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It is investigatedwhetheralargenumber of primordialblackholescan account fortheobservedmicrowavebackground
in a steady stateuniverse.Theansweris shownto benegative.

1. Introduction.The principalobservationalobjec- andradiation decouple,so that we would now seethat
tion to thesteadystatecosmologyrestson its appar- radiation in the form of 2.7 Kphotons.
ent inabilityto providea satisfactoryexplanationfor
theobserved2.7 K background radiation.Sincethere 2. Themass spectrum.We will asssumethat the
is no “hot era” in thiscosmologyany suchexplana- steady statemodelis governedby theperfectcosmo-
tion mustrely on astrophysicalprocessesof relatively logical principle(PCP)of Bondi andGold [81.Al-
recentorigin. In this casetheradiationbackground thoughconsiderablethoughthasbeendevoted to-
shouldbe traceableeither directlyto sourcesorto wardsunderstanding(theoretically)the concept of
somemechanismwhich thermalizesthe radiation pro- continuouscreation ofmatter(cf. refs. [9—12])we
duced bysourcesin otherwavelengths.Although sev- will not assumeany particularmodel proposed forit.
eralattemptshave been made in the past(see,for ex- The PCP, however, tells usthat if the line element of
ample,refs. [1—41),nonehasbeen completelysatis- thecosmologicalspace—timeis givenby
factory.Theissuethereforestill remainsunresolved. ds2 = 2dt2 e2hft(dx2+ d 2 + dz2~ (1)

Herewe discussthe feasibility of producing such a c — Y

microwavebackground from a steady state distribu- the mean creationrateperunit volume must be
tion of alargenumberof blackholesradiating accord- — 3H 2
ing to the quantum processfirst suggestedby Hawking (2— p,

[51.It is, of course,clear straightawaythat the wherep is the mean densityof matterin theuniverse,
Hawkingprocesscannotproduce anysignificantradi- H is the Hubbleconstantandc the speed of light.
ation fromblackholesof stellarmassesor from super- Since wehavenotassumedany particularmodel
massiveblackholesusuallyinvokedfor variousastro- for primarymattercreation,we will notgo into the
physicalprocesses.The radiation produced by thede questionof how small-sizedblackholescomeinto cx-
Sitterhorizonhastoolow a temperatureto be of any istence.Wewill adopt an empiricalapproachandsim-
relevanceto this problem [61.The only possibility is plysupposethat thereis a continuoussupplyof such
radiationby blackholesof massesconsiderablylower black holes, whichwe will designateasprimordial
thanthe solarmassM®. Carr [71hasdiscussedthe pos- blackholes (to distinguishthem from theusualastro-
sibiity of explainingthe microwavebackground in a physicalblack holes).Howthe PBH’s form in a steady
bigbanguniverseby postulatingtheexistenceof pri- stateuniversebecomes arelevantquestion only after
mordialblackholes (PBH) with a certainmassspec- their feasibility for microwavebackgroundhasbeen
trum. It is arguedtherethat the radiationfromevap- demonstrated.
orating blackholescouldbe thermalized beforematter Let n(m)dmdenotethe numberdensityof PBH’s
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in themassrange(m, m + dm) andsupposethat pri- 3. Backgroundradiation fromPBH’s. We now con-
mary creationaddsh(m)dmPBH’s per unit volume per siderthe total contributionS(v)dv to the flux at a
unit time. A typical blackhole after creation startsra- givenpoint in the frequencyrange(v, v + dv) from the
diating by theHawking process witha massloss rate universaldistribution of PBH’s. Noting thata typical
givenby blackhole radiateslike a blackbody,its rate ofemis-

dm/dt = — AIm
2 (3) sion of energyperunit surfacearea,in the frequency

/ ‘ rangev, v + dv is givenby9~v,7)dv, where
where

_4irh p3
A = (15360 ir)’hc4/G2 ~ 3.968X 1024 g3s~. (4) ~ c2 exp(2irhv/kT—1)’ (10)

Thus after creationeachblackhole slides alongthe
massaxis towardsm = 0, where it ultimatelyevapo- with thetemperatureTrelated to thePBHmassm
rates.Takinginto accountthe fact that theuniverseis (expressedin grammes)by
expandingandthat thePCP musthold, we get the fol- 3
lowing differential equation forn(m): T= 2irk1’ = 8irGkm 1.2 X 1026m1K. (11)

— -~ n — 3Hn + h(m)= 0. (5) Here Ic is the Boltzmannconstant andK the surface

m m m gravity of thePBH (taken asthe Schwarzschildblack

hole).
Using the boundaryconditionn(oo) 0, we integrate Taking into account the red-shift effect, thetotal
this to flux receivedin the frequencyrange(v, v + dv) from

any direction at any point P at any epochis givenby

‘m2 SØ-’)dv,where
n(m) -~- exp~Hm3/X)f h~x)exp(—Hx3/X)dx. (6)

m
5~~=16~

3hG2C

The kernel of thedifferentialequation(5) can be ob- c6 H V 12
tamedby settingh(x) = 3HN

06(x— m0), implying the =

creationof blackholesof massm0 only. We thenget ~< dz m
2n(m)dm

3HN
0 1 +z n~

1rij exp{(l6ir2Gm(1 +z)/c3)v}—1
n(m)= —~— m2 exp[/j(m3 — m~)/X] 0(m~—m).

(7) We now considertheimplication of this formulafor
Here 0(x) is the Heavisidefunction.Thetotal number themicrowavebackground.
of PBH’s per unit volume in existenceat any timeis
then givenby 4. Discussion.It is of course notpossibleto inte-

m0 grateeq. (12)for an arbitrarymassspectrum.It is how-

N(m
0)= f n(m)dm= N0 {1 — exp(—m~H/X)}. ever possibleto perform theintegral in the Rayleigh—

0 (8) Jeans limit.We thenget from eq. (12), for

It is convenientto define acritical massfor thePBHby /1 (l6ir
2Gm(1 + z)/c3)v ‘~ 1 (13)

= (A/H)1!3 1.35 X 1014g. (9) the following form:

Thenfor m
0 ~ mc,N(m0) N0. We alsonote that in 5(v) = av

2 (14)
eq.(7)n(m) risesrapidly with m so that any time the whereais aconstantgivenby
massdistribution is heavilyconcentratedat theupper
massend. irGh c p

a= —i- ~ j mn(m)dm = —i—- ~PBH~ (15)
c 0 cH

HerePPBHis the densityof matterin the formof pri-
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mordial blackholes. Althougheq.(14)doesseemto thusmakingthe caseworsethan that for the Rayleigh—
reproduce theRayleigh—Jeansspectrum, theconstant Jeans limit.If m0hadbeen fixedas beingthe PBH
acorrespondingto 2.7 K demands masswith temperature2.7 K in theabovecalculation

~ we would haverecoveredeq.(16) for ~pBH~
It might be arguedthatby adjustmg the creation

This is an impossiblyhigh density,being some31 or- functionh(m) it maybe possibleto arriveat a mass
dersof magnitudeabove theobserveddensityof vis- spectrumn(m)which couldgive the proper background.
ible matter.Although theBondi—Goldversionof the That this argumentis falsecanbe shownby the follow-
steady steadycosmologydoesnot mentiona canon- ing inversecalculation.If a PBH is to beviable, its mass
ical density, itwould be very difficult to arguethe ex- to luminosityratio shouldnotbe markedlydifferent
istence of hiddenmatterof this enormouslyhigh den- from the observedratio of matterto radiation density
sity. It maybe remarked that the dynamical modelsof in the universewhich is 2.5X l0T18gerg~.Fora
steady statecosmology[9—11] leadto densitiesof PBH of massm the ratio ism

31(2 X 1063)g erg—1.
the orderof the closuredensity ofFnedmannmodels Equating the two we get m l015g 10 mc.How-
and theseare 29 ordersof magnitudebelow thees- ever,such aPBH will generate radiationmainly in
timate givenby eq.(16). the gammarange.Theuniverseistransparenttogamma

If instead offitting the Rayleigh—Jeanslimit we rays. Thereis, therefore,little chance of thermalizing
look for the peak of thefunctionS(v),it is expected this primordial radiation.
to occur atfrequenciescloseto that givenby j.t ~ 1 Wetherefore conclude thatthereis no way in which
(notwithstandingred shifts). Thisgivesa frequency the Hawkingprocesscan generate themicrowaveback-

i/max ~ 2.5 X 1036m~1Hz, (17) ground in a steady stateuniverse.
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