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Figure 1 The expected axion energy spectra of CBRD solar axion at

the mass of 0 and 1 keV, and "Fe 14.4 keV solar axion at the mass of

0keV [12].
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Figure 2 The expected energy spectra of axion-like particles (red
solid line) and vector bosonic DM (blue solid line) at different masses.
The couplings used here are g/h,:2X10711 and a//o=5x10"" [12].
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Figure 3 (Top) The CDEX-1B 90% C.L. upper limit for *’Fe
14.4 keV solar axion; (bottom) the CDEX-1B 90% C.L. upper limit

for CBRD solar axion [12].
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Figure 4 (Top) The CDEX-1B 90% C.L. upper limit for the coupling
of axionlike particles DM; (bottom) the CDEX-1B 90% C.L. upper limit
for the coupling of vector bosonic DM [12].
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TAEWARIT. LSS A I RE = A MR (5 5,
SRR SRR AT R R (R T HO A% T L R s
WIRAIRS o) FIA A () 1 R Bk LA %

R TR TRV B, %R h g
L @=&Im?

©2(M+2m,)

oo, MO I, S 500 . SRR et
[y, EASCr, HIEF AL — TR R g AR
T SO —ARAE NG, X TFRAL Mg, F
bee = 2(m, + )/ m,, Hrh R A RS B & g vE

E, (10)

e=—(gy-m,)/ (64, (11)
R SCHR[28], WEME E|gp=3, HEIELL
&=1.87.
32 AR BPE U OB 1) 5
R, ,= m—’; “n,03 - VXZMLT
(12)
L NMATF G5,

b, oy v NP I = AR AR B R T 5 s 0 T A5

SFITHAR. HARFT S & G HATIE I R 2L
109 15 W0 5 % 1~ 3 — 2. Ak i B R TUYT RE 1

Hrh R ORLEON TR ERDE (SR, M st

NRASBEY AR (LS BIL. B R TR A&
B Nos_,-vin, =10 em’. C10-B1AEW AR Ay 2 ¢+
5, AL B AR T .

FEZ Y@ TE 1) 73 o, AR AL 5 55475 AR
A~ e — 2, JT-CDEX-105:42205.4 kg d
FORE, S minimum I T (my, 03,0 vin)
230} TG R BRI 1 R A A S ) R R 25 1190% B
{5 LR B PRAE (1),

1077
E —----Analysis Threshold (160 eVee)
! Bound state (5’31487) 4+ Cl10-Bl Data
= m,=15 MeV/c*
3 |
E - Bound state (¢=1.87)
%) 10'4 E m,=35 MeV/c?
| Dark photon (£=0) Dark photon (£=0)
< i 4 ++ f\m1S Mevies m,=20 MeV/c2
ERE Fbhittatgs +
2 i ]L H"f fﬂ} ++++ HTH ?\1: +4+ 4 ++ +
T ol P o
g 104 o !y
g i o oo
2 1 ] 1 1 '
o) 1 1 1 1 ‘1
i o i 1
1 i 1 i H
I i 1 ] H
A P I
10

00 05 10 15 20 25 30 35 40
Energy [keVee]
B 10 BT 32 B T e i 5

Figure 10 Expected energy spectra of the DM-nucleus 3—2 scatter-
ing signals [26].

10
= £=0 (¢=Dark photon) C10-B1 (This work)
]0_39 | — £=1.87 (¢p=Bound state) C10-B1 (This work)
= £=0 (¢=Dark photon) MID (2022)
—— £=1.87 (¢=Bound state) MID (2022)
— 14l
rgE 10
2
~
g
210 43
1
€
10744
107 - -
10 10°
m, [MeV/c?]

11 B 13— 2 HIUH IO TC o B ' 1 AR A LR OR 4
BE=1.871090% B A /KT HER Hh 267
Figure 11  Upper limit (90% C.L.) of the DM-nucleus 3—2 scattering

coupling <03%2 . vx2>nx_ £ = 0is a massless dark photon final state, and

&=1.87 is a bound state [26].

111002-7



KGR, E R Y3 D)% R0

2025 4 S5 EOH 11

925 TR B BRMEL O o5, AT 90 06 G 40
W T3 — 2 JF B M B S R AR T PR ) R R T
~5 MeV/ (BT IREMR AR ) FI~14 MeV/ic? (RIS
R AP,

6 R4

KA T CDEX S 2% L5 5 s 49 7 A 80
AT BT SR THREYR RIS 5. b
T RGP S BRI 45 T 24 800 eVee LT i 4l
FRM SRt SR I 45 . X R BHRE Y T3 R & S 50R

H1Z8 H T 2485 10-300 eVeelX 8] L [ Br i 1) B 2480
SEIGZE R X KT IS T A% IS N R TR )
HEF] T ~10 MeV/c I 5 i & X 6], W5 % T3 —2
A P T A8 T P PR A R HE R T ~5 Me /e (R
TGP AR ZS)FI~14 MeV/c® (REEAREYIR K Z).

1E N —Hr B ICDEX-505L 50, Kfd A 50 kg4
PRI 25 B B AT RGP BRI, FIUHA AR JE 7K K B A
MBS, fE2-2.5keVeeft X, TiHIAJE N
~0.01 counts keVee ™' kg™ d™"*. B AR B AK P 0
. WS POKRTIEYI S RS S R 4
B R BT S PR i

i RWCIPLEZBRE T/HEA B A TIEH . CIPLEZ R F i £ AF R 2 K 8 & H IR/ 8 B A& B % s 4T,
SE 3wk

Cho A. Universe’s high-def baby picture confirms standard theory. Science, 2013, 339: 1513

Cheng J P, Kang K J, Li J M, et al. The China Jinping Underground Laboratory and its early science. Annu Rev Nucl Part Sci, 2017, 67: 231-251
Zhao W, Yue Q, Kang K J, et al. Search of low-mass WIMPs with a p-type point contact germanium detector in the CDEX-1 experiment. Phys
Rev D, 2016, 93: 092003

Jiang H, Jia L P, Yue Q, et al. Limits on light weakly interacting massive particles from the first 102.8 kgxday data of the CDEX-10 experiment.
Phys Rev Lett, 2018, 120: 241301

Jiang H, Yang L T, Yue Q, et al. Performances of a prototype point-contact germanium detector immersed in liquid nitrogen for light dark matter
search. Sci China-Phys Mech Astron, 2019, 62: 31012

Weinberg S. A new light boson? Phys Rev Lett, 1978, 40: 223-226

Wilezek F. Problem of strong P and 7 invariance in the presence of instantons. Phys Rev Lett, 1978, 40: 279-282

Guo S'Y, Khlopov M, Liu X, et al. Footprints of axion-like particle in pulsar timing array data and James Webb Space Telescope observations.
Sci China-Phys Mech Astron, 2024, 67: 111011

Rubin S G. Unveiling the early universe: Axion-like particles and their role in primordial structure formation. Sci China-Phys Mech Astron, 2024,
67: 111031

Armengaud E, Arnaud Q, Augier C, et al. Axion searches with the EDELWEISS-II experiment. J Cosmol Astropart Phys, 2013, 2013(11): 067
Andriamonje S, Aune S, Autiero D, et al. Search for 14.4 keV solar axions emitted in the M1-transition of *"Fe nuclei with CAST. J Cosmol
Astropart Phys, 2009, 2009(12): 002

Wang Y, Yue Q, Liu S K, et al. Improved limits on solar axions and bosonic dark matter from the CDEX-1B experiment using the profile
likelihood ratio method. Phys Rev D, 2020, 101: 052003

Baehm C, Fayet P. Scalar dark matter candidates. Nucl Phys B, 2004, 683: 219-263

Pospelov M, Ritz A, Voloshin M. Bosonic super-WIMPs as keV-scale dark matter. Phys Rev D, 2008, 78: 115012

Jaeckel J, Ringwald A. The low-energy frontier of particle physics. Annu Rev Nucl Part Sci, 2010, 60: 405437

Jaeckel J. A force beyond the standard model-status of the quest for hidden photons. Frascati Phys Ser, 2012, 56: 172

Chen J, Chen J Y, Chen J F, et al. Prospective study of light dark matter search with a newly proposed DarkSHINE experiment. Sci China-Phys
Mech Astron, 2022, 66: 211062

Jing Y. Hunting for the dark sector by searching for dark photons with the newly proposed DarkSHINE experiment. Sci China-Phys Mech

111002-8


https://doi.org/10.1126/science.339.6127.1513
https://doi.org/10.1146/annurev-nucl-102115-044842
https://doi.org/10.1103/PhysRevD.93.092003
https://doi.org/10.1103/PhysRevD.93.092003
https://doi.org/10.1103/PhysRevLett.120.241301
https://doi.org/10.1007/s11433-018-8001-3
https://doi.org/10.1103/PhysRevLett.40.223
https://doi.org/10.1103/PhysRevLett.40.279
https://doi.org/10.1007/s11433-024-2445-1
https://doi.org/10.1007/s11433-024-2472-0
https://doi.org/10.1088/1475-7516/2013/11/067
https://doi.org/10.1088/1475-7516/2009/12/002
https://doi.org/10.1088/1475-7516/2009/12/002
https://doi.org/10.1103/PhysRevD.101.052003
https://doi.org/10.1016/j.nuclphysb.2004.01.015
https://doi.org/10.1103/PhysRevD.78.115012
https://doi.org/10.1146/annurev.nucl.012809.104433
https://doi.org/10.1007/s11433-022-1983-8
https://doi.org/10.1007/s11433-022-1983-8
https://doi.org/10.1007/s11433-022-2014-7

XN EGESE, PEERS: P )2 RCF 2025 4F 555546 11 #

19
20
21
22

23
24
25

26

27

28
29

Astron, 2023, 66: 211061

Navarro J F, Frenk C S, White S D M. A universal density profile from hierarchical clustering. Astrophys J, 1997, 490: 493-508

An H, Pospelov M, Pradler J, et al. Direct detection constraints on dark photon dark matter. Phys Lett B, 2015, 747: 331-338

Read J 1. The local dark matter density. J Phys G-Nucl Part Phys, 2014, 41: 063101

She Z, Jia L P, Yue Q, et al. Direct detection constraints on dark photons with the CDEX-10 experiment at the China Jinping Underground
Laboratory. Phys Rev Lett, 2020, 124: 111301

Dror J A, Elor G, McGehee R. Directly detecting signals from absorption of fermionic dark matter. Phys Rev Lett, 2020, 124: 181301

Dror J A, Elor G, McGehee R. Absorption of fermionic dark matter by nuclear targets. J High Energ Phys, 2020, 2020(2): 134

Baxter D, Bloch I M, Bodnia E, et al. Recommended conventions for reporting results from direct dark matter searches. Eur Phys J C, 2021, 81:
907

Dai W H, Jia L P, Ma H, et al. Exotic dark matter search with the CDEX-10 experiment at China’s Jinping Underground Laboratory. Phys Rev
Lett, 2022, 129: 221802

Petraki K, Postma M, Wiechers M. Dark-matter bound states from Feynman diagrams. J High Energ Phys, 2015, 2015(6): 128

Chao W, Jin M, Peng Y Q. Directly detecting sub-MeV dark matter via 3-body inelastic scattering process. Phys Rev D, 2023, 107: 093009
Geng X P, Yang L T, Yue Q, et al. Projected WIMP sensitivity of the CDEX-50 dark matter experiment. J Cosmol Astropart Phys, 2024, 2024(7):
009

Exotic dark matter research

LIU JiaXuan, YANG LiTao & YUE Qian’

Department of Engineering Physics, Tsinghua University, Beijing 100084, China
*Corresponding authors (YANG LiTao, email: yanglt@mail.tsinghua.edu.cn;, YUE Qian, email: yueq@mail.tsinghua.edu.cn)

Weakly interacting massive particles (WIMPs) are among the most well-known candidates for dark matter. Currently,
numerous direct detection experiments have explored the parameter space of WIMPs, with constraint contours nearly
reaching the neutrino floor. As a result, research into light dark matter particles has gained popularity. Various models for
new light dark matter candidates have been proposed. This study will discuss the CDEX experiment and its investigations
into several light dark matter models, including axion dark matter, dark photons, and fermionic dark matter.
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