Title: The non-relativistic limit of AAS/CFT
Date: Nov 17, 2009 11:00 AM
URL.: http://pirsa.org/09110019

Abstract: Non-relativistic versions of the AdS/CFT conjecture have recently been investigated in some detail. These have primarily been
context of the Schrodinger symmetry group. Here we talk of a study based on a different non-relativistic conformal symmetry: one obtaine
parametric contraction of the relativistic conformal group. The resulting Galilean conformal symmetry has the same number of generators
relativistic symmetry group and thus is different from the Schrodinger group (which has fewer). One of the interesting features of the Ge
Conformal Algebra is that it admits an extension to an infinite dimensional symmetry algebra (which can potentially be dynamically realised
latter contains a Virasoro-Kac-Moody subalgebra. We comment on realisations of this extended symmetry in a boundary field theory. W
propose a somewhat unusual geometric structure for the bulk gravity dual to any realisation of this symmetry. This involves taking a Newton-
like limit of Einstein's equations in anti de Sitter space which singles out an $AdS_2$ comprising of the time and radial direction. The ir
dimensional Virasoro extension is identified with the asymptotic isometries of this $AdS_2$.
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Introduction and motivation

Why a non-relativistic limit?
» Applications to real life systems in condensed matter
» Possible new tractable limit of parent conjecture
The usual route:

» NR symmetry group = Schrodinger symmetry group — the
symmetries of free Schrodinger equations

» Relevant to study of cold atoms.

» Gravity dual proposed with these symmetries in two higher
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& |

dimensions. (Son 2008; Balasubramanian, McGreevy 2008.)
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Introduction and motivation ....

We are interested in a different limit. — Why?

» Systematic construction of NR algebra from the parent Conformal
symmetry: Inonu-Wigner contractions

No reason to believe that all NR systems would have the
symmetries of free Schrodinger equations.

Wish to find a holographic description in the standard one higher
dimension.
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Plan of the talk

Galilean Conformal Algebra and Schrodinger Algebra
Infinite extension of GCA

Correlation Functions of GCA
From 2D Virasoro to GCA

Bulk Dual

A Bagchi (HRI)




Galilean Conformal Algebra and Schrodinger Algebra

Qutline

Galilean Conformal Algebra and Schrodinger Algebra

A Bagchi (HRI)




Galilean Conformal Algebra and Schridinger Algebra

Inonu-Wigner Contractions: A Simple Example

SO(3) maps the surface of the sphere (5?) embedded in R; to itself.

A Bagchi (HRI)




Galilean Conformal Algebra and Schriodinger Algebra

Inonu-Wigner Contractions: A Simple Example

SO(3) maps the surface of the sphere (5?) embedded in R; to itself.

= Equation for S°- x5 £ L — R
» Infinitesimal generators: X = X;0; — x;0;

> Aig&bfai [KJXF:] == X!"sfijr + ){jr fliri == X_,?.r'}'js e /st‘i.r’r
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Inonu-Wigner Contractions: A Simple Example ...

Take the limit R — .
Let us look at the north pole: x32 =0 and x3 = R.
Redefine generators:

Y12 im X = le}g — Xoih

Pi = Im —Xi3= lim —={xth —x30;) — —&
R—oc B E—oc R{ ik f) :
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Inonu-Wigner Contractions: A Simple Example ...

Take the Iimit R — ~.

Let us look at the north pole: x1o =0and x3 = R.
Redefine generators:

YH lim Xlg = le_}j == X3J1

O

1 o
Pr = Ilim —Xi3= lim —({650—x38) — —& 2)
R—oo R o F—oc {\ — ll) { :

Redefined algebra: [Yio. Pi] = Pidoi — Padui, [Pi.P2] =0 (3)
This is the ISO(2) group.
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Inonu-Wigner Contractions: A Simple Example ...

Take the limit R — ~.
Let us look at the north pole: x32 =0 and x3 = R.
Redefine generators:

Y1o im X =x30b — X200k

g i

P = hm =X3= hm —{:,‘X}U_g —Xge‘]',r) — — )

R—oc R R—oc

Redefined algebra: [Y12, Pi] = Pidoi — Padi, [Pi.P2] =0 (3)

This is the ISO(2) group. Expected! = At North Pole, with R — ¢,
52 looks like R».

We will use this technigue to investigate the non-relativistic limit of the
conformal algebra.

A Bagchi (HRI)
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Relativistic Conformal Algebra

» Poincare generators (u.v=20.1...d)

= _{.X."-.: 'E_.}l_, =5 X?J 'r:'*la.i 1 BJ' = j':“

H
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Galilean Conformal Algebra and Schridinger Algebra

Relativistic Conformal Algebra

» Poincare generators (v =0.1...d)

"'II:LU.»' ==

T

» Algebra:

L. A so(d)
Ui-B] = —(Bidy — Bidi)
Us. Pl = —(Pid — Pioiy).
[P P = 6 [H El=8

A Bagchi (HRI)

[4. H] =0
[H.B] = —P;
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Relativistic Conformal Algebra ...

» Other generators: Dilatations(D) and SCT(K,,):

D= —(x-0) Kp = —(2xu(x - 9) — (x - x)0,) (7)

A Bagchi (HRI)
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Relativistic Conformal Algebra ...

» Other generators: Dilatations(D) and SCT(K,,):

.D = —[-X ; J1|

K, = —(2x,(x-0) — (x-x)d,)

2

» Remaining algebra:

[K.K] = 0. [K.B]=Ki. [K.P]=2B
[, K] (G5 — Ki&), [ K]—10
[J;i. D] 0. [Ki.K]=0.

[D. Ki]

[D. H]

f}«{. st
P\ B2
L
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Non-Relativistic Contraction: Finite GCA

Alsc looked at at different contexts by Gomis er al (2005) and Lukerski
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Non-Relativistic Contraction: Finite GCA

Alsc looked at at different contexts by Gomis et 2/ (2005) and Lukerski

» Non-relativistic limit: Scale (with ¢ — 0):
et X t‘r+1X;' (10)

Equivalent to v; ~ € (c = 1). Set r = 0 for simplicity.
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Galilean Conformal Algebra and Schridinger Algebra

Non-Relativistic Contraction: Finite GCA

Also looked at at different contexts by Gomis er al (2005) and Lukerski

et al (2005)
» Non-relativistic limit: Scale (with ¢ — 0):
F—e i e x (10)
Equivalent to v; ~ € (c = 1). Set r = 0 for simplicity.
» Contracted Generators:
Galilean generators:
J;'Jr' = —(X;{.‘J,' — ,X}r)r) H-——¢é
b — . B;=tc:
Galilean conformal generators:
B — —(f':';fr_j__; = ILU::}. K; = IEU_,-.
K = Ko=—(2t60; + t%d,).

A Bagchi (HRI)
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Galilean Conformal Algebra and Schridinger Algebra

Non-Relativistic Contraction: Finite GCA ..

Changes in Algebra: Galilean Conformal Algebra
» RHS of Red Equations: (6), (9) = 0.

» Rest of algebra = same.

A Bagchi (HRI)
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Relativistic Conformal Algebra ...

» Other generators: Dilatations(D) and SCT(K,,):
D= —(x-0) K, = —(2x.(x-9) — (x-x)9,) (7)
» Remaining algebra:

[K.K] = 0. [K.B]=Ki. [K.P]=2B
K] — (K5 - K&) [LK—0

[Jsi. D] 0. [Ki.K]=0 [H.K]=-2B.
D, Ki] —K;, [D,B]=0 [D.P]=P
[D.H] = H. [H.K]=-2D. [D.K]=—K.

K. B]
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Relativistic Conformal Algebra

» Poincare generators (. =0.1...d)

Jju.-'f == _{.X#‘;‘}-}' — Xy r}} Bf = j{}f
P o B9

H iz
» Algebra:

LA 5] so(d)

[Jr._ll: Br] _(B_I'-'r%_,f'r'" = B_.l"l'\:;.‘rl".}

[J” Pr] —{P_;{Jfr — E:f.?fr}, [‘f"_:' H] —1
(PPl = 0. [JH.EI=0 [BBl—2F
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Relativistic Conformal Algebra ...

» Other generators: Dilatations(D) and SCT(K,,):

D= —(x-d) K, = —(2x.(x-9) — (x-x)9,) (7)

» Remaining algebra:

K.K] — 0 [K.BJ—K. [K.B]-28B
[J'J. Kr} —{.Kff.;r'r == Kjr_‘.;_;r). [ij K] —

[J;. D] 0. [Ki.K]=0. [H.K]=-2B.
[D. Ki] .. [D.Bj—0 [D.P]—F
[D.H] = H. [H.K]=-2D. [D.K]=-K.
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Schrodinger Algebra

Group of symmetries of the free Schrodinger equation.

Generated by transformations that commute with the Schrodinger
wave operator S = id; + 507,

Can also be thought about as a non-relativistic limit of the original
relativistic algebra.

For massive systems, consider rest energy > kinetic energy. Replace
Uy — —img + Jp; Mg — 3% — €x;.
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Galilean Conformal Algebra and Schridinger Algebra

Schrodinger Algebra

Group of symmetries of the free Schrodinger equation.

Generated by transformations that commute with the Schrodinger

wave operator S = i0); + =02

Can also be thought about as a non-relativistic limit of the criginal
relativistic algebra.

For massive systems, consider rest energy > kinetic energy. Replace
Jp — —img + O, Mg — 3. x; — ex;.

Klein Gordon equation reduces to Schrodinger equation

=y ¥ 5 o 1 :
(6 — 3 L mi)e—0 s (ia - F)o—0 (13)
>’m

i

The parameter ¢ ~ % signifies taking the nonrelativistic limit

A Bagchi (HRI)
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Schrodinger Algebra ...

Algebra:
» Galilean sub-group: {J;. Bi. P;. H}
I.'—.;I_.I :|'J'II.-| D ||l:r._i||l:_.-ll

m — central extension, NR mass. Rest: same as in GCA.
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Galilean Conformal Algebra and Schridinger Algebra

Schrodinger Algebra ...

Algebra:
» Galilean sub-group: {J;. Bi. P;. H}
[: I:L}.] s .'J'Iu'-_'_.'

m — central extension, NR mass. Rest: same as in GCA.

(2t + x k) — scales space and time differently.
: (X, £) — (g, NPe).
K = —(t0; + t20,) — like temporal SCT.

Action: (x;.t) — (.-;143;:}' Tre ).
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Galilean Conformal Algebra and Schrodinger Algebra

Schrodinger Algebra ...

Algebra:
» Galilean sub-group: {J;. Bi. Pi. H}
m — central extension, NR mass. Rest: same as in GCA.
» Other generators: {f). .E(}
D = —(2t0: + %) — scales space and time differently.
Action: (. t) — (\xi. A°t).
K = —(t0: + t20,) — like temporal SCT.

Action: (x;.t) — (;lf;{;}- f_lfp-r':)'

» Non-zero commutators:

[K.P] = B, [K.Bj]=0. [D.B]=—5
[D.K] = —2K. [K.H|=-D, [D.H]=2H.

A Bagchi (HRI)
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Same number of generators as the parent theory (15 in D=4).

SA: Additional invariance under S.
Less number of generators (12 in D=4). No spatial analogue of
SCE

Share the (non-centrally extended) Galilean sub-group. Rest of the
algebra is different.

SA: Dilatation operator scales space and time differently.
GCA: Dilatation scales space and time in the same way.

A Bagchi (HRI)




Galilean Conformal Algebra and Schridinger Algebra

GCA v/s SA

GCA: Direct contraction from relativistic theory.
Same number of generators as the parent theory (15 in D=4).

SA: Additional invariance under S.
Less number of generators (12 in D=4). No spatial analogue of
L.

Share the (non-centrally extended) Galilean sub-group. Rest of the
algebra is different.

SA: Dilatation operator scales space and time differently.
GCA: Dilatation scales space and time in the same way.

SA: Allows mass. central extn between momentum and boosts.
GCA: No mass (Jacobi id don't allow it)

Symmetry group of massless/gapless NR system.

A Bagchi (HRI)
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Infinite extension of GCA

Redefining Finite algebra

» Redefine generators of finite algebra;

31N _pn K
P, MY =B, M _K.
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Infinite extension of GCA

Redefining Finite algebra

» Redefine generators of finite algebra;

it g B p g

M = p, M9 =B, M=k (16)

1§

» The finite dimensional GCA (with m.n = 0. £1):

[L{m]. L-;xr;l] (m 2y ”) L{IITH_M.. | .
L™ MY = (m—mM™ ™ M =0.
[Jrj- Lq:?}] — B [J_.j. M;mj] = _{ M;‘m']ff_'jk = M;m'}r‘?;;{)_

A Bagchi (HRI)




Infinite extension of GEA

Infinite GCA

» Define for arbitrary integer n, vector fields:

£ — (4 1)t"%0 — "0, M ="y,

) (n) : :
L7 = &7 =—t"(x0 —x0)

n=0, 1. — vector fields that generate GCA

A Bagchi (HRI)

(17)




Infinita exfens&un of GCA

Infinite GCA

» Define for arbitrary integer n, vector fields:

L@ — _(n4+1)t"%0; — ™o, M™ =™
Jg”} - - J':‘-,ﬂ'] - —In{X;L'}' _Xjf;Jr.) (1?)

1]
£

= 0. +1. — vector fields that generate GCA
» We get a Virasoro Kac-Moaody like algebra

[L{m]_ L[n}] = (m = ”}L[_m—l—n}_ [L[mﬁ_ J_g”-]] = —nJ£!n+”:'
[, A b ™. (L™ M = (m — n)M™H"

A Bagchi (HRI)




Infinite extension of GCA

Infinite GCA

» Define for arbitrary integer n, vector fields:

(D = —(n+1)"%0; — ™10 M =9
J:;ﬂ]' — J!”] = —f_’n(XrUﬂJ —;(Jf f;"l!")

1]
4

= 0. +1. — vector fields that generate GCA
We get a Virasoro Kac-Moody like algebra
[L{m)_ L[n}] - (m - H}L[m—l—n}_ [l(m]. J;FI_:I] = —ﬂJf;"”Jr”i'
A 57T = faeed™™, [ MV = (m— myM;"
Commuting generators Mj..[ " function like generators of a global
symmetry.

Can consistently set these generators to zero and add usual
Virasoro-Kac-Moody central terms.

A Bagchi (HRI)




Infinite extension of GCA

Physical Significance of the GCA

[ 1) . .
» The M. act as generators of generalised time dependent but
spatially homogeneous accelerations

b T = éJ_,-'(I).
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Infinite extension of GCA

Infinite GCA

» Define for arbitrary integer n, vector fields:

(L W0 — 1",

= ,JII”II] = —In{X;fJﬂ.' _K:Ir'f;jr')

n=0, 1. — vector fields that generate GCA
» We get a Virasoro Kac-Moody like algebra
[L{mi_ i_[nf-] = (m = ”}L[:n—l—n}_ -[L[;n.j.\ljén_]] = _n-{{jm+n} |
[J}am- JL*?T;] = f;bcjngmJ- [L':m-}. M;n”] — n}M_f‘ﬁHﬂJ

» Commuting generators Mj..[ " function like generators of a global
symmetry.

» Can consistently set these generators to zero and add usual
Virasoro-Kac-Moody central terms.

A Bagchi (HRI)




Infinite extension of GCA

Physical Significance of the GCA

B Wid] - =
» The M " act as generators of generalised time dependent but
spatially homogeneous accelerations

%N X EJ'J_,'(ﬂ

;

(18)
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Infinite extension of GCA

Physical Significance of the GCA

[ 2] - -
» The M act as generators of generzlised time dependent but
spatially homogeneous accelerations

Xi—+ X%+ br( ) (18)

» Similarly, the J." = ") are generators of arbitrary time dependent
rotations '
xi — Rij(t)x (19)

A Bagchi (HRI)




Infinite exfenﬂ'an of GCA

Physical Significance of the GCA

8} - e
» The M act as generators of generzlised time dependent but
spatially homogeneous accelerations

Xt E‘J_;I:ﬂ

g =

(18)

Similarly, the J = J\" are generators of arbitrary time dependent
rotations '

xi — Rij(£)x (19)

These two together generate what is sometimes called the Coriolis
group: the biggest group of "isometries’ of "flat” Galilean
spacetime.

A Bagchi (HRI)




Infinite extension of GCA

Physical Significance of the GCA

i . -
The M. act as generators of generalised time dependent but
spatially homogeneous accelerations

X — X + Bi(t). (18)

Similarly, the f = J\") are generators of arbitrary time dependent
rotations '
X — Rf]{f}f{f (1';')

These two together generate what is sometimes called the Ceriolis
group: the biggest group of "isometries’ of "flat” Galilean
spacetime.

[{") seemn to be generators of a conformal ”isometry” of Galilean
spacetime.

r— f(r). X; — : (20)

A Bagchi (HRI)




Infinite ex‘i:ensian of GCA

Realisation of the GCA: NR Conformal Hydrodynamics

» NR limit of quantum field theories at finite temperature in the
hydrodynamic limit — recover Navier-Stokes egns.

Oevi(x, t) +vidivi(x, t) = —0ip(x. t) + vgd;divi(x, t) (21)
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Infinite extension of GCA

Realisation of the GCA: NR Conformal Hydrodynamics

» NR limit of quantum field theories at finite temperature in the
hydrodynamic limit — recover Navier-Stokes eqgns.

Oevi(x, t) +vidivi(x, t) = —0ip(x. t) + 1 d;dvi(x, T)

» Has all symmetries of finite GCA, except D which is broken (by the
viscous term) because of the choice of temperature.

|:..-"f. .
» Hasall M\ as symmetries!
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Infinite extension of GCA

Realisation of the GCA: NR Conformal Hydrodynamics

» NR limit of quantum field theories at finite temperature in the
hydrodynamic limit — recover Navier-Stokes egns.

Oevi(x, t) +vidjvi(x, t) = —dip(x. t) + ved;dvi(x, t) (21)

Has all symmetries of finite GCA, except D which is broken (by the
viscous term) because of the choice of temperature.

{r) 5
Has all M.’ as symmetries!

Navier-Stokes egn should describe the hydrodynamic limit of all NR

field theories.
A part of the infinitely extended GCA exists as its symmetries!

A Bagchi (HRI)




Infinite extension of GCA

Realisation of the GCA: NR Conformal Hydrodynamics ...

sity set to zero = Incompressible
Euler equations

(et
7

evi(x. t) + vidivi(x. t) = —dip(x. t) 22)

Entire finite GCA is a symmetry (since D is now also a symmetry)

This shows that one can readily realise " gapless” non-relativistic
systems in which space and time scale in the same way!

A Bagchi (HRI)
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Correlation Functions of GCA
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Correlation Functions of GCA

Representations

» States would be labeled under L, (dilatations) and M, (boosts)

Lo]A.&"Y = AJA &Y, MYIA.EY =£'|A &N

» L, M! lower the dilatation eigenvalue (A) and L_,. M'  raise it.

» Primary states: there must exist states with a lower bound on the A
eigenvalue, so that for them A cannot be lowered further.

LaJA €Y, =0, MAEY, —0 Yn>0 (24)

» (Can construct representations by acting on the primary state by
raising operators.

A Bagchi (HRI)




Correlation Functions of GCA

Two and Three point functions of GCA

Look at correlation functions of quasi-primary operators.
(quasi-primary= primary wrt finite sub-algebra).
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Two and Three point functions of GCA

Look at correlation functions of quasi-primary operators.
(quasi-primary= primary wrt finite sub-algebra).

Demand:
» operators vanish under the action of L;. M“
» operators are eigenvectors under Lo, M}

» the vacuum Is invariant under translations
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Correlation Functions of GCA

Two and Three point functions of GCA

Look at correlation functions of quasi-primary operators.
(quasi-primary= primary wrt finite sub-algebra).

Demand:
» operators vanish under the action of L;. M’
» operators are eigenvectors under Lo, M}

» the vacuum is invariant under translations

o 2 : a2 2£ k)
Two pt function: G'4) = (12)0A;,8,0¢1 eilip " €XP (T”'-J
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Corrclation Functions of GCA

Two and Three point functions of GCA

Look at correlation functions of quasi-primary operators.
(quasi-primary= primary wrt finite sub-algebra).

Demand:
» operators vanish under the action of L;. M
» operators are eigenvectors under Lo, My

» the vacuum is invariant under translations

Two pt function: G = Cypyda,. At 281 exp (mﬁ.«h)

Three pt function:
G{?’ C{EJE&}SE Al 233 &123

25 A 22X T 123 i
£ e & xlzj

£ 1!'3‘ — = £
3 o E‘:XD(— iy  ta @t

’ / = imn
where A" = —(A" + A™ — A") and similarly £&™".
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Correlation Functions of GCA

2 and 3-pt functions of Conformal and Schrodinger
Algebras
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Correlation Functions of GCA

2 and 3-pt functions of Conformal and Schrodinger
Algebras

» Relativistic CFT:

(2 s ) - c —2h_—2h
o : — Y B = R e
G {_f—! e hypCp 12412 <12

{.--J}J ) {. e (-v-_ ——r I:Jl'?l +|l!'."'__i— .rI-I'E; ) e { FT:_ + FT-_:_, == |’I]1 ] i —_{ .'[?3 -+ h}_ == J!T__- )
o S L 7 ~{(123)*12 =23 = 2

< non-holomorphic
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Corralation Functions of GCA

2 and 3-pt functions of Conformal and Schrodinger

Algebras

» Relativistic CFT:

—~(2) f
u S { T -

g (3) { >, T

Ljs Lil

—{hy+h—h3) _—
(123)412 £,

< non-holomorphic

» Schrodinger algebi

GI._r

G

p E ;
5 3 M
1O hy APy me Ty

1= .-'- e L
C(123)9my 4my.om L3

L |

fnl _.:3‘:]'_3

exp

A Bagchi (HRI)

hy+ha—M ) _ —{fs+f—h)

<13

¥

£

f [‘{]I_J Ihg — Vi] fl_gl
(ti2tr3ty3)



Correlation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if hy == hs.
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Correlation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if hy = hs.

» Exponential behaviour is a consequence of non-relativistic nature.
(Galilean boost equation dictates the form)
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Corrclation Functions of GCA

2 and 3-pt functions of Conformal and Schrodinger
Algebras

» Relativistic CFT:
[ I T ] I ~ e R
Gz 7) Ohy b OF, 7, (12212 Z12
e _—Abt+h—h)_ —(hptha—by) —(hthy—hy)

) e
& 5] Ca23)%2 <23 413

ey .
\ I

« non-holomorphic
» Schrodinger algebra:

o~ - = b
( ¢ £ 1) Iy
""[_11-"-1}"}.*'.'1 B ¢ il 5 O 1 L 5

—fap

._ﬁ[ 123)9my +my.malyz

/ iy

A Bagchi (HRI)




Correlation Functions of GCA

Comparing Correlation Functions
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Corrclation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if by == hs.

» Exponential behaviour is a consequence of non-relativistic nature.
(Galilean boost equation dictates the form)

» NR Three point functions have the familiar part of the conformal
three pt function being completely symmetric in the times
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Comparing Correlation Functions

» All share vanishing of 2 pt function if by = hs.
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» NR Three point functions have the familiar part of the conformal
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» The GCA and SA three pt functions crucially differ:
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Correlation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if by == hs.

» Exponential behaviour is a consequence of non-relativistic nature.
(Galilean boost equation dictates the form)

» NR Three point functions have the familiar part of the conformal
three pt function being completely symmetric in the times

» The GCA and SA three pt functions crucially differ:

» SA: arbitrary upto a function. GCA: fixed upto a constant
factor.
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Corrdlation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if hy = hs.

» Exponential behaviour is a consequence of non-relativistic nature.
(Galilean boost equation dictates the form)

» NR Three point functions have the familiar part of the conformal
three pt function being completely symmetric in the times

» The GCA and SA three pt functions crucially differ:

» SA: arbitrary upto a function. GCA: fixed upto a constant
factor.
Comes from the differing number of generators. GCA has 2
more generators — more constrained.
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Correlation Functions of GCA

Comparing Correlation Functions

» All share vanishing of 2 pt function if hy == hs.

» Exponential behaviour is a consequence of non-relativistic nature.
(Galilean boost equation dictates the form)

» NR Three point functions have the familiar part of the conformal
three pt function being completely symmetric in the times

» The GCA and SA three pt functions crucially differ:

» SA: arbitrary upto a function. GCA: fixed upto a constant
factor.
Comes from the differing number of generators. GCA has 2
more generators — more constrained.

» SA further constrained by mass selection rules. Not present in
GCA: boosts act on co-ordinates unlike mass.

A Bagchi (HRI)




From 2D Virasoro to GCA

From 2D Virasoro to GCA
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. Fn::méﬂ Virasoro to GCA

Mapping of the representations ...

» Representation of classical Virasoro algebra in 2d ;

» n+1: ~ n+1:
L” — _Z 'r_jz-. L” — _Z 'r_,-jf
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. From -ED Virasoro to GCA

Mapping of the representations ...

» Representation of classical Virasoro algebra in 2d ;
e n+1 ~ =l
L . A = Z f_}z % L ] — — Z 'r_,-jf

» In space-timecoord, Zz=(+Xx, Z=1—X.
Hence 9; = 3(0: + 0) and 9; = 5(0 — )
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From 2D Virasoro o GCA

Mapping of the representations ...

» Representation of classical Virasoro algebra in 2d ;
J::” R —Z”-i_lf_jz. f” == _?IH—].;'_}E

» |n space-timecoord, Zz=1+X, Z=1—X.
Hence 9, = 3(9: + 0k) and 97 = 3(0 — )
» Non-relativistic limit: x — ex, t — t.

-Ii.:n + En = —fr?+1f;,‘ir o {” " = 1) f"?Xfl.;‘:f + O{FE l {26)

* 3 1 ] - k i 3
e —Es ——t™1d, + O(e) (27)

£
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From 2D Virasoro o GCA

Mapping of the representations ...

» Representation of classical Virasoro algebra in 2d ;

=— nEl : e ;A
JC” == _Z f_jz_ Llr} == _Z 'r_,-jf

» |n space-timecoord, Zz=0+X, Z=1—X.
Hence 9, = 3(0: + &) and 95 = >(3: — ).
» Non-relativistic limit: x — ex, t — L.

Ln+ En = —I'n+1fjr —(n+ 1)t"xd + O{FE‘

| = .
— =", + O(e)

£
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From -ED Virasoro to GCA

Mapping of Infinite algebra

» 2d relativistic Virasoro Algebra:

[£m= "ﬂn] == (m v ”}i:m-—n o m{m;} = 1.‘i’im—|—n.[}

c
12

= c e
[L_;n- r‘,-] == — 1 Lfn_] 1_.} H?(m" = 1}:“'}”?_'_”‘0 (Eg)
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From 2D Virasoro to GCA

Mapping of Infinite algebra

» 2d relativistic Virasoro Algebra:

s * ™ c 2 A
[Lm~ Ln] (m = ”)Lm-—n + Em(mh = hﬂm-l-ﬂ-ﬂ

~ B 2 5
(m — ”)Ln?,_,'] 7 % Fm(-rn = - IJF}J’TT—FH.G

» The linear combinations before taking the limits:

= = = c+ 5 i

[Em+ Lm La+ Lal=im—alLpenp+ Cmin)+ = mim™ — 1)ém., o0
1z

b — = = e e " & — E 4 2 Rt

Ea+LCm. La— LCal=(m —nlilmin — Lmeal + = mim — 1 o
g =

o = = = i = : I S -

[.L,;;H —- ey g — L,"j] = {mr— nH f_,,",n_._n + Lmbial + - maT — ].J'l-'f'mJ__r_r_l]
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From -ED Virasoro to GCA

Mapping of Infinite algebra ...

» After taking the limit

[L(m) ()] (m— )L™ + G m(m? — 1)dmyno

L M = (m— )M L CGm(m? — 1)8meno
[mMm pm] =

» [nfinite extended GCA!

; L= & e
(Notethat G — < and 2 =—-—F5°)
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From 2D Virasoro to GCA

Mapping of Infinite algebra ...

» After taking the limit

L. O] — (m— )L™ 4+ Gm(m — Domyno
[LY™, M) (m— )M 4 Com(m? — 1)0mino
[thi_ M{”'l'] = Q.

» [nfinite extended GCA!

. i}k & —cti
(Note that GG = 55 and =2 = —5+.)

» [nfinite GCA which was first written by observation has now been
derived as a simple limit of the algebra of 2d CFTs.
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Frum-ZEI Virasoro to GCA

GCA: The large spin sector of 2D Virasoro

More subtlety in the above limit. Can be understood by looking at
correlation functions.

Would not get the important exponential pieces of correlation fns if
one tock the simple NR limit.

Alsoneedtotake ht h=Aand h— h=%

E

Two point correlator of 2d relativistic CFT in this limit:

.. = . —2f y—2h
Gp (2i,Z)) = Om.m0p, 5, otz —x12) 2 (tr2 + x12) "

- —2(h—h)( 42 2 y—2h
Ohy, 105, 5, Cro(tiz — xu2) "Nty — x55)
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meéD Virasoro to GCA

GCA: The large spin sector of 2D Virasoro ...

» Now. we want to take the limit of large spin along with the
non-relativistic limit on the co-ordinates. Keeping in mind the
identity limy_.(1+ §)V = ¢*, we find

e ﬁt-'x *

2 - : 25X 2

G.'l"? = Ci2 0Ny By 98,6, 12 exp( r ) = G (31\5
12

- . =7 . 'zﬁ -
A point to note here is that h goes at most like = and %— goes like
= T2

e-, so the last factor always scales to 1.
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Bulk Dual
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From 2D Virasoro to GCA

Mapping of Infinite algebra ...

» After taking the limit

e ) (m— n)L™ ¢ G m(m® — 1)0myno
L MO = (m—a)M™+ 4 Cm(n? —1)dmeno
[Mim pm] = Q.
» Infinite extended GCA!
(Note that G = <£= and L — =t )

» Infinite GCA which was first written by observation has now been
derived as a simple limit of the algebra of 2d CFTs.
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. From 2D Virasoro to GCA

GCA: The large spin sector of 2D Virasoro

More subtlety in the above limit. Can be understood by looking at
correlation functions.

Would not get the important exponential pieces of correlation fns if
one tock the simple NR limit.

Also needtotake A h=A and h— h=5.

E

Two point correlator of 2d relativistic CFT in this limit:

(.. = : g —2hy¢ y—2h
Gg (2, Zi) Oty O, 5, Crolf12 — X12) ™ 7 (T2 + X12)

- - —2(h—h)/ .2 2 y—2h
Opy,h O, B, Cr2(t12 — X12) (e, —42)

= A
Oy 0%, 5, C12 I
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Bulk Dual

Bulk Dual
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Bulk Dual

Bulk Dual
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