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Flat Directions In
Scalar Potential of MSSM
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Affleck-Dine Baryogenesis
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Classically, in an expanding universe, ¢ obeys the equa-
tion of motion

&0 4y mz,® = 4i AD T, (4)

dr? dt

where H is the Hubble parameter. With the initial condi-
fions at 1 = fp:

®l,_, =iPy and Pl =0, (5)

where @y is real and @ = d®/dr, it was found that the
baryon number per particle at large fimes (1 = m@’} in

either a matter-dominated or a radiation-dominated uni-
verse 1s given by

P Ai%fmi. (&)

r = ng/ ng >> observed ng/s =101



Affleck-Dine Baryogenesis

L = (9,0 () - V(D)
V(@) = mgd'® + ik (&' — &™)
SUSY m% = M3 and A = eM3/M%

e=1073, Ms=10""Mp, Mz = 107*Mp,
SPLIT m?,, = and A=¢eA /Mp
SUSY =0l m=10" GeV, A~ TeV

M p 15 the Planck mass 10" GeV

A-term
AD4



r : tenor/scalar

WMAP and chaotic inflation
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There has been a scenario In
which both baryogenesis and
inflation are combined in one
setting — one stone two birds

 Affleck-Dine Supersymmetric
Baryogenesis 1985

« Chaotic inflation 1983
« Charng et al 2009, Hertzberg & Karouby 2014



Affleck-Dine Baryogenesis and chaotic inflation

Split SUSY
- 10Mnﬂaton

or

me=1.1x10""Mp, A= 18 x 1072,
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nitial conditions, & = 4M and f=oc=y=10



Supergravity effects and n problem
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Here K 1s the Kihler potential, W 1s the superpotential, o W 8Tk
W represents all relevant scalar fields in the model.™™  av M3 oV

IfK=AA *, then we have n Problem Slow-roll parameters
] . AIP (l ("")- _ .'tl[_;(l o~ ‘)
: : * * = —\V 25/ n vV a2/
K(A, B) = ;(A + A%)> + BB*, W = mAB, 167 \V 95 8w \V a5
Vip, o, ¥) = m>e87/ Mo +x7/2) (5 = A, (i) = B (55 = A,
X {lmf 1 + (ET){;*] (i) =B:  (b5)= -E’rf‘y”"‘!lz + |B|?
2 Mi) 4 =5 Sy : |
w1 [1 S ]f + o?) ! !
— ——(p? + o’
E MF‘ 2 f A= —I.’p + i), |B| = =X
"\'-— WL
N Bar | 4 8 ]f N
E"” w2t ]) inflaton field



K(A, B) = %(A + A*)? + BB*, (17)

Shift Symmetry

which 1s invariant under the shift of A: A— A + icMp,
where ¢ i1s a real parameter. As a consequence, the expo-
nential factor in Eq. (15) no longer prevents the imaginary
part of A from having a larger value than Mp, which we

identify with the inflaton field o in the potential (14). As

the AD mechanism, the scalar quark and lepton fields get
vacuum expectation values which break the standard-
model gauge symmetries. As such, during inflation there
may exist effective operators, for example, #*(QXLXd*)
and it* L{Q){d*), which do not respect the standard-model
gauge symmetries. This particular feature of the AD
mechanism indeed opens a possibility for imposing a shift
symmetry on the AD flat direction even though the flat
direction is not a gauge singlet. For instance, assuming that
all of the vacuum expectation values are real numbers, the
Lagrangian may contain terms like & + #* which carries
the shift symmetry. Interestingly, these operators are not



Summary

» "Complex Chaotic Inflation” to
accommodate inflation as well as
baryogenesis

* Realized in Split SUSY models with
m ~ 1013 GeV, A-term coupling A~ 10-2

» Shift symmetry may exist to solve n
problem in supergravity effects



