vermilion, Walsh, Hornig, Lee `10

Fragmenting jet function
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• solve RG equation

Resummation of 

where

anomalous dimensions:

µ

µG

lnR
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• solve RG equation

µ

µG

is RG-invariant for

, µJ

• same for the unmeasured jet function

µG = µJ = pTR = ! tan(R/2)

J!1(µ)
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Comparison to ATLAS data
at

p
s = 7TeV

Using DSS FFs
de Florian, Sassot, Stratmann - ’07

Light charged hadrons h = ⇡ +K + p

QCD scale uncertainty
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Comparison to ATLAS and CMS 
data at

p
s = 2.76TeV

Using DSS FFs
de Florian, Sassot, Stratmann - ’07
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Convolution structure:

Threshold logarithms                       become large at the partonic threshold

Resummation of large logarithms

✓
ln(1� x)

1� x

◆

+

x ! 1

Procura, Waalewijn `12
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µ = ! tan(R/2)(1� z)Choosing                                    resums logarithms of      and

Convolution structure:

Threshold logarithms                       become large at the partonic threshold

Resummation of large logarithms

✓
ln(1� x)

1� x

◆

+

R (1� z)

x ! 1

Procura, Waalewijn `12
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Both          and         
are simultaneously resummed

lnR ln(1� z)

Hadronic threshold z ! 1

QCD scale uncertainty

pTRZ = 2pT tan(R/2) (1� z)



Introduction                            Perturbative QCD                                    Resummation                                                 ConclusionsQCD Resummation for SIDIS                        Phenomenological Results                                 Annihilation                         ConclusionsQCD Resummation for SIDIS                    Hadron multiplicities                      Longitudinal spin asymmetries                        ConclusionsQCD Resummation for SIDIS                               Annihilation                      Longitudinal spin asymmetries                        Conclusionse+e�      Approximate NNLO results                                      Mellin code and NNLL                                                               ConclusionsIntroduction                          Di-hadrons                               Jets                              Other work                                   Conclusions             Jet Fragmentation in pp                                                   EIC                                                           Conclusions         Jet Fragmentation in pp                                         Modification in AA                                                       Conclusions

19

Both          and         
are simultaneously resummed

lnR ln(1� z)

Hadronic threshold z ! 1

QCD scale uncertainty

pTRZ = 2pT tan(R/2) (1� z)



Introduction                            Perturbative QCD                                    Resummation                                                 ConclusionsQCD Resummation for SIDIS                        Phenomenological Results                                 Annihilation                         ConclusionsQCD Resummation for SIDIS                    Hadron multiplicities                      Longitudinal spin asymmetries                        ConclusionsQCD Resummation for SIDIS                               Annihilation                      Longitudinal spin asymmetries                        Conclusionse+e�      Approximate NNLO results                                      Mellin code and NNLL                                                               ConclusionsIntroduction                          Di-hadrons                               Jets                              Other work                                   Conclusions             Jet Fragmentation in pp                                                   EIC                                                           Conclusions         Jet Fragmentation in pp                                         Modification in AA                                                       Conclusions

20

Comparison to ATLAS data
and PYTHIA simulations
at

p
s = 7TeV

Using FFs from
Kneesch, Kniehl, Kramer, Schienbein - ’08
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jet fragmentation function
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Comparison to ATLAS data
and PYTHIA simulations
at

D-meson
jet fragmentation function
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Comparison to ATLAS data
and PYTHIA simulations
at

D-meson
jet fragmentation function
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Anderle, Kang, FR, Stratmann, Vitev 
- work in progress

New fit of D-FFs:
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Outline

• Jet Fragmentation functions in pp collisions

• Modification in AA

• Conclusions

Chien, Kang, FR, Vitev, Xing - ’15

Chien, Kang, FR, Vitev, Xing - in preparation
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Jets as probes
for the QCD medium
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Basic ingredients for the calculation
of the modification in AA collisions:

1. Final state

vacuum:

        splitting kernelsSCETG

x,

vac
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SCETG

Basic ingredients for the calculation
of the modification in AA collisions:

1. Final state

Ovanesyan, Vitev ’12

vacuum:

medium:

x,

vac

Idilbi, Majumder `08, D’Eramo, Liu, Rajagopal `10
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Basic ingredients for the calculation
of the modification in AA collisions:

1. Final state

Ovanesyan, Vitev ’12
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SCETG

Basic ingredients for the calculation
of the modification in AA collisions:

1. Final state

3. Initial state

2. Final state - massive

Ovanesyan, Vitev ’12

FR, Vitev - in preparation

Ovanesyan, FR, Vitev - ’15
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1. Initial state - Cold Nuclear Matter (CNM)

IS

FS

hard� scattering
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1. Initial state - Cold Nuclear Matter (CNM) 2. Final state - jet energy loss

IS

FS

hard� scattering

He, Vitev, Zhang `12

Dasgupta, Dreyer, Salam, Soyez `15
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1. Initial state - Cold Nuclear Matter (CNM) 2. Final state - jet energy loss
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1. Initial state - Cold Nuclear Matter (CNM)

3. Final state - jet substructure
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• Conclusions
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• Jet fragmentation function for light hadrons and heavy mesons

• Modification in heavy-ion collisions

• Threshold and small-z resummation

• Heavy quarks,       …

• Many other interesting observables measured at the LHC

• Extension to eA for the EIC

J/ 
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Jet parameter R
dependence
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Jet algorithm
dependence: cone, anti�kT


