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NNLOJET: NNLO tool with Antenna subtraction
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* NNLOJET: A multiprocess parton level event generator at O(alpha_s~3)x*
* *
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NNLOJET: application in pp — H + jet

o pp — H + jet
o Higgs production via gluon fusion in EFT
o NNLO accuracy for one-jet bin in fiducial cross section
o Precise study for p# distribution (Boosted Higgs with NNLO accuracy)
o Excellent agreement in inclusive H(y~)+Jet final states (RUN Il data)

@ One of the first NNLO processes done with three different subtraction schemes
o pp — H + J Antenna subtraction. xc. Gehrmann, Glover and Jaquier 1408.5325, 1604.04085, 1607.08817 [hep-ph]
e pp — H + J Sector Improved Decomposition subtraction (without quark-quark

Channel). Boughezal, Caola, Melnikov, Petriello, Schulze 1302.6216, 1504.07922, 1508.02684 [hep-ph]

o pp — H + J N-jettiness subtraction. Boughezal, Focke, Giele, Liu, Petriello 1505.03893 [hep-ph]
@ Results in YR4 were calculated with the following cuts:

NG 13 TeV
PDF set PDF4LHC15_nnlo_30
Scale choices pr = pr =[1,1/2,2] x my
anti-kr jets R=04
Pl > 30 GeV
Parton channels allANNLO
Wilson correction Same order of «
my effects N/A
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Recap of NNLOJET in YR4
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Recap of NNLOJET in YR4
@ Jet-bin comparison using CERN-LHCHXSWG recommend cuts:
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Recap of NNLOJET in YR4

o Differential distribution of p%; in YR4:
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Recap of NNLOJET in YR4

@ Suitable as benchmark reference for p;‘-q in YRA4:

o
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Recap of NNLOJET in YR4

N-jettiness cut etc.

Need information about channel break
down, integration error etc.

Xuan Chen (CHEP, Peking University)

Substantial difference in the shape
and scale variation in yy distributions

Using different PDF sets

Need information about
self-consistence check: safety cut,

Cross-checking is important (more details later):

o sf T T

=N == NNLOJET, HJ@NNLO
> == BFGLP, HJ@NNLO
E 4+ &l GoSam+Sherpa

o}

©

Ratio to NNLOJET
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Finite quark mass effect
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Finite quark mass effect in pf

Precision study for pZ distribution (no jet cut)

The heavy particle loop is
resolved by the large momentum
transfer flowing through it
Currently only LO mass effect is
known for Higgs + 3 parton
Including Top, Bottom and
Charm quark masses (and
interference terms)

Define differential reweighing

function to estimate the effect at
NLO and NNLO:

_ M ; _EFT
R=o15/010
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Finite quark mass effect in pf

Precision study for pZ distribution (no jet cut)

The heaVy part|C|e Ioop IS NNLOJET pp—H+=0jet my=125GeV Vs =13 TeV
resolved by the large momentum 2 ' ' TG, mi<zs
transfer flowing through it 1f ;’E;:ﬁ;;:ﬁ;}: m; 1

i ﬁ Hr=pr=(1/4,1/2,1): (mB+pfy)
Currently only LO mass effect is s
known for Higgs + 3 parton oot
Including Top, Bottom and _ o8}

z
Charm quark masses (and € o7l
interference terms) osl
Define differential reweighing o5k
function to estimate the effect at |
NLO and NNLO:
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EFT
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Finite quark mass effect in pf
o Precision study for pH distribution (no jet cut)

EFT®M

o EFT®M reweighting dl\é%
24

R(pt

doEFT
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dpH
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systematic uncertainty
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3 5l
further constrain goot
2_2 | EFTem EFT —  EFTeM/EFT — EFTOMEFTeM
0 100 200 300 400 500
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doldp¥ [fb/GeV]

K factor

Finite quark mass effect in ¥4
Apply CMS cuts at 13 TeV in H — 77 channel, v, is the leading photon

~v1 L. . . . . i
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Cross check of pp — H + jet @ NNLO
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Cross check of pp — H + jet @ NNLO

@ One of the first NNLO processes done with three different subtraction schemes
o pp — H + J Antenna subtraction. xc, Gehrmann, Glover and Jaquier 14085325, 1604.04085, 1607.08817 [hep-ph]
o pp — H + J Sector Improved Decomposition subtraction (without quark-quark
channel). Boughezal, Caola, Melnikov, Petriello, Schulze 1302.6216, 1504.07922, 1508.02684 [hep-ph]
o pp — H + J N-jettiness subtraction. eoughezal, Focke, Giele, Liu, Petriello 1505.03893 [hep-ph]
@ NNLL effects are included in jet-bin analysis — direct comparison not available
o Rapidity distribution of Higgs show tension between N-jettiness and NNLOJET
o NNLOJET repeat three sets of calculations for cross check (next slides)
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Cross check of pp — H + jet @ NNLO

NE 8 TeV 13 TeV 8 TeV
PDF set NNPDF23_nnlo PDF4LHC15 nnlo_30 NNPDF23_nnlo
Central scales LR = pFp =myg R = pFp =myg LR = bp = My
anti-kr jets R=04 R=04 R=0.5
Injl < 4.4 - Injl < 2.5
P > 30 GeV P > 30 GeV i > 30 GeV
leading photon [y, | < 2.37 - -
pr > 0.35mpy - -
sub-leading photon |74, ] < 2.37 - -
PP > 0.25my - -
Parton channels 99+4q9+q3(NLO) 99+4q9+q3(NLO) all channels (NNLO)
EFT EFT EFT
O H(—~~)+>1jet, NNLO OH+>1jet, NNLO OH+>1jet, NNLO
NNLOJET 9.4415:32 fb 16.879:2 pb 5.8110:23 pb
STRIPPER 1508.02684 9.451035 b - -
STRIPPER 1511.02886 - 16.7710 pb

N-jettiness 1505.03893

- - 5.570% pb
@ In-depth comparison with 1508.02684 also for differential distributions
@ Unable to confirm the N-jettiness results

@ More comparison using Les Houches setup on the way
Xuan Chen (CHEP, Peking University)
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Cross check of pp — H + jet @ NNLO

@ Preliminary comparison using Les Houches 2015 setup [1605.04692]

o Same choices of scale, PDFs, jet algorithm and etc.
o Tension in both fiducial and differential cross sections

NNLOJET _ +0.28 N —jettiness _ +0.0
OH+>1jet, NNLO — 17.477°55(pb), OH4+>1jet, NNLO — 16-4—0.9(pb)
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Summary

@ Summary
o NNLO corrections is important for H+J
@ Increase total cross sections and reduce scale uncertainties

@ Change the normalisation and the shape in differential distributions

o Provide p¥ distributions at NNLO accuracy
o To improve from YR4

o Finite quark mass effects are important for pqlf, NLO corrections needed

o Cross check between different groups are needed
o Different decay channels not yet well studied

o Future work

o More process and more functions in NNLOJET
@ Require resummation for certain observables

o Closer collaboration with experimental analysis for LHC Run 2.
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THANK YOU!
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BACK UP
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Recap of NNLOJET in YR4

o yy distributions:
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