Giorgio Arcadi

University of Messina



Particle DM

Solution to Dark Matter Puzzle from Particle Physics is a widely accepted
conjecture.

A particle DM is (typically) a Beyond the Standard Model state.

Stable on cosmological scales.
Weakly or SuperWeakly interacting with ordinary matter, photons.
Cold (up to warm) as opposed to hot.
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‘ - WIMPs (Weakly Interacting Massive Particles)
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(Slide inspired from Marco Cirelli’s talk at TAUP2023)
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Landscape of Direct Detection
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t-channel Portals

Built from Yukawa-type interactions between a DM candidate, an extra BSM states and a
SM fermion. Interactions dictated by gauge invariance.

Scalar DM+ Fermion mediator

— — O.a
Lscatar = FLflfiPqufid’DM T FI{lﬁPLLPfingM th.c.tAing (d)l-;MngM) (HTH) + Aong (d)gMTquld)DM) (HT 71_1)

Fermionic DM+ Scalar mediator

. = . — O-a
Leermion =T} fiPr® oy + T4 fiP @ pu + hoc.+aapg (©F @7, ) (HTH) + Aoy (@] TS0y, (HT 71{)
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DD of Scalar DM

e - O-a
Lscatar = F[lfiPRLPfinDM + F}{lfiPLLpfi(pDM + h.c.+1h¢ (ngM(,bDM) (HTH) + Aang (¢11;MT£¢DM) (HT 7H>

Non-relativistic Limit
Absent for real scalar DM

A

Scalar,q
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q= ud q=u,d,s q=u,d,s ¢DM
M ¢DM(16”)(1(3V)¢DM
$pm
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Complex Scalar DM coupled with first generation quarks
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Coupling emerges at tree-level. Substantially excluded by present constraints.
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Loop diagrams for /

coupling with other q
quark generations.
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Radiatively induced Higgs Portal coupling
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F (%7, xg)
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M=M¢f
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Coupling with s.,¢c;.
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Complex Scalar DM, Coupling with b ,f;

Complex Scalar DM, Coupling with s;,c;
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Penguin diagrams present also for couplings with leptons.

Coupling with (u,v,) or ur
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DD present also for leptophilic DM.
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Coupling with b, ,t; Coupling with s;,¢;

Except for couplings with top quarks real scalar
ARV - DM has more suppressed DD (tree-level and
penguin diagrams absent).
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Real Scalar DM, Coupling with b, ,f; Real Scalar DM, Coupling with s;,¢;
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DM annihilation cross-sectionis, similarly, very
suppressed (with exception of coupling with
third generation quarks).
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DD for fermionic DM

.= . = O-Cl
Leermion = T} fiPa®sWom + Tp fiPL®p o + h.c. +Aag (®F @p, ) (HTH) + Aoy (@] To ) (m 7H)

Absent for Majorana DM Responsible for SD interactions
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Couplings with first generations strongly constrained also for Dirac Dark Matter

pling with v, ,d;
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Coupling with (g, v,) or ugr

Coupling with s;,¢; Coupling with by ,t;
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Coupling with u; ,d; Coupling with s;,¢; Coupling with byt
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Operators associated to
tree-level interactions and
ARV DR penguin diagrams are
absent for Majorana DM.
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Majorana DM, Coupling with by,t;
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Majorana DM appears to be the
favoured scenario as it features
suppressed enough SI/SD
interactions and, at the same time,
enough efficient annihilation
processes to ensure the correct relic
density over large portions of the
parameter space.
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Visible Sector
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Conventional (Z, symmetric )2HDM Potential
Varpw = m3p] ¢y +m3m2epl, —m2 (@I, +hoc.) + %Al (¢fen) + %/12 (6192) +3 > ((qbl b:) +h c.>
v A (o n) (p102) + Au (61 02) (0501

V(Pq, Dy, ap) = Voupu(P1, d2))+ ao,2HDM (D1, Qb@

Self Interaction lagrangian

v
, 1 Singlet Doublet Interaction Lagrangian

1
self(ao) maoao +— /1 aO

Vag2upm (@1, P2, a0) = K (i ao¢f¢2 + h. C-) + /11Pa(2)¢f¢1 + /12Pa5¢;¢2
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EW Symmetry Breaking
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At tree level:

do g7 q* mi 1 N

XV ysxfyuysf - (on - Doy - §) © B, Tz8mimgmy i L NN (@)
N.N'=p,n
S| Cross section at loop level
) > 7 T . T
X /) X X : : X
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! a; ' a
h : :
q : q q : : q
» : > :
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Type-Il,tanB=10,M=800 GeV,M,=100 GeV,sin6=0.1

Type-I,tanp=1,M=800 GeV,M,=70 GeV,sin6=0.1
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Type-Il,tanB=10,M=800 GeV,M,=70 GeV,sin6=0.1
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Type-Il,tanB=5,M=500 GeV,sin6=0.1

Type-Il,tanB=5,M=500 GeV,sin6=0.3

Type-I,tanB=5M=500 GeV,sing=0.7
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Conclusions

Dark Matter Direct Detection facilities have unprecedented capabilities of testing WIMP
models.

Models with loop-induced DD interactions are a very interesting target for current and next
generation experiments.

We have illustrated different model with potentially very suppressed cross-section but still
capable of accounting for the correct DM relic density.
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Back up



Including a non zero portal coupling...
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