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Quasi-single field inflation

 Inflaton: slow roll as usual
e |socurvaton: has mass m~H
 These fields are coupled
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Why another inflation model?

 And without penalty?
e Here are two motivations ...

5/42



The theoretical motivation:

* Fine tuning problem
« Multiple light fields
 Have inflation anyway

Naturally, one m«H, all others m~H
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The phenon. motivation:

“light” In bkgd level?

What is { ight ™1
“light” In pert. level?

Gap: one m«kH, all others m~H
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Naturally, one m«H, all others m~H

Surprisingly not noticed before!
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The m~H fields:

 Vanish at bkgd level
 Show up in perturbations

Thus the model has
Quasi-single field

9/42



m2aa

single field
slow-roll
inflation

non-slow-roll

regime
quasi-singl¢
field
HI| stow-roll
inflation
m]ultiﬁ::iaif] qua?;;?t]ngle sirllgle l"i-::llld
el slow-roll RAGRELe
inflation e FlaTEGH inflation
B
0 H mi

10 /42



A simple model:

1., @ 1
o = / d'z/=g [“gu% +0)29"0,00,0 — 59" 0,00,0 — Var(6) = V (0)
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Preview: transfer vertex

e oo
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1
— 59“" ,00,0 — Vi (0) — V(o)

2pt coupling from turning trajectory

— 56 5
6L, = 24°R6, 60db o220
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Preview: power spectrum
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Preview:
non-Gaussianity
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Preview: bispectrum

fNL ~ P§_1/2 (H/H)J (V"/H)
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Preview: trispectrum

~d0 ~‘,,0 69

p 4
50 0o~
\ / ‘%
; 4 ; 4
tnp ~ max{Pgl (071) (v/m)* P (6/H) V}

tyr > [, for 0/H < 1
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Preview:
higher point correlations

e~ P2 (6/H) (V7 [H) ~ (6/H) " fy

ine ~ P22 (0/H) (V" H) ~ 6/H) 1Y,

Might be difficult to probe. But ... who knows?

Chunshan Lin and YW, 2010 17742



Model: bkgd dynamics

1, -~ 1
s = /d4$ V9 [—i(R i g)gg#”apgﬁvﬂ N §g”y w00,0 — Ve (0) — V(o)

1 .
2 2 2Nn2
3MjH* = §R 0; +V + Vg
—2M_H = R0
ga =eonst. ;, Vigg) = RE;%

R%6, + 3R*HO, + V. =0 .

RER+O’0.
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Perturbations:

IN-INn formalism (factorized)

(Q(t)) = (0 !T exp (? ,/f: dt"HI(t"))] Qr(t) !T exp (i/t: dt"H;(f))] |0)
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Perturbations (action):

. |1 . 5 R | 1 1
_ 3 2 2 2 92¢ 2
Ho=4a ER 00; + ﬁ(@iéﬁﬂ -+ 550; + ﬁ(ﬁi&ﬁ) + 5™ 007
%g — _fjgflgé‘ffj(séj
’Hf; = c3a°do; |

o =2R05 , ¢€;3= EV”’ ;o om®=V"+76;
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Perturbations (quantization):

I X 1
00, = uxax+u_,a’,

(50‘{'; = “Ukbk—F“Uika_k

a0l ] = Pk +K) | b, b o] = (2m)°5%(k + K)
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Perturbations (eom):

2
Uy, — —uy + ue = 0
T
2 5 m?
Vg — —Uk+k vk + a0k = 0
H .
Uig = 1 + ikT)e "
RV 2163(
mw }PT v
v = —iet )T \/Q—H(—T)J/QHS)(—}CT)

v=1/9/4— m2/H?
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Power spectrum:

(0 [Texp (; /t t dt’HI(t’)” 562(¢) [T exp (—i /t t dt’H;(t")H 0)

= (01367/0)

+/it/dt0|H ) 662 H,(t,)|0)
—-QR[/dt/ dt5(0[56% H, (¢ m}
to to

(66%)

IR divergence cancels in the two terms
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Bispectrum:

We met UV / IR divergences in
both known forms of in-in formalism

Let us review and generalize In-in
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Factorized form:

(660°) = (0 [Texp (?, /t t dt' Hy(t) }59?@) [Texp (—i /t t dt’H;(t’))} 0)

b2

t 1 t 1
to ty Ly Lo

- pt t tq to )
9 Re / n / it [ dts / dts (Hy(Fy) 563 Hy(t)Hi(ta)Hy(ts))
L o to to to 2

- t1 to t3 i
+ 2Re dt1/ dtQ/ dt3/ dty (007 Hy(t1)H (t2)H(t3)H (t))
i to t -

) 0

1
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— 126263u;1(0)up2( )“pa(o)

< Re| [ an @), (i, (7) [ s 04 o (o () 7
X /_m dm a ('rl)v;Q(Tl)upZ(’rl) /_DG d7 a (TQ)USE(TQ)RP*E(TQ)

X (27r)353(z p;) + 9 other similar terms

+ 5 permutations of p; .

In the IR:

v=1+/9/4—m?/H



Commutator form:

(56%) = f 78 ] i / 't / " ta((H(t), [Hi(ts), [Ha(t2), [Hi(t2), 66: (0)°])

(60%) = 12ejesuy|
X RC / d'rl/ de/ dT;/ dT4 ’1 r,)
X (a(m)A+ a(m3)B + a (27)°6° sz
+ 9 perm. .

A = (u;l(ﬁ) —8:) ('Upl(‘]"l)t’;l(?'g) — c.c.) (*UPH(TQ)? s (Ta)u (Ta) — c.c.)

Up, (Tg)’t};:z (Tg)u;’; (13) ,

B = (up,(n)—cc) (u, (1) — cc.) (vs, (11)vy, (T2)vp, (73)vp,(73) — c.c.)
Ups (T?i)ru;:; (Tél)u;; (T4) )
C = —(uy,(n)—cc) (u,(r)—cc) (v, (1) — c.c.)
* 28 [ 42

?1;1 (1"1)1‘};2 (72 )@JPH (T30 (10 )0 (T )05 (T =



A = (u, (1) — c.c.) (vp, (11)v} (12) — c.c.) (vpg (T2) V2, (Ta) e (T4) — c.c.)

Vpy (T2)0p, (T3) sy, (73)

B = (up,(n)—cc) (u, (1) — cc.) (vs, (11)vy, (T2)vp, (73)vp,(73) — c.c.)
Ups (’Ta)ﬁ (74)%3 (74)
C = —(u,(n)—cc) (uy, (1) —cc.) (u,(13) — c.c.)

Upl (71 )‘Upg (’?'2)%3 (’?'3)’%1 (7'4)%2 (74)%3 ()

In the UV:

Interaction vacuum: exp(-ikt+€T) when T—--©
But now: sin(KT+I1€T)>® —-00
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Mixed form:

Impose an (independent) cutoff T.

Thn—-1

0 Ti—1 Te
Z / dry - - / dr; {commutator form} / dTip1- / dr, {factorized form}




Bispectrum: amplitude

fes = a2 (o H) (—v" /1)
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Bispectrum: shape
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Bispectrum: squeezed limit

3m°T'(v) c5e3 1

25—v H 6 %—y Ry
i D1 pz

Shape changed during projection
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Bispectrum: shape ansatz

£ v .
= —3v int 2 4 2
e NP1 T+ P35 T+ D3

F = 3 T =
10 (p1paps) 2™ (p1 + P2 + p3)2

True numeric Shape ansatz



Higher points:
typ ~ Max {Pgl (9/1{)4 (V" /H) , P (9/1{)4 V}
tnp > f3, for 0/H < 1
e ~ P (6/H) (V" JH) ~ (0/H)

v~ P2 (/) (V" [H)* ~ (0/H) ®fhy
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Who knows ...

iInflation iIs like






Or ...

iInflation iIs like



Ry,



AT 4




THANK YOU
FTERR |
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