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Friedmann-Robertson-Walker FH (—#&EF A FH)
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Einstein equation:
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"Matter tells space how to curve, and space tells matter how to
move." (J. Wheeler)
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Inflation
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Slow-roll parameters

Slow-roll inflation occurs If

Then, inflaton EOM can be approximated by

b+3Hb+V'(¢) =0 = 3Hd+ V'(¢) ~ 0
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Inflation models

._Large-field inflation ..
Ap 2 Mp V x¢" 8#7@(%) \/“’
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._Small-field inflation

Ap S Mp V=Vo— m? 26"+

. _Hybrid inflation

Ao S Mp

Multi-field inflation model
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Quantization of inflaton

1 dp 0O |
s = [atoy=g |50 oo 20— v(o)

For simplicity, we consider a de Sitter space, V=const.

Decompose the inflaton into classical and quantum parts;

P(x,t) = @(t) + 0p(x, 1)
Take a plane-wave solution (Fourier space);
0p(x,t) — S (t)e™™

he EOM for the plane wave is given by

2
S + 3HOy + (S) Sp =0



Quantization of inflaton

The EOM for the plane wave is given by
. . ANE
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Quantization of inflaton
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-Inflation energy scale

 Vine = (2 1016 GeV)* (57) | eent

Inflaton fleld excursion
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The inflaton excursion exceeds the Planck scale for r > O(103)
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Inflation models

._Large-field inflation ..
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._Small-field inflation
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. _Hybrid inflation
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Multi-field inflation model
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. Large_ﬂeld inflation Chaotic inflation Linde "83

Natural inflation Freese etal, 90

. Super-Planckian field rangelZ Xt U #{AlIC potentialZ= control?
Shift symmetry: ¢ — ¢+ 2nf

(EMN7 V7 TENE) EREHGRT Vv, EHGYHMET
OKTH>1ch, miEdIRA B L < 72> TH D, quadratic or cosine
HTIEDERSWVWDHGEL, HOIDUFLSICULEWNE WITRW,

e.g. Polynomial chaotic inflation, multi-natural inflation, non-minimal coupling to gravity

- tensorBYiE 5 % D < 5D TCMB B-mode polarization CHREEF]&E

AV
- BARRinflation energy scale ~ GUT scale o

. AR 7Rinflaton mass ~1012-13GeV

SUSY breaking? Seesaw scale —> RH sneutrino?
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. Small-field inflation v

Linde “82, Albrecht and Steinhardt “82 —
. Sub-Planckian’a D TEFEH DR IF/NE <,
E

35 DI 5 "C 5L AI BE <0

UL T7L—Yarvasdbhsi&bostEsAlCnon-
renormalizable operatorHBXE 7D T, #EFEUVICsensitive T 5.

IRT VIR ILDBELEHEZ E THESIC UL TIEWIF AL
- /D Z (TR 7R correctionH < BIgEEE D, SUCTNsDARTEE.
Modellc & 5 HSUSY breaking scale EBERT 2E M5 5,

. FIHASE & U T potential Dmaximumh S8 E 2 BN H 5
- Negligible tensor mode/B-mode polarization.

- Higgs potential & T\ %; SUSY B-L Higgs inflation.



) Hybrld Inflathn Copeland et al "94, Dvali et al 94
AVTL—VaVERITOERDSEZDERDETITS,

R EMNEHE, BlCrenormalizable operator TE (7%,
. SUSY Tl FFICE R ICEIR,

W= S~ M?)

Cl

- Negligible tensor/B-mode polarization
. Cosmic stringz2o< 52 &ENTE S (CMB,




" = s s
PRI P e o

1. Extensions of quadratic chaotic inflation or

natural inflation r-~001-0.1 /

2. R? inflation, Higgs inflation

r- 103 /

3. Small-field inflation (e.g. new inflation)

r<< 103 ‘\\//

More observables are definitely welcome!
(especially in the case 3)
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Other observables

* Running spectral index TInk
e Non-Gaussianity £ = 0.8 +5.0, £ = —4 + 43 and fg"° = —26 + 21

* [socurvature perturbations Siso < 0.038 (95%CL)

Bo(k) = Prrk)

Prr(k) + Prr(k) .

e Spatial curvature |Qx| < 0.005 (95%CL)

* Neft, (sterile) neutrino masses N.g = 3.15 + 0.23




Other observables

* Running spectral index TTnk
e Non-Gaussianity /5 = 0.8 +5.0, /3 = —4 + 43 and f2™° = 26 + 21

* [socurvature perturbations Siso < 0.038 (95%CL)

Biuo(k) = Prirk)
1SO -

Prr(k) + Prr(k) '

e Spatial curvature |Qx| < 0.005 (95%CL)

* Netr, (sterile) neutrino masses N.g = 3.15+0.23

Consistent with the base LCDM, but
there is still a room for new physics.
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