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Higgs portals

Predictive scenario

e.g. Scalar DM

constrained by DD, relic

102
abundance and Higgs invisible ms (GeV)

width
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Higgs portals

In fact, what we mean is

Sensitive to the realization of EWSB

[t is unclear whether the breaking is
linearly or non-linearly realized

Impact of non-linearity on Higgs portals?



Non-hnear Higgs

EWSB: spontaneous breaking

delivers longitudinal W,Z polarizations and a another scalar
particle (Higgs)

Generic parametrization of the would-be GBs
U(x) — 6iaa7ra (z)/v

with covariant derivative

D, U() = 8, V() + LW (2)0,U(a) & B, () U)o

and the Higgs particle
singlet under SU(2), can couple to other singlet
combinations of SM fields



Non-hnear Higgs

A limiting case of this parametrization is the SM (linear realization)

szw;U(2>

Why do we prefer a linear realization? It is simpler

Non-linear Lagrangian ALONSO ET AL. 1212.3305
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Non-hnear Higgs

A limiting case of this parametrization is the SM (linear realization)

v+ h 0
b = U
V2 1

Why do we prefer a linear realization? It is is good agreement with data
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Non-hnear Higgs

Why do we consider non-linear realizations?
Needs to be tested, and it is a generic feature in
Composite Higgs models

f[TeV]
09 08 0.7 0.6

Current constraints are still
MCHMS MCHMA4

B 95% weak
scale of non-linearity

f ~ 600 GeV

FALKOWSKI'S TALK AT HC



Linear vs non-linear portals

Linear: DM coupling to one and two Higgses are related

AsS2DTd — NgS%(v + h)? — AgS?(2vh + h?)

I standard (b= 1)
107"} b=05
Bl b=2

Non-linear: DM coupling to
Higgs is a generic function As

\sS2(20h + bh?) relic

abundance

yet the effect is not dramatic, 3
dominated by SS->WW ms (GeV)



Linear vs non-linear portals

Linear: Power-counting of interactions is the usual one

LD — )\75 S2 TP Higgs portal: dim-4 interaction

RP——— ———
Non-linear: Power-counting as in the pion Chiral Lagrangian

1 . °
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Non-linear portals

New structures in the Higgs-DM interactions appear at
leading-order in the chiral Lagrangian
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Non-linear portals

New interactions with gauge bosons
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Non-linear portals: Relic abundance

The new interactions open up the parameter space, especially
at high-mass where WW dominates
Excluded region is modified

e.g. coupling to WW via cl ———————————
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space
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possible, rule out new regions



Non-linear portals: including direct detection

The new interactions open up the parameter space
DD sensitivity depends on the values of non-linear interactions
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Non-linear portals: new collider signatures

Mono-Higgs channel can
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Non-linear portals: new collider signatures

_S:E — C] (qq)

£ | — Standard (qq)

E _— C2 (qq)
:E — C4 (qq)
7L 1 1 | | | 1 | 1 | 1 1
70 100 200 300 500 700 1000
mg (GeV)
3
1 -
. r
E-| == Standard (qq + gg)
5F |--- Standard-gg [ TTTm---_7
E|— c, (Qq+go .
F|—-— ¢ -4
E|=— c,(aq+ge)
R C2 -qq
E|— c,(a+gg
o |-— % U
E cs (22)
7L 1 1 | | 1 | 1 | 1 1
70 100 200 300 500 700 1000

mg (GeV)

Mono-(W,Z) channels
again, very different cross sections
and differential distributions (help

on reducing BG)

ratio of measurements:
a possible smoking gun for non-linearity
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Summary

The standard Higgs portal: largely ruled out by relic abundance+DD,
expect tiny signals at the LHC

The Higgs portal is actually a portal via the sector breaking EW
symmetry. EWSB could be non-linearly realized, then modifications to
the portal are expected

Non-linearity opens up a large region of the parameter space, it
correlates with larger signals at LHC

Much more work to be done: other non-scalar portals, could provide
a benchmark to non-standard direct detection, new correlations with
indirect detection



