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Inelastic Dark Matter
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Kinematics in Nuclear Recoll
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Why not XENON
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Two Criteria
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Nuclear Excitation (NE)
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Nuclear Recoll vs Nuclear Excitation
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detector = source

detector = source

Nuclear Recoll Type Nuclear Excitation
Nuclear recoill Signal Deexcitation gamma
Scintillating Detection Gamma detector

bolometer

Coherent « A’ Scattering

Incoherent %2

Helm form factor Form factor

S(q) = ) 1T 1ingnY P 1)
L

Kinematical

Mass splitting suppression

Mass
splitting+excitation

Engel, Vogel, hep-ph/9910409
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Scintillating Bolometers

Bolometer

of heat (H) and scintillation *
light (L)

* Simultaneous double readout L

* Fraction of the deposited Scintillating Bolometer
energy is converted into a
scintillation (up to 25%)
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Gamma Detection

Broerman, Laubenstein, SN, NS, Vincent, 2012.08339
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Counts / 10 keV

Nuclear Excitation with Gamma Measurement
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Nuclear Recoll with Scintillating Bolometer
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Conclusions

 |nelastic dark matter detection
challenged by kinematics

 Nuclear recoil search with CaWOQ;,
PbWQO4

 Nuclear excitation search with Hf, Os
e Boosted dalik matter

2
5max = El’t)(A(ve T Vesc)
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Nuclear Transition Table

Isotope Abund.[%] JEZ,

174Hf
176 Hf
177Hf
178 Hf
179 Hf
180 Hf

1870S

18908

0.16
5.26
18.60
27.28
13.62
39.08

1.8794

16.152

13.17

J?. AFEkeV] B(E2)[W.u.| E,[keV] I,[%] Bkg.[mBq/kg]

ot 2% 90.985 152(8) [105] 91.00 100 3.8
0t 27  88.349 183(7) [106] 88.34 100 3.1
7/27 9/27 112.9500 282(8) [64] 112.9498 100 0.9
0t 27 93.1803 160(3) [65] 93.1803 100 2.2
9/2% 11/2% 122.7904 245(14) [107] 122.793 100 0.9
0t 2% 93.3240 154.8(21) [66] 93.324 100 2.2
1/2- 3/2~ 74.356 5013 [108]  74.30 100 0.25
1/2~ 5/27 75.016 38(10) [108] 64.31 54.3 0.31
3/27 1/2  36.17  27(7) 671  36.17 100 0.40
3/27 5/27 69.54 100(10) [67] 69.53  99.8 0.16
3/27 3/2~ 95.27  14(3) [67]  59.06 75.5 0.20
3/27 1/27 1.5648 ~34[68] 1.5648 100 0.0056 (proj.)
3/27 5/27 26.272  2.4(8) [68] 26.34 100 0.0060 (proj.)
3/27 3/27 32145 20(9) [68]  32.19 50.5 0.012 (proj.)
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Two different experimental approaches
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detector = source detector = source

Light/Heat Possible channel/s Charge
S;;T;::aet::rg Detector type HPGe
Partially Material flexibility Yes
No limitation Energy limitation > 300 keV (gamma)
High (up to 100%) Detection efficiency Low (few %)
High (1/1000) Energy resolution High (1/1000)
Yes Particle discrimination No
< 1024y Sensitivity = 1022y

Ninggiang Song (hinggiang.song@queensu.ca)

16


mailto:ningqiang.song@queensu.ca

Why Not CRESST

10 ¢ |
: | .
» CRESST experiments sensitive to oF o M=1iTev
low energy deposition (E, < 120 l
keV) 102; :
F I
% I
=4, 10" ¢ |
~ C '
= - kinematically
CaWO: scintillating bolometer |  forbidde
| :
' I :
107 -/ CRESST exclusion = 5
; : ' Vmin > Vesc
1020 o P R Vo
0 100 200 300 400 500 600 700

2021 CAP Virtual Congress Ninggiang Song (hinggiang.song@queensu.ca) 17



mailto:ningqiang.song@queensu.ca

Hf-metal sample
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Total mass : 55.38 g (99.5% grade)

Strip: 65 x 220 mm?
thickness 0.25 mm
Disk: @65 mm

thickness 0.25 mm
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Fast-movable part of passive shield
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Roman lead (7 cm)

OFHC Copper shield (5 cm min)

Low-radioactivity lead (15 cm)

Plexiglas box 40x40x40 cm
continuously flushed by N,

Stainless steel movable plate (1 cm)

S. Nagorny et al., JINST 16 (2021) 03, P03027
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Fast-movable passive shield

View of movable part View of completed shield
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Experiment with archPbWO, scintillating bolometer to search for alpha decay of natural lead
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Hf Bounds
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More Nuclear Transitions
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PbMoQO4
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Event Rate for Nuclear Excitation
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WIMPYy Inelastic Dark Matter Window

700 ———— . . 108
. _XENONIT )
- CRESST-II v
| T . S N R . - \/ - -30
W cawo, PDb ,bajjcﬁ)“
500 | « A

a0}

6lkeV

300 |
200 F

100 |

101 102 10°
M, |GeV]

NS, Nagrony, Vincent, 2104.09517

2021 CAP Virtual Congress Ninggiang Song (ninggiang.song@qgueensu.ca)



mailto:ningqiang.song@queensu.ca

Boosted Dark Matter

 Cosmic-ray, neutrino up-
scattering

o Stellar acceleration
 Annihilation, semi-annihilation

 Heavy DM decay

2
5max = El’t)(A(ve T Vesc)
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Loop Elastic Scattering

 Dark photon mediated DM
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