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Dark Energy: Quintessence ?

(Fuji1 82, Ratra&:Peebles 88, Yoshui&Sato 92, Terasawa, Sato&JY 92, Chiba,Sugiyama,
&Nakamura 97, Caldwell, Dave &Steinhardt 98, Zlatev, Wang, Steinhardt 99,...)

# A runaway solution of an extremely light scalar field O
with some appropriate potential I'|Q].
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# By nature of the tracking solution, the scalar field is
still evnlving today, so we find
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* Perturbative vacuum is expressed by a superposition
of energy eigenstates with equal weight:

1
‘i>:ﬁ(\3> + |4)).
‘Sb:E(M* =) ps=-—m'e™

A=k () 1) e

* From p, =107 M}, and TH," <1, we find
m>M,., S,=120In10+4In(m/M,)~ 276

S50UNEETIEOFHIEBEEED,

JY Phys Rev Lett 88(2002)151302



= sl o g [P o O
Q= 1.02+0.02 et

(Al =23 DT SIRY)
- 0 R—0T 7 ) F—DRREEARI w=p/ 0
W< 078 (95 /0 CL) Quintessence(IEH, FHIETLL .
(2,=0.73+0.04 FHIBN TR —BEEXEL T3,

() »=0.044 +0.004 /A HEE B TLR S HITLRD
0.3 Lo BUMBREEAIESILL. !
N=1(6.1%52) x 10 n 2/ A TR REE L,



e
95% .

A

0% |

e b

687

o

2
gt
JL
w
P
=
.
ik
i
3

10-19
AL S FFERE

N ILOER - AT EAY D LSRR SKFEEREHD
WA HRE YT N FEREBOTYDIE DA L L




FH (L ZEmEr
(5= 1.0210.02 (-2 DF )
- 0 A—OTxI)F—ORERRET. w=p/0
W< 078 (95 /0 CL) Quintessence(IEH, FHIETLL .
(2,=0.73+0.04 FHIBN TR —BEEXEL T3,

Q,=0.044+0.004 /51 HEEBTREHITRO
A 1o BMBEERASSALE SO,
N=(6.120 3)x 10 I=SAIE S S h ARt

J=lLRR—U=F—DEMIFTLLI?
th 0.135 %8088 F+o=onisp. znet,. .. 7

(FPFEoA OEEELLOWGETETES
QHI: 0.27 +0.04 LTI o7, Vamaguchi & JY PRD (2003)
h =071 +0.04 100kn/s/Mpe TR CLIZ/ v T IL S ARDIE
e -0.03 F05LL ETH —FLICIER . HSTHETE.

Q 7?<0.0076 (95% CL) —._ 11 meosips AamEso
m,, < WWEX-Y (95% CL) IS =2 OF—5FIER



ACDMETITET LB

/ {_:F)U}' An_gular Scale _

TT Cross Power
Spectrum

— A= GOk All Data
¥ WMAP

Bl

ACHLR

M 6{&
ZRIBFIBEF

E}}

ZNTBIIEDT—4 |
:ﬁ E' :l: < ﬁﬁ. Hﬁ o 40 100 200 400

Multipole moment (/)

ARG ILIEROELRED 7L — 3B 5 ZLFET1TEL,
LAL., #iDdLMEEEZ RSEVALAHEIKREN RN H D,







DHFEOM/IV—Yay . FHO-&H-§7 (L

REUHERRERETLANT—IED
T 7 LT ILF— (FE AR
LTHIRILF—FESBELLELY)
I—E2 AL —a il d

[ET BEG[ ¢ V[¢]] ~ const
a 3

¢+3Hp+V'[¢]=0

a(t) ce” NLEMERIZEY . E—FREASIZELSh,

B FEHIE BRI KETL D,

y V4] Chaotic
Inﬂ;?'un
v
MNew/ Topological
[nflation
™

1%



A=V OB E HER ST DER

BRI Mex)=0.(1), a(t)xe”
DEIINTHED, ERICITEFELT
I—&kY . BOELIET—HFTHEL BFIC
KELEALMAERENS,

#(1.x) = ¢, (1) + 5¢(t,x) = 4,1+ 61(t,x)) —

+ V[ d] Chaotic

Inflation

MNew/ Topological
[nflation

BN

T L) 4
/ V
a(t,x) o« g VP a(t)(1+ Hét)
ds' = —dt’ + a’ (t)dx’ ds’ = —dt’ + a’ (t)(1+ 2H&) dx*
Hot(t,x)=H % (¢ x)

¢



BFEoTNNR
r A TL—230EFRCTARAAT—IE S OEFRHMEE~
De Sitterf 22| Z§2 [+ S massless scalar field DS F L

d3k ; i £
(2n )3;’2' !'Lkl;?k{ﬁ:}i? kx—I—uLpi{i}rf I'”"J

© =

E—FREEIE [nz r“ e+ g(,}] or(t) =0, a(t) =" LU

H ik AH k
3/2 T, T ikiHa(l) ¢ = —

2k Ha(t)
&?ﬁ‘lféa

RERET—E.



BFRoTOER

P
P ERL., SR BERER L > ke THDB
Ink 5>Ink+1THERTHE

> o [k o 3k _ (H\?
{pr(x,t)) = /; lok ()] Eﬂ)ﬁ — (gﬂ)

ELVD I LS LMEIZE D,

Hubble time /&<, MEFE~H . RIE Spx H/2m O
EOTARAEERL, FHEERICE T EEEZNTLK

HERLE
”

O~ Hotx

THEZBN. KTV L7 ILEEDESITKE.

27

BHEADETEODBELLOLEVNOT, o wf 225w s,
RT— I REIZARTN LA T/ENS, (27)

|




12— FRICBTERr— 0L

scale
BEDOERDESE DIRIE
LHEHRFAR L YR
L, 5t OFIE—5E Radiation aft)r=aft) 2n/k
e dominant ;EE
‘ inflation
.-’ H’ i
t 2?!'{&5 kal i hWatter dominant
\v_/fk 1‘; time

AT—IL =2 lk DESTE

2

(27)’







WMAPIZA Y L=V ERETLT-H 2

- COBEIZ AT — ILAEELTDAXRTNIL
#FRINELf=S, A Z0—avyiof-Z&FFERR L=,

+ L. A ZL—2av B oof-CEaAIE. bivbh A
— -5 -FIHAFHICTFEATLWAIEH(EOXROERR)IC
FOTERICHLMATHRY BT (T ROBRR)EFO2ETHLY,

(Fefel BRI CIENROHEAFEEDCH DT —230 0
BIE LTI EE o7, )

« —H. AL —a Mz E RS ILATELTE/ED
A XTFET S, 17— 30FKYDCEENDLD

SZAH5H, ((HHARMEOEINERFLINDRTA XX 5—)L
BEOESEERAITE-TL, causal seed model)

(Turok, 96)




WMAPIZA Y 2L —Ya v ERETLT-H\ 2
w AT —30 AL —3 IR 5—LOELE SR
— Sl tEa T LES,

* TR R a7 & M eausal seed model : SFFEH O ELDFRIZITRRIZ
ELEFEE-TIN

Amsotrepy _\| 2 CNBIIRIAEDARINIL
RAERFNTES,

Thomson
Scattering

=iw
Linear
Polarizati
Wlarization




WMAPHERALT-B RS EORBEAAN MY

TRILEEELT %
BIRT4H5ACDMETIL
OFEFxE N -LD
ThY. OT—5%
249k LTIZ0OTIE
]

]
od
-
=
(o]
=
o
—
i
<

Multipole moment (/)

* B RICEH B SENTERENS, A7 —a &L
ACDMETIILZHW{ZET 5.

CDEYBRNRRICE AT AR o CEERET S,



AL —a3 B0 RE RIHEEETFE
causal seed model: IED ;R E fRcHHBEZ T E

causal seed
model T

WMAPIZE DR E RSt

HEREREL. 1oL —
A EREELT: !







Ar=NEREARNIN D OWBLEAL

2
O~ Hot = 4 :
27

« chaofic inflation ¥ new inflation %
DFDENEEYBNSES
DTARGEILIFERIT 1 LY NSy,

Apa 9y\2
vg]=l¢"—r)

* IRIF—FBEITELETOHS
hybrid inflation %54 F & 1FF
—ET. HBANEAEEDT
ARG ILEERIE T LU RELY,

2
Vo] = ;(f—wzf +§?a'212+%m30'2

& [:E,f?___jb)(l—ﬂ]fz

o }ﬁv/g“if“z: 0, V=av'/4

war Ghaotic
Inflation
New/Topological
Inflation

\ F¢

N

V
' ] o]

¢~ Hybrid
Inflation




A= REARIMD L ORWTEAL

(7) z«bf-mh%ﬁrésﬁl«é&& DETIL
e i ;.f.r:nl;u;jaﬁb;jaé ._
= \J/
EN: |
ol == i
= & Shae ard |, 0 7188
?i“: o) Inflation Inﬂatmn;
= = 05 = |
7 Bt
i
?‘T .
Topological Inﬂatlnn
0 : >
0.8 0.9 1 1.1
A0 LR #
(Kinney, 98)

t":abﬁx S S



BARE XAT-WTIEYREC MR T=I TR LY ha

Hees 2.0, Y-
k=0.002Mpc™ T . WMAP
— +0.07 ;_'_,
n=1.10":= .
dn _ _() 04p100 : S ... ' e
dink oo NS

BHLETILTCoREEE |
THIEIETELLY,



COEIEANIMVERBORILERRTS
Ei j] {97 '/"“?/3 :/%'T Jl& (Kawasaki, Yamaguchi, & JY, PRD 03)

7t Supergravity T& 2 2 ENBED,

1. 42 7L—3i,3 /13 1lat potential CHREZ S
(SHEWVWEEEPLELBRIZHES>TLED, )
2. BEHMERLRT Y O7ILEESIZEDICIE,
X FE DN NE T#H S, —> Supersymmetry
3. T IR T—ILDEOEEERIIZIZ,
Supergravity IR D EE THD.




CDEIBANINVEROREERETS
ﬁij] ‘fJ 7 b“‘VEJ%’T"& (Kawasaki, Yamaguchi, & JY, PRD 03)

. Hybrid inflation ¢ New inflation @A S,
2. Hybrid inflation B 1loop SRATMIE A FNE . HEAR T 7 LA

B, ARG LIEFED 1B EDS 1 UTIZELT S,
3. Hybnd inflation [+ 28 ELO T, £ D& New inflation &

fECL. FHETOASKT 0.
4. Hybrd inflation 1= New inflation D FEAEHA BHERIZES,

Supergravity M A5 LIFM, =(82G) ' =1 7§ 5,

Kihler potential K/z/, Superpotential W/zJ/IZ&2T. AAT—FHzD
AT 7R TOEIZEZ NS,

b |
- 2K .
1..- — (J\ [ ( ,l:_‘ dt,) HJ: I-'I.' JD: ) 1_.1,:-‘*& . BEHE’] _]_.qI _-‘r.}.
L -a-||- --'J: !

W | OK 92K |
DW= """+ "W =3 e 50t -

Oz; 0z; 0tz J




* Hybﬂd inflation /,;f,— gange non-singlet?” conjugate pair
Wy = A\SWW — 425 Ky =|SP+ V2 + [V|? + -

o FIm—hT i iiw L B d
V(S W, V) = F|_H-|2+|w;2+|m;-3{{l SISR 4 Spww - 2p F TR %ﬁiﬂ

i 12 et
+[S[2 [AL + WA - 207"+ A1+ [V - 20 ”H}m-

* ¥ ¥ Dmass matrix O BB {BX BB AR
M3Z = A?|S|2 + A2, for W* = TW (Superpartmer fermionld M = A[S] )

o [SIOMIEIZE L, W = DAl Cinstability) e L), THERTS 92,
Vg = W2 — 12)2 + A\262| W2 + éu“n“ +... o=ReS/\2
o lloopDEEEIFRIEE, A B, Hybrid inflation DR 502 7 LIS

J'ILE T 1
7 ol 8 4
Viglo] = 4 (1 t i ——oe +) (Linde & Riotto PRD97)

o IEAEZEMIRIEN'S, u=3.1x10"=75x10"GeV &RF3,



* ARGMLIEBEZTDELE. RToO7ILOWH THITS,

1in | (k)2 o]\ 2 v
i = ANIPUNT & giioe o2 (—[*ﬂ QP i 4 |
dn k 2\ V]o] V(o]
q_‘f'”‘ - 1__.'”![{}_] 1_,']"[!_}_]
= 10en — 24 — 26, E=
din k Hp=SaEE=ay S VIo]2
FSOETILOBE. .
n—1=—-6e+2n=2n= 30° — % C, E..,,}ﬂ.fzﬂ'
1. 8
P = 16en—24e2—2¢ 2 —2¢ = — (24 4 44% + 35%
dln k o

c=0,/3" TnlX1EEWAH . AT —32 O# e-folds

oi V id
Ny = [ ‘1lo] der U & &0
o T Il[ll'T] -:";

EEETHE, ARDETE T 10 BEISLAEDEL,




* New mflation

Ky =0 + @[t 4+ Wy[o] = v?e - ot

n—+ 1

2
; oty A Cnoa,2  2g p2gn + 9~ 42n —Red/ 2
Vi If,-'f:} — 7 > v 2”,@ A on i /

* Hybrid New inflation

ERRIZIE K=K, +K,, W=W,+W, E8FEEZALITRITESIEL,
T5HE&.

1
Vi }.'.4|¢|2+ﬂ.2f‘2{¢"*S—|—$H$)+' S — 5;:4{:(.-'12—%1?)—|—,u.2.'r2rr:j;—|—- =

O 1F omn = o= 2 ERARITENA, LT RIAIS

=

/N EFEDS . New inflation | 2P @ P RESE A B EIRYIC
AE=nd.

(Izawa, Kawasaki, Yanagida P1L97)



* New inflation®# e-folds £ 40{ KX THAHE,

Ill,l,lal’lllll!;‘ql l = 4[‘” P
Nisa= Il 2528 = el = 40. cn< 0.1
4 ( )+2f'u{1—"'rrj

pee ]l .5 1U_4i;_ud
» New inflation DI F - &AL, TOIELE DIRIE

N i
q}('l.'.lr H'] — ' = 1:2 b4 1{] Cn
E?T\)'(Ef'”'“ v

AU REL, (107 BEIZDLEYES. )
FDRAT—ILIE N, =40DEE ¢ =720 "kpe FRET, KETE,

 LALBRZEIZIE, N,=35 BETLHLELDT. 3758
£rey SIkpc ST TE, BIRETELY,



IO

ol

S g — 7\ 2N

« £5— 2 RERA : Hybrid inflation!Z R E B FIRA S TLA
e 7Ly,

(Yamaguchi & JY, hep-ph/0307373)






£ 20BARE: XAT— W low multipole) DEREA NI\ !

Angular Scale
2° 0.5°

j: S i TT Cross Power
%E#@*E"E ?fl{ E‘-pErr:ter

A "?-_ } L -7[: ? .' ' \ ; t_“;r- L;r-.q Al Data
TARTRIL LY ,. | o
INSM 2t ?

ACBAR

&
X
=

=
i
- =
Q
e
—
_

P DB I
cosmic variance
(LT TEMNE
9.

100 200 400
Multipole moment (f)

L20E. cDEIFCOBEDERICHE LTHEHZ Mo Tl =,



FOSRALTHLRICRBLTH =D, . .

PHYSICAL REVIEW D, VOLUME 59, 107303

Chaotic new inflation and primordial spectrum of adiabatic fluctuations

Jun’ichi Yokoyama
Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
(Received 24 December 1998; published 23 April 1999)

In a number of scalar potentials with an unstable local maximum at the origin, chaotic inflation is followed

by new inflation if model parameters of the potential are appropriately chosen. We calculate the spectrum of
adiabatic fluctuations in such a double inflation model and show that it is possible to realize an almost
scale-invariant spectrum with a sharp cutoff on a superhorizon scale, which may be favored observationally,

and a tilted spectrum with the spectral index n.<0.95 on large scales. [S0556-2821(99)00112-5]

PACS number(s): 98.80.Cq

now commonly believed that the large-scale homo-
and isotropy observed in the Universe were realized
ult of a stage of accelerated expansion or inflation in
v universe [1]. The original model of inflation [2] was
n a first-order phase transition of a Higgs field in
nified theories (GUTs). This model, however, failed

- TR N N, (. ————— - [ R U | Py P HE R g

ds*=—(1+2¥(x,1))dt*+a*(1)(1 +2P(x,1)

where a(t) is the scale factor and we use the notat
for the perturbation variables. Decomposing them
modes as
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(Kogo, Matsumiya, sasaki, JY)
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