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2 Dark matter
m Dark matter amounts to 26.4% of the
matter-energy content of the Universe
m Dark matter is cold (velocity 300 km/s)
m Lifetime longer than
the age of the Universe

m Many candidates from ultralight axions (10722
eV) ... to WIMPs (10 GeV to a few TeV) ... to
primordial black holes

m Interactions unknown —
aside from gravitational

m Possibly rich dark sector:
multi-component dark matter,
dark photon &c.
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m Galaxies and galaxy clusters
have much more invisible
than visible matter
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/7 Cosmic Microwave Background

DfF (K]

AD[T

~300 -200 -100 0 100 200 300
K

m Height and placement of peaks changes when we
vary dark matter and dark energy content

m ACDM model is the cosmological
Standard Model



8 Dark matter freeze-out and freeze-in

production

-«
DMN / SM
DM /N SM

—

annihilation

scattering

m Annihilation stops because of dilution of
particles due to the expansion of the Universe

m Correct relic density if o ~ | pb;
mpm ~ 10 GeVto | TeV



9 Dark matter freeze-out and freeze-in
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|0 Dark matter detection

m Direct detection
m Indirect detection
m Collider searches






| 2 Exclusion curves
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| 3 Model with scalar dark matter

Tree-level scalar potential given by

| | |
V= -Agh* 4+ -Ast 4+ —Ach?s?
4/—/ —|—45$—|—4/—¢55

| I |
_)\ /hZSIZ _)\ /SZS’Z _)\ /5,4
+ 7/ \HS + 77 + 7

m In addition to the Higgs boson h,
dilaton s, and dark matter s’
m Invariant under a Z; ® Z}
with s — —sand s’ — —¢
m VEVs (h) =vand (s) =w
KK, Koivunen, Kubarski, Marzola, Raidal, Strumia, Vipp

Phys.Lett.B 832 (2022) 137214 [arXiv:2204.01744]



|4 Dynamical symmetry breaking

m No dimensionful
terms in the
scalar potential v

m Symmetry
broken by quantum

corrections via the Vo o [ Phat @
Coleman-VWeinberg
mechanism

® Minimum near
the flat direction

V(“ﬂat) =0

S. R Coleman, E. J. Weinberg, Phys. Rev. D 7 (1973) 1888-1910
E. Gildener, S. Weinberg, Phys. Rev. D 13 (1976) 3333



|5 Two regimes

m In the Gildener-Weinberg
regime, Ans(W) & Ays(Shat)
and

v —Aps (Snat)

%% - 2)\/_/

m In the multi-phase critical
regime, As(sgat) ~ 0O,
Ais(W) << Aps(Sqat) = 0,
s and sh phases coincide and

the Gildener-Weinberg
approximation breaks down
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|/ Parameters

Higgs mass my, =~ v/2Av &~ 125.1 GeV
Higgs VEV v = 246.2 GeV

Free parameters: ms, my, InR

Dark matter self-coupling As largely
irrelevant (not too large)

m Loop-level m? o B mi o By, e
tree-level m?, X Aggr
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|9 Dark matter abundance

m Qpmh? =0.120 4 0.00]
N. Aghanim, et al,, Astron. Astrophys. 641 (2020) Aé

m Heavy-DM limit mg > mg, mp, where the
non-relativistic DM annihilation cross section is
simply given by

Mo + AN a4 m? +4m/In*R

64mm?, mS&

Y
OannVrel =~

m Higgs-dominated for ms < my,
dilaton-dominated for m; > mj,



20 Direct detection

Effective coupling to nucleons

f/\lml\l hNN,

gives

where my = 0.946 GeV
Is the nucleon mass and fy ~ 0.3



2| Direct detection

Direct detection cross section og|/cm2
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22 Parameter space
Multi-phase In R = —1/4
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23 Conclusions

m Wide range of possible dark matter
candidates from ultralight to superheavy:
axions, WIMPs, ..., primordial black holes

m We consider dynamical Higgs
symmetry breaking driven by dark matter

m Both dilaton and Higgs mass loop-suppressed
m Clear prediction for direct detection



