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moduli FIREDAFRZE
-m, 2 O(10)TeV IZEDBVModuliE BB ETIL < 7 <t
. WTENH s A D Linde (1996)

K. Nakayama, F. Takahashi, T. T. Yanagida (1999)

. f:E' Ellj/r 7 l/ / = / K. Yamamoto (1985), D. H. Lyth, E. D. Stewart (1996)

T. Asaka, M. Kawasaki (1999)
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. f'%:@ﬂ"]/( 7 L —>/ 3>/ K Yamamoto (1985), D. H. Lyth, E. D. Stewart (1996)

T. Asaka, M. Kawasaki (1999)
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2. Set up
Y—0T7 ANV EERIT D7V A + Abelian Higgs model

L= (DM\P)TDM\II — Vg (9, \I’T) éllFquw/ | iauﬁbauﬁb — V() 4'? ngw,ﬁ’”V
¢
where D, =0, — ieA, U (Y—=07)evI R A F—0THKY
¢ T

LY O RAINTVIvIL V(0,01 =
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2. Set up
Y—0T7 ANV EERIT D7V A + Abelian Higgs model

1 1 '¢' = “~.
e T L s N
W T 2 2 e 2
(D, V) D*O = |6,0|? + e24,A| ]
“ N—0TAKNVER —- BV T XBRNE
& 7 AINT G 7o (0, ——
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2. EvIADEEIZXIF—ICLDIERWNr VT L —> 3 VEk
3. RENFEHERTHEED., 1>7L—>3 T (Reheating)
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Parameters f,=5x10"GeV  m, =5x10°GeV v = \
? ¢ L s N S AVEVEDINERS Lol
p =30 e =2mylfy  A=10""m,lf, ESIBATNS
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e-folding humber N

Parameters
fy =10"GeV

A=1  ¢=1

Y

my [GeV]

0.01

. . i BBN bound/ The number 01; e-folds :
— l | l | 1 VA | ! | ! _ end
0.1 10 1000 105 107  10° Nl
m, |Ge V]
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e-folding humber N
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e-folding humber N

""""""" % Parameters
' : f, = 10"GeV
ooooo Q ﬂ — 30 e = Ol
! ,é) A=1 €&=1
&

Moduli problem can w
‘ be solved (or relaxed)

BBN bound/ The number of e-folds :
| | | x ya d

| | | | | _ end
0.1 10 1000 105 107  10° Nl
m, |Ge V]
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4. Reheating & tRSERT gEE

Reheating process

SM 7K EY—=D T4 N> DEFE
BEZEBAD LD —EBWFW

+ TIREREEIE }/W< llq
l/g

- Reheating temperature:

[0 17 GeV ( ) ( ) (100 MeV)1/2 (P’y’—>e+6— < Hend)
Tren =

1/4 1
vl ((9e(Teen) £ Ty T ote- > H
26 GeVA ( ) (o 1) (100 MeV) (L sete= > Hend),

40
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4. Reheating & IREE AT HE M e e

Reheating process
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Back up
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L attice simulation

Parameters
f,=5%10"GeV  m;=5x10°GeV v =,

B =30 e =2mylf, A= 10—4m§/f;

Grid number: N4 = 256 Initial values: 6, = ¢,/f, = 1

Comoving box size: Ny, = 0.5zm;" W= 0.01v

Time stepsize: 0.1m; "

- The Higgs Is slowly rolling at the Initial stage since we choose small 4 and

thus we do not consider the Hubble mass In lattice simulation.
- Although this simulation can be applied tfor small 4 due to the computational

resources, we have confirmed qualitatively that the analytical results are valid
and thus the numerical results can be extrapolated evento A~ 1.
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Results by lattice simulation

Spectrum (After the end of the Energy deﬂSIty

9 ta.Chy.On.IC.Pr.o,qUCtIOH,) N 100 -
10~ ¢ ' m.or — 1 — matter ——
4 ’ 2 axion ——
N 10° 3 — 2| gauge — -
N@ 4 — 10 higgs
-
£ 100}
ER.
= 10" §f
=
S 107
1 10 0 1 2 ! 4 3 0
k/(aoscmgb) meT

Parameters f,=5%x10"GeV  m,=5x10°GeV v=f,
B =30 e =2mylfy  A=10""m/f;
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Experimental constraints

Beam dump includes
E141, E137, E7/ 74, KEK, Orsay, NAoc4, CHARM. v-Cal |, and U70.

Upper bound by collider or fixed target exp. includes
KLOE, NA48/2, HADES, PHENIX, A1, BaBar, and engineering runs
for Apex and HPS,

Supernova constraints are imposed by the observation of SN1987a.
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