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Capture in the Sun

* DM capture in the Sun is well established X
(Press and Spergel '85, Griest and Seckel '86, Gould ‘87, Goldman et.al. '89, ‘
Gould ‘89)
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Capture in the Sun

* DM capture in the Sun is well established
(Press and Spergel '85, Griest and Seckel '86, Gould ‘87, Goldman et.al. '89, X

Gould ‘89) f ‘

* Process:
DM infalls onto Sun

Sun
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« Scatters and loses energy until gravitationally bound
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Capture in the Sun

* DM capture in the Sun is well established
(Press and Spergel '85, Griest and Seckel '86, Gould ‘87, Goldman et.al. '89,
Gould ‘89)

* Process:
* DM infalls onto Sun
« Scatters and loses energy until gravitationally bound ‘

« Continues to lose energy until it thermalises within
stellar core Sun
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Capture in the Sun

* DM capture in the Sun is well established

(Press and Spergel '85, Griest and Seckel '86, Gould ‘87, Goldman et.al. '89,

Gould ‘89)

* Process:
DM infalls onto Sun

Scatters and loses energy until gravitationally bound

Continues to lose energy until it thermalises within
stellar core

May then annihilate to produce visible signals
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—volution of DM within the Sun

dN
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—volution of DM within the Sun
dd% = (C — AN} —EN,
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Capture vaporation

Annihilation




—volution of DM within the Sun

dN
X _ 2

Evaporation Negligible:
C
N, (t) =\/;tanh(\/CAt)

Reaches equilibrium in timescales

1
VCA
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—volution of DM within the Sun

dn, ,
d_ =(C — ANX - ENX
Evaporation Negligible: Annihilation Negligible:
C N.(E) = Ct 1—exp(—Et)
N, (t) = Ztanh(\/CAt) (D)= Et
Reaches equilibrium in timescales DM efficiently evaporated when

E(mX = mevap) t,~1

1
VCA
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—volution of DM within the Sun

X _ . 2
T C ANX ENX
Evaporation Negligible: Annihilation Negligible:
C N.(6) = Ct 1—exp(—Et)
N,(t) = Ztanh(\/CAt) X Et
Reaches equilibrium in timescales Can only probe DM efficiently evaporated when

m, > mevap! E(mX - me”ap) t~ 1

1
VCA
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Solar Constraints

DM annihilates efficiently after
reaching equilibrium

DM annihilates to neutrinos or
long-lived mediator
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Solar Constraints

DM annihilates efficiently after
reaching equilibrium

DM annihilates to neutrinos or
long-lived mediator

SD constraints competitive
with Direct Detection

Limited in low mass by
evaporation mass ~ 3 Gel/
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 Can think of COs as solar mass direct detection experiments
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Doing Better with Compact Objects

 Can think of COs as solar mass direct detection experiments

* NS Strong gravitational fields boost DM to velocities ~0.5¢ — 0.7¢
* Wipe out momentum dependence

» Evaporation masses range from ~0.1 keV (NS) to ~0.1 MeV (WD)

« Main modifications from capture in the Sun:
* Relativistic kinematics (targets and DM)

» Correct treatment of degenerate targets (Garaniet.al 1812.08773)
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Observable Signals




Observable Signals

* DM induced Heating (Baryakhtar etal. 1704.01577)
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NS in Local Neighbourhood

Observable Signals .

* DM induced Heating (Baryakhtar etal. 1704.01577)

 Kinetic energy from scattering to thermalise

(Raj et.al. 1707.09442)
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NS in Local Neighbourhood

Observable Signals . %
1 1750 K f1/4

* DM induced Heating (Baryakhtar etal. 1704.01577)
2480 K f1/*
. T%

 Kinetic energy from scattering to thermalise
(Raj et.al. 1707.09442)

* Mass energy from annihilations
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NS in Local Neighbourhood

1%175()1{ f
* WDs only have annihilation heating
» Observing old, cold WD can leads to strong constraints
« WD cool to ~10° K in ~ 10 Gyr
1 %MSOK f1/4

(Raj et.al. 1707.09442)

Observable Signals .

* DM induced Heating (Baryakhtar etal. 1704.01577)
 Kinetic energy from scattering to thermalise
* Mass energy from annihilations
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Survey Dark Matter with EFT

 Focus on Dimention-6 EFT operators for Dirac fermion DM e.qg.

Spin Independent Spin Dependent
u Y - 7l 1 i
()(X)(CICI) z(xm)()(qy q) nz vs0@rsa) - Govuys)(@r*q)
[ D1 D5 D4 D7

A: EFT cutoff
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White Dwarts

DM CAPTURE IN GLOBULAR CLUSTER M4




White Dwarfs

Carbon/Oxygen Core

H/He Atmosphere
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White Dwarfs

* lons in Coulomb lattice (if crystalised)

Carbon/Oxygen Core

H/He Atmosphere
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White Dwarfs

* lons in Coulomb lattice (if crystalised)

* Electrons highly degenerate + relativistic

* Perfect for new formalism!

Carbon/Oxygen Core

H/He Atmosphere
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White Dwarfs

* lons in Coulomb lattice (if crystalised)

* Electrons highly degenerate + relativistic

* Perfect for new formalism!

* Much weaker gravitational fields
* Need denser DM environment to sufficiently heat up

Carbon/Oxygen Core

H/He Atmosphere
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White Dwarfs

* lons in Coulomb lattice (if crystalised)

* Electrons highly degenerate + relativistic

* Perfect for new formalism!

* Much weaker gravitational fields
* Need denser DM environment to sufficiently heat up

* Look to Globular Cluster Messier 4 (M4)
» Closest GC (1.9 kpc)

- Age 11.6 Gyrs Carbon/Oxygen Core
* py =798 (532) GeV /cm? for (un)contracted halo (McCuliough, Fairbairn 1001.2737)

H/He Atmosphere
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White Dwarfs

* lons in Coulomb lattice (if crystalised)

* Electrons highly degenerate + relativistic
* Perfect for new formalism!

* Much weaker gravitational fields
* Need denser DM environment to sufficiently heat up

* Look to Globular Cluster Messier 4 (M4)
» Closest GC (1.9 kpc)

- Age 11.6 Gyrs Carbon/Oxygen Core
* py =798 (532) GeV /cm? for (un)contracted halo (McCuliough, Fairbairn 1001.2737)

« May/may not contain DM...

H/He Atmosphere
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Geometric Limit
and

Threshold Cross
Section

Capture rate saturates at

m
Caeom~10%571 (1 G)e(V>

10—37 |
1038 1\ < &) 3
T ¢
= O
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=\ © D
< Q xS
B9l &\% &
10727 & 2\ © kS —
E2NS &
= 8
10740 —
(lons)
10—41 I I I
10Y 103 10°
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Geometric Limit
and

Threshold Cross
Section

Capture rate saturates at

m
Caeom~10%571 (1 G)e(V>

Threshold section to achieve this:

2
Otho~ 2 ~10"*%¢m?
Ntargets

10—37 | E
107°% 1\ g &) 3
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Geometric Limit 1037 ¢ |
and ;
Threshold Cross 1035 L L o
Section - \%,
Capture rate saturates at - % 2

m
CGeom"'lOBZS_1 ( . )

1 GeV

Threshold section to achieve this:

TR? 0.2 10729 &
Oth0™ ~107*"cm E (lons)
Ntargets -

Additional effects alter this:

MeV 10'41 |

* Ono o m, < 1MeV (Pauli Blocking)

” .
Oeno o>, My 2 105 GeV (Multi-Scatter) my (GeV)
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Capture on lons

- Gould formalism for the Sun applicable

M, =0.49M M, =1.38M,
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Capture on lons

- Gould formalism for the Sun applicable

* Nuclear Form Factors: Catena over Helm (Catena and Schwabe 1501.03729)
« Translates nucleon level interaction to nucleus level: n,p - N
« Suppress interaction rate at high momentum transfer
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Carbon FFs
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Capture on
Electrons
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Capture on
Electrons

Need to consider:

* Relativistic Kinematics,
* Pauli Blocking

M, =0.49M
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Capture on
Electrons

Need to consider:

* Relativistic Kinematics,
* Pauli Blocking

Cusps: Transition from PB to
no-PB regime
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Capture on
Electrons

Need to consider:

* Relativistic Kinematics,
* Pauli Blocking

Cusps: Transition from PB to
no-PB regime

Heavy WD, light DM: Change
In kinematics:

m 0 .
. m—e terms dominate cross section
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M, =049M ., T, =10°K, tjy =11.6 Gyr , M, =138M, T, =10°K, tyu =11.6Gyr
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Finite Temperature Effects: lons

T, = 10°K consistent with GC age and estimated evolutionary sequences
DM can up-scatter and evaporate
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Finite Temperature Effects: Electrons

Fermi-Dirac distributions spread out reducing Pauli Blocking

DM can up-scatter and evaporate
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Constraints from White Dwarf Heating

* DM in capture-annihilation equilibrium:
Ly =m,C(m,, A)
To ~ 116 Gyr > Toq + Teherm

M4 WD observations T.x(K)
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Prospective Heating Constraints: lons

Relies on DM existing in M4

Can potentially reach beyond direct detection
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Prospective Heating Constraints: Electrons

Relies on DM existing in M4
Can potentially reach beyond direct detection
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DM evaporates

Bell, Busoni, Robles, Ramirez, MV 2104.14367

Prospective Heating Constraints: Electrons

Relies on DM existing in M4

Can potentially reach beyond direct detection
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Prospective Heating Constraints: Electrons

Relies on DM existing in M4
Can potentially reach beyond direct detection
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Prospective Heating Constraints: Electrons

Relies on DM existing in M4

Can potentially reach beyond direct detection
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Thank you

Questions?
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Capture Rate

Total capture rate is then DM flux
AT 3u, | [’ J1—B(r
C :v—%Erf \/;v_ j dr r? B(r)( )Q‘(r)
* X o} 0 /

Interaction Rate: o i B(r) .
0°() = [ ae . as GRS ot /1 50 ey fro B = frn(E2)

Bell, Busoni, Robles and MV 2004.14888
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