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Solar Dark Matter:




® DM Evidence
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Observations
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® Scattering — Production

Assumption:
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® DM Production

Production:
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1. Collider / Beam Dump

Dark Matter (DM)
Production

DM

Particle
Beam

2. Atmospheric DM Cosmic Rays

Top of Atmosphere ‘

Su, Wang, Wu, Yang, Zhu, PRD 102, 115028 (2020)
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Production:
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DM produced in the SUN???
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® DM Production In the SUN

Nuclear Reaction: pp Chain

Look into the Sun:

Standard Solar Model

Borexino Collaboration, Nature volume 562, 505-510 (2018)

Chuan-Yang Xing

pp chain
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p+p—>?H+e*+v, pte+p—>?H+v,
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® DM Production In the SUN

Nuclear Reaction: pp Chain

Look into the Sun:

pp chain
pPp-v pPEP-v
p+p—>?H+e*+v, pte+p—>?H+v,
Y Y
99.6% : 0.4%
H+p—>°He+y

Standard Solar Model

Borexino Collaboration, Nature volume 562, 505-510 (2018)
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® DM Production In the SUN
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Nuclear Reaction: pp Chain

Look into the Sun:
pp chain

‘2H+p—)3He+y‘ Ub{ ’H +p— “He + DM + DM}

Standard Solar Model

Borexino Collaboration, Nature volume 562, 505-510 (2018)
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® Solar DM Overview @

DM

|~ Production + Attenuation ~| |~ Detection ~|
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Solar Dark Matter:

2. Proauctlon

}~ Production + Attenuation *{ }~ Detection *{
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[ ‘H+ p — *He + v } O'y

OpM

[2H—|—p—>3He—|—DM—|—DM}
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® Nuclear Fusion

‘H+p — *He 4+~ O'y

’H + p — °He + DM + DM OpM
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Bertulani, CPC 156 (2003) 123-141

Quantum mechanics: consider a potential between p & H?

O 2H + p (initial ionized state)

3He (final ground state of p&H?)

similar to recombination: P + e — H + 7
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® Nuclear Fusion

‘H+p — He + v

’H + p — °He + DM + DM OpM

Chuan-Yang Xing
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Bertulani, CPC 156 (2003) 123-141

Quantum mechanics: consider a potential between p & H?

O 2I—I + p (initial ionized state)
3He (final ground state of p&H?)

< bM
DM

EDM = 5.5 MeV

SHe
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® Nuclear Fusion

p — H? Potential: V(x)

Chuan-Yang Xing

nuclear potential spin-orbital coupling Coulomb potential

N/ '

Vo(x) + Vs(z)(1-sp) + Ve ().

i § A 5T
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® Nuclear Fusion

nuclear potential spin-orbital coupling Coulomb potential

N/ '

p — H? Potential: V' (x) = Vy(z) + Vs(x)(1-s,) + Ve (x).

- 2H -+ P Initial state WF: ¢i
< DM
DM

3He Final state WF: ¢f

M~ (s | O] ¢;) = oppm

O <— Lpum
Chuan-Yang Xing

i § A 5T

<17 >



N A MR

[}
) F L
S/ TSUNG-DAO LEE INSTITUTE

® Nuclear Fusion

nuclear potential spin-orbital coupling Coulomb potential

N/ '

p — H? Potential: V' (x) = Vy(z) + Vs(x)(1-s,) + Ve (x).

- 2H -+ P Initial state WF: ¢i
< DM 1
DM
3He Final state WF: ¢f ‘

1

M~ (@5 | O] i) = opy M=z UIxl

q = py + Py~

O <— Lpm
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® Production Rate

DM production rate: p;phomn rate
danM 2 dO’DM dn,),

m

dtdEDM O-’Y dEDM 8 7
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® Production Rate

DM production rate: p-H? photon rate

4

d2 npMm 2 do DM dn,),

m

dtdEDM O',Y dEDM 8 7
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® Production Rate

p-H? photon rate

DM production rate:

d2 npm 2 do DM

dtd Epwm

m

Oy dEDM

0
0 05 1.0 15 20 25 3.0 35 40 45 50 55
B, [MeV]
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pp chain

pPp-v pep-v
ptp—>2H+e'+v, pte+p—>?H+v.
T ¥

99.6% ¥ 0.4%
H+p—>3*He+y
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Solar Dark Matter:

A,
3. Attenuation

}~ Production + Attenuation *{ }~ Detection *{
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® Modeling the Scattering

1. Monte Carlo

Z [km]

C. Xia, private communication

computationally expensive

< 23>
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1. Monte Carlo 2. Straight-line Approximation

------------------ straight-line
101} s
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Chuan-Yang Xing See also NQ Song’s talk s



5/
Y’/ TSUNG-DAO LEE INSTITUTE

® Modeling the Scattering

Analytical

&
Accurate

Chuan-Yang Xing
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# Boltzmann Equation Method

key function: Distribution f (r,p, t) — f('r,u, EDM)

Chuan-Yang Xing <26>
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® The Boltzmann Equation

# Boltzmann Equation Method

key function: Distribution f (r,p, t) — f('r,u, EDM)

L[f] — Cscat[f] _I_ Cprod

Liouville Operator: Collision Terms:
propagation interaction Kolb, Turner, The Early Universe

Chuan-Yang Xing <27>



® The Boltzmann Equation
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# Boltzmann Equation Method

key function: Distribution f (r,p, t) — f(’l“,’LL, EDM)

L[f] — Cscat[f] _I_ Cprod

Liouville Operator: Collision Terms:
propagation interaction Kolb, Turner, The Early Universe
R 0 1—u?9d 2 3
L[fX] B |pX| (u fX N - fx) Cprod — 2n d NX
or r ou 9y |Py| dtdE, dV

, 1 . . . —_—
Colfil =~ [ didnlai )6 i + o)~ v - of) (ME, ity ~ L))
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# Boltzmann Equation Method

key function: Distribution f (r,p, t) — f('r,u, EDM)

L[f] — Cscat[f] _I_ Cprod

Liouville Operator: Collision Terms:
propagation interaction Kolb, Turner, The Early Universe

# Boundary Condition

f(Re,u,E,)=0, for u<0 No particle goes in at the surface.

Chuan-Yang Xing <29>
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® The Boltzmann Equation

# Boltzmann Equation Method

key function: Distribution f(l‘,p,t) — f(’l“,’LL,EDM

L[f] — Cscat[f] _I_ Cprod

Liouville Operator: Collision Terms:
propagation interaction Kolb, Turner, The &

# Boundary Condition

f(Ro,u, By) =0, for u<O0 No particle goes

In at
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® Approximation

Scattering Collision Term: 5-fold integration ar— 40P
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® Approximation L8 AL

Scattering Collision Term: 5-fold integration - 9P

1

Cx;o[ff(] — 2

/ AT d1 (2)' 64 + 0}, — o] — 0f) (IME, (£~ FLAD))

. 1
Approximation:  m, ~GeV  E. |p,|,|p,|~MeV  EXxpansion over —
p

2F,
nglp) [fX] ~ _|px|np0-)%g?fx(rj u, Ex) (]— — m—p> ,
du’ 2F,
2 ~ LO
Cgao)[fx] ~ |pX|nPUXp / 5 — [ (7, u E’) (1 + m—p(l — uu ))

Cy[f1=Clf1+CYIf]
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® DM Flux

2
DM Flux @ Earth: 9%e _ 1%
dEX 47T2AU2

101 L L D L L
100 m, = 1 MeV
a;}? = 107%* cm?

Monte Carlo & Boltzmann Equation 4
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--------------------------
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Solar Dark Matter:

A,
4. Detection

}~ Production + Attenuation *{ }~ Detection *{




® Detection

Xenon Detector:

Argon Detector:

Chuan-Yang Xing

EXR™ ~ 0.4keV.

E?Jrfgéon ~ 1.5keV.

Below the threshold

DarkSide-50 thres_h_0|_d v
sensitivity )}

<35>



® Detection
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Xenon Detector:; EXR" ~ 0.4keV. Below the threshold

Argon Detector: Bt =~ 1.5 keV. Darkside-50 threshold v/

sensitivity X

GADM Collaboration, PRD 107, 112006 (2023)
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® Light DM in BBN

1. nght & Thermal DM: BBN excluded MpMm S ]_ Mev Sabti, Alvey, Escudero, Fairbairn, Blas, JCAP 01 (2020) 004

2. Light but Decoupled & Diluted DM: BBN consistent  T%,.. ~10MeV

Evans, Ghalsasi, Gori, Tammaro, Zupan, JHEP 02 (2020) 151
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Conclusion:
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Thanks!




