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Can we bootstrap non-conformal QFTs?

two types:

⑧ CFTuv CFTur

S I
· CFTIR 2

M2 >O

gapless gapped

this talk:progress for both using QFT in AdS



Generalities

&:UV fixed point: CFT in AdS?

A:easy, since:

ds =(E)
"

(di" +dz2) e ds=d5+ dz With z, 0

Weyl

recipe:
·CFT on half space (BCET)
ex:<0(K =cz

A
<014,0(yK =f(3)zzY*

·Weyl rescale to AdS
ex:<0(x) =aR-

*

<060(y) 3
=f(3)R

-2

·done! geodesic
distance



More generalities
&:perturbed CFTs inAdS?

Note:in BCFT:C...expl-10-498)
0M

ex: Virasoro minimal model flows
M ... *-(a,,a21m -> ((a, + a, -z,1)-(a,,a,i
B us ↑ A ↑

m

m-1
add boundary

...4 (A2-1,dim-1 -> D... ...
I Fredenhagen, Gaberdiel, Schmidt-Colinet 2009]

A:In AdS: boy, couplings filedbysymmetry
2X m

us
Ca, d2)m [w.i.p. with

*in AdSe of E. Lauria and

m - 1
(a2,a,)m - 1

M. Milamc]



Evenmore generalities
Ads covariance along the flow ->

boundary conformal covariance along the flow

e.g. < 8(5:) (o) ) =1/12

*AdS radius, Ric-R-2
L

RG scalewithEFINR
familyofsolutionsone
-

conformal crossing equations.

Q:can we bootstrap it?



Targets
A IR
IR, MR-> isEngaplessSapira"=

ECe

~



Targets
I A IR 12R2 =A(X - d)

IR, MR-> is I 9gapped18
~ gapless

2

↳neoor
m

I:vicinity of IR fixed point(in D =2)

[w.ip. With E. Lauria and A. Antunes]

I:large limit(flat-space limit)
[2210.15683 + w.i.p. with X.Zhao]



I: vicinity ofIR fixed point

⑤ gapless theory -irrelevantperturbations
IR

I ⑰

free fields: non-trivial CFT:

SI(84)+ (86)"+.. I Y..exp[-gS0]>
claim:1>0 AoD

[Adams et al, 2006] Q:constraints?
ICaron- Huotetal, ... I



TF deformation inAdS2 1
D ⑧ /

<B...exp[-gStrt... ·↑((x) =2T1 +(,z) ⑮ II-!!,
analytically:numerically:
· conf, perturbation thy. · analyze -55<
in AdSz background with numerical

conf. bootstrap
Ab =2 +#g + 0(g2)

Abz =4 +Hg +0(g) Ii
=

2 Y
x5x =

8 +Hg + 0(g2)
xbpp2 ==(x +25) +Hg +0(g2)



TF deformation inAdS2
fix c

extrapolated
bootstrap
bound

b -
112

=E( +2) + #g
⑰

AD =2 +#g↳,ee
->ga I x5b =

8 +#ig SA ye =4 + #g

upshot:only 900 is consistent!

remarks:· agrees withintegrable deformation...
⑧
...
butholdsfor any flow ending with TT.

· same constraintfrom hydro:
[Delacretz, Fitzpatrick, Katz, Walters 2021]



I:vicinity ofIR fixed point

·TT is sign-constrained
· other constraints?higher dimensions?
analytic approaches?

· bootstrap restofthe flow?

I:large I limit



#:large I limit (flat - space limit (

main idea:as -6, conformal correlators
become scattering amplitudes

⑧.

⑧

⑧
⑧

->

........
⑧

x 1(2)... , (es) <P1.. 151...45)

1.I:why shouldwe try? pi =m?

I.I:how does this work?

I.1:Whatcan we learn?



It. I:why shouldwe try?
<...IS1.. ) =disconnected

... s
+ w(p)T (s, t, u, ..)

well-understood: partially understood:
·convergentOPE sometimes, from LSE:

·huge domain of
· dispersion relations:

analyticity I - t 4122
1S

· Reggebounds
u ⑧. unmut

· Froissart-Martin bound

Otot (s) In (s)

Can we do better?



1.I how does it work?

amplitudes fromcorrelators

· direct formula: IDubovsky, Gorbenko, Mirbabay; 2017]

<P1,..-151...(x) =(...kn (
S-matrix

·Mellin formula: [PPTRU 2016]

T(p:pj) =oM(Ur=...)
where

1
->

<06... (En=S[d] M(jij) i +(8;j) kij)-ij
isj

·phase shift formula [PPTuRV 2016]
· momentum space formula [Hijano 2019]
⑧

0 e 8 [Y-Z Li 2021]



directformula

claim:sometimes
1

<1, --- 151...x) =0 Z kxz(0(n1)...(n)
S-matrix

where ds=d +Rsinh(/) dc?D - 1
in:(n,1) =-(p-i)/m

8

... boy
Sd with

out:(n,1)=+(p-ip)/m ·"
coords. I

x
=1..Dn2 =1
I

⑧-
IDubovsky, Gorbenko, Mirbabay; 2017]↳all.
[Komatsu, Paulos, BUR, Zhao 2020]

⑧-- [Hijano 2019]



directformula

examples:
·z-pt. fn:

E - sphere * S-matrix -> (2π)*g("
- 1)

(11- Pz)
x2A

coords config. R-D is

4
-· 4-pt. contactdiagram: z YR-o (2x)***)( ,P:)

ludeprescription:

lim <8...] ⑧
-

us T(s,t)
R ->is ⑧

⑧... S-matrix

· Y-pt. exchange diagram:
⑧↳↑ -

-
8

8 ·
R -i S-p

(sometimes!



Exchange diagram

& proxgires:
↳.tinesextr · only within

D · only for 0 cp2<4

15 - 41<4

[Komatsu, BuR, Paulos, Zhao 2020] (m2 =1)



Ads Landau diagrams
⑧

· on-shell particles
⑧

8 ⑳ propagating over large distances
⑧

⑧
· "momentum conservation" at vertices

⑧
⑧

⑧ can always be drawn,
⑧

do notalways dominate.

upshot:to get amplitude:[Komatsu,
BuR, Paulos, Zhao 2020]

-
most

/im
58(,)

. . .. 0(c)x,
I E
T(s,t) times

R -> is 8

&

⑳ ⑳

S-matrix D sometimes

but:understandable



I. l whatcan we learn?

ideally:
<O(x,) . . ..

0(c)X
T(s,t) =

lim
Xi -> is 8

&

⑳ ⑳

S-matrix

to study analyticity,bounds,etc.

Q:Whatcanwe prove?Can we reproduce results

from1960s, or improve them?

Q:Whatto assume?

Q FT in AdS instead ofLSZ



QFTinAdS instead ofLSE

daim:consider conformal four-point function of scalar 0x.

suppose OPE structure:0xx0x
=H+ (areson I

andthat, pointwise,

/im [01(1) .....Ox()
=T(s,t) > co inside E.

X-> D ⑧8

⑧

⑳

⑳ S-matrix t ja
E:52

Then TCs,t) is antic, S + t> 2"
4 Sobeys theartbound 9 TBR, Ehao (20221]

and consistentwithurity.



QFTinAdS instead ofLSE

aicity:for octsy we have only cuts:
1

u-channel S-channel
physics

num mmut physics
↳ - t I rise i

pofuses subtractedconformal dispersion relation,
leading to"Polyakov-Regge"blockdecomposition:

18000=a*e+.I -x

IT(s,t-Zfagape Epil.rt-m)gan)l

[Caron-Huot, Mazac, Rastelli, Simmons-Duffin 2020, ...].



-insens
in more detail:

<[lep (-iπH) (2) < <417) 212/gree

(up to Landau diagrams atleast)
Since only 2-2 contributes, we get:
2Im(T) >, F it

(postulate asymptotic completeness?Cf. (tin=(-)



I:vicinity ofthe IR fixedpoint

I:large limit

· dotmathematical i's

·find bestaxioms
· 2=2: Unequal particles
·i-i?



Thank you!



From cross ratios to Mandelstan invariants

"I/:Endcorrelator
A

t
· z =E

⑧ ⑧

⑧

! "III:z* =E, but:
I 2xi

z ->e z

⑧

⑧!I/III. "II/I.:for spacelike

111,
0 < z,E <1

⑧

⑧

· "'////s 1III: 0<z,z< 1, but:

zai

⑧ ⑧
z ->e z

?


