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Goal of COMETA:

provide global understanding of electroweak symmetry breaking

precise determination of multi-boson interactions

vy couplings determined at 10% Level

| HHH coupling: —0.4 < Ky = Ay /Ay, < 6.3 ATUAS 20221
'5 HHVV covq:Liwg: 0< Kagvy < 2.1 [JATLAS 202=] |
[ VvV and vwvv couplings: e.g —0.4 S Gy S 0.2 [eMs 2022 tn Wy search §

requires precise predictions for multi-boson processes



Les Houches wishlist 2021
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Les Houches wishlist 2021

kRnowwn

N°LOqcp

destred

NSLOQCD + N(l’l)LOQCD@)EW

pp —V N(l’l)LOQCD@)EW 5
NLOqcp
, NNLOqep + NLOgyw
pp = VV (gg channel, w/ massive loops)
+NLO@ep (99 channel) 1.1)
N LOqcpgew
pp—V +J NNLOgqep + NLOgw hadronic decays
. NLOqcp + NLOgw (QCD component)
pp —V +2j ° NNLOgep
NLOgep + NLOgw (EW component)
pp — V +bb NLOgcp NNLOqcp + NLOgw
pp — VV' +1j NLOqcp + NLOgw NNLOgcp




Les Houches wishlist 2021

pp — VV/+2j

pp — WIwT + 27
pp — W W~ + 29
pp — Wtz + 27

pp — L4 + 29

kRnowwn

NLOgep (QCD component)
NLOgcp + NLOgw (EW component)

destred

Full NLOQCD -+ NLOEW

FU_H NLOQCD -+ NLOEW

NLOgep + NLOgw (EW component)

NLOgep + NLOgw (EW component)

pp — VV'V"

op— WEWTW ™

NLOgw (w/o decays)

NLOqcp + NLOgw

NLOgcp + NLOgw



COMETA wants to advocate networking among the preciston experts

we cawn Learn from the methods applied to the various multi-boson processes

Example: Gluon fusion processes

ln Higogs production processes gluon fuston dominant

9 o000 ,H g > ----H

g TOOOO “H g il



COMETA wants to advocate networking among the preciston experts
we cawn Learn from the methods applied to the various multi-boson processes

Example: Gluon fusion processes

ln Higogs production processes gluon fuston dominant

vector boson domina ntly produced from quarks, but gluon fuston
relevant at higher orders tn RCD

9. 9000, g ;
I Too0o g : 4




Up to NLO Ln fuLL top mass olepewalc:/we [Borowka et al ‘16, Baglio et al 18]

, , , , , [Bellafronte, Degrasst, Giardino, RG, Vittl
combination of expansion Ln prand Ngh energy o ravice michina, Schinwald,

Stetnhauser ‘2=2]

@ NNLO LV\, hea\/g toP WLass Limit [de Flortawn, Mazzitelll 13, Grigo,
, ;L Melnikov, Stetnhauser 141
(mass effects incorporated for double-real radiation S

’ ’ ’ ’ [QY&IZZLV\,L, H&LV\/YLOM,JOWCS, KﬂLLW@Lt,
or Ln asywmptotic expansion tn hea\% top mass)

Kerner, Lindert, Mazzitelll 18, Grigo
Hoff, Steinhauser ‘151

N=LO tn heavy top mass Limit [L®B.Chen, H. T. UL, H.-S. Shao and
J-wang'19]

6(13.6 Tev) = 34.43°%, . o

T [®Baglio et al ‘12 201

large uncertainty mawnly due to top mass renormalisation schewe



2,1 | | | | | | |
— MS e = TMHH
MS g1 = my(my)

top remormallsation scheme dependlence uwaertaiwtg depends on
value of trilinear Higgs seLf—covq:Liwg



gg > ZH

gg > 77

gg —> WTW~

at NLO RCD
top remormallsation scheme uwcer’calw’cg J_r(l)? 9,

of stmilar size

thaw scale u.wcertaiwcg ﬂﬂ%

reduction from LO to NLO tn Z H though smaller
compared to HH due to different logarithmic structure in
high-energy Limit

results available at NLO ®CD do wot allow to compute the
uwoertaiwtg
stmilar behaviour to HH though expectea for top Loops



at NLO ®RCP
gg — LH top renormalisation schewme uncertainty J—r(l)? 9%
of stmilar size

thaw scale uwaertaiwtgj ﬂﬂgj

reduction from LO to NLO tn ZH though smaller
compared to HH due to different logarithmic structure in
high-energy Limit

88 — 47 results avatlable at NLO @CD do wot allow to compute the
uwoertaiwtg
gg —> WTW~ stmilar behaviour to HH though expecteot

slf\nwmwg the top remorma LLsatLow scheme dependence regquires NNLO RCD correctlons
in full mass dependence ===  beyond state of the art

can we Llearn more about them by making use of expansions?



BSM preolsiow

s it sufficient to have a precise SM result?
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s it sufficient to have a precise SM result?
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(see [Haisch, Scott, Wiesemann, Zanderight,

Zawnoli '22] for ZH)

HH proa wetlon

benchmark point 1* at NLO
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For other processes urgently needeol!

L.e. VBF HH known to N2LO ®RCD and N2LO RCD +NLO ewW
[>reyer, Karlberg, Lang, Pellen '22]

[Dreyer, Karlberg, Tawncredl '20]

[Dreyer, Karlberg, Tancredt '1€]

[/(.Sgd to GDV\IStYaLV\z KVVHH

at NLO kep the LO factorises

, color stnglet possible
at NNLO Cp this no longer holds true

dependence on
mnwa& HEFT
coefficients ~
begowd LO
neeoed ~




rRare Multl-Bosown Productlon

COMETA advocates the study of rare multi-boson processes

such as triboson production, triple Higgs production, VHH, VVH, VBF
VH or VVV production

Allow to measure HHHH, VVVYV, VHHH, VVVH, VVVVY, ... couplings
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COMETA advocates the study of rare multi-bosow processes

such as triboson production, triple Higgs production, VHH, VVH, VBF
VH or VVV production

Allow to measure HHHH, VVVYV, VHHH, VVVH, VVVVY, ... couplings

Preclston needed?

tri-bosow studies started at LHC Run 2, £.9. NLO QCD + BW

corrections in WWZ of 0(30%) LYona Bal menYou, wen Gan, Xiao-Zhw,
Yw, Lel 15]

feasibility studies of HHH production started, NLO QCD corrections

LA top mass dependence not available, [HHH workshop @ Dubrovinik ‘23]
NLO RCD corrections expected to be O(100%)



Needed to allow e)cperimewca Lists to use the precise prediatiows pro\/wleol

bU the theory commuwi’cg

ATLAS Preliminary Data
(s =13 TeV, 140 fb [ Statistical Uncertainty

pp — e*vu’y [ ] Total Uncertainty
—e— Predictions

This measurement
707 + 7 (stat) + 20 (syst) fb

Powheg MiNNLO + Pythia8, NNPDF3.0 (*)

654 + 10 (PDF) + 15 (scale) fb

——e——

Sherpa 2.2.12 (0-1j@NLO, 2-3j@L0O), NNPDF3.0 (*)
660 + 10 (PDF) + 48 (scale) fb ; +—o—

MATRIX 2.0 nNNLO, NNPDF3.1
711+ 7 (PDF) = 16 (scale) fb

MATRIX 2.0 nNNLO ® NLO EW, NNPDF3.1
688 = 7 (PDF) = 15 (scale) fb

(*) + Sherpa 2.2.2 gg—WW x 1.7
+ Sherpa 2.2.12 EW qq—WWijj
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Sherpa 2.2.12*

¢ MiNNLO+Pythia8 *

o MATRIX 2.0 nNNLO QCD
A NNNLO QCD @ NLO EW

* + Sherpa 222 gg — WW X 17
+ Sherpa 2.2.12 EW qq — WWjj

.-

3 4 =5
Number of jets (pT > 30 GeV)

© MATRIX includes NNLO @ep + gg¢ — WTW ™ (massless) +photon induced at NLO

RCD and is fixed order

+ MINNLO lacks photon induced and NLO @ep to gg — WTW™
* Sherpa lacks NNLO RCD but tineluoles extra jets at LO
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© MATRIX includes NNLO @ep + gg¢ — WTW ™ (massless) +photon induced at NLO

RCD and is fixed order

+ MINNLO lacks photon induced and NLO @ep to gg — WTW™

+ Sherpa lacks NNLO RCD but tncludes extrajets at Lo



Parton. Shower for Htt

[Bagwnascht, Degrasst, RG ‘23]
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COMETA Lntends to bring together experts i preciston computations,
Mownte Carlo simulations and Parton showers as well as experimentalists
together

* ntegrating the precision predictions (NLO and
NNLO) tn MC codes including BSM

* uncertainty estimates with PS effects

* spin-correlations, EW effects at high energies



still Lots to do what regards preciston tn multi-boson production

* understanding of top mass renormalisation scheme uncertainty
. incluston of BSM in VBF precision predictions

* networking among precision experts, MC+PS experts,
experimentalists to tnclude all of these in tools used by the

expcrimewta lists

* which preciston will be needed for the rare multi-boson
Processes?



