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ABSTRACT

We discuss energy transfer in stars by a dilute gas of elementary particles ( cosmions” OF weakly inter-
acting massive particles - WIMPs ”]), an effect that has been proposed to solve the solar neutrino problem.
We focus on the limit of large mean free paths (Knudsen limit) where the particles orbit many times in the
stellar interior between their interactions with nuclei. By means of a Monte Carlo integration of the Boltz-
mann collision equation, weé compute the energy transfer for simple model stars, and we compare these exact
results with an analytic approximation previously proposed by Press and Spergel. We investigate in detail the
sources of the discrepancy between the two methods and find that it is due largely to the deviation from
isotropy of the WIMP distribution function. The Press-Spergel approximation overestimates the energy trans-
fer typically by 2 factor of a few. This factor is 2 sensitive function of radius, so that it is impossible to
correct for it globally.

Subject headings: elementary particles — radiative transfer — stars: interiors
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GW190814: Gravitational Waves from the Coalescence of a 23 M Black Hole
with a 2.6 M Compact Object

LIGO ScIENTIFIC COLLABORATION AND VIRGO COLLABORATION

(Dated: June 22, 2020)

ABSTRACT

We report the observation of a compact binary coalescence involving a 22.2 —24.3 M, black hole and
a compact object with a mass of 2.50 —2.67 M, (all measurements quoted at the 90% credible level).
The gravitational-wave signal, GW190814, was observed during LIGO’s and Virgo’s third observing
run on August 14, 2019 at 21:10:39 UTC and has a signal-to-noise ratio of 25 in the three-detector
network. The source was localized to 18.5 deg? at a distance of 241715

_4é Mpc; no electromagnetic
counterpart has been confirmed to date. The source has the most unequal mass ratio yet measured
with gravitational waves, 0.112f8"883, and its secondary component is either the lightest black hole
or the heaviest neutron star ever discovered in a double compact-object system. The dimensionless
spin of the primary black hole is tightly constrained to < 0.07. Tests of general relativity reveal no
measurable deviations from the theory, and its prediction of higher-multipole emission is confirmed at
high confidence. We estimate a merger rate density of 1-23 Gpc=2yr~! for the new class of binary
coalescence sources that GW190814 represents. Astrophysical models predict that binaries with mass
ratios similar to this event can form through several channels, but are unlikely to have formed in
globular clusters. However, the combination of mass ratio, component masses, and the inferred merger
rate for this event challenges all current models for the formation and mass distribution of compact-

object binaries.
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GW190425: Observation of a Compact Binary Coalescence with Total Mass ~ 3.4M

Abstract

On 2019 April 25, the LIGO Livingston detector observed a compact binary coalescence with signal-to-noise ratio
12.9. The Virgo detector was also taking data that did not contribute to detection due to a low signal-to-noise ratio,
but were used for subsequent parameter estimation. The 90% credible intervals for the component masses range
from 1.12 to 2.52 M, (1.46-1.87 M, if we restrict the dimensionless component spin magnitudes to be smaller than
0.05). These mass parameters are consistent with the individual binary components being neutron stars. However,
both the source-frame chirp mass 1.4470:05 M, and the total mass 3.479;M,, of this system are significantly larger
than those of any other known binary neutron star (BNS) system. The possibility that one or both binary

components of the system are black holes cannot be ruled out from gravitational-wave data. We discuss possible
origins of the system based on its inconsistency with the known Galactic BNS population. Under the assumption
that the signal was produced by a BNS coalescence, the local rate of neutron star mergers is updated to
2502810 Gpc3yr—'.
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Observation of Gravitational Waves from Two Neutron Star-Black Hole Coalescences

Abstract

We report the observation of gravitational waves from two compact binary coalescences in LIGO’s and Virgo’s
third observing run with properties consistent with neutron star-black hole (NSBH) binaries. The two events are
named GW200105_162426 and GW200115 042309, abbreviated as GW200105 and GW200115; the first was
observed by LIGO Livingston and Virgo and the second by all three LIGO-Virgo detectors. The source of
GW200105 has component masses 8.971% and 1.9705 M., whereas the source of GW200115 has component

masses 5.775% and 1.5“:8'37 M, (all measurements quoted at the 90% credible level). The probability that the
secondary’s mass i1s below the maximal mass of a neutron star is 89%—-96% and 87%—-98%, respectively, for
GW200105 and GW200115, with the ranges arising from different astrophysical assumptions. The source
luminosity distances are 2807119 and 3007130 Mpc, respectively. The magnitude of the primary spin of GW200105
is less than 0.23 at the 90% credible level, and its orientation is unconstrained. For GW200115, the primary spin
has a negative spin projection onto the orbital angular momentum at 88% probability. We are unable to constrain
the spin or tidal deformation of the secondary component for either event. We infer an NSBH merger rate density
of 45733 Gpc— yr~' when assuming that GW200105 and GW200115 are representative of the NSBH population

or 1307452 Gpc—3 yr~! under the assumption of a broader distribution of component masses.
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Occam'’s razor solution!

dial black holes

Image: Warner Bros.

Zeldo'vich (1966), Hawking (1970), ... Carr, .. Recent interest due to Bird et al. (2016)

Neutron star converted to a black hole due to PJ

Capela et al. (2013), Takhistov et al. (201%), ...
But rate too low : Montero-Camacho et al. (2019), Genolini et al. (2020)

Core collapse of d matter blob

Kouvaris et al. (2018) : Asymmetric DM with Self Interactions
Shandera et al. (2018) : Dark Atoms

Easgupta Laha, and Ray (2020) This Talk Image:e.
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in a galaxy

I particles have speed

DV <
@f ab@m 200-300 km/s

escape velocity of nemmn
s%az is about 10° km
10° km/s for white d

DM particles are gravitationally
attracted to a star (speed
increases due to energy
conservation) and they can “zip
through” the star
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speed

star, it simply “slingshots” away

DM speed
af*;; a<c<:hs‘°,;\ « Scattering on the stellar m
— Uesc - o °
reduces kinetic energy of DM
| / « If the energy-loss is sufficient,

Scattering with
nucleon

,) i.e., velocity < escape velocity,
then it is captured

Press and Spergel (1985), Gould (1981)
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m@m ding the possibi
captured
several collisions to

after a single collision but rather it requi
get captured

Dasgupta, Gupta and Ray (2019)

ment of the energy-loss distribution for
n, and 1 possible interactions between the

d DM particles, ete.

Dasgupta, Gupta and Ray (2020)
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Dasgupta, Gupta and Ray (2020)
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\alization

after Capture

Once captured, many more
collisions can occur bringing
the DM particle to near-rest

Eventually the DM “sinks” to the
center of the star forming a
thermalized sphere of radius

T'th — \/ ngTNS / 47 GpNsmx

This process is quick, relative to
stellar lifetime and the DM
capture-time itself
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The thermalized sphere of DM at
the center of the star can start
self gravitating if DM density
exceeds that of ordinary stellar
material therein
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Chandrasekhar limi
DM-like particles is different from that of
the same limit for ordinary atoms

The

Can be much smaller for heavy dark matter

if
mass captured > m

&

mass captured > m

a small BH forms
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ass to self gravitate

ass needed to collapse
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It can accrete m

- star efficiently
— 001f — Hawking - -1 + The tiny BH can evaporate through
5 10°3f e Unruh : Hawking evaporation
=, 104f --em- Bondi-Hoyle
= » Unless initial black hole is lighter
— 1076 ° °

i : than about 10 kg, accretion wins

12-8 and the star transmutes into a BH
N . 0 N i R T

Fig. from Giffin et al. (2021)

4
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d to be a particle with m d has

cross section on nucleons

It is nonrelativistic in the galactic halo, and
capiured
followed

gets
in stars owing to gravitational attraction
by one or more scatterings in the star

The DM blob can collapse into a black heole at the
center of the star

This proto-BH can be extremely small, but it eats up
the whole star and we get a Transmuted Black Hole

that's roughly the mass of the original star.

>

Basudeb Dasgupta (TIFR Mumbai), Georg-Fest 9-11 Nov 2022, MPI Munich 21



PandaX-II Excluded from

existence of
PSR J0437-4715

&—
£ 10v

ik
3 10748

o)

XENON1T

Transmuted BH

-50
10 formation

10-51

|||nl|'l'| Illllﬂ'll llurll'll llnl‘ll'l'l Illllml TTTT

10‘”E L my o

10_53 11 llIIIlI L1 lllllll o 1 IIIlllI L.} lllllll 11 IIlllI| 11 IlIlIII 1

10 10> 10° 10* 10° 10° 10’ 1%8
m, [GeV] Dasgupta, Laha, and Ray (2020)

Basudeb Dasgupta (TIFR Mumbai), Georg-Fest 9-11 Nov 2022, MPI Munich



PandaX-II Excluded from

existence of
PSR J0437-4715

10746

&—
£ 10v

ik
3 10748

o)

XENON1T

Transmuted BH

-50
10 formation

10-51

|||nl|'l'| Illllﬂ'll llurll'll llnl‘ll'l'l Illllml TTTT

-

Bosonic DM i
10‘”E L myoe |

10_53 11 llIIIlI L1 lllllll o 1 IIIlllI L.} lllllll 11 IIlllI| 11 IlIlIII 1

10 10> 10° 10* 10° 10° 10’ 1%8
m, [GeV] Dasgupta, Laha, and Ray (2020)

Basudeb Dasgupta (TIFR Mumbai), Georg-Fest 9-11 Nov 2022, MPI Munich



m, [GeV]

& ;
1043¢ ;’ > Excluded from
- 3 U existence of
104[ 0 - PSR J0437-4715
e <
10—45 L g
£ 107 T
O :
3 10-47;_ Transmut?d BH f
D C formation ©
| E
10748 E §
: 2
10-°L w
s iFermionic DM ! 0
10—51- Lol Lol Lol L ol ol
10° 10° 10’ 10° 10° 10"

Dasgupta, Laha, and Ray (2020)
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PandaX-II

Transmuted BH

formation

Excluded from
existence of
PSR J0437-4715

osonic DM
My = 10 MeV
A i
m, [GeV] Dasgupta, Laha, and Ray (2020)
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ns?

Self-interaction

L,
is larger

- no collapse .

Heating up of the star - Can resist collapse easier

Can check using JWST! .

Can test using the existence of
stars!
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transmute

Can merge with a N§, another TB
gzaw%a%mnaﬁ waves
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H or a BH

27



parameter space required for transmutation is disfavoured by
the existence of companion NS

zsa??eamnce of isolated neutron star or

dense region will hint at TR

Continuous monitoring of NS/WD needed
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Merger rate [ Gpc™ yr']

10

N
o
w

N
o
N

NS-NS merger

PBH-PBH merger

d-generation
gravitational
TBH-TEH merger ohservatories can
test it

m, = 10* GeV

Oy = 107% cm?

m, = 10* GeV

— 1047 A2
Omn=10""cm

TBH-TBH merger

2 4 6 8 10
Redshift Dasgupta, Laha, and Ray (2020)
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0 47 D?(2)
Np = dz Rreu(2)
—o (@+2)H(2)
_ 5/6"
< O | PO Dy (2) 1.2M,
0
8 1o (14 2)M,

Mns [M@] my [GeV] oxn [cm®] ALIGO [yr—!] ET [yr—!]
1.0 104 1048 0.2;0; 0.2 672;3; 675
1.0 10* 15— 0.3;0;0.3 2982: 32: 3014
1.3 104 1 ad 0.4;0; 0.4 1451; 84; 1535
1.3 10* (1 0.8;0;0.8 5916; 880; 6796

Dasgupta, Laha, and Ray (2020)
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Merger Rate = Merger-time distribution x Binary Fraction x Star Formation Rate

Tavlor et al. (2012)

The merger rate of binary neutron stars can be computed
This allows us to compute the TBH merger rate also
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Rreu(t) = Z; fq:/

Merger Rate =

Pz
>

dP,,

dtf—t(t—tf))\ dt (tf)X @{t_tf_Ttrans [mx)axnapext,i(t)]}

dp,

t
tf=t*

Merger-time distribution x Binary Fraction x Star Formation Rate x Delay due to Transmutation

Dasgupta, Laha, and Ray (2020)

H merger rate is systematically lower and cut off at larger red-shifts
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Excluded from
existence of
PSR J0437-4715

Transmuted BH
formation

1l

10* 105 10® 107 108
m, [GeV]

(with Sulagna B

Work in progress ..
hattacharyya and Anupam Ray)
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XENON1T
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set the s%mngesz
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10-42 7 M, =2117 M,

10 100 —Th000 Work in progress ..
Rens [ Gpc™ yr ' ] (with Sulagna Bhattacharyya and Anupam Ray)
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— How to find what it is? Several different approaches. None successful yet!

« Stellar and E Bstrophysics
— Can stars collect dark matter? Yes! Neutron Stars, WDs, ..
— How much? We can compute. Depends on dark matter’s interactions.

— What does it do? Can accumulate. Can collapse! Can annihilate ..

enoclogy

— What are the signatures of such dark matter collection? Black holes, Mergers, ..

In this talk: NS-BH transmutation can be used to study DM interactions
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