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BSM models for Higgs physics: top-down

A

B Yo
§U§7 i din.

Mmssh 0 oo RS K
¢ NMSM UWE D

Diro ¢ &:OA;\?\.\AOI

C.DMA'ODSI"'L—

L

MCUAM &
g MCcunsS

M\ajf

.
.
S
| |, SE
/ AR -
. N -9
r J s W
%y R N e . - 3 > o - . w
. D R o D P D R D
{ ! 2 S o o

ATLAS and CMS Preliminary - ATLAS
LHC Run 1 - CMS
o ATLAS+CMS
— : —* 10
—i*—
—
i —*.—
| l | | | | |
0O 0.5 1 1.5 25 3 35 4

Parameter value



BSM models for Higgs physics: bottom-up
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BSM models for Higgs physics: bottom-up
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BSM models for Higgs physics: bottom-up
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Simplified models

e mediate between theory and data
e allow to explore the space of theories and signatures
e connect direct and indirect searches for new physics

Simplified models have become standard for SUSY and
dark matter searches at the LHC. We want to construct
simplified models for Higgs physics to
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A simplified model for Higgs physics

We take the SM and add

e g scalar singlet S
e a vector-like fermion representation F

S aguires avev, S = (s + vs), and provides mass for the fermion,
MF = Vr Vs. The Higgs and new scalar fields mix, Ans HTH S2, and thus

we generate new physics effects in all SM Higgs couplings:
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A simplified model for Higgs physics

Different representations for the new termion result in different patterns
for Higgs cross sections and branching ratios.

Consider the Higgs gauge boson coupling ~ h VuW#
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A simplified model for Higgs physics
LD EYukawa, =+ Lgauge — V(Ha S)
We chose F =T, colour-triplet, SU(2) singlet, Q = 2/3:

—int —int == —int —iIint ==

Lyukawa = yr STy, TR +y:Qp Htg' +yQp Hop +ArQp HTR"

After SSB the SM top quark tint and the vector quark Tint mix
to form the mass eigenstatest and T:




A simplified model for Higgs physics

L: D) »CYukawa ‘|‘ »Cgauge . V(H7 S)
V(H,S)=—pu?HTH + XNHTH)? + %HTHS
+%HTH S% 4+ 015+ %252 + %333 + %S‘*

_ ?‘_@—I—
with  H = (vl’ﬁ(thrH +ic90)) and S = (s +vg)

For simplicity, we assume a Zo-symmetry and set a1 = b1 = bz = 0.
H and S mix, to form mass eigenstates hi and ha:
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A simplified model for Higgs physics

The model has 5 free and 3 fixed parameters. We choose:

m2, 0, Vs, mt and 0L

and set mi= 125 GeV, vy = 246 GeV and mi = 173 GeV.

The parameters are constrained by

* perturbative unitary
e precision EW data: 5, T and U

* Higgs cross sections and pranching ratios



A simplified model for Higgs physics

It Is straightforward to calculate the couplings of the 125-Higgs
to SM particles:
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For the loop-induced couplings one has
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A fit to the Higgs cross sections and BRs
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It IS Impossible to constrain mz, Mt and vs
from inclusive Higgs observables
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Need to consider more exclusive Higgs

observables and direct searches for S and T.
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The Higgs Pr distribution

One can try to resolve the heavy new fermion in the loop
through Higgs + jet production:
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The Higgs Pr distribution

One can try to resolve the heavy new fermion in the loop
through Higgs + jet production:
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Higgs pair production

One can try to learn something about the new scalar
sector through Higgs pair production:
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Higgs pair production

One can try to learn something about the new scalar
sector through Higgs pair production:
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Simplified models for Higgs physics

e Mmediate between theory and data;
e allow to explore the space of theories and signatures;
e connect direct and indirect searches for new physics.

We have performed a phenomenological study of the
simplest simplified Higgs model with a new scalar and
vector-like T quark:

® nclusive Higgs observables are only sensitive to
part of the parameter space;

e Higgs pr distributions and Higgs-pair production
may provide additional information;

e Need direct searches to fully explore the model.
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