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DESY-064UT-06-05Eluding the BBN 
onstraints on the stable gravitinoW. Bu
hm�uller1, K. Hamagu
hi1;2, M. Ibe2, T. T. Yanagida1;21Deuts
hes Elektronen-Syn
hrotron DESY, 22603 Hamburg, Germany2Department of Physi
s, University of Tokyo, Tokyo 113-0033, JapanAbstra
tWe investigate how late-time entropy produ
tion weakens the Big-Bang Nu-
leosynthesis (BBN) 
onstraints on the gravitino as lightest superparti
le with a
harged slepton as next-to-lightest superparti
le. We �nd that with a moderateamount of entropy produ
tion, the BBN 
onstraints 
an be eluded for most of theparameter spa
e relevant for the dis
overy of the gravitino. This is en
ouraging forexperimental tests of supergravity at LHC and ILC.



Introdu
tionThe gravitino eG is a unique and inevitable predi
tion of supergravity (SUGRA) [1℄, andhen
e the dis
overy of the gravitino would provide unequivo
al eviden
e for SUGRA. It hasbeen pointed out that this test of SUGRA may be possible at LHC or ILC, if the gravitinois the lightest superparti
le (LSP) and the long-lived next-to-lightest superparti
le (NLSP)is a 
harged slepton [2℄.From an experimental point of view, a relatively large gravitino mass meG 
omparableto the slepton mass m~̀, meG>�O(0:1)m~̀, is parti
ularly interesting [2, 3℄. This is be
ausein su
h a gravitino mass region the kinemati
al re
onstru
tion of the gravitino massbe
omes possible, whi
h leads to a determination of the \Plan
k s
ale", and even thegravitino spin might be
ome measurable.However, su
h a parameter region is strongly 
onstrained by 
osmology. In parti
ular,the BBN 
onstraints on a late de
aying parti
le [4, 5℄ lead to an upper bound on thegravitino mass for a given slepton mass [6, 7℄, whi
h makes the SUGRA test at 
olliderexperiments very 
hallenging.It is, however, easy to evade the BBN 
onstraints if late-time entropy produ
tiono

urs after the slepton de
oupling (and before BBN). In this letter we expli
itly showhow mu
h late-time entropy produ
tion weakens the BBN 
onstraints on the NLSP de
ayinto the gravitino. We �nd most of the relevant parameter spa
e to survive for a moderateamount of entropy produ
tion. This is very en
ouraging with respe
t to experimental testsof SUGRA at LHC and ILC. It has also interesting impli
ations for leptogenesis, whi
hwill be dis
ussed elsewhere [8℄.BBN 
onstraint with late-time entropy produ
tionFor 
on
reteness, we assume that the NLSP is the superpartner of the tau lepton, stau(e� ). In the early universe, the stau NLSP is in thermal equilibrium until its de
ouplingat Td � me�=20. If the stau parti
le de
ays during or after BBN, TBBN � 1 MeV, it mayspoil the su

essful BBN predi
tions [4, 5℄. In the model with stau NLSP and gravitinoLSP, this leads to severe 
onstraints on the parameter spa
e (me� ;meG), in parti
ular toupper bounds on the gravitino mass for a given stau mass [6, 7℄.If there is no entropy produ
tion after the stau de
oupling, the thermal reli
 abundan
e2



of the stau before its de
ay is given by [6℄Y thermale� � ne�s = �� 10�13 � me�100 GeV� ; (1)where ne� and s are the stau number density and the entropy density, respe
tively. Here,� = (0:7 � 1) is a numeri
al 
oeÆ
ient whi
h depends on the model parameters (e.g.,tan �). In the following we take � = 0:7 as a representative value. The de
ay rate of thestau NLSP is given by [2℄�e� (e� ! eG� ) = m5e�48�m2eGM2P  1� m2eG +m2�m2e� !4 241 � 4m2eGm2�(m2e� �m2eG �m2�)2353=2 ;' (6 � 106 se
)�1 � me�100 GeV�5  10 GeVmeG !2  1� m2eGm2e� !4 ; (2)where in the se
ond equation we have negle
ted the mass of the tau{lepton, m� .The energeti
 tau-lepton produ
ed by the stau de
ay 
auses the ele
tromagneti
 (EM)
as
ade, whi
h results in destru
tions or overprodu
tions of light elements (D, 3He, 4He,et
.). However, the tau-lepton itself de
ays before intera
ting with ba
kground photons,and hen
e, some of the energy 
arried by the tau-lepton is lost to neutrinos. Thus, theele
tromagneti
 energy released by the stau de
ay is given byEEMYe� = �EMm2e� �m2eG2me� Ye� ; (3)where �EM <� 1 denotes the suppression fa
tor due to the energy loss in the tau de
ay intoneutrinos. In the following, we take �EM ' 0:5 as a representative value [7℄. On the otherhand, the hadroni
 
ontribution relevant for BBN dominantly 
omes from the three- andfour-body de
ay of the stau, and therefore the hadroni
 bran
hing ratio of the stau NLSPis suppressed, Bh<� 10�3 [9℄. Thus, the hadroni
 energy released by the stau de
ay issuppressed by a fa
tor <� 10�3 
ompared to the EM energy.Without late-time entropy produ
tion, the parameter region with a relatively largegravitino mass, meG>�O(0:1)me� , whi
h is wanted for tests of SUGRA, is severely 
on-strained by the above BBN 
onstraints. However, if an adequate entropy produ
tiono

urs after the stau de
oupling, the stau abundan
e is diluted by a fa
tor �,Ye� = 1�Y thermale� ; (4)3



Figure 1: The BBN 
onstraint (3He/D bound) on the parameter spa
e (meG;me�) withlate-time entropy produ
tion. The regions ex
luded by the 3He/D bound are shaded fromlight to dark gray for a dilution fa
tor � = 1, 10, 102, 103. In the bla
k shaded region,the gravitino is not the LSP. Here we have negle
ted the e�e
ts of hadroni
 de
ay (seetext).and the BBN 
onstraints 
an be easily eluded.1To show this expli
itly, we plot the BBN 
onstraints in the (meG;me�) plane (Fig. 1).Here, we have used the 
onstraint from the 3He/D bound, and negle
ted other photo-disso
iation and hadro-disso
iation e�e
ts on the light elements. This is be
ause, in theregion me�Ye� <� 10�11 GeV, the most stringent 
onstraint 
omes from the 3He overprodu
-tion for a late de
aying parti
le with Bh<� 10�3 (see Fig. 41 and Fig. 42 in Ref. [4℄). Thus,for our purposes, the 3He/D bound is the most stringent BBN 
onstraint forme� <� 500GeVand �>� 10.2As Fig. 1 demonstrates, the 3He/D bound severely 
onstrains the parameter spa
e1If the entropy is provided by the late-time de
ay of a long-lived parti
le ', the dilution fa
tor � isgiven by � ' (Td=T')3 in terms of the de
ay temperature of ', T' (assuming that the dire
t produ
tionof e� from ' is negligible). Thus, for instan
e, the dilution fa
tor is � � 103 for T' � 1 GeV andme� ' 200 GeV.2In Fig. 1, we have used the 
onstraints in Fig. 41 of Ref. [4℄. Our � = 1 line in Fig. 1 almostreprodu
es the 3He/D bound in Fig. 3 of Ref. [7℄. 4



for � = 1, while the most of the interesting region is allowed for � = 103. Therefore,the bulk of the relevant parameter spa
e for the SUGRA test survives with a moderateamount of entropy produ
tion. Consequen
es of the present analysis for leptogenesis willbe dis
ussed in Ref. [8℄.A
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