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Inelastic Dark Matter: Motivation from XENONIT

» XENONIT results motivate the study of inelastic DM:
» Typical recoil energies for standard WIMP DM
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Inelastic Dark Matter: Motivation from XENONIT

» XENONIT results motivate the study of inelastic DM:

» Typical recoil energies for standard WIMP DM
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Inelastic Dark Matter: Constraints

1 — A —
Line 2ty (F10u0x2) F* + ~d oy (X100 Vs x2 ) F*

» Freeze-in production: The parameter space that reproduces
observed relic density leads to only y, surviving on
cosmological scales, with y, decaying away.



Inelastic Dark Matter: Constraints

1 — A —
Line 2ty (F10u0x2) F* + ~d oy (X100 Vs x2 ) F*

» Freeze-in production: The parameter space that reproduces
observed relic density leads to only y, surviving on
cosmological scales, with y, decaying away.

» XENONIT threshold energy for electron recoil of 1 keV
» Solar temperature, T = 1.1 keV

» Aninteresting co-incidence that leads to the interesting
scenario of Solar up-scattering of y; to y, by electrons with
subsequent down-scattering at direct detection (DD)
experiments leading to potentially observable signatures of this
model.

ot
.
.
.
.
.
.
(3

»

,,,,
R
Sehte s

o*
.
.
.
.
.
.
.
.
.
.
.
.
.
o

Modified from arXiv:1708.03642 (hep-ph)

An et al arXiv:1708.03642 (hep-ph)
Baryakhtar et al arXiv: 2006.13918 (hep-ph)



Inelastic Dark Matter: Constraints
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» Freeze-in production: The parameter space that reproduces
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observed relic density leads to only y, surviving on Xl .....

cosmological scales, with y, decaying away. /-
> XENONIT threshold energy for electron recoil of 1keV .,
» Solar temperature, Tg = 1.1 keV Sin X2 e
» An interesting co-incidence that leads to the interesting Modified from arXiv:1708.03642 (hep-ph)

scenario of Solar up-scattering of y; to y, by electrons with
subsequent down-scattering at direct detection (DD)
experiments leading to potentially observable signatures of this
model.

» Also complementary constraints from
» BaBar, LEP
» NA64

» Supernova cooling

An et al arXiv:1708.03642 (hep-ph)
Baryakhtar et al arXiv: 2006.13918 (hep-ph)



Freeze-in: Annihilation and plasmon decay

» An addifional production channel was identified for
freeze-in mechanism (pvorkin et al 2019). e A X1

» Decay of photons that acquire an in-medium
plasma mass. This was already known in the SN e- X2
cooling process.

» These plasmon decays were shown to be a X1
dominant channel for DM production for sub-MeV

DM masses (lighter than the electron). ~* (k) N

2

» Thus including this channel was shown to lead to
significant reduction in the predicted signal strength

for DM searches. S )
» In UV freeze-in the plasmon production is also 08¢
maximum at largest temperature and there is no 0.6
competition between the 2 — 2 process and the 04f
decay process :
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Freeze-in production
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Transitfion dipole moment: Direct Detection
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Transitfion dipole moment: Direct Detection
o XENONNT:
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Transitfion dipole moment: Direct Detection
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Transition

» Complementary
parameter space

1. BaBar, LEP:

EDM Results:

constraints on the same

Pair production of DM appearing as
missing energy in final state.
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Transition EDM Results:

» Complementary constraints on the same

0
parameter space 107 g
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Transition EDM Results:

» Complementary constraints on the same

0
parameter space 107 g
. NA64
» Supernova cooling 5
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Summary

We constrain a hitherto unconstrained part of the parameter
space for transition electric dipolar DM

XENONNt experiment with exposure goal of 20 tonne X year
and projected ER background rates of 12.3 + 0.6/(tonne X
keV X year) (aprie et al2020)

DARWIN experiment with exposure goal of 200 tonne X year
(Aalbers et al 2016)

Next generation xenon experiments can either discover this
well motivated and minimal dark matter candidate, or
constrain how strongly inelastic dark matter can interact
via the dipole moment operators.

Complementary constraints:
BaBar, LEP
NA64
Supernova cooling

We also showed that production from photon in a dense
medium due to thermal effects, plasmon production, is
suppressed for DM interacting with SM via higher dimension
operators.
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Back-up: EDM results Inelastic
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FIG. 8: Dillerential event rates for EDM DM with § = 1.0keV. Shown in blue are the background
rates with the band representing Poissonian (++/N) uncertainties and in red are the
signal+background rates.



Back-up: EDM results Inelastic
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FIG. 9: Dillerential event rates [or EDM DM with 4 — 1.0keV. Shown in blue are the background

rates with the band representing Poissonian (++/N) uncertainties and in red are the
signal+background rates.




Back-up: EDM results Inelastic

=B =1

my, =11MeV, d=1.5keV, d, =610 " GeV mx1.11m’ &=1.5kaV, dx-sl-m"‘ Gav_"
_ 20 120
= -
m
g 5 ol
> >
2 ] a0
o b3
2 2 &
s §
— — a
g I
s s ®
L 0 i . . . w A== e e —memmmm==

1.0 1.2 1.4 16 1.8 20 1.0 1.2 1.4 1.6 18 2.0
AE,(keV) AE . ( keV)

(a) my, = 11 MeV, § = 1.5keV al XENONnT (b) my, = 11 MeV, § = 1.5keV al DARWIN
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Plasmon production 51
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Inelastic Dark Matter at XENONIT

Line D = ﬂ)(()(l wX2) PV + = d)(()(l wYsXa)FEY

» The parameter space that reproduces observed relic density T
for freeze-in production leads to only y; surviving on
cosmological scales, y, decays away
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> The COinCidence Of ’rhe XENON -| -|- ’rhreshold energy for elec’rron L NN, SR N PO,
recoil (1keV) and the Sun’s tfemperature (T = 1.1 keV) leads to , X2
the interesting scenario of Solar up-scattering of y; to y, by Modified from ariv:1708.03642 (hep-ph)
electrons.

» The rates are given as:
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DM-electron reference cross section: a4,
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Baryakhtar et al arXiv: 2006.13918 (hep-ph)



Back-up: Solar parameters tfor Inelastic DM B&
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