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Supersymmetry and cosmology
~ Inflation, gravitino, axion
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Introduction

® Supersymmetry (supergravity)

promising candidate for physics beyond

@ [nflation
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This Talk

@ SUSY inflation
ravitino Problem

xion in SUSY




SUSY Inflation Models




Inflation model in SUSY

® Slow-roll inflation needs flat potential for inflaton
field

® Many flat directions in SUSY models

® SUSY keeps flatness of the inflaton potential at

qguantum level
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n problem
® Scalar Potential in SUGRA

K 52K - *J TA* 2
V=e¢ 557 DWD W= —=3|W|*| + (D Term)

K : Kahler potential = ¢;¢** + - -

W . superpotential D,W = ol o 5KW
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Solutions to n problem

® Special form for W and K

® Superpotential is linear in inflaton field

no Hubble induced term
W=FX)p =ap e ;
for minimal Kahler

@ Shift Symmetry in Kahler potential
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Chaotic Inflation in Supergravity

MK, Yamaguchi, Yanagida
PRDé63 (2001)103514

Shift symmetry © = O + ¢C
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Kahler potential
Ia el i (e i e L e
superpotential

W= oD

v

1
(i X e §m2902 + m?| X |?

R 1,

spectral index ngs >~ 0.96  consistent with WMAP



H b C| . ﬂ . . . Copeland et al (1994); Dvali, Shafi,
ybrid Intlation In SUpergravity .. .cfer (1994): Linde, Riotto (1997)

superpotential

W = \SUU — %S
R-charge S(+2) ¥¥(0)
U(1) gauge int S(0) ¥(—1) ¥(+1)

Kahler potential
K =|S° + [¥° + |¥|°

=) scalar potential
g = ReS/+/2

B o = = N

flat potential == inflation
spectral index ns~=0.98—1.0




New Inflation Izawa, Yanagida(1997); Ibe Shinbara, Yanagida (2006)
Superpotential
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WMAP three years data

WMAP + SDSS
® Ao*
@) m2(|)2
W HZ

WMAP + 2dF
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| HZ

Spergel et al (2006)




Reheating after inflation
® Reheating takes place through inflaton decay

® The decay rate depends on coupling with other
particles == model dependent

® However, the decay through top Yukawa coupling
occurs by SUGRA effect W =1TQH,

Endo, I\/IK Takahashi, Yanagida (2006)
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Lower bound on reheating temperature
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Endo, MK, Takahashi, Yanagida (2006),
Endo, Takahashi, Yanagida (2007)
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: new(single);100TeV
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Gravitino Problem




Gravitino Problem

Gravitino Superpartner of graviton

2pS/Z = only gravitationally suppressed int.
=) |ong lifetime
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Gravitino Mass

® Gravitino mass depends on mediation mechanism
for SUSY breaking

® gravity mediation ~ SUSY breaking in hidden sector
Is transferred to observable sector by gravity

m3/2 ~ 100 GeV — 10 TeV

® gauge mediation ~ SUSY breaking in hidden sector is
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Gravitino Decay and BBN

Gravitino in Gravity and Anomaly ¢3/2
Mediated SUSY Breaking

mg3 /e ~ 100GeV — 10°TeV

=P (Jnstable
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4 )
Decay Products (photons,

hadrons)

Serious Effect on
Big Bang Nucleosynthesis




Radiative Decay 32

Ellis, Nanopoulos,Sarkar (1985)
MK, Moroi (1995), and many others

High Energy Photons <

Electromagnetic Cascade

Many Soft Photons
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" Reno, Seckel (1988)
Hadronlc Decay Dimopoulos et al (1989)

g MK, Kohri, Moroi (2005)
7ﬁDB/Q 5666 By, ~ 1  Jedamzik (2006)

9
Even If a gravitino only decays into a photino

Gl

C —
ks o S ety g O

315- -

L/
>
>
3/2 <
>
g h ~~ Oé 7‘(‘ ~
2e'Td SRS ALE o s ’ ) Logthd v/ . 3 g /
A : Sy ot M e S WS e’y gk g, LR AV RN - s 49,
U5 M e il £ DR AL g e i B A SR\ ZN i e B b A s et




Constraint on Reheating Temperature
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Constraint on Reheating Temperature (2)

loglo(TB/Z/sec)
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Non-thermal Gravitino Production

® Gravitinos are produced in the inflaton
decay through supergravity effect

(1) pair production directly from inflaton
Duitlsioideitin

MK,F.Takahashi,Yanagida (2006)

V) spontaneous decay Into hidden quarks

- VIa YuKawa coupli REIS i s E“dQ MK FTahash| Yanalda




® Production rate

r _L(@>2 "
327 39r M, Mg

® SUSY breaking field z, m. ~ A~ (7713/2]\429)1/2
™\ dynamical SUSY
S LT ALY beaking scale

direct pair production (1) is effective {~1

SRR ¢ et s s B Sy "R "-.,"."; 4 - i LAY L6 R A 3 el S OB SSTRr: T ante RS Y AR YN S (S e R L Y,
Lt A PSR e e St s M A £ RN B g D e Sl S B S BN SRR b S S i S R USRS R B S SR A e e T A ST A o 5 S ol A S LY
; o? 2 | PESRAT I A R oA e o 2 , AL SN € LG T U (o A L e R S R Sl i S e % e R
B St (B e ot () 1| (T v A () S s ol () ) A o A s ot e ey s SOt gt a5

B REIE B et AN SR C A O U T S ST RN (e OSSP St a Ze Grs 3)




Non-thermal vs. thermal

2 —1
(NT) 11 (9) ( me )3 IR

Y. ~ 7T x1
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v (NT)
2
1 _|_ mg?)
2
3m3/2

3/2
Non-thermal production is
complementary to thermal
production
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Constraints on Inflation models
Endo,F.Takahashi,Yanagida (2007)
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Axion in SUSY




Axion and Strong CP Problem

2
QCD _ 0 ) FCL'LWFG’
L=Lyg—0o+ 3972 L

e CR

Experiment = ( < i
Why is 6 so small? == strong CP problem
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Axion in SUSY

® Axion field forms supermultiplet

( a(axion), s(saxion), a(axino) )

® Due to holomorphic property of superpotential
real U(1) is extended to complex U(1)
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Saxion

® saxion gets a mass through SUSY
breaking effects | Ms = Mg/ (gravitino mass)

® Initial field value (after inflation)

si ~F, | s; —s(vacuum) ~ F,




® Saxion iIs also produced by scatterings of
particles in high temperature plasma
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Saxion Decay

® Deacy into two axions (model dep.) <" decay

If exist
f2om; i
['(s — 2a) ~ i f~O0(1)

GeV\”’ F 2
~ 102 a
Ellssec ( = ) (1012GeV)

@ Decay into gluons, photons
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Cosmological Constraint

1. matter density 7, > {g 5. reionization

2. Increase of Ny eff o. diffuse X(y)-rays
3. affect BBN /. LSP overproduction

4. CMB spectral distortion Mg > Msysy ~ 1 TeV

KSVZ

T N_nu diffuse X
Fq =10 GeV - BBN — reinonization

log[ps/S(GeV): CMB —— matter density

ML Rl
0 N
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20t
keV MeV GeV TeV

with two axion decay m without two axion decay




Axino and Constraints on Tr

® Axino is produced through scattering of
particles in thermal bath
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F, = 10'? GeV —— LSP N.nu —— diffuse X
Axino —  BBN —— reinonization
logT,[GeV] —— Gravitino CMB —— matter density
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® Cosmological constraint on the reheating
temperature i1s more stringent than that
from gravitino

Tr < 10° GeV  my =mg/ < 10 TeV
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Summary

® Inflation is realized in the frame of
supergravity

® SUGRA leads to inflaton decay and gives

lower bound of reheating temperature
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