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0. Introduction

ePenrose limit of gravity dual background: pp wave < a large J
charge limit.

e AdSg X S° — max. susy pp wave < BMN operators

ePp wave calculable for strings <« lightcone Hamiltonian H <«
A\ — J calculable for BMN operators

e\Vant to use the same logic for less symmetric, and more com-
plicated holographic dual pairs.

eWe use it for GJV duality, and for T-duals of AdSs x S>.



e¢GJV duality: warped, squashed AdSs x S® vs. 24+1d N = 2
SYM-CS theory in the IR.

e -duals of AdSg X S° — less susy for the background.

eAbelian: known, but dual field theory only conjectured: quiver
field theory.

eNonabelian: recent, less known about it — also a quiver.
eind spin chains in the Penrose limit, but mismatch in conformal

dimensions. Fixable for GJV, not so much for T-duals: field
theory issue here?



1. GJV duality and 2+1d CS-SYM in the IR

eGJV find geometry (in string frame)
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eQuantizing changes, n, = [ I}, we find that the parameters of
the solutions are ng = N and ng = k = 2nwlsm, and that

;o 7T3/8£5 (kN5)1/24. €¢0 _ 211/127T1/2 1 N
27/4837/24 ' 31/6 (k5N)1/6
21/6ﬂ. N 1/3
2 2

eField theory: N =2 SYM-CS in the IR:

-chiral superfield ® = ¢ + /260y + 00 F

-vector superfield (in WZ gauge)

V(z) = 2i000 + 20v"0A,, + iv/2020% — i7/2070x + 0202 D

els dimensional reduction of NN = 4 SYM in 34+1d. Then, 3
superpotential

g
W =gTr (P1[Po, P3]) = Eez‘jkfabcq’?q’?q’i



eAction (in the IR), CS 4+ matter + superpotential,

Scs = %/d%Tr [elﬂ/P (AuayAp + %AMAVAP> + ixx — 2DO‘]
Lo = =Tr [(Dup)D"¢' +ih'y"Dyyp’ = F'F' + ¢ D¢’ + ¢To¢’ — iy’
+i¢ Txy’ + i’ K¢’
Ly = —/dQQW(cb)—/dQe‘W(q:)
B W(P) ;i | OW(P) =, 1°W(¢) ; .+ 10°W(¢) 5 -

eSolve for 0%, D and find interaction potential terms

|
j

Veont ([s'F, 1, 6"MMI'T, ¢1, 6M1)

2
g . .
Vep = T ([en ¢5]l0", 11
eODbs.: in the IR, SYM subleading to CS — drop it.



eMoreover, in the IR, conformal term in the potential remains,
while nonconformal one is in the vacuum.

elndeed, classical conformal dimensions: [g] = 1/2,[¢] = 1/2 =
(@], ([V]=3,[W]=2), [¢]=1,[0] =-1/2.

eThen, Vsp must be put to 0 (vacuum) in the IR = [¢;, ¢;] = 0,
Vi £ §.

eObs: one still has [¢;, ¢,] # 0.



eAlternative explanation: Gaiotto+4Yin: D2/D6 in massive IIA.
D2:d; LD6, &y, d3||D6, Q,Q : D2-D6 coords. Then in the IR,

W = Tr [®1[Py, D3]] + QP1Q

o[d1] =1, [Q] = [Q] = [P23] = 1/2. Why? &7 is auxiliary (no
[d*D1P1). Can add €Trd3/2 =

W= Tr [([®3, 3] + QQ)°]

eln our symmetric case (GJV): [P1] = [Pp] = [P3] = 2/3;
then only OW/0¢'F* in action ([F] = 5/3), so 6S/6F* = again
oW /0¢; = 0 =[¢;, ¢;] = 0.



2. Penrose limits of GJV and their quantization

ePenrose limit: close to null geodesic = for geodesic parametrized
by A, in direction z*, need no L acceleration, ",y = 0. For isom-
etry direction,
9" 9;gan =0
eAlso ds? = 0 (null).
eGJV: 0,7, ¢ isometries: Osguvy = Opgur = Oygur = 0.
eMotion in ¢¥: a=n/2,p=0,A=0.
eMotion in o: A=n/4,a=7n/2,0 =7n/2,p=0.
eMotion in ¢: A=7n/2, a=7n/2, 0 ==n/2, p=0.
eMotion in ¢ +o0: 0 =0, AX=n/4,a=n/2,p=0,9 =0,
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eMotion in . pp wave:

3 2 3 2
_ _ 1
dsgp- — —4dzTdz™ 4+ du’ + z:(dyi)2 - Z dw;dw; — <u2 - Z yz2 - 7 Z ’ij) (dz™)?
i=1 j=1 i=1 j=1
e? = V2e*, Hz=0,
~ o~ e_¢0 —~ 3e_¢0
Fo = O, F> = \/§ +7 Fr = \/5 d$+ AN d’yl A\ dyQ A dy3

eSymmetries

U(1)4+xSO(3)rxU(1)yxSO3) - U)pxSU2)rxU(1)yxSU(2)g,
eClosed string in background find Hamiltonian

00 4 2 2
— (A) n (B) n
=3 1% M J1+<ap+>2+ZN J \eroe

n=—oo | A=1

and eigenenergies at n/(a/pT) <« 1

1 n? 1 n?

A B
EA~14 = . EB~Z
2 (a/pT)2

{
+
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eMotion in o: pp wave

2
dspp

3 8
—AdzTdz™ + Z d:z;i2 + Z dy,f

_<%§:x3+2§§+y§+y§+y$+y§> (da™)?
1=1
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3¢ %

2
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2xT >+
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€_¢0

V3

+ dzt A
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eMotion in ¢: pp wave

ds?

—2dzTdz™ + dp? + p?ds?(S?) + dv? 4 dz? + z2do? + dw? + dw3
+ ot

2
1 1 1 1 T . 1
[§U2 _I_ ZPQ _I_ EwQ _|_ E (COS T’U)]_ — SN —’UJ2> + E(w% + w%)] (dx+)2’

4
V2e,
3 1
dzT A p2dp Avol(S?) 4+ ——dzT A zdz A dz A do,

2v/2e% prdp Avol(ST) + =

1 + +
——_dzT A | cos x—dwl — Sin a:_de A dv
V3 4 4

eMotion in ¢+ o: pp wave is (modulo rescalings and signs) the
same as for motion in o.
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Open string quantization

eOpen strings attached to D4-brane wrapping R;xCP2: (¢, \, 0, ¢, o)

— (2%, 2,y,2) — 2T, Y7, Ya, [Y5f0 + Yg sin f“ . String action

is
Spp = —g— [ do” " do? [nab(aaxiabxwraaykabm) + p? ();2 + 2§42
RG g LGIRG Z LG [ \/;0 + Y sin ‘/iaor>
+2\/g [ \/; "+ Yesin \/?O] 01Ya
e X4,Y5,Ys — hard. X;, Y7, Yg simple. Eigenmodes
12 > , 2 2
i = J taph o= J% t aptyz [=78

and same for ¢,o, or ¢ + o pp waves.
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3. Spin chains in CS-SYM field theory IR limits

eInteractions in IR involving scalars ¢;: [¢;, ¢;] = 0, and

A2 L . .
Hint1 = -5 T ([le", ', o"11[[¢7T, 71, ")
eClosed string.spin chain: pick out Z among ¢; — rest ¢,
m=1,2. Z — e'“Z corresponds to U(1) of pp wave in ¢. Define
A —J=0for Z = Jz;=1/2. Then,

Z Z ¢m ¢ A, D,
A | 1/2 1/2 1/2 1/2 1 1
J |1/2 -1/2 0 0 0 O

A—J| 0 1 1/2 1/2 1 1

eUnique object with A — J = 0, Z, defines the vacuum
1

J
\/jNJ/QTr [Z7]

0,pT) <
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eOscillators: trickier. Since [¢;, ¢;] = 0, one possibility is [0, o™].
Also (¢;¢;) (like for ABJM) doesn’t work.

eOnly possibility for oscillators

CDM — {¢m7$mazaDa}
such that

J—1 .
aM|0,pt)y ~ Y T Tr [ZloM 771
(=0
e [ hen classical dimensions match n = O pp wave results: 4 with
A—J=1and 4 with A —-J=1/2.
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elnsertion of ®,; = Z = Feynman diagrams give factor f(p) =
. )

8sin< L (1 — 2sin %)

— string Hamiltonian 2(¢')? — (¢)?.

elnsertion of ®,; = ¢™ = fq;(p) = 8Sin2% (5 — 65in? ﬂ)
— string Hamiltonian 10(¢/)2 — 3(¢)2.

N

eInsertion of @y, = ¢™ = f,(p) = [16 sin® 5 (1 — Zsin? %)}
— string Hamiltonian 4(¢/)? — 5(¢")2.

eFeynman diagram factor is

2 2
F(z) —|—fz(p) 5 In|z|A+finite = 1+f7,(p)—|ﬂ || A+Tinite

ftree( )
to be compared with
F(x) - o | |A ree
Firee(z) (14 flmte)| |A(>\) ~ 1 —6ACN)In|x|A 4 finite
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o[ hus
A —J~(A—J)(tree) +5AN) = (A — J)(tree) — fz-(p)A?2

oIn N =4 SYM, we had no f(\) — max. susy. In N =6 ABJM
(3/4 maximal susy) 3 one f(\).

eNow, f;(\) for each insertion, and at small coupling, f;(A)g(p) =
fi(PINZ.

eMoreover, valid only at small p.

e At strong coupling,
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e/ insertion:

1
A—J~1-4)2 sian (1 — 25sin? g) VS. \/1 — fz(\)sin?p/2 ~ 1—§fZ(>\) sian

gives fZ(N\) ~ 822 to fz(N\) oc A2/3.

e0" insertion:

1
A—J~ 1—-4)2 sin2§ (1 _ 2sin? g) vs. \/1 — (N sinp/2 = 1-2f7(A) sin2§

gives fz(A) ~40X2 vs. f3(\) o 2)\2/3,

o' insertion:

1 2
A—J~=—-8Xsin2L (1-Zsin2Z) s
2 2 3 2

gives f,(\) == 16X2 vs. fy(N\) oc 222/3.

1 1 . o P 1 1 . oD
Z—Zfs(N)sin?Z ~ Z—Zf,(\)sin? =
\/4 2fq§( ) 5~ 5 2f¢( ) 5

eOpen strings on D-branes: not even A — J at n = 0 works
out.
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4. Penrose limits of Abelian and Nonabelian
T-duals of AdSs x S°

eApply the same technique to understand field theories AdS/CFT
dual to T-duals of AdSs x S°.
eAbelian T-dual on v of AdSs x S°/Z;: coordinate acted on by

Zk{b"

L2d 2
ds®> = 4L%ds*(AdSs) + 4 L?2dQ3(«, B) + Cosf + L? cos? adQ5(x, )
87
8 L4
B> = L?¢ sinydyAdE Fy = cosda sina sinyda A dB A dy A dE
gs\/J
20 _ L2 cos? a
gza!

Here we rescaled ) = %?w, meaning ¢ = %zZ [O,kaa’/LQ}.
Also define gs = %gs.

eFor Penrose limits, 4 3 isometries: &, 5,.
eFor geodesic in &: atx_w/z a =0, r=0 ;1 = 0.

ds?> = 4datde + di* 4 723 + da” + 2?dB? + d2° + dy® — (P + 2 + 4 2%) (dat)?

1 4
B> = 2ydzAdzT, e 2P =_ Fyp = ~xdw/\d5/\dz/\daz+.

gz s

20



eGeodesic in B: at a =w/2,r = 0, = ¥, x = X0,& = &0,

/2d~2
ds? = mmﬂm<+ﬁ?+#a£+4@”+fﬁﬁu£%+a;w—4#+4fX@*V
- y? ’

B> = d'Psinydy AdE e ===

ags
F 8Y° invydat Ad A dy A de
4 = X dx

gV ol s

doesn’'t test T-duality.
els not in Brinkmann form — unclear.

oln ¢: at a = 0, x = w/2. But motion just in v is pathologic.
eGeodesic must move in ¥ AND &, with £ = % = —J (at dt/du =
1/4).

eFrom null condition, find

¢2=%(1—4J2) = Y= U
which means J < 1/2.

21



ePp wave is

re 8J%2-1
ds®* = 2dudv+ dr? + 72 dQ3 + dz* + do? + 2% dB? + dw? — :_6+—16 2
’ 2J
R gfizgf, Bgzgdz/\dw, Fy = xdu/\dz/\dx/\dﬁ

L2 2 gs

2 1
eNon-tachyonic mode = 8J<—1 >0 = 2\/_ <J K < 5.

eClosed string in pp wave gives (k1 + ko = 1)

7= _471a’/d7d0[3Xi-8Xi+ (X1>2+<X2)2:_6<X3)2+(X4>2
(x°)" + (X°)°

_|_

T (872 = 1) + J2(X7)? = (Ra X7 0,X° - Fip X° 80X7)]

and frequencies

1
wTQl,Z:nQ—I_E; Z:]., 74
8J—1
wg,zzn + 16 : 1=D5,6
J? 1
2. =mn —I——:l:— n? + J*

22
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eNonabelian T-dual of AdSs x S°/Z; on direction becoming p €
[0, 27k] is

Oé/2d,52 a’2L2,52 COS2 o

ds?> = 4L%ds*(AdS 4 L2 dQ2(a, d$22(x,
04/353 ) _odp L?cos? o 12 ~2 4 4
By = a’QﬁQ—I—L“COSAfQSInXdX/\dg’ e = 2o (a p°+ L7 cos a)
F = 8L sina cos® ada A dfj
2 = gs a/3/2 @ Qo ’
P = 22 P  sinasinydaAdB A dy Ade
gs a’?p2 4+ L4 cos* a
eFor Penrose limits, d 2 isometries: on 8 and &.
eFor geodesic on 8, at a ==n/2,p = po, X = x0,& = &o, IS
ds®> = 4dxTdx” + dr* 4+ 72 dQ3 + dy® — (75 + y°) dat?
0/2 4a/2152y2
4= dp? d$22(x,
+ 2 + 16 025 + >(x: €)
16 13 =3 2 160/2“'2_'_ 4
B> = Oj P siny dx A d§ e_2¢:gg2y ( P y)
16 a2p? + y* 6403
3 8 o/3/24353
gy = — _dat Ady | gs Iy I P ginydat Ady AdyAde

5 o/3/2 T 160272 + 4
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eFoOr geodesic in &, find no solution — ned also motion in p.

/3 2
eDefine p = ,p and redefine also coupling as gs = gs Lé . T hen
pPp wave near geodesic at y = 7r/2 a=0,r=0Is

2 2 2
L2ds> = 4ds?(AdSs) + 4 d2 preOS” & 102
ds 2(AdSs) +4 d2B (e, 5) + -2 S cosi o SB06O)
2.3 2
B, = chpc)s4asinxdxAd§, e—2¢_COSS (p* + cos” a)
3 3
P = E;SLsma cosada AdS Fp = 8§€ pg—l—czcisfa Sina sinxyda ANdB N dx A dE
2 .
eParticle on the null geodesic = ¢ = 1/4 and pf = p2p+1§ = —J.
Then, find
o _1 p°+1 5
P == 7 5 J
4 p

which means again J < 1/2.
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12  2J

o' \/1-42

eMoreover, p > needs to fit in (0,2nwk], meaning k ~

L2/

ePp wave becomes

ds®> = 2dudv+ dr?* 4 72 dQ3 + dx? + z° dB® + dz° + dw?
72 x2 5 (,02‘|'1)2 2 2 2 2 2
_ E-|—1—6(8J — 1)+ e Jzc — F, 2 — F,w*| du
10243
H = dBo= 2P T3 4 nde A duw
2p2+1
2  __ ,02+1
CT R
2Jx+/p?+1
Fy, = VP L NdeAdznds, Fy=0
gs
which means that non—tachyonic:>8J2—120iﬁgtfgé.



eClosed string on pp wave

g = 1 /dfda[axz-.m((“ + ()" + () + (XY)
4 7o 16
5)2 6)2 2
+(X) ;;(X) (8J2—1)—|—(p +1) J2(XT)? = F. (X7)? = F, (X®)°
p*
2
-2 +3 (m X7 9, X8 — ko X8 8UX7)]
pc+1
eFrequencies are
2 _ 2 i . 2 92 8J2—1 o
Whi ="N —|—16, i=1,...,4, w,;=n"+ 16 , 1=05,6

en > 1: Abelian T-dual

on K 1 gives
1
2 2 :
ws, =n+ — , 1=1,...,4
N %6 2
wg,i——nQ—I— —-d 1=25,6

16’

wg,i:n2—|—1—16(a2—|—2):I:é(a—l—l)\/16n2—|—(a—1)2
eAbelian and Nonabelian pp waves both preserve just the mini-
mum (for pp waves) 1/2 susy.
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5. Operators in field theory, RG flow and
deconstruction

AdS/CFT map

eConjecture for field theories: quivers: Abelian: SU(N)k — N =
2 susy. Each node: N = 2 vector multiplet of SU(N), each 2
adjoining nodes: N = 2 bifundamental hypers.

eNonabelian: infinitely long quiver, SU(N)xSU(2N)x...xSU(kN) x
. Terminates only for a completion of the background.

eQuiver dual AdSg X S5/Z;C and its Penrose |limit was considered
before [AIishahiha—l—Sheikh-Jabbari 2002 & Mukhi+Rangamani+Verlinde 2002].
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Field theory limit

eLimit is different than theirs.

o)) Or p € [0,27k] gives k ~ L?/a/ = /4ngB N, meaning

g)%MN 47rg$ N
k k

~ k — oo

unlike the case in previous papers. T-duality acts as g;* = gf\/_,

and since gi = \/—gs, we find gs ~ k/N < 1.

eNonabelian case: gs = L3/a/3/2§s, so we find gs ~ 1/N < 1.

e [ hen strings on pp waves are classical — need only compute
eigenvalues.
28



eField theory has superpotential

k
w=Y / 20 Tr 1 [ViX; W)
i=1
and kinetic terms

Ly, = zkj / 20 20T ;[Vie 2V, 4+ Wie P2V W, + XV X]
with symrr::tlries:
-SU(2)p acting on V; and W,
-U(1)p acting on X% and d20 as X; — €'®X; , d20 — e~"*d20.
-non-R U(1) acting on V;,W; as V; — '@V, , W, — e *““W;.

eSame in dual: SU(2), ¢ x U(1)g x U(1)y.
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eCharge assignment

X|[VIWI[X] VW
A 11 11 1] 1
AWICEE TES SCIES 1ES 3
kdo | O | 5| =510 /=5] 3
H [1]0] 1]1] 2] 1

eLarge charge (BMN) operators for U(1),, = U(1)extra, but also
U(1)e C SU(2)g, with

(5= (Z) == 7

J them Jo us 7vb 1 —4J° LS

eWe can't vary J;/Jo, and Jy/Jo = 1, for J = 1/2v/2, is only
possibility.

eVVacuum, T-dual to one of Mukhi et al. — winds around the
quiver

1
p=1,m = O)them = |m = 0,p = 1)us = O = \/—NTF [V1Vo...Vi]
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eOscillators of energy H = 1: Dy, a =0,1,2,3, W, W, X;, X;,

Op, = aTD,O|m =0,p=1)us

OXp — aE{,O‘m =0,p= 1>US

Ox, a}(,o|m =0,p = 1)us
Ow,o = CLI;V,0|m =0,p=1)us
Ow.o = aL‘v,o|m =0,p=1)us

a’g(,n|m7p — 1>US

1 1

k
MW;TI’ [Vl

1 1

k
\/N—k\/_/T/'Zzler [Vl

1 1

k
\/N_k\/N;Tr [Vi...

1 1

k
Tr [Vl..
VNQk\/N;

k
1 1
— Tr [Vl...
IR &
1 1

k
\/N—k\/_/T/';Tr [Vl

Vi_

‘/l—le‘/l---Vk:]e k

Vic1(DaVi)... Vi

Vie1 X Vi Vil

Vie1 X Vi Vi

Vi1 ViWi Vi Vi

1WiVig1...Vi]

27iln
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eNote that now, momentum m = ), n;.

eEigenenergies: for pp waves, should be

1 8J%2 —1
wO,a217 CL:1,2,3,4, Wo,; — 4 ’

oD, matches: H =1 — wp, = 1/4 (rescale). But X, X, W, W
give H =1 also.

1=05,6, wo+ =J, wo— =0

2 N
eOrigin: extra interactions in QY% ~ k — oo limit.

eFrom interaction V ~ g2, . Tr|W;V;|?2 = Tr;(W;W;V;V;) mixing
Ow,o and O, g and V ~ g3, Tr 1, [X; V3V X;] mixing Ox g and O .
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Nonabelian case: RG flow in p. Match it to Abelian case if
0

D @
Sl

e n‘
V)

eEigenenergies w = wi(u) "flow” in lightcone time u, between
u =0 and u = c0. — flow generic in Gaiotto-Maldacena back-

grounds.

eConformal symmetry broken in dual by winding modes of strings?

eOr dual to conconformal theory in higher dimensions via decon-
struction:

-Wilson loops show deviation from conformal behaviour.

-pp wave limit of Janus solution (dual to defect CFT) has simi-

larity with Nonabelian case.
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Conclusions
e\/\Ve can use Penrose limits to probe difficult holographic dualities

eFor GJV, Penrose limit with closed strings matches BMN sectors
in field theory, but only to leading order. Open strings don’t
match.

eWe find several functions f;(\) between weak and strong cou-
pling.

eFor abelian and nonabelian T-duals of AdSs x S°/Z;, BMN-type
operators are clear, but naive calculations don't match — 4 large
contributions from Feynman diagrams that can't be neglected,
unlike NN =4 SYM or ABJM cases.

e [ake pp wave calculations as predictions that probe unknown
field theories.
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