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® Introduction
® Ultra slow roll puzzle

® Toy model illustration

® Test for known identities

¢ New identity on initial-late time correlation

® Test using the toy model
® Physical symmetry and its relation to late time identities

e Comment on inflation

[Lam Hui, Austin Joyce and SW, to appear]
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Consistency Relations

Non-gaussianities in the squeezed limit
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Well Known Consistency Relations

The leading analytic structure of the soft momentum:
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The leading analytic structure of the soft momentum:

L C@CECEDY 20 colkr, k) + e (k1 k) + O(¢?)
P (q)
Symmetry: SpC =1+ V¢

Maldacena’s relation for inflation

1

lim 55 (66, G)' = (1 = ns) ()

General form:

i 1 / S /
é,l_ff(l) %@q{gl "'CEN> = = (3(N 1) +;ka'vka> <CE1 "'CEN>

[Assassi, Baumann & Green ’12; Hinterbichler, Hui & Khoury, "13]



Well Known Consistency Relations

The leading analytic structure of the soft momentum:

ﬁ@@c@)a%»; 2% (ks ko) g + 1 (kr, ko)t + O(g?)
Symmetry; SpiC = 22" + (2:13%?- vV — xQVi) C




Well Known Consistency Relations

The leading analytic structure of the soft momentum:
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A Challenger Comes in...

Ultra slow roll: same action as in slow roll
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Same symmetries
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Ultra slow roll: same action as in slow roll
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An Illustrative Toy Model
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Identities Satisfied in The Toy Model

S = M2/dtd3xf(t) <63Cé2 _ 6C(V<)2)

SpC=1+Z- V¢, 5S¢ =1 — 10,
§reil = 2" + (Qx:f V- x2vi) c. 5r¢ = tig n 2—12@@
. . 3 1 I\ _ % /
0C = ONL + 0L.C C%,l_rf(l) 5NL(® <PC(q) <chk1 Ck2> ) = 01, <Ck1 C_k1>



Identities Satisfied in The Toy Model

o_ MQ/dtdsxf(t) (eSCéZ _ eC(VC)z)

SpC =147V, 5TC:1—t8tC
. L . 1
. 7 1= 271

0¢ = OnL + 0L.C

tim e (7 (—<<q<k1ck2> ) = 51l )

)
Dilation SCT Accidental Shift
Flat space: f(t) = constant : X I NA
Slow roll’: f(O)=(H) v v v
lwslowsalls 0 = 1y x x v
f)=@E <l v v NA




Ward Identity From Path Integral

Initial-late time identity:
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Spontaneously broken symmetry, change of vacuum under symmetry
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Ward Identity From Path Integral

Initial-late time identity:

(@) (GO, (Rr,o - Rn)ieu(@)):)

Example: flat space theory with shift symmetry
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Ward Identity From Path Integral

Initial-late time identity:
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Ward Identity From Path Integral

Initial-late time identity:

+c.c. = 0u(Cy (k)¢ (—k1))

7=0

e (@) (GalCr (R)Cr(R2)G (@)

Dilation SCT

Flat space: f(t) = constant

Observable: equal time correlation
When does it imply the equal time identity?



Physical Modes

Physical Symmetry: The non-linear part Of_)the symmetry ony, must match the
time dependence of a physical mode in the |k| — 0 limit.
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Physical Modes

Physical Symmetry: The non-linear part of the symmetry on1, must match the
time dependence of a physical mode in the |k| — 0 limit.

lim ((¢) o< O (2)
k—0

® — Weinberg’s adiabatic mode
® Not residual gauge symmetry

® Not associated to adiabatic quantities



Equal Time Identities

For any symmetry with non-linear transformation and linear transformation,

0¢ = OnNL + 01.C

the identity

lm (@) 5 (@ )G (R = By (R (o))

holds when it is a physical symmetry.

Physical Symmetry: The non-linear part of the symmetry on1, must match the
time dependence of a physical mode in the |k| — 0 limit.
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Perturbative Proof
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Perturbative Proof

0¢ = OnL + 01.C
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Physical Symmetry: The non-linear part of the symmetry on1, must match the
time dependence of a physical mode in the |k| — 0 limit.
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Identities Satisfied In the Toy Model

Flat space: ug(t) =

“Slow roll”:

1kt

1 L o=
\/EMQ 5DC:1—|—ZU°VC

ug(t) = @M(l — ikt)etrt SpC=1+7-V¢ orC =1 — 10

“Ultra-slow roll”: ug(t) = @]&H%g (1 — ikt)ert orC = 1 212 OC
Dilation SCT Accidental Shift
Flat space: f(t) = constant : X I NA
Slowroll: f6) = (H)4 v v v
Ulaslow ol 10 = (1| X x v
[0 =HY w1 v v NA




Comment on Inflation

® Slow roll:

1
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should work even at finite time if ¢ approaches a constant in the
zero momentum limit



Comment on Inflation

® Slow roll:

1
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should work even at finite time if ¢ approaches a constant in the
zero momentum limit

® Ultra slow roll: 00 = ¢

. - (H 1 [ . 1 IRV L ,
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Summary and Outlook

® Ward Identity: initial-final correlation

® Physical mode —> late time consistency relation!

® Trivial current???

® Adiabatic mode (physical mode) in gauge theory, especially gravity?
® Generalization to interesting cases, quasi single field, tensor?

® Non-perturbative proof for the use of physical symmetry???
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Ward Identity: initial-final correlation

Physical mode —> late time consistency relation!

Trivial current???

Adiabatic mode (physical mode) in gauge theory, especially gravity?
Generalization to interesting cases, quasi single field, tensor?

Non-perturbative proof for the use of physical symmetry???

Thank You!!




