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FEvidence for Dark Matter
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WIMP detection
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Direct Detection

Dark Matter-Nucleus scattering

Nuclear recoil
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WIMP-nucleus elastic scattering rate
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Standard approach

Standard (momentum independent interaction) responses

Spin-independent (SI) Spin-dependent (SD)
Takes into account Sensitive to unpaired
all nucleons nucleon spin
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Could the interaction c{eyem{ on momentum?

o Possible scenarios where standard Sl and SD suppressed:
* Kinetic mixing Ly, = €F,,,F'*¥ (Dark photon A,’) and Majorana WIMP y

> Charge interaction g'yy#xA’, forbidden

% = Anapole interaction ig'}y“ys)(/l'u allowed (if A’ gauge symmetry broken)
£ > 4-fermion operator after integrating out 4,”: 2= ¥y *y5 yNy,, N
N e

> Non-relativistic limit: gnfz ()_(fx)(). (NE’N)
A

mpy

Fitzpatrick et al, JCAP 004, 1302 (2013)



Could the interaction c{eyem{ on momentum?

o Possible scenarios where standard Sl and SD suppressed:

* Kinetic mixing Ly, = €F,,F'*¥ (Dark photon A,’) and Majorana WIMP y

* Dirac DM neutral and composite, size r, constituents with charge Q" under A/
> Magnetic dipole moment Lpy~g'Q'r Yo"V xF',,,,

X ), eg 'eQ'r — 78y, NT
ti\” >< 2> 4-fermion operator after integrating out 4, e xo=qyxNy,N

N

Fitzpatrick et al, JCAP 004, 1302 (2013)



Could the interaction c{eyem{ on momentum?

o Possible scenarios where standard Sl and SD suppressed:
* Kinetic mixing Ly, = €F,,,F'*¥ (Dark photon A,’) and Majorana WIMP y
* Dirac DM neutral and composite, size r, constituents with charge Q" under A/

o WIMPs are slow but nucleons are not at rest!

Nucleus

Fitzpatrick et al, JCAP 004, 1302 (2013)



Could the interaction c{eyem{ on momentum?

o Possible scenarios where standard Sl and SD suppressed:
* Kinetic mixing Ly, = €F,,,F'*¥ (Dark photon A,’) and Majorana WIMP y

* Dirac DM neutral and composite, size r, constituents with charge Q" under A/

o WIMPs are slow but nucleons are not at rest!

o LZ anomaly could be explained by momentum dependent interaction
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Standard and momentum sujayressed responses

Nuclear response function (~ form factor) F(q)g.V’N ) decomposed into

Standard Momentum suppressed
( : \ r : \
/ r/ I =~
My Zi Ziu Arm Prm D' 1y
Spin- Spin- orbital angular Spin-orbit Tensor
independent (SI)  dependent (SD) momentum

e 1 /Dark = —
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Fitzpatrick et al, JCAP 004, 1302 (2013)
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Shell Model approach

ikigity

Shells above
valence space —
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empty
Closed shells
indicated by
"magic numbers"
of nucleons.

Nuclear core —
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Tsotopes re [evant for direct detection

19F, 23Na, 28,29,3051" 40147", 70’72’73’74’7668

@ 128,129,130,131,132,134,136 y,

PHYSICAL REVIEW D 109, 075036 (2024)

Impact of shell model interactions on nuclear responses to
WIMP elastic scattering

R. Abdel Khaleq ,1’2’3’* G. Busoni ,1’3’T C. Simenel ,1’2’3’;& and A. E. Stuchbery 238
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Form factors for 1274 — momentum c{eyencfent
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Majorana or

Composite DM
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Mean field approach

Shell model Hartree-Fock-Bogoliubov
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Mean field approach
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Application of the Skyrme Hartree-Fock-Bogoliubov Theory to WIMP-Nucleus
Interactions in 4°Ar

N. Krishnan,!'23:* R. Abdel Khaleq,?:3:T and C. Simenel!»%3:*

arXiv:2606.11668
Technical details:

* HFBTHO solver

* Same spherical HO basis as shell model

e SlLy4 Skyrme functional

* DDDI pairing, 60 MeV cutoff, adjusted on 120Sn pairing gap
* Particle number projection (after variation)

* No angular momentum projection (spherical ground-state)
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Shell model
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Conclusions and Perspectives

Direct detection of WIMP-nucleus elastic scattering

Momentum dependent interactions for Majorana or composite DM
Spin-orbit responses (larger in heavy nuclei)

Uncertainties from interaction and nuclear model

Future works:

o More EDF (Skyrme, Gogny) and nuclei

o Angular momentum projection for odd and deformed nuclei



