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Higgs [Portals to Dark Matter

(Simple, yet well-motivated DM scenarios)

= Hiaas portal: H TH C_')S

B.Patt, F. Wilczek, hep-ph/0605188
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Higgs [Portals to Dark Matter

(Simple, yet well-motivated DM scenarios)

= Hiaas Por'+a|:

B.Patt, F. Wilczek, hep-ph/0605188

Paradigm of Connection Higgs Sector - —— - DM Sector

Via DM Physics we cahn learn
about EW Symmc’rry Brcakina
& Hiﬁﬁ; Physiccs!!

Two beautiful redlizations of this idea:

© Singlet Scalar DM: Linear (standard) VS Non-Linear Higgs Portal
(Linear VS Non-Linear E\WW Symmetry Breaking)

I. Brivio, B. Gavela, L. Merlo, K. Mimasu, J. M. No, R. del Rey, V. Sanz, arXiv:1511.01099

® Pseudo-Scalar Portal to DM (“Axion” Portal)

Y. Nomura, J. Thaler, Phys. Rev D79 (2009) 075008

(Resonant mono-X)
J. M. No, arXiv:1509.01110




DM from Non-Linear Higgs Portals

> Standard Higgs portal:  AgS°HTH  Assumes Linear Realization of
Scalar DM <—J Ny (v+A)

U(iU) = e?jaa?ra(ac)/v
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DM from Non-Linear Higgs Portals

= 5+andar‘d H'ﬂﬂg Por‘+a|'- ASSQHTH Assumes Linear Realization of

EW Symmetry Breaking
—

Scalar DM <—J N (v+A)

v+ h 0
H = U Ulz)=e
A
= Non-Linear EW 5ymmc+ry Brcakina U& h
+ Independent
Hiﬂﬂg Por-‘-al DM DifFferent Pattern of Dominant Couplings

I. Brivio, B. Gavela, L. Merlo, K. Mimasu, J. M. No, R. del Rey, V. Sanz, arXiv:1511.01099
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> Standard Higgs portal:  AgS°HTH  Assumes Linear Realization of
Scalar DM <—J N (v+A)

= Nonh-Linear EW Symmetry Breaking
+ Independ

Hiﬂa‘;‘» POY"|'O\| DM Different Pattern of Do

I. Brivio, B. Gavela, L. Merlo, K. Mimasu, J. M. No, R. del Rey, V. Sanz, arXiv:1511.01099

© \sS?F(h)

ht Coupllnas

]:(h) (1 + Qh +b h_ 4+ .. Decorrelat
’U

~_ __—



DM from Non-Linear Higgs Portals

i 2 ssumes Linear Realization o

= Standard Higgs portal: A_SJS H'H  Assum G e R emizaton of
Scalar DM < N (v+A)
F(h)

= Nonh-Linear EW Symmetry Breaking
+ Independ

Hiﬂﬁg POY"|'O\| DM Different Pattern of Do

I. Brivio, B. Gavela, L. Merlo, K. Mimasu, J. M. No, R. del Rey, V. Sanz, arXiv:1511.01099

ht Coupllnas
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(1 )\S 82 F(h)\/v F(h) = (1 + 2 +0b ) -+ .. Decorrelati
® Five New Operators at LO T(z) = U(x)osUT(z)
Tr(V,V*)S? Fi(h)

S20OF(h)
Tr(TV,)Tr(TVH)S?Fs(h)

iTr(TV,,)(0"S?)Fu(h)
iTr(TV ,)S?0" Fs(h) .
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DM from Non-Linear Higgs Portals

> Standard Higgs portal:  AgS°HTH  Assumes Linear Realization of
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@5 DF2(h) Operators in a Linear EFT con+aining
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DM from Non-Linear Higgs Portals

Phenomenology

Observable Parameters contributing

b ¢ ¢ ¢33 ¢4 oy
Thermal relic density Qgh? v v v v v v
DM-nucleon scattering in direct detection o8 - - v - v =
Invisible Higgs width iy — — v  o- — —
Mono-h production at LHC olpp—>hSS) v - v - v V
Mono-Z production at LHC opp—2488S) - v Vv v Vv VY
Mono-W production at LHC olpp—W*tSS) - v Vv - Vv -




DM from Non-Linear Higgs Portals
LHC Phenomenology

Observable Parameters contributing

b ¢ ¢ ¢33 ¢4 oy
Thermal relic density Qgh? v v v v v v
DM-nucleon scattering in direct detection o8 - - v - v =
Invisible Higgs width iy — — v - — —
Mono-h production at LHC olpp = hSS) v - V| - |V]| |V
Mono-Z production at LHC opp—25S) - v |V| Vv |V| |V
Mono-W production at LHC olpp—=W+tSS) - v |V| - |V| -

We can exploit correlations
among dirFerent signatures




DM from Non-Linear Higgs Portals
LHC Phenomenology

Mono-Higgs: :
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LHC Phenomenology

Mono-Higgs: :
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DM from Non-Linear Higgs Portals
LHC Phenomenology

Mono-Higgs: :
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DM from Non-Linear Higgs Portals
LHC Phenomenology
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LHC Phenomenology
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LHC Phenomenology
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/

Promising prospects For LHCIB
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Favoured e.g. by Direct Detection
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Y. Nomura, J. Thaler, Phys. Rev D79 (2009) 075008

= Assume DM couples to SM via pseudo-scalar mediator a (as opposed to scalar)
Favoured e.g. by Direct Detection

= Then need to extend the sM +o couple (renormalizable) to ao
2HDM (+ O Portal) is the Minimal Setup

Minimal Scenario (fermion DM )

S. Ipek, D. McKeen, A. Nelson, Phys. Rev D90 (2014) 055021
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[OM through the “AXxion” Portal

>a A h

CDUpliI‘lgS( ~ SB' Unsuppressed for SM-Like Higgs
aH Z “

I

= a decays mainly into the Hidden Sector (here, a - Yy )

 m >m +m
A a

J. M. No, arXiv:1509.01110

ond/or m,, > m + m
a

h Z
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DM through the “AXxion~” [Portal

Benchmarks
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Simple yet very Attroctive Par'aaliam

DM Signatures & LHC & locyond could yicld
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2 Linear vs Non - Linear Higgs Portal ( Singlet Scalar DM)

2 Pseudo-Scalar Portal to DM 2 2HDM
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DM from Non-Linear Higgs Portals

Observable Parameters contributing
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Observable Parameters contributing
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