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Importance of the Higgs self coupling

Measuring the tri- and quadrilinear
self coupling of the Higgs crucial to
understand the EWSB

Parametrize deviations from SM
trilinear coupling with k;

At FCC-ee: Indirect access to k, in ZH
and VBF via NLO EWK corrections
Consider two energy points (240 and
365 GeV) to improve precision on the
deviation of k; from the SM value and
exploit high single-Higgs production
Cross section.
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Methods

m Consider only single Higgs production => trilinear self coupling appear only at NLO
ZH Higgsstrahlung

VBF processes H
NLO Both CC/NC diagrams L
Ve
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Considered processes

172 2

m Higgsstrahlung (ete~ — ZH) @ 240 and 365 GeV Mgec = Ph
- Inclusive Higgs decays: Z(utu™)H, Z(e*e™)H, Z(qq)H =(Eg — \/5)2—|p?f|'2
- Extracted recoil mass distribution =5 —2Fg\/s+ M [f'%_

m Exclusive VBF @ 365 GeV
- WW-Fusion: ete™ — v,V,H(bb) and ZZ-Fusion: ete~ — e*te H(bb)
- Extracted missing mass and invariant electron mass respectively

m Used the Delphes spring 2021 samples in our analysis
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http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents_spring2021_IDEA.php
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Categorize

m Introduced categorizatit

m Selection follows flowcrk

Nico Harringer

Contains

—(2p) A (2€)

no

|mgq —mp| >

yes

Np—Jetst < 2

=2 ecH(bb)

Rejected

tag

Z(bb)H tag

30 GeV

_\'Jm <

(3]

W % Rejected ’
Fusion

Nb—Jets 1

v.v. H(bb)
tag

IV

-l

Z(bj)H tag

Z(bo)H tag

Rejected

'\.L'*Jﬂ!l.l 2 .

Z(cc)H tag
.\.f—.}nsvl 1 7( )H

AL ta,

(Np—Jetsz = 1) ! ¢

Np_Jetsz = 0
et Z(ij)H tag
-\chm-.Z 0

—
Z(bb)H tag

Negersz =1 e
cj)H ta
=(Nbsetsz = 1)) ! &

No—jetsz = 0
Neogetsz =0

7(ij)H tag

significance.

365 GeV



Z(utu ) H@ 240 GeV, L=5ab™ !

FCCAnalyses: FCC-ee Simulation (Delphes) (20())“/\‘&11(125 ) Z(pp)H
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Z(bb)H @ 240 GeV, L =5 ab™1

m Category requirement:
- a(=Qu) A (2e)) in final state
Np-Jets,z = 2

m Samples:

- e*e™ - qqH (Signal)
- ete">7ZZ ete” > WW,
ete™ — qq (Background)
m Additional selection cuts:
~ M,, € [86,96] GeV

Nico Harringer

Categorization

events / 2.86 GeV

10’

FCCAnalyses: FCC-ee Simulation (Delphes)
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Z(bb)H @ 240 GeV, L =5 ab™1

Use adaptive Boosted Decision Trees (BDTs)

to cut down gg background

Input variables related to Z system:

FCCAnalyses: FCC-ee Simulation (Delphes)
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ete H(bb) @ 365 GeV,L=1.5ab~1

FCCAnalyses: FCC-ee Simulation (Delphes)
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m Samples:

- ete” - ete H(bb) (Signal)
- ete">7ZZ ete” - WW,
ete™ - ZH (Background)
m Additional selection cuts:
~ |Anup| < 3, Hy > 20 GeV, Bgpr > —0.1034
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COMBINED ANALYSIS




Combined analysis

m Fit all channels using parametric and non-parametric distributions

- Experimental systematics: Integrated luminosity measurement 0(0.1%) and
signal selection efficiency O(1%)

m Construct Asimov dataset with original dataset and post-fit parameters
m Simultaneous fit of 6k, to combined dataset

m Global assumption:
- Higgs decays as predicted in SM
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NLL in 8k, at Vs = 240 GeV
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In(LL)
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NLL in 8k,
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Conclusions and next steps

m Analysis involving almost complete ZH and VBF
— 1D precision on 8k;: ~30% with HL-LHC

m Next steps:
- Add more systematics and their correlations between channels

- Drop assumption: Higgs decays as predicted in SM
- Probe more global scenarios (e.g. include more Higgs couplings to fermions)

Nico Harringer Combined analysis

16



THANK YOU FOR YOUR

ATTENTION




BACKUP SLIDES




Production cross sections
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Separation of ZH and VBF
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Categorization flowcha

m 240 GeV
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Higgs boson self-coupling

Events

Contains yes
—(2p) A (2e)

no

Is

Z(pp)H

tag

Is

m.. € [86,96]

GeV?

Rejected

Z(ee)H tag

NpJetsz = 2
NpJetaz =1
(Ne-gasz = 1)

Z(bb)H tag

Z(bj)H tag

Niewz > 27

no

Rejected

Z(bc)H tag

Ne-Jetaz = 2
-\‘L'—J(-L-“Z 1
(Np—Jetsz = 1)
NpJetaz = 0
NeJetsz = 0

Z(cc)H tag

Z(cj)H tag

7(ij)H tag

21



Categorization flowch:

m 365 GeV
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K variation w variations
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K variation
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Confidence Intervals at 68% CL

m 1D 8k [0.36, 0.40] (FCC only)

m 4D 6k,: [-0.83, 0.83] (FCC only)
Stizy: [-9.23, 11.1] * 1073
Suyprww: [-4.73, 4.83] * 1072
Slyprzz: [-1.15, 7.45] x 1072
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ADDITIONAL CHANNELS




Z(eTe ) H@ 240 GeV,L=5ab™1
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FCCAnalyses: FCC-ee Simulation (Delphes)
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v, V,H(bb) @ 365 GeV, L = 1.5 ab™}!

FCCAnalyses: FCC-ee Simulation (Delphes)
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