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Expanded and accurate version of the title

Integrable Asymptotic Fragility,
TT deformation,
Flat Space Limit of Near AdS, Holography
and QCD Strings

Main takeaway message:

]AF:TT: lim NAdSQ

L— o0

and provide an integrable approximation
to the QCD string



Integrable Asymptotic Fragility

SD, Gorbenko, Mirbabayi
1305.6939

pi * Dj = €apPiD,



“Holographic” Form of the Dressing Factor

67’62/4Zz<3 Pi*Dj — /DXQQZSCS[XQ]_I_ZZ piaXa

Chern-Simons boundary quantum mechanics

Scg = 02 jngea@Xo‘&rXﬁ



TT deformation

Smirnov, Zamolodchikov, 1608.05499
Cavaglia, Negro, Szecsenyi, Tateo, 1608.05534

Deformation of any 2D QFT by an irrelevant operator

T 1 Qo o
TT = 5 (TasT b — T

is solvable: the deformed finite volume spectrum satisfies
P(R)*

0 (n, P, R) = Ey(n. P, R)OrEy(n, PR) + —

R —circlesize P — spatial momentum

t — deformation parameter



N AdS> Holography

. ' Jensen, 1605.06098
’ con51der any 2D QFT 111 & Maldacena, Stanford, Yang, 1606.06098

I'lgld AdSQ (=Poincare diSC) Engelsoy, Mertens, Verlinde, 1606.03438

ds® = dr? + L? sinh? %dTZ

e calculate generating functional Zy| Ao (7))
for boundary conformal correlators

«introduce dynamical (Jackiw—Teitelboim) gravity

5= [ V=5 (6(R+ )~ A+ Lulow)



Dressed generating functional

Ziro,(r)] = [ Dret TSN 20, (r(u)

Schwarzian boundary quantum mechanics




Main takeaway message:

L— 00

Solves (flat space) Jackiw —Teitelboim gravity
S= [ V=g(0R~ A+ Lag. )

with




[AF =TT

» Obvious to anybody who knows both constructions

* True for CFT’s and integrable QFT’s, where one can
calculate finite volume spectrum with TBA

» First and simplest example: one starts with 24 free
massless bosons and ends up getting a critical bosonic

StI’iIlg SD, Flauger, Gorbenko, 1205.6805
20 s /402 4158 4r2(N = N)2 R? 4r .
(i20(3) _ gis/A? @My [N NP R o

 Provides reason d’étre for IAF and rigorous definition
for TT

» Should be possible to derive E’s from the JT partition
function in a generic case (work in progress)



TT from linearized JT gravity

Minkowski vacuum

0 -1 A N A _

Quadratic action
S§2T> — /gp ((‘ﬁh__ + 6Eh++ — 2(9+(9—h+—) + %(h++h—— - th—)

A
7 (0T (0 Dy = Opho) + 0" ho s (201 hy s = 0-hyy))
1 1
—|—§h_|__|_T__ ‘|‘ §h__T_|__|- ‘I‘ h,_|__T_|__ .

Solution 96— Yoot )
2 +@ = 5\0 L4 70 L4
Top — naﬂTq) 2

hap = =+

1
(9_q§ — §(O'+T__ — O'+T_|__)

Plug back into action

1 o 2
STT — —ﬁ /(TaﬁT B@




Heuristics of IAF=JT
S= [ V=g (6R~ A+ Lun(g.0)

JT dilaton 1s a Lagrange multiplier, which forces
metric to be flat, hence we can write

2= [ Dxepye oMot
with
Jfap — GaXac‘?@deab

glves

A

Chern-Simons boundary quantum mechanics




Proof of IAF=JT

Minkowski vacuum

A A

0 -1 _

Appears inhomogeneous. Why do we expect Poincare
invariant S-matrix in the first place?

Conformal gauge

Jap — 62Q77a5
JT action

Syr = /d0+d0_ (4¢8+8_Q — Aem)

1S invariant under

A
{ﬁgi—l-ai ¢ — @ — §(a+aD

which is the symmetry of the vacuum as well




Dynamical coordinates of JT gravity

Field equations

_ g
V- —
a"‘ A Y]
T
YT =
O 1
T,
vVt V- = T
0 9, A

Matter is unperturbed in 0- coordinates



Let’s focus on the asymptotic in-region

X1 = const

X = const

)

A

Y~ (p;) = % (P=(pi) — P (pi))

Y+(pz-) — % (P;r(pz) - Pi(pz))

P2(pi) (P<(pi)) are operators which add up momenta of all
| particles with smaller (larger) rapidities



(p)e " ¢ h.c.)

Before gravit x
8 y 5 — / dp 1

V2 \/QE

After gravity
Al (p) = al (p)ePeY @ = 4i (p)e—i(p+Y‘(p)+p‘Y+(p))

m

(AL (p), AL ()] = 0

) m

Dressed in-states
’{pz} Zn dressed — HAm Pi ’O — € 2AZ i< P *p3|{pz} ZTL>

Dressed out-states
‘{QZ} Out dressed — H Aout d; ’O — 62A 2uicj O qJ’{Qz} OUt>

Dressed S-matrix

@Ssed<0’dt7 {QZ}‘{pz}, in>dressed — e_ﬁ @

O.E.D.




The same result can be obtained by taking the flat space
limit of the Schwarzian dressing. However, it needs to be
modified to reproduce the correct (and unitary) S-matrix,

AL2 R— R R—R

Sb—T(B I +4e LOSSch>

R 1s an overall dynamical total length of the boundary.
This action appears non-local (c¢f Euclidean wormholes?).
However, it becomes local in the static gauge,

"Ry 1 ma-r
SbZALQ}I{du (coshr 7 ) QeROL r'2>




A link to QCD strings

SD, Gorbenko, 1511.01908
SD, Hernandez-Chifflet, 1611.09796

An integrable theory of a single massless boson with
0120(s) _ 6@’3/462

is invariant under 3D Poincare group and provides a
promising zeroth order approximation for confining
strings in 3D Yang-Mills. A 4D generalization exists as

well.

JT gravity have good chances to provide a useful analogue
of the Polyakov formalism for these non-critical strings.

Ssp = / V=g (¢R + 207 — %(6){')2)



Future Directions

e Calculate JT partition function

«In very similar setups people discussed black holes,
wormbholes, baby universes and other beasts. It is not
clear at the moment whether it is a matter of
interpretation, small modifications are needed or
drastically different setup is needed.

«Relation to QCD strings gives us a number of solid
well posed questions and experimental data. Lattice
simulations of large N gluodynamics provide a non-
perturbative definition of a non-integrable
gravitational theory!



