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The multifaced relevance of the Higgs self-coupling

h
27
arXiv: 1511.06495
> B i e e e [ e E =
K - ATLAS Preliminar): -------- Di-Higgs 5
0 L 1s=13TeV,3.2fb -.-.- Single Higgs i
o 5[~ 2-tag signal region ~ eees Continuum Bkg. ]
% C — Sum ]
o 4} ¢ Data {
3 -
T ]
\ -l
= o e S S e Il il =
=
P .
©
o
o
10 120 130 140 150 160

arXiv: 1511.06495

m,, [GeV]

mmmmmm-

top pole mass M, in GeV

arXiv: 1205.6497

T T .‘1'07 T -7 ’
R
178 | —
-
176 F N
&
[ meta-stability LQ, P
172 e
170} oty -
stability
168 1 1 1 1 1
120 122 124 126 128 130 132
Higgs pole mass M, in GeV
arXiv: 0010275
130 ————T—— T
| symmetric confinement phase |
120 —
> 110 2nd order endpoint
Q 4
[_‘U

100

90

80 90

2



Double Higgs production at LHC

Small production rate times a small visible branching ratio:

o(pp = hh) ~ 1077 Br(h — bb) x Br(h — v7y) ~ 60% x 0.1%
o(pp — h)
9 RO = — = = — - " t >
t t —_— t ' ®
9 DBEOOOOOTD T t -
\ oles’rmo’ﬂve m’femcevevmoe

3 T T Y
—N nnnnnnnnn tHHp dct

C ATL Expect ed |_ mlt (95% CL) ]

o pp— HH - bbyy ) [fb]
N

M A

ATL-PHYS_PUB_2017-001



Double Higgs production at LHC

Small production rate times a small visible branching ratio:

o(pp — hh -
PP = PR) 105 Be(h — BB) x Br(h - 7y) ~ 60% x 0.1%
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Double Higgs production at LHC

Small production rate times a small visible branching ratio:

o(pp — hh N -
(PP ) ~ 1077 Br(h — bb) x Br(h — vv) ~ 60% x 0.1%
o(pp — h)
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Higgs self-coupling from single Higgs processes

Given the loose constraints from double Higgs production,

perhaps single Higgs processes can help
McCullough, 1312.3322
Gorbahn, Haisch 1607.03773
Degrassi, et al. 1607.04251
Bizon, et al. 1610.05771
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Higgs self-coupling from single Higgs processes

- - o(i) BR(f)
;;,g = U; X ,U',f T T SN .
o (i) BR(f)
4 f FI‘.UL
lu;jl::_l—|— 1 =1+ _Cl )
. Universal factor \
Process specific Yh \onoess specific
()[i L On
----- . - |
| h \
h |
CT (%] | ggF | VBF | WH | ZH | uH | tHj — -
13TeV | 0.66 | 0.64 | 1.03 | 1.19 | 3.51 | 0.01 Cy [%)] v | ZZ | WW | gg
14TeV | 0.66 | 0.64 | 1.03 | 118 | 3.47 | 0.89 on-shell H | 0.49 | 0.83 | 0.73 | 0.66
97TV | 0.66 | 0.62 | L.0L | 1.16 | 3.20 | 0.79
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ZH 2.00 | 1.75 1.21 0.51 001 | —0.10
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T H 531 | 5.07 1.38 3.00 1.27 0.17
tHj 123 | 1.18 1.02 0.74 033 | —0.06
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Higgs self-coupling in tth vs double Higgs

<Looking for loop effects in Tth> sounds bad,
bul there is a better perspective:
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Rule of Thumb:

precision ot tth x 10 constraint on trilinear from tth

precision of di—Higgs constraint on frilinear from di—Higgs



Minimization of
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Slide by Davide Pagani, Higgs Couplings ‘18, Tokyo


https://indico.cern.ch/event/732102/contributions/3092629/attachments/1763023/2861041/Tokyo.pdf
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Correlations of inclusive observables...

Imagine tth is measured 1o be different from SM..
who is The responsible?
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... and the need for differential information

EFT operators fend fo show — larger effects af large invariant masses
— global rescalings of the distribution

Higgs self—coupling deforms the distribution nontrivially,
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Figure 42: Results of the likelihood scan in k. The individual contributions of the statistical and
systematic uncertainties are disentangled by performing a likelihood scan with all systematics
removed. The observed deviation from the statistical uncertainty only curve is driven by the
theoretical systematic uncertainties in the Higgs boson production yields. Additionally, the
contributions from the hadronic and leptonic channels have been separated, shown in red and
purple respectively.

First CMS study on Tthr  cwms pAS FTR-18-020
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Global fit
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Global fit

https://twikiai06.cern.ch/twiki/bin/view/LHCPhysics/GuidelinesCouplingProjections2018

Signal strength per production x decay mode
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Global fit

—Differential uncertainties:

> Just rescaling uncertainties for cross section in each bin

overesTimates the reach:

syst.
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— Background is larger at threshold, just where sensitivity to trilinear

is larger,

Global fits using extrapolations of inclusive uncertainties to

differential level must take this into account:

15



Results at HL-LHC
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— Ditferential information is crucial

— Differences between S1 and S22 scenarios: not

limifed by stafistics
— Complementary with double Higgs production
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Results at HL-LHC
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Homiller, Meade; 1811.02572

Goncalves, Han, Kling, Plehn, Takeuchi; 1802.04319

—Single Higgs production constrains frilinear between —3 and 3

even in a global fif:

—Double Higgs production gives much stronger constraints,



18
Higgs self-coupling at lepton colliders

This program benefits from the high precision machines

arXiv:1704.02333
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Higgs self-coupling at lepton colliders

AP

CEPC/FCC-ee alone
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CEPC/FCC-ee + HL-LHC
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— Low energy lepton colliders set strong constraints on the self—coupling,

even running below di—Higgs threshold,
— No self—coupling can be excluded af a5xCL:



Higgs self-coupling at high energy lepton colliders
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— At high energy lepton colliders,
if kinematically allowed di—Higgs
dominates the consfraints,



Summary

bounds on 6k, from EFT global fit
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A few items for discussion...

- Some diff. distributions will get an amazing precision,

ATLAS

pr- [GeV] | 0-10 | 10-15 | 15-20 | 20-30 | 30-45 | 45-60 | 60-80 | 80-120 | 120-200 | 200-350 350-1000

H— vy 5.3% 4.6% 49% | 47% | 54% | 57% | 49% | 42% | S5.1% 8.7%

H — ZZ B3% | 7.6% | 83% | 63% | 57% | 62% | 63% | 57% | 64% | 13.1% 23.2%

Combination | 4.5% 3.8% 39% | 36% | 41% | 42% | 37% | 35% | 45% 8.2%
CMS

pr [GeV] 0-15 15-30 30-45 45-80 80-120 | 120-200 | 200-350 | 350-600 | 600-c

H — vy 5.1% 4.6% 5.1% 4.8% 49% | 45% | 5.1% | 86% | 322%

H— ZZ 5.4% 4.8% 4.1% 47% 9.1%

H — bb none 31.4% 36.8%

Combination 37% | 33% | 42% |  3.7% | 40% | 38% | 44% 8.0% | 24.5%

Table 26: Relative uncertainties on the projected pr 1-H spectrum measurements by ATLAS and CMS
under S2 at 3000 fb™ '

there seems to be room for improvement.

- Different from traditional EFT dimension 6 effects, since they show up at large invariant masses,
while here the crucial aspect is high precision near threshold.

- Current theory fit for tth is validated with CMS projections for tth, but the rest are not...
need for more experimental studies!
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