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DM paradigm

Dark Matter

Dark Energy

95% of constituting stuff is acting only gravitationally
(to our best present knowledge)



DM paradigm

® Let's follow the (C)DM path
® SM extension in a very broad mass range:

® Axions and ALPs (10°-10° eV)

® Sterile neutrinos (~keV)

® Neutralinos, e.g. SUSY WIMPS (~GeV-TeV)
® WIMPzillas (>~10"2 GeV)

®

® More and more and more

OR
Primordial Black Holes



PBHs

® Perfect candidate:
® Stable (if massive enough)

® Cold
® Very weakly interacting (i.e. Dark)
2GM o, M
Foy=———=3x10"" (—2—) cm
C 107 g

e.g. Carr'06, Khlopov'10



Constraints from stellar evolution

® PBHs could be captured by a protostar

® Due to the dynamic friction, they could fall
down to the central regions of the star

® After some compact object (WD or NS) would
form, PBH would rapidly devour it

® Thus, observation of these objects could put
some constraints on PBHs abundance.

F.Capela, MP & P.Tinyakov, 2013a (1209.6021,PRD 87 id. 023507)



Constraints from stellar evolution

® Star formation: GMC is fragmenting into denser clumps

oM, =5x10° M_, M.. =1 Msol
®R, .= 20pc -~ R,.=0.02pc
® 0., =500cm? Pp. = 10° cm™®

® Some fraction of DM would be gravitationally bound to a forming
star. In case of the Maxwellian distribution this fraction could be

estimated as:
] 3\ —302)
dn = nipuy (Eﬂif) L:{I}{ 573 } d” v,

A 3]yl _ Aw (6Gp Ry
PDM bound — FDM 3 — FDM 3 —7

L -

F.Capela, MP & P.Tinyakov 2013a



Constraints from stellar evolution:AC

® Adiabatic contraction: DM is falling inside deepening potential
well of the forming star

° = ﬁ pdg=const
® Circular orbits, L conserved. ==> rM(r)=const

® This process would operate even when the collapse time scale is
comparable to the free fall time

®However, there is no effective way for DM to lose its initial
angular momentum, thus the final enhancement would be ~r3
for initially uniform cloud
1 R 3/2
0

pDM(r):EpDM,bound(T)



Constraints from stellar evolution

® \We need to look for regions with large abundance of slowly moving
(small velocity dispersion) DM

® Old globular clusters of the galactic halo (?)
® Simulations show that they were formed at z=10-12 in rare density
peaks and the initial DM density could reach 10 000 GeV/cm?

M, /Mg |prsc, GeV cm 7 | Mbound. g
1 2 % 101 4.4 = 10"
2 5.2 % 107 2.5 % 10"
3 0.2 % 10° 7.2 % 10
4 1.4 % 10° 1.5 = 10%?
5 1.9 % 10° 2.6 % 10*!
6 2.4 % 10° 4.2 % 10*!
7 3 % 10° 6.2 % 10~
] 3.6 x 10° 1.7 = 107!
10 5 % 10° 1.6 % 10%°
12 6.4 x 10° 2.4 % 10
15 8.7 % 10° 4.3 x 10**

TAEBLE II: Density of DM bound to the prestellar core,
ppac, and the total mass Myound of DM contained in a star
right after its formation in a GC with the central DM density
POM ™ 10" GeV em ™ and velocity dispersion v = 7 km s~
for different star masses.



Constraints from stellar evolution:constraints

e If N, <1, no constraints arise

e If N, >1, then we could constrain PBH < ,
fraction |

L=

Q 001 b———
PBH 1 le+15 le+16 le+17 le+18 le+19
< BH mass, g

FIG. 2: The dependence of the size r. of the collection region
(the region from which the PBEHs captured by the star at its
formation have enough time to sink to within the radius of
the future compact remnant, WD or NS) on the PEH mass,

NBH — DM (rc )/mBH corresponding to the case of WD for M, = M.

® More massive PBHs would sink faster but their number is much
lower (we have fixed density of PBHS)



Constraints from stellar evolution: dynamic friction

® \When a massive body is moving through a medium some drag force
would emerge. Some density enhancement would be formed behind a
moving body due to the effect of gravitational focussing. Thus this body
would experience action of an additional attractive force, i.e.
dynamical friction

f

MpBH

= —v(v)wv

F(X)

~(v) = ;l:-'r(?jl.-';l[:r].riri'u]{lllI:;"'L:] 3
"

2

F(X)=erf(X)—2X exp(—X7) /T,

F i ."I_
X =v/(V2r).

® Friction is more effective for massive bodies
® \We are interested in the fraction of PBHs that would have spiralled
down to the radius of future NS/WD in the star lifetime



Constraints from stellar evolution: constraints

Qpay/Qpy
-
(D
g
2
c
o
(N2

0.01 ¢

// excluded by NS -

{-}.{]D] ' Ll L1l Ll T - T Ll Lo
le+16 le+17 le+l8 le+19 le+20 le+21 le+22 le+23
BH mass, g




Constraints from stellar evolution: revisited

® Previous estimates were based onto clear distinction:
DM inside/outside a star always remains inside/outside

® Clearly insufficient—most of the orbits are radial

® Enhancement factor is ~2x10°

LY AT T T T T “'"3
: — nirimr? -

== E w|r] oo =
- [[ T T radial distribut
o W i periastran distribut =
L= i
ke ]
s 5
o
= | i
o a ¥

B ¥

= £ .
h= L Er T 1- 1 =
Bl -
-t S

17 = l [t‘ 4

L~ L i |.1'|.. “ bl L | 1enl . |

R./R 1w 1 (T 1
r',-";'l'n’

FIG. 1: Lower curve: The fraction of particles n(r) that are
found within radius r at the end of the adiabatic contraction.
R is the initial radius of the prestellar core. Upper curve:
The fraction of particles v(r) whose orbits have the periastron
smaller than r. Lines show the power laws n(r) o r'* and
vi(r) o r. The errorbars represent statistical errors.



Constraints from stellar evolution: revisited

® Much more DM could be captured (depends on DM-

nucleon interaction strength)
® Again, taking PBH:

t{:an = ET\/E{] ~ 2 % 1“5 YIS (

3

DM density in GeV cm

104

102

[ constraints
e from Ref. [13]

1 JI.I.J Ll 1 L
-]nlﬁ

10%2 o

:TTH":}“@ v?
T = ._
) AGmpuvGM In A

ma |

Mgy

FC,MP&PT, PRD2014
(1403.7098)

revised constraints

"l I..]jrl-%!i bad 1l Lol (!
BH mass, g

FIG. 2: Constraints on the abundance of PEHs assuming the
DM wvelocity dispersion of 7 km/s. The constraints derived in
Ref. [13] are in green, while the revised ones are in blue.



PBH capture by NSs

® |dea is quite similar — if a NS could capture a PBH, then the latter one
would rapidly sink down to the centre of a NS and after that quickly
destroy it.

® NSs in GCs are about 10 billion years old and we adopt high DM
density ~10° GeV/cm?

® Again we would employ the dynamic friction—if a PBH could lose
enough energy to become bound (E_<0), all the subsequent fly-

throughs would quickly (~several million years) would bring a PBH to
the center

® Direct accretion is not as effective as a drag force (~ 25%
contribution)

F. Capela, MP &P. Tinyakov 2013b (1301.4184,PRD 87 id. 123524)



Star Formation

QpgH/pMm
ek
(o
1

Hawking+y-rays Superradiance i

10-6 WMAP3]
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1055 1020 1025 1030 10°° 10
BH mass, g
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40



MarHutHoe none B NanakTtuke u 3a ee npegenamu. UHECR

“MarHiutHoe norse B anakTuke u 3a ee npeaenamvm.
PacnpocTtpaHeHne KOCMUYeCKUX Jfiy4yen CBepXBbICOKUX
3Heprun.”

= PagnoHabnogeHus (cuHxpoTpoH, RM) asnatoTcs
OCHOBHbIM cpeacTBoM uccriegosaHua Mr1

= Ha cambix bonbwmnx macwtabax (>Mnk) octaeTrcs, B
OCHOBHOM, RM

= [1pn pacnpocTtpaHeHun M BOmHbI Yepe3 HaMarHM4YeHHyo
nrasmMy ee NioCKOCTb Nonapusaymn BpallaeTcs

B AY=RMN\
;&B

e

par

D
RM =081 n,B,, d
0



MarHutHble nons. AcxoaHblie gaHHbIe.

NcxogHble paHHble — kaTtanor NVSS ( NRAO VLA Sky Survey)

2 6rnn3kmnx nonocel no 42 Mlry, (1365 n 1435 Mru)

0>-40°

Bcero 1.8 M nctoyHukos

= [1na HebonbLWOW 0NN NCTOYHUKOB yaanocb nonyyunts RM
= NVSS RM: Bcero 37 543 ncroyHuka, owmndka +11 pag m=

* [lpumepHO 15-KpaTHOE yBENUYEHME YNCna UCTOYHUKOB, bonee
paBHOMEpPHOE NOKPbITUE



MarHutHble nonsa. NVSS.




PacnpoctpaHeHue KJICB3 B NanakTtuke

= PacnpoctpaHeHne KINCBO B 'anaktuke

= OTknoHsAwTCcAa MI

* PerynsipHyto KOMMOHEHTY TEOPETUYECKN MOXHO YYECTb

= CnyyarHasa KOMMNOHEHTa No amMnnuTyae npeBocxoanT
PerynapHyo, YACTO OECTPYKTUBHLIN 3dodpekT

= Ecnin KJNICBO cunbHo otknoHatotca B CI'MI, To nepcrnekTuBbl
yXyaLarTca

= OTKINMOHEHUSA MOXHO OoUeHUTb U3 AaHHbIX RM!

. 6~[B.dl, RM~[B n_dl
= Pa3bpoc B gaHHbIXx RM gacTt oueHky Ha oTknoHeHus B CI'MI



Kapta otknoHeHun KJICB93

S
N
Ly
180 -130
[ .
-

F.0 I .0

MP, Tinyakov, Urban, MNRAS2013



Jsonrouusa RM(z)?

= Oonouma RM ¢ z

* 13 RM NVSS 4002 ncrtoyHuka ¢ n3aBeCTHbIM Z

= MoXHO y>Xe nonpoboBaTtb M3y4nTb — NOKa NPOTUBOPEUNBLIE
pe3ynbTaThl

» MIsyyanachk aBontouns ouyeHKU cobcTBeHHbIXx RM — Rm. :
RMm=RM-RMga

= MoTuBauusa — 3aBMCMMOCTb cobcTBeHHbIX RM oT cBOWCTB
NCTOYHUMKA, NpeXae BCEro CBETUMOCTH

= [Mopor L(1.4 Try) =102 Bt 'u™



Jsonrouusa RM(z)?

(0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

MP, Tinyakov, Urban, MNRAS2015



BHeranakrnyecue nons

. Ol'paHI/IL-IeHI/IFI Ha KOCMOJ10IT’m4ecCKne nosd

= RM “cnabbix” UICTOYHUKOB HE 3BOSTIOLMOHMPYET BNSIOTb A0
Z~5

= Ecnu Obl ObINIM KOCMONOrnyeckmne rnons 3amMmeTHoOu CUsbl,
TO cnegoBano Obl oXXnaaTb KaKoro-To pocTta C
yBENUYEHNEM PaCCTOAHUS
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BHeranakrn4yeckue nons

30

15:
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I 03

Coherence length [A;]
= [lonsa ¢ anuHon korepeHTHoCcT B 1 MK He MOryT ObITb CUSTbHEE
1.2 Hl c (20), ecnun ke gnuHa cpaBHMMa C TOPU3OHTOM, TO MNOJSIA

orpaHunymearoTcs ceepxy sennynHon 0.5HI ¢
MP, Tinyakov, Urban, PRL, 2016
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Monthly Notices LETTERS

Mon. Not. B. Astron. Soc. 421, L14-L18 (2012) doi: 10.1111/4.1745-3933.2011.01197.x

Gamma-ray burst observations by Fermi Large Area Telescope revisited:
new candidates found

G. L. Rubtsov,'* M. S. Pshirkov>** and P. G. Tinyakov!-2*

! nstitute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia
2Universite Libre de Bruxelles, Service de Physigue Theorigue, CP225, 1050 Brussels, Belgium
3 Pushchino Radio Astronomy Observatory, 142290 Pushching, Russia

Accepted 2011 November 23, Received 2011 November 23; in original form 2011 May 2

ABSTRACT

We search the Fermi Large Area Telescope (LAT) photon data base for an extended gamma-ray
emission which could be associated with any of the 581 previously detected gamma-ray bursts
(GRBs) visible to the Fermi-LAT. For this purpose, we compare the number of photons with
energies £ = 100MeV and E > 1 GeV which arrived in the first 1500 s after the burst from
the same region, to the expected background. We require that the expected number of false
detections does not exceed (.05 for the entire search and find the high-energy emission in 19
bursts, four of which (GRB 081009, GRB 090720B, GRB 100911 and GRB 100728A) were
previously unreported. The first three are detected at energies above 100 MeV, while the last
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IS5SN 1063-77al, Jourral of Experimental and Theoretical Physics, 20013, Vol 116, No. 1, pp. 59-70 © Pleiades Publishing, Tnc., 2003

NUCLEIL, PARTICLES, FIELDS,

GRAVITATION, AND ASTROPHYSICS

Variable Gamma-Ray Sky at 1 GeV!

M. S. Pshirkov**<* and G. I. Rubtsov®¥

4Sternberg Astronomical Institute, Moscow State University, Moscow, 119991 Russia
bInstitute for Nuclear Research, Russian Academy of Sciences, Moscow, 117312 Russia

¢ Pushchino Radio Astronomy Observatory of Lebedev Physical Institute, Russian Academy of Sciences,
Pushchino, Moscow Region, 142290 Russia

I Novosibirsk State University, Novosibirsk, 630090 Russia
E-mail: pshirkov@prao.ru
Received July 5, 2012

Abstract—MWe search for the long-term variability of the gamma-ray sky in the energy range E > 1 GeV with
168 weeks of the gamma-ray telescope Fermi-LAT data. We perform a full sky blind search for regions with
variable flux looking for deviations from uniformity. We bin the sky into 12288 pixels using the HEALPix
package and use the Kolmogorov—Smirnov test to compare weekly photon counts in each pixel with the con-
stant flux hypothesis. The weekly exposure of Fermi-LAT for each pixel is calculated with the Fermi-LAT
tools. We consider flux variations in a pixel significant if the statistical probability of uniformity is less than
4 % 107, which corresponds to 0.05 false detections in the whole set. We identified 117 variable sources, 27 of
which have not been reported variable before. The sources with previously unidentified variability contain
25 active galactic nuclei (AGN) belonging to the blazar class (11 BL Lacs and 14 FSRQs), one AGN of an
uncertain type, and one pulsar PSR J0633+1746 (Geminga).
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Evidence of Fermi bubbles around M31

M. S. Pshirkov,!"23* V. V. Vasiliev* and K. A. Postnov!"

lS!'f'mbe"g Astronomical Institute, Lomonosov Moscow State University, Universitetsky prospekt 13, 119992 Moscow, Russia
2 Institute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia

3 Pushchino Radio Astronom v Observatory, 142290 Pushching, Russia

4IMPRS Max Planck Institure Sfor Astronomy, D-69117 Heidelberg, Germany

SFac:rIry af Physics, Lomonosov Moscow State University, 117234 Moscow, Russia

Accepted 2016 March 13, Received 2016 March 13; in original form 2015 December 25

ABSTRACT

Gamma-ray haloes can exist around galaxies due to the interaction of escaping galactic cosmic
rays with the surrounding gas. We have searched for such a halo around the nearby giant spiral
Andromeda galaxy M31 using almost 7 yr of Fermi LAT data at energies above 300 MeV.
The presence of a diffuse gamma-ray halo with total photon flux 2.6 £ 0.6 x 107% cm™2 57!,
corresponding to a luminosity (0.3-100 GeV) of (3.2 £ 0.6) x 10°® erg s~! (for a distance
of 780 kpc) was found at a 53¢ confidence level. The halo form does not correspond to
the extended baryonic H 1 disc of M31, as would be expected in hadronic production of
gamma photons from cosmic ray interaction, nor it is spherically symmetric, as could be in the
case of dark matter annihilation. The best-fitting halo template corresponds to two 6-7.5 kpc
bubbles symmetrically located perpendicular to the M31 galactic disc, similar to the ‘Fermi
bubbles’ found around the Milky Way centre, which suggests the past activity of the central
supermassive black hole or a star formation burst in M31.

Key words: cosmic rays—ISM: magnetic fields— galaxies: individual: M31 - gamma rays:
galaxies.
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[[amma-acTpoHoMuA: ny3bipu @epmu BoKpyr M31

Pass 8, 3FGL ——
Pass 7 Reprocessed, 2FGL

0 1 2 3 4 5
R. deg

Best result for halo R, _=0.9 deg (12-15 kpc)

Statistical significance of halo detection is ~4.7c
Halo spectrum with spectral index p=2.3%0.1
F, (0.3-100 GeV)=(3.2+/-1.0)x10®° ph cm*2 s

L (0.3-100 GeV)=(4+/-1.5)x10%2 erg s



M31: Fermi-bubble like templates

® Two spherical 0.9 deg lobes symmetrically placed around M31 centre
® Complementary region (shaded) for control



3

M31 Fermi-bubbles: results

FB compl

15+
10 |
5 e
0 | | ! | ! ;
0.1 0.2 0.3 0.4 0.5 0.6 0.7
FB radius, degrees
10—9
model TS F300, 107 T
(cm™ =< s~ )
[IRAS only — 29+04 2.44+0.1
FB 1 14.6 1.4+0.5 2.5+0.3
FB 2 11.1 0.72 = 0.35 2.0+0.2
FB 1+2 28.2 2.61+0.6 2.3+0.1
FBeompl 2.0 1.1+0.9 25404
0.9° cirele  22.0 3.24+1.0 2.3+0.1

® TS=28.2

® F(0.3-100 GeV)=
(2.6+/-0.6)x10-°

® p=2.3+/-0.1

® | =(3.2+/- 0.6)x 10% erg/s
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The Fermi-LAT view of the colliding wind binaries

M. S. Pshirkovy!2:3*

Sternberg Astronomical Institute, Lomonosov Moscow State University, Universitetsky prospekt 13, 119992 Moscow, Russia
2Pushchine Radio Astronomy Observatory, 142290 Pushchino, Russia
3Institute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia

Accepted 2015 December 16. Received 2015 December 10; in original form 2015 October 26
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® //ICTOYHUMKN OYeHb BNN3KO K ran. NNnocKoCTn —
MOryT ObITb NPOCTO apTedakTamMmm dOHa

® Kapta 7S 2°X2°C UeHTPOM Ha UCTOYHMKAX

WR 147 (v ppyrue) WR 11



WR 11 (y Vel)

® bnwxauwasa cuctema Ha pacctosaHnn d=340 nk

® TecHasd cuctema: a~1.2 au, P=78.53 cyT, e=0.32

Parameter unit WC8 0O7.5

Mass, M Mg 9.0 29.0
Mass-loss rate, M 1077 Mg yr— 1 80 1.8 (1)
Terminal wind velocity, v°° km s~ 1! 1450 2500 (1)

Luminosity, L 10° L 1.7 2.8

References: If not otherwise specified, all values are taken from
(North et al. 2007); (1) (De Marco & Schmutz 1999).

P,=5.8%x10" sprc

n=0.04
P.,,=2.3%10% sprc”



WR 11 (y Vel)
® 7S, =37.7 (6.10)

® CrekTp nydlle onucbiBaeTcsa bonee CrioXXHbIMU
mopgenamu (TS ,=41.5, TS_, =44.3)

® Bce paBHO HeJOCTATOYHO, €CTh XXECTKUN XBOCT Ha
E>10 3B, Hy>kHO 006aBNsATbL BTOPYHO KOMMOHEHTY



WR 11 (y Vel)
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Reitberger et al, 2015
® Cniektp noxox Ha n Car B anoxy nepuacTpa.

® a . ~15au,Hoe=0.9 nd =1.5au,4To
cpaBHUMO ¢ pacctoaHunsamu B WR11



WR 11 (y Vel)

e F =(1.810.6)x10” cmc”

e F_=(2.7+£0.5)x10" apr/(cm? c)

E

@ L =(3.720.7)x10°" apr/c

Y

® LY =6x10°P,, =2x10" P_,,
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PHYSICAL REVIEW D 94, 063004 (2016)
Constraining the production of cosmic rays by pulsars

Mikhail M. Iv:mnv,u‘j Maxim S. l“‘shirlc-:ﬁ,ff"lj and Grigory L Rubtsov’

Unstitute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia
*Faculty of Physics, Moscow State University, 119991 Moscow, Russia
*ESB/AIPHYS/ALPPC, Ecole Polytechnigue Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
‘Sternberg Astronomical Institute, Lomonosov Moscow State University, 119992 Moscow, Russia

*Pushchine Radio Astronomy Observatory, 142290 Pushchino, Russia
{Received 7 June 2016; published 13 September 2016)

One of the possible sources of hadronic cosmic rays (CRs) are newborn pulsars. If this is indeed the case,
they should feature diffusive gamma-ray halos produced by interactions of CRs with interstellar gas. In this
paper we try to identify extended gamma-ray emission around young pulsars, making use of the 7-year
Fermi-LAT data. For this purpose we select and analyze a set of eight pulsars that are most likely to possess
detectable gamma-ray halos. We find extended emission that might be interpreted as a gamma-ray halo
only in the case of PSR JO007 + 7303. Its luminosity accords with the total energy of injected cosmic rays
~10°" erg, although other interpretations of this source are possible. Irrespectively of the nature of this
source, we put bounds on the luminosity of gamma-ray halos which suggest that pulsars’ contribution to the
overall energy budget of galactic CRs is subdominant in the GeV-TeV range.

DOIL: 10.1103/PhysRevD.94.063004
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PHYSICAL REVIEW D 94, 103002 (2016)

Positron excess in the center of the Milky Way from short-lived
f* emitting isotopes

M. S. Pshirkov'*’
'Sternberg Astronomical Institute, Lomonosov Moscow State University,
Universitetsky prospekt 13, 119992 Moscow, Russia

Institute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia

*Pushchino Radio Astronomy Observatory, 142290 Pushchino, Russia
(Received 26 August 2016; published 9 November 2016)

Observations of the INTEGRAL satellite revealed the presence of yet unexplained excess in the central
region of the Galaxy at energies around 511 keV. These gamma rays are produced in the process of positron
annihilation; the needed rate is around 10*? s~!. In this short paper it is shown that f* -emitting isotopes
that are formed in interactions of subrelativistic cosmic rays with light nuclei (CNONe) can account for a
considerable fraction—up to several tens of percent—of ¢* production rate in the central region.
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International Journal of Modern Physics D “

Prospects for strangelet detection with large-scale
cosmic ray observatories

M. S. Pshirkov
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May axion clusters be sources of fast radio bursts?

M. S. Pshirkov
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Fast radio bursts counterparts in the scenario of supergiant pulses

S. B. Popov'* and M. S. Pshirkov!??

1 Sternberg Astronomical Institute, Lomonosov Moscow State University, Universitetsky prospekt 13, 119992 Moscow, Russia
2 Pushchino Radio Astronomy Observatory, 142290 Pushchine, Russia
3 Institute for Nuclear Research of the Russian Academy of Sciences, 117312 Moscow, Russia

Accepted 2016 June 10. Received 2016 May 27; in original form 2016 May 6

ABSTRACT

We discuss identification of possible counterparts and persistent sources related to fast radio
bursts (FRBs) in the framework of the model of supergiant pulses from young neutron stars
with large spin-down luminosities. In particular, we demonstrate that at least some of the
sources of FRBs can be observed as ultraluminous X-ray sources (ULXs). At the moment
no ULXs are known to be coincident with localization areas of FRBs. We searched for a
correlation of FRB positions with galaxies in the 2MASS Redshift survey catalogue. Our
analysis produced statistically insignificant overabundance (p-value = 4 per cent) of galaxies
in error boxes of FRBs. In the very near future with even modestly increased statistics of FRBs
and with the help of dedicated X-ray observations and all-sky X-ray surveys it will be possible
to decisively prove or falsify the supergiant pulses model.

Key words: pulsars: general — X-rays: binaries.
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PBH capture by NSs
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® During every subsequent passage, the PBH would lose the same
amount of energy and gradually its orbit would shrink
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® Evolution time scale is comparable with the Universe age for PBHs
with masses 3x10"" g



PBH capture by NSs
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@ Only PBHs with asymptotic energy less than E,___could be captured

loss

® Rate would be determined by the distribution parameters

® Maxwellian:




PBH capture by NSs

® Coulomb logarithm value is crucial for the DF effect to play any role
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® Usual star: In A ~30

® \When we are dealing with NS (degenerate matter) it's not so simple
now—b__ <<R__ . Impact parameter should be small enough in order

to transfer more than Fermi momentum to the particles constituting NS
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PBH capture by NSs

® \We used Belvedere et al' 12 model but results proved to be rather
robust and model-independent

NS density profile
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® Taking into account drag due to the direct accretion we finally got that
in the degenerate case the effect is weaker in k=4.5 times.
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