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Fermionic Absorption DM
Shao-Feng Ge

gesf@sjtu.edu.cn

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 [JHEP 11 (2023) 190]

SFG, Oleg Titov [Phys.Rev.D 110 (2024) 055003]
Pasquini Kai Ma, SFG, Lin-Yun He, Ning Zhou [2405.16878 [hep-ph]]
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1) Thresholds in DM search

2) Direct Detection with Atomic & Nuclear Effects

SFG, Pedro Pasquini, Jie Sheng [JHEP 05 (2022) 088]
PandaX + SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [Phys.Rev.Lett. 129 (2022) 16, 161804]
SFG, Oleg Titov [Phys.Rev.D 110 (2024) 055003]

3) Astro & Cosmo Constraints

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

4) Complementary Searches @ Colliders

SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [JHEP 11 (2023) 190]
Kai Ma, SFG, Lin-Yun He, Ning Zhou [2405.16878 [hep-ph]]
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Direct Detection
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Boosting recoil with mass

® Elastic Scattering

4dmmy
+ N/e —= xy+ Nle E, ~ X T
X / X / (mX‘I_mN)2 X

® Exothermic

Ep~Am (1 ~ DM ‘95)

X'e — Xe™ v,

He, Wang & Zheng [JCAP21, 2007.04963]
Aboubrahim, Althueser, Klasen, Nath & Weinheimer [2207.08621]

® Fermionic absorption

2
m
X+e—vte E,~ —X m, ~O(10)keV
2M
Dror, Elor, McGehee & Yu [2011.01940] See also Dror, Elor & McGehee

[1905.12635, 1908.10861]
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Bosonic Absorption DM A EHEy
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® Dark Photoelectric Effect

‘" alA’ e
»

A Pospelov, Ritz & Voloshin [0807.3279]

An, Pospelov, Pradler & Ritz [1412.8378]

e Dark Compton ® Inverse Primakoff
Y
‘. alA’ Y - .a.). -
ﬁr*“
Z e” s S
? * *
- ——

Hochberg, Krosigk, Kuflik & Yu [2109.08168]
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K-Shell Electron Capture for v Rt LEas

Tsung-Dao Lee Institute

1942 — Kan Chang Wang proposed using K-shell
electron capture for detecting neutrino

X V
\‘ ”"
trino e -~ izati
neu \:‘ e Ionization
S : > signal
‘ «— K-shell N\ A
A 9 0
[ ] ®
“ o Jo |®
«— celectron Y,
‘ . 0 . @ ()
@ : 4
— L ZN 21y +e— v+

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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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Kinematics of Absorption DM L
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
SFG, Pedro Pasquini, Jie Sheng [JHEP 05 (2022) 088]
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Atomic Effects A Ay
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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PandaX-4T Results A @A
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PandaX + SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng, Phys.Rev.Lett. 129 (2022) 16, 161804 [2206.02339]

X + N — vIN PandaX, Phys.Rev.Lett. 129 (2022) 16, 161803 [2205.15771]
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0verproduction of Absorption DM a5t ey
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DM Yield Y(T) x 10°

— - ——

XenonlT 10°Y, PandaX-Il 10°Y,
A =0.979TeV 1.003TeV
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Visible & Invisible Decays A d AT
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Process |
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Dror, Elor, McGehee & Yu [2011.01940] SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Astro Observations
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Astro Constraints A M5

Tsung-Dao Lee Institute

{

2P
th obs _ d 2l
N’e‘: S NE = AeffTObSAQ m AEZ
v exp@95%

® Mono-energetic y e Continuous Spectrum

r.yowy  — InsightHXMT —— INTEGRALIOS |  Vixovyyy  — InsightHXMT —— INTEGRAL/OS |

29- —— NuSTAR/CXB —— INTEGRAL/11C | 2 —— NUuSTAR/CXB —— INTEGRAL/11C
L NuSTAR/M31 —— INTEGRAL/11R 1} 19 i —— NuSTAR/M31 —— INTEGRAL/11R ]
HEAO-1 — HEAO-1 ]

1028 B

el

1025 N

10% ¢

102 | 1075 |

2 10 102 103 102
my [keV] m, [keV]

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

Shao-Feng Ge [gesf@sjtu.edu.cn] Oct/12, 2024 @ LE£UBEYIRKRILIE 15



j\l’{kﬁ_zﬂ”‘w—*

Tsung-Dao Lee Institute

Constraints from Astro & Cosmo
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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PandaX-4T & Lepton Colliders A AT

Tsung-Dao Lee Institute

10—43
10—44
1045
1046
10747
10748
10~
1077
1071
1072
10~
104
10%R
10780
10757
10"
10759
10799
10—61
10—62

T Lo U e

e+ :7(1/) e e+(ﬂe)

Tiatly [em?]

PandaX-4T ; il “%\,1&

., s AN -
. / \ \l\ b . i -

=l S N

/
| ]

¥
£

—  — Oy @CEPC (/s = 240 GeV)
1063 —  — Oy @QILC (/s = 500 GeV)
10-64 —  — Oy @QCLIC (/s = 3TeV) T, . -

-~
ll’}—ba | | JlIlIIJ 1 | Jllllll 1 | II]IEIl 1 1 Illllil 1 1 IIIIII|“\. 1~ 1 11 1 111

10—¢ 10— 10—4 10-3 10-2 101 100

V),
4
|

Collider searches probe the
dark SECtOI‘, not jUSt DM SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [arXiv:2306.00657]
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Absorption @ Nuclear Targets A g Mgy
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X v
“u . y _v
A Iomzatlon
'. e ". . : & signal
..... .. .:.. ‘ e
X+e%u+e X+ Xe->v+4Xe

T.— — X > 1keV m my > O(10) MeV
2(ma +my) ™

See also Dror, Elor & McGehee SFG, Oleg Titov [Phys.Rev.D 110 (2024) 055003]
[1905.12635, 1908.10861]
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Fermi Motion & Pauli Blocking  [ait%tds
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SFG, Oleg Titov [Phys.Rev.D 110 (2024) 055003]
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Incoherent vs Coherent At g 45
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Incoherent vs Coherent A g5

Tsung-Dao Lee Institute

T?’Li
X
T T T T T T T T ] 1 I | 1 I 1 | 1 I 1 I | I 1 I | ! | I |
1.0f 102 - -
13e '-'EEE?:E-_.. — 13l¥e — 40pAr —  4He
R e Ao, ™ "Ge — Ne ]

L o 0 -
o 0.8' g 10 — =
M ]
TN c 10—2
061 0
20,
£ ol
X o 1p-4
3 =
0 04F S
= D Q—- 10-°
3 — pp = 246 MeV =
202_ = 276 MV 5 - = |ncoherent

| P = € S 10t} -, Spin-Independent

===~ Prec, pr =262 MeV - — Spin-Dependent
UO\IIJI 10-10||||I-|||I||||I||||I|||I
0 100 200 300 400 500 0 100 200 30 400 500
m, (MeV) my (MeV)

SFG, Oleg Titov [Phys.Rev.D 110 (2024) 055003]
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Incoherent Domination @ large m st %Exs
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Nuclear Absorption @ Collider

Kai Ma, SFG, Lin-Yun He, Ning Zhou [arXiv:2405.16878]
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1) Extension to O(10)keV mass range

10

R/
06){, LUX (M)

Cross Section [cm?]
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| L

10750 |

WIMP mass [GeV/c’] m, [keV /Cz]
%’

2) Atomic effects should be treated more exactly
3) Decaying DM with astro/cosmo constraints
4) Complementary searches @ collider

Thank You
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Aims & Scope

® Nonlinear science,
PHYSICS ]_ETTERS A ® Statistical physics,
® Mathematical and computational physics,
® AMO and physics of complex systems,

® Plasma and fluid physics,

® Optical physics,

® General and cross-disciplinary physics,

® Biological physics and nanoscience,

llAstrophysics, Particle physics and Cosmologys
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Mass Span of DM
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Possible Improvements L ET
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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 .©

3) Boosting detector?
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Atomic Effect A @RSy
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Atomic Form Factor: f1_¢,2 (g’) = / dgjj ¢2( )q][;l( ) iq-T

Essig, Fernandez-Serra, Mardon, Soto, Volansky, Yu [JHEP 05 (2016) 046]
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Atomic Effect with 2" Quantization ERCLERE
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SFG, Pedro Pasquini, Jie Sheng [JHEP 05 (2022) 088]
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XenonlT Excess A Ay
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Mono-Photon @ Lepton Collider EtGtxs
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DM Absorption by Nuclei
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Jeff A. Dror, Gilly Elor, and Robert McGehee [Phys.Rev.Lett. 124 (2020) 18, 18]
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DM Absorption @ PandaX A @AY
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Active-Sterile Neutrino Conversion it s
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Fermionic Absorption @ Collider

j"l Y tﬁ‘uj«? o

Tsung -Dao Lee Institute

2500 IIII|I IIIII IIIIIIIII 3500:|||||||||||||||||||ll|||||||||||||||||||||F||||:
[ ctem = cte B, V5 =240GeV, L = 5.6ab™ FeteT et fy V5 =500GeV, £ =4ab™" 3
L 1 s000F =
2000 e - . Y E
[ g ‘ - e ~ z
& [ N, e Os A 2500 F . .
<, \ : - b e b
= I g Op | x e ]
1500 |- s, = Oy - g . i
: & N\ O4 ] 2000;— a = —Ov—;
I . e - Op | C ) \ O4 3
| CEPC e ! - ILC R Oy
1000 1 1 1 | 1 | I] L1 1 II]II I‘J"‘-'\I L1 1 1500_IIIII]lIIIIIIIIIIII|IlIIIIIII|IIIIIIII\fIIIII}IIII_
0 o0 100 150 200 250 0 100 200 300 400 500
6 X 104 T 17T 17T 17T 17T 17T 171 1T T 1T 1T 17T 17T T 1 T 1T 17T 17 17T 1T 171
- | | 1 m, [GeV]
F ete™ = ete  Ep Vs=3TeV, L =5ab" 1]
5 s i ]
5 Sl N ]
% B o iy =
40 SR -
O, 4x10 : By 00 EEuA Os 1
= 5 \ Op 3
3x101F i, O 2
- ] \\ Oa 3
- "~ \ B
- CLIC ., \ Or 4 . .
2 X 104 - AT ST T T SN NI T AT N RO |. w 1| \\1 N T T T T | . SFG’ Kal Ma” X|a0'D0ng Ma’
0 1000 2000 3000 Jie Sheng [arXiv:2306.00657]
my [GeV]
Shao-Feng Ge [gesf@sjtu.edu.cn] Oct/12, 2024 @ LE£UBEYIRKRILIE 41



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

