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1) Thresholds in DM search

2) Cosmic ray boosted DM & diurnal modulation

SFG, Jianglai Liu, Qiang Yuan, Ning Zhou [Phys.Rev.Lett. 126 (2021) 9, 091804]
PandaX-Il + SFG, Qiang Yuan [Phys.Rev.Lett. 128 (2022) 17, 171801]

3) Fermionic DM Absorption

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
PandaX + SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [Phys.Rev.Lett. 129 (2022) 16, 161804]
SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [arXiv:2306.00657]

4) Reactivate Forbidden DM @ Supermassive Black Hole

Yu Cheng, SFG, Xiao-Gang He, Jie Sheng [Phys. Lett. B 847 (2023) 138294]
Yu Cheng, SFG, Jie Sheng, Tsutomu Yanagida [PhysRevD.107.123013]
Yu Cheng, SFG, Jie Sheng, Tsutomu Yanagida [arXiv:2309.12043]
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Mass Span of DM
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Direct Detection A g Mgy
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1) Thresholds in DM search ;‘l'iuﬂ‘f"““"’

2) CosmiC ray boosted DM & diurnal mOdU|ation Tsung-Dao Lee Institute
3) Fermionic DM Absorption

4) Reactivate Forbidden DM @ Supermassive Black Hole

CR Boosted DM

SFG, Jianglai Liu, Qiang Yuan, Ning Zhou [Phys.Rev.Lett. 126 (2021) 9, 091804]
PandaX-Il + SFG, Qiang Yuan [Phys.Rev.Lett. 128 (2022) 17, 171801]
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DM Detection vs SFikiFR A My
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A . S sl i

If the sleepy rabbit is too small, the tree cannot feel it!

Shao-Feng Ge [gesf@sjtu.edu.cn] Nov/8, 2023 @ IHEP 6



Hitting Rabbits A AT
Tsung-Dao Lee Institute

Stick has the same material as tree!

So long as direct
detection is possible.

Cosmic Ray Boosted DM

Cappiello, Ng & Beacom, PRD 2019 [arXiv:1810.07705]
Bringmann & Pospelov, PRL 2019 [arXiv:1810.10543]
Ema, Sala & Sato, PRL 2019 [arXiv:1811.00520]
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Cosmic Rays A @Ry
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Energies and rates of the cosmic-ray particles
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Cosmic Ray Boosted DM A AT
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See also Bringmann & Pospelov, PRL 2019 [arXiv:1810.10543]
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Direct Detection Ath g5
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SFG, Jianglai Liu, Ning Zhou, Qiang Yuan, PRL 2021 [arXiv:2005.09480]

Shao-Feng Ge [gesf@sjtu.edu.cn] Nov/8, 2023 @ IHEP 10



Anisotropies - Diurnal Effect At ARy
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SFG, Jianglai Liu, Ning Zhou, Qiang Yuan,
PRL 2021 [arXiv:2005.09480]
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16, 161804 [2006.11264]
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Earth Attenuation A AT
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DM particle
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Attenuated Flux A g ey
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SFG, Jianglai Liu, Ning Zhou, Qiang Yuan, PRL 2021 [arXiv:2005.09480]
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Diurnal Effect
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PandaX-Ill Data A Ay
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PandaX-Il + SFG & Qiang Yuan, Phys.Rev.Lett. 128 (2022) 17, 171801 [2112.08957]
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Diurnal Modulation @ PandaX A g ¥y
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PandaX-Il + SFG & Qiang Yuan, Phys.Rev.Lett. 128 (2022) 17, 171801 [2112.08957]
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Sensitivity @ PandaX A g ¥y
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PROSPECT
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PandaX-Il + SFG & Qiang Yuan, Phys.Rev.Lett. 128 (2022) 17, 171801 [2112.08957]
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Sensitivity @ CDEX A AT
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Kinematic Limits A g5
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1) Thresholds in DM search )h"i uﬁ."‘fﬁ""}’

2) Tsung-Dao Lee Institute

3) Fermionic DM Absorption
4) Reactivate Forbidden DM @ Supermassive Black Hole

Fermionic Absorption

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]

PandaX + SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [Phys.Rev.Lett. 129 (2022) 16, 161804]
SFG, Pedro Pasquini, Jie Sheng [JHEP 05 (2022) 088]
SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [arXiv:2306.00657]

KaiMa  Xiao-Dong Ma Pedro Pasquini Jie Sheng
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Boosting recoil with mass

® Elastic Scattering
X+ N/e — x+ NJe

® Exothermic

X'e = Xe™

;fb’i ARV
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He, Wang & Zheng [JCAP21, 2007.04963]

UpM
Ve

Aboubrahim, Althueser, Klasen, Nath & Weinheimer [2207.08621]

® Fermionic absorption

Xt+te—v+e

See also Dror, Elor & McGehee
[1905.12635, 1908.10861]

Li, Liao & Zhang [2201.11905]
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Bosonic Absorption DM A EHEy
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® Dark absorption

‘" alA’ (&
»

A Pospelov, Ritz & Voloshin [0807.3279]

An, Pospelov, Pradler & Ritz [1412.8378]

e Dark Compton ® Inverse Primakoff
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Z e” s S
? * *
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Hochberg, Krosigk, Kuflik & Yu [2109.08168]
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K-Shell Electron Capture for v A T
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1942 — Kan Chang Wang proposed using K-shell
electron capture for detecting neutrino

neutrino x i me—
S lonization

signal

&
L ]
«— K -shell o 4/ /% . @;
®

«— electron

e” +AN =4 N +v X+e—>v+e

Kan Chang Wang, A Suggestion on the Detection of the Neutrino, Phys. Rev., 61, 97 (1942)
Kan Chang Wang, Proposed Methods of Detecting the Neutrino, Phys. Rev., 71, 645-646 (1947)
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Effective Operators A @
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Kinematics of Absorption DM T e
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Atomic Effects A Ay
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PandaX-4T Results A g ¥y
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Overproduction (Freeze-In) A AT
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Visible & Invisible Decays
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Astro Observations
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Astro Constraints
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Constraints from Astro & Cosmo
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1) Thresholds in DM search ;‘l'i é;‘r.ﬁw
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3)

4) Reactivate Forbidden DM @ Supermassive Black Hole

Forbidden DM

Yu Cheng, SFG, Xiao-Gang He, Jie Sheng [Phys. Lett. B 847 (2023) 138294, arXiv:2211.05643]
Yu Cheng, SFG, Jie Sheng, Tsutomu Yanagida [PhysRevD.107.123013; arxXiv:2309.12043]

Yu Cheng Jie Sheng
Shao-Feng Ge [gesf@sjtu.edu.cn]
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1) forbidden annihilations: CRESST (it
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D'Agnolo & Ruderman, Phys.Rev.Lett. 115 (2015) 6, 061301 [1505.07107]
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PHYSICAL REVIEW D VOLUME 43, NUMBER 10 15 MAY 1991

Three exceptions in the calculation of relic abundances

Kim Griest
Center for Particle Astrophysics and Astronomy Department, University of California, Berkeley, California 94720

David Seckel

Bartol Research Institute, University of Delaware, Newark, Delaware 19716
(Received 15 November 1990)

The calculation of relic abundances of elementary particles by following their annihilation and
freeze-out in the early Universe has become an important and standard tool in discussing particle
dark-matter candidates. We find three situations, all occurring in the literature, in which the stan-
dard methods of calculating relic abundances fail. The@ situation occurs when another particle

Coannihilation lies near in mass to the relic particle and shares a quantum number with it. An example is a light
squark with neutralino dark matter. The additional particle must be included in the reaction net-
work, since its annihilation can control the relic abundance. Thesituation occurs when the

Forbidden DM relic particle lies near a mass threshold. Previously, annihilation into particles heavier than the rel-
ic particle was considered kinematically forbidden, but we show that if the mass difference is
~5-15 %, these “forbidden” channels can dominate the cross section and determine the relic abun-

Breit-Wigner  dance. Thcsituation occurs when the annihilation takes place near a pole in the cross section.
Proper treatment of the thermal averaging and the annihilation after freeze-out shows that the dip
in relic abundance caused by a pole is not nearly as sharp or deep as previously thought.
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> NFW Profile
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Kaplinghat, Keeley, Linden & H. B. Yu, Phys. Rev. Lett. 113, 021302 (2014) [arXiv:1311.6524]
Kaplinghat, Tulin & H. B. Yu, Phys. Rev. Lett. 116, no.4, 041302 (2016) [arXiv:1508.03339]
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> Inner region more influenced by BH potential
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Yu Cheng, SFG, Jie Sheng, Tsutomu Yanagida [PhysRevD.107.123013; arxXiv:2309.12043]
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1) Cosmic ray boosted DM & diurnal modulation

® Exist as long as DM scatters with nuclei

® Large recoil + Diurnal modulation

2) Fermionic DM absorption

® Efficient energy release
® Peak shape by atomic effects

3) Forbidden DM @ SMBH
® How to uniquely test forbidden DM

® Point source around supermassive BH

Thank You
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1) Lowering the threshold

Bolometer [1904.00498, Ann.Rev.Nucl.Part.Sci. 67 (2017) 161-181]

Bremsstrahlung [Kouvaris & Pradler, PRL 118, 031803 (2017)]
X+N—=y+N(Eg) wmmsd y+N-—y+NE)+y(o)

Migdal effect [Ibe et al [1707.07258]]

2) Electron target .© O
e

"o
'

3) Boosting detector?
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Weber & Boer [0910.4272]

L
= B Different halo profiles
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10
1E-
30—
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DM particles are almost at rest.
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The earth matter can be approximated by 2-step profile.
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1) forbidden annihilations:

My < Moy

Cross Section [cm?]

U AN Vd j—
n ~ 2 ; "
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(5 ) v
2) self-interactions:
b h b * Naturally includes large self-interactions.
| A | * An exponentially larger cross section than
Vd : T s
., | the forbidden annihilation rate.
W . » L“

3) indirect detection:

4) direct detection:

€ 1' . . )
) .

€ X Vd * Signal suppressed by
+ ;\’r - » _?\-'T

D'Agnolo & Ruderman, Phys.Rev.Lett. 115 (2015) 6, 061301 [1505.07107]
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