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Introduction & Summary



INFLATION

[Starobinsky 80, Sato ’81, Guth ’80, ...]
[Mukhanov & Chibisov '81]
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Tensor amplitude
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SUMEIARY

Consider the following inflationary setup:

N \J\}
x ¢ x ¢*

- Potential V (¢) with multi-minima
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SUMEIARY

Consider the following inflationary setup:

() ()
X @ 1% o<¢2 V

X ¢2 X ¢4
- Potential V' (¢) with multi-minima & Conformal factor Q(¢) (s.t. £L D Q(¢)R)

- They behave like V o< 2° arond one minimum
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SUMEIARY

Consider the foIIowing inflationary setup:

x ¢’ x ¢

- Potential V' (¢) with multi-minima & Conformal factor Q(¢) (s.t. £L D Q(¢)R)

- They behave like V o< 2° arond one minimum

Then inflationary predictions come here

regardless of model details
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TALK PLAN

|. Hillclimbing inflation
2. Relation to other attractors

3. Summary

Ryusuke Jinno



05 /15

HILLCLIMBING INFLATION

Consider single-field inflation
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CONFORMAL
TRANSFORMATION

Einstein-frame description
- Redefinition of metric (Conformal transformation) : g, — Q_lgw,

- Many {)’s show up to cancel out original )

5:/\/—7 BQR— %(ﬁgb)Q—V
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CONFORMAL
TRANSFORMATION

Einstein-frame description
- Redefinition of metric (Conformal transformation) : g, — Q_lgw,

- Many {)’s show up to cancel out original )

gi= / BQ : %(%)2 - V}
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CONFORMAL
TRANSFORMATION

Einstein-frame description
- Redefinition of metric (Conformal transformation) : g, — Q_lgw,

- Many {)’s show up to cancel out original )

£ : Bﬂié(ﬁgb)Qd
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CONFORMAL
TRANSFORMATION

Einstein-frame description
- Redefinition of metric (Conformal transformation) : g, — Q_lgw,

- Many {)’s show up to cancel out original )

£ : Bﬂié(ﬁgb)Qd

02/ Q{R—%(@an)QwL---}

- Remaining (In £2 'works as inflaton, moving in the potential V/Q2
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FLAE PCITENTIAL

Einstein-frame potential becomes flat

because of vertical lifting up & horizontal stretching

A
O
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FLAE PCITENTIAL

Einstein-frame potential becomes flat

because of vertical lifting up & horizontal stretching

V/Q?

approaches constant, like Vo(1 — (#)¢+ - -)
\
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FLAE PCITENTIAL

Einstein-frame potential becomes flat

because of vertical lifting up & horizontal stretching

V/Q?
exponentially flat, like Vo(1 — (#)e™? +--.)

=)
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FLAE PCITENTIAL

Einstein-frame potential becomes flat

because of vertical lifting up & horizontal stretching

Inflation Reheating
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INFLATIONARY PREDICTIONS

Exponentially flat potentials give sweet spot of CMB

: 9 f2 0

Il B JEia
N N
\ o

N : efolding / n: “leading exponent” V/Q? = V(1 — (#)¢™ + ---)

Actual values of r differ by O(10)% among models (next slide)

— observationally interesting
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HILLCLIMBING NATURAL
INFLATION

Setup : S:/H{%QR_%(8¢)2_V}
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‘Re ﬁeating
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V = A*[1 - cos(¢/f)]

: quadratic in @ around ¢ ~ 0

J

-
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1 = wsin(¢/2nf)

. linear in ¢ around ¢ ~ 0

~
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HILLCLIMBING NATURAL

INFLATION

Inflationary predictions

anfaﬁon

‘Re ﬁeau’ng
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HILLCLIMBING NATURAL
INFLATION

Inflationary predictions

e

Large f ( > Mp)

: quadratic chaotic

£/

/—I\
Q |

Qnﬂau’on

‘Re ﬁeau’ng

Ryusuke Jinno

[

N=50 60

10 /15

|

R v

3 3
10_2f % g‘ -
- 3 3 :
- N £ |
i S S |
N U v |
i 2 > 1

X X
10_3_— 8 8 —

0.95 0.96 0.97 0.98
nS

10/15



10 /15

HILLCLIMBING NATURAL

INFLATION

Inflationary predictions

e

Small f (< Mp)

: attractor behavior

~
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HILLCLIMBING HIGGS INFLATION

Hillclimbing with Higgs potential '
- Suppose that Higgs quartic hits 0 at some point P
- Suppose that conformal factor vanishes there R

102 10* 10° 10° 10" 102 10" 10' 10 10%
RGE scale p in GeV

(Generalized Multi Point Principle?)
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HILLCLIMBING HIGGS INFLATION

Setup : S:/H{%QR_%(8¢)2_V}
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HILLCLIMBING HIGGS INFLATION

Inflationary predictions

Ryusuke Jinno
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TALK PLAN

&/ Hillclimbing inflation
2. Relation to other attractors

3. Summary
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RELACCIN 0D
COFRIER AL ERAC LORS

Difference in how to realize exponentially flat potential

E-attl"a(:tor' [Linde et.al.’[4] [Salopek et.al.’89, Luccin et al.’86, Futamase & Maeda ’89, ...]
- Higgs inflation ( {2 = 1 + §¢2 &V = )\¢4/4) and its generalization

- Uses {2 > 1 for inflation, and ) < 1/€) correspondence to Hillclimbing inflation

X-attractor [Kalloshet.al.’13,’14]

- Pole-type attractor in modern context
- Actually, its original construction in Jordan frame (+ in a certain gauge)
falls within Hillclimbing scheme
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TALK PLAN

&/ Hillclimbing inflation
&’ Relation to other attractors

3. Summary
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SUMEIARY

We propose a class of models

where the inflaton climbs up the potential hill

These models show attractor behavior to CMB sweet spot
This mechanism is applicable to multi-vacuum potentials

such as natural-inflation potential or Higgs potential

Ryusuke Jinno 15/ 15
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HILLCLIMBING NATURAL
INFLATION

Origin of the action?  Difficult to justify this action by symmetry argument ...

= /\/—TJJ [—iM((I’J — ®)R; — |0%4* — VJ}

Vel [|c1>¢,|4 = %(CD‘} + @34)} + Vsp
D ;
® :min of V/;
Wal ® :max of V/;

Vsp fixes @ ; along this line
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HILLCLIMBING HIGGS INFLATION

Model 2
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Q Model 1 Model 2
M /Mp 0.1005, 0.0923 0.0907, 0.0837
®J.ena/Mp | [0.0635,0.0583] 0.0562, 0.0519
¢3,cmB/Mp| [0.0991, 0.0912] 0.0854, 0.0791
Ns 0.9628, 0.9688 0.9647, 0.9703
r [0.00381, 0.00272] | [0.000646, 0.000468]
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Classification

Gravity-type Pole-type

Ryusuke Jinno /15

X-attractor




