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Inclusive Jet Production                  l
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• Baseline process for the extraction of PDFs and 
• High precision calculations required at the percent level
• Framework for jet substructure like in-jet TMD FFs

pp ! jetX

p

p

jet, pT , ⌘

↵s

STAR Collaboration 1708.0708
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Current state of the art for                i  
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X

NLO 1990
Ellis, Kunszt, Soper `90

partonic hard-scattering cross section
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Current state of the art for                i  
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X

NLO 1990 NNLO 2016 …
Ellis, Kunszt, Soper `90 Currie, Glover, Pires `16

partonic hard-scattering cross section

Hab = ↵2
s

⇣
H

(0)
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(1)
ab + ↵2

sH
(2)
ab + . . .

⌘

d�pp!jetX

dpT d⌘
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X
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Inclusive jet production                @ NNLOl
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pp ! jetX

leading color approximation

Currie, Glover, Pires `16
Currie, Glover, Gehrmann, 
Gehrmann-De Ridder, Huss, Pires `17
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Inclusive jet production                @ NNLOl
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pp ! jetX

leading color approximation

Currie, Glover, Pires `16
Currie, Glover, Gehrmann, 
Gehrmann-De Ridder, Huss, Pires `17
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Inclusive jet production                @ NNLOl
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pp ! jetX

ATLAS-CONF-2017-048

µ = pmax

Tµ = pT
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Inclusive di-jet production                l
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ATLAS PRD 86 (2012) 014022,  
ATLAS-CONF-2017-048

pp ! j1j2 X

Many possible scale choices exist:

(1,2 are the two leading jets)

Here:

pT,1 > 30 GeV

pT,2 > 20 GeV
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Inclusive Jet Production                  l

11

pp ! jetX

X
partonic hard-scattering cross section

Hab = ↵2
s

⇣
H

(0)
ab + ↵sH

(1)
ab + ↵2

sH
(2)
ab + . . .

⌘

d�pp!jetX

dpT d⌘
=

X

a,b,c

fa ⌦ fb ⌦Hab

Cross check + resummation of large logarithms found in analytical calculations:

↵n
s lnn R• Jet radius parameter

• threshold

• small-z

↵

n
s

✓
ln2n�1(1� x)

1� x

◆

+

↵n
s ln2n(�t/s)
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Analogy of hadron and jet cross sections
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d�pp!jetX

dpT d⌘
=

X

a,b,c

fa ⌦ fb ⌦Hc
ab ⌦ Jc

d�pp!hX

dpT d⌘
=

X

a,b,c

fa ⌦ fb ⌦Hc
ab ⌦Dh

c

µ
d

dµ
Ji =

X

j

Pji ⌦ Jj

µ
d

dµ
Dh

i =
X

j

Pji ⌦Dh
j

Evolution

Jet

Factorization

Hadron

Kaufmann, Mukherjee, Vogelsang `15
Kang, FR, Vitev `16
Dai, Kim, Leibovich `16

+O(R2)
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Semi-inclusive jet function in SCET
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where

initiating 
parton

jet

• The siJFs describe how a parton is transformed into a jet 
with radius    and carrying an energy fraction R z

momentum sum rule:

!J = ! !J 6= !

!

LO NLO

!

z = !J/!

Kaufmann, Mukherjee, Vogelsang `15
Kang, FR, Vitev `16
Dai, Kim, Leibovich `16
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Semi-inclusive jet function in SCET
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schemeMS

• RG equation

resummation of ↵n
s lnn R

µ
d

dµ
Ji =

X

j

Pji ⌦ Jj

µ = pT

µJ = pTR

timelike DGLAP for semi-inclusive jet function

• NLO result

see also: Dasgupta, Dreyer, Salam, Soyez `16

=
↵s

2⇡

✓
1

✏
+ ln

✓
µ2

p2TR
2

◆◆
[Pqq(z) + Pgq(z)]

UV

J (1)
q (z, pTR,µ)

solve in Mellin moment space
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DGLAP
evolution

Vogt `04 (Pegasus),
Anderle, FR, Stratmann `15

see:
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where z0 = 2pT /
p
s cosh ⌘

• Adopt a prescription used for quarkonium fragmentation functions
Bodwin, Chao, Chung, Kim, Lee, Ma `16
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Requirements for parameters:

where z0 = 2pT /
p
s cosh ⌘

and

but final result should be independent of the choice
" ⌧ 1

• Adopt a prescription used for quarkonium fragmentation functions
Bodwin, Chao, Chung, Kim, Lee, Ma `16

, N > 2
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• Adopt a prescription used for quarkonium fragmentation functions
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• Mellin space implementation
FR, Sato, Yuan - in preparation

……

N

J(N) H(N)
CN

• Mellin grid technique used for PDF fits can 
not be applied

• Applications also to di-jets and photon+jet

Bodwin, Chao, Chung, Kim, Lee, Ma `16

Inverse:

Mellin transform of fitted function

z0 = 2pT /
p
s cosh ⌘
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R = 0.99

R = 0.7

R = 0.5

R = 0.3

R = 0.1

R = 0.05

p
s = 8 TeV

|⌘| < 0.5

Mellin

Bodwin et al.N
L
O
+
N
L
L
R
/L

O

pT

(Same for jet substructure)
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Comparison to LHC data

21
CMS Phys.Rev. C96 015202 (2017)

pT

R = 0.2 R = 0.3 R = 0.4
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see also: Dasgupta, Dreyer, Salam, Soyez `15, `16
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Polarized cross section:

Same jet functions as for unpolarized case

Kang, FR, Vogelsang - in preparation
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Outline

• Motivation

• Small jet radius resummation

• Threshold resummation

• Small-z resummation

• Conclusions
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d�̂ = !(LO) + ↵s !
(NLO) + ↵2

s !(NNLO) + . . .

Q2`+

`�

d�̂
Q4 d�

dQ2
=

X

ab

fa/p ⌦ fb/p ⌦ d�̂

Cross section fa

fb

a

b

p

p

Hard-scattering part 
is calculable perturbatively

�⇤

Drell-Yan
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NLO +

where z =
Q2

ŝ

!(NLO)
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s

 
ln2k�1(1� z)

1� z

!
! ↵k

s ln2k N̄

Q4 d�

dQ2
=

X

ab

fa/p ⌦ fb/p ⌦ d�̂

All order resummation can be achieved by solving RGEs in SCET Manohar `03

Catani, Trentadue `89
Sterman `87
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Anderle, FR, Vogelsang `12 Uebler, Schäfer, Vogelsang `17

ep ! ehX �N ! hX
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• Non-trivial color structure

• Previously unsolved problems with the inverse transformation

only approximate NNLO results available

Kidonakis, Sterman `97, Kidonakis, Oderda, Sterman `98

Kidonakis, Owens `01, Kumar, Moch `13,
de Florian, Hinderer, Mukherjee, FR, Vogelsang `14

where

V = 1� pT e
�⌘/

p
S

s = xaxbS z = s4/sv =
u

u+ t

VW = pT e
⌘/
p
S

logarithms
✓
ln z

z
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+

threshold z ! 0
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S

�N
a

�N
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• Non-trivial color structure

• Previously unsolved problems with the inverse transformation

only approximate NNLO results available

Kidonakis, Sterman `97, Kidonakis, Oderda, Sterman `98

Kidonakis, Owens `01, Kumar, Moch `13,
de Florian, Hinderer, Mukherjee, FR, Vogelsang `14



W±e+e�       Motivation               Small jet radius                        Threshold                            Small-z                           Conclusions 

Inclusive jet production at threshold

32

• Non-trivial color structure Kidonakis, Sterman `97, Kidonakis, Oderda, Sterman `98

• Previously unsolved problems with the inverse transformation

only approximate NNLO results available Kidonakis, Owens `01, Kumar, Moch `13,
de Florian, Hinderer, Mukherjee, FR, Vogelsang `14

• Requires joint resummation ↵n
s ln2n N̄ ↵n

s lnn R,
e.g.

Dai, Kim, Leibovich `17
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• Joint resummation ↵n
s ln2n N̄ ↵n

s lnn R,

Refactorization of the soft sector and the observed jet function:

• Global-soft function

• Soft-collinear function

Threshold resummation within SCET

“Jobs S“

• Jet function

Jq(R) = 1+
R R R

Liu, Moch, FR `17

n3

n3n1

n2 n4

n3
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• Inverse transformation e.g. Drell-Yan soft function

Bare soft function SDY
bare(N,µ) = 1 +

↵s

2⇡
CF


2

✏2
� 2

✏
ln

N̄2

µ2
+ ln2

N̄2

µ2
+

⇡2

6

�

Becher, Neubert `06
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• Inverse transformation e.g. Drell-Yan soft function

Bare soft function

Solution of
RG equation

⌘ = 2CFA�cusp(µs, µ)where , A�cusp(⌫, µ) = �
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Becher, Neubert `06
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• Inverse transformation e.g. Drell-Yan soft function Becher, Neubert `06

Bare soft function

Solution of
RG equation

⌘ = 2CFA�cusp(µs, µ)where ,

Inverse                   with
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• Numerical results

CMS Phys.Rev. C96 015202 (2017)
p
s = 2.76 TeV|⌘| < 2
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Outline

• Motivation

• Small jet radius resummation

• Threshold resummation

• Small-z resummation
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e+e� ! hX

e+

e�

h

X

BELLE, PRL 111 (2013) 062002
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e+e� ! hX

All order structure:

coefficient
function

DGLAP kernel

NNLL resummation (a=0,1,2) achieved in Mellin space
using algebraic recursion relations

Vogt `11; Kom, Vogt, Yeats `12

e+

e�

h

X
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LO (+ LL)

NLO (+ NNLL)

NNLO (+ NNLL)

Anderle, Kaufmann, FR, Stratmann `16



       Motivation               Small jet radius                        Threshold                            Small-z                           Conclusions 

42

Heavy flavor

Heavy ion

LHCb, PRL 118 (2017)
192001

CMS, PRC 90 (2014) 024908

Hadron in-jet
production
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D* meson FFs

Anderle, Kaufmann, FR, Stratmann, Vitev `17

D*-in-jet data
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Outline
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Conclusions
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• All order resummation important for precision phenomenology

• Joint resummation of small jet radius and threshold logarithms

• Extraction of fragmentation functions including resummation

• Extension to NNLL accuracy and thr. NNLO

• Di-jet, photon + jet production

• New applications and tests of large and small-z resummation in 

the context of jet substructure and ep scattering


