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Motivation - Why Z-+jet?
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» Very precise measurements can be obtained. x
» Provides a fantastic testing ground for

precision QCD and electroweak corrections g
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Antenna subtraction in a nutshell

Exploit the universal factorisation of QCD in Infrared (IR) limits.

We pick simple processes and recycle their pole structures for use in more
complicated processes.

Antenna function
/—/% —
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reduced matrix element

» We need to define a phase space mapping from the n+ 1 — n phase space.

» The processes need to be suitably simple so that they can be integrated
analytically.
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Antenna subtraction in a nutshell

Three separate integrals,
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Testing our subtraction

Two main methods

Analytical pole cancellation using For unresolved singularities, define a
FORM. ratio of the matrix element against
RV NNLO - NLO the subtraction term
Poles (""" —dg """ =0
R do™
Poles (dg"V-"NEC — qg Y M9) = 0 ~ do®
morgan@D29: ~/NNLO kT/maple/process/z In all unresolved limits K — 1 )

ile Edit arch Te L Help
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21.99 sec + 0.00 sec: 21.99 sec out of 22.11 sec
morgan@29:~/NNLOJET/maple/proce 600
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Cuts and physical setup

» Included qg, q@, gg and gg processes leading colour contributions.
» Comparisons to LO and NLO data are all full channel at all colour levels. J

» Computation for 8TeV LHC using NNPDF2.3 set, as(M,) = 0.118

» Anti-k1 jet clustering algorithm with R=0.5, pjﬁt > 30 GeV and || < 3
» 80 GeV < my < 100 GeV and |n!| < 5

» Central scale ug = ur = M, with scale variation between 0.5M, and 2M

Thomas Morgan (IPPP) Z+jet at NNLO using Antenna Subtraction QCD@LHC 2015 6/ 14



Total cross section breakdown

oLo = 103.672L pb

onLo = 144.3%25 pb

onnro(9g + Gg + qG + gg) = 151.07%2 pb
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Distributions - P**
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Distributions - ¢t
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» NNLO corrections uniform
in rapidity, approximately
4%.

» Significant reduction in
scale uncertainty.




Distributions - Z Boson
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Fully inclusive P% distribution

» Measure the inclusive Z P+ distribution without any jet cut - very clean
experimentally.

> large discrepancy between theory and experiment

g Ll — ———r
© F = Data uncertainty
e 1 3i E#  [=FEWZ (u=M,) (PDF + scale unc.)
5 “r FEWZ (u=M,) (PDF unc.)
B = B DYNNLO (u=E2)
g 1.2; @ ADYNNLO (u=E§)+ NLO EW
NNLO calculations of Drell-Yan & F
. . 1.1—
are only accurate to NLO in this o
observable! iF
Z must recoil against a hard F
. . [ ATLAS
emission - Z+jet(s) 0.9¢ B
E V§:7TeV;ILdt:4.7fb
O.Bk M A L
1 10 10°

pZ[GeV]

arXiv:1406.3660v2
Can we make the same distribution?
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Change of cuts

v

Included qg, qq, gg and gg processes leading colour contributions.
» Comparisons to LO and NLO data are all full channel at all colour levels.

v

Computation for 8TeV LHC using NNPDF2.3 set, as(M,) = 0.118

| 4
» 80 GeV < nm < 100 GeV and |n!| < 5
» Central scale ug = ur = M, with scale variation between 0.5M, and 2M

Include also,

p% > 30 GeV |
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Inclusive pt distribution of the Z boson

Preliminary results!
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» Significant reduction in scale uncertainty

» Work is on going to push to higher P+ (qq channel missing) with
dynamic scale choices.
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Conclusions and Outlook

» Antenna subtraction is a powerful subtraction scheme that extracts the
infrared singularities analytically and enables the pole cancellation to be
verified analytically.

» We have computed the dominant NNLO corrections for Z+jet production.

> We get an excellent scale reduction compared to NLO calculations both in
the total cross section and in differential distributions.

» We present preliminary results of the fully inclusive Z P+ distribution
accurate to NNLO.

v

» Complete subdominant channels and subleading colour corrections.

» Comparisons to data using dynamic scales will be coming in due course.
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Z+jet has a very rich set of partonic channels that contribute to it. At NLO for
a given set of cuts and scale choice,
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