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Outline

* Indirect Detection of Dark Matter (DM) In the
Solar System: DM capture by the Sun/Earth.

* Modifications to Sun/Earth-captured DM due
to DM Self-Interactions (Sl).

 Construct and describe an observational
probe of SIDM based on Sun/Earth-captured
DM.
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Modelling Captured DM Population

+ Simplest model: N = C, — C,N%(t), N(0)=0.

i

Rate of DM capture by nuclei
CC = CC(MDM ! C)-p)

DM annihilation coefficient
C.= Ca(MDM’<GannV>)

1

- Annihilation rate of (Sun-captured) DM; I'.= §C'aN2(’TSun)

* O, Assume a spin independent DM-nucleon interaction.

<o,nn,V> . S-wave. Fixed by relic abundance constraint.



Simplest DM Population Model
N =C,— C,N?

u _— AT f- nT
* General solution: V() = Noe tanh (‘) Mo =y,

+ Equilibrium is reached if 'sw <7 =
_ 1
» At equilibrium: T. = 5C.

- . I,
« Annihilation flux: ®w=_%




Annihilation Flux in the Sun
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Annihilation Flux in the Sun
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SM final states (bb, 1T and
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Annihilation Flux in the Earth
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What if DM self-interacts?

* New kinematic channels appear.

Self-Capture:
Halo DM + Captured DM —> Captured DM + Captured DM



What if DM self-interacts?

* New kinematic channels appear.

Self-Capture:
Halo DM + Captured DM —> Captured DM + Captured DM

Self-Ejection:
Halo DM + Captured DM —> Halo DM + Halo DM



SIDM Population Dynamics

N =C.+ (Cs — Coo)N(t) — CoN2(1).

/ N\

Self- Self-
capture ejection

Csc/se = Csc/se (MDI\/I’ O-xx)

0., - Self-interaction cross-section. Our modelling assumes a
constant g, (N0 velocity or angular dependence).



SIDM Population Dynamics

N =C,+ (Cse — C)N(t) — C.N%(t).
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Sun-Captured SIDM
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 Self-Interactions enhance the Sun-captured DM population.
Enhanced DM annihilation rate and flux of SM annihilation
products.




Earth-Captured SIDM

10—17_
—.107"®
o C
&3 10721 N
e
©
o =23 |
_ C
10725} sc |
0,=10"*cm?
1 5 10 50 100 500 1000

M DM [GEV]

[CG, Shelton]

Self-Interactions deplete the Earth-captured DM population.
Suppression of the DM annihilation rate and flux of SM
annihilation products.




Sun/Earth-Captured SIDM
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DM speed in the Halo: ~ 300 kTm while:

Sun: v ~ 600 kTm — self-capture more likely

Earth: v, ~ 12 kTm — self-ejection more likely



Self-Interactions modify the constraints from flux

measurements
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Excluded by direct
detection
experiments

Captured DM does not
thermalize
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Self-Interactions modify the constraints from flux
measurements

1 0—42

10—43_

10—44_

1 0—49 - i A

10—50 L/

]

10—51/

Hypothetical Sun
annihilation flux
measurement

T T — b=t

O=5x10"2*cm?
e On=1x10"2cm? |

malization R s-wave
1 1 | . 1 1 Ll 1

/1
/
/

Suﬁ flux

10 o 102 10°
Mpw, [GeV]

[CG, Shelton] 18



Self-Interactions modify the constraints from flux
measurements
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Self-Interactions modify the constraints from flux
measurements
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Self-Interactions modify the constraints from flux
measurements
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Can we exploit the fact that Self-
Interactions affect the Sun and Earth-
captured DM populations differently?



Sun and Earth fluxes depend on the same DM
Inputs

(DSUE — q)sunﬁMDM’ Oy, Oy <OV>)
Earth — Eart
(D 2 = q) ar (MDM1 0p1 O-xxi <GV>) Fixed by the

relic density
constraint

If 0,,=0, a measurement of the Sun flux ®_>“" would predict
a unique Earth-flux:

(DpEarth: q)Earth(MDM, (DmSun)_

We call this the “null” prediction.



» If 0,70, must account for the enhancement of the Sun-
captured population and depletion of the Earth-captured DM
population:

q)pEarth: q)Earth(MDM’ Gxx’ CDmSU”)

« A subsequent measurement of ®Eath can reveal the
strength of self-interactions if this measured flux is different

from the null prediction.



Self-Interactions “distort” the Earth flux
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Conclusions

DM Self-Interactions affect the Sun and Earth-captured DM
populations in “opposite” ways — enhancement in the former
and depletion in the latter case.

« The fractional suppression of the captured DM annihilation
flux can be orders of magnitude, providing a striking
signature of self-interactions.

« A measurement of the annihilation fluxes of Sun and Earth-
captured DM constitutes a diagnostic test of DM Self-
Interactions. (Caveat: Observationally viable only for spin-
iIndependent DM-nucleon cross-section.)
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Construction of C.
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Construction of C.
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Construction of C,
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