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Impact of LHC jet data:        forg(x) x ! 1

percentage
difference
wrt. baseline
fit w/o jets

Harland-Lang, Martin, Thorne `17

pp ! jetX

Single-inclusive jet production

• Baseline process at the LHC: PDFs and 
• High precision calculations required at the percent level
• Searches for physics beyond the standard model
• Constrain in particular the gluon PDF

↵s
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Outline
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• Jet radius resummation

• Threshold and jet radius resummation

• Conclusions
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NLO 1990
Ellis, Kunszt, Soper `90
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Jet production at the LHC
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pT
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CMS Phys.Rev. C96 015202 (2017)

NLO 1990
Ellis, Kunszt, Soper `90

NNLO 2016 …
Currie, Glover, Pires `16
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µ = pmax

Tµ = pT
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X
partonic hard-scattering cross section

Hab = ↵2
s
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d�pp!jetX

dpT d⌘
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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

• Forward ↵n
s lnn,2n(�t/s)

Inclusive jet cross sections              lpp ! jet +X
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Inclusive jet cross sections              l
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d�pp!jetX

dpT d⌘
=

X

a,b,c

fa ⌦ fb ⌦Hc
ab ⌦ Jc

µ
d

dµ
Ji =

X

j

Pji ⌦ Jj

• RG evolution

• Hard-collinear factorization

+O(R2/R2
0)

pp ! jet +X

resummation of ↵n
s lnn R

µ = pT

µJ = pTR

Kang, FR, Vitev `16
Dai, Kim, Leibovich `16

Kaufmann, Mukherjee, Vogelsang `15

via DGLAP

Dasgupta, Dreyer, Salam, Soyez `14

pT vs. pTR



       Motivation                     Jet radius resummation                    Threshold resummation                              Conclusions 

12

The semi-inclusive jet function

• NLO result

Kang, FR, Vitev `16

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

Jc(z, pTR,µ)

pT = pcT

pcT

pT 6= pcT

where z = pT /p
c
T

=
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q (z, pTR,µ)
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Comparison to LHC data
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Comparison to LHC data
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Residual QCD scale dependence
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Outline
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• Jet radius resummation

• Threshold and jet radius resummation

• Conclusions
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Threshold resummation
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Threshold resummation Sterman `87; Catani, Trentadue `89

• At threshold all the radiation outside the observed jet is required to be small
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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

z = s4/sv =
u

u+ t

VW = pT e
⌘/
p
S

logarithms
✓
ln z

z

◆

+

threshold z ! 0

Dai, Kim, Leibovich `17

s = x1x2S

• Non-trivial color structure

• Previously unsolved problems with the inverse transformation

Joint threshold and small-R resummation
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• Non-trivial color structure

• Previously unsolved problems with the inverse transformation

Joint threshold and small-R resummation
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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

Dai, Kim, Leibovich `17

Refactorize at threshold:

Joint threshold and small-R resummation

• Numerical implementation in distribution space Becher, Neubert `06

• Derivation within Soft Collinear Effective Theory Bauer, Stewart et al. `00 - `02

Liu, Moch, FR `14
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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

Dai, Kim, Leibovich `17

Refactorize at threshold:

hard functions for           scattering:   2-loop results2 ! 2

recoiling jet function: 2-loop results

Broggio, Ferroglia, Pecjak, Zhang `14

Becher, Neuber `06, Becher Bell `11

Joint threshold and small-R resummation

Liu, Moch, FR `14
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• Joint resummation ↵n
s ln2n N̄ ↵n

s lnn R,

• Global-soft function

• Soft-collinear function

• Jet function

Jq(R) = 1+
R R R

Liu, Moch, FR `17

n3

n3n1

n2 n4

n3

Joint threshold and small-R resummation
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Comparison to LHC data
NLO

NLO+NLL

R = 0.4
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• Cross section ratios

Comparison to LHC data

CMS, PRD 90 (2014) 072006 Liu, Moch, FR `17, `18

DR =
�(R = 0.7)

�(R = 0.5)
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• Cross section ratios

CMS, PRD 90 (2014) 072006 Liu, Moch, FR `17, `18

DR =
�(R = 0.7)

�(R = 0.5)
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• Precision jet physics including resummation

• Joint resummation of jet radius and threshold logarithms

• First numerical results for the double differential jet cross section

• Significantly improved comparison to LHC data

• Allows for a systematic extension beyond NLL

...


