Higgs boson self-interactions

m ... and Higgs-gauge-boson interactions

e
Ng N
Saiel 750
Sa T
W

Roberto Salerno

Rov L
Cesare Cazzaniga oy Lemmon

Q;

Daresbury Laboratory

Science and
Technology
Facilities Council




Foreword

These studies have been done In a contest of a 4 months M2 internship.
The goal was to put in place a full analysis chain from the generation of the
samples through the selection of candidates to the statistical analysis.

There are many caveats (results are on the optimistic side)

= The centrally produced samples are (yet) not used

= Not all the systematics uncertainties are included

-=> Only main backgrounds are considered so less selection cuts included
leading to higher signal efficiency
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Does the Higgs boson interact with itself?

A self-interacting Higgs (as SM predicts) would be unlike anything yet seen
In nature. All other Interactions change particle identity.

The Higgs boson cubic (/13SM) and quartic (/lfM) couplings are

the keys to check the EWSB. The Higgs boson potential is -
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Link with the cosmology

Deviations from SM Higgs boson self-coupling cause a
modified potential that allows first-order electroweak
phase transition and hence an explanation of the
observed matter vs anti-matter asymmetry!
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We need to probe size of modification down to 1.4, “ | | | | B | r
the expected uncertainty of the measurement should be ©(10%)
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The Higgs boson self-coupling before FCC-ee

Direct measurements @ HL-LHC
Profiting of on-shell production of two Higgs

bosons
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th Theoretically clean
& Very rare process (o~40fb @ 14TeV)
& Experimentally challenging
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The Higgs boson self-coupling before FCC-ee

Direct measurements @ HL-LHC Expected results
Profiting of on-shell production of two Higgs | |
bosons ATLASandCMS__ 30007 (14TeV)
AL pogons
g - H F ‘ - o — :ggﬂrgbination
AHHH bbtt Hl - I H . Stat. uncertainty
7
|
Y - :
t H e N bbbb i :
g ~ H _ ;-7////////)_/////////////////////////////////- ===
| PBVV(Ivlv) | H -
— VS S S S S S S S S
: bbzz(4l)| | .
th Theoretically clean |
& Very rare process (o-40fb @ 14TeV) combined| - AEES
% Experimentally challenging = 0 2 4 6 8 10 12 14
Ka
\_ arXiv:1902.00134

07/02/22- Roberto Salerno- 6



The Higgs boson self-coupling before FCC-ee

) Direct measurements @ HL-LHC

Profiting of on-shell production of two Higgs

bosons
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A3 @ Fcc-ee ‘ Benefit of large single H cross section

Higher-order corrections to single-Higgs processes

Aunn does not enter single-Higgs processes at LO but it affects both Higgs boson
production and decay at NLO.
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A3 @ Fcc-ee ‘ Benefit of large single H cross section

Higher-order corrections to single-Higgs processes

Aunn does not enter single-Higgs processes at LO but it affects both Higgs boson
production and decay at NLO.

Vertex corrections (linear in k) Higgs boson self-energy (quadratic in k)

Universal modifications via wave function renormalisation
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A3 effect

The NLO corrections to an observable 2

2INLO = ZlHZLO(l + KJA@)

Universal coefficient Process and kinematic
from wave function dependent coefficient
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arXiv:1607.04251
arXiv:1711.03978

A3 effect

Production mechanisms

The NLO corrections to an observable 2

2INLO =

!

ZHZLQ(l —+ KJ)\@)

0.22 at threshold

Process and kinematic
dependent coefficient

l

Universal coefficient
from wave function

Decay modes
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Close to SM predictions the BRs
are sensitive to modified 1,4

= >, BR™M()CT () ~2.3x10-3

400 600 1000

Vs [GeV]

Negligible impact of a modified A, on the angular asymmetries.
At 1-loop C; for HZ, WW-boson fusion and ZZ-boson fusion are
Independent of the beam polarization.

(rx — 1)(CT (i) = C1 ™)
1+ (/4:)\ — 1)C{t0t

SBRy, (i) =

07/02/22- Roberto Salerno - 11



arXiv:1607.04251
arXiv:1711.03978

A3 effect

The NLO corrections to an observable 2

2INLO =

!

ZHZLQ(l —+ &@)

Universal coefficient
from wave function

Process and kinematic
dependent coefficient

0.22 at threshold

l

Decay modes

C1 [%)

on-shel

A
0.83

Cr = 3, BR™M())CT (4) ~2.3x107

Close to SM predictions the BRs
are sensitive to modified 1,4
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Negligible impact of a modified A, on the angular asymmetries.
At 1-loop C; for HZ, WW-boson fusion and ZZ-boson fusion are
Independent of the beam polarization.

1000

(rx — 1)(CT (i) = C1 ™)
1+ (/ﬁ:)\ — 1)C{t0t

SBRy, (i) =

Great opportunity from the combination of inclusive or exclusive analyses and various
production modes at two collision energies
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Inclusive analyses @240 GeV

Exploited various Z decays, using the recolil techniques

Z(up)H Z(ee)H Z(bb)H
> uTuT with pp, > 20 GeV, prp > 5 6eV > ete” with pp, > 10 GeV, pp,, > 5 6ev > 2 2 b-jets + pp;i > 60 GeV

> Minimum [M,+,- — M| ini > M, > 45 GeV
inimum Mﬂ+/4 Mz > Minimum | M, +,— — M| Jjj > €
> Hr > 10 GeV
> 80 < 100 60 0 e
<M+~ < GeV > 60 < M +,- < 120 GeV d
» BDT (17 variables)
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6000 — B 5000~
6000: 4000F
4000 - 3ooo;
_ 2000
2000 fgessy :
i _ 1000
AL ITTY 'PPPY A U P | [ B | 1 PN TONE TN SO DU UE YOO TOUN S0 SO 0 TN l 11 [211 YTTRNTTRN T WO T VO VO SO WU JOUC OO SO WO0 OO O SO OO L N L'~.
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M,,. (GeV) M, (GeV) Moo (GeV)

Golden channel I:> Larger background I:> Broader resonant peak
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Inclusive analyses @240 GeV

Exploited various Z decays, using the recolil techniques
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VBF production @365 GeV

The production channel starts to become relevant due

the [ogarithmic raise ~ln2(s/Mv?) of the t-channel 107; ,

exchange of vector bosons
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50k H prod. @ 365 GeV (1.5 ab-1)
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Production dominated by the W fusion because
of larger charged currents
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Two production mechanisms contribute
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WW-boson fusion : ee—=vvH(bb)

For v,v, decays of the Z boson, the two production amplitudes interfere
Positive Iinterference term of the same size as their individual cross sections
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WW-boson fusion : ee—=vvH(bb)

1 ) PreseleCtlon CUtS 10° FCC-ee simulation (IDEA - Delphes)
> 2 b-jets, In;jl<3 P
- H1 > 10 GeV g Vs = 365Gev__ [ | VBE(WW)H(bH)'50
- MET > 10 GeV %150 — EV‘Z;V")“(DD)

100

llIllllIIlIllllIllX

2. Adaptive BDT to reduce the backgrounds .
-> 17 input variables
-> trained with a 20k sig. and 100k back. events R T
-> 800 trees, min. node size of 1%, a max. depth of 3 Miniss (G V')
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BDT variables and correlations
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Correlation Matrix (signal)

Linear correlation coefficients in %
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. Final discrimination variable

W
The missing mass after preselection and BDT cuts
Vs =365 GeV, L = 1.5 ab™
BDT response ©
-’o‘s;-slgnal"""' L ‘% -
>  [{77] Background - o - |
2 5 : ] ‘_ FCC-ee sim
§ : 7 — S+B fit
e 4 : = : ~ = = = gignal
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0 T T 3 i
-1 -0.8 —0 6 —0 4 -0.2 0 0.2 0.4 |
BDTAda response - e PP _
100 150 200 250 300
MC samples v H(0b) | Z(v)H(BD) | WW 77 M,,iss (GeV)
Number of events (normalized) 3.05-10* | 2.06-10* | 1.61-10" | 9.49-10°
n; > 2, |An] < 3, HT > 20, MET > 10 GeV | 47% 48% 0.09% 5.5% _ _
BDTAda response > 0.12 2% 3.4 % 0.002% | 0.06 % Irreducible background mainly from Z(vv)H(bb)
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1. Preselection cuts
= 2 jets + 2 electrons
- Mee > 80 GeV
-> MET > 10 GeV

FCC-ee simulation (IDEA - Delphes)
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2. BDT to further reduce the backgrounds
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Putting all together

1D fit with only 6k, floating

240 GeV Z(uu)H
+365 GeV Z(upu)H
+365 GeV VBF

2nd energy point
lift the degeneracy

il Bl B . B ol -t---.--:.--'-- o B B B B . B -

-2 0 2 4 6 8 10 12

61()\

The secondary minimum easily excluded adding a 2nd energy point
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Thoughts on “detector requirements”

Statistics Is the essence of the Higgs boson self-coupling studies
Access to various production mechanisms and two energies points are great opportunities

We need to include

-> hadronic Z decays In inclusive analyses
-> highest H BR channel (H — bb) in WW-fusion and ZZ-fusion channels
-> exploit angular distribution(s) to better separate HZ and VBF channels

It means
-> Efficient flavour tagging
-> Optimal jet angular and energy resolutions
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Conclusions

Preliminary results based on the work done during a M2 internship
have been shown.

The analysis chain has been put in place to measure the Higgs boson
self-coupling from higher-order corrections to single-Higgs processes

The analyses are going to be redone (improved selection, adding

systematics, ...) using the centrally produced samples within the
FCCAnalyses framework.
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