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DEEP INELASTIC SCATTERING

> very precise probe of the

proton structure{(PDFs)j—"
(talks in WG1) I

» independent variables: (x,Q2)

» v*/Z neutral current (NC)

» W= charged current (CC)




THE EXPERIMENTS

HERA's legacy...
> 1994-2007: HERA I & 1I

» e*(27.5 GeV)
» p(460-920 GeV)

» large set of jet data
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DIS @ NLO



INCLUSIVE DIS

> inclusive: integrate over “X” (can do it analytically!)

> only lepton kinematics: (x,Q2)



INCLUSIVE DIS: THE STRUCTURE FUNCTION

» inclusive: integrate over “X” (can do it analytically!)

> only lepton kinematics: (x,Q2)



GOING DIFFERENTIAL
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» differential: resolve “X” & study jets

» s extraction, PDF constraints, ...
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GOING DIFFERENTIAL

> Dipole subtr.

» FKS subtr.

» differential: resolve “X” & study jets

» s extraction, PDF constraints, ...



GOING DIFFERENTIAL

Antenna subtr.

ColLorFul subtr.

gr slicing

Stripper

TN slicing
Projection-to-Born
Nested soft-colliner subtr.
Local analytic subtr.
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» differential: resolve “X” & study jets

» s extraction, PDF constraints, ...



GOING DIFFERENTIAL

» (r slicing

» Projection-to-Born

» differential: resolve “X” & study jets

» s extraction, PDF constraints, ...



DIS DI-JET PRODUCTION AT NNLO



DI-JET PRODUCTION
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> #(jets) = 2
or Breit Frame

partonic recoil

> direct sensitivity to ds

» rare handle on gluon PDF —
at HERA

Boson-Gluon Fusion



DIS;;, @ NNLO

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

RR <fmﬁmm > 3 _
ONNLO = / doniio ! single-unresolved
P73 ' » double-unresolved
TS S——————
RV : | » single-unresolved
‘|‘/ dONNLO §  GALLLLLIN 8
Dz4o 5 1 > 1/€%, 1/¢
TS ST ——>——
VvV s £
+/ doynto = B | > 1/e¢*, 1/€%,1/€2, 1/
P71 s B
ST TS TS —>—

finite (Kinoshita—Lee-Nauenberg & factorization)

Non-trivial cancellation of infrared singularities



DIS;;, @ NNLO USING ANTENNA SUBTRACTION
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—- each line suitable for numerical evaluation in D =4



DIS;;, @ NNLO USING ANTENNA SUBTRACTION

+ [ (aoio - dovhuo)
P70

VYV U “catch multiple limits in one go”
=+ donno — dCTNNLO)
P71
finte -0

—- each line suitable for numerical evaluation in D =4



INCLUSIVE JETS IN THE BREIT FRAME (NC DIS>))

[Currie, Gehrmann, AH, Niehues ‘17]
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> sizeable corrections in lower Q2 bins (better description of data)

» high-QZ bins: small NNLO corrections + reduction of scale uncert.



DI-JETs (CC DIS>))
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NNLOJET CC di-jet ep HERA [Niehues, Walker ‘18]
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DIS JET PRODUCTION AT N3LO



DIS;;, @ NLO
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» differential: resolve final-state partons

» rich theoretical testing ground



DIS;, @ NLO USING PROJECTION-TO-BORN
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» differential: resolve final-state partons

» rich theoretical testing ground



DIS;, @ NLO USING PROJECTION-TO-BORN

SF @ NLO) + (DISy @ LO

» differential: resolve final-state partons

» rich theoretical testing ground



DIS;; @ NB3LO USING PROJECTION-TO-BORN
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D IS 2 et Projection-to-Born structure
J DIS

function
@ NNLO D ;
@ N3LO
[Currie, Gehrmann, Niehues "16] [Cacciari, et al. "15]

[Currie, Geh.rman n, AH, Niehues "17] [Moch: Vermaseren, Vostios]
CC: [Niehues, Walker "18]

fully
DIS differential @ N3LO

[Currie, Gehrmann, Glover, AH, Niehues, Vogt. "18]
CC: [Gehrmann, Glover, AH, Niehues, Walker, Vogt '18]



INCLUSIVE JETS (NC DIS;))
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[Currie, Gehrmann, Glover, AH, Niehues, Vogt. *18]
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> for the first time: overlapping bands (agreement with data)

» reduction of scale uncertainties



JET RATES (NC DIS;))

NNLOJET ep-e+ jet+ X Js = 296 GeV
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INCLUSIVE JETS (CC DIS;))
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[Gehrmann, Glover, AH, Niehues, Walker, Vogt ’18]
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> for the first time: overlapping bands (agreement with data)

» reduction of scale uncertainties



SUMMARY & OUTLOOK

» DIS — precise probe of the proton structure & QCD
« PDF constraints, as extraction, ...
» current state of the art: (DIS;; @ NNLO) & (DIS;; @ N3LO)
 substantially reduced theory uncertainties & better convergence
« improved description of the data
» precise QCD predictions essential to...
o fully exploit HERA measurements (calculations already being used)

« match demands of future colliders (LHeC, FCCep)

» calculations & techniques also useful for LHC:
« (VBF @ N3LO ) — VBF = (DISy))2

« (ggH @ N3LO ) — Projection-to-Born: numerical stability & performance
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Processes computed using the antenna subtraction method
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PHOTON + JET @ 13 TeV

[Chen, Gehrmann, Glover, Hofer, AH ‘19]
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SUMMARY & OUTLOOK
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» DIS — precise probe of the proton structure & QCD
« PDF constraints, as extraction, ...
> current state of the art: (DIS;; @ NNLO ) & (DIS;; @ N3LO )
 substantially reduced theory uncertainties & better convergence
« improved description of the data
» precise QCD predictions essential to...
o fully exploit HERA measurements (calculations already being used)

« match demands of future colliders (LHeC, FCCep)

» calculations & techniques also useful for LHC:
« (VBF @ N3LO ) — VBF = (DISy))2

« (ggH @ N3LO ) — Projection-to-Born: numerical stability & performance
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