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Possible astrophysical signatures of heavy stable neutral relics in supergravity models
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We consider heavy stable neutral particles in the context of supergravity and show that a gravitationally
suppressed inflaton decay can produce such particles in cosmologically interesting abundances within a wide
mass range 0 GeV<=my=<10" GeV. In gravity-mediated supersymmetry breaking models, a heavy particle
can decay into its superpartner and a photon-photino pair or a gravitino. Such decays only change the identity
of a possible dark matter candidate. However, fof BeV<my=<10" GeV, astrophysical bounds from a
gamma-ray background and photodissociation of light elements can be more stringent than the overclosure
bound, thus ruling out the particle as a dark matter candidate.
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I. INTRODUCTION mass compared to the gravitino. This poses a problem for
nucleosynthesis foms,~O (TeV). The gravitinos decay
Solving the gauge hierarchy problem via hidden sectomfter nucleosynthesis and the decay products can change the
supersymmetry breaking at a high scale due to nonperturbabundance of “He and D by photodissociation. For
tive dynamics, which is then mediated to the visible sectori00 Ge\smg,<1 TeV, a successful nucleosynthesis lim-
through gravity, leads to a phenomenologically successfuks the gravitino abundance to bey,/s<(1014-10"13),
prediction where sfermions and gauginos get a mass of thghich translates tolrg<(10"—10°) GeV [8]. This is the
order of the electroweak scgle]. In addition, the superpart- - gimpjest illustration of late decaying particles in cosmology,
ner of a graviton, the gravitino, also gets a mass of order 1 hich may release huge entropy while decaying. Various
TeV from the super Higgs mechanisf@t]. Although the . qqi0gical and astrophysical observations put some useful

gravitino interactions with matter are suppressed by th onstraints on the abundance of late decaying particles.
Planck scale, they can be generated in a thermal bath fro - o
here are many other examples within the supergravity in-

Z?\?;tneg;%% gauge and gaugino quanta with an abundan?feationary model, which has features similar to gravitinos,
such as the moduli fields and the dilati®].

n T Massive particles which decay after nucleosynthesis may
i/2~1O‘11—R1, (1)  also distort the spectrum of the cosmic microwave back-
S 10" ground or the gamma-ray background. The exact astrophysi-

h defi h density afd d h cal signature of such unstable relics depends on their life-
‘r’]\' etfes te INes tt € en;r?rr])y Uer_15|ty a .d? e_r:ote]'cs (t; eVre'l-'h time, thus some part of mass-lifetime parameter space can be

ealing temperature of the Lniverse In Units ot Sev. NS 104 out from the present experimental or observational
gravitinos can then be a source of potential trouble if theyboun ds[10]

decay very late. The decay rate of the gravitino into a . . .
gaugino and gauge, or sfermion and fermion quanta, goes as On the other hand, stable weakly interacting massive par-

73 2 . . icles (WIMPs), denoted here aX, generally respect the as-
T'~m3 /My, provided the decay products have neg“gIbletrophysical constraints, and can even account for the dark

matter in the Universe if they are produced in an interesting
abundance. A famous example is the lightest supersymmetric
and a helicity= 3 gravitino[5] from time-varying inflaton oscilla- partlcle(I._SP) in supersymmetrlc extensions of th? standard
tions has been considered. The helicitys gravitino for a single model with unbrok'erR pa'rlt'y. If LSP,S are cregted in a ther-
chiral multiplet is the superpartner of the inflaton, known as anmMal bath, LSP pairs annihilate to lighter particles when the
inflatino. The decay channels of the inflatino have been discussed figmperature of the Universe drops below their mass. How-
Ref. [6]. Also, it has been suggesté6l] and explicitly showr[7] ever, once the annihilation rate drops below t.he Hubble ex-
that in realistic models with several chiral multiplets, helicitys ~ Pansion rate, the LSP comoving number density freezes at its
gravitino production is not a problem, so long as the inflationaryfinal value. The lower bound on the mass of such species, in
scale is sufficiently higher than the scale of supersymmetry breakorder not to overclose the Universe, is a few GeV, the so-
ing in the hidden sector and the two sectors are gravitationallcalled Lee-Weinberg bounfd.0], while unitarity provides a
coupled. firm upper bound on their mass100 TeV[11].

'Recently, nonthermal production of a heliciwg gravitino [4]
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The above-mentioned bound on the mass of LSP can be II. PRODUCTION OF X FROM ITS COUPLING
evaded if there is no initial thermal equilibrium. In recent TO THE INFLATON SECTOR
years, several mechanisms have been put forwar_d for creat- We may consider a complex scalar fiidand its fermi-
ing very heavy WIMPs, even superheavy ones with a mass . < . :
my>10'° GeV, in cosmologically interesting abundances® ' partner X with a superpotential mass term
[12-15. For instance, the production of WIMPs could take WO (1/2)myXX. In the limit of unbroken supersymmetr,

place during the phase transition from inflationary to the@"d X have a common massy . However, hidden sector
radiation-dominated or matter-dominated ph4&&]. The supersymmetry breaking generally results in the soft mass

quantum fluctuations of the field in a time-varying classi- €M m3X|?, and the A term, Amg,mXX+H.c. The
cal gravitational background may lead to a significant pro{ormer elevates the masses of both the componentx of
duction providedX is stable[12]. This mechanism is largely above the mass of, while the latter results in the splitting of
independent of the nature of (boson or fermionand its X iNto two mass eigenstaté§ and X,, where we may take
coupling to other fields. It also works in a variety of infla- Mx,~ Mx,- Whenmy>ms,, only the contribution of thed
tionary modelg 15], but abundances close to the dark matterterm has any significance and yields
abundance are created for'10Gev=my=<10"® GeV and
Te=10° GeV. myg~ My, My, + My ~2my. 2
Another possibility is to create a bosonic fieXdduring
the rapid oscillations of the inflaton field from vacuum fluc- We denote the inflaton multiplet b§:; it is comprised of the
tuations via a coupling®¢?X?, whereg~ (1) [13]. How- inflaton ¢ and the inflatinog. Around the global minimum
ever, one then requiresy=10m, and a low reheat tempera- of the potential, the inflation sector superpotential can be
ture, e.g.Tp~10% GeV for my~10'3GeV, which makes approximated asW>(1/2)m,(®—v)? where v is the
the mechanism model-dependent. vacuum expectation valu¢/EV) of ¢ at the minimum. The
If the plasma of the inflaton decay products has an instanReéw inflationary and hybrid inflationary models usually give
taneous temperatufB~ (TAHM pjaned ¥ for H=T'4, where rise_ to suc.h a nonzero VEV for_ either an inflaton or some
I'y is the inflaton decay rate, it can be much higher than th@uxiliary field. There may exist a superpotential term
reheat temperature of the UniverEE0]. Then particles of Nhx®XX which couplesb andX multiplets? in general, they
massmy>Tg and with gauge strength interactions can bec@n also be coupled via higher-dimensional Planck-
produced from the annihilation of the relativistic particles in SUPPressed terms. For example, consider the minimal super-
the thermal bath and their abundance freezes at its final valu@avity where the scalar potential is given [
once temperature becomes sufficiently Ig].

However, none of the above-mentioned scenarios for cre- gl 9G G 3
ating WIMPs in the mass range (10°- 10" GeV has V=e I gor ME_ ) G
been actually realized in a supersymmetric setup. For in- ' Planc
stance, the identity oX is largely unknown apart from the LereG is the Kanler function defined by
fact that it should be a standard mod&M) gauge singlet.
However, if one assumes thdtcomes from a hidden sector ok W2
which interacts only gravitationally, they could act as a can- G= Pidi +In ) , (4)
didate for dark matter. Within supersymmetry, a heavy par- M%,anck M&anc

ticle X is accompanied by its superpartdémith an almost . . )
degenerate mass. This is due to the fact that supersymmetihere ¢; are scalar fields in the theory. There also exists a
in the visible sector is broken at a scaldl TeV. Moreover, térm in the Lagrangian,

in supergravityX andX have gravitationally suppressed cou- o
G/2(

IG 3G 3°G \=—-

S22 T2 0% +He, ®)
de; do; (9<Pi(9<Pj) e

plings to other fields, among the most notable of which are

the inflatoné, its superpartner inflating, and the gravitino.
This opens up another possibility for creatikgria gravita- . ) o _
tionally suppressed decay of the inflaton. Also, couplings ofvith ¢; being the fermionic partner af; . For our choice of
X: X to b ?i’ and the gravitino, together with a small masssuperpotennal, the following terms can then be identified in

difference betweedX andX, can result in the decay of (X) the Lagrangian:

into its superpartner and a photon-photino pair, or a grav-

itino. These decay channels, however, preserve any symme- OMX k%, X gsx, Y™ ex ()
try which is necessary to forbid and X directly decaying M%Ianck E’Ianck %Ianck

into the SM fields. The startling point is that while decaying

into its own superpartner, the process changes the identity énd the couplindiy is recognized as

a possible dark matter candidate. However, while doing so,

the process releases some energy into a cosmic thermal bath.

In this paper, we discuss the astrophysical bounds on suchNote that a superpotential tersb®, which is linear inX, pro-
decays for gravitino masses ranging from 100 GeV to 1 TeWides a decay channel fot andX thus ignored in our discussion.
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UMy hoyy(hdyy) and hydXX(hydXX) couplings at the first
X:MZ . (7) and second vertices, respectively. Assuming thaiTg,
Planck the rate forX(X) production is given by
A. Production by direct inflaton decay hzhf<
Iy T3, (11)

The terms in Eq(6) result inX(X) production from in-
flaton decay ifmy<<m,/2, with a ratel’yx~ h)z(m /87. The . .
total inflaton decay rate is given Hyy~ V87/3T2/Mpjance ~ WhErEMg~mg, since hidden sector supersymmtery break-
while the inflaton number density at the time of decay isig only results injm,—mg|<m,. The couplingh obeys
given by n,~T&/m,. This constrains the overall coupling the following relationship:

- 2 2
167 my

to 2
[8r Tr 10°° hng \/SFWMTR ’ (12
h§S327T ? R Planck

(8)

Mopianck Mx -
e and the number density of creat¥@X) particles is as fol-

wheremy is in units of GeV. This is required due to the fact lows:
that the producedX(X) must not overclose the Universe

i =1 Mpc—1 ny hi(Tg\3
which, for Qy<0.3 andHy=70 kmsec*Mpc™*, reads XX R (13)
n, 2mimg/
ny 4x10°°
_ys my © Here the main contribution t&¥(X) production occurs at

=I"4. In order forX(X) not to overclose the Universe, it is
whenmy is expressed in units of GeV. In the particular casenecessary to hav@ y=<0.3, which implies
in which ® andX multiplets are gravitationally coupled, one

finds e 230 ( m¢) 3 (14
5 T oomy (TR
3 —7
mX( M p,ancv) =10 "Meianail v 10 e always havd'y<H sinceh{Ti<m} (note that for per-

_ turbative inflaton decayig<<m,). This ensures thak(X)
If v=Mpjancw thenX(X) within the mass range $0GeV  will never reach equilibrium with the thermal bath. However,
<my=<10" GeV can be produced in interesting a(l)bundanceshe bound orhy from (8) is much stronger than the bound in
for a range of reheat temperatures 1 MeVg= 10" GeV.  (14). This implies thatX(X) production from the thermal
If the inflaton VEV is lowered down t0/Mppane=10"",  path is always subleading with respect to production by di-

thenX(X) with a mass range 10GeV=my=<10'* GeV can rect inflaton decay in order for the latter not to saturate the
become a dark matter candidate for the same range of reheaterclosure bound.

temperaturé. It is interesting that direct inflaton decay in supergravity
may produceX(X) in a wide range of mass with a cosmo-
B. Production from the thermal bath logically interesting abundance. This is particularly signifi-

cant as some of the proposed mechanism for creating heavy
WIMPs might not work in a supersymmetric setup. For ex-
ample, it is known that scalar fields, and also fermions if
coupled to two fermionghence the inflatino is coupled to a fallowed by symmetry _conS|derat|or]s, acquire a Hubbl_e—

, : ~— induced mass term during and after inflation in supergravity
fermion-boson pajr As an example, consider theyy and  qels. This suggests that production of such particles from
$7yy couplings’ These couplings are supersymmetric part-a time-varying gravitational backgrouned might not be pos-
ners and the latter one is responsible for a Hubble-inducegible at all unless such Hubble-induced terms are small, or
gaugino mass termH7y7. ThenX(X) can be produced in a canceled for a particular choice of superpotential.
thermal bath from thes-channel diagram which includes

Another possibility for production oX is from its indirect
coupling to the thermal bath via the inflaton sector. The sim
plest situation will be for the case in which inflaton is

lll. VERY LATE DECAY OF X(X)

31t is evident from the overclosure bound ttigt needs to be very There exist strong astrophysical bounds on the late decay
small. This may lookad hocfor a superpotential coupling between Of particles to photons or charged particles. For a detailed
® and X, while a nonrenormalizable gravitationally suppressedstudy of various constraints on such decays, we refer the
coupling in the context of supergravity offers a natural explanationreader to Refd.16,17]. Here we briefly mention the relevant

for such a small coupling iK belongs to a hidden sector. bounds. For a late decay such as 1$< 7<10" s, wherer
“The situation wheny and’y are replaced by a light particle and denotes the lifetime of a particle, the decay products can alter
its superpartner is similar. the chemical potential of the microwave background pho-
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tons. Note that recombination occurs at1@. The reasonis Am<mg, andAm>m, gp, provided the gravitino is not the
that photon number changing interactions such eas LSP, the three-body decay, —X+ y+7 (and correspond-

—eyy go out of equilibrium at>10 s, thus inducing an ingly XHX2+ y+§/) can occur. We indeed expect that such

effective chemical potential for the microwave backgrounddeca s take place sindam<m. imolies that anv production
photons. The chemical potential has been givehli8] for y P x IMp yp

the case in which decay photons thermalize instantly and th&echanism shall producé,, X,, andX (at leastX; andX,)
current experimental bound j&9] in comparable abundances. Moreover, we notice that in both

cases theX, component is the strictly stable particle and
hence a dark matter candidate. Then its abundance, which is

the same as the initial abundancexgi), must not saturate
the overclosure bound if®).

wherepy andp,, denote the energy density in the decay and Let us first consider the case in whidlm<mg,. This is
background photons, respectively. If the decay occurs aftethe situation in the hidden sector supersymmetry breaking
recombination and before the present era, then the nontheseenario with the Polonyi field, whetem~ (1—/3/2)mg,

mal decay photons may be directly visible today if the opti-20]. As long asAm>m,sp, the three-body decay(X)

cal .dept? baﬁk o tlhe dect:ay ?p.oi?] 'i’ frznaflll eno;Jgh. Thenhthg;((x)+ y+y, via an off-shell gravitino, is kinematically
main astropnysicai constraint is that the Tlux ot decay pnos,\yeq The decay diagram includes two vertices: at the first
tons must not exceed that of the observed differential photon

= %sS.SX 1074, (15)
Y

flux, which is given by[10]° vertex,X andX couple toG while the gravitino is coupled to
a yy pair at the second vertex. The decay rate is doubly
Mev ., ., Planck-mass-suppressed, and with phase-space suppression
FE)=< g cmTsrtsy (16)  |eads to
whereE is the photon energy and the observed photon flux is 1 mf((Am— msp)®
denoted byF, . 32(27)3 Mg

There are also bounds on late decay to photons coming
from nucleosynthesis. f=10" s, the photonic showers can Here we have assumed that the decay matrix element is con-
change the abundance of light eleméntSor 10* s<7  stant over the phase space. An interesting observation is that
<10 s, photodestruction oD will reduce its abundance, the decay rate is model-independent except for the appear-
while for 7>10° s, photoproduction ob and ®He fromthe  ance of Am. We make the resonable assumption that

destruction of*He will give the main constraint. 100 Ge\=Am—m gp<=800 GeV formy,=1 TeV. Then
the lifetime 7~T'; * can be of the same order as the age of
A. X(X)—=X(X)+ y+7 via off-shell gravitino the Universe=10"" s for the mass range
Henceforth, we shall consider the case in which ¥e 108 GeV<my<10Y GeV. (18

multiplet has only gravitationally suppressed couplings to the

matter sectof. Depending on the mass differences amongFor a lightermy, the lifetime is longer than the age of the
scalar and fermionic components ¥f different situations Universe.

may arise. IfAmE|mX12— my|>mg,, the decay channels The decay usually releases entropy, which is worth esti-
’ mating in our case. Since&m—m; gp<my, the released mo-
mentum is distributed among all three decay products while
the energy in the mass difference is practically carriedyby

SDecay photons generally trigger an electromagnetic Showe@ndy. It is therefore reasonable to consider the energy which
since their scattering off the microwave background photons cafS taken away byy to be (Am—mjsp)/2. Then the released
createe”e~ pairs, which themselves undergo Compton scatteringeNtropy is sq~[ (50—400)ny]¥* while the entropy in the
off photons. Moreovery-y scattering redistributes photon energy. COsmic microwave background photonssisn,,, resulting
Therefore, one must take these effects into account in order to comn
pare with the observed photon flux, as doné1f,17).

X;—X+G andX—X,+G are kinematically allowed. For

The y-y scattering dominates photon interactions fer10* s Sd 4x1077\ % 19
and hence photonic showers will not affect light element abun- S T,my ' (19
dances.

“In the case in whictX(X) has common gauge interactions with where we have used the overclosure bound. Herdenotes
matter fields, the three-body decayg(X)—X(X,) + y+y can oc-  the temperature of the background photons at the time of
cur via gauge interactionfin fact through the same diagrams, decay and has its smallest valuesx 10~ GeV for the
which results in the production of(X) in a thermal bath In this ~ decays occurring at the present moment. This implies that for
case, the decay rate is quite larle; «?Am3/m2; notice that there  Mx< 10° GeV, the decay products increase the entropy of
is a phase-space suppression, and the decay occurs before nucléde Universe at the time of decay. However, in this case the
synthesis. Again note that thé, component is the strictly stable decay occurs much later than today and hence entropy re-
particle. lease will not be substantial at the present epoch. Therefore,
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the three-body decay does not release any significant entrogys pointed out earlier, the couplingy must satisfy the in-

within the lifetime of the Universe. equality in(8) in order forX not to overclose the Universe if
Nevertheless, the observed photon flux puts a severe comy<m,/2. This yields

straint on the abundance &f For a decay energy of order

(50—400) GeV, the most stringent limit {46,17] . 4x 109( Tr|3(Am—m.gp)?® 23
o~ _R
n Mx m¢ Mlzﬁlanck
X _
<10 9 (20
Y Let us first consider the case with a decay energy of order
while for a wide range of decay lifetimes ¥0s<r~ .400 E?éij{‘é% fomx=1c_)3(1dofr°) ~GeV tk_]rehdecay iifetime
<10 s, the bound is given b16,17] IS 72 ( S, provided Tr=m,. 'h€ gamma-ray

background and the overclosure bounds then translate to
n nx/n,<10"*(10 %) [16,17 and ny/n,<10 %10 *9),
X <(10718-10713). (21)  respectively. For masses 1@GeV=my<10’" GeV, the
Ny gamma-ray bound is indeed stronger, thus providing a clear
. . signal that within this mass rangé cannot act as a stable
'I_'he_ most conservative mass range which I7eads to a dec%é?rk matter candidate. FG’rR/md)foO‘l, astrophysical con-
lifetime in this range is 18 Gev<my<10"" GeV. The straints turn out to be more stringent than the overclosure

overclosure limit now readsic/n,<4x10 2%, which is |/ "\ " T S o range AGev=m,<10° GeV
! : <my< ,
more stringent by several orders of magnitude. Therefore, th\‘fvhile for a smallerTg/m,, the main constraint appears

three-body decay satisfies bounds on photon flux2if from the overclosure bound. For example, fok/m,

=<0.3. -2
<10 4, the overclosure bound ensures that famy

If Xis very massive it will also be possible that the decay21 TeV the three-body decay will not be astrophysically
occurs before recombination. For example, ihy dangerous

. 6.5 . .
10'6° GeV, which can be related to the string scaléMn For a decay energy of order 50 GeV, a mass

theory, andAm—m;gp=1 TeV, the procesX—X+y+y  —10%(10') GeV results in the decay lifetimer,
may take place after the photon number changing interac= 1(18(10?3)s, provided Tr= my. The gamma-ray back-
tionsey—eyy have gone out of equilibrium, but before the yyound and the overclosure bounds yieldy /n
recombination era. For an energy release of order (5101810713 [16,17 and ny/n, <10 %10 9), respe?:—
—400) GeV, in order to satisfy the present constraint on thgjyely, where for 16 Gev< mxgiok‘: GeV the gamma-ray
chemical potential, from Eq(15), we obtain the bound poung will be stronger. Foff/m,=10"", astrophysical
Nx/n,=<10""" This is again much weaker than the overclo- constraints are more stringent within a narrow mass range
sure boundny/n,<4x10 %. We therefore conclude that 13 GeV=my=10" GeV, while for a smallefTz/m, the
avoiding the overclosure of the Universe puts a strongemain constraint appears from the overclosure bound.

bound on the abundance ¥fthan astrophysical constraints | ye desire to have a supermassi¥ewith a massmy

from the decay procesX(X)—X(X)+y+7, via an off-  >m,/2, the production oK through direct decay of the in-

shell gravitino. flaton cannot be possible. Therefore, even if such massive
might have been created, their decay would follow E£9)
B. X(X)=X(X)+ y+7 via off-shell inflatino and could easily occur before recombination. However,

) i mechanisms which could creaXein this case prefer a mass
Now, we turn our attention to anotﬁer possible decaymx>1olo GeV [12,13,19. The overclosure bound then
channel where the three-body decayXiX) can occur via yields nx/nyglo—lg, which for an energy release 50
an off-shell inflatino. The decay diagram will include the —400 GeV in the three-body decay is always stronger than
hyXX¢ coupling at the first vertex while at the second ver-the astrophysical constraints.

tex ¢ is coupled to ayy pair (as discussed in the previous ~ Our overall conclusion is that fang ;=1 TeV, the decay
section. The significance ofX decay via an off-shell in- processX(X)— X(X)+ y+ y can be astrophysically danger-
flatino now depends on the dominant decay channel of anus when mediated by an inflatino. In particular, the astro-
inflaton (inflatino). If the inflaton (inflatino) dominantly de-  physical bounds are stronger than the overclosure bound for
cays to a three-body final state, we will have a four-bddy the mass range $0Gev=my<10’ GeV when 101
decay. This is even more phase-space-suppregsetiper- <Tg/m,<1.
haps forbiddenthan the three-body decay via an off-shell

gravitino. On the other hand, if the inflatdimflatino) mainly

decays to a two-body final state, in particular toq pair,
we may have a three-body decayo¥ia the inflatino. Then

the rate for the decay(X) — X(X) + y+y is found to be

C. X(X)=X(X)+G

Let us finish by discussing the two-body decay case
which occurs whemAm>m,,. This is also quite plausible
since, as pointed out in R4R0], for a generic supersymme-

2 3 try breaking scenario one may not haven<<ms,. The de-

» TRMpianck (Am—mygp) - = .
X 3 > (22 cay rate for the procesX(X)—X(X)+G is, however,
my M Bianck Planck-mass-suppressed, and phase-space suppression gives

FZN 1072h
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m2msy, range, 16 GeVv=10" GeV. Details depend on the inflaton
g~ ———. (24)  VEV at the minimum and the reheat temperature of the Uni-
87TM pjanck verse, which we always assume to be smaller than

0 i i iti -
As we have mentioned earlier, in such a case the most i 1—.01 GeV, in order to avoid thermal gravitino overproduc

portant bounds come from the success of big-bang nucleo’ , -
synthesis. Here the main danger arises from the produced e also considered the decay X(X) into its superpart-
gravitinos with a massny,=100 GeV, which decay into ner and a photon-photino pair, or a gravitino, and we dis-
energetic photons thus constraining their abundance tgussed the various astrophysical afd overclosure bounds
ny/n,<10"*[8] (here we obviously assume that the grav-which restrict the decay channels.X{X) is produced with
itino is not the LS. This requires thamn,=10° GeV if Xis  an abundance large enough to account for the dark matter in
produced with an abundan€k,~0.3. On the other hand, for the Universe, such decays merely change the identity of the
a gravitino massng,=1 TeV, the nucleosynthesis bound dark matter candidate. Depending on the supersymmetry
results inny /n, <10~ 1218], which relaxes the mass range of breaking scenario, the mass difference betw¢emdX can
X, and masses beyond 10 TeV could easily be accommde smaller or larger than the mass of the gravitino. In the
dated. former case, the two-body decay channels are kinematically
Some comments are in order. The decay of a particle intdorbidden. However, the three-body decay via an off-shell
its superpartner and a gravitino can in general occur for ungravitino and/or an off-shell inflatino may still occur. The
stable species as well. However, in such cases the supprasree-body decays release an energy which is just the mass

sion of this decay mode relative to other decay channelgjfference betweei, X, and LSP. In the case in whick(X)

ensures that nucleosynthesis will not be disrufied., the d L . P
. . . ecays intoX(X) and a photon-photino pair, via an off-shell
case for inflaton decay has been considered in [R6€f). On fgravitino, for the mass range ¥0Gev=m, <10 GeV,

the other hand, for a part|cle_wh|ch is stable in the limit o the main constraint comes from the overclosure bound yield-
unbroken supersymmetry, this decay mdded the three-

body decays discussed earli@re the only possible chan- N9 Nx/n,=10 20_- For X(X) decaying via an off-shell in-
nels. We also limited our discussion to gravity-mediated/atino, the situation depends on a number of model param-
models of supersymmtery breaking. The reason is that igters such as the reheat temperature and the mass of the
gauge-mediated models the gravitino mass is substantialf§f?flaton. _ _

smaller than the weak scale, implying that the gravitino is the Ve @lso pointed out that for larger ratios B&/m,, the

LSP. Then a possible two-body decay does not pose a thredgmma-ray background could in principle COQSU"’“” the
to nucleosynthesis, while three-body decays are kinematlower half of the mass range 10Gev=my<10" GeV,
cally forbidden. Finally, we only considered neutral stableWhile the upper half is constrained by the overclosure limit.
particles in this paper. For a charged particle, the dominaniVe also considered the decay XfX) to X(X) and a grav-
decay mode will beX(X)— X(X)+, which occurs much itino when the mass difference between them is larger than

before nucleosynthesis. Moreover, the abundance of sudf€ gravitino mass. In this case, the main constraint comes
particles is severely constrained by their searches in the sd&™m avoiding the photodissociation of light elements. In-

water, which is much more stringent than the overclosuréleed, the abundance of must be smaller than 16* for
bound[21]. my,=100 GeV implying thatm,=10° GeV if X is the

dark matter in the Universe.
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