Gravitino Production
In Early Universe




This Talk

e Gravitinos are produced from scalar, I.e.
inflaton, decay via gravitational effects.

e Direct and perturb. - different from
‘thermal/preheating production.
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Gravitino: overview

e R-parity odd SUGRA = global SUSY
_ + gravity
e Massive below
SUSY breaking SM SUSY
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Gravitino Spoils SBBN

e BBN is spoiled by
unstable gravitino

7=(6.1+0.3)x10-10
- —-—- CMB constraint

[Kawasaki,Kohri,Moroi]




Abundance Bounded

e BBN is spoiled by
unstable gravitino

e (Qverclose universe
by stable LSP
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Abundance Bounded

BBN Is spoiled by
unstable gravitino

Overclose universe f s
by stable LSP

Initial gravitino
abundance to be
constrained
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Thermal Production

® Thermal scattering of
SM/SUSY particles

® Increaseas’yp /

ex. g+9— g+ 3

g ¢3/2
M

g

Yy ~ 10712

up to corrections




Thermal Production

® Thermal scattering of
SM/SUSY particles

® |ncrease as TR A cf. BBN bound

Y3/2 5 10—(15—16)

ex. g+9— g+ 3

for gravity-mediation

Yy ~ 10712

up to corrections




Thermal Production

Thermal scattering of
SM/SUSY particles

Increase as I /

Total decay rate of
iInflaton should be
suppressed.

¢ o 1/Mp

Gravity effects should
affect reheating

ex. g+9— g+ 3

cf. BBN bound

Y3/2 5 10—(15—16)

for gravity-mediation

Yy ~ 10712

up to corrections




Gravitational Interaction

e \We discuss inflaton decay in SUGRA
e Universal

]
- SUSY breaking sector as well as
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Gravity-Induced
Inflaton Decay

gravity supermultiplet

inflaton

goldstino



Gravity-Induced
Inflaton Decay

gravity supermultiplet
{h,uw ¢3/27 b,ua (I)}

inflaton

auxiliary field
b,u . U(l)R
® : conformal




Gravity-Induced
Inflaton Decay

gravity supermultiplet
{h,LLV7 ¢3/27 b,up (I)}




z decays into
pair of gravitino

Z — 2¢3/2

[ME,Hamaguchi, Takahashi;Kawasaki, Takahashi,Yanagida]



[ME,Hamaguchi, Takahashi;Kawasaki, Takahashi,Yanagida]



SUSY breaking
conformal/R breaking

[ME,Hamaguchi, Takahashi;Kawasaki, Takahashi,Yanagida]



[ME,Hamaguchi, Takahashi;Kawasaki, Takahashi,Yanagida]



me > Nsusy

® Previous channel is suppressed
- SUSY is restored - no conformal/R breaking
- cancellation works even if SUSY is broken
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me > Nsusy

® Previous channel is suppressed
- SUSY is restored - no conformal/R breaking

- cancellation works even if SUSY is broken
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me > Nsusy

® Previous channel is suppressed
- SUSY is restored - no conformal/R breaking

- cancellation works even if SUSY is broken
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me > Nsusy

e Conformal-/R-symmetries are anomalous
at quantum level (c.f. AMSB)

[ME, Takahashi,Yanagida]



me > Nsusy

e Conformal-/R-symmetries are anomalous
at quantum level (c.f. AMSB)

’/’ Xz ~ ¢3/2
—

massless in SUSY Iim.
renormalizable coupling

[ME, Takahashi,Yanagida]



me > Nsusy

e Conformal-/R-symmetries are anomalous
at quantum level (c.f. AMSB)

Production rate

& by

ﬁ Xz ™~ ¢3/2

[ME, Takahashi,Yanagida]



Production Rate

e Gravitinos are produced as long as (¢) # 0

e Direct pair gravitino for my < Agusy

1 2 m3
| APORRY, (WL 0 I
S P M 123

% oy '.u‘I 4F: ‘.v BT O r.-'- ‘.."- '_' P ".-:.:.. e Fatads, de g ) e
SR R R 8 R A R D e

b




Production Rate

e Gravitinos are produced as long as (¢) # 0
e Direct pair gravitino for my < Agysy
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Gravitino Produced

T'r
Thermal

Q — g
/ OO Gravitino

Q Radiation

Inflaton




Gravitino Produced

T'r
Thermal

Q
/ OO ~ Gravitino

Q Radiation
Inflaton \

‘ ['3/9 ~

Gravitino




Inflation Models

] : new(single);1TeV
[ talk by ] : new(single);100TeV
' : new(multi)
Takahashi hybrid
' : smooth hyb.
: chaotic (w/o0 Z»)

A: ms/o = 1'TeV
B, =1

B: ms/o = 1'TeV
By =107

C: m3/, = 100TeV

[bounded) || D: mgyo = 1GeV
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mg [GeV] [ME, Takahashi, Yanagidal




Moduli Decay

® mass of scalar is light
- Y3, REDUCED

e \VEV is at Planck scale
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Moduli Decay

® mass of scalar is light
- Y3, REDUCED

e \/EV is at Planck scale

Gravitino production is serious




Natural Reheating

e |nflaton decays into MSSM sector w/o
Introducing special couplings by hand.

® Tree-level processes
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Summary

e Gravitinos are produced via gravitational
effects.

® \We obtained generic production rates.

° Cru0|ally change conventlonal plcture of
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+ :new(single);1TeV
» :new(single);100TeV
: new(multi)
: hybrid
: smooth hyb.
------ : chaotic (w/o Z7)

via Yt coupling
at tree-level
w/ minimal Kahler
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Relaxation of Problem

e Vanishing VEV: symmetries at vac.
cf. most inf. models do NOT
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