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Motivation

-’94l CMS Experiment at the LHC, CERN
~ % Data recorded: 2015-Sep-28 06:09:43.129280 GMT
Run / Event / LS: 257645 / 1610868539 / 1073
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Single-inclusive jet production
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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

Impact of LHC jet data: g(z) for z — 1

5 Gluon (NNLO), Q% = 10*GeV? pp — jet X
percentage MMHT (no jets) —
difference 10| Riign, P’ —— |
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Jet radius resummation

Jet production at the LHC

pp 5.43 pb™' (2.76 TeV)
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Jet production at the LHC
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Jet production at the LHC
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Jet radius resummation

Jet production at the LHC
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Jet radius resummation

Inclusive jet cross sections pp — jet + X

do.pp—>jetX

=Y fa® fo® Hap

a,b,c

dprdn

I partonic hard-scattering cross section

a

H,, = 043 (Hég) + aSHCEi) + agH(i) + .. )

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

* Jet radius parameter al In™ R
1n2k—1z
» Threshold o5 | —
+
* Forward o™ In™2" (—t/s)



Jet radius resummation

Inclusive jet cross sections pp — jet + X

* Hard-collinear factorization

do.pp—>jetX

dprdn

a,b,c

* RG evolution

d

M@Ji :zj:sz‘®Jj

pT

=
I

wy =prR

= fa® fo® Hy, ® J.+O(R*/Rp)

resummation of ol In" R via DGLAP

Dasgupta, Dreyer, Salam, Soyez
Kaufmann, Mukherjee,Vogelsang
Kang, FR,Vitev

Dai, Kim, Leibovich
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Jet radius resummation

The semi-inclusive jet function

Kang, FR,Vitev " | 6

* The siJF J.(2,prR, 1) describes how a parton is transformed into a
jet with radius R and carrying an energy fraction z

PT = P PT # P
%/666666 where [Z:pT/pCTJ
PT

e NLO result

(% +1In (pg‘;))][ﬂ,q(z) + Pgq(2)]

In(1 — 2)

) + (1 — z)] —6(1 — z)d?]’alg + Py(2)2In (1 — 2) + C’Fz}
n



Jet radius resummation

Comparison to LHC data
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Comparison to LHC data
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Jet radius resummation

Residual QCD scale dependence
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Threshold resummation

Threshold resummation

NLO: S d6NLO ~ (g <ln_z) +
_|_

NKLO:

z = s4/s — 0 partonic threshold

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

e Threshold resummation Sterman "87; Catani, Trentadue "89



Threshold resummation

Joint threshold and small-R resummation

* Non-trivial color structure Kidonakis, Sterman 97, Kidonakis, Oderda, Sterman 98

* Previously unsolved problems with the inverse transformation

Kidonakis, Owens 01, Kumar, Moch " 13
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4
Dai, Kim, Leibovich “ 17

only approximate NNLO results available

A

2 32 V(1-W) 1— 1=V 5
dp2dn Z/o dz/VW dvz fi, (21) 23 fi, (x2) o ds (v, 2, pr, R)

7:1’1:2 1—=2

where

V=1- pTe_"/\/§ VW = pTe”/\/E threshold z — 0
U . In 2

s =x1225 v = w1 z = 54/8 logarithms - B}



Threshold resummation

Joint threshold and small-R resummation

* Non-trivial color structure Kidonakis, Sterman 97, Kidonakis, Oderda, Sterman 98

* Previously unsolved problems with the inverse transformation

Kidonakis, Owens 01, Kumar, Moch " 13
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4
Dai, Kim, Leibovich “ 17

only approximate NNLO results available

2 12 V(1-W) 1-1=Y 9 A
ppdo / d / 12 2 2 d“6iy4,
= z dv z7 fi. (1) x5 fi, (x v, 2,pT, R
dp%dn ; 0 Y_V‘; lfl( 1) 2f2( 2) d’UdZ ( pT )
‘ / 1 d ’1,122
2m ~ %) dv
where
V=1- pTe_"/\/§ VW = pTe”/\/E threshold z — 0
U In 2
S = TqTpS v = . z = 54/3 |ogarithms (7)
+



Threshold resummation

Joint threshold and small-R resummation

* Non-trivial color structure Kidonakis, Sterman 97, Kidonakis, Oderda, Sterman 98

* Previously unsolved problems with the inverse transformation

Kidonakis, Owens 01, Kumar, Moch " 13
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4
Dai, Kim, Leibovich “ 17

only approximate NNLO results available

Refactorize at threshold:

2 A
d®Gi, 4, Liu, Moch, FR " 14

dv dz
x Tr [Hj i, (v, 01, on s 1) Sc(8G 5 s s )] Ix (8x 5 x5 1b)

X ZTI“ m(DT R, g, 1) @ Sem (SR phse  14)]

= s/dsX ds.dsg d(zs — sx — sg — S¢)

* Derivation within Soft Collinear Effective Theory Bauer, Stewart et al. “00 - "02

* Numerical implementation in distribution space Becher, Neubert 06
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Threshold resummation

Joint threshold and small-R resummation

* Non-trivial color structure Kidonakis, Sterman 97, Kidonakis, Oderda, Sterman 98

* Previously unsolved problems with the inverse transformation

Kidonakis, Owens 01, Kumar, Moch " 13
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4
Dai, Kim, Leibovich “ 17

only approximate NNLO results available

Refactorize at threshold:

d?6;.; . ‘
11%2 __ S dSX dScdSG 5(28 — Sy — S — Sc) Liu, Moch, FR " 14
dvd
x T 7pT7,uh7:U')SG(8G7uSG7 « a/J'Xa/J')
XY Tr[Jm(prR, g, 1) ®a Se;m(scR , pisc , 11)]
m
H;,i, hard functions for 2 — 2 scattering: 2-loop results Broggio, Ferroglia, Pecjak, Zhang " |4

Jx  recoiling jet function: 2-loop results Becher, Neuber *06, Becher Bell "1 |
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Threshold resummation

Joint threshold and small-R resummation

Liu, Moch, FR " 17
* Joint resummation «”In’"* N, aIn" R

7

* Jet function
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Threshold resummation

Residual QCD scale dependence
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Threshold resummation

Residual QCD scale dependence
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Threshold resummation

Comparison to LHC data
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Threshold resummation

Comparison to LHC data

 Cross section ratios
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Threshold resummation

Comparison to LHC data

 Cross section ratios
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Conclusions

* 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
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