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quantum fluctuations

0¢(t, )
—>

[Baumann]
Sp(z) —=>  Sp(z) —>  §T(x)
Quantum vacuum ...fropslofe into _ which become
fluctuations around classical the CMB anisotropies. A

the inflaton vev density fluctuations

after inflation
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K’ E\™ dln A (k
AR (k) = g2 T RIE) = As(k) (k_> ns —1= dlrﬁ:( |
amplitude of scalar spectral index 5

the scalar power spectrum
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arooonds rrom CMB

ns = 0.9603 = 0.0073, 7 < 0.044

TT,TE,EE4lowE+lensing

TT,TE,EE+lowE~+lensing
+BK14

TT,TE,EE+lowE+lensing
+BK14+BAO

Natural inflation
Hilltop quartic model
«v attractors
Power-law inflation
R? inflation
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Tensor-to-scalar ratio (79,002

[Planck]
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Result of non-linear evolution of
initially Gaussian flucfuations.
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Result of non-linear evolution of
initially Gaussian fluctuations. FLTR A sy 35 -~
: -5'""%‘..‘.: \oi A
"“"("_lm b'm:’; “‘ )'“v £ &

N

BR(kla k?) k3) X Z flt]yﬁ)estype(kh k27 k3) R LSS ' ’ o\ ' :.i

type
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' .. ..‘/‘f*x;;l‘.: .‘ ... . "
X .ﬁ.i'. v h J '.q n~ ‘
t N\ - P 5 'M_d ‘e
BR(k17k27k3) X E :fNyIIJ)eStype(kth?kg) : )

type

The amount of non-Gaussianity is quantified by
the parameter

6, Br(k1, ks, ks3)
——fNL = = ,
5 Pr(k1)Pr(k2) + (k cyclic perms)
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Bi-spectrum

t
NyII,)e = 0(67 77)

[Maldacena, 2002]

loc __
N =0

[Tanaka & Urakawa, 2011]
[Pajer, Schmidt, Zaldarriaga, 2013]

Single-field models of inflation most strongly couple momenta of similar wavelengths and result in bispectra that are
highly suppressed in the ‘squeezed limit’ where one long-wavelength-mode couple to two short-wavelength-modes.
10
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Bi-spectrum

t
NyII,)e = 0(67 77)

[Maldacena, 2002]

loc __
NL —

[Tanaka & Urakawa, 2011]
[Pajer, Schmidt, Zaldarriaga, 2013]

CMB constraint: fi%¢ = —0.9 £ 5.1

Detection of fllﬁ’f ~ O (1) would rule out all attractor models of single-field inflation! 1
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[O.l., E. Sfakianakis, D.-G.Wang, A. Achucarro]

[A. Achucarro, E. Copeland, O.l. et al]

[A. Achucarro, R. Kallosh, A. Linde et al]
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= rojec’fory .

M2
LR L Cop(6)06° B0’ — V(6

| |

field-space metric multi-field potential

S = /d4:1;\/—_g

13
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AING Trajectory

M2
PR " Gap($)06"00” — V(6

| |

field-space metric multi-field potential

S = /d4:c\/—_g

Turn-rate:

a a
DN€|| — 77J_€J_

inflation frajector

[D.-G. Wang]

Trajectory turns couple the fluctuations and modify their dispersion relations and correlators.
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viulti-field e g rojec’ror—/,ﬁl

MZ
S = /d4:v\/——g TPIR — %g“”Gab(cb)@uqb“auqﬁb — V(¢%)

| |

field-space metric multi-field potential

Two types of field perturbations:

Turn-rate:
- Adiabatic (curvature) ==& along trajectory R

a a
DN€|| — 77J_€J_

- Non-Adiabatic (isocurvature) ==& orthogonal to trajectory S

inflation frajector

15
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[D. Wands, K.Malik, ' D. Lyth, A. Liddle, 2000]
[L. Amendola, C. Gordon, D. Wands, M. Sasaki, 2002] ¢

[D. Wands, N. Barfolo, S. Matarrese, A. Riofto,2002] R ~aHS
9
\S ~ BHS
a=2ny
=g MiL M4

inflation trajectory 1

M% = G*VyV.V — R ¢!
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[D. Wands, K.Malik, ' D. Lyth, A. Liddle, 2000]
[L-Amendola, C. Gordon, D. Wands, M. Sasaki, 2002] ¢
[D. Wands, N. Bartolo, S. Matarrese, A. Riotto,2002] R

2
0
A
“

05
2
@
T
07!

g _ge_ MiL M _
|4 |4
b, The sourcing of curvature perturbations

inflation trajectory

by isocurvature perturbations is proportional
fo the turn-rafe!
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—CIassSiricarion.-oi

—

[D. Wands, K.Malik, ' D. Lyth, A. Liddle, 2000]
[L. Amendola, C. Gordon, D. Wands, M. Sasaki, 2002] ¢

[D. Wands, N. Bartolo, S. Matarrese, A. Riotto,2002] R ~aHS
<
\S’ ~ BHS
a=2ny
8= —2€ * % (nL)?

inflation trajectory 1

M = G*VyV.V — Ry ¢!

Determined by potential & geometry of field-space.

18
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—CIassSiricarion.-oi
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[D. Wands, K.Malik, ' D. Lyth, A. Liddle, 2000]
[L. Amendola, C. Gordon, D. Wands, M. Sasaki, 2002]
[D. Wands, N. Bartolo, S. Matarrese, A. Riotto,2002]

inflation trajectory

1

Rie Riy) = 3¢
1

(R7:,Sk,) = 3¢
1

(Sk,Sky) = 5.

July 2023

(
R ~aHS
\
\S ~ BHS
o =2n1
Mo My 4o
= —2€ — —
B 7 5 (1)
dodi- ddn- ) = P Power spectrum of
¢||k1 ¢||k2 R curvature perturbations,
5¢||,;;1 0917 ) = CRs  cross-correlation,
5¢LE1 0¢1z) = Ps isocurvature perturbations.

19
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[C. Peterson, M. Tegmark, 2011] Slow-turn: N1 <K 1

3

5 T
loc O = i RS 01«InTrg

NL
6V3 W1+ T3
R\  [(1Trs) [ R.
S /)] \0Tss S,

20
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[C. Peterson, M. Tegmark, 2011] Slow-turn: N1 <K 1

3

5} T
loc D = i RS 01«InTrg

NL
6V 8 W1+ T3
R\  [(1Trs) [ R.
S /)] \0Tss S,

What is differrent in the rapid-turn regime2 11 > 1

21
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[Sasaki and Stewart, (1996)]
[Wands, Malik, Lyth, Liddle (2000)]

SN -formalism

t,x)

gij = a®(t)v;; e

uniform density hypersurface

YUD (t, X) = C(t, X)

wﬂat (ta X) =0

initial flat hypersurface ”
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-------- ity frory F=formalis

[D.H. Lyth and Y. Rodriguez, (2005)]

a b c
(Ri R, Re, ) = NaNoNe (664, 6% 665, )

1 . L
+§NaNchd <5¢zl—<§1 5¢5)<EQ (5915* * 5¢il) IZ3> + (k cyclic perms) T

6, _ 6.3 _ 6.
—z/NL R = fnn 2N
5) 5} 5}
“ N
horizon crossing super-horizon
contribution evolution
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————————— ity in ation

Slow-turn: 11 < 1

(6¢27 66%7) = (2m)*6) (ky + ko) P (k)6
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lon-Gc ity in'r | ation
Slow-turn: 11 < 1

(5025, 665 7,) = (25 (By + o) P (k5%

PR*:PS*7 CRS*:O
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ation

[Ol, D. Marsh, G. Salinas, 2023] Slow-turn: 11 < 1
(6627 065 ) = (2m)*6®) (k1 + ko) P (k1)0™

PR*:PS*7 CRS*:O

Rapid-turn: 11 > 1

<5¢Zlgl5¢g;;'2> = (2m)36®) (k1 + Engab(kl)

PR*%PS*%CRS*#O

27



[Ol, D. Marsh, G. Salinas, 2023] Slow-turn: 11 < 1

Rapid-turn: 11 > 1

6 .(14) NgNpNeg [Pgac (k1) P;;bd (k2) + (k cyclic perms)]

5NL_

NeNfNyNp, [P;ef(kl)P;gh(kz) + (k cyclic perms)]

28
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ation .

Rapid-turn: 11 > 1

[Ol, D. Marsh, G. Salinas, 2023]

§ (4) (k. Ko ks) = Z fI 5 PL(k1)P? (k2) + (k cyclic perms)
57N -y PR(kg) + (k cyclic perms)

RR
’ NL 7fNL NL

PR(k) = Pr(k) , P°(k) = Crs(k)

29
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‘Non-Gc | rapid-t ation .

Rapid-turn: 1| > 1

[Ol, D. Marsh, G. Salinas, 2023]

§ (4) (k. Ko ks) = Z fI 5 PL(k1)P? (k2) + (k cyclic perms)
57N -y PR(kg) + (k cyclic perms)

RR pRC pCR gCC
NL s JNL»JNL»JNL

PR(k) = Pr(k) , P°(k) = Crs(k)

Scale dependence and new shape functions!

30
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s | rapia-t ation

Rapid-turn: 11 > 1
[Ol, D. Marsh, G. Salinas, 2023]

Assuming the scale-invariant power spectrum, it reduces to:
4 ~ ~
15113 Dnrdy+ Myyuls+ My, Is

I; =1;(Trs,Crs, Ps/Pr)

New model-independent potentially large contributions to the non-Gaussianity parameter!
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[Ol, D. Marsh, G. Salinas, 2023]
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2 AL Gl

[Ol, D. Marsh, G. Salinas, 2023]

isocurvature perturbations.

cross-correlation,

Power spectrum of curvature perturbations, 34
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[Ol, D. Marsh, G. Salinas, 2023]

5
loc — - (0.006 I14 + 1.89 In, + 0.004 I3, — 2.35 Iy, — 0.015 I5, + 2.3 Ig,)
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e ¢ oy =

—Natelmire

s v

[Ol, D. Marsh, G. Salinas, 2023]

5
ﬁﬁz—EMOMHE+489&V+QMMQ*—Z%H@—Oﬂwﬁﬂ+23kg

FO8=0.705 ~ O (1)

36
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July 2023

1. Extended the &N -formalism to rapid-turn inflation.

2. ldentified new model-independent potentially large contributions to the non-Gaussianity
parameter.

3. The resulting bispectrum in general is not of the local shape.
4. Detection of Non-Gaussianity  £i5¢ ~ @O (1) signals:

« New particles = inflation with more than one field, curved field-space, steep potentials,
UV competions...

* OR non-inflationary perturbationse

CMB-S4

MLSS experiments

37

Next Generation CMB Experiment
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* OR non-inflationary perturbationse
4LSS experimenfs |
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Oksana larygina



