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Relic Density vs DD
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In most WIMP models DM annihilation cross-section (relic density (ID)) and scattering
cross-section (DD) are related by cross-symmetric Feynman Diagrams.
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Relic Density Direct Dection

\ 4

Very strong experimental constraints
(seee.g. G.A. etal 2403.15860)

Case of study: Model with relic density at tree level and DD cross-section at
one-loop.
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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

T , = O.a
Lscatar = FLflfiPRLPfid’DM + FglﬁPqufﬂbDM th.c.+Aing (ngM(PDM) (HTH) + A2ng (d)gMTquld)DM) (HT 7H>

Fermionic DM+ Scalar mediator

. — . = O-a
Leermion = T} fiPa®som + Tp fiPL®p o + h.c. +Aag (®F @7, ) (HTH) + Zong (@] To 0y, (H f 711)
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DD of Scalar DM

e - O-a
Lscatar = F[lfiPRLPfinDM + F{‘ﬁPL‘PfiquM + h.c.+1h¢ (¢11;M¢DM) (HTH) + Aang (¢11)-MT£¢DM) (HT 71'1)

Non-relativistic Limit
Absent for real scalar DM

A

Scalar,q
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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 7}1)

Absent for Majorana DM Responsible for SD interactions

Lf ermion,q

eff
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Direct Detection

Complex scalar and Dirac DM
interact at tree level with first
generation quarks.

Coupling with v, ,d; Coupling with ug Coupling with dg
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Other interactions arise at one-loop

Scalar DM
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Complex Scalar DM, Coupling with bt

Complex Scalar DM, Coupling with s;,c;
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Majorana DM, Coupling with by, Majorana DM, Coupling with s;,c,
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Visible Sector

2HDM+a
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2 Higgs Doublet Sector

SM Singlet Mediator
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Fermionic DM
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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(Dq, Py, a) = Voupu (1, 2))+ a0,2HDM (D1, szND

Self Interaction lagrangian

v
, 1 Singlet Doublet Interaction Lagrangian
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At tree level:
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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

---------
ey

|ID Excluded

m,[GeV]
m,[GeV]
m,[GeV]

100 200 300

50 100 200 300 100 200 300
Mi[GeV] M,[GeV] M,[GeV]
Type-Il,tanB=5,M=800 GeV,sin6=0.1 Type-Il,tanB=5M=800 GeV,sin6=0.3

Type-Il,tanB=5M=800 GeV,sin6=0.7

---------------------

ID Excluded

ID Excluded

200

m,[GeV]

100

mx[ée\ﬂ

20
Br(h-inv)=0.11 o]
. M L —_— N N 10 " M "
50 100 200 300 10 20 50 100 200 300 10 20 50 100 200 300
M;[GeV] M,[GeV]

Ma[GeV]

IDM Conference L'Aquila



Conclusions

Dark Matter Direct Detection facilities have strong capability of
testing WIMP models.

Models with loop-induced DD interactions are a potential
benchmark for current and next generation experiments.

We have illustrated different models with potentially very
suppressed cross-section but still capable of accounting for the
correct DM relic density.
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Radiatively induced Higgs Portal coupling
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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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Coupling with b, ,t;

Coupling with s;,c,
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Real Scalar DM, Coupling with b, ,f; Real Scalar DM, Coupling with s;,¢;
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Except for couplings with top quarks real scalar
DM has more suppressed DD (tree-level and
penguin diagrams absent).

DM annihilation cross-sectionis, similarly, very
suppressed (with exception of coupling with
third generation quarks).
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Couplings with first generations strongly constrained also for Dirac Dark Matter

Coupling with u; ,d;
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Ypm Ypm

Vpm Ypm
- f———
(I)Q'
q q q q . . .
@) ) Loop diagrams for couplings with
second/third generation of quarks
Wpm Tpmy  Upu Upm

(and leptons).
No radiative portal induced for
fermionic DM.
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Coupling with (g, v,) or ugr

Coupling with s;,¢; Coupling with by ,t;
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