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GalacticHalo Bohdan Paczynski

PBHS has been a source of interest for v50 yrs
despite that we don't have evidence for them

They contattoghthung radiation
to be important eg PBMsmaller then 1015g world have
evaporated by non

Longer mon PBH 11015g one unaffected by
Honking radiation but they also allnected interest
because of the possibility that they provide the dark
matter 125 of the CRITICAL DENSITY This because
PBHS one most whely to be formed in the RADIATION
DOMINATION ERA being not subject to the BBN
constraint on baryons 15 of CRITICAL DENSITY

They could in principle explain some interesting
phenomena

EVAPORATING PBHS Galacfi and extraGalactic
voy background

antimatter in cosmoi rays
some short period gvoy bursts
annihilation time radiation from
the Galactic centre

Non evaporating PBHs Lensing effects
heatingofthe sheus in the
89,47 st'MKACHOS
Seeds for SMBHs in Galactic noi
large scale structure formation
through Poisson fluctuations
460 Virgo ON events



usually there one other possible explanations for this
features so we can't take them or definitive evidence
for PBHs

Anyway studying these effects can be used

neo top I'InattIntartambre PBIntiention
cosmological model related to them

I.ir IFF T I.F aa
lead to the

PRIMORDIAL INHOMOGNITIES

SIA INVARIANT FLUCTUATIONS

A COLLAPSE in a MATTER DOM ERA

collapse from INFLACTIONARY FLUCTUATIONS

A QUANTUM DIFFUSION

A CRITICAL COLLAPSE

COLLAPSE at the QCD scale

collapse of cosmic hoops through

Fii iiitimes plays a major role giving a connection between the horizon
mass and the PBH mass at formation

Ma È 1015 Fas 9
E RAD DOMINATED UNIVERSE

PBHs could spon an enormous mom range
Planck time 410435 Planck mom 105g
ti 15 M 10

E size of holes in
thegalactic mai



smEÉIIIntristImmIImpImmm
ES In some models PBHs may form over on extended

III ante Ig.tn anFiaTrsIEw.IIi ier monochromatic
man functions width AM M



IIHafY INTSandlavEATS

We will focus on 2 kind of constraints on PBM too large to
have evaporated completely by now EVAPORATION and MICRO LENSING

CONSTRAINTS

Higher man constraints come from dynamical limits
Lange scale structure and accretion considerations_

NOTE that there are also 4 non window where the
PETEmetehamton an appreciable density in terms of

AssumPIsion cluster in galactic volo as other four
of CDM
Monochromatic men function non range AMM

FIM con be related to PIM as in

È
antes ftp.ffet IunaFEnTethme Bathes
For some other the observations are not fully understood
or depend on astrophysical assumptions

The constraints could depend on other
physical parameters not shown in the plot

some of the constraints could be
circumvented if the PBHS have on ext
man function

It's not so trivial doing
it anyway



Evaporationconstraints

PB.tl of initial man M will evaporate by emissionof Hawking
radiation on a timescale

α ms

Ts to for moner M Ma 5.10 g
Wefocus here on the observations from the extragalactic f roy baikground
TheGalactic f ray background could give stranger vomit but it depends sensitively

II TÉÉ Ho so we don't discuss it nere

MI 2M for which we can neglect the mom change
the IST SPECTRUM Innjetphoton is

III E α EEIY.it a EMtrEMLIE'M2expl
EM for EMS

MIE absorption cross section for α GEM
EMLI

photons of energy E M IEMSI

Thisgives I E α f M EIExpi.IM Eff'Ems

The peak goes as EIM with a value

I M α FIMM 2

Observed intensity is I α E_ E with a I CEC 0.4

Imposing 1 C I gives

M S 2.10 8 1
The constrain is plotted for 0.2 in FIGURE 1

Inflythat there
an other constraints tram evaporation



positron data from Voyager 1 for PBH with MC10 g
giving fa 0.001

IL'Yunghihihefepitigreppffaieton from the Galactic centre

IT Igm Im tII moneta
PACZYNSKI 1986

In most cases of GM MICROLENSING of a quasar object due to
a star at cosmological distance the tele of the procen is very
long If we went the timescale to be much shorter we nove to
look closer stars in the hobo of our Galaxy

The price to pay is high optical depth e to gr leming
on Known stars in our galaxy is very small

The optical depth e describes the probability
of observing a leaning event w a magnification

of a factor 1.34

BUI most of the hobo man is believed to be in some unknown
form of dark mather

The idea here is that if dark mather is made of manine
objects then it may give rise to gravitational lensing with
a substantially higher optical depth

Ittendshowed
Vietri Ostriker 1983 and Nityananda Ostriker 1984

III TEintensity Igna affusta.togttaaTEer strongly
working in this regime we consider the event due to just e

single point with man M
we also work in the approximation offlat space and consider the
source of radiation as POINTLIKE



The lens efreton con be
constructed starting from a 5

g
Dsg Esidejffijg.ge Dis

in i
f

feE
I ai

The interesting physics depends on the fact
that the defhiongle α depends on

In particular for the case a point non lens

2 47 4 0

The LENS EQUATION becomes β If
and projeiting it in the Lens phone

EDI BODE EI TI o

v2 tro R 0 1

with
pò 46 DIDI

The angular distance associated to Ro will be

È 46 II called EINSTEIN ANGLE



11 ha 2 solutions corresponding to the position
of the two images

vi 2 ro ME 2

PH MEANING of Ro radius of the annular image forming
when point source and point mass are perfectly aligned

Le gientherydetine the amplification of these two images

A a abs IT abslr.fi

and their combined amplification as

A A Aa uffa with ne E

Iiiette tnTonniieatrmiistiaan inE.tega
STRONG MIIROLENSING

when a point mom passes between the observer and the source
the apparent intensity of the source vonies in proportion to A

The effect would depend on theimpact
parameter of the point mom d i e
the minimal distance to from the EREZ
source projected in the Lens phone

The profile of the
time dependent A nos

il tuo significant characteristic

the symmetry of the profile
and the fact that it's non
modifying the wavelength of
the photons



The intensity varies more for panages al a small Cram
What is the probability of this effect
The optical depth is defined more generally as

Ie
Egadi

3 Ratio of surface
non density of

microlensing material
over the critical

In the case of one Density of microlensing mom deunty
point like Gus of material at a distance
man M it reduces Di from the Σ

4
observer

47Gt M TIR

infattihave item.fi caY t.Tnen astribution

MIRI VER and PIRI fra IL III
where Vror 210 km 5 constant

In general the source source
would be at an

angular distance α
from the centre of
the Galaxy

t
Then the density of lensing material along the line of sight
will be

PDL
t.ae aa

di ET Po

Po Immhaligmdensity chose

Roc 10 RPC



We con now estimate the optical depth for some nearby
galaxies where individual stars are easily resolved and con
be used as background sources e9 LMC SMC MBI and M33

Their Linear and angular distances con be taken as

Ds 50 npc α 82º to LMC
60 Kpi SII
p t.ms

Eq 13 con be rewritten oro

E EI 5.10 7

e E 1 fi aax E.xs E.xn E

and Da which represents the extent of the dark
galactic halo is adopted as a free parameter

This integral con be performed analiticoly and studied as
a function of Xp

mi E EE
t

I i n.it
MICROVENSED by a DARK OBJECT in the GALACHI HALO

Fichmanrangeconwetestthoghthiseflect

All this is true provided that the Lens is MASSIVE enough
to amplify significantly the source which in realitywin e

mahangutorsiz.MX
IMUM AMPLIFICATION SOURCE LENS and OBSERVER perfectly

ALIGNED



R
SOURCE

LENS

OBSERVER

CIRCULAR DISK SOURCE with RADIUS to in deflector's

plane
vo Rsrar È will give origin to

a RIKE image

Assuming uniform surface brightnen for the star the
Total intensity will be amplified by a factor

A T.FI
fFEroCRo

for Large max
amplification

An estimate of the minimum man of the tuning object
would be given by

Mmin 4 Ritrovo RstarÈ

TE EF 3 109Mo ftp.ll I
for Ds Di

For a solar radius star we obtain

ma

Lowmones possibility of discovery objects or smell on asteroids



We can also obtain an estimate of Ro
Ro 1 4 1014 am Pipe for Ds Di

Ta we can have lensing even for large star

and for the typical timescale of the intensity
variation

to E 6.106s Fg 0.2yr Ino

Stinti t.FI minifM 10

8MoM3IM33 to 1 min if M 10_ Mo

A solar man dark holo Object would microbus
on a time scale of 2 months

An observing program aimed at monitoring the
of few million stars over a period of 2 yrs could

put interesting constraints on the maven of dark objects in the
Galactic volo
It could detect wrong until to sources of man 102Ma
A single event may give only a rough estimate because to
Learn about the man distribution we need to observe a large
number of lensing events



Lensing constraints on PBHS

suptie97 7 L Idrating.toEtIYIP5asbyPBHsLying in the halos of the Milky Way and MI gave
the bound for

g io µ a µ 10 Ma shown in the
figure

2 Bounds than microlensing ofstars in the LMC and SMC come

tua MACHO project detected lenses with M 0.5Ma but

LESSIL.fr YaEamto.d n.InTishInam
dominating the volo
OOLE experiment put further limits in the rompe

0 MaaMe 20Ma

Σ
1

3 tentolenny of f ray bursts GRBs

4 Lack of lenny from type Le supernovae to constrain
the PBH population

5 Millilensing of compact radio sources weaker than the
dynamical ones

FIGURE 1

conundra

IAt the some time the some experiments tens as that PBHS
cannot account for all the Dark Matter exception
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