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A This talk reviews the
status of DiHiggs (HH)
MC generators used In
both experiments

Non-resonant
(9gF)
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A Discuss commonalities
and differences

A Spot uncovered corners

A Harmonise generators

Resonant spin2
XY H Hggf)

Resonant spin2
XYHH
(VBF)

A Consistent comparisons
of future results

A Smoother (potential)
combination effort of

ATLAS+CMS HH XYSH/'S
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Introduction

ATLAS CMS
NLO+FT Powheg-Box-V2 (vary as)
Herwig7’ Pythia8
LO MG5 aMC@NLO (vary av a2v and 3s)
Herwig7/ Pythia8

LO MG5 aMC@NLO LO MG5 aMC@NLO
Heavy scalar, narrow width Radion, narrow width

Herwig7’ Pythia8

NLO Powheg-Box-V2 Heavy LO MG5 aMC@NLO
Higgs, narrow width Radion, narrow width
Pythia8 Pythia8
LO MG5 aMC@NLO, graviton, narrow width
Pythia8
LO MG5 aMC@NLO
graviton, narrow width
- Pythia8
NLO MG5_aMC@NLO
generalized NMSSM

Pythia8

LO Pythia8 (ms>mH)
Pythia8
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Recap the last versions (ME)

Non-resonant
(9gF)

Non-resonant
(VBF)

Resonant spin0
XY HH

(9gF)

Resonant spin0
XYHH
(VBF)

Resonant spin2
XY H Hggf)

Resonant spin2
XYHH
(VBF)

XYSH/ SS

Last versions (36/fb early Run?2) Now (140/fb full Run2)

NLO+FTApprox MG5 aMC@NLO, LO
MG5 aMC@NLO for aa variation (ATLAS)
LO MG5 aMC@NLO with EFT (CMS)

NLO+FT Powheg-Box-V2 (vary 9s)
EFT unchanged, under discussion

- LO MG5 aMC@NLO (vary av a2v and 3s)

NLO MG5 aMC@NLO (ATLAS)

LO MG5 aMC@NLO
LO MG5 aMC@NLO (CMS)

NLO Powheg-Box-V2 (ATLAS)
LO MG5 aMC@NLO (CMS)

LO MG5 aMC@NLO

LO MG5 aMC@NLO

LO Pythia8 (ATLAS)
NLO MG5 aMC@NLO (CMS)



University of Manchester LHCHXSWG workshop, Oct 2019 Xiaohu SUN

Non-resonant ggk HH

POWHEG new (full t-mass, kIl = 1)
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Non-resonant ggF HH with non-SM o,
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A The update for full Run2 analysesisa-v ar i ati on at LO Y NLO

as last page allows this: validation done in both ATLAS and CMS

A Compare MG5 LO and Powheg NLO+FT with a-variations, at fixed-order NLO
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Linear combination for a_variations &

invariant mass of HH

A Both ATLAS and CMS use similar methods to linearly - — cHHH =5
combined (LC) MC samples with fixed 8, tt@make i | o
MC samples with arbitrary @s, + o > | )

5 0.1 — SM
HH) ~ k| |BE + S4BT + TB) + [~ 2 T|? ol Y
ao(pp — ) ~ k; ||B] +k_r( + ) + k_r 7| o.oslmk. CMS

A The base samples for LC are free to choose O'Oﬁi |
A Previously (36/fb) used: ( ©as) = (1,0), (1,1), (1,20) I

[(1,2) for 8s~2] LR
A Testing (1,0), (1,1), (1,5), (1,20) & PN
A Good to harmonise _
ok!
-|I|IIJI|llII|IIlI|JIIl|IIJI|lIIJ|IIlI

300 400 500 600 700 800 900 1000
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Closure of LC

A LCis compared to MC samples generated with the actual &,

invariant mass or HH

I cHHH = 20 from MC
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Non-resonant ggF HH W|th shower ©
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A Pythia8 (A14 NNPDF23LO) is used as —LL E
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systematic uncertainties 0004 E
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Background: HF single Higgs B

A The single Higgs production with heavy-flavour (HF) radiation (H+1b, H+2b etc.) is
among our backgrounds, as many of us require one of Higgs HY b b

A Currently ATLAS treatment on the HF single Higgs Is (for example bbo dhat has
si ngle HIi ggs backgr elB5mpédak): | ust under th

AAssign 100% uncertainty to ggF, VBF and WH single Higgs, based on studies of
HF quarks associated with tt [1304.6386] and W [1302.2929]

A No uncertainty on ZH and ttH single Higgs, as the dominant heavy-flavour
production Is considered at LO

AggF [11509.05843] and bbH can be generated in Powheg separately
A Need to deal with the overlap between ggF (H+bjets) and bbH
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Non- resonant VBF HH

: i ATLAS Generator level
A The second leading HH < V= 13Tev -
production | - oorrnsional
B —— VBF HH signal _
A Particularly interesting, _ _
sensitive to constrain c,,, 0.1 - -
A Very different kinematics i
given the VBF jets L
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-007/
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ggF HHijj entering VBF region

A ggF HHjj has the same final state as VBF HHjj

A Compared to other backgrounds, ggF HHjj
IS not large, but to VBF, It Is large

A The cross-section of ggF HHijj is >~ 2x of VBF
HHJj, and can be 1/3 of VBF HHJ] yields after
VBF selections (1506.08008): m(HH) > 400
GeV, pq(1,)2) > 5

A Current estimate uses
A ggF HH NLO HH+j (ME) + j (PS)
A Available generator from theorists:

A Sherpa+OpenLoops, expensive to run, need ATLAS-CONF-20139-030

to test It



