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Minimalistic approach to the question of DM

Standard Model
Dark matter

Renormalisable theory

°
@ Perturbativity

@ Vacuum stability
°

Relic abundance
Qpmh? = 0.1131+ 0.0034

@ EWPT constraints
Leptons @ Avoid FCNC

Direct Detection limits
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Fermionic Minimal Dark Matter

(]

Only gauge interactions
Mass spectrum Degenerate at tree-level. At one-loop,

Y
2 cosOw

mg —mp ~ Q(Q + )166 MeV

(]

Y=0 to avoid coupling with the Z

Relic density determines DM mass

Perturbativity n < 8. n =5 automatically stable
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Higgs portal : Singlet Scalar Dark Matter

Potential

1 A A
V = 13| + Su3HS 4 Ml Hh|* + 2 H + 2 IHPHG

Hy = (%(Vg—i—h ))

Z> symmetry  Hy — Hi, Hyp — —Hy

Vacuum stability A1, Ao >0, A3 > —v/2A1 )\
EWSB p2 <0

Mass m3 = u3 + A3v3/2

e © ¢ ¢ ¢

Ho — h quartic coupling A3
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Scalar Dark Matter with SU(2), interactions

Lagrangian

L = (DuH,)" (D" H,) — V(Hn, H1)

. e Y
DuEau—lgTa()Wu—lgyEBu

Potential in the doublet case

Vo= | + 3| Hol? + Ml Hi* + do|Hal*
A
+Xal P IHaf? + XalH Hal? + 2 [(HITHQ)2 + h.c.]

4

Potential for higher multiplets

A
V(Ha, Hi) = Vi(HL) + 1 |Hal* + 72|Hn|4 + As|Ha[*| Hal*
A
+ 7“(ij§") Ha)? + s (H{ 7 Hy) (H7$" H,)
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Scalar Dark Matter with SU(2), interactions

Lagrangian

L = (DuH,)" (D" H,) — V(Hn, H1)

4
D, = 8, — igri"W; — igy By

Potential in the doublet case

Vo= iiH 4 s Ho + Ml H [+ Xo|Hol*

A
+Xal P [Hal? + Aal H] Haf? 4+ 2 [(HITHQ)2 + h.c.]

Potential for a real multiplet

A
V(Hn, Hi) = Vi(H1) + p?|Hn|* + 72|"’n|4 + Xs|Hu [*|Ha|?

v
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Inert Doublet Model



Inert Doublet Model

iy H*
= <%(vo +h+ ihz)) , o= (%(Ho + iAo))

Mass spectrum at tree-level

2 _ 2
Mh = 22\1_:_/0/\ 2 Mg = (A4 +Xs)/2
my, = 2 Ho V0
My = (R34 A —As)/2
Ma = M2+ v . Vg2t =gl
m = i M = /2 )
Scalar Interactions with Higgs particle
1
Voo =5 (/\HOH§ A A2 + 2, H*H’) (2voh + h2)
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Annihilation cross-sections
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With or without Scalar Quartic Couplings ?
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With or without Scalar Quartic Couplings ?
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With or without Scalar Quartic Couplings ?
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With or without Scalar Quartic Couplings ?
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Relic density

Pure gauge limit
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Relic density constraints

Quartic couplings Mass splittings
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Direct detection
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Indirect detection
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Hy annihilation cross-sections

@ HoHy — 727 @ HoHy — wrw- @ HoHy — hh
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Gammas and Neutrinos from GC

2
0,,(80) = S0, B2R 5ng)
mDM T
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Gammas and Neutrinos from GC
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Gammas and trinos from GC

(ov) AQp3 Ry -
®,,(AQ) = 2m?,, Ny x —-— J(AQ)
Gammas ,
©,(AQ = 107%) ~ O(1) x 2.3 101 (I'"TL":’/) "7 [phem~2s7Y

Visible with FERMI-LAT !

Neutrinos  (for mpy = 10 TeV)

min
EV

100 GeV

—1
®,(AQ =10"3) ~ O(1) x 1.5 - 10712 < ) [vem 2571

Challenging ! ... even with KM3net
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Charged cosmic rays e™ and p

Transport equation

— - — (9 8
\Y% |:K(E)VNcr - VconvNcr:| + (‘9_E |:b(E)Ncr + KEEa_ENcr:| + r(E)Ncr + Q =0

Differential flux

d¢e:(E) Ver <UV>p(2)

= - 20y d3%s G(E: %o «— X5) x O(Xs
dE ar "~ 2m?,, /slab (E: %o ) x Q%)

Positrons :  IC energy losses
Antiprotons :  Convective wind & spallation
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Diffusion length & Clumpiness
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Higher Multiplets



Relic density

Effective cross-section :

(n) (P -=1)(n*-3) g %
UO v = 5
n 1287 m2 -
m, _ 1 X
YT hi6r me 20
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10 \ /
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Relic density

Effective cross-section :

30,
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Direct detection

Without Sommerfeld
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Indirect detection

o HoHy — 27 o HoHy — Wtw-— @ HoHy — hh
aozv = 0 o0y = (”2 - 1)2g4 02v = 0
W 2567 mZ
A3 A _ A3 A A3
ozv 647 m3 owv. = 327w m3 ghv = 6472

~ W+ W~ annihilation channel dominant.
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Summary



Summary (1)

@ Scalar particles with a mass in the multi-TeV range and SU(2),
quantum numbers offer a variety of viable DM candidates.

@ Scalar quartic couplings play a key role as they enhance
(co)annihilations into gauge bosons. They can only increase the
(co)annihilation cross-sections.

@ The desired relic abundance can be obtained for any mass above the
pure gauge threshold, with an sizable contribution from the multiplet
companions. Coannihilations are not negligible. In the doublet case,
mass splittings are limited.

@ Higher multiplet : Y = 0, degenerate masses at tree-level, only one
relevant scalar quartic coupling, similar to a simple Higgs portal
model.
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Summary (2)

@ Direct detection through spin independent elastic scattering.
Needs a ton X year sensitivity. Possibility for inelastic scattering in
the doublet case.
@ Indirect detection mainly through annihilation into W*W~—, ZZ, hh.
e gamma from GC : cuspy DM profile required for FERMI
@ neutrinos from GC : difficult
@ neutrinos from Sun or Earth capture : negligible
@ charged cosmic rays : well below background
@ Sommerfeld effect increases with the multiplet dimension. SE pushes
viable DM candidates towards higher masses. Direct detection is
decreased. Indirect detection can be boosted.
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IDM vs. DAMA

Standard Maxwellian Halo
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: Freeze-out before EW phase transition

Quartic couplings

Mass splittings
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Corrections to EW precision tests

AT =

~ W(mm - on)(mH+ - mHo)
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