B FGS ) HOU e Ve PRUIGRESS
REECIRE

Andrey Katz (with D. Curtin and M. . Ramsey-Musolf)

2 UNIVERSITE

2

%) DE GENEVE



EACIHIE PGS TIEC AES

SM allowed:
higgs =¥ b’s
higgs =¥ gluons

higgs =¥ gauge bosons (W’s
and Z’s)

higgs =¥ taus
higgs =% photons
higgs =» ¥ Z

light flavors (small)

Exotic Higgs: any channel which is
disallowed or negligibly small in the SM.
Examples:

higgs =¥ invisible (not necessarily neutrinos)

higgs =» 4 b (prompt or coming from displaced vertices —
usually 2)

higgs =% 2 b’s and 2 taus (also prompt or coming from
displaced vertices)

higgs =» many leptons (e.g. 4 or 6)



EVEAICIN FRCIM THE SR FHC(S
CLAIETINGS

SM predicted couplings:

How well can we measure each of these

hbb couplings and what do deviations tell us
about the BSM?

hgg

hVV (HWW and hZZ) Ratios between the couplings can be measured

v more precisely than absolute values.VVhat are the
interesting ratios from the BSM point of view?

hYY

hyZ Particularly interesting and challenging couplings,

o which might be very informative about the new

= |00 GeV sterile scalars coupling to the higgs

. self-coupling




X FENDIELT LA S SEC O AN
PINEVV: XTI HIGGOES

Can we produce new scalar particles which are also part of the
non-minimal higgs sector. What are (resonance) production
rates! VWhat are the decay modes! What is 100 TeV reach?

Poster child — A%, H and H*

Slightly less known — “radial mode” higgses in the twin Higgs
scenario

New scalars which couple to the higgs but do not participate in EVWWSB
(do not get VEV)



CVERVIEW Or bHIE B EGGS
FTHECIRY

Why is this interesting! Can this compete with the direct
searches for NP?

e Light particles in the higgs sector — hidden valleys. Possible motivations: neutral

naturalness, (non-thermal) baryogenesis, “darkogenesis”...
@ Generic signatures — exotic higgs decays. h — light sector — something
= Non generic, but often happens— deviation of the higgs from the SM couplings due to the

extended higgs sector
@ Sometimes happens — new higgs states (e.g. radial higgs mode)
= Quite generic — not necessarily new heavy colored states (or might demand high

luminosity)

e SUSY and 2HDM:

@ Generic signatures — new higgses and deviations from the SM higgs couplings. Unclear
what will be easier to spot.

¢ New scalars which couple to the higgs — EWV baryogenesis and folded SUSY.

@ Generic — deviation in hZZ rate @ ~ 1% level and in higgs self-coupling



STANDARD NATURALNESS

AK, David Curtin and Raman Sundrum

SUSY and Partially composite higgs

SUSY — type || 2HDM. Can be augmented with extra scalars
(NMSSM, nMSSM...) or effective hard SUSY breaking.
Non sign of deviations in the higgs sector until now — 2HDM
in decoupling (or alignment) limit.What do we expect!

Expect dominant deviations in the down-

Ul e B G- type sector fermions, other deviations
are strongly suppressed




IANPARE PN UIAL INESS o)

More SUSY signatures — direct production of the heavy higgses. Usually

decay into the fermions and the light higgs - namely hh, ZZ,VWWVV.
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Compositeness: the generic behavior of the higgs sector — misalignment.
VVe expect higgs couplings deviations (suppression) which is proportional to
the ratio between the EWV scale and the scale of the colored partners &

complementarity of exotic higgs searches with the direct searches for
colored partners.




NEUTRAL NATURALNESS

Similar to the partial TeV-scale compositeness: misalignment and universal

suppression of the higgs couplings proportional to the FT.

Different from TeV-scale compositeness:

/
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No colored particles, complementarity with the direct searches is lost,
higgs couplings is the main signal

Generically predict confining hidden valleys at the scale of ~ GeV. Higgs
will have exotic decays: decays via secondary vertices or prompt decays
N = 4b, h—4T, etc.

n folded SUSY (non generic) — complementary to the quirks searches
n twin higgs — direct radial higgs production
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BETCOINTY INATURALINESS BV

AK and Maxim Perelstein

In the SM the EWV transition is a smooth crossover, there is no departure
of equilibrium to produce the baryon asymmetry. To change the nature of

the EVWPT we need new states, which couple strongly to the higgs. Too
light — excluded from the invisible higgs decays. Generic sighature —
deviation in higgs couplings

n=1,¢~(1,1);, hyy n=2, Singlet, hZZ
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i = Nightmare scenario .,
"""" - — singlets, cause
deviation in hZZ
coupling ~O(1%).
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BRI OND INATURALINE S - PIORE

Higgs portal DM — invisible higgs decays, disappearing tracks
from the higgs decay (Matt Low, Mike Spannowski, Tim Tait)

Neutrino masses — triplet scalar “higgs” in type Il see-saw:
production decay mode and reach (Rabi Mohapatra)



GG RS OFPRE 1010
LIST

Naturalness side: reach for the misaligned higgs couplings
(universal suppression)

Naturalness — production of heavy higgses, especially decaying
into fermions and the “SM higgs” (with equivalence theorem)

Measurement of hZZ coupling and higgs self-coupling

Trigger demands



