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Einstein action of dS3 OTOC evaluates to a tetrahedral volume

Sy = / V=8(R—2) = Vol(dS;\T)




Are the SYK OTOC and the de Sitter OTOC related?
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Diagrammatic rules for dS3 TOCs and OTOCs
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Diagrammatic rules for dS3 TOCs and OTOCs

a

/\ — e—iE()(t—t) < =/Tg(a, b, c).

t1 to

Fg(a, b, C) = l_[ F(% I %(0'1934—0'29[,4-0'396))

v

01,02,03

a ¢ e
AOTOC = b c = ATOC X {b d f}



Diagrammatic rules for dS3 TOCs and OTOCs
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Euclidean 3D de Sitter Green functions satisfy a fusion algebral

[0 0]
G.(X,Y)Gp(X,Y) = / dp(c) Nape Ge(X, Y),
0 X Yy

Nabc = I'g(a, b7 C).




Euclidean 3D de Sitter Green functions satisfy a fusion algebral

[0 0]
G.(X,Y)Gp(X,Y) = / dp(c) Nape Ge(X, Y),
0 X Yy

Nabc = I'g(a, b7 C).

The fusion coefficients N,,. can be written as a Verlinde formula
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The g-deformation makes time discrete!

Sa(71)Sp(7h)Se(Th
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< Mass becomes an angle! <



The g-deformation makes time discrete!

Sa(71)Sp(7h)Se(Th
Nabc = Zﬁ < )SI;ETn; ( )

Th=75N

< Mass becomes an angle! <

= Matches CLS and doubled scaled SYK? <«



Semi-classical saddle point
S =1Li (e2i61) e Li2(62i92) + Li, (e2i03) — Li, (ei(7"+‘93i91i02)).

j+

Po1 203 20> dSs

|W(6y,62,63) W(61,62,03)



Semi-classical saddle point

S — Li2(e2i91) + Li2(e2i02) + Lis (62103) — Li, (ei(7r+93i91i02)).

Re[S(61,62,63) = Vol(T)]




Semi-classical saddle point

S =1Li (€2i91) ate Liz(ezi(%) + Li, (62i03) — Li, (ei(7\'+93i91i02)).

Re[S(61,62,63) = Vol(T)]

CLS and SYK? match with semi-classical dS3 gravity.



Murakami-Yano formula for tetrahedral volume
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Tetrahedral volumes are semi-classical limit of g-6j-symbol
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Tetrahedral volumes are semi-classical limit of g-6j-symbol
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Relation between SL(2,C) and SYK OTOC

SL(2,C)
A

OTOC (n Valv ) s {6J}SYK

Virasoro CFT ceR (6/) = exp(%W)
. 1
DSSYK/CLS  cel3+iR  (6j)q = p(ﬁ W)

Geometry g-parameter Pairing Exponent
Euclidean AdS3 qp = e 6jp, 6/ 4ImW /h
Lorentzian AdS3 qp = e 6jb,L 6jb,R 2i(WL + WR)/h
Euclidean dS3 g=e " {6jq, 6jq) 4ReW /h
Lorentzian dS3 g=e" {6jq; 6jgv) 4iImW/h




Physical operators in SYK?

O(t)z/dsOL(s)OR(t—s) —~  (O(1)O(0)) = Gas(t+im)

Asyie(t) = (V()W(0) V(1) W(0))



de Sitters OTOC in recoil limit

Aas(Q) = r(g(i_C?Q) — sinh(7Q)F (iQ)?
Asyx(Q) = T(iQ) Asyrz(Q) = M(iQ)?

Ads(t) = Agykz(t + im) — Agykz(t — i)

Q = energy dual to OTOC time variable t




Deconstructing the de Sitter TOC and OTOC
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Deconstructing the de Sitter TOC and OTOC
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Concluding remarks

@ Study of TOCs and OTOCs in dS3 using "qg-Virasoro TQFT".
@ Proposed explicit expressions via g-deformation of SL(2,C).

@ Reproduces the correct probe and semi-classical amplitudes.
@ Quantitative matches with CLS and SYK2 model.

@ Open problems: shockwave with defect angle and Gy corrections.
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Concluding remarks

Study of TOCs and OTOCGs in dS3 using "g-Virasoro TQFT".
Proposed explicit expressions via g-deformation of SL(2,C).
Reproduces the correct probe and semi-classical amplitudes.
Quantitative matches with CLS and SYK? model.

Open problems: shockwave with defect angle and Gy corrections.
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OTOC = twisted 2-point function
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Thermal SYK 2-point function
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KMS property implies that the fake
thermal cylinder splits into a two disjoint cylinders

g-AdS» SdS;
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