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• Topic: correlation functions in CFTs with large c and 
large gap 

• A theory of reparametrization fields that describes 
universal aspects of energy-momentum tensor/
graviton exchanges 

• Applications:

Summary of talk

• Effective field theory for quantum chaos 

• Do certain conformal block calculations very 
efficiently



• Will also provide a language to piece together various 
ideas from SYK, CFT, bootstrap, holography

Summary of talk

Schwarzian action

OTOC, chaos identity block

kinematic space
pole skipping

shadow operators

conformal anomaly



• Reparametrization fields & quantum chaos 

• SYK 

• CFT 

• Comments on thermal correlators 

• Conformal blocks 

• Connection with shadow operators 

• Virasoro blocks (d=2)

Outline



Reparametrization 
modes in SYK



Reminder: SYK model

• IR: emergent conformal 
symmetry,  

• Spontaneously and 
explicitly broken to SL(2,R) 

• Large N effective field 
theory of reparametrization 
Goldstone:          
Schwarzian action
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• N Majorana fermions with 
random, Gaussian 
couplings
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• E.g.: enhanced contribution to 4-pt. OTOC:  

Schwarzian action
• Schwarzian describes 

dominant “gravity” effects
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“scramblon”



• E.g.: enhanced contribution to 4-pt. OTOC:  

Schwarzian action
• Schwarzian describes 

dominant “gravity” effects
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• Schwarzian is “hydrodynamic” in the sense that it 
captures energy conservation [Jensen ’16] …

• Is Lyapunov growth more generally described by  
effective field theory of energy mode? [Blake-Lee-Liu ’18] …
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• Is Lyapunov growth more generally described by  
effective field theory of energy mode? [Blake-Lee-Liu ’18] …

• E.g., in 2d CFTs: stress-energy tensor exchanges also 
maximally chaotic 

• Virasoro identity block 

• Is there some “effective description”?                         

• Do we learn something universal about                     
scrambling and nonlinear gravity?

Schwarzian action
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• Is Lyapunov growth more generally described by  
effective field theory of energy mode? [Blake-Lee-Liu ’18] …

• E.g., in 2d CFTs: stress-energy tensor exchanges also 
maximally chaotic 

• Virasoro identity block 

• Is there some “effective description”?                         

• Do we learn something universal about                     
scrambling and nonlinear gravity?
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Effective theory of the 
“scramblon” in CFT2



• Understood in general (for finite reparametrizations)       
by                                       (c.f.                                             )

• Consider large c, large gap CFT and a reparametrization

•         have an effective action determined by hTµ⌫ · · ·T⇢�i(f, f̄)
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• For simplicity, consider 



•         have an effective action determined by hTµ⌫ · · ·T⇢�i(✏, ✏̄)

fixed by conformal symmetry

• Quadratic action:
ZZ

d2z1 d
2z2 @̄✏1 @̄✏2 hT (z1)T (z2)i + (anti-holo.)
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•         have an effective action determined by hTµ⌫ · · ·T⇢�i(✏, ✏̄)
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• The quadratic action becomes local 
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• Euclidean propagator:

• Reminiscent of quadratic Schwarzian 

• E.g., similar symmetries & charges (however, conformal 
symmetry not explicitly broken)

[FH-Reeves-Rozali ’19]
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•         have an effective action determined by hTµ⌫ · · ·T⇢�i(✏, ✏̄)



Vertex rules

• Reparametrizations also couple to external fields:
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• “Feynman rules” for reparametrization field 

• At large c, this gives a systematic perturbation theory 

equivalent to energy-momentum exchanges
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“global stress 
tensor block”

“global stress 
tensor shadow block”
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⌘Thermal states:⇣
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• Starting point for EFT of quantum chaos in 2d CFT 

• E.g., captures Lyapunov growth of OTOC:
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OTOC: analytically continue to real time, with Euclidean  
separations held fixed 
—> Get exponentially growing term if crossing branch cut of log 
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[Shenker-Stanford ’13][Roberts-Stanford ’14][Maldacena-Shenker-Stanford ‘15]  

[FH-Rozali ’18][Cotler-Jensen ’18]
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Reparametrization 
modes in d=2h



   => quadratic action for reparametrization xµ ! xµ + ✏µ

• Similar to d=2, stress tensor correlators are singular 
in d=2h. In particular:

Quadratic action
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•      is a scale needed in order to write sensible 
expression. Related to conformal anomaly.
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• For example, recall: 

•            is too singular 

• Regularization introduces a scale
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• Similarly, bilinear couplings are just reparametrized 
two-point functions: 
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• In d>2: Rindler wedge is conformal to 

• Can study thermal physics on hyperbolic space via 
conformal transformation

• Could again use this to study OTOCs

H
d�1 ⇥ R

Application: Rindler OTOCs



• Stress tensor contribution to thermal 4pt function  on           
from a single        exchange: 

H
d�1

• Analytic continuation to second sheet gives OTOC
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• Result: 
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• Stress tensor contribution to thermal 4pt function  on           
from a single        exchange: 

H
d�1

• Analytic continuation to second sheet gives OTOC
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Remarks on 
EFT of chaos



Pole skipping



•                                        has poles and zeros 

• Poles are continuation of hydro diffusion pole 

• Zeros occur out of hydro regime, when  

• Observation: in complex frequency space poles and zeros 
collide — the pole is “skipped” — at the Lyapunov values:

[Blake-Lee-Liu ’18]
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[Grozdanov-Schalm-Scopelliti ’17]

• Due to relation between chaos and stress tensor, one 
can already see some chaos characteristics in hTT i

Pole skipping
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In CFT:

•       grows exponentially <->    
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• E.g. d=2 CFT: hT (!, k)T (�!,�k)i / c
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[FH-Reeves-Rozali ’19]

• In d>2 CFT:
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zeros  
(special to stress tensor)

poles (and more zeros)



e.g. d=4:

[FH-Reeves-Rozali ’19]Im(k)
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Sub-maximal chaos (w.i.p.)
• Challenge: effective field theory for chaos with 

• Stress tensor physics (identity block)   => 

• Sub-maximal chaos due to other exchanges    
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• Lowest twist Regge trajectory gives collective 
correction:                          (“pomeron”)

• In bulk: stringy corrections 
[Shenker-Stanford ’15]
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[Costa-Goncalves-Penedones ’12]
[Kravchuk-Simmons—Duffin ’18]



Connection with 
conformal blocks



• Consider OPE in (Euclidean) CFT:

Conformal blocks

V (x)V (y) =
1

(x� y)2�V

X

O

CV VO |x� y|�
⇥
O(y) + conformal descendants

⇤



• Consider OPE in (Euclidean) CFT:

Conformal blocks

V (x)V (y) =
1

(x� y)2�V

X

O

CV VO |x� y|�
⇥
O(y) + conformal descendants

⇤

“OPE block” [de Boer-FH-Heller-Myers ’16]

[Czech-Lamprou-McCandlish-
Mosk-Sully ’16]



• Consider OPE in (Euclidean) CFT:

Conformal blocks

V (x)V (y) =
1

(x� y)2�V

X

O

CV VO |x� y|�
⇥
O(y) + conformal descendants

⇤

• Conformal block decomposition of 4-point function:

hV (x1)V (x2)W (x3)W (x4)i =
1

x�V
12 x�W

34

X

O

CV VO CWWO G(`)
� (u, v)

u =
x2
12x

2
34

x2
13x

2
24

, v =
x2
14x

2
23

x2
13x

2
24

“OPE block” [de Boer-FH-Heller-Myers ’16]

[Czech-Lamprou-McCandlish-
Mosk-Sully ’16]



• Consider OPE in (Euclidean) CFT:

Conformal blocks

V (x)V (y) =
1

(x� y)2�V

X

O

CV VO |x� y|�
⇥
O(y) + conformal descendants

⇤

“conformal block”

• Conformal block decomposition of 4-point function:

hV (x1)V (x2)W (x3)W (x4)i =
1

x�V
12 x�W

34

X

O

CV VO CWWO G(`)
� (u, v)

u =
x2
12x

2
34

x2
13x

2
24

, v =
x2
14x

2
23

x2
13x

2
24

V

V W

W

O

“OPE block” [de Boer-FH-Heller-Myers ’16]

[Czech-Lamprou-McCandlish-
Mosk-Sully ’16]



• Can find (global) conformal blocks by solving 
Casimir eq.:

C[SO(2, d)] G(`)
� = [`(`+ d� 2)��(d��)]G(`)

�



• Can find (global) conformal blocks by solving 
Casimir eq.:

• Casimir has two solutions with same eigenvalue:

G(`)
� (u, v) G(`)

e�=d��
(u, v)

“physical” block “shadow” block

• Distinguish them by short distance behavior: 
G(`)

�
u!0, v!1⇠ u

��`
2 (1� v)` + . . . G(`)

d��
u!0, v!1⇠ u

d���`
2 (1� v)` + . . .

C[SO(2, d)] G(`)
� = [`(`+ d� 2)��(d��)]G(`)

�

[Dolan-Osborn ’11] [Simmons-Duffin ’12] …



• Shadow block can be thought of as the conformal 
block associated with a shadow operator

Shadow operators

eO

eO(x) =

Z
dd⇠ h eO(x) eO(⇠)i O(⇠) (e� = d��)
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• Shadow block can be thought of as the conformal 
block associated with a shadow operator

Shadow operators

eO

eO(x) =

Z
dd⇠ h eO(x) eO(⇠)i O(⇠)

• Define projector onto conformal multiplet of     : O

G(`)
�

?
= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

|O| =

Z
dd⇠ O(⇠)|0ih0| eO(⇠)

<latexit sha1_base64="ZVC0zGyDwdBouEb9BiJY5ElOVkg="></latexit>

Compute conformal block by projection onto     : O

(e� = d��)
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[Simmons-Duffin ’12] …



• Define projector onto conformal multiplet of     : O

• Can understand OPE block from this: 

G(`)
�

?
= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

|O| =

Z
dd⇠ O(⇠)|0ih0| eO(⇠)

<latexit sha1_base64="ZVC0zGyDwdBouEb9BiJY5ElOVkg="></latexit>

Compute conformal block by projection onto     : O

V (x)V (y)|0i
��
O+global desc.

= |O|V (x)V (y)|0i
<latexit sha1_base64="v7Szhhf4czDETjUimHdk4Yo7l48="></latexit>

=

Z
dd⇠ hV (x)V (y) eO(⇠)iO(⇠)|0i

<latexit sha1_base64="se5fqomX252sM4GdCJrO4UQnkTQ="></latexit>

⌘ BO(x, y)|0i
<latexit sha1_base64="trwWWh+/hAPHJMDuVhw9gkYxMPc="></latexit>



G(`)
�

?
= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

Compute conformal block by projection onto     : O



G(`)
�

?
= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

Compute conformal block by projection onto     : O



F (`)
� ⌘ G(`)

� + c�,` G
(`)
e�

= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

“conformal partial wave”

Compute conformal block by projection onto     : O



F (`)
� ⌘ G(`)

� + c�,` G
(`)
e�

= hV (x1)V (x2)|O�,`|W (x3)W (x4)i

• The shadow block can be projected out by 
imposing correct short distance behavior 

“conformal partial wave”

“monodromy projection”

[Dolan-Osborn ’11] [Simmons-Duffin ’12] …

Compute conformal block by projection onto     : O



Stress tensor block
• Interesting and universal physics is 

encoded by the stress tensor block
V

V W

W

T

• Encodes graviton exchanges in AdS/CFT 

• Probe pure gravity sector (gravitational 
scattering, bulk locality,…) 

• Important example:  V, W = twist operators



Stress tensor block
• Interesting and universal physics is 

encoded by the stress tensor block
V

V W

W

T

• Special feature of stress tensor shadow:

eTµ⌫(x) ⌘ P ⇢�
µ⌫ @⇢E�(x) , E�(x) =

Z
dd⇠ K↵�

�(x� ⇠)T↵�(⇠)

symmetric-traceless projector



Stress tensor block
• Interesting and universal physics is 

encoded by the stress tensor block
V

V W

W

T

• Special feature of stress tensor shadow:

eTµ⌫(x) ⌘ P ⇢�
µ⌫ @⇢E�(x) , E�(x) =

Z
dd⇠ K↵�

�(x� ⇠)T↵�(⇠)

symmetric-traceless projector

• Operator        inherits 2-point function from <TT>:Eµ

hEµ(x)E⌫(0)i /
✓
⌘µ⌫ � 2

xµx⌫

x2

◆
x2 log

�
µ2x2

�



• Two-point function of        follows from conf. symm.:Eµ

hEµ(x)E⌫(0)i /
✓
⌘µ⌫ � 2

xµx⌫

x2

◆
x2 log

�
µ2x2

�

• This is exactly the same as the two-point function of 
reparametrization fields, h✏µ✏⌫i



• Two-point function of        follows from conf. symm.:Eµ

hEµ(x)E⌫(0)i /
✓
⌘µ⌫ � 2

xµx⌫

x2

◆
x2 log

�
µ2x2

�

• This is exactly the same as the two-point function of 
reparametrization fields, h✏µ✏⌫i

[FH-Reeves-Rozali  ’19] 

• EFT of the global stress tensor block                            
(in thermal state: becomes EFT of maximal chaos)

Calculations of stress tensor global blocks can be 
recast as reparametrization mode diagrams.



• Bilocal operators:

“stress tensor OPE block” “reparam. mode vertex”

=BT (x, y)

�V


1

d
(@✏(x) + @✏(y))� 2

(✏(x)� ✏(y))µ(x� y)µ
(x� y)2

�

<latexit sha1_base64="oqyjN5tLjLSN0CBDJIR4DfvnGt8="></latexit>

• Writing                       and using conformal 
Ward identity, can show equivalence explicitly

eTµ⌫ = P⇢�
µ⌫ @⇢✏�

<latexit sha1_base64="tzCwJpbaS83HEutf4aqj/ncRoqY="></latexit>

V T
V

EV

V

Calculations of stress tensor global blocks can be 
recast 1-to-1 as reparametrization mode exchanges.

=

Z
dd⇠

hV (x)V (y) eT (⇠)i
hV (x)V (y)i T (⇠)

<latexit sha1_base64="XS7wgHjZrkZ5n7VUGF5bqmTazzY="></latexit>

B(1)
�V

(x, y)
<latexit sha1_base64="i1Ww1br7tyE8EsCr6XjNfZkzaFs="></latexit>



• Bilocal operators:

• lhs: have to compute conformal integrals 

• rhs: EFT-type exchanges of 

“stress tensor OPE block” “reparam. mode vertex”

=

✏µ

BT (x, y)

�V


1

d
(@✏(x) + @✏(y))� 2

(✏(x)� ✏(y))µ(x� y)µ
(x� y)2

�

<latexit sha1_base64="oqyjN5tLjLSN0CBDJIR4DfvnGt8="></latexit>

Calculations of stress tensor global blocks can be 
recast 1-to-1 as reparametrization mode exchanges.

=

Z
dd⇠

hV (x)V (y) eT (⇠)i
hV (x)V (y)i T (⇠)

<latexit sha1_base64="XS7wgHjZrkZ5n7VUGF5bqmTazzY="></latexit>

B(1)
�V

(x, y)
<latexit sha1_base64="i1Ww1br7tyE8EsCr6XjNfZkzaFs="></latexit>



/
✓
4

d
+

1� v

u
log v

◆

—> Matches the known CPW associated with 
stress tensor exchanges in d=2,4,6.

[Dolan-Osborn ’11] [FH-Reeves-Rozali ’19]

• For example, stress tensor 4-point (global) block:

F (`=2)
�=d =

⌦
B(1)
�V

(x1, x2)B(1)
�W

(x3, x4)
↵

<latexit sha1_base64="A5LeWB7FfVA2M3/hZ3+oMCA050o="></latexit>

• Note: calculation independent of d



“global block” “shadow block”

=
2hV hW

c

h
z2 2F1(2, 2, 4, z) + 12

z̄

z
2F1(�1,�1,�2, z) 2F1(1, 1, 2, z̄)

i

<latexit sha1_base64="8++t93RY4KpmA7+R3EwMy8WRGnU="></latexit>

h✏(z)✏(0)i = 6

c
z2 [log z + log z̄]

<latexit sha1_base64="F07hSfm8LzjgKjoz2MbUZ2GZzMI="></latexit>

hB(1)
�V

B(1)
�W

i
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• Can do monodromy projection at the level of      : 

• Simply drop the term 

• Useful in calculations 

h✏✏i
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⇠ z2 log z̄
<latexit sha1_base64="jl6m1YWxextava8mq3ycF1wf0to="></latexit>

• In particular, consider d=2:

• Q: can one do this in d>2 ?



Some explicit 
calculations



Six-point identity block in d=2
• Higher-point conformal blocks relevant for: 

• Entanglement entropy for multiple intervals 
(mutual information, …) 

• Eigenstate thermalization 

• Chaos (higher-point OTOCs) 

• Generalized bootstrap? 

• …



Six-point identity block in d=2
• Two types of OPE channels:

• “star channel” 

• Pure gravity sector 

• Universal (in d=2)

• “comb channel” 

• Understood quite generally 
in terms of hypergeometric 
series/integrals [Rosenhaus ’18]



Six-point identity block in d=2
• Two types of OPE channels:

• “star channel” 

• Pure gravity sector 

• Universal (in d=2)
hB(1)

V (1, 2)B(1)
X (3, 4)B(1)

W (5, 6)i ⇠ h✏✏✏i
<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

E

• Corresponds 1-to-1 to a 
cubic self-interaction of 
reparametrization:



Six-point “star channel” block
hB(1)

V (1, 2)B(1)
X (3, 4)B(1)

W (5, 6)i ⇠ h✏✏✏i
<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

• Easy! No need to do any conformal integrals, 
nested hypergeometric sums etc. 

• Just need  

• Follows by simple integration of identities like:

h✏✏✏i
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h@3✏ @3✏ @3✏i / hTTT i
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h@̄✏ @̄✏ @̄✏i / h eT eT eT i
<latexit sha1_base64="TIGDO3FlY5aV0o2pVSOOok8N0UY="></latexit>

• Monodromy projection: only keep purely 
holomorphic part of h✏✏✏i
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Six-point “star channel” block
hB(1)

V (1, 2)B(1)
X (3, 4)B(1)

W (5, 6)i ⇠ h✏✏✏i
<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

h@3✏ @3✏ @3✏i / hTTT i
<latexit sha1_base64="HcvqdBFK8EnaQQhT13cy1KuPM3Y=">AAACUHicjVHLSgMxFL1TX7W+qi7dBIvgQsqMFXRZdONSoa2FTi2Z9LYGM0lIMkIp/UQ33fkdblwomtYWfC28EHI45z5yTxItuHVh+BTkFhaXllfyq4W19Y3NreL2TsOqzDCsMyWUaSbUouAS6447gU1tkKaJwJvk/mKi3zygsVzJmhtobKe0L3mPM+o81Sn2Y0FlXyCJNTWOU3FbiVFbLpSMj/5LktjMmxilnSLzprVabSZ1iqWwHE6D/AbRDJRgFled4jjuKpalKB0T1NpWFGrXHk5GM4GjQpxZ1JTd0z62PJQ0RdseTg0ZkQPPdElPGX+kI1P2a8WQptYO0sRnptTd2Z/ahPxLa2Wud9Yecqkzh5J9DuplgvidJ+6SLjfInBh4QJnh/q2E3VFDmfN/UPAmRD9X/g0ax+WoUj6+PilVz2d25GEP9uEQIjiFKlzCFdSBwSM8wyu8BePgJXjPBZ+p8xt24VvkCh/wFrV7</latexit>

h@̄✏ @̄✏ @̄✏i / h eT eT eT i
<latexit sha1_base64="TIGDO3FlY5aV0o2pVSOOok8N0UY="></latexit>

h✏1✏2✏3iphys. ⇠
1

c2
z12z23z31


Li2

✓
z12
z13

◆
� Li2

✓
z23
z13

◆�

<latexit sha1_base64="0E41Mi1wOHWVf7M/DgF0t8rKAo4="></latexit>

• Monodromy projection: only keep purely 
holomorphic part of h✏✏✏i

<latexit sha1_base64="Up6PpAKT4whdciv5+RL8Wt7vLvI=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiRV0GXRjcsK9gFNKJPpTTt0MgkzE6GE/oMbf8WNC0XcunHn3zhNs9C2BwYO55zLnXuChDOlHefHWlldW9/YLG2Vt3d29/btg8OWilNJoUljHstOQBRwJqCpmebQSSSQKODQDka3U7/9CFKxWDzocQJ+RAaChYwSbaSefe5xIgYcsAeJYjwWy4jMIz274lSdHHiRuAWpoAKNnv3t9WOaRiA05USprusk2s+I1IxymJS9VEFC6IgMoGuoIBEoP8tvmuBTo/RxGEvzhMa5+nciI5FS4ygwyYjooZr3puIyr5vq8NrPmEhSDYLOFoUpxzrG04Jwn0mgmo8NIVQy81dMh0QSqk2NZVOCO3/yImnVqu5FtXZ/WanfFHWU0DE6QWfIRVeoju5QAzURRU/oBb2hd+vZerU+rM9ZdMUqZo7QP1hfv2CKnnk=</latexit>



hB(1)
V (1, 2)B(1)

X (3, 4)B(1)
W (5, 6)i ⇠ h✏✏✏i

<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

• Result:

z =
z13z24
z23z14

, u =
z13z25
z23z15

, v =
z13z26
z23z16

<latexit sha1_base64="Ajia7B7L6VDEkaDQheavehutAVI="></latexit>

G(T, star)
V,V ;X,X;W,W =

⌦
B(1)
V (1, 2)B(1)

X (3, 4)B(1)
W (5, 6)

↵
<latexit sha1_base64="NI+Hi+JfZiu39dgz8l9feWbeQJw="></latexit>

⇠ hV hXhW

c2


I (z, u, v) + I (z, v, u) + I

✓
1

z
,
u

z
,
v

z

◆
+ I

✓
1

z
,
v

z
,
u

z

◆�

<latexit sha1_base64="e1C4O8YXoKNPNsCq+H7C4i3ZpQE="></latexit>

I(z, u, v) ⌘ 1 +
1

(u� v)(1� z)


u

✓
u(v � vz + z � u)

1� u
+ 2(z � v)

◆
log u

� (1� u)

✓
(1� u)(zv + u)

u
+ 2(z � v)

◆
log(1� u)

� 2(uv � z)
�
Li2(u)� Li2(1� u)

��

<latexit sha1_base64="40wAA4eMh2JZtN17QSlcHNKWpz8="></latexit>

Six-point “star channel” block

[Anous-FH  w.i.p.]



hB(1)
V (1, 2)B(1)

X (3, 4)B(1)
W (5, 6)i ⇠ h✏✏✏i

<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

• Solves 6-point Casimir equations & boundary conditions 

• Interesting transcendentality/branch cut structure 

• Questions:  

• 6-point OTOCs?  —> self interactions in the chaos EFT 

• HHLLLL block?  —> ETH, entanglement/mutual 
information in excited states, …

G(T, star)
V,V ;X,X;W,W =

⌦
B(1)
V (1, 2)B(1)

X (3, 4)B(1)
W (5, 6)

↵
<latexit sha1_base64="NI+Hi+JfZiu39dgz8l9feWbeQJw="></latexit>

⇠ hV hXhW

c2


I (z, u, v) + I (z, v, u) + I

✓
1

z
,
u

z
,
v

z

◆
+ I

✓
1

z
,
v

z
,
u

z

◆�

<latexit sha1_base64="e1C4O8YXoKNPNsCq+H7C4i3ZpQE="></latexit>

Six-point “star channel” block

[Anous-FH  w.i.p.]



• Single reparametrization mode exchanges are in 1-to-1 
correspondence with global stress tensor blocks 

• Easy calculations:  never need to deal with conformal 
integrals, hypergeometric sums, Casimir PDEs etc. 

• Monodromy projection can be done from the outset 
(at least in d=2) 

Q: What about Virasoro blocks?

Summary



• Single reparametrization mode exchanges are in 1-to-1 
correspondence with global stress tensor blocks 

• Easy calculations:  never need to deal with conformal 
integrals, hypergeometric sums, Casimir PDEs etc. 

• Monodromy projection can be done from the outset 
(at least in d=2) 

Q: What about Virasoro blocks?

Summary



Virasoro blocks in d=2



Virasoro blocks in d=2

• Proposal for generalization of shadow operator approach: 

     Virasoro identity blocks are computed by higher order 
exchanges of reparametrization fields.

V (z1)V (z2)
��
T
⇠ CV V 1

|z12|2(�V �1)
[1+Virasoro descendants]

<latexit sha1_base64="FzrZ+4ieCd79QnmnBd/yO4PGpvY="></latexit>

• Virasoro identity block in AdS/CFT: gravitational 
scattering/graviton exchanges

z ! f(z) = z + ✏(z, z̄) + . . . : Bh(z1, z2) =

✓
@f(z1) @f(z2)

(z1 � z2)2

◆h

<latexit sha1_base64="8NLW9MwM6XUW9ML47Xchykfbhbw="></latexit>



Example: light-light block



Example: light-light block
•                            already used       to reproduce the   

“eikonalization” of the LLLL block 
[Cotler-Jensen ’18] ✏µ

• Ladder diagrams dominate in EFT

E ++ + . . . = e2↵ z2
2F1(2,2,4,z) + . . .

↵ ⌘
�V �W

c
⇠ O(1)

⇠ ↵
<latexit sha1_base64="dPYbjlZT6TlpzhbV5Bzf/ijjofI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oUy2m3bpZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmKGvSRCSqE6JmgkvWNNwI1kkVwzgUrB2Obmd++4kpzRP5YMYpC2IcSB5xisZKj77msY8iHWKvXHGr7hxklXg5qUCORq/85fcTmsVMGipQ667npiaYoDKcCjYt+ZlmKdIRDljXUokx08FkfvGUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//O6mYmugwmXaWaYpItFUSaIScjsfdLnilEjxpYgVdzeSugQFVJjQyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEChKe4RXeHO28OO/Ox6K14OQzx/AHzucPqxWQ6Q==</latexit> ⇠ ↵2

<latexit sha1_base64="pG5FiwXjXUspdmk6LBP4lOSl9fI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXjxWsB/QXUs2zbahSTYkWaGU/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSGBomQszVED/WeuWKX/XnQKskyEkFcjR65a+wn5JMUGkJx8Z0A1/ZaIK1ZYTTaSnMDFWYjPCAdh2VWFATTeY3T9GZU/ooSbUradFc/T0xwcKYsYhdp8B2aJa9mfif181sch1NmFSZpZIsFiUZRzZFswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmnVqsFFtXZ/Wanf5HEU4QRO4RwCuII63EEDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QPXvpGN</latexit>

⇠ ↵3
<latexit sha1_base64="9ly3SRErXuwIQqE1Z0kVAAViMH4=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KrutoMeiF48V7Ad015JNs21okg1JViilf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bJs00oU2S8lR3YmwoZ5I2LbOcdpSmWMSctuPR7cxvP1FtWCof7FjRSOCBZAkj2DopDA0TIeZqiB9rvVLZr/hzoFUS5KQMORq90lfYT0kmqLSEY2O6ga9sNMHaMsLptBhmhipMRnhAu45KLKiJJvObp+jcKX2UpNqVtGiu/p6YYGHMWMSuU2A7NMveTPzP62Y2uY4mTKrMUkkWi5KMI5uiWQCozzQllo8dwUQzdysiQ6wxsS6mogshWH55lbSqlaBWqd5flus3eRwFOIUzuIAArqAOd9CAJhBQ8Ayv8OZl3ov37n0sWte8fOYE/sD7/AHZQpGO</latexit>

exponentiation!

hV (1)V (1)W (z)W (0)i

<latexit sha1_base64="fP219bwf5w7Na/sxuDwd1kxrKN0=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEjpUiWoCMYKFsYi0YfURJXjOq1Vx4lsBylE/Qss/BUWBhBiZWPj3+CkGaDlJFunu/tkf+fHjEpl29/Gyura+sZmZau6vbO7t28eHHZllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek50+vc793T4SkEb9TaUy8EI05DShGSktD03IZ4mNGYNdyKQ9UWtfMqcOe9ZBfdh26oggMzZrdsAvAZeKUpAZKtIfmlzuKcBISrjBDUg4cO1ZehoSimJFZ1U0kiRGeojEZaMpRSKSXFRvN4KlWRjCIhD5cwUL9PZGhUMo09HUyRGoiF71c/M8bJCq49DLK40QRjucPBQmDKoJ5PXBEBcGKpZogLKj+K8QTJBBWusSqLsFZXHmZdM8aTrNxftusta7KOirgGJwACzjgArTADWiDDsDgETyDV/BmPBkvxrvxMY+uGOXMEfgD4/MH4K+ahg==</latexit>



[Fitzpatrick-Kaplan-Walters ’14]

hH(1)H(0)L(1)L(z, z̄)i
<latexit sha1_base64="Q9PQanHrhwx0XTpdL/FbinnJwRA=">AAACGXicbVDNS8MwHE39nPOr6tFLcAgbyGinoMehlx08THAfsI6RZukWlqYlSYWu7N/w4r/ixYMiHvXkf2Pa9aCbDxIe770fye+5IaNSWda3sbK6tr6xWdgqbu/s7u2bB4dtGUQCkxYOWCC6LpKEUU5aiipGuqEgyHcZ6biTm9TvPBAhacDvVRySvo9GnHoUI6WlgWk5DPERI7BRdij3VFzRzKrA27KdXtMzx0Uimc4q0BFZcGCWrKqVAS4TOyclkKM5MD+dYYAjn3CFGZKyZ1uh6idIKIoZmRWdSJIQ4QkakZ6mHPlE9pNssxk81coQeoHQhyuYqb8nEuRLGfuuTvpIjeWil4r/eb1IeVf9hPIwUoTj+UNexKAKYFoTHFJBsGKxJggLqv8K8RgJhJUus6hLsBdXXibtWtU+r9buLkr167yOAjgGJ6AMbHAJ6qABmqAFMHgEz+AVvBlPxovxbnzMoytGPnME/sD4+gH6Sp3P</latexit>

V0 = ↵�Lz�
1�↵
2 �L

✓
1� z

1� z↵

◆�L

↵ ⌘
p
1� µ , µ ⌘ 12�H

c
<latexit sha1_base64="WYB9isw8q0D5tbiW7LeNWuZ2mmY="></latexit>

(�H ⇠ O(c), �L ⇠ O(1))
<latexit sha1_base64="svqf8QXUSP2LT+lemqvq9KovWWQ=">AAACInicbVDLSsNAFJ34rPUVdelmsAgtSEmqoOKmqIsuBCvYBzQhTKaTduhMEmYmQgn9Fjf+ihsXiroS/BinbRbaeuDC4Zx7ufceP2ZUKsv6MhYWl5ZXVnNr+fWNza1tc2e3KaNEYNLAEYtE20eSMBqShqKKkXYsCOI+Iy1/cDX2Ww9ESBqF92oYE5ejXkgDipHSkmeeF51rwhTyatCRlMPUwYjB21ERl46ci8y7mfHsEoQlzyxYZWsCOE/sjBRAhrpnfjjdCCechAozJGXHtmLlpkgoihkZ5Z1EkhjhAeqRjqYh4kS66eTFETzUShcGkdAVKjhRf0+kiEs55L7u5Ej15aw3Fv/zOokKztyUhnGiSIini4KEQRXBcV6wSwXBig01QVhQfSvEfSQQVjrVvA7Bnn15njQrZfu4XLk7KVQvszhyYB8cgCKwwSmoghqogwbA4BE8g1fwZjwZL8a78TltXTCymT3wB8b3D01goQE=</latexit>

• HHLL Virasoro block in d=2:                                         

Example: heavy-light block



[Fitzpatrick-Kaplan-Walters ’14]

hH(1)H(0)L(1)L(z, z̄)i
<latexit sha1_base64="Q9PQanHrhwx0XTpdL/FbinnJwRA=">AAACGXicbVDNS8MwHE39nPOr6tFLcAgbyGinoMehlx08THAfsI6RZukWlqYlSYWu7N/w4r/ixYMiHvXkf2Pa9aCbDxIe770fye+5IaNSWda3sbK6tr6xWdgqbu/s7u2bB4dtGUQCkxYOWCC6LpKEUU5aiipGuqEgyHcZ6biTm9TvPBAhacDvVRySvo9GnHoUI6WlgWk5DPERI7BRdij3VFzRzKrA27KdXtMzx0Uimc4q0BFZcGCWrKqVAS4TOyclkKM5MD+dYYAjn3CFGZKyZ1uh6idIKIoZmRWdSJIQ4QkakZ6mHPlE9pNssxk81coQeoHQhyuYqb8nEuRLGfuuTvpIjeWil4r/eb1IeVf9hPIwUoTj+UNexKAKYFoTHFJBsGKxJggLqv8K8RgJhJUus6hLsBdXXibtWtU+r9buLkr167yOAjgGJ6AMbHAJ6qABmqAFMHgEz+AVvBlPxovxbnzMoytGPnME/sD4+gH6Sp3P</latexit>

V0 = ↵�Lz�
1�↵
2 �L

✓
1� z

1� z↵

◆�L

↵ ⌘
p
1� µ , µ ⌘ 12�H

c
<latexit sha1_base64="WYB9isw8q0D5tbiW7LeNWuZ2mmY="></latexit>

(�H ⇠ O(c), �L ⇠ O(1))
<latexit sha1_base64="svqf8QXUSP2LT+lemqvq9KovWWQ=">AAACInicbVDLSsNAFJ34rPUVdelmsAgtSEmqoOKmqIsuBCvYBzQhTKaTduhMEmYmQgn9Fjf+ihsXiroS/BinbRbaeuDC4Zx7ufceP2ZUKsv6MhYWl5ZXVnNr+fWNza1tc2e3KaNEYNLAEYtE20eSMBqShqKKkXYsCOI+Iy1/cDX2Ww9ESBqF92oYE5ejXkgDipHSkmeeF51rwhTyatCRlMPUwYjB21ERl46ci8y7mfHsEoQlzyxYZWsCOE/sjBRAhrpnfjjdCCechAozJGXHtmLlpkgoihkZ5Z1EkhjhAeqRjqYh4kS66eTFETzUShcGkdAVKjhRf0+kiEs55L7u5Ej15aw3Fv/zOokKztyUhnGiSIini4KEQRXBcV6wSwXBig01QVhQfSvEfSQQVjrVvA7Bnn15njQrZfu4XLk7KVQvszhyYB8cgCKwwSmoghqogwbA4BE8g1fwZjwZL8a78TltXTCymT3wB8b3D01goQE=</latexit>

• HHLL Virasoro block in d=2:                                         

Example: heavy-light block

V0 = 1 + µ�L


z + 1

4(z � 1)
log z � 1

2

�
+

µ2

2

"
�2

L

✓
z + 1

4(z � 1)
log z � 1

2

◆2

+
�L

8
(· · · )

#
+

µ3

6
[. . .] + . . .

<latexit sha1_base64="y3N8Jjnu9I1/SzRAu80WjyjFiQo="></latexit>

E

+ . . .
<latexit sha1_base64="6Kkf76K2ODKfzMa6mAT43omE2DI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvXisYD+gDWWz2bRLN5uwOxFK6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkANl0LxJgqUvJNqTuNA8nYwupv57SeujUjUI45T7sd0oEQkGEUrtS96MkzQ9MsVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzI/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0Y0/ESrNkCu2WBRlkmBCZr+TUGjOUI4toUwLeythQ6opQ5tQyYbgLb+8Slq1qndZrT1cVeq3eRxFOIFTOAcPrqEO99CAJjAYwTO8wpuTOi/Ou/OxaC04+cwx/IHz+QMkmI9x</latexit>



V0 = 1 + µ�L


z + 1

4(z � 1)
log z � 1

2

�
+

µ2

2

"
�2

L

✓
z + 1

4(z � 1)
log z � 1

2

◆2

+
�L

8
(· · · )

#
+

µ3

6
[. . .] + . . .

<latexit sha1_base64="y3N8Jjnu9I1/SzRAu80WjyjFiQo="></latexit>

E

+ . . .
<latexit sha1_base64="6Kkf76K2ODKfzMa6mAT43omE2DI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvXisYD+gDWWz2bRLN5uwOxFK6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkANl0LxJgqUvJNqTuNA8nYwupv57SeujUjUI45T7sd0oEQkGEUrtS96MkzQ9MsVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzI/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0Y0/ESrNkCu2WBRlkmBCZr+TUGjOUI4toUwLeythQ6opQ5tQyYbgLb+8Slq1qndZrT1cVeq3eRxFOIFTOAcPrqEO99CAJjAYwTO8wpuTOi/Ou/OxaC04+cwx/IHz+QMkmI9x</latexit>

• Reparametrization mode diagrammatics: systematic way 
to construct HHLL block order by order

• 1/c corrections computed by loops [Cotler-Jensen ’18]



V0 = 1 + µ�L


z + 1

4(z � 1)
log z � 1
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L

✓
z + 1

4(z � 1)
log z � 1

2

◆2

+
�L
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+
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<latexit sha1_base64="y3N8Jjnu9I1/SzRAu80WjyjFiQo="></latexit>

E

+ . . .
<latexit sha1_base64="6Kkf76K2ODKfzMa6mAT43omE2DI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBT0WvXisYD+gDWWz2bRLN5uwOxFK6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkANl0LxJgqUvJNqTuNA8nYwupv57SeujUjUI45T7sd0oEQkGEUrtS96MkzQ9MsVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzI/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0Y0/ESrNkCu2WBRlkmBCZr+TUGjOUI4toUwLeythQ6opQ5tQyYbgLb+8Slq1qndZrT1cVeq3eRxFOIFTOAcPrqEO99CAJjAYwTO8wpuTOi/Ou/OxaC04+cwx/IHz+QMkmI9x</latexit>

• Reparametrization mode diagrammatics: systematic way 
to construct HHLL block order by order

• Q: Do multi-T contributions to HHLL exponentiate in d>2?
[Fitzpatrick-Huang(-Li) ’19]
[Kulaxizi et al. ’19] …

• Reparametrization mode approach might be useful

• 1/c corrections computed by loops [Cotler-Jensen ’18]



Six-point Virasoro identity block



Six-point Virasoro identity block

hB(1)
V (1, 2)B(1)

X (3, 4)B(1)
W (5, 6)i ⇠ h✏✏✏i

<latexit sha1_base64="4sFyRJHjDT7xN8TTWGk9hhD9D7U="></latexit>

• Computed by all connected diagrams in 

• Leading order at large c:

E

hB(1)
V (1, 2)B(2)

X (3, 4)B(1)
W (5, 6)i ⇠ h✏✏i h✏✏i

<latexit sha1_base64="UaNEoGquPx7V1eFtIponHpK+rNA="></latexit>

E +
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

hBV BXBW i
<latexit sha1_base64="xmioCJbxDWCoIVlBB+gKBc768TQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAgupMxUQZelblxWsA/oDMOdNNOGZjJDkhHK0P9w46+4caGIK8GFf2P6gGrrgcDJOeeS3BOmnCntON/Wyura+sZmYau4vbO7t28fHDZVkklCGyThiWyHoChngjY005y2U0khDjlthYObsd96oFKxRNzrYUr9GHqCRYyANlJgVzwOoscpzj0CHNdGQdM7n1/ac9rCnpxEA7vklJ0J8DJxZ6SEZqgH9qfXTUgWU6EJB6U6rpNqPwepGeF0VPQyRVMgA+jRjqECYqr8fLLbCJ8apYujRJojNJ6ovydyiJUaxqFJxqD7atEbi/95nUxH137ORJppKsj0oSjjWCd4XBTuMkmJ5kNDgEhm/opJHyQQbeosmhLcxZWXSbNSdi/KlbvLUrU2q6OAjtEJOkMuukJVdIvqqIEIekTP6BW9WU/Wi/VufUyjK9Zs5gj9gfX1A/vjoCM=</latexit>

[Anous-FH  w.i.p.]

V
(6)
id. = G(6, global) +G(6, extra) +O(1/c)

<latexit sha1_base64="pdAdJAu+17DHfgImUHU/56g0h60="></latexit>



Six-point Virasoro identity block

• Surprising: leading term       global block 

•       exponentiates when  

• “Extra” term turns out to be the dominant one in 
Regge limit 

[Anous-FH  w.i.p.]

V
(6)
id. = G(6, global) +G(6, extra) +O(1/c)

<latexit sha1_base64="pdAdJAu+17DHfgImUHU/56g0h60="></latexit>

6=
<latexit sha1_base64="mmSifh/t9bsa9iwIbQRSu32qLJw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/QtePCji1T/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzamZST+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7rlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAZW45G</latexit>

OTOC
(6)
id. ⇡ OTOC

(6, extra) ⇠ e
2⇡
� (t�2 t⇤)

<latexit sha1_base64="F4e1MFJiPsOABoCMHO8pn8jkTkM="></latexit>

V(6)
id.

<latexit sha1_base64="Xlr0CRQz1kE9tmsZaP1We6elbGE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUiqqMuiG5cV7AOaWCbTSTt08mDmRiwh4MZfceNCEbf+hDv/xuljoa0HLhzOuZd77/ETwRXY9rexsLi0vLJaWCuub2xubZs7uw0Vp5KyOo1FLFs+UUzwiNWBg2CtRDIS+oI1/cHVyG/eM6l4HN3CMGFeSHoRDzgloKWOuZ+5lAjcyO+y8tlx3nGBPUDGu1aOO2bJtuwx8DxxpqSEpqh1zC+3G9M0ZBFQQZRqO3YCXkYkcCpYXnRTxRJCB6TH2ppGJGTKy8Y/5PhIK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif104huPAyHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPpGEgo6tqENwZl+eJ42K5ZxYlZvTUvVyGkcBHaBDVEYOOkdVdI1qqI4oekTP6BW9GU/Gi/FufExaF4zpzB76A+PzBwOclx0=</latexit>

�V ,�X ,�Y ⇠ c2/3
<latexit sha1_base64="hKhMU5kSIpV14mLfYsSf7+uWZW8=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARBKXOtIIui7pwWcFepDMOmTStoUlmSDJCGfoQbnwVNy4UcevCnW9j2g6orT8EPv5zDifnD2NGlXacLys3N7+wuJRfLqysrq1v2JtbDRUlEpM6jlgkWyFShFFB6ppqRlqxJIiHjDTD/vmo3rwnUtFIXOtBTHyOeoJ2KUbaWIF94F0QplHQgIcww9YP3kBPUQ7xbVo+qgwDu+iUnLHgLLgZFEGmWmB/ep0IJ5wIjRlSqu06sfZTJDXFjAwLXqJIjHAf9UjboECcKD8dHzWEe8bpwG4kzRMajt3fEyniSg14aDo50ndqujYy/6u1E9099VMq4kQTgSeLugmDOoKjhGCHSoI1GxhAWFLzV4jvkERYmxwLJgR3+uRZaJRLbqVUvjouVs+yOPJgB+yCfeCCE1AFl6AG6gCDB/AEXsCr9Wg9W2/W+6Q1Z2Uz2+CPrI9vIKScXQ==</latexit>



Conclusion



Summary
• Can write down systematic EFT for reparametrization 

modes in CFT for d=2h perturbatively in 1/c 

• Bilinear operators correspond                                           
to “OPE blocks” 

• Reparametrization mode closely related to shadow of T 

• Explains why and how this theory computes 
conformal blocks, OTOCs etc. 

• 6-point block: exploit advantages to get new results 

• Applications to thermal physics (OTOCs, ETH, …) 

EV T

V

V

V
=



Outlook
• Compute more complicated blocks 

• Hydrodynamic origin of quantum chaos? 

• Is there an EFT for non-maximal chaos?

• Non-linear action similar to Schwarzian (d=1) and 
Alekseev-Shatashvili (d=2) in d>2 ? 

• Understand monodromy projection at the level of the 
reparametrization mode theory in d>2 

• Odd dimensions?


