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We study the consequences of supersymmetry for primordial blackRBld) abundance constraints. PBHs
will emit supersymmetric particles during their evaporation when their mass is less than ablogit IhOmost
models of supersymmetry the lightest of these particles, the lightest supersymmetric pa&Rleis stable
and will hence survive to the present day. We calculate the limit on the initial abundance of PBHs from the
requirement that the present day LSP density be less than the critical density. We apply this limit, along with
those previously obtained from the effects of PBH evaporation on nucleosynthesis and the present day density
of PBHSs, to PBHs formed from the collapse of inflationary density perturbations in the context of supersym-
metric inflation models. If the reheat temperature after inflation is low, so as to avoid the overproduction of
gravitinos and moduli, then the lightest PBHs which are produced in significant numbers will be evaporating
around the present day and there are therefore no constraints from the effects of the evaporation products on
nucleosynthesis or from the production of LSPs. We then examine models with a high reheat temperature and
a subsequent period of thermal inflation. In these models avoiding the overproduction of LSPs limits the
abundance of low mass PBHs which were previously unconstrained. Throughout we incorporate the produc-
tion, at fixed time, of PBHs with a range of masses, which occurs when critical collapse is taken into account.
[S0556-2820199)01318-1

PACS numbes): 98.80.Cq, 14.80.Ly

[. INTRODUCTION ~5x 10 g are evaporating today and the number density of
photons produced must not exceed the obsenvealy back-
Primordial black hole$PBHs may form in the early uni-  ground[5]. In the case of lighter PBHs witfig,,> 100 GeV
verse via a number of mechanisifis 2], the simplest of the fundamental particles emitted, and heri¢®gy), de-
which is the collapse of large density perturbatiphf Be- pend upon the particle physics model assumed.
cause of quantum effects, PBHs evaporate, mimicking the cyrrently the widely accepted extension of the standard
emission from a blackbody with finite size and temperaturgyggel is supersymmetig], where each standard model par-

Tgn where ticle has a supersymmetric partner known as a sparticle. Mo-
53 1013 tivated mainly as an attempt to understand why the weak
Tgp=s——=——=1.06 —| GeV, (1)  scale is much smaller than the Planck so&ieown as the
87TG MBH M BH

gauge hierarchy problefv]), supersymmetry also leads to
%he unification of gauge couplings at an energy of abott 10

andM gy is the PBH mass in grams. The standard picture o . . :
PBH evaporation is that all particles which appear elemen—Gev [8]. The phenomenology of the ;partlcles is compli-
gted, being governed by up to 105 independent and un-

tary at the energy scale of the PBH and have rest mass Ieﬁ he simbl Is th icles h
than Tgy, are emitted directyi3]. For instance PBHs with KnOWn parameters. In the simplest models the sparticles have

Ten above the QCD quark-hadron transition scallgy, —Masses of order 100 GeV and there is a multiplicatively con-
~250-300 MeV, emit relativistic quark and gluon jets Served quantum number known Bsparity, where standard
which then fragment into photons, leptons and hadrons as ifodel particles hav&R=+1 and sparticles hav&= —1.

high energy accelerator collisions. Consequentially heavier sparticles decay into lighter spar-
The mass loss, in grams per second, is given by ticles and the lightest supersymmetric partigleSP) is
stable, since it has no allowed decay mode. In most models
dM gy 5 . the LSP is nonrelativistic at freeze-out and is therefore a
e LS 107 (M) Mg, (2)  candidate for the cold dark matt6€DM).:

The LSP must be neutral and weakly interactjid@| as
wheref(Mg,) is a function of the number of species emitted Otherwise it would have condensed, along with the baryonic
and is normalized to 1 for PBHs withg,>10'7 g which ~ Matter, into astrophysical structures and the resultant abun-
emit only massless particlésee Ref[3] and Sec. Il for dance of anomalous heavy isotopes would exceed observa-
more details The effects of the evaporation products allow tional limits [11]. The LSP may therefore be a sneutrino or
constraints to be put on the initial abundance of PBHs over a
range of masses. PBHs with mass in the rangé 40
<Mgy<10* g would have evaporated after nucleosynthe- lin gauge-mediated models of supersymmetry breaking the LSP
sis and could have a number of effects on the successfibuld be a gravitino with mass-1 keV which would constitute
predictions of nucleosynthesfgl] while PBHs with Mgy  warm dark mattef9].
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the gravitino but in most supersymmetric theories it is the [l. ABUNDANCE OF LSPs EMITTED BY PBHs
lightest neutralinoy, which is a mix of the supersymmetric
partners of the photon, th2 boson and the neutral Higgs
boson. Throughout this paper we therefore ysto denote
the LSP. _ , 1.06x 101 GeV

Purely experimental searches at the CERN~ collider M= (4
LEP have led to the limitn,=30 GeV[12]. This limit can My

be tightened tan,>42 GeV by making various theoretical o, the PBH will emit LSPs throughout its evaporation. A
assumptions and requiring that the present day LSP densityg, with mass greater thaw, will emit LSPs during the

lie in the interesting range for CDM: O<LQXh2<_O.3 [13]. |ater stages of its evaporation once its mass has fallen below
The LSP comoving number density has remained constar}\tﬂl. The fraction of the PBH energy density eventually in
since annihilations ceased at the freeze-out temperdaiure | sps will be reduced by a factor ™, /Mgy, relative to that
This leads to a simple estimatsee Ref[14] for a review of  for PBHs withM g;<M; . In this paper we will focus on the
this and more detailed calculationsf the current LSP den- case of PBHs formed from the collapse of large inflationary
sity: density perturbations. If the horizon mass at the time the
PBHSs form isMy, then if My<M, the LSP emission will
be dominated by PBHs wittMgy<M;. On extrapolating
O h2— 103 the constraint on the initial mass fraction in PBHs which is
X _<Uanr{XX)VX>TOmPI, 3 found in Sec. IV B(and incorporating the additional weak-
ening factor ofMgy/M4) we can see that foM>M the
constraint from LSP emission will be weaker than those from
the effects of PBH evaporation on nucleosynthesis. There-

cross section. Asn, increasesoanxx)V,) decreases so fqre we will only calculate the constraints from LSP emis-

that Q h? increases. This leads to an upper limit of, SO0 by PBHS withM g, <M.

<300 GeV[15], or m, <600 GeV if co-annihilations with ~ The PBH lifetime, in grams per second, (&

the stau slepton, which are important in some regions of

parameter space, are taken into accqani. (M) =
Supersymmetric particles which are produced by the BH

evaporation of PBHs after the temperature of the universe

has fallen belowT; will not be able to equilibrate due to the so that the temperature at evaporationTcyqap

inefficiency of annihilations. In Sec. Il we calculate the mass=Tp( tp// 7(M sr) Y2, is given by

range of PBHs which are heavy enough to evaporate after

LSP freeze-out but light enough to produce sparticles. The

LSPs produced by the decay of these sparticles, along with Tevap™

the LSPs evaporated directly, will therefore provide an addi-

tional contribution to the present day density of LSPs. While .

it is possible that the number density of LSPs produced vid " €vaporation to occur after LSP freeze-olity<Ty),

PBH evaporation may be comparable to the freeze-out nunf¥en Must be greater thakl, where, using the fact thakt;

A PBH will emit LSPs if Tgy is greater tham, so that,
using Eq.(1), if Mgy<M, where

where (o xx)Vv,) is the thermally averaged annihilation

— 3
6.24x10°2'M3,,

(Mo ®

1/2

1.24x 107 (M) Gev ©

3
MB&n

ber density, reducing the upper limit dd, and hencem, , ~m,/25,

this would require extreme fine-tuning of the initial abun- 13

dance of PBHs. We therefore use the conservative require- [ 77510 (M)

ment that the present day density of LSPs produced via PBH 2= m2 ™
evaporation aftefl; is less than the critical density, to con- X

strain the initial abundance of LSP producing PBHS. A PBH will therefore evaporate after LSP freeze-out and

In. Sec. lll we c_)utlme Fhe resultant constraints on the MaSYiso emit LSPs throughout its evaporation if its mass is in the
fraction of the universe in PBHs formed from the collapse OfrangeM “Mau<M
inflationary density perturbations, taking into account the ™ &~ szomeBrnitiallt}met- the fraction of the total energy
formation, due to critical collapgd.7], of PBHs with a range density of the universel in PBHs which evaporate after
of masses at fixed horizon mass. Since we are assuming thferlieze-out roducing LSPS 8, = pY /pesi, then imme-
supersymmetry is the correct model of particle physics abov P 9 x.i~ Ppbh,f Ptot,is

~100 GeV we must apply these constraints in the context o%'ately before the PBHs evaporate

supersymmetric inflation models. In Sec. IV we discuss the T
constraints on successful supersymmetric inflation models (p pbh) _ P L (8)
and calculate and review PBH abundance constraints for two Prad/ eyap 1-Byi Tevap

classes of inflation model: first those where the reheat tem-

perature after inflation is low and then those with a high If the PBHs dominate the energy density of the universe
reheat temperature and a subsequent period of thermal inflaefore they evaporate, then, since the radiation emitted by
tion. the PBH dominates the background radiation energy density,
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soon after evaporation the LSPs will come to dominate the fs_1,=0.147 uncharged,
energy density of the universe soon afterwards. To avoid this
we require fo_1,=0.142 electrically charged.  (14)
IBi Tevap
—< . ~
15T 9) A. Tgy~m,

) o o In this regime a PBH can emit the 3 lepton families, 6
The LSPs emitted will initially be relativistic with mean quark flavors’ the graviton, the gluon and the LSP. The pho-
energy per particle Bgy. The ratio of the energy density in ton has 2 possible polarization states and the gluon has 48

LSPs to that in radiation is therefore constant, degrees of freedom, g|V|ng a total of 53=1 degrees of
freedom. Each type of neutrino has 2 degrees of freedom,
(ﬂ) = (10) resulting in 6 neutrab=1/2 degrees of freedom. The elec-
Prad X tron, muon and tau leptons each have 4 degrees of freedom,

) ] while each quark has 12 degrees of freedom, resulting in a
wheree, is the fraction of the PBH mass energy evaporatedota| of 84 chargeds=1/2 states. Finally the graviton has

into LSPs, until the LSPs become non-relativistic B =2 and 4 degrees of freedom. The total contribution of stan-
where, sincepT* for relativistic fluids, dard model states té(Mgy) is therefore (560.06)+ (6
m |14 X 0.147)+(84x0.142)+ (4Xx0.007)=15.84. Finally, as
To= Tevap( X ) _ (12) outlined in the Introduction, the LSP is most likely to be the
3TeH lightest neutralino which is uncharged and Basl/2, giving

a final value off(Mgy)=15.84+(2%0.147)=16.13. The

At any subsequent epoch, with temperatliydefore matter-  graction of the total mass which is evaporated into the LSP is

radiation equality ¢,=0.294/16.13-0.018.
T Tevap M, |
&): Px _m:(&) p( ) a2 —
Prad Prad o, T Prad T \3Tey

nr evap

If Tgy is much larger thamm, , all the standard model
The fraction of the energy density of the universe in LSPs aparticles and their supersymmetric partners will be emitted.

the present day is therefore given by In the minimal supersymmetric standard model there are 2
Higgs doublet fields which give rise to 5 physical states: the
Tevap| M,y va Py charged Higgs scalar, the light Higgs scalar, the heavy Higgs
Q0= Q) =2 T 13T (—) scalar and the Higgs pseudoscalaee, e.g., Refl14] for

ea | 271BH/ | Prad evap detaily. Along with theW andZ bosons these states lead to

Byi Ti[ m, 14 9 s=1 and 5s=0 degrees of freedom in addition to the
=267 4 -T_(ST , (13)  standard model degrees of freedom considered in Sec. Il A,
B Teq! 3Ten so that the total contribution of standard model states to

where “eq” denotes the epoch of matter-radiation equality.f(MBH) is 17.10.

This relation can be inverted simply to obtain the constraint Each Sta’.‘dard mode¢EM) degree of freed.om had a su-
on g,.; from the requiremenf) o<1, as a function off;. persymmetric(SUSY) degree of freedom witts=1/2, 0,
This constraint is independent of the mechanism of PB /2 and 3/2 for standard model states wth0,1/2,1 and 2

formation and while we have assumed that all PBHs form afeSPectively. This leads to a grand total of$50 (5 SM, 90
the same time; it would be simple to recalculate the con- SUSY), 92 chargeds=1/2 (84 SM, 8 SUSY, 30 uncharged
straint allowing for PBH formation at a range of times. ~ S— 1/2 (6 SM, 56 SUSY, 59 s=1 (all SM), 4 s=3/2 (all

The relevant mass range and the fraction of the mass gpYSY) and 4s=2 (all SM) degrees of freedom, giving
the PBH which is evaporated into LSPs both depend or (Men) =46.79. The fraction of the total mass evaporated
f(Mgy). To fully calculatef (Mg, as a function oM gy we into supersymmetric particles issysy=29.69/46.790.63,
would need to know the full mass spectrum of the sparticlesWith €,=0.294/46.78-0.006 of the total mass evaporated
We can however calculat{Mg,,) in two limiting cases. If directly into I__SPs. Whlle the 'fractlon of the PBH mass
Tgy~m,, then the LSP will be the only sparticle emitted evaporat_ed dlr_ectly into LSPs is small aII_ the other super-
(along with photons, gravitons, gluons, the three lepton famiSymmetric part|.clles emitted will decay rapidly, producing at
lies and six quark flavoys while if Tg>m,, then all the least one additional LSPs each so that we can gt
standard model particleéincluding the Higgs,Z and W = €susy When we estimate the fraction of the PBH mass
boson$ and their supersymmetric partners will be emitted.®nding up in the form of LSPs.
The relativistic contributions té(Mgy) per particle degree
of freedom ardg 3]

2The LSP mass may be smaller than that of the top quark in which

fs—0=0.267, fs_,=0.060, case there may be a narrow range of PBH masses where the LSP is
emitted but the top quark is not, which would decrease the value of
fs—3,=0.020, f,_,=0.007, f(Mgy) calculated here by about 1.704.
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I1l. PBH FORMATION FROM DENSITY PERTURBATIONS where, using Eq(15),

In order for a PBH to be formed, a collapsing region must M. |7
be large enough to overcome the pressure force resisting its 8= 0.+ _1) Coj=1.2. (18)
collapse as it falls within its Schwarzschild radius. This oc- kMy

curs if the perturbation is bigger than a critical sidg at _ )
horizon crossing. There also is an upper limit®f 1 since Equation(17) can be used to translate the constraints on
a perturbation which exceeded this value would corresponéy.i into constraints o (M), which in turn can be used to
initially to a separate closed univerfEs]. Analytic calcula- ~ constrainn [21,22,19. We can also find the maximum frac-
tions [1] find 8.~ 1/3 and assume that all PBHs have masgion of the universe in PBHs of all masg;:

roughly equal to the horizon mass at the time they form,

independent of the size of the perturbation. Recent studies B fl k(o—60)” exp( 8
[17] of the evolution of density perturbations have found that i~ TS5 2

the mass of the PBH formed in fact depends on the size of (SC\/ZU(MH) 207 (My)
the perturbation:

dé(M,y). (19)

IV. CONSTRAINTS ON SUPERSYMMETRIC INFLATION
Mgy=KkMy(6—45,)7, (15 MODELS

where y~0.37 andk and . are constant for a given pertur-  Since we are assuming that supersymmetry is the correct
bation shapegfor Mexican hat shaped fluctuatiohs=2.85  model of particle physics above 100 GeV, then we must
and 6,=0.67). apply the constraints on the abundance of PBHs formed from
In order to determine the number of PBHs formed on athe collapse of large inflationary density perturbation to
given scale we must smooth the density distribution using anodels of inflation constructed in the context of supersym-
window function,W(kR). For Gaussian distributed fluctua- metry. Avoiding the overproduction of various relic par-
tions the probability distribution of the smoothed densityticles, which would alter the subsequent evolution of the uni-
field p(6(My)) is given by verse and wreck the successful predictions of the standard
hot big bang model, leads to constraints on supersymmetric
inflation models.

P(5(My))dS(My) \/EO’(MH) The gravitino(t.he.supe.rsymm('atric partner of the gravi-
ton) has only gravitational interactions and mass of order 100
5% (My) GeV, and will decay after nucleosynthesis. The requirement
xexp| — 202(M,) dé(Mpy), that its decay products do not destroy the successful predic-
7 AMH tions of big-bang nucleosynthesis places limits on its abun-
(16) dance. Since the number density of gravitinos is proportional
. : .___to the reheat temperature after inflatidig,, this leads to an
where_: o(My) is the mass variance eva}]luated at horlzonupper limit on Try [23]. The exact limit depends on the
crossng. For power law spectr&’,gk)ock ’ w(r;(_a[]()amP(k) gravitino mass, the available decay channels and the baryon-
=(|4*) andn is the spectral indexy*(M ) <My, dur- to-photon ratio before the gravitino decay®4] but, very
ing radiation dominatiori19]. The formation of PBHs on a conservativelyT ey, must be less than 20eV. Simi|¢"il’|y in
range of scales has recently been Stu_(ﬂm] for_power Iaw_ almost all theories in which supersymmetry is broken at an
power spectra and f(_)r flat spectra W'th a Sp'.ke. on & giVehhtermediate scale there are scalar fields, known as mdduli,
scale. In both cases it was found that, in the I|m|_t where th(?/vhich typically have the same mass and lifetime as the grav-
”“mb‘?f of PBHs fc_>rmed IS small enough to satisfy th_e Ob"|ti o0 [25]. Avoiding their production after inflation requires
servational constraints on their abundance at evaporation a to be less than 16 GeV
at the present day, it can be assumed that all the PBHs 1‘ormR'.*|.here are several ways to avoid the gravitino and moduli
gt a single horizo.n mass. In particular, if_the power SpeCtr.un'broblems. First, inflation models can be constructed where
IS & power law wittn>1, as is the case in tree-Ieng hybrid inflation occurs at a low energy scd26] so that the reheat
!”f'a"of‘ models, all PBH.S form at the smallest horizon Scaletemperature is automatically low enough to avoid these prob-
'mmed'?‘t_e'_y after reheatl_ng. . . .., lems. However, these models in general require fine-tuning
The |n|t|al mass fraction of the UNIVerse in PBHs with [27]. Second, the reheat temperature can be sufficiently low
masses in the rangd ,<Mgy <M, which evaporate after ¢ e jnfiaton is long lived. For instance a model has been
L.SP free'ze out and produce LSPs throughout their evapOrgonstructed 28], using a singlet field in a hidden sector,
tion, is given by where inflation occurs at the scale of the spontaneous break-
51M gy ing of the gauge symmetry which is of order!t@eV. In
Byi= L M—Hp(é(MH))d(S(MH) this case, since the inflaton has only gravitational strength
2

Jal k(65— 80 exp(_ 52
s, \2ma(My) 204 (My)

ds(My), 3Specific examples are the dilaton of string theory and the mass-
less gauge singlets of string compactifications or, in general, any
(17 gauge singlet field responsible for SUSY breaking.
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couplings, the reheat temperature is only of ordet GeV. L 0L N B B
There is however a generic solution to these problems in

high energy scale inflation models which relies on the prop-

erties of flaton fields which also arise naturally in supersym-

metric theorie§29]. Flaton fields, have vacuum expectation

valuesM > 10° GeV, even though their massis only of the

order of the supersymmetry scale, so that their potential is

almost flat. In the early universe these fields are held at zero -20

by finite temperature effects, with false vacuum energy den-

sity Vo~m?M2. Once the temperature falls below}”, the | | | |

false vacuum energy density dominates the thermal energy T 0 15 20 =

density of the universe and begins to drive a period of infla- log,, (My/1 g)

tion known as thermal inflation. This inflation continues until

the temperature drops f6~m, at which point thermal ef- FIG. 1. The constraints on the initial mass fraction of PBHis,

fects are no longer strong enough to anchor the flaton in thi inflation models withT,<10° GeV.

false vacuum. Taking/l ~ 10'? GeV givesVy‘~ 10’ GeV so

that around In(1010°) ~ 10 e-foldings of thermal inflation

occur, sufficient to dilute the moduli and gravitinos existing U(MH)=U(M0)(

before thermal inflation but small enough to not affect the

density perturbations generated during the first period of in-

flation. whereM, andM ., are the horizon masses at the present day
We examine two classes of inflation model: those with a@nd at matter radiation equality and, using the Cosmic Back-

low reheat temperature and those with a high reheat temperground Explorer (COBE) normalization, o(Mo=10° g)

ture and a subsequent period of thermal inflation. =9.5x10"°. In models with Tgy<10° GeV, the tightest
limit on n (~1.28) arises from the constraint on PBHs which

are evaporating today. This is weaker than the limits found in
A. Low reheat temperature Ref.[19] first because the tightest limits arise from the con-
straints on PBHs of masMlgy~10°"1! g which are not

lf_ Try=10° G_eV, SO as fo just s_atlsfy the gravitino con formed in low reheat temperature inflation models. Also the
straint, then, using the relationship between horizon mass : . .
. o . . analytically derived value of, (~1/3) used in those calcu-

and temperature in a radiation dominated universe,

lations is roughly half the new valug,=0.67, determined
10’ GeV\?2 0 from numerical simulationgl7], which is used in this paper.
T L]

excluded

by gravitino

log, B

constraint

o
3]
o

. (2D

L\ @ Meq (1-n)/6
M

eq Mg

M,=10"% g (
B. High reheat temperature with thermal inflation occurring

) ) ] 4 The effects of a period of thermal inflation on the con-
the maximum horizon mass isX110'* g. Although when  straints on PBH abundance were studied in Re€]. It is
critical collapse is taken into account PBHs with a range ofyssymed that thermal inflation commencesTat10’ GeV
masses are formed _at_fixed horizon mass,_the vast majority @fnq continues untir = 108 GeV, when the flaton field rolls
PBHSs have mass within an order of m:{glr;ltudewm. From o its true vacuum state. Assuming for simplicity that reheat-
Eq. (13, B,,i must be less than 810" "". However, foring is efficient, then the universe is reheatedte 10’ GeV
m,=30 GeV, only PBHs withMgy<M;=3.5X10" g  yjth the subsequent evolution of the universe having its stan-
~0.003My, are hot enough to emit LSPs. The fraction of g4ard form. The duration of thermal inflation is negligible
PBHs which have mass this much smaller than the horizogompared to the PBH lifetime so that its main effect on the
mass is negligible so that there is no resultant constraint opgHs is to dilute their density by a facter/pi=(as/a;)3
Bi. Similarly the constraints from the effect of the products~(104)3 so that the constraints of; are weakened by a
of PBH evaporation on nucleosynthesis only hold kbgy factor of ~ 102
<10 g. Therefore in a low reheat temperature inflation |t thermal inflation occurs, then the right hand sides of
model only _the constraint from the present day density OquS_(8)_(13) are each multiplied by a factor of 162 due to
PBHs and, ifTry>5x10° GeV, that on the abundance of the dilution of the PBHs during thermal inflation. Using the
PBHs evaporating today hold. The constraints @nare re|ation between temperature and horizon mads,
shown in Fig. 1. The U-shaped dip arises from the limit ON=T,(mp/Mp) Y2 the requirement that the PBHs do not

the abundance of PBHs with mabg,~5x 10 g, which  gominate the universe at evaporation becomes
are evaporating at the present ddgs calculated by

Yokoyama[30]) and the straight line from the limit on the By My | 2
present day density of PBHs which have not evaporated. l—,é -<6.7x 10° — | > (22
The constraints ofB; can be translated into limits on the X! BH
spectral index of the density perturbatioi®&l,22,19 using
Eq. (19 and the scale dependence«fMy): and the limit from the present day density of LSPs becomes
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FIG. 3. A compilation of the constraints on the initial mass
FIG. 2. The constraints on the initial mass fraction of PBHs fraction of PBHs in supersymmetric inflation models with a high

from the present day density of LSPs, in supersymmetric inflatiorf€heat temperature and a period of thermal inflation. The dotted line

models with a high reheat temperature and a subsequent period ROWS the constraints from the present day density of LSPs. From
thermal inflation fore, = 0.018. The solid lines show the constraints left to right the solid lines show the constraints from the effects of

on B, i, the fraction of the universe in PBHs which evaporate afterPBH evaporation after nucleosynthesis, the abundance of PBHs
freeze-out and produce LSPs throughout their evaporation, fofvaporating at present and the present day density of PBHs formed
(from bottom to top m, =600, 300, 45 and 30 GeV. The dotted, before andion the far right after thermal inflation.

short dashed, long dashed and dot-dashed lines show the maximymye the horizon before thermal inflation, and are then
allowed fraction of the universe in PBHs of all massgs, for pulled back outside again during thermal inflation. Any new
m, =600, 300, 45 and 30 GeV, respectively. d - . ; )
ensity perturbations are expected to be small, since the en
ergy scale of thermal inflation is much lower than the origi-
nal inflationary period, and hence unable to form black holes
when they re-enter the horizon again after thermal inflation.

If thermal inflation occurs, then the temperature at which
To evaluate these constraints 8p; we neglect the spread in a given comoving scale crosses the Hubble radius is
PBHs masses, since the vast majority of PBHs will have th&hanged, while the relation between horizon mass and tem-
same mass to within a factor of a few.Nfy, is betweerM, perature remains the same so that the scale dependence of
andM,, then most of the PBHs will havél g,~ M, while ~ o(My) becomeg19]
if My<M,, the vast majority of the PBHs which evaporate (1-n)/4

. . . (1-n)/6
after freeze-out will haveMgy~M, and similarly if My (My)=o(Mg)| | — %
>M,; most of the LSP producing PBHs will havelgy UM =t Mo 103] Mgq Mo '
~M;,. The tightest constraint arises from the present day (24)
abundance of LSPs fany <M, and also forMy>M if o ) i
M, <2x 102 g (which is the case fom, <30 GeV as found T_he limits onn from the constraints o; due to LSP emis-
experimentally. We calculated the resulting constraints onSion range frorn<1.36 atM~10" g to n<1.33 atMy,
(T(MH), and henc$i , for 4 samp'e values of the LSP mass: ~5X 105 g. These limits are Sl|ght|y tlghtel’ than those from
m,=30, 45, 300 and 600 GeV, using,~0.018. As the the nucleosynthesis constraints~1.34—1.37 if the accurate
horizon mass decreases the fraction of the total number ofalue of 5.=0.67 is usey
PBHs formed which are heavy enough to evaporate after
freeze-out decreases. Similarly as the horizon masses in-
creases the fraction of PBHs which are light enough to emit
LSPs decreases. Emission of LSPs after freeze-out constrai

B; for 1P QgMHglom g. The constraints o, and B 15 g<Mg, <10 g evaporate after LSP freeze-out and
are shown in Fig. 2. In Fig. 3 the constraints fpfor m,  hroquce LSPgand other supersymmetric particlearough-

=45 GeV are shown, along with those from the effects ofq; their evaporation. In most models of supersymmetry the
PBH evaporation on the products of nucleosynthésfse | sp s stable and the requirement that the present day den-

abundance of PBHs evaporating at present and the preseglfy of LSPs not exceed the critical density places a limit on
day density of PBHSs as calculated in R¢f9] and[30]. The e jnitial abundance of PBHSs in this mass range.

missing mass range corresponds to comoving scales which \we have studied the constraints on PBH abundance for
two classes of supersymmetric inflation model: those with a

low reheat temperature and those with a high reheat tempera-

“The sharply rising line fronM ,~ 10" g arises due to the con- ture and a subsequent period of thermal inflation. If the re-
straint from entropy production after nucleosynthesis on PBHs witrheat temperature is low, the lightest PBHs which can be
massM g <10" g. produced will be evaporating at the present day and the con-

3x10%
m, Mgy

Bri__5X 10" Teq(%)”z

Mp)

1/4
-8, e Tn ) G

2
107) M

V. CONCLUSIONS

We have examined the consequences of supersymmetry
f5f PBH abundance constraints. PBHs with mass in the range
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