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The Higgs as a Portal to New Physics

Two (complementary) aspects:

e [ earning about BSM physics from measuring the SM o
Higgs couplings

e Searching for new signals with additional Higgs bosons /
new scalars

Important to consider these
| aspectstogether! |
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What don’t we know about the SM Higgs?

Lots of room for more precision in all the Higgs couplings, but
two gaping holes:

—u?H'H + )\(HTH)2 Ai;jQiHu; — )\ngiHCCZj

Higgs potential (self-coupling) Light flavor Yukawas
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Di-Higgs Production — the Self-Coupling

HL-LHC prospects on 4,

ATLAS and CMS 3000 fb™' (14 TeV) What is our BSM theory target?
) | HLLH t
£ oY LHC prospects e (Can we exclude models with first-order
< 1 —o—bgbb -O-bg't't e
o | —bbVV(vlv)  —bbyy EW phase transitions?
aH 4] Peee® 95%

e Unitarity arguments connect deviations

to scale of new physics
(see e.g., Spencer Chang’s EF02 talk)

 |Large deviations typically involve

/ models with new scalars
| 68% (see e.g., Sven Heinemeyer’s EF02 talk)

1902.00134] K

(Note: huge improvement already
compared to Snowmass 2013 projections!)
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https://arxiv.org/abs/1902.00134
https://indico.fnal.gov/event/44015/
https://indico.fnal.gov/event/44015/#6-triple-higgs-and-2hdm

Di-Higgs Production — the Self-Coupling

Future colliders needed!

[1910.00012]

Possibilities at a High-Energy Muon collider single-f  HH _ combined
: HL-LHC 100-200% 50% 50%
Collider? CEPC,,, 49% - 49%
(see e. g Mauro Chiesa’s EF02 talk) ILCys 49% - 49%
| \/— —10 TeV ' ILCsyg 38% 27% 22%
3 I ............................. L ...... 20ab_ ........... ] ILC]OOO 36% 10% 10%
: ' |N— NsMEFT] <1 CLIC3gy 50% - 50%
9 _VNsweFr " CLIC,5, 49% 36% 29%
: CLIC3000 49% 9% 9%
FCC-ee 33% — 33%
FCC-ee (4 IPs) 24% — 24%
HE-LHC - 15% 15%
FCC-hh - 5% 5%

These values are combined with an independent determination
of the self-coupling with uncertainty 50% from the HL-LHC.
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https://indico.fnal.gov/event/44015/contributions/189610/attachments/130429/158925/h4-chiesa-2020.pdf
https://arxiv.org/abs/1910.00012

Di-Higgs Production — Experimental

Improvements?

Still lots of room for improvement in boosted hadronic channels!

» Branching fractions for HH decays:
» bbyy :0.26%
» bbbb : 33.9%. 130x more signal than bbyy
» bbWW :24.9% 98x more signal than bbyy
» bbZZ : 3.0% 12x more signal than bbyy
» VVVWV : 5.8% 22x more signal than bbyy
» After requiring both Higgs with pr > 400 GeV
» bbbb : 5.2x signal yield of bbyy
» bbWW :4.3x signal yield of bbyy
» VVVV : 0.9x signal yield of bbyy

JaV|er ;Urt'e' TaiAr'm jc-)n"’c‘ f
¢ EFO1/EFO2 discussion last May +
jEFO2talklastFal

New Higgs Tagging Approaches for
boosted, large radius Higgs jets

—_
o
o
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QCD misidentification probability
o

1073
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[2004.08262]
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https://indico.fnal.gov/event/43278/
https://indico.fnal.gov/event/45230/contributions/195929/attachments/133888/165372/EF02_FlavorTagging_3Sept2020.pdf
http://www.arxiv.org/abs/2004.08262
https://arxiv.org/abs/2004.08262

Higgs and Flavor

, . = [ arLaspreiminay
Higgs coupling-mass £ TE Vs=13TeV,245- 139" 7. a2
relationship well fit for the g | meoeemcevb<2sp, =t 7

] . L AL e iggs boson _
third generation =

. 0 ‘ g
First and second e b =
generation quark Yukawas fool Y _j
almost COmpletely - A 4 m,(m,,) used for quarks -
unconstrained! B 10t 3 | =

A .f e

* What kind of theories predict large 5§ iof | g

(observable?) enhancements? v& [ ¢ i { " -

\ L} il SRR bbb bbb §. Shbid Rl bbb bbb bbbt Skl ]

 What about bounds on flavor- WA { { §

. . N % . e el ]
violating decays" k E 0 1 10 e

* How feasible are measurements i Particle mass [GeV]

of light flavor in the future?
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Higgs and Flavor — Theory Targets

New theory ideas: large enhancements of the Higgs
Yukawas possible in models with flavor alignment

- d )
(D. Egana, SH, P. Meade, 1908.11376, 2101.04119) H .’
hsm . mmmmm=- ¢’
d/)\ Kd )\\ss
0.3 T 7] e Lead to interesting d " h
( Dijet Bounds * signatures from new states
%\Lﬂg Comnstraings / i ]
0.2F 4 o Straightforward extension to
f g I models of baryogenesis
(see Davoudiasl et al., 2103.12089) 2 0«4%@
0.4;. ’:;Q’;’@f:@ .
° @(3 0) enhancements to o PRI v ST
m,_ (GeV)

strange also possible!

} See also D. Tuckler’s EF02 talk for ideas §
¢ leading to flavor-violating Higgs decays §
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https://arxiv.org/abs/2103.12089
https://indico.fnal.gov/event/44835/#4-constraints-on-flavorful-two

Higgs and Flavor — Tagging Prospects

Is is possible to tag all different flavor jets?

—M™ Gluon

Light Quark jet Gluon Jet

—

S. Yang, talk slide

More constituents with more uniform
energy fragmentation and wider.

— Up-type vs Down-type

p,-weighted jet charge

0 =——3 0y

jet \K
pT) Jjejet

What about

strange tagging?

— CNN4
— CNN3
— BDT4
— Cut1+
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(Yuichiro Nakai, EF02 Meeting + [2003.09517])

See also Valentina Cairo’s Talk in EFO1 for prospects at ILC
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https://indico.fnal.gov/event/44835/contributions/193561/attachments/132592/163045/StrangeTagV10.pdf
https://arxiv.org/abs/2003.09517
https://indico.fnal.gov/event/49922/#7-higgs-strange-coupling-at-il

Summary

Lots of other interesting studies and results that | don’t have
time to talk about!

A few takeaways:

 We still need to measure the self-coupling and light flavor
to “complete” the SM

* New ideas from theory on large Yukawas, di-Higgs production,
and flavor-violating decays

* Exciting improvements in prospects on light- and heavy-flavor
tagging

e Ultimately need future colliders — lots of interesting
options, each with strengths/weaknesses!

* What are the ideas from BSM physics motivating our targets for
Higgs precision?
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