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1. Detections of DM
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1. Detections of DM

Particle-like DM

Accelerator Direct Detection Indirect Detection
- Can only produce DM - Local DM Distribution - DM distribution in halos
- Model dependent

- Background * Product propagation

- DAMPE, FermiLAT, AMS-02...

- LHC, Belle-ll, Faser... - CDEX, PandaX, Xenon, DAMIC...
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1. Detections of DM

Wave-like DM Compact Object DM
Quan. Tech. / Astronomy Gravitational Wave/Pulsar Timing
- Ultralight bosonic DM - Primordial Black Hole

- Cavity, Atomic Clock... - LISA, TianQin, Taiji...

view, customize, buy

The Search for Dark Matter Is Dramatically Expanding ! |



1. Detections of DM
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1. Detections of DM
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1. Detections of DM
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1. Detections of DM

1. Boosted Dark Matter: astrophysical sources...

2. Low Threshold Detectors: electron/ semiconductors/superconductor...

3. New effects: bremsstrahlung/Migdal/phonon...
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2. Cosmic Ray Boosted Dark Matter

Cosmic ray upper-scattering DM Cosmic beam-dump DM

1810.07705, 1810.10543, 1905.05776, 2006.11837,
1912.09904, 2005.09480, 2012.09751, 2211.11469,
2006.12767, 2009.00353, 2212.02286, 2301.03010



2. Cosmic Ray Boosted Dark Matter
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2. Cosmic Ray Boosted Dark Matter

DM particle
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2. Cosmic Ray Boosted Dark Matter

Cosmic ray upper-scattering DM

DM

(v>>10-)

e
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2. Isotropic CR-DM scattering
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2. Cosmic Ray Boosted Dark Matter

Wang, Wu, Yang, Zhou, Zhu, 1912.09904
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2. Cosmic Ray Boosted Dark Matter

Liang, Su, Wu, Zhu, 2306.xxxx
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2. Cosmic Ray Boosted Dark Matter

Cosmic beam-dump DM

Cosmic Rays
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2. Cosmic Ray Boosted Dark Matter
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2. Cosmic Ray Boosted Dark Matter
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3. Inelastic Effect in Earth Stopping

5010 " / \

B —— Coherent, Q7 =Q}=1
W  —— QFE GENIE

— Inelastic GENIE Quasi-elastic scattering

15 Deep-inelastic scattering

— e 'l A PR T T T A 1

10 10 N@no energy (C‘mV)1

18



3. Inelastic Effect in Earth Stopping

Su, Wu, Zhou, Zhu, 2212.02286

& @ >

« DM-nucleus ES K DM-nucleus QES / * DM-nucleus DIS
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3. Inelastic Effect in Earth Stopping

QE Scattering

x(k) + A(po) = x(k') + X(—{(A = 1)+ n/p)

— residual
nucleus

Impulse Approximation
2 2

qv q,v
—y
$ i The final state can be written as :

Omar Benbhar, et al |X> — |£B,];;> 0 |Y,ﬁy>
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3. Inelastic Effect in Earth Stopping

/
dO'X A 1 k

= AA3D . (Do)’ :

/

Coupling constants Propagator DM(hadron) tensor

o /

X = (x| TE )X | TY [0

4 N

W =3 (Al T4 X)(X| T A6 (px + K — po — k)

J¢ (J%) is DM (hadron) current operator: Scalar, Vector or etc. .



3. Inelastic Effect in Earth Stopping

The tensor describes the interactions of i-th nucleon in free space.

|

w3 [ A B 5+ s - ).

Spectral Function ( probability )

P(B,E)=)Y [(A|Y,-P)|IN,p)[*s(E — my + Eo — Ey).

Y
Nuclear Physics
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3. Inelastic Effect in Earth Stopping
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3. Inelastic Effect in Earth Stopping
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4. Conclusions

+* Light DM physics is rich

** Precision Calculations of DD is essential

Thanks
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Backup-1

Model, Boosted and Attenuation Effects
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Simplified Hadrophilic DM model

1 N
L =1y (lD = 'm.x) X + 5(‘%58"5 — —2—'m.§S2

= (QXSXLXR 1= qu(quR -+ h.C.)

couple to quark

UV model, see e.g. 1507.00009, 1712.01847
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10_3; T .
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With the data from PAMELA, the fitting formula of the Local
Interstellar Spectra (LIS) of CRs are parameterized

* Local Interstellar Spectra (LIS) of CRs are parameterized

¢r 5
AP ZCLjRj R = 1 GV,
iR 17
c dy e1 f1
b+ — + -+ + R R>1GV,
\ R dy+R  ey+ R fa + g
L — 7, ao ail as as a4 as b C
R b | 941 [-831| 0 |16700] -10200 | 0 |10800] 8500
He| 1.14 | 0 | -118 | 578 | 0 | -87 | 3120 |-5530
dd; d®; dR
— A d1 d2 | e: e2 fi f2 | g
oy TR b |-4230000|3190]274000| 17.4 | -39400 [0.464| 0
He| 3370 |1.29|134000| 88.5 |-1170000| 861 | 0.03
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Boosted effect: elastic case

Kinetic energy of

CRDM oy [Tmax d®, ( al, )
[

Z Zz

dTz |~ |\ dT?
z : g
N 0 d1'n

= 1 [® d®, doyr
R = / dEpr— dTy X _X_
JT mr Jrzmin dI dET
Nucleus :
Average density of Earth’s recoil

elements Compare with data




Boosted effect: inelastic case

Step-1. Differential Cosmic Ray Flux

d¢p (Tpv h’) =y (h) d¢p (Tpa hmax)
a7, pl aT,
hmax _ hay = 180km
Dilution factor: y,(h) =exp (—apN / dhnN(h)> -
h OpN = m

CRMC: simulate the collision of incoming CRs with the nitrogen
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Boosted effect: inelastic case

-
-------

‘— .~

~

. Backward .
Step-2. attenuation of ADM flux
'For\llx;lgmrd DM ":
d®, /RE+h deR/% ” ! d(cosb)
S Al R 0 08 O (Ty) 2TU(R, 0, 24)
Detector e max
g g d(I) OpN deN—)M—)xx
Ry — 74 x y(R) dT,——Fn ir(R) : a
-’ P T;nin 3 dT * FpN dTp
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Backup-2

Quasi-elastic and Deep inelastic Scattering
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DM-nucleus Quasi-elastic (QE) Scattering

® The calculation of hadron tensor

> At moderate momentum transfers: |4| < 0.5 GeV

Nuclear Many-Body Theory (NMBT): using nonrelativistic wave function to
describe the initial and final states and expanding in the current operator in powers
of |q|/mn, my is the nucleon mass.

» At higher momentum transfers

The description of the final states |X) in the terms of nonrelativistic nucleons 1s no

longer possible. In this regime, the calculation require a set of simplifying
assumptions, allowing one to take into account the relativistic motion of final state
particles , and inelastic processes leading to the appearance of hadrons other than

protons and neutrons. An effective calculation way is the impulse approximation.

AthB e HEKY
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DM-nucleus Quasi-elastic Scattering

» Spectral function:

P(ﬁaE) — Z ’<A ’ Y7 _ﬁ>|N7ﬁ>’25(E_ my +EO — EY)
Y

The probability of removing a nucleon of momentum (p) from ground state of the
nucleus (A4) leaving the residual nucleus (X) with excitation energy (E), can be obtain
from ab initio many-body calculations. For example,

P(p, E)IGO%TH_wO* or P(p, E)160%p+15N*

Ak B e AHFKY
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DM-nucleus Quasi-elastic Scattering

Therefore, the differential cross section 1s given by

do 4 doy, do,,
=7 +(A—-Z
dE} d) dE. df) * )dE;CdQ
e Vector:
_,I
doy In /[ 7|
-~ d[p|d¢, dB— P W
dEdQ — 167(¢> - m2)? |k|q g n\
Pauli blocking Model depended
e Scalar: ,
k R
dow 59N / 7]
- = d|p|d¢, dE—P(p,
B2 16m(q* —m§)* [Rg| C B

Ak B e AHFKY
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DM-nucleus Deep Inelastic Scattering(DIS)

*@a\
) . Parton Model
\ >
A(p) = x+A—>x+X
»- Fx

* Bjorken scaling variable

L — Q2

 2mv

Q> = —¢° = —2mj + 2p; - p3 = 2E(E — v) — 2kk' cos 6 — 2m3;
A B HEKY
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DM-nucleus Deep Inelastic Scattering

e Differential Cross Section

do

/f IM\ (2m)*8 (¢pa+q—pi) &k &,
4/(p1 - €p2)? — (Emam,)? (27)°2E" (2m)°2E,
dvdQ” G

.

64mm?v(E? —m2

dg|M(€)[20(¢ — x)

N\

Spin-average Amplitude

Parton Distribution Function (PDF)

AthB e HEKY
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Results
* A typical Accelerating DM: ADM with scalar mediator 7y 2 0.25 GeV

* A simple attenuation model: the DM scatters at most once.

The survival prObablhty . Element A my [GeV] 7 [em™3 Core Mantle
: Oxygew 16 14.9 3.45x 10 0.0 0.440
SRS dogr 4 (cos 0) Silicon 28 26.1 1.77 x 1022 0.06 0.210
Dsurv(Ty) = exp| — E - Magnesium 24 22.3 1.17 x 102 0.0 0.228
-/ - ‘ 22
- )‘i(Tx) 56 52.1 6.11 x 1020 0.0626
Calcium 40 37.2 7.94 x 10 0.0 0.0253
Sodium 23 21.4 1.47 x 1020 0.0 0.0027
\ - P Q€ 21 =
Avera e mean free ath : )\ T Y = lg: (T . 1 Sulphur 32 29.8 2.33 x 10‘7 0.019 0.00025
g p Z( X) [ Z( X) Z] Aluminium 27 25.1 1.09 x 102t 0.0 0.0235

ArXiv: 1611.05453

fz/RE na(r) rdr 0 c[0,7/2]

. . Rpsinf n; 2 D2 il
Effective distance : dg ;(cos ) ~ { \/ r* — Ry sin” 0

Be n,(r
[C M4 schanzm B s %8 KA

Rg—lp T
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It —aaP—3un=- 0=
z: Bz TH -
=

A NNU

Earth-stopping model

M1: “Signal Scatter”

dP? dd
X X
— surv ’ 0 d}
dT? / E (T, cos )]dTXdQ

The survival probability :

Poury = eXp( Srilfs et "(;OS 0) )

Average mean free path : \;(T),) = [O'i(TX)'ni]_l

M2: “Straight Lines”

d®:  @TQ do,
- dQ
dT? / dT7|dT, A0

By solving the energy loss function:

Z n;(r / dw, do, W -
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