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Introduction <\M_&]>

“Cross-sections & branching ratios”
but also more generally signal and also background
modelling

Work organized in six subgroups
e per main production mode: ggF, VBF, VH, t(t)H
[bbH is mostly discussed in WG3 in the context of BSM Higgs]
e off-shell
e BR
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Introduction

“Cross-sections & branching ratios”
but also more generally signal and also background

modelling
*Started discussion on involving LHCb
Work organized in six subgroups (see also Davide’s talk)
WG1 Subgroup Mail to ATLAS Theory
subgroups mallmg list conveners
ing list Mail Robin Hayes, Nikhef Alessandra Cappati, LLR (10/2023) Alexander Huss, CERN Stephen Jones, Durham (06/2021)
(06/2023) (09/2022)
Mailing List Mail Jiayi Chen, Simon Fraser ~ Gaetano Barone (outgoing), Brown University (09/2021) Mathieu Pellen, Freiburg  Silvia Ferrario Ravasio, CERN (10/2022)
(05/2023) jee (incoming), UC San Diego (09/2024* (05/2021)
Mailing List Mail Valerio Dao, Stony Brook Suman Chatterjee, HEPHY/DESY (10/2023) Matthew Lim, Sussex Giancarlo Ferrera, University of Milan (02/2019)
(12/2023) * (12/2023)
Mailing List Mail Judith Katzy, DESY Davide Valsecchi, ETH (01/2024) * Malgorzata Worek RWTH  Marco Zaro, Milan (01/2022)
(06/2024) * Aachen (01/2022)
Mail Rafael Coelho Lopes de Li Yuan, BUAA (10/2023) Eleni Vryonidou, Raoul Roentsch, Milan (09/2019)
Sa, UMass (04/2022) Manchester (01/2024)
Mail Daniela Rebuzzi, Pavia Ivica Puljak, Split (05/2014) Michael Spira, PSI Sven Heinemeyer, IFT Alexander Mick,
(08/2014) (10/2021) Madrid (08/2014) Aachen (08/2014)

7% Joined since last workshop Open call - please send us your nominatioLJ

Marco Vitti just accepted our invitation!
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https://indico.cern.ch/event/1389221/contributions/6243858/attachments/2979632/5246140/lhcb_higgsWG_zuliani.pdf

Introduction iy Active 2024

November 2024

E  19Nov WGH - Offshell meeting

“Cross-sections & branching ratios” itick 2004
but aISO more genera”y Slgl‘la| and aISO baCkg round [ 290ct-310ct VBF Workshop: Collaborative Advances in Theory and Experiment
d ” B  240ct VH subgroup meeting: Plans for YRS
moae Ing = 110ct WG1 - XSec update summary for YRS
[#  o1oct WG1 meeting
Work organized in six subgroups September 2024
Y per ma|n prod uctlon mode ggF, VBF, VH’ t(t)H 30 Sept tLHt/)t; \a/\;(j stting -- Recent measurements and theoretical developments for ttH (H
[bbH is mostly discussed in WG3 in the context of BSM Higgs] [  o3sept WGT mesting
o off-shell June 2024
e BR % 264 ggF: aN3LO PDFs for Run & YRS
= 11Jun WG1 - kick-off meeting on YRS activities
Contact details and more information on WG1 twiki, Agnlanze
p|US WG]. mattermOSt SUbChanneI [F  soApr State of the art predictions for ttH ttH
- - . . E  15Apr WG - Offshell meeting
Meetings, incl. workshops: WG1 indico >

[#  o4Apr WGH - boosted Higgs discussion

March 2024

[#  otMar YR5and 13.6 TeV discussions

Special focus: LHC H WG Report 5

February 2024

[#  16Feb Discussion BR(H-->ss)
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG1
https://mattermost.web.cern.ch/lhc-higgs-wg/channels/wg1-higgs-xsbr
https://indico.cern.ch/category/5847/

Report 5 contributions WGT-

High-priority topics targeting arXiv+SciPost submission in June 2025 ). ¢

e WG1: updated cross-section predictions for all Higgs boson production modes
o Summary and reference document for state-of-the art predictions (incl. relevant citations!)
o Replacing ad-interim note and simple extrapolations for 13.6 TeV based on YR4 predictions for 13
and 14 TeV
ggF: impact of N3LO PDFs on the cross-section
VBF:
o differential and parton shower studies of VBF signal / harmonising fiducial definitions
o  ggF contribution in VBF phase-space
e VH:
o differential NLO predictions for ggZH; inclusion of differential k-factor in Powheg
e ttH: NNLO cross-section update and comparisons among resummation schemes at NNLL
Off-shell: parton shower and jet merging benchmarking studies
BR: include Dalitz decay in HDECAY

Lower-priority/longer-term items in planning for later submission (see also previous discussion)
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https://arxiv.org/pdf/2402.09955
https://indico.cern.ch/event/1460528/

Report 5 topics & beyond - a rich program

Plenary (WG1) 9 31/3-004 - IT Amphitheatre (C.. wm« JNEEN &~ WM 31/3-0
Conveners: Alessandro Calandri (ETH Zuerich), Alexander Karlberg (CERN)
m Introduction 11

Speakers: Alessandro Calandri (ETH Zuerich), Alexander Karlberg (cErN), Bernhard Mistlberger (sLAc), Hannah Arnold (Stony Brook

University)

A we1lintro_LHCHWG...

ggF status report (17'+5')
A Cappati (Uni

rsité Catholique de Louvain), Robin Hayes (Nikhef)

A 241204-ggFWG1Up...

VBF status report (17+5') [remote]

Speaker: Jiayi Chen (Simon Fraser University)

@ VBF for general ass...

VH status report (17'+5")

Speaker: Matthew Lim (University of Sussex)

M HweLim.pdf

Lightning session for LHCHWG Report 5

q
q
I
q

Plenary (WG1) + Future colliders
Conveners: Alessandro Calandri (ETH Zuerich), Alexander Karlberg (CERN)

9 31/3-004

ttH/tH status report (17'+5')
Speaker: Judith Katzy (Desy)

Off-shell status report (17'+5")
Speaker: Raoul Horst Roentsch (Universita degli Studi and INFN Milano)

BR status report (10'+5")

Speaker: Michael Spira (Paul Scherrer Institute)

Higgs physics at future colliders (20'+10")
Speaker: Matthew Philip McCullough (CErN)

Convener: Katharine Leney (Southern Methodist University)

WG1: Parton shower aspects of Vector Boson Fusion Higgs production (7'+3")

Speaker: Jiayi Chen (Simon Fraser University)

WG1: Resummed predictions for VH (7'+3")
Speaker: Kajal Samanta (IPPP Durham)

09:00
WG1: NLO ggZH differential prediction (7'+'3") |

(LXK — 10:45 Cross-topic plenary
Convener: Fabrizio Arturo Caola (University of Oxford)

Updates from PDF global fits (20'+10")

Speaker: Joey Huston (Michigan State University)

B BB

Speaker: Marco Vitti (ki)

™

WG1 parallel session

WGT-

9 40/S2-A01 - Salle Anderson (C... = ’

Conveners: Alessandro Calandri (ETH Zuerich), Alexander Karlberg (CErRN)

09:00

i

B EARA A

Higgs+charm ATLAS (10'+10")

Speaker: Elliot Reynolds (University of Kansas)

Higgs+charm CMS (10'+10")

Speaker: Tiziano Bevilacqua (University of Zuerich)

A HXsWG_Tiziano_Be..

yt-induced Hbb as a background for HH searches (17'+5")

Speaker: Marco Zaro (Universita degli Studi and INFN Milano)

ttHbb highlights/summary of the WG1 - ttH/tH workshop (10'+10")

WG1 ttH/tH workshop: https://indico.cern.ch/event/1440845/

Speaker: Matthias Schroeder (University of Hamburg)

Updated ttHbb results ATLAS (10'+10))

Speaker: Alexander Froch (Université de Genéve)

VHcc ATLAS+CMS focusing on modelling uncertainties (20'+10")
Speaker: Zhuoran Feng (Nikhef)

VHbb ATLAS+CMS focusing on modelling uncertainties (20'+10")

Speaker: Christina Reissel (vIT)

PDF uncertainties on predictions for Higgs production in gluon-gluon fusion (15'+5")

Lightning talk

Speaker: Maria Vittoria Garzelli (University of Hamburg)
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ggF (1)

In This Talk

agF subgroup report (Robin & Alessandra)

e ggF atthe LHC

WGT-

e Run 2: measurements
systematics-dominated, ~same precision

o Experimental context

e Theory updates this past year:

o Quark mass effects in ggF loop: top, bottom
mass dependence

o aN3LO PDFs *

N4LO soft-virtual approximation

o 3-loop heavy flavour corrections

O

e Status of ggF cross-section update for 13.6 TeV *

e Possible future areas of focus

as theory

e First XS measurements at 13.6 TeV
available both from ATLAS and CMS (still
stat. limited) and compared to
ad-interim prescriptions

| Include comparison in R5? %

Quark mass effects in top-loop and top-bottom interference known to NNLO;

now also in MSbar scheme

Only for mH=125.09 — extrapolated to other masses (+ conservative unc.)

21st LHC H WG WS
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https://indico.cern.ch/event/1389221/contributions/6185912/attachments/2979973/5249263/241204-ggFWG1Update-3.pdf

ggF (2) - XS update ¥

Putting it all fogether: Status of Bl TeV Yeet update

e Current numbers produced at all Higgs mass points and COM energies:

V5[TeV] My [GeV] o[pb]  &(scale) S(EWK)  6%h:-(my)  &°%Xt:(t)  §°<t-(t x b) _ &(theory) 8(PDF +a,) 8(PDF)  &(a,) 5014 (PDF-TH)
13.6 12000 53.89 T9o0%  £1.00%  +0.12% +0.03%  +0.03% Tk il Ties® 1T +121%
13.6 12200 5237  F93%%  £1.00%  +0.17% +0.02%  +0.02% 54 1 T % e -l +1.20%
13.6 12400 5091  FO5%%  +1.00%  +0.16% +0.01%  +0.00% % Taoo% Tlodey 31l +1.a8%
Fo05 Fil T2 Théd F2.11
13.6 12460 5049 T93%%  +1.00%  +0.15% +0.00%  +0.00% s 1300 il:u% t2l%  +1.18%
13.6 12480  50.35 F95%%  +1.00%  +0.15% +0.00%  +0.00% Thile 120708 hTar L% Sae%
13.6 125.00 5021 F95%%  +1.00%  +0.15% +0.00%  +0.00% % $207% ;;g:% 20l%  +1.18% P
13.6 12500 5014  F03%%  +1.00%  +0.15% +0.00%  +0.00% s HRt% i};gg% % 4118%
13.6 125.20 5007 T93%%  +1.00%  +0.14% +0.00%  +0.00% Hte 2o 100 13llse ias%
13.6 12530 50.00 F950%  +1.00%  +0.14% +0.00%  +0.00% T1T0% Taorn 184% 12l  +1.18%
.5 o 4 1181 +2.11
13.6 125.38  49.94 TO00%  £1.00%  £0.14% +0.00%  +0.00% BB Bp i Yo Tas%  £1.18%
F05 F1 F2! 1181 F2i11
13.6 125.60 49.79  F030%r  £1.00%  +0.14% +0.00%  +0.00% Elifde el 3 1w fiMe  1am%
13.6 126.00 49.52  F95%%  +£1.00%  +0.14% +0.00%  +0.01% H% +ante s ek Sam
13.6 128.00 4818 F030%  £1.00%  +0.13% +0.02%  +0.02% F1i7ag 28700 Tl8tey 121065  +3.96%
+0.55 +1.74 +2.67 1.64 +2.10
13.6 13000 46.89 9309 +1.00%  +0.13% +£0.03%  +0.04% Thitty 2.57% Tiei%  Tias  +115%
; 1
Central Sources of uncertainty Sum of PDF+aSunc.  Old unc. from %
value previous 5 (NNLO-NLO) PDF
columns — next slide
20

e Lots of room for discussion: handling of PDF.
o Use PDF4LHC21 right now — all inputs produced using this. *
o aN3LO PDFs induce large correction (or large uncertainty): ~-4%.
o QED evolution effects have also been included in aN3LO PDFs: ~-1%

From experiments

Uncertainties very asymmetric —
can be symmetrized for/by
experiments?

Predictions for finite quark mass
effects differential in pTH? Useful
for kt/kb/kc interpretations of
differential XS measurements

See also Joey’s talk for a more
general aN3LO PDF discussion
— WGL1 follow-up (?)
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https://indico.cern.ch/event/1389221/contributions/6201565/attachments/2981757/5250220/huston_hxswg_meet_dec24_final.pdf

ggF (3) WGT-

Other 0ngping or Possible Topics

Boosted Higgs predictions (dedicated WG1 meeting):
o Update precise predictions in YR5
o Lots of open topics: PS uncertainty, EW correction, mass scheme uncertainties....

Subgroup-wide effort: collected
experimental input = plan
theory-focused meeting in 2025

STXS Stage 1.3 scheme (in coordination with WG2) =
o Plan cross-experiment responsibility for uncertainty scheme :

=" T Similar for other production
modes

e Signal-background interference effects in ggH diphoton

o Computation of interference at NNLO :.. |
g
Bargiela, Caola, von 3 al
. M ffel, T di 21;
e At this workshop: ggH+cc and ggH+bb ey ot g sl
(as bkg to HH and H+c searches). g e e

23 i@ .

e Your suggestion? B

28 19 10
my, [GeV]

z2
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VBF (1) WGT-

Experimental side: VBF subgroup report (Jiayi)
e Comprehensive set of measurements in various final states

o  New: most precise measurement in H— tr (ATLAS)
e Bottlenecks:

Signal modeling uncertainty (shower and matching) remains the leading systematic source: Outlook for Run3
- Nominal: Powheg Box at NLO QCD + Pythia 8 (dipole recoil) for UE/PS/hadronization, normalized to NNLO QCD +
NLO EW - new matching&PS systematics
- Shower and matching uncertainty: recommendation
- ATLAS: Pythia8 vs Herwig7 = shower uncertainty; MG vs Powheg (+Herwig7) = matching uncertainty - Within experiment, should

- CMS: varied Pythia scales or 2-point comparison with Herwig7 — analysis-dependent investigate signal modeling

dependency, e.g. parton shower
uncertainty «—— third jet selection
(e.g. central jet veto)

- Seeslide22

- Small signal/background and large ggF contamination
- Analysis strategy generally follows (find Atul's talk on ggF contamination treatment in CMS):
- apply VBF topology selection (ggF/VBF ratio >1 in low energy phase space);
- Multivariate Techniques (reduce ggF/VBF to <<0.5) and measure ggF and VBF simultaneously

4 The elephant in the room...

‘ ! - PS agree on the perturbative side... [Buckiey et al.; 2105.11399] (theory finding)
Isource: Bingimagecreatrl -~ | g@rger disagreement observed on experimental side ...

10
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https://indico.cern.ch/event/1389221/contributions/6185913/attachments/2979719/5247090/VBF%20for%20general%20assembly%202024.pdf

VBF (2) WGI-

Given the status what is relevant to do within the WG ...

Differential study in fiducial volume at 13.6 TeV

- Event selections: mixture of ATLAS and CMS
- Rivet routine + run cards + Events available in a repository
- Beyond 1D distributions (2D, 3D) and also in STXS bins
1. State-of-the-art numbers for fixed order
- Inclusion of everything available (typically in different places and/or in different set-ups)
2. State-of-the-art number for NLO+PS
- Only perturbative part (no Underlying Event or hadronisation)

- Make recommendations for uncertainties > Pre|iminary recipe in
Summarise state-of-the-art on th. and exp. and their latest references Jiayi’s lightning talk

- Th. findings are not always well propagated to exp.
Important for theorists to get credits through proper citations

A

Article to be published this winter (this time for real!)

in Physics Community Reports form SciPost "

Outlook *
o . . L . Other VBF R5 topics on longer
- ggF contamination in VBF signal region & hadronisation/underyling event effects .
[Chen, Haddad, Hoche, Huss, Huston, Jezo, Lindert, Plaetzer, Preuss, Ferrario Ravasio, Tarek, Winter, ...] tlmescale?
- YOURIDEA ... ol

H. Arnold WG1: summary & plans 21st LHC H WG WS Dec 6, 2024 11


https://indico.cern.ch/event/1389221/timetable/#77-wg1-parton-shower-aspects-o
https://indico.cern.ch/event/1460528/contributions/6149346/attachments/2937377/5161486/VBF%20-%20YR5%20kick-off%20Round%202%20-2.pdf

VBF (3) - XS
*

Update on inclusive numbers for 13.6 TeV

Motivation: provide reference numbers

My(GeV] oV (] Awcucl%] Apo/a,/popaa, %] Arolh] oREolb] dewl%] oyl | oul] ogp/ul®]
12000 3967 £21/+04/£22 +10 4148 52 361 | -89 115
Refe rences: 12200 3905 £21/+04/£22 +10 4082  -52 358 | -85 - 106
12400 3844 £21/4£04/£22 £10 4017 52 354 | -82 -10.2
12160 3825 £21/+04/£22 £10 3998 52 353 | —-81 —10.0
12180 3819 £2.1/ £04/ £10 3992 52 353 | -81 -10.0
= N3LO QCD from proVBF 12500 3813 £2.1/ £04/ £1.0 3985 52 352 | -80 -100
12500 3811 £2.1/ £04/ £10 3982 52 352 | -80 -10.0
; 12520 3807 121/504/£22 10 3979 52 352 | -80 -10.0
[Dreyer, Karlberg; 1811.07918] 12530 3804 £21/+04/£22 £10 3976 52 352 | -80 99
12538 3802 £21/+04/£22 +10 3973 52 352 | -80 98
- N LO EW from HaWk 12560 3795 421/ £04/£22 10 3966 52 351 | -80 -97
) ) ) 12600 3784 £21/+04/£22 £10 3954 52 3.1 | -79 -96
(] s 128.00 3725 +2.2/4+04/£22 +1.0 3802 -52 3.7 | -7.7 -92
[Denner’ Dlttmaler’ Kallwelt, MUCk’ 1112.51 42’ 130.00 3667 422/ +03/+22 09 3831 -52 33| -75 -86

1412.5390]

- NNLO non-fact. corrections
[Asteriadis, Brgnnum-Hansen, Long, Melnikov,
Quarroz; 2305.08016, 2305.12937]

Combination according to:

oVBF = o3t o (1 + dew) + o

Big thanks to Asteriadis, Brennum-Hansen, Karlberg, Miick who provided numbers!
Numbers built in document already (thanks to Karlberg) 12
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VH WGT-

e Experimental progress
o Increasing sensitivity and STXS granularity through H—bb
m Boosted regime also targeted with hadronic V decay
o  Other decay modes are becoming sensitive as well (yy, tr, WW) — new challenges for subgroup?

. . . . * » Computation of virtual corrections particularly challenging
e Predictions for inclusive XS at 13.6 TeV available due to many mass scales. Two groups/approaches:
(same tools as for YR4 + PDF4LHC21)
(Sector decomposition GB\

high-energy expansion

e Main focus: differential gg—ZH at NLO*

\

Chen, Davies, Heinrich, Jones, Kerner, Degrassi, Gréber, Vitti, Zhao -
Mishima, Schlenk, Steinhauser - 2205.02769

o lightning talk by M. Vitti 2204.05225
o Provide 1D and 2D k-factors pySecDec for p; < 200 GeV prexpansion for || < 4m?
o |onger-term; imp|ementation in Powheg HE expansion for py > 200 GeV HE expansion for | | > 4m?
- _J
e VH NNLO+PS generation available via MINNLOPS VH subaroup report (Matthew)

and Geneva — codes becomes public soon (?)

e Longer-term plans incl. common choices and harmonized uncertainty prescription for modelling the
main V+jets background processes (also discussed in WG1 parallel talks)

13
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https://indico.cern.ch/event/1389221/contributions/6247507/
https://indico.cern.ch/event/1469564/contributions/6188528/attachments/2954140/5193794/VH%20plans%20YR5.pdf
https://indico.cern.ch/event/1389221/contributions/6185914/attachments/2979689/5246278/HWG%20talk.pdf

ttH/tH (1) AWGT-

Recent CMS and ATLAS results; differential in pTH
[ATLAS re-analysis — X3 (2) higher ttH acceptance (sensitivity)]
e leading uncertainties related to signal and tt+bb

WG1 Working group activities

» Recent ttHbb measurements and ttbb theory predictions modelling
> Discussion at WG1 in September 2024 P harmonised tt+bb simulation (NLO AFS Powheg+Pythia8)
» Cooperation with LHC Top WG but not (yet) uncertainty prescription

> ttHbb and ttbb session at LHC Top WG meeting November 24
tt+>=1b unfolded measurement = No prediction describes

» ttH and tH normalisation: inclusive xsec preditions
the data everywhere

» Discussion at WG in April 24

_ New predictions:
ttH report (Judith) o tt+<2jets@NLO 5FS w/ g—bb enhancement
e "“Fusing” tt+bb@NLO 4FS and tt+jets@NLO 5FS in a
variable number flavour scheme
= Comparisons to measurement

ttH also measured in other H decay modes (stat. dominated),
most recently in H—tr by ATLAS and (differentially) in H—multi-lepton by CMS [ttW dominant bkg.]
H. Arnold WG1: summary & plans 21st LHC H WG WS Dec 6, 2024

14


https://indico.cern.ch/event/1389221/contributions/6192571/attachments/2981106/5248925/ttHtH_statusreport_LHCHWG2024_final.pdf

ttH/tH (2)

State-of-the-art cross sections for ttH and tH

Status & plans within LHCHWG for YR5

» Understanding the differences between uncertainty estimation in the two approaches

> Providing state-of-the-art theoretical predictions for ttH@NNLO 4,00 + NNLL + EW corrections
» Predictions for tH production in all channels @NLO in QCD for different Higgs masses and cms energies

Vs MH  ONNLO+EW Ugﬂ%gg+NNLL+EW ONNLO+NNLL+EW| | ONNLO+NNLL+EW
[Tev] [Gev] [m)"H (] k] [m]
130 12460 5319797 532.5703 532.2703 +14 5324714
130 12500 527.9%%) 5285105 5282403 114 528.3%11
130 125.09 5262739 526.7°9% 5264133 1.5 526.6751
13.0 12538 5224799 523.0195 5227403 #18 522.9+14
130 125.60 519.3739 519.8795 519.5133 +14 519.7133
13.0 12600 515.6°}7 516.2405 515.910% +1.8 5160433
136 12460 596.579%5 597.1+05 596.8792 +13 596.9*13
136 12500 589.6707 590.3105 580.9192 +14 590.1+}2
136 12500 580.2°9% 580.805 580.4192 +13 580.6°)3
136 12538  586.5705 587.119% 586.7192 +13 586.9113
136 12560 582.97% 583.5193 583.2103 H14 583.3453
136 12600 577.1798 STt sTratistid srrst

mpy € {124.6,125,125.09, 125.38,125.6,126} GeV

VS € {13,13.6,14} TeV

average

Project in good shape and should be finished till the end of this year

DESY. | ttH/tH status report at LHC Higgs WG | Judith Katzy, 5.12.2024

page 17

ain [fb]

WGT-

pp—1tH+X

NNLO + NNLL ~ SCET
direct QCD I

7-point scale uncertainty
iy =125.0 GeV, m;=172.5 GeV, /S =13.6 TeV

NNLO: PRL 130(2023)111902
SCET: JHEP 02(2017)126
Direct QCD: PRD 97(2018)114007

PDF4LHC21_40 7

. "
X > e i V“’Ql .

[

Other (longer-term) items in addition to harmonising predictions for ttH/tH CP measurements?

H. Arnold

WG1: summary & plans

21st LHC H WG WS

Dec

6, 2024
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https://indico.cern.ch/event/1460528/contributions/6149347/attachments/2938350/5161690/MWorek-WG1.pdf

Offshell (1) WG

Across production modes, different kinematic regime
— unitarization behaviour, indirect constraints on Higgs width, ... Hot off the press: HIGP-2024-14; SOFT-2023-01

Summary Offshell Higgs through electroweak <«

production
Active year for offshell Higgs studies:

* New ATLAS results
* Full NLO QCD corrections to offshell Higgs production in GF known.
* Improved approximation methods.

* Modelling becoming important — include higher order corrections?
* NLO QCD + NLO EW known, but with VBS cuts

[Denner, Franken, Pellen, Schmidt ‘20, ‘21; Denner, Franken, Schmidt, Schwan '22]
» HEFT interpretation. * Would it be possible to have the implementation of these corrections in either a) a FO
p i N 5 > calculator (could apply mVV corrections to nominal sample at truth-level), or b) a generator
Moving toward offshell Higgs thmugh EW pmducmm' matched to PS (allows running the sample through whole analysis including NN)?
« Alternatively, would authors be willing to: 1) re-run calculations with more typical offshell
. o : 3 lysis selecti 2)isolate S, Band | ts, and 3, id -differential
‘Work in progress: tuned comparison of NLO+PS and jet merging tools (POWHEG/MadGraph/Sherpa) analysisselections; ) isolate S, B and | components, and 3) provide myy -differentia
corrections in usable form?

* HWG note next year, in time for YR5. * NLO QCD corrections for VBF high-mass signal available in Powheg (used by CMS) and
MadGraph (but tricky/computationally-expensive). NLO EW available as automated
corrections in Sherpa+Recola — is this usable/recommended for VBF offshell Higgs?

Thanks to everyone who has contributed, given talks, etc.

We welcome new ideas and contributors!

— Informal discussion this afternoon...

offshell report (Raoul)

21% Workshop of LHC HWG Offshell Status 18
5 December 2024

21* Workshop of LHC HWG Offshell Status

19 “Formal” follow-up?
5 December 2024
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/
https://indico.cern.ch/event/1389221/contributions/6192573/attachments/2981027/5249173/roentsch_HXSWG_20241205.pdf
https://indico.cern.ch/event/1460528/contributions/6149348/attachments/2938486/5161836/roentsch_WG1_20241001.pdf
https://arxiv.org/abs/2006.10086
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/

Offshell (2)

Across production modes, different kinematic regime

— unitarization behaviour, indirect constraints on Higgs width,...

Summary

Active year for offshell Higgs studies:

* New ATLAS results

* Full NLO QCD corrections to offshell Higgs production in GF known.
* Improved approximation methods.

» HEFT interpretation.

* Moving toward offshell Higgs through EW production.

‘Work in progress: tuned comparison of NLO+PS and jet merging tools (POWHEG/MadGraph/Sherpa) .
* HWG note next year, in time for YR5.

Thanks to everyone who has contributed, given talks, etc.

We welcome new ideas and contributors!

offshell report (Raoul)

21* Workshop of LHC HWG Offshell Status b

* Going beyond NLO is very demanding - include additional radiation through parton showers.
* Combine with fixed-order either through merging or jet matching.

m) Tuned comparison of merged NLO+PS (POWHEG) vs. LO 0+1 jet matching
(MadGraph and Sherpa).

—+— Powheg
—— MadGraph
+— Sherpa

Ratio

» Merging produces harder p,
spectrum compared to
NLO+PS merging.

* Due to large virtual corrections
in POWHEG but not in
MadGraph/Sherpa ?

o peeember 028 \/ Other offshell R5 topics on longer timescale

H. Arnold WG1: summary & plans 21st LHC H WG WS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/
https://indico.cern.ch/event/1389221/contributions/6192573/attachments/2981027/5249173/roentsch_HXSWG_20241205.pdf
https://indico.cern.ch/event/1460528/contributions/6149348/attachments/2938486/5161836/roentsch_WG1_20241001.pdf

BR WGT-

open issues in HDECAY:
e Dalitz decays (H — vy < Zv < £167~) = refined def. of H — Z~? K

< Chen, Chen, Qiao, Zh
e NLO elw. corrections to H — Z~y SR

e numbers and uncertainties for Yukawa-induced H — ss
e NLO mass effects in H — gg up to Mg =3 TeV (+ BSN
For future collider

BR report (Michael) studies

H. Arnold WG1: summary & plans 21st LHC H WG WS Dec 6, 2024
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https://indico.cern.ch/event/1389221/contributions/6192574/attachments/2980948/5248589/spira_br.pdf

Conclusion WGT-

e Very active year 2024!

e Great progress on most high-priority items for LHC H WG report 5; largely on track for the first
deadline in June 2025

e State-of-the-art cross-section predictions at 13.6 TeV ~available and will be made public ASAP
o Biggest open question: aN3LO PDFs

e Involvement of new person power very welcome in all subgroups; needed to address the many
important open items in a timely manner!

Many thanks to all the current and former WG1 subgroup conveners and everyone involved
for the fantastic work

Enjoy a well-deserved end-of-year break and let’s get R5 on the way in the new year!
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