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White Dwarfs are uniquely sensitive to such candidates!
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DM Triggers of Supernovae

DM interactions can locally heat WDs, trigger runaway fusion.
lgnite type 1a supernovae [Graham et al, 15]

Extreme detector capability
Twd ™ Gyr Rsq ~ 5000 km

_ —2
Nion "~ 1032 cm 3 Vesc ~ 10

Spectacular Signature, event visible everywhere

This work: constrain wide variety of DM interactions



How to Start a Type la Supernova

Carbon Fusion
Coulomb Threshold

P Y
AN
T Z 1 MeV g{;} ) .
Nz "\w} /"‘ {
% o
690%) S
SCE ~ Y .
ARy TG
SR
P |
o ,;’_‘ 5 Energy Output

7~ 10 MeV

Detonation/Deflagration

Fusion heats stellar medium
fasterthan it can cool.

Degenerate medium—
negligible PdV cooling.

Thermal diffusion slows with

distance: 2
Tcool X L



How to Start a Type la Supernova

Carbon Fusion
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How to Start a Type la Supernova

EXplOSion L > AT T > 1 Mev
Condition ™~ ™~

Careful calculation (Timmes & Woosley, ‘92):
Nion ~ 1032 cm ™3 [1.38 Mg)]

A~ 107° c¢m | |
Trigger size larger

at lower densities

Energy required to heata volume )\% to atemperatureof 1 MeV

Trigger Energy Eboom == 1016 GeV
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DM-induced Type la Supernovae

DM can provide local heating by producing high energy
SM pa rticles in the WD [Graham, Janish, VN, Rajendran, Riggins, in progress]

Scattering

Requires large DM-SM x-sec

dE
%AT > gboom
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DM-induced Type la Supernovae

DM can provide local heating by producing high energy
SM pa rticles in the WD [Graham, Janish, VN, Rajendran, Riggins, in progress]

Decay Annihilation

Requires large DM mass
Ty > gboom

Rate enhancedif DM is captured



Decay of Captured Dark Matter

Demand Twd > 1 G\l forlocal WDs (with 0y, = 1030 (:1’112)
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DM Core Collapse in a WD

Captured DM can probe m, < &poom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]

Three generic outcomes of collapse
- black hole [oyy = 0]
- annihilation[oy, > 0]
- stabilization (DM-DM forces, degeneracy)

Hawking radiation heats WD Gravitational acceleration heats WD
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DM Core Collapse in a WD

Captured DM can probe m, < &poom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]

Three generic outcomes of collapse
- black hole [0y = 0]
- annihilation[oyy > 0]
- stabilization (DM-DM forces, degeneracy)

Core collapses, annihilates
at a critical radius Ty .

Usable energy depositis

larger forsmaller Oy (!)
Annihilation products heat WD.



Core Collapse -> Annihilation Burst

Demand Twd > 1 G‘\l forlocal WDs (with0y e = 10736 CInQ)
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Q-ball DM

Baryonic Q-ball
(B-ball)
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Scalar condensate stabilized by conserved charge

[Coleman ‘85]

SUSY theories generically admits B-balls in the
Q M form of squark condensates.
b

Stable for sufficientlylarge Q

4
Q > 10 (5w

[Kusenko et al, ‘98]

B-ball nucleiinteraction

Q-ball absorbsbaryon number, liberates
excess mass energy into pions:

db ~ nion}%2 me
dx Q
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White Dwarfs as DM Detectors

Dark matter interactions can locally heat white dwarfs,
initiate runaway fusion, and cause (type la) supernovae.

High energy SM particles effectively
heata white dwarfandinduce SN.

1) Constrain DM-SM scattering, DM
decay, DM-DM annihilations

2) Constraints are severe for DM that
is captured by the star

3) Corecollapse -> BH formation,
Annihilation burst. Yields new
constraints

Alternative type 1a SN progenitor?



White Dwarfs as Dark Matter Detectors

Extra Slides
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How to Start a Type la Supernova

EXplOSion L > )\T T > 1 MeV
Condition ™ ™

timescale for carbon-
carbon fusion — )‘T

timescale for
(degenerate) electron A
or photon diffusion

A careful calculation (Timmes and Woosley 1992):

032 3

)\T ~ 10—5 cm Nion ~ 1 cm-—

[1.38 M@] Trigger size

increases with
stellar density
/\T ~ 2 . 10_3 CI11 Njon ~ 1030 Cm_3

0.85 Mg]
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How to Start a Type la Supernova

EXplOSion L > )\T T > 1 Mev
Condition ™ v ™

Trigger Energy &, .. Energy required to heata volume
boom A3.to a temperature of 1 MeV

1013 L

“ Eboom ~ 1010 GeV

1021 |

1.38 Mo)]

1019 L

Eboom (GeV)

1018 L

107+ gboom ~ 1022 GeV
1016 [085 M@]

1015 L
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White Dwarf Mass {M@)
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DM-induced Type la Supernovae

DM can provide local heating by producing high energy
SM pa rticles in the WD [Graham, Janish, VN, Rajendran, Riggins, in progress]

Scattering Decay Annihilation
X X
X
Requires large DM-SM x-sec Requires large DM mass

Ty > gboom

dFE
dx AT > gboom Rate enhancedif DM is captured



DM-induced Type la Supernovae

Captured DM can probe m, < &hoom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]



DM-induced Type la Supernovae

Captured DM can probe m, < &poom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]

Three generic outcomes of collapse
- black hole [0y = 0]
- annihilation[oy, > 0]
- stabilization (DM-DM forces, degeneracy)



DM-induced Type la Supernovae

Captured DM can probe m, < &poom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]

Three generic outcomes of collapse
- black hole [oyy = 0]
- annihilation[oy, > 0]
- stabilization (DM-DM forces, degeneracy)

Hawking radiation heats WD Gravitational acceleration heats WD



DM-induced Type la Supernovae

Captured DM can probe m, < &poom and very small cross

sections after forming a self-gravitating, collapsing DM core.
[Janish, VN, Riggins, in progress]

Three generic outcomes of collapse
- black hole [0y = 0]
- annihilation[oyy > 0]
- stabilization (DM-DM forces, degeneracy)

Core collapses, annihilates
at a critical radius Ty .

Usable energy depositis

larger forsmaller Oy (!)
Annihilation products heat WD.
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Particle Heating of White Dwarfs

Regardless of how SM particles are produced via DM, we must first
verify that high energy SM particles will ignite SN.

lgnition may fail if particles stop over a distance L > Ar, as the
SN thresholdis parametrically increased:

SN threshold g L 3
energy ™~ Cboom E

Must compute stopping lengths of particles in a WD

- Purely a question of SM physics
- Stopping lengths are likely short (WDs are dense, and
carbonions provide non-degenerate scattering targets)
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Incident Particles (DM products)
- Electrons, photon, light hadrons, and neutrinos with energy > MeV
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Freeion
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Bremsstrahlung

Pair production (EM shower)
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Incident Particles (DM products)
- Electrons, photon, light hadrons, and neutrinos with energy > MeV

Energy Loss Processes

Carbonlons Electrons
fully ionized Coulomb lattice relativistic degenerate gas
2, ~ 1 —10 kev Tr ~1—10 MeV
T ~ kev
Coulomb Phon.on Coulomb
Free ion

Nuclear elastic Compton

Nuclear inelastic (hadronicshower)

Bremsstrahlung

Pair production (EM shower)
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Incident Particles (DM products)
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Particle Stopping in White Dwarfs

Incident Particles (DM products)
- Electrons, photon, light hadrons, and neutrinos with energy > MeV

Energy Loss Processes

Carbonlons
fully ionized Coulomb lattice

(1, ~1—10 kev

Electrons
relativistic degenerate gas

ITr ~1—10 MeV

T ~ kev
Coulomb II:hon.on Coulomb
Nuclear elastic reeion Compton | suppressedby

I (had ) | Pauli blocking and
Nuclear inelastic (hadronicshower :
“standard” electron motion

B hi
rgmsstra yng (EM shower)
Pair production suppressed by density

(LPM) effects



Particle Stopping in White Dwarfs

Incident hadrons Niop ~ 1032 cm™3
1.38 Mg)]
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Particle Stopping in White Dwarfs

Incident hadrons Nion ~ 1032 ¢cm =3
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Particle Stopping in White Dwarfs

Incident hadrons Nion ~ 1032 ¢cm =3

[1.38 Mg ]
mn, p
mn, p 7 <

AL
— — ’
= nr nr
. oo p / \
N mn,p (E%/
;—_-______________:% / _
Energy [MeV] 10 Time
<€ 1
HadronicShower Nuclear Elastic Heating
Tinel ~ 0.1 bn 0ol ~ 1 bn
XA~ 1077 em A~ 107% cm
> - 1/2
L ~ X log (15aev) LN(mi) A

Hadrons thermalize within a trigger size.



Particle Stopping in White Dwarfs

Incident electrons and photons (high energy) nion ~ 1032 cm™3

m, n%;p mn, p [138 M@]
e ~ ___:__________________3,,
ny = O =
% Ve
VS_&' ng
€ rd ] € § e
mn,p
V. -
AVAVAVAVAVAVAY - s ) .
Energy [MeV] 1I07 — 105 Time
< ]
Electronuclear Shower Photonuclear Shower
do, 4 2 |
dk ™~ Ol? Oinel O-'yA ~ (X Ojipel
L 10 il 10g (107 MeV) L ~ 10 cm

High energy €, ") thermalize between )\T and 100 )\T



Particle Stopping in White Dwarfs

Incident electrons and photons (low energy) njon ~ 1032 cm=3
1.38 Mg]

Time
< Energy [MeV] 1(|)0
EM Showers Electron-lon Coulomb Scattering
~ 106 E_\1/2 E2 _9 E \2
L~ 107" em (13e7) A~ Mg 0222 107 cm (1 MeV)
1/2
LPM suppression: decoherence L ~ ( 1 mc) \
due to multiple ion interactions [Klein, ‘99] logA E

L < AT atlow energy, gives way to hadronic processes at high energy.



Particle Stopping in White Dwarfs

Nion ~ 1032 cm =3 [1.38 Mg ]

Incident hadrons and photons L <\p

Incident electrons L<M\r E < 10° MeV
L ~ 100 A7 E > 10° MeV

Incident neutrinos A\, 4 ~ meter : Zﬁ'fr.'iov'ibe'i;ﬁ'!.v'ia single
L <\t E > &Ehoom

Proceed assuming DM produces
particles that stop within a trigger size.
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Scattering-induced Supernova

Explosion Condition %)\T > gboom

WD Lifetime T_dl ~ Dtransit

A%

Elastic Scattering off Carbon

W~ mcvgsc ~ 1 — 10 MeV  Greaterthan critical temperature

Penetrate nondeg envelope (%)env Renv S mxvgsc



Scattering-induced Supernova
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Elastic Capture of Dark Matter

[Press & Spergel, ‘85]
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Elastic Capture of Dark Matter

[Press & Spergel, ‘85]
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Elastic Capture of Dark Matter
[Press & Spergel, ‘85]

X Time
Capture
o

J, Pcapture — Ftransit . f (WT;)

Stage 1
X
. t1 Orbital decay to stellar surface
v

Stage 2

Orbital decay from surface to
o DM thermal radius 7th

o

2
v Gpwd "My Ty ™~ Lwd



Elastic Capture of Dark Matter

Time [Kouvaris & Tinyakov, ‘10]

Collection

teollect M sg ™~ PwdTip




Elastic Capture of Dark Matter

Time

¢

tcollect

tcollapse

[Kouvaris & Tinyakov, ‘10]

Collection
3

]wsg ~ PwdTih
Collapse

Governed by DM cooling and
possibly further DM collection.

May need to overcome QM
pressure.



Elastic Capture of Dark Matter

Time [Kouvaris & Tinyakov, ‘10]

Collection

teollect M sg ™~ PwdTip

Collapse

Governed by DM cooling and

tcollapse possibly further DM collection.

¢ May need to overcome QM
pressure

Black Hole Annihilation Stable Core




Core Collapse in WD

t1 + to —|-th < Twd
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No thermalization

No self-gravitation



Decay of Captured Dark Matter

Constrain three-dimensional space (1, Oyc, Ty)



Decay of Captured Dark Matter

Constrain three-dimensional space (1, oye, Ty)

Capture Condition Explosion Condition
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Decay of Captured Dark Matter

Constrain three-dimensional space (1, oye, Ty)

Capture Condition Explosion Condition
t1 + 1o SJ Twd Ty Jsm Z Eboom

Infalling Decay

Constrainsall DM that is
captured and decays.

—1

t
WD Lifetime TWd ~ Fcapture 2

Tx



Decay of Captured Dark Matter

Constrain three-dimensional space (1, oye, Ty)

Capture Condition Explosion Condition
t1 + 1o 5 Twd Ty Jsm Z Eboom

Infalling Decay Decaying Core

Constrainsall DM that is ConstrainsdecayingDM
captured and decays. from a collapse-stable core.

—1

t
WD Lifetime TWd i Fcapture 2

—1 Twd
™ Twd ™ Fcapture =



Decay of Captured Dark Matter

Demand Twd > 1 G\l forlocal WDs (with 0y, = 1030 (:1’112)

- WD p, = 0.4 GeV/cm®
gya = 1070 cm?
[ Decaying
Core
Infall

/
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m, (GeV)



Decay of Captured Dark Matter

Demand Twd > 1 Gyr forlocal WDs (with oy = 103 CII12)

WD py = 0.4 GeV/cm®
2

gya =107% cm

Decaying
Core

/

Infall

/

10I18

1 0I19 1 0'20
GeV)

Non-capture constraint



Dark Matter Black Holes in White Dwarfs
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Formation of BHs from DM cores
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Dark Matter Black Holes in White Dwarfs

log (Mpyu/GeV)
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Formation of BHs from DM cores

[Kouvaris & Tinyakov, ‘10, 12]
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// classical collapse
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Dark Matter Black Holes in White Dwarfs

Formation of BHs from DM cores  [Kouvaris & Tinyakov, ‘10, ‘12]

50 -

\\ Mgy = A’]Ch, Fermi
N .
49 N < overcome Fermi
~~ /g L
> Y pressure
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= h
S ‘ Mgy = M,
= /%&/. BH — S8
~— C .
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Dark Matter Black Holes in White Dwarfs

log (Mpn/GeV)

50 -

45 A

40 -

35 A

30 -

25 A

20 A

Formation of BHs from DM cores  [Kouvaris & Tinyakov, ‘10, ‘12]

Mgu = Mch, Fermi

overcome Fermi
pressure

Mgy = Mg,

.~ classical collapse

Mgu = Mch, Bose
_I— “drip” BHs via BEC

(ask me later)




BH-induced Supernovae
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BH-induced Supernovae

Hawkine Rad Dynamical Heating
awking Radiation (gravitational acceleration)

(> @&

A/[HTdiff > Eboom GMgym¢/! v > MeV
T~ diffusion time
Mgy [Gev] 103 103

< } : >
| |
| |

Hawking SN | ' Dynamical SN
| |



BH-induced Supernovae

Evolution of BHs in White Dwarfs [Kouvaris & Tinyakov, 10]
Mpy [Gev] 1034 1043
< } : >
1 |
I |
Hawking SN | ' Dynamical SN
| |



BH-induced Supernovae

Evolution of BHs in White Dwarfs [Kouvaris & Tinyakov, “10]
Evaporation Accretion
, —4 1 2 y wd r\2
Hawking Bondi accretion Accretion of
radiation of stellar medium infalling DM
Mg [Gev] 1034 10%
< >

Hawking SN Dynamical SN



BH-induced Supernovae

Evolution of BHs in White Dwarfs [Kouvaris & Tinyakov, “10]
Evaporation Accretion
—4 1 2 y wd r\2
Hawking Bondi accretion Accretion of
radiation of stellar medium infalling DM

— Mcrit ~ 1036 GeV

Mpy [GeV] 1034 100 10%°
< ] I ] >
| |
| < , |
HawkingSN | gH evaporates BH grows ' Dynamical SN
| |



BH-induced Supernovae

Evolution of BHs in White Dwarfs [Kouvaris & Tinyakov, “10]
Evaporation Accretion
y —4 1 2 y wd r\2
Hawking Bondi accretion Accretion of
radiation of stellar medium infalling DM

— Mcrit ~ 1036 GeV

Mpy [GeV] 1034 100 10%°
< ] I ] >
| |
| < , |
HawkingSN | gH evaporates BH grows ' Dynamical SN
| |

All BHs that form in a WD will lead to SN.



BH-induced Supernovae

2
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Annihilations and Core Collapse
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Annihilations and Core Collapse

tsqg ! ignore annihilations during collection
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Annihilations and Core Collapse

tsqg ! ignore annihilations during collection

lsat

: 2
Q! mi —2 1y vwmin{r "1}y

annihilation rate  effective fusion
per volume volume

Q spikes as radius decreases
rs . .
tcollapse > N v I collapsing core depletingO(1)
sg- I |

Sets a critical radius at which Q is maximized

Explosion Condition:Q(I'xx) > Bsoom

Scales inversely with
annihilation x-sec!



Annihilations and Core Collapse

Demand Twd > 1 G‘\l forlocal WDs (with0y e = 10736 CInQ)

1 0-40

Core does
not collapse
within Tyw4.
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Annihilations and Core Collapse

Demand Twd > 1 G\l forlocal WDs (with0y e = 10736 CII12)

1 0-40
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Annihilations and Core Collapse

Demand Twd > 1 G\l forlocal WDs (with0y e = 10736 CInQ)

1 0-40

............... | o2
| A — OxxV ™ 2
| L

Core does L
10-55} ot collanse Core annihilations
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Q-ball Dark Matter

Q-Ball - Scalar condensate stabilized by a conserved charge
- Allowedif V (¢) is flatter than <b2 [Coleman, ‘85]
Stability
oy Q,M . o <m
determined by the lightest particle
dynamics of the scalar carrying Q-charge
In the limit of large Q: [Kusenko et al, ‘98]
R ~ 1 Q1/4 M ~ mSQ3/4 (Mg - scalar mass)

Mg

stable for sufficiently large Q



Q-ball Dark Matter

Baryonic Q-ball  Supersymmetrictheories generically admit B-balls
(B-ball) in the form of squark condensates.

Stability

4
@M Q> 10% (1007w

B-ball— Nucleon Interaction [Kusenko et al, ‘98]

/

@0

T Q-ball can absorb baryonnumber, but only
\\\A‘ a smallfraction of the nucleon’s energy:

n/ dM ~ 5 dQ < m,dQ

Excess energy must be emitted as pions.

: dE
Linear Energy Transfer ar nionR%mc



Q-ball Dark Matter
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Q-ball Dark Matter

Local WD lifetime Galactic Center WD
/
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Q-ball Dark Matter

Local WD lifetime SN Rate
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Q-ball Dark Matter

Local WD lifetime SN Rate

1060 B

1050 L

1040 B

1030 B

Galactic Center WD

102 102 104
mg (GeV)
Terrestrial Searches [Kusenko et al, 98]
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White Dwarfs as Dark Matter Detectors

Dark matter interactions can locally heat white dwarfs,
initiate runaway fusion, and cause (type la) supernovae.

High energy SM particles effectively
heat a white dwarfandinduce SN.

Constrain DM-SM scattering, DM
decay, annihilations

Constraints are severe for DM that

is captured by the star

Core collapse-> BH, Annihilating Core
provides new constraints

Alternative type 1a SN progenitor?



White Dwarfs as Dark Matter Detectors

Extra Slides



Particle Heating of White Dwarfs

EXplOSion L > )\T T > 1 MGV
Condition ™ ™
Degenerate Teool ™ a’m? i L2
COO T

Electron Diffusion

1/2
(mcT) / () - energy released
NionTcc @ per reaction

Carbon-Carbon Theat ™~
Fusion

Nion ~ 10°% em™ [1.38 M|

—06 .
T ~ 1 MeV = A~ 107" cm



Landau-Pomeranchuk-Midgal Effect

For large target densities and high incident energy, bremsstrahlung
radiation is suppressed due to multiple-scatteringinteractions.

Semi-classical calculations (Klein 1999) including multiple-scattering
find a scale

Erpm ~ =

and a suppression factor
dE _ (@) . ( Erem 12
dx dx /single E

For sufficiently large incident energies, LPM will cause radiative EM
showers to give way to hadronicshowers asthe dominantstopping
mechanism for electrons and photons.



Particle Stopping in White Dwarfs

Incident electrons and photons (low energy) nijon ~ 1032 cm™3
1 1.38 My
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Energy [MeV] 100 Time
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Electron-lon Coulomb Scatters /
E ~ 10 MeV = £ ~ 0
2M . P
E <10 MeV phonon production

E > 10 MeV freeion scattering



Particle Stopping in White Dwarfs

Incident electrons and photons (low energy) nijon ~ 1032 cm™3
1 1.38 My

T .
Energy [MeV] 1(|)0 / Time
<€
Electron-lon Phonon Production F < 10 MeV /
M:y _7

1/2 1/2
1 _E —6 E
Lph ~ (logA Qp) Aph ~ 1077 em (v )



Particle Stopping in White Dwarfs

Incident electrons and photons (low energy) nijon ~ 1032 cm™3
1 1.38 My

Energy [MeV] 1(|)0 / Time

Electron-lon Free Coulomb E 2 10 MeV /

—7 E  \?
Afree ™ nwna2 22 10 (‘10_Mev) 2R

<€

O\ 1/2 3/2
1 M. —6 E /
Liree ~ (‘1og A‘T) Aree ~ 1077 em (7iey )

Low energy electrons and photons stop below the trigger size.



Particle Stopping in White Dwarfs

Stopping Lengths, A (1 0-° cm)
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Particle Stopping in White Dwarfs

Incident Electrons and Photons
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Constraints on DM-induced SN

Explosion Condition: SM Energy > [Graham et al, “15]

Deposit ~v gbOOHl

Heaviest stars give the best constraint:
RX J0648.04418 (and 16 others) M =~ 1.25M [Kleinman et al, “13]

From DM Interactions Observed

WD Lifetime Twd Twd > 1 Gyr

[DeGennaro et al, ‘07]

SN Rate chlle\?ay ~ [dM f(M) T\;(} ['sn < 0.3(100 yr)_1

Integrate over all WDs that can be ignited, [Van Den Berg, “91]
and which produce visible SN.

-~

M > 0.85 M required to yield a visible amount of *®Ni [Sim et al, ‘10]




Decay-induced SN Constraints

Cosmic wa [O(1) decay products] / Local WD lifetime

10+
<
1o . . .
102} . (galactic center WD lifetime)
£
101°-\\\\\ s
s o
S 108}
“R

ol /

104_

2
1025 p 7 -

10I16 1{;18 10'20 1622 10'24
my (GeV)

SN Rate  CMB (ISW) [Poulin et al, 16] CMB (ionization)[Slatyer& Wu, 016]




Scattering-induced SN Constraints

Scattering Explosion Condition
- (%)interior /\t Z gboom
\ (%)env CILV 5 mXUgsc
WD Lifetime T‘;dl ~ 'transit
Elastic Scattering
(%)interior ~ Mion0 xc ° mcvgsc Ixc > z%i—ch)‘?T
(4) gy ~ Memre Mty < Fommen:

[C — He] Repv 10—2 Nepv A, 10—3

Rwd Nion



Scatterl

ng-induced SN Constraints

102

GC WDs

e 3
WD p,~04 GeV/cm
WD p,~10° GeV/icm?® 1

it

/

10

SN Rate

30 10'35 10'40 1645 \ 10'50
/ m, (GeV)
Local WD lifetime



Annihilation-induced SN Constraints

/Cluster Collisions

1 /
cos™®
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Elastic Capture of Dark Matter

Time

X Ca pture Nse ~ NionOyeFwd

Neap (vy) ~

; 42
My VU

me 'Ué?'sc

f ]\ch
I'cap ~ I'transit Min |: . 1}

J\rcap ('Uhalo ) 2

Stage 1 -orbitaldecay to stellar surface

3/2
t1 ~ Rwd< my ) /

Uesc mCNSC

Stage 2 -orbitaldecay fromsurfaceto 7th
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Elastic Capture of Dark Matter

Collection ;
]\/[39 ~ PwdT iy

Mg

Time teollect ™ My L

cap

Gravitational Collapse

t -~ mx 1
cool TyePwd Max|Vion,Vy]

N 1/2
vy ~ (GMSE) /

7-‘

Annihilation, Black
Hole, or Stable Core



Elastic Capture of Dark Matter

Capture and Collection Timescales

m 3/2 10—36 —2 3/2
i~ 100 yr (i) (L mem)

—36 -2
t2 ~ 100 yr (o sev ) (10 - )

O'XC

7 m 1/2 (1036 cm 2
tsg ~J ]_O yr (1010 ée\/) ( O'Xim )

~ Vion 1
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Annihilations of Captured DM

Demand Twd > 1 G\l forlocal WDs (with 0y = 103 ijz)
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10740}

Infalling DM: [Npfan o > 1
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BH-induced Supernovae Constraints

Demand Twd > 1 Gyr forlocal WDs (Boson DM)

Dynamical SN
Hawking SN (BEC)

BH does not form within Twd

Hawking SN
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