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PARTICLE DM

Dark Matter is one of the building blocks of the Standard Cosmological model.
Provides most of the matter contribution to the energy budget of the Universe.
Evidences from astrophysics and cosmology.

Stable on cosmological scales.
Weakly or SuperWeakly interacting with ordinary matter, photons.
Cold (up to warm) as opposed to hot.

No (confirmed) detection so far.

Giorgio Arcadi ITP Colloquium 17-05-2018



WIMP Paradigm
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Simplified models: “Dark portals”
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Higgs portal

L, = Af)ﬂ*j{HTH
M

Lv =\ V*V,H'H

L, = ).f vpY xh + Jaf Y xhh,
Ly = A vppvh + A Yvhh
Ly = MlyvH V,h + MIyH V.hh

Giorgio Arcadi ITP Colloquium 17-05-2018



H 3/ ‘
x ) (Ay }Emf (?ni’ m?lf) i a1 ,u:rip {}ufjg mf_, 7 ANE
{m’!ffzzﬂf . - = o+l

7 8rmivy (m; — 4

F oy F I, 2
(my)? (mﬁ,—mﬁ-) e st _ Mg iy M [, Z 4
"tm}:*:f = uszz n} 50 Top = ?{J‘H vim} fPE +Fn (1= A
f dmm v (m'f-; — almﬁ,)
4 Ay (-lm 4m [ E A Z\1°
. . ,I'I T me Vv f) E’I— Lp}t [ _
W\ fHY2, 2 ) v ay M 2 | fo 5 + [
OV)pr = nl(Ay ) m _ _ Py mims A A
i1 Zf: v ) 96mv2m2 (4m2 — m?) RV
AT El' AT
Z f; + Ef%&
g=u.d.s
f';hzl_ Z .f;r* ‘n'"r:paﬂa
g=u.d,s

Giorgio Arcadi ITP Colloquium 17-05-2018



Scalar Higgs Portal
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From Simplied to Realistic Models

Higgs portals, and more in general, simplified models with S|
cross-section are under strong experimental pressure.

It is then worth asking whether these are overconstrained
scenarios.

We should then investigate whether realistic models retain
this feature or instead propose solutions to alleviate tensions
with experimental constraints.
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How to reduce the correlation between Relic Density and Direct
Detection

Dominant annihilation into mediator pairs
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DM from

C. Gross, O. Lebedeyv, Y. Mambrini, arXiv:1505.07480
G.A., C. Gross, O. Lebedev, Y. Mambrini, S. Pokorski, T. Toma, arXiv:1611.00365

Mediator sector

Extended Higgs
sector (SM+dark
sector)

Visible sector Dark sector

New gauge symmetry
spontaneosly broken:
massive vectors and new
higgses.

SM states
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Simplest case U(1)
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G.A., C. Gross, O. Lebedev, S. Pokorski, T. Toma, 1611.09675

Dark U(1) ,m}, =200 GeV, sin@=0.1

Dark U(1),m,, =60 GeV, sing=0.01
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DM annihilation is enhanched by dark Higgs final state without affecting the direct detection
rate. LUX bounds are typically evaded at high DM masses.
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SU(3) dark symmetr
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The minimal way to break the dark gauge group is through two fields in the fundamental representation
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Vector mass spectrum
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Scalar mass spectrum
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gauge elgenstates

mass elgenstates
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Higgs Portal Embedding in Dark SU(3)

We can reduce the model to an extended Higgs portal in the limit:
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Possible stable states:

A=A = A Always stable from the discrete symmetry
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Single component DM Multi component DM

CP-violated tiny violated CP-conserved
Z,XZ,’ acts only on the vector states. Z,xZ,’ extends also to the scalar
sector.
We can distinguish CP-even and CP-
odd states but x is unstable. Spin-0/Spin-1 multi-component Dark
Matter.

Single component Dark Matter with
increased annihilation channels

My < M Ay < My
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Multi-component DM

5U{3}' my=300 GeV,my,=200 GeV, sinB=0.1 SU(3),m, =300 GeV, m,, =60 GeV, sind=0.01
a.r = T B SERERE 10. -
L ,_r '\._!:- 1 lr i1 |‘> 1
{ﬁrﬁh-mﬁ,_ ﬁ’ XENONAT EXCLUDED | Brfhoiny) ' XENON1T EXCLUDED

aaaa

..... e DARWIN

w11 Darwin
0.01
10. 100. 1000. 0.01
) 10. 100, 1000.
mAlGEN] malGeV]
AA — XX h,gh,.g Allow to evade direct detection constraints

New annihilation channels:

AA — A3 A3

Giorgio Arcadi ITP Colloquium 17-05-2018



Multi-component DM

In single component dark portals the relic density depends, through
inverse proportionality relation, only on pair annihilations into SM
states.

In multi-component DM from hidden sector one have different possible
processes:

-pair annihilations of both components into SM states

-pair annihilations of the heavier DM component into the lightest one
-co-annihilations

-semi(co)-annihilations
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Boltzmann equation for simplified system
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X = f(f), WHW™), Z, hi, hs X

X = f(f), WH (W), Z, hy, ha
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m,y =60 GeV, my=150 GeV, g =0.22, sin6=0.1, m;,, =500 GeV rT.‘}_,:1 00 GeV, m4=500 GeV, g =2, sinG=0.1 m;_, =600 GeV
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9=0.2, sin6=0.1, m;,,=500 GeV g=1, sin6=0.1, m;,=500 GeV
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Direct Detection

Both components feature a Sl cross-section:
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Trilinear couplings of the scalar potential generate a null coupling in the not-relativistic limit (« blind spot »)
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deT 1‘ ER:l l

dR(ER,t) Pese B

dEp  mymr ln v/E(T 1) v The recoil rate depends on the DM local energy
density.
While the scattering cross-section is in principle
independent from the DM relic density one makes
assumption on it while evaluating a DD signal.

dN dN AoV

dEgR Z J: (dER) fa = Q4/Qpm ot fa= %

i=y.A L 1 + ﬁ

Evading DD limits:

The scalar component has suppressed scattering cross-section.

One can reduce the signal of the vectorial DM in the case it is a subdominant DM component.
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Scalar component is « coy » with respect to direct detection. For vector component the Sl cross-

section is suppressed by a small mixing angle with respect to the main annihilation channel.
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m,=470 GeV,m;, =900 GeV, sing=0.1 m4=500 GeV,m;, =600 GeV, sinf=0.1
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Detection of both components

mx=450 GeV,m,,,=850 GeV, sin6=0.1
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Conclusions

DM simplified models are predictive but most probably
overconstrainted.

Next-to-minimal realizations, dictated by theoretical
reasons lead to potentially sensitive (and interesting)
differencies in the phenomenology.
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Towards UV complete models:mixing with a singlet
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DM Interactions

Scalar DM
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Higgs portal
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m, =55 GeV, 9=0.1,sin6=0.1,m;,, =500 GeV

Limits from invisible Higgs width forbid to have
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Multi-component DM in general predicted

Case | Case 11 Case 111 Case IV

A1 A2 - 1 a5 - A1 42 A3 14 A5 A3
dark matter  (A,,A7,X) (A,. A7 X) (A, A% A7) (A,,A, A7)
parameter v /vy < 1 vg /vy > 1 vy /v < 1 vo /v > 1

choice ;\14—)\15 < 1 ;\4—)\5 < 1 }n4—}n526(1} /‘\4—)\5 IO“_]
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