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DESY-064UT-06-05Eluding the BBN onstraints on the stable gravitinoW. Buhm�uller1, K. Hamaguhi1;2, M. Ibe2, T. T. Yanagida1;21Deutshes Elektronen-Synhrotron DESY, 22603 Hamburg, Germany2Department of Physis, University of Tokyo, Tokyo 113-0033, JapanAbstratWe investigate how late-time entropy prodution weakens the Big-Bang Nu-leosynthesis (BBN) onstraints on the gravitino as lightest superpartile with aharged slepton as next-to-lightest superpartile. We �nd that with a moderateamount of entropy prodution, the BBN onstraints an be eluded for most of theparameter spae relevant for the disovery of the gravitino. This is enouraging forexperimental tests of supergravity at LHC and ILC.



IntrodutionThe gravitino eG is a unique and inevitable predition of supergravity (SUGRA) [1℄, andhene the disovery of the gravitino would provide unequivoal evidene for SUGRA. It hasbeen pointed out that this test of SUGRA may be possible at LHC or ILC, if the gravitinois the lightest superpartile (LSP) and the long-lived next-to-lightest superpartile (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 partiularly interesting [2, 3℄. This is beausein suh a gravitino mass region the kinematial reonstrution of the gravitino massbeomes possible, whih leads to a determination of the \Plank sale", and even thegravitino spin might beome measurable.However, suh a parameter region is strongly onstrained by osmology. In partiular,the BBN onstraints on a late deaying partile [4, 5℄ lead to an upper bound on thegravitino mass for a given slepton mass [6, 7℄, whih makes the SUGRA test at olliderexperiments very hallenging.It is, however, easy to evade the BBN onstraints if late-time entropy produtionours after the slepton deoupling (and before BBN). In this letter we expliitly showhow muh late-time entropy prodution weakens the BBN onstraints on the NLSP deayinto the gravitino. We �nd most of the relevant parameter spae to survive for a moderateamount of entropy prodution. This is very enouraging with respet to experimental testsof SUGRA at LHC and ILC. It has also interesting impliations for leptogenesis, whihwill be disussed elsewhere [8℄.BBN onstraint with late-time entropy produtionFor onreteness, 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 deouplingat Td � me�=20. If the stau partile deays during or after BBN, TBBN � 1 MeV, it mayspoil the suessful BBN preditions [4, 5℄. In the model with stau NLSP and gravitinoLSP, this leads to severe onstraints on the parameter spae (me� ;meG), in partiular toupper bounds on the gravitino mass for a given stau mass [6, 7℄.If there is no entropy prodution after the stau deoupling, the thermal reli abundane2



of the stau before its deay 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, respetively. Here,� = (0:7 � 1) is a numerial oeÆient whih depends on the model parameters (e.g.,tan �). In the following we take � = 0:7 as a representative value. The deay 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 seond equation we have negleted the mass of the tau{lepton, m� .The energeti tau-lepton produed by the stau deay auses the eletromagneti (EM)asade, whih results in destrutions or overprodutions of light elements (D, 3He, 4He,et.). However, the tau-lepton itself deays before interating with bakground photons,and hene, some of the energy arried by the tau-lepton is lost to neutrinos. Thus, theeletromagneti energy released by the stau deay is given byEEMYe� = �EMm2e� �m2eG2me� Ye� ; (3)where �EM <� 1 denotes the suppression fator due to the energy loss in the tau deay 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 deay of the stau, and therefore the hadroni branhing ratio of the stau NLSPis suppressed, Bh<� 10�3 [9℄. Thus, the hadroni energy released by the stau deay issuppressed by a fator <� 10�3 ompared to the EM energy.Without late-time entropy prodution, the parameter region with a relatively largegravitino mass, meG>�O(0:1)me� , whih is wanted for tests of SUGRA, is severely on-strained by the above BBN onstraints. However, if an adequate entropy produtionours after the stau deoupling, the stau abundane is diluted by a fator �,Ye� = 1�Y thermale� ; (4)3



Figure 1: The BBN onstraint (3He/D bound) on the parameter spae (meG;me�) withlate-time entropy prodution. The regions exluded by the 3He/D bound are shaded fromlight to dark gray for a dilution fator � = 1, 10, 102, 103. In the blak shaded region,the gravitino is not the LSP. Here we have negleted the e�ets of hadroni deay (seetext).and the BBN onstraints an be easily eluded.1To show this expliitly, we plot the BBN onstraints in the (meG;me�) plane (Fig. 1).Here, we have used the onstraint from the 3He/D bound, and negleted other photo-dissoiation and hadro-dissoiation e�ets on the light elements. This is beause, in theregion me�Ye� <� 10�11 GeV, the most stringent onstraint omes from the 3He overprodu-tion for a late deaying partile 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 spae1If the entropy is provided by the late-time deay of a long-lived partile ', the dilution fator � isgiven by � ' (Td=T')3 in terms of the deay temperature of ', T' (assuming that the diret produtionof e� from ' is negligible). Thus, for instane, the dilution fator 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 almostreprodues 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 spae for the SUGRA test survives with a moderateamount of entropy prodution. Consequenes of the present analysis for leptogenesis willbe disussed in Ref. [8℄.AknowledgmentsM. I. thanks the Japan Soiety for the Promotion of Siene for �nanial support. Thiswork is partially supported by Grand-in-Aid Sienti� Researh (s) 14102004. The workof T.T.Y. has been supported in part by a Humboldt Researh Award.Referenes[1℄ D. Z. Freedman, P. van Nieuwenhuizen and S. Ferrara, Phys. Rev. D 13 (1976) 3214;S. Deser and B. Zumino, Phys. Lett. B 62 (1976) 335.[2℄ W. Buhmuller, K. Hamaguhi, M. Ratz and T. Yanagida, Phys. Lett. B 588 (2004)90 [arXiv:hep-ph/0402179℄; arXiv:hep-ph/0403203.[3℄ K. Hamaguhi, Y. Kuno, T. Nakaya and M. M. Nojiri, Phys. Rev. D 70 (2004)115007 [arXiv:hep-ph/0409248℄;J. L. Feng and B. T. Smith, Phys. Rev. D 71, 015004 (2005) [Erratum-ibid. D 71,0109904 (2005)℄ [arXiv:hep-ph/0409278℄;K. Hamaguhi, M. M. Nojiri, A. de Roek, in preparation.[4℄ M. Kawasaki, K. Kohri and T. Moroi, Phys. Rev. D 71 (2005) 083502[arXiv:astro-ph/0408426℄, and referenes therein.[5℄ K. Jedamzik, arXiv:hep-ph/0604251, and referenes therein.[6℄ T. Asaka, K. Hamaguhi and K. Suzuki, Phys. Lett. B 490 (2000) 136[arXiv:hep-ph/0005136℄;M. Fujii, M. Ibe and T. Yanagida, Phys. Lett. B 579 (2004) 6[arXiv:hep-ph/0310142℄.[7℄ J. L. Feng, S. Su and F. Takayama, Phys. Rev. D 70 (2004) 075019[arXiv:hep-ph/0404231℄. 5
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