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Multipolar dark matter

2 WIMP interact electromagnetically with ordinary matter, via an electric or
magnetic dipole moment

2 Contains derivative coupling — Rich phenomenology

2 Pospelov and ter Veldhuris proposed another possible form of EM
coupling t the DM

N [M. Pospelov and T. Ter Veldhuris,
T Anapole moment rnys.Lett. B 480, 181 (2000)]
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Relic density

Early universe :
UwniLverse cools dowwn

DMDM — SM SM DM ‘freezes-out”
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Direct detection

DM particles scatter off the nuclei and recoil rates are measured in the detectors

Exposure tlme of the Escape velocity
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DM Capture

B> A celestial body can attract DM in their gravitational well

B> DM scatters with SM constituents— looses energy —» Captured

2 Accumulated DM annihilate=—> Increase stellar luminosity

[W. H. Press, D. N. Spergel \ Produce signal at earth based

Astrophys. J 296, 6'79-684 (1985)] experiments

Advantage of Anapole DM ____,  Momentum dependant
in capture Interaction topology

_ acceleretion due to _
D velocily mrr——ee—m——— Escape velocity
Gravitational boost

boosts the scattering cross-section




Heating signature inside neutron star

Neutron stars are extremely dense with Vage ~ 0.6¢

DM annihilate to SM —»  Annihilated products get trapped

v

T (fXp ) stellar heating
/ 4 dﬂWSL‘Cg f X 6 [Acevedo, Bramante,

Fraction of captured PM

swttenwg cross sectlon 3:;1:61;?2020) 038]
Scattering with both proton (1 % ) and neutron R
P r Contributiong are

Tree level coupling Loop level coupling of the same order

Old NS can cool down to 5(2000K) Can be explored by infrared tellscopes
like JWST, TMT, E-ELT



Neutrinos from Sun
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[IceCube collaboration
Phys. Rev. Lett. 110,
131302 (2013)]



Neutrinog from Sun

Velocity of DM particle at a
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Anapole Dark Matter
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e DM relic abundance  107f1 2
Satisfies planck 2018 [\ %
\\ o
data >
/-\].0_4_ .
| 5 N
. 1 > 105
e EFT validity: S
A > Mass \/10_6 - DeepCore (2021)

e Indirect detections

1078
From Fermi-LAT,
MAGIC, H.E.S.S 107°
are subdominant 10 10 10 m. Egev) 10* 10° 10°

Allowed paraweter space without the PVQJ’ ected
Limits from NS heating



Effect of gravitational boosting in DM capture

MowotowioaLLH Lncreasing

Cross-section with Vece
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Summary

B Pervative coupling, by enhancing the scattering rate,
Lncrease the PM capture rate L celestial bodies

P uUpdated direct detection and capture disfavour the viable
parameter space in EPM  anod MPM

B A nwarrow window survives Ln Awnapole that lLes within
the veach of JWsST
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dN
dVdt

= OVmolt1"'2 ——> Lorentz invariant
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For Larger nuclel scattering matrix element : M(g”) = TO)F(g?).

Coupling const for p and n  Spin for p and n I
¥ ¥

/ IM(g>)|* = ]+ |(Gp + G;)(Sp + Su) Spm(qz) Form factor, generally

spin-dep Different for spin-oep

spin-tndep + (Gi,’ — GINS, — S FLun(@|". Awndl spun-tndep

\ Interactlons
2
7

M@ = |ZGE + NG|*|Frnass(q

For spin 1/2 Majorana fermions vector and tensor currents tdentically
vanish.

Pleces that survive Lk the non-relativistie Limiit: q2 < m?

Time Like component of scalar current gives spin- wwlep term Yy )(
space Like axial current gives spin dependent term 1oy



WIMP with spin s can interact with external E and B field

Magwnetie dipole moment electric dipole moment

B EE e AR JaR e S

H_—;LB > B2 a2
s o s e
1500 - e ox; 4 Ox;

electric quadvuple moment Magnetie quadruple moment

Awnapole moment Ls the form factor that describes the contact interaction
with the external current density = j

f sp'w\, of WIM®P Ls zero, these moments oo not exist and the

interaction with the EM field is given by the charge radius 1, of the
WIMP and the polarizabilities.
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Scattering cross-sections for NS
heating calculation for Anapole
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Majorana fermion. — CPT self-conjugate — Cannot have EPM of
MDM , since the
Interactions are CPT-odd

ADM Ls related to toroldal olipoLe moment corresponds to solenotd with
Joined end producing an azimuthal magwetic fielo

Lu(q) = F(¢") v+ M(q")owq” + E(@*)ouwd”vs + Alg*)a"vu — dauls

] f ! = L :
Normal  Anomalouws Slertyin Awnapole (’does no ’aowespowol
EM vertex ; ; to a certain multipole
Magwnetic  Magwnetie et 3
Lorentz distribution)

structure Hlnt X —IUJ(a' . B) = d(a' : E) — CL(O‘ - curl B) '

peszased Non-rel
A(g*) = T(¢°) + ;7”__5;; [D(¢?) — D(Am?)]. Limit

Awapom form \
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