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Can we prove this using CFT techniques ?

[Perlmutter, Rastelli, Vafa, Valenzuela '20] [Baume, JC ‘23]

CFT Distance Conjecture: Towards a CFT Distance Theorem:
Conformal manifold of local CFT in d>2 Conformal perturbation theory + HS symmetry
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Local CFT: Posses energy-momentum tensor @ No extra assumption, e.g., no supersymmetry

= Dynamical gravity in the bulk! + existence of energy-momentum is crucial!
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Sketch of the Proof

Conformal perturbation theory

5{Jls) = 5tJ (JI0)

_C Y/
.4 ; .] @ “ i CF T

: |
Zamolodchikov distance! Trajectory!

(given (O0O) ~ 1)
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(Weakly-broken) HS symmetry
0-J,=8K,_,

 HS HS HS 2,
Crio = Clio + Cixp 8 + Crrp 8™ +

Essentially, as g — O:
a . <JLﬂJf@} — 8 ngKf—lﬁz
\ CJJ@ \C]K@

A bit more complicated than this...
— More details in [Baume, JC '23]




Sketch of the Proof

(Weakly-broken) HS symmetry
0-J,=8K,_,

|
Crio = C]@%+ Cj@@g+ C@@g2+




Sketch of the Proof

(Weakly-broken) HS symmetry
0-J,=8K,_,

|

0 0
Cuo = %_l' Clko8 + Ciro 8™ +

HS symmetry constraints




Sketch of the Proof

(Weakly-broken) HS symmetry
0-J,=8K,_,

¥
CJJ@—%+9?£/(§+CII§I§@§ + -

HS symmetry constraints

lyf"’g

CJJ@ 7’1,” as Vf — O



Sketch of the Proof

Conformal perturbation theory (Weakly-broken) HS symmetry
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Conformal perturbation theory (Weakly-broken) HS symmetry

5<Jfff)t=5t[<1fff@>t 0 Jg ngf 1
|

oYy = — Cpyp(t) 0t CJJ@—%+97K8+CI?I§@8 + e

HS symmetry constraints

1%"’8

CJJ@ 7’1,” as Vf — O

=Py, > 0ast— co VJ, O:AllHS points are at infinite distance \/
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I. HS point — Infinite distance

Conformal perturbation theory

dy .
T __c
7 1J6

®

(Weakly-broken) HS symmetry

CFT Distance Conjecture
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No HS symmetry

CFT Distance
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\
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not necessary

Finite distance

dy,
N HS
Conformal perturbation theory
®

(Weakly-broken) HS symmetry

- Thank you for your attention!
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Conformal Perturbation Theory for HS operators

® Deform the theory with an operator: gt+5t — th + ot O

> 5(J,J,) =6t Jd (JeI00)) L+ 0(r)

® (O marginal operator — Theory remains conformal Shift in conformal dimension
H / linked to log divergences!
—>5<]J>=— = 2<10g:D
241 2Af —2¢

® Conformal structures (see e.g. [Costa, Penedones, Poland, Rychkov "11])

Values of w:
2 [Sen, Tachikawa '18]

£ ) £ + 1 conformal structures C.,. = Z w. C"
- (JJ,0) = ), CJJ =
n=0 =

Valld everywhere in the

2 —
5Af = — ot CJJ@ T @(5t ) -> N % conformal manifold




Distances from Conformal Perturbation Theory

! CFT Distance

Conjecture

Two important questions: Not necessarlly
a geodesu: -
@® What is the meaning of ¢ c) /
1. O defines a direction in # ~pr — O(t) defines a trajectory M crr

2. t+ Ot represents how we move — tis a parameter of the trajectory

3. Take (O0O) ~ 1 — ds? ~ (O0) dt* ~ dt* — tisthe distance along the trajectory!

® How do we learn about Cy;5 ?

Complicated equations involving all

Usually: CPT for (JJO) — spectrum of operators and conformal blocks

(See e.g. [Behan "18])

Here: Something different! In particular, weakly-broken HS symmetry



A CFT Distance Criterion

CFT Distance
Conjecture

Consider a point with A, = A% and A (¢) invertible in a neighbourhood: CJJ@(t) — f CJJ@(AK)

a+1
Tak trization: — A*
ake parametrization: C;;,5 o (Af Az,”) a e |

—d Finite distance «~— a < ()
- [ X (Af — A;f) <

Infinite distance ~— g > ()

CFT Distance criterion:

— g Ry g Y SR — g ' a v S — o gl @ g — o s Y DRy o g R R — g

.' Finite distance «— 3@ (marginal operator) such that @ < 0 ;~

" Infinite distance ~— a > 0 VO (marginal operator)

\}
Bt
5 A
TR T A 2l DRI A Ao B Lo _fosda HE IO el A - eCR o ETT ) o ESAE MO B iy e e Aot B4 Lo _posBa TR T A ol N S s e s A el e Ak Aok B Lo foc2e 43 e a2 o s nlita Lia b 20 SR eSS A il A Ace B Lo L2 A gD
- _ o~ T ) = \ - o _ ~_- _ ) _ = =~ _ o~ ) = ~_- . -

Notice! Any point with C;;5 # 0 any automatically at finite distance!



JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es

At generic points! a J?/ﬂ O + (c:ontac:t terms) 3

O <a] oy @) O =9 Recursive relation among all Clio =%
CJJ@ C]]@ = () ? No :( ...Need to work a bit harder
® Integrated Ward identity! Twist conservation: A, — s =d — 2
1. Define conserved charges: Qf = J J, =i [Qﬂ Jf] ~ Zgj
S

2. Use: [S@Jf@) « ([0 0)



JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es
a Jbﬂ O + (contact terms)

Surface integral

oo
N




JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es
a Jbﬂ O + (contact terms)

Surface integral + Stokes theorem

O
< -




JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es
a Jbﬂ O + (contact terms) \

Surface integral + Stokes theorem + Ward identity

A

-, Contact term!

W "0




JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es
O Jf = O + (contact terms)

Surface integral + Stokes theorem + Ward identity

[Qfa Jf]

0,



JJ0 Correlator at HS Points

HS pomt — Ward |dent|t|es

At generic points! a J?/ﬂ O + (contact terms) 3

O <aff pr @) ) =P Recursive relation among all CJJ@ o 1C0 ="V Ch0f

CJJ@ C]]@ = () ? No :( ...Need to work a bit harder

® Integrated Ward identity! Twist conservation: A, — s =d — 2
1. Define conserved charges: Qf — J Jf =l [Qﬂ Jf] ~ Zgj ,Jff@> =0 VJK, @

. [ (3,0, 0) 5 {[01.1,] O) =R} 2 (J,6) =0 = Cf,, =0
S

Non-vanishing!



JKO Correlator at HS Points

HS pomt — Ward |dent|t|es

0 Jbﬂ = O + (contact terms)
At generic points! ,

@ <aff K,_; @> = () = Recursive relation among all C7., =9 . .,

<JfJf@>: £ equations for £ + 1 variables

Enough? No :( ...Needto work a bit harder
<JKKK_1@>: ¢ equations for £ variables ——~

® Integrated Ward identity! Twist conservation: A, —§ = d

1. Define conserved charges: Qf = J Jf e [Qﬂ Kf—l] ~ Zé

S A priori could

not vanish!

2. Use: L<Kf_ljf@> oc <[Qf, K, | @> - (k)Cl o Z (K, 0) (@)

Non-vanishing! ..Need to work a bit harder



JKO Correlator at HS Points

HS pomt — Ward |dent|t|es

a Jbﬂ = O + (contact terms)
At generic points! ,

O <a]f Kf—l @> — () =9 Recursive relation among all C}ZK@ - " Chr,

<JfJf@>: £ equations for £ + 1 variables

Enough? No :( ...Needto work a bit harder
<JKK5_1@>: ¢ equations for £ variables ——~

® Charge conservation identity! [Maldacena, Zhiboedov "11]

Involves presence of energy-momentum tensor == Dynamical gravity in the bulk '

<[Qf’ 1K, 1@]> 0 =P /@<1fo 1@) 4+ ... =0 ‘\/For all positions of operators!

Non-vanishing! [Maldacena, Zhiboedov "11] Goal achieved for Z = 4 '

Show that only consistent solution is { Enough! Any HS
Goal: such that this contribution vanishes <J’/ﬂKf 1@> O v“’f’ Kf 1’ @ { point contains J,



