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(I) Gravitino in the Past

— gravitino cosmology

review

+ W. Buchmiiller, KH, M. Ratz, hep-ph/0307184, PLB574
+ W. Buchmiiller, KH, O. Lebedev, M. Ratz, hep-th/0404168
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thermal history with gravitino 13 /5
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BBN constraints: in general

for a late-decaying particle X — constraints on (’TX, mXYX)

latest detailed analysis including hadronic decay modes:

M. Kawasaki, K. Kohri and T. Moroi, astro-ph/0402490 4 0408426. (cf. K. Jedamzik, astro-ph,/0402344)
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unstable gravitino

BBN constraints: late decaying particle X = 13/,
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Solutions
® very heavy gravitino (anomaly mediation)
cf. M.Ibe, R.Kitano, H.Murayama, T.Yanagida, hep-ph/0403198.
® Jlow scale inflation + baryogenesis
e.g. Affleck—Dine, EW baryogenesis, non-thermal/resonant /soft leptogenesis, - - -
e late-time entropy production
e.g. by moduli. but cf. K.Kohri, M.Yamaguchi, J.Yokoyama, hep-ph/0403043.
e decays only into harmless particle
e.g. into axion and axino, T.Asaka, T.Yanagida, PL.LB494(°00)
P

from Kawasaki et.al. astro-ph/0408426



stable gravitino: NSP decay into gravitino

BBN constraints: 1ate decaying particle X = NSP
constraints on

mnspYNsp OC 1ingp? (roughly) .
TNSP o< Mg mnsp ” |+ O(mye/mysp)? ( m3/2 y MNSP )

relic gravitino abundance (from NSP decay):
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stable gravitino: thermal relic

relic gravitino abundance (thermal):

Qg/g X

TR
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— upper bounds on T'p for a given mgy /2

(\\ Fig. from A.de Gouvea, T.Moroi, H.Murayama, PRD56(’97). )
(See latest calculation, M. Bolz, A. Brandenburg, W. Buchmiiller, NPB606, 518 ('01). )
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Solutions

(A) M5 ~ 10 — 100 GeV, Tg ~ 107 — 101 GeV.

(B) low scale inflation + baryogenesis

(C) very light gravitino

e late-time entropy production

cf. M.Fujii, T.Yanagida, PLB549(’02); + M.Ibe, PRD69(’04)
®  Fiess/Fiota S 1072 and mg/2 2 1 GeV in GMSB

K.Choi, K.Hwang, H.B.Kim, T.Lee, PLLB467(’99)

(X) vanishing gauge coupling at high T

W.Buchmiiller, K.Hamaguchi, M.Ratz, PLB574(°03)



gauge coupling at high T and gravitino abundance
W.Buchmiiller, KH, M.Ratz, PLB574(°03)

If gauge coupling g = g(¢), - -

Vip) =0 Vi(g)+as g? ()T (cf. W.Buchmiiller, KH, O.Lebedev, M.Ratz, hep-th /0404168)

—> ¢ is shifted
—> g(¢) decreases at high 7.

g(o)

A P32

g(o) gravitino production suppressed at 1T > T !



gauge coupling at high T and gravitino abundance

W.Buchmiiller, K.Hamaguchi, M.Ratz, PLB574(’03)

For a simple set-up
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Gravitino in the Past: Summary
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(IT) Gravitino in the Future

= gravitino in the future colliders

based on .....

W. Buchmiuller, KH, M. Ratz, Yanagida
hep-ph/0402179; PLB588 + hep-ph/0403203.

+KH, Y. Kuno, T. Nakaya, M. M. Nojiri hep-ph/0409248.



A MOTIVATION :

Can we prove
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e What would prove the supexgmv‘r;v (?
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We consider a scenario where ----

- LS P (’?ghftr'f’ SUSYPth‘c!e) = ng‘Tt\nO ’}éi
—> stable

I"IEX('(@ lt h arge -
m NSP (er me:éf) Cfle?ni

g d
2
(r(%" ot %A) = 9 o %s \lo 627) (/;;J); )

Y2




. CD//lJef'S ; 'may (up To /0{(06) %/S will Ae
_ﬁf“z”"’ /Jrodace d, and "My (ook.
complefa/ly s"raf)/e. (unfes My K [o /QT)

v 2




In ovrder to & <
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Method (2)
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We cut the soft photon (energy below 10% of maximal photon energy, B = (m2 — m] 12)/2mz).




B CoNCLUSION : (0? the 2:,1 par-t.)
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For Questions and Comments
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gauge coupling ot high T and gravitino abundance
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