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H o w d o e x o t i c f i e l d s a f f e c t p r i m o r d i a l t e n s o r

n o n - G a u s s i a n i t y 〈γ3〉?

• n o n - G a u s s i a n i t y r e v i e w

• W h a t a r e t h e v a n i l l a e x p e c t a t i o n s f o r t e n s o r N G ?

• W h a t a r e t h e s e e x o t i c f i e l d s ?

• H o w c a n t h e y i m p r i n t u p o n t e n s o r N G ?
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I n f l a t i o n a r y P e r t u r b a t i o n s

• Q u a n t u m f l u c t u a t i o n s a r e i m p r i n t e d o n s u p e r h o r i z o n s c a l e s

H−1

F l u c t u a t i n g

F r o z e n

〈φφ〉

〈φφφ〉

〈φφφφ〉

〈δTδT 〉

〈δTδTδT 〉

〈δTδTδTδT 〉

• T h e s e t u r n i n t o c o r r e l a t i o n s i n t h e C M B / L S S

• I n f o r m a t i o n : c u r v a t u r e s i z e H−1
, d e p a r t u r e f r o m p e r f e c t dS ,

s p e c t r u m o f p a r t i c l e s , i n t e r a c t i o n s , . . .
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I n f l a t i o n a r y n o n - G a u s s i a n i t y

• N G c o r r e l a t i o n s n e e d e d f o r d e t a i l e d i n f l a t i o n a r y p h y s i c s

H−1

F l u c t u a t i n g

F r o z e n

〈φφ〉

〈φφφ〉

〈φφφφ〉

〈δTδT 〉

〈δTδTδT 〉

〈δTδTδTδT 〉

• C o r r e l a t i o n s d e s c r i b e d b y p r o b . d i s t r i b u t i o n f u n c t i o n a l

P[φ(x)] ∼ exp

[
−1

2

∫
G2(xi)φ(x1)φ(x2)−

1

3!

∫
G3(xi)φ(x1)φ(x2)φ(x3) + . . .

]
• N G d e t e r m i n e d b y Linteractions , p o w e r f u l d i s c r i m i n a t o r b e t w e e n

m o d e l s , s i n c e Lfree e s s e n t i a l l y t h e s a m e
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W h i c h C o r r e l a t i o n s A r e I m p o r t a n t ?

S =

∫
d4x
√
−g

(
M2

p

2
R− 1

2
(∇φ)2 − V (φ)− 1

Λ4
(∇φ)4 + Lother(σ) + . . .

)

H−1

F l u c t u a t i n g

F r o z e n

G r a v i t o n , I n f l a t o n f r o z e n

O t h e r f i e l d s e v o l v e , g e n e r i c a l l y

C a r e a b o u t M e t r i c a n d I n f l a t o n p e r t u r b a t i o n s (gµν , φ)→ (γij , ζ)

ds2 = a(τ)2
(
−dτ2 + e2ζ (δij + γij) dx

idxj
)

ζ, γij d e t e r m i n e t e m p e r a t u r e a n d p o l a r i z a t i o n C M B f l u c t u a t i o n s

F i e l d s σ t y p i c a l l y s t u d i e d w / r / t i n f l u e n c e o n ζ, γij
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R e c e n t p u s h t o u n d e r s t a n d σ ’ s i m p r i n t s u p o n ζ, γij
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S k e t c h o f p r e v i o u s w o r k :

ζ ζζ ζ ζζ

σ

T w o c a s e s f o r 〈ζ3〉:

• L e f t : S i n g l e F i e l d I n f l a t i o n

• R i g h t : I n f l a t i o n + a n o t h e r f i e l d σ w i t h m ∼ H

W h a t a r e t h e s i g n a t u r e s o f t h e r i g h t s c e n a r i o ?

• H o w t o d i s t i n g u i s h σ e f f e c t s f r o m s e l f - i n t e r a c t i o n s ?

• H o w a r e m, s e n c o d e d i n 〈ζ3〉?
• H o w b i g c a n t h e i n d u c e d N G b e ?

A n s w e r s f o u n d i n [1503.08043,1607.03735]
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O u r W o r k
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O u r S e t u p :

γ γγ γ γγ

σ

R e p e a t a s i m i l a r c o n s t r u c t i o n f o r t e n s o r N G a r o u n d ≈ dS .

W h y t h i s i s i n t e r e s t i n g :

• L e f t s c e n a r i o e x t r e m e l y c o n s t r a i n e d i n p e r f e c t dS

• L i g h t s p i n n i n g dS f i e l d s h a v e n o v e l p r o p e r t i e s , n o f l a t a n a l o g u e

R e c e n t w o r k o n p r o b i n g 〈γ3〉 w i t h L I S A a n d p u l s a r t i m i n g a r r a y s

[Bartolo et al., 1806.02819] [Tsuneto et al., 1812.10615]
[Dimastrogiovanni et al., 1810.08866]
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V a n i l l a s c e n a r i o f o r 〈γ3〉:
γ γγ γ γγ

σ

〈γ3〉 e x t r e m e l y c o n s t r a i n e d w h e n S = S[gµν , φ] a n d ≈ dS

S =

∫
d4x
√
−g

(
M2

p

2
R+ L(φ, gµν , R) +R2 +

1

Λ2n
R2+n . . .

)
O n l y t w o s h a p e s f o r 〈γ3〉 [Maldacena et al.,1104.2846]

E v e r y t h i n g a b o v e i s r e d u n d a n t w i t h E i n s t e i n - H i l b e r t & W 3
µνρσ

R e s t r i c t e d f o r m o f G R s h a p e s i s a d i s c r i m i n a t o r
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C o s m o l o g i c a l C o l l i d e r P h y s i c s f o r 〈γ3〉:
γ γγ γ γγ

σ

I n c l u d e a s p i n - s f i e l d σ o f m a s s m.

S ∼
∫

d4x
√
−g
(
. . .+ (∂σ)2 −m2σ2 + σγ + σγ2 + . . .

)
S o m e c o m m e n t s :

• F o r t h e m i x i n g t o h a p p e n , s ≥ 2

• E x p e c t s t r o n g e s t e f f e c t s f r o m m2 ≈ 2H2
( e x p l a i n e d l a t e r )
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R e s u l t s
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R e s u l t s f o r S h a p e s :

γ γγ

σ

γ γγ

σ σ

γ γγ

σ σ

σ

T h e r e a r e m a n y t y p e s o f v e r t i c e s o n e m a y a d d .

E n d r e s u l t : m i d d l e d i a g r a m s g e n e r a t e f i v e d i s t i n c t s h a p e s

σ c a u s e s s o m e N G s h a p e s t o b e n o n - z e r o

d o e s n ’ t j u s t c h a n g e 〈γ3〉GR → 〈γ3〉GR × (1 + ε)

N e w s h a p e s d i s t i n g u i s h t h i s f r o m t h e v a n i l l a s c e n a r i o
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R e s u l t s f o r S i z e s :

γ γ

σ

γ γγ

σ σ

S i z e o f 〈γ3〉 d e p e n d s o n m i x i n g a n d v e r t e x

S ∼
∫

d4x
√
−g
(
. . .+ λσγ +

∂n

Λn−4
σ2γ + . . .

)

• λ s h o u l d b e s m a l l t o n o t a f f e c t t e n s o r p o w e r s p e c t r u m Pγ

• Λ s h o u l d b e l a r g e t o a v o i d s t r o n g c o u p l i n g (Λ� H )
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R e s u l t s f o r S i z e s :

γ γ

σ

γ γγ

σ σ

C o m p a r e t o t h e E i n s t e i n - H i l b e r t r e s u l t

I n m o s t o p t i m i s t i c r e g i m e s , t h e N G c a n b e m u c h l a r g e r :

〈γ3〉′GR

〈γ2〉′2
∼ 1 ,

〈γ3〉′σ
〈γ2〉′2

.
Mp

H
,

Mp

H
& 105 [PLANCK,1807.06211]

( T h e W 3
µνρσ o p e r a t o r c a n a l s o p r o d u c e

〈γ3〉′
〈γ2〉′2 . Mp

H )

T e n s o r p o w e r s p e c t r u m 〈γ2〉 n e g l i g i b l y a f f e c t e d
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M a i n M e s s a g e s

• A d d i t i o n a l f i e l d s c a n g e n e r a t e n e w s h a p e s f o r 〈γ3〉

• T e n s o r N G c a n b e m u c h l a r g e r t h a n v a n i l l a s c e n a r i o

• L e a v e s 〈γ2〉, 〈ζ2〉 a n d 〈ζ3〉 u n a f f e c t e d
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D e t a i l s
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W h a t t o C o m p u t e : E q u a l T i m e C o r r e l a t o r s

C o s m o l o g i c a l c o r r e l a t o r s a r e e v a l u a t e d a t e q u a l t i m e s

M o r e s i m i l a r t o Q u a n t u m M e c h a n i c s t h a n S - m a t r i x

Ψ[q(t)] −→ 〈q̂(t)n〉 =
∫

dq |Ψ[q(t)]|2qn

V a r i o u s w a y s t o c o m p u t e “ i n - i n ” c o r r e l a t o r s . W e u s e Ψ[ϕ̄(k, t)]:

Ψ[ϕ̄(k, t)] −→ 〈ϕ̂(k1, t) . . . ϕ̂(kn, t)〉 =
∫
Dϕ̄ |Ψ[ϕ̄(k, t)|2ϕ̄(k1, t) . . . ϕ̄(kn, t) .

“ W a v e f u n c t i o n o f t h e u n i v e r s e ”
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C a l c u l a t i n g a n d U s i n g Ψ

Ψ i s c a l c u l a t e d s e m i c l a s s i c a l l y

Ψ[ϕ̄(k, t?)] =

∫ ϕ̄

vac.
DϕeiS[ϕ] ≈ exp (iScl.[ϕcl[ϕ̄]])

ϕcl i s t h e c l a s s i c a l s o l u t i o n e q u a l t o ϕ̄ a t t = t?

Ψ[ϕ̄(k, t?)] = exp

[
−1

2

∫
ϕ̄2〈O2〉 − 1

3!

∫
ϕ̄3〈O3〉 − . . .

]

E q u a l - t i m e c o r r e l a t o r s b u i l t f r o m 〈On〉’ s

〈ϕ̂(k1, t?)ϕ̂(k2, t?)〉 ∼
∫
Dϕ̄ |Ψ|2ϕ̄2 ∼ 1

Re 〈O2〉

〈ϕ̂(k1, t?)ϕ̂(k2, t?)ϕ̂(k3, t?)〉 ∼
∫
Dϕ̄ |Ψ|2ϕ̄3 ∼ Re 〈O3〉

Re 〈O2〉3
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D i a g r a m s a n d O n - S h e l l I n t e r a c t i o n s

O u r f o c u s i s o n t h e c u b i c c o e f f i c i e n t s i n Ψ

T h e s e a r e c u b i c i n t e r a c t i o n s e v a l u a t e d o n - s h e l l

E x a m p l e : c u b i c γ c o e f f i c i e n t

t?
γ γγ

lnΨ ⊃ − 1
3!

∫
γ̄3〈T 3〉

A b o v e D i a g r a m :

• T a k e c u b i c a c t i o n S3[γ]

• S e t γ −→ γcl , γ o b e y s E O M a n d γcl(t?) = γ̄

• I n t e g r a t e o v e r a l l s p a c e , a n d t i m e u p t o t = t?

• S3[γcl] = − 1
3!

∫
γ̄3〈T 3〉

F i n d i n g o n - s h e l l c u b i c i n t e r a c t i o n s i s b u l k o f w o r k
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A n A s i d e : Ψ a n d A d S / C F T

Ψ i s t h e c e n t r a l o b j e c t i n t h e H o l o g r a p h i c d i c t i o n a r y

ΨdS [ϕ̄]←→ ZAdS [ϕ̄]

N o t a t i o n a n d f o r m a r e t h e s a m e :

Ψ[ϕ̄(k, t?)] = exp

[
−1

2

∫
ϕ̄2〈O2〉 − 1

3!

∫
ϕ̄3〈O3〉 − . . .

]
B u t t h e u s e i s d i f f e r e n t

AdS/CFT
δ3Z

δϕ̄3
∼ 〈O3〉

Cosmology

∫
Dϕ̄ |Ψ|2ϕ̄3 ∼ 1

Re 〈O2〉3
Re 〈O3〉

M a n y A d S / C F T t e c h n i q u e s a p p l y f o r n o n - G a u s s i a n i t i e s
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S t e p s o f t h e C a l c u l a t i o n

• F i n d o n - s h e l l c u b i c i n t e r a c t i o n s b e t w e e n γ a n d σ

• C a l c u l a t e c o e f f i c i e n t s 〈Σ3〉, 〈TΣ2〉, 〈ΣT 2〉

• C o n s t r u c t 〈γ3〉 w i t h t h e s e b u i l d i n g b l o c k s ( a n d 〈TΣ〉)

Ψ[γ̄, σ̄] ∼ exp

[
−1

2
γ2〈T 2〉 − 1

2
σ2〈Σ2〉 − γσ〈TΣ〉 − 1

2
γσ2〈TΣ2〉+ . . .

]
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W h a t i s a n i n t e r e s t i n g c h o i c e o f σ?

• σ m u s t h a v e s p i n ≥ 2

• L i g h t e r σs e x p e c t e d t o g i v e b i g g e r s i g n a l

• L i g h t e s t n o n - m a s s l e s s σ o n dS v e r y n o n - t r i v i a l . O u r f o c u s

γ σ
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T a k e t o b e a S p i n - 2 F i e l d

“ H i g u c h i B o u n d ” : S p i n - 2 f i e l d s m u s t h a v e m2 ≥ 2H2

S =

∫
d4x
√
−g
(
− 1

2
∇ασµν∇ασµν +

1

2
∇ασ∇ασ + . . .

−
(
H2 +

m2

2

)
σµνσ

µν − 1

2

(
H2 −m2

)
σ2
)

O t h e r w i s e , s o m e c o m p o n e n t s a c q u i r e w r o n g - s i g n k i n e t i c t e r m s

S u g g e s t s l o o k i n g a t m2 = 2H2
. V e r y s p e c i a l p o i n t !
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P a r t i a l l y M a s s l e s s F i e l d s

m22H2

M a s s i v eU n s t a b l e

0

P M

S p i n - 2 w i t h m2 = 2H2
h a s 4 D O F , m2 > 2H2

h a s 5

σ h a s a g a u g e s y m m e t r y a t P M p o i n t

σµν → σµν +
(
∇µ∇ν +H2ḡµν

)
α(xµ)

S p e c i a l t o dS , n o f l a t a n a l o g u e . A s m o k i n g g u n ?

T e c h n i c a l a d v a n t a g e : P M m o d e f u n c t i o n s n i c e , σ ∼ τeikτ

S i m i l a r s t o r i e s e x i s t f o r h i g h e r s p i n f i e l d s
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P a r t i a l l y M a s s l e s s F i e l d s : S o m e B a c k g r o u n d

T h e d r e a m : a n o n - l i n e a r P M t h e o r y w o u l d m a k e t h e s m a l l n e s s o f

Λ t e c h n i c a l l y n a t u r a l . Λ t i e d t o a g a u g e s y m m e t r y .

σµν → σµν +
(
∇µ∇ν +H2ḡµν

)
α(xµ)

T h e d i f f i c u l t i e s : c o n s t r u c t i n g i n t e r a c t i o n s c h a l l e n g i n g

• N o - G o : i s o l a t e d s p i n - 2 P M f i e l d c a n ’ t s e l f - i n t e r a c t c o n s i s t e n t l y ,

q u a r t i c o r d e r o b s t r u c t i o n [de Rham et al, 1302.0025]

• R e q u i r e a d d i t i o n a l f i e l d s f o r c o n s i s t e n c y . C o m p l e t i o n ∼V a s i l i e v ?

• U n c l e a r h o w t o e x t e n d a w a y f r o m dS

C o n s t r u c t i n g c o n s i s t e n t γ − σ i n t e r a c t i o n s l a r g e p o r t i o n o f p r o j e c t
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G a u g e - I n v a r i a n t I n t e r a c t i o n s

M a i n P o i n t : g o i n g f r o m l i n e a r t o n o n - l i n e a r t h e o r y i s h a r d !

C o n s i d e r b u i l d i n g G R f r o m s i m i l a r s t a r t i n g p o i n t

L ∼ (∂h)2 , hµν → hµν + ∂µξν + ∂νξµ

A d d i n g s o m e ∼ ∂2h3 t e r m s m a k e s s y s t e m n o n g a u g e - i n v a r i a n t

N e e d t o s i m u l t a n e o u s l y a l s o a l t e r t h e g a u g e s y m m e t r y

hµν → hµν + ∂µξν + ∂νξµ +O (∂hξ) , L ∼ (∂h)2 +O
(
∂2h3

)
E v e n t u a l l y , e v e r y t h i n g i s r e p a c k a g e d i n t o G R

gµν →
∂x′α

∂xµ
∂x′β

∂xν
gαβ , S ∼

∫
d4x
√
−g R

B u t p r e t t y d i f f i c u l t t o g e t t h e r e w i t h o u t k n o w i n g a n s w e r !

N o g u a r a n t e e s y s t e m w i l l c l o s e , i n g e n e r a l
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S o m e S i m p l i f i c a t i o n s

γ2σ γσ2 σ3

F i n d i n t e r a c t i o n s c o n s i s t e n t w i t h b o t h σ/γ g a u g e s y m m e t r i e s

A f e w s i m p l i f i c a t i o n s :

• O n l y n e e d c u b i c i n t e r a c t i o n s , n o t w h o l e n o n - l i n e a r t h e o r y

• 〈γ3〉 c o m p u t a t i o n s o n l y r e q u i r e o n - s h e l l i n t e r a c t i o n s

E . g . , f o r m a s s l e s s s p i n - 2 (γij/hµν) w e c a n u s e

�hµν = 2H2hµν , ∇µhµν = 0 , hµµ = 0
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I n t e r a c t i o n S i m p l i f i c a t i o n s

E x a m p l e : G R h a s 3 3 c u b i c t e r m s , o f f - s h e l l :

S =
M2

p

2

∫
d4x
√
−g

(
R− 6H2

)
⊃

B u t o n l y 3 a f t e r i m p o s i n g hµµ = ∇µhµν = 0 a n d �hµν = 2H2

O b v i o u s l y b e t t e r i f w e c a n w o r k o n - s h e l l e v e r y w h e r e
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O n - S h e l l G a u g e I n v a r i a n c e

G a u g e i n v a r i a n c e c o n d i t i o n s s i m p l i f y o n - s h e l l

hµν → hµν + δ0hµν + δ1hµν + . . . , S[h] = S2[h] + S3[h] + . . .

G a u g e i n v a r i a n c e m e a n s

0 =

∫
δ0hµν

δS2

δhµν
, 0 =

∫
δ0hµν

δS3

δhµν
+ δ1hµν

δS2

δhµν
, . . .

B u t
δS2
δhµν

= 0 o n - s h e l l , s o o n l y δ0hµν i s n e e d e d∫
δ0hµν

δS3

δhµν

∣∣∣
h=linear solution

∼= 0

E q u a l i t y u p t o t o t a l d e r i v a t i v e s a n d o n - s h e l l c o n d i t i o n s
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[ V a r i a t i o n a l D e r i v a t i v e , G o i n g O n - S h e l l ] 6= 0

W o r k i n g o n - s h e l l i s n ’ t e n t i r e l y p a i n l e s s . F i n d i n g T D ’ s t r i c k i e r

E . g . , t a k e a m a s s l e s s s c a l a r �ϕ = 0. O f f - s h e l l w e h a v e :

LTD = ∇µ
(
ϕ2∇µϕ

)
= ϕ2�ϕ+ 2ϕ(∇ϕ)2 =⇒ δSTD

δϕ
= 0

B u t i f w e g o o n - s h e l l a n d i m p o s e �ϕ = 0, t h e n :

Lon−shell
TD = 2ϕ(∇ϕ)2 =⇒

δSon−shell
TD

δϕ
6= 0

S o , t h e p r o b l e m i s r e a l l y t o s o l v e∫
δ0hµν

δS3

δhµν

∣∣∣
h=linear solution

∼= 0 + secret total derivatives

W e c a n e n n u m e r a t e t h e r e l e v a n t s e c r e t T D ’ s
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S t r a t e g y : B u i l d B a s i s o f I n t e r a c t i o n s

B a s i s o f i n d e p e n d e n t o n - s h e l l c u b i c t e r m s i s r e l a t i v e l y s m a l l .

σ3

L3[σ] = a1σ
µ
νσ

ν
σσ

σ
µ

+ a2σ
ρσ∇ρσ

µν∇σσµν + a3σ
µρ∇νσ

σ
ρ∇σσ

ν
µ

+ a4∇µσ
κρ∇νσ

σ
κ∇(ρ∇σ)σ

µν

+ a5∇µ∇νσ
λκ∇ρ∇σσ

µν∇λ∇κσ
ρσ

I m p o s i n g P M g a u g e i n v a r i a n c e l e a d s t o c o n d i t i o n s o n ai ’ s

a1 = −16a5H6 − 10a4H
4 + 3a3H

2,

a2 = −6a5H4 − 3a3H
2 +

1

2
a3,

S i m i l a r b a s e s f o r γσ2
a n d γ2σ i n t e r a c t i o n s

W e ( m o s t l y ) r e p r o d u c e i n t e r a c t i o n s p r e v i o u s l y d e r i v e d u s i n g

e m b e d d i n g s p a c e [1203.6578]
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C o m p u t i n g 〈γ3〉: M i x i n g R e q u i r e d

C u b i c c o e f f i c i e n t s f o l l o w e a s i l y f r o m o n - s h e l l a c t i o n s

σ a n d γ n e e d t o l i n e a r l y m i x , f o r σ t o a f f e c t 〈γ3〉, 〈TΣ〉 6= 0

Ψ[γ̄, σ̄] ∼ exp

[
−1

2
γ2〈T 2〉 − 1

2
σ2〈Σ2〉 − γσ〈TΣ〉 − 1

2
γ2σ〈T 2Σ〉+ . . .

]
〈γ3〉 ∼ 1

Re 〈T 2〉3
Re 〈TΣ〉
Re 〈Σ2〉

Re 〈T 2Σ〉

I m p o s s i b l e i n p e r f e c t dS . C o n s i s t e n t w / [Maldacena et al.,1104.2846]

B u t i n f l a t i o n i s n ’ t p e r f e c t dS . M i n i m a l l y v i o l e n t 〈TΣ〉:
〈TkΣ−k〉′ ∝ εk2

P r e s e r v e s m a x . p o s s i b l e dS s y m m e t r i e s w h i l e a l l o w i n g m i x i n g

R e s u l t : U s i n g 〈TΣ〉, f i v e s h a p e s f o r 〈γ3〉 a r e f o u n d

( E x p l i c i t e x p r e s s i o n s a r e n ’ t v e r y i l l u m i n a t i n g )
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A m b i g u i t i e s : I n t e g r a t i o n b y P a r t s

S o m e t h i n g S u r p r i s i n g : I n t e g r a t i o n s b y P a r t s m a t t e r .

E . g . , m a s s l e s s s c a l a r ϕ o n dS

S1[ϕ] =

∫
d4x
√
−g

(
−1

2
(∇ϕ)2 + λ

2
ϕ2�ϕ

)
S2[ϕ] =

∫
d4x
√
−g

(
−1

2
(∇ϕ)2 − λϕ(∇ϕ)2

)
= S1[ϕ] +

∫
τ=τ?

d3x
√
h
λ

2
nµϕ2∇µϕ

C a l c u l a t e 〈ϕ3〉 u s i n g b o t h S1[ϕ] a n d S2[ϕ]

〈ϕk1ϕk2ϕk3〉′S1
= 0

〈ϕk1ϕk2ϕk3〉′S2
= λ

∑
i 6=j

Pϕ(ki)Pϕ(kj)

D i f f e r b y L o c a l n o n - G a u s s i a n i t y
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A m b i g u i t i e s : I n t e g r a t i o n b y P a r t s

S i m i l a r r e s u l t s f o r σ a n d γ

V e r y g e n e r a l . A n o t h e r e x a m p l e :

LGB = R2 − 4R2
µν +R2

µνρσ

LGB i s a T D i n 4 D , b u t g e n e r a t e s N G u n l e s s b o u n d a r y t e r m a d d e d

B o u n d a r y t e r m s i m p o r t a n t . H o w t o c h o o s e t h e m i n g e n e r a l ?

V a r i a t i o n a l p r i n c i p l e c a n s e l e c t o n e , s o m e t i m e s

e.g., GHY SGR ∼
∫
M

√
−gR±

∫
∂M

√
hK

B u t n o t a l w a y s :

SW 3 ∼
∫
M

√
−gW 3

µνρσ +

∫
∂M

√
h× ( ? )
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A m b i g u i t i e s : I n t e g r a t i o n b y P a r t s

S o m e g o o d n e w s : a m b i g u o u s p a r t s n o t e n t i r e l y a r b i t r a r y

I n t e g r a t i o n s b y p a r t s ←→ L o c a l F i e l d R e d e f i n i t i o n s

L[ϕ]→ L[ϕ] +∇µJ
µ[ϕ] ⇐⇒ ϕ(x)→ ϕ(x) + λϕ(x)2

E . g . , t a k e m a s s l e s s ϕ, a d d a l l O(ϕ3) b o u n d a r y t e r m s u p t o O(∇5)

〈ϕk1ϕk2ϕk3〉′L+total derivatives = 〈ϕk1ϕk2ϕk3〉′L + λ
∑
i 6=j

Pϕ(ki)Pϕ(kj)

K n o w n i n h o l o g r a p h y ?
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C o n c l u s i o n s
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C o n c l u s i o n s

R e s u l t s

• E x o t i c dS f i e l d s c a n c r e a t e n e w , l a r g e 〈γ3〉 s h a p e s , w h i l e
l e a v i n g 〈γ2〉, 〈ζ2〉 a n d 〈ζ3〉 u n a f f e c t e d

• B i g g e s t c h a l l e n g e i s c o n s i s t e n t l y c o u p l i n g σ t o γ o n dS

• N e e d t o m o v e s l i g h t l y a w a y f r o m dS t o i m p r i n t o n 〈γ3〉

F u t u r e W o r k

• C o n s i s t e n t c o u p l i n g s a t h i g h e r o r d e r / F R W ? N e w i n g r e d i e n t s ?

• I m p r o v e d u n d e r s t a n d i n g o f I B P / B o u n d a r y T e r m s u b t l e t i e s

• S h a p e s d i f f e r e n t f r o m G R . Q u a n t i f y i n g h o w d i f f e r e n t ? A l s o

d i f f e r e n t f r o m o t h e r m e c h a n i s m s ?
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T h a n k y o u !
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