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Herman Verlinde

Workshop on TTbar deformations

LPTHE 06/03/2019

EEEEEEEEEEEEEEEEEEEEEEEEE

Princeton
University

Based on joint work with:

Lauren McGough, Mark Mezei
Nele Callebaut, Jorrit Kruthoff




1+1 CFT with aTT deformation

D
S = SCFT ! 9 dxdr TP

[1] F. A. Smirnov and A. B. Zamolodchikov, OOn space of integrable quantum beld theories,(
1608.05499.

[2] A. Cavagla, S. Negro, |. M. Szecsenyi, and R. Tateo, DP-deformed 2D Quantum Field
Theories,OJHEP 10 (2016) 112,1608.05534.

[3] S. Dubovsky, R. Flauger, and V. Gorbenko, OSolving the Simplest Theory of Quantum
Gravity,O JHEP 09 (2012) 133,1205.6805.



TT Energy Spectrum Spectrum of Black Hole in a Box
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Total energy of a black hole with radial eoff



TT = Equivalent dambuGotostring theory

/7 J

1
Sorr = Scrr + o d°z 0, X0, X~

—auX-l_ auX_ -+ MTu(’I:JJFT =0 7

0, Xt= 0 X' =1




X1(e?'z,€ 2B = X1(z,8) + 2 #R. Target space = cylind
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LC gauge coordinates have operator valued periodicity:
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TT for general ¢ = noritical string withorldsheeiction

| | )
S=  d?z( &!X'!@x! + IBlog(! X * @X ")

=> preserves 2D Poincare symmetry

Stress tensor gets modified to
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An equivalent formulation starts from thailatongravity action

. 2 $ %
S= d%yg PR+ p + &S.(9) + Scrt

Classical solution can be parametrized in terms of free fieldarkl X via:
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Spectrum

Sy = /dzz (Gab + Bab) 3XagXb

_pe = E4 BR _J R _J R
IOOL—pOR—2 5 plL—ZR 5 le_ZR' 5
2 2 2 T+ VAV
292+ p2 +pPp ! LA gD 2T 2=0 MEETORNE
E=R —B+ 1+=+5;
Ar—Ap = pip—pig= J
! " # |
11" 2lpg "X *(z) PO = 11" 210 Py vxt(z) dPXO).
z
| :
# | ?e‘p@((o) + regular




Partition function g= L
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Target space = cylinder

X1z, %8 = X1(z,8) + 2#R.

BRST charge
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Physical states = BRST cohomology
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How do we recover the stress-tensor?
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These are a generalization of the DDF operators of critical string theory.

They satisfy the Virasoro algebra with central charge c
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and can thus be identified with the stress-tensor of the deformed CFT.

This is the key result used in the old proof of the no ghost theorem.



Target space = cylinder

X1(e”'z,€ ?'7) = X1(z,2) + 2#R.

BRST charge

Q = ]{dz (C(TCFT+ Tx + :—ZLTgh)>

Physical states = BR8Romology

QbetlphyS#: 0, |phy3# $ |phy3#+ Qbrstl%#

| (
Qbrst,Ophys =0, Ophys $ Ophys + [Qbrst,%




We would like to define correlation functions, such as the 2-point function in
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position space or momentum space

So what are the appropriate physical observables? Here is a first guess:

On(p)[0"= | h,p) = c(0)e(0)O0 (0)e® > |0),

C
# ith p?+ h= —
. Wb 24

On(p) = d°z0n(z, B P

=> Only on-shell amplitudes! How can we obtain off-shell correlation functions?



Here are a concrete proposal: use boundary states! -biBnesO

Ishibashi states w/ fixed momentum E
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To compute the matrix element of a crogsmp operator,
it is useful to consider the CFT on the Schottky doubleO:

e, r

~

%

. . . N AL &
"ELINOn|E J#=  dl kX (kX O gk X M gkaX ()T (1), (0)PhVa (1) Var($ )

$ 0
— ki-k kq-k /0 &
= N dt! @l D) VA (1) VA (0) PR Va (1) Var($ ) chiral







P

o o &
£, 3 |OnlE,J4 = N dit kike (11 1)k L (1) (0)PRVEL (D) L($ )

%!

/
—_ /
n k]_'kz— g+g+¥ R?r;e 2M
$#! |- gg/
7 kq-ksg= 2R+ E+ 5/+—2 R|—> 2R?
arge

I H

I"$# 1"%%o!




P

04 &
ELYIOREIE = N dit Kk (11 Rk YL (1) (0)PRVE (DY (S )

/

EE
k1~/€2:5—|—5/—|——2 — 2M
R R large

/

EE
ki-ks=2R°+E+&+— — 2R°
R R large

#
E', 3 |OnE, 3% # Var(!c) Va (0)PhVa (1) Vag(" ) -

[l a

I identifles matrix element with square root of a conformal block!




It Is convenient to introduce polar coordinatés, t, ) and write
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We wish to compare this matrix element with the classical mode function
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In the dual BTZ black holeWe conjecture that the two are in fact equal:



