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AdS,/CFET, correspondence

¢ Holographic duality between 3d supersymmetric
Chern-Simons-matter theories (BLG & ABJM) and
M/String Theory compactified on AdS, space
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Matter: 8 scalars @ and 8 spinors %in bi-fund. rep. off U(N), x U(N)_,

Chern—Simons gauge fields: A, and A’

For a certain V(@, P) the theory has N=6 superconformal symmetry
OSp(6]4) D SO(B)xSp(4)— SU(4)xSO(2,3) c



AdS, x CET, correspondence

¢ In a limit N2> A%/2, where A=N/k is a t Hooft coupling, the

bulk description of the ABJM model is given by type IIA
string theory on AdS, x CP®

¢ this D=10 background preserves 24 ofi 32 susy, I.e. /=6
from the AdS, perspective, and Its iIsometry 1S OSp(6]4)
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¢ To study this AdS/CET duality, It Is necessary to know an
explicit foerm of the Green-Schwarz string| action In the

AdS,x CP° superbackground.



Green-Schwarz superstring

INn a generic supergravity background

Sz—jdzzj\/—det g, —jBZ

B,(X",®%) - worldsheet pullback of the NS- NS 2 - form guage field
M=01,.,9 «a=1..32

0; = E"E; 77,5 - induced worldsheet metric

EA=0.2"(¢) EMA(X,®) - pullback of the vectorsupevielbein of D =10sugra
A=01..9;. z"=(X", 0%

E<«=dz"E,*(X,0) - spinor supervielbein of D =10sugra

Type 1A sugra fields g, ©, B\, Ay Aluns Yy A, are contained in EA and B,

Our goall is to get the explicit form of B, , E* and E2
as polinomials of @ for the AdS, x CP? case




Fermionic kappa-symmetry

Provided that the superbackground satisfies superfield supergravity
constraints (or, equivalently, sugra field equations), the GS superstring
action Is invariant under the following local worldsheet transformations

of the string coordinates ZM(€):

6.2"E,"(X,0)=0, 6.Z"E,“(X,0) =%(I+F)Qékﬁ(§),

1 i A B
[ = ¢'E,"E; TgI'", TI*=I trI'=0

2./—det g

Due to the projector, the fermionic parameter Kﬁ(ﬁ) has only:
16 Independent components. They can be used to gauge away 1/2 of

32 fermionic worldsheet fields ©%(&)




AdS, x CP? superbackground

® Preserves 24 of 32 susy in type IIA D=10 superspace

In_contrast: AdS.x S° background in type IIB string theory
preserves all 32 supersymmetries

& fermionic modes of the AdS,x CP2 superstring are of
different nature: ®32(<§)=§824, t’)\g)

unbroken broken susy

a’,b'=1,..,6 - CP2indices, J.,, ~F,, Kaehler form on CP2 6

a’



OSp(6(4) supercoset sigma model

It Is natural to try to get rid of the eight “broken susy”
fermionic modes vg using kappa-symmetry

V=0 - partial kappa-symmetry gauge fixing

Remaining string modes are:
10 (AdS, xCP>) bosons x2 (£) (a=0,1,2,3), y# (&) (a=1,2,3,4,5,6)
24 fermions 3(&) corresponding te unbroken susy

they parametrize coset superspace OSp(6]4)/U(3)xSO(1,3) > AdS xCP*

Kyoan (6,y,8)= EX°Pa @Y7 Par 89Q ¢ 05p(6]4)/UR)XSO(L,3)

OSp(6]4) superalgebra:
[P.P1=M, [PM=P, P c AdS,xCP3 M cC SO(1,3)x U(3)

1Q.Q}=P+M,  [Q,P]=Q, [Q,M]=Q 7



OSp(6(4) supercoset sigma model

Cartan forms:

KtdK=E3(Xx,y, % P, + E2(X,y,9 P, + E®*(X,y,P Q,, + Q2 (XY, M

Superstring action on OSp(6]4)/U(3)xS0O(1,3) — classically integrable
(Arutyunoev: & Erelev; Stefanskij; DrAuUra;, Ere, Grassii & Trigiante, 2008)

S=/ d? (- det ELEE nug) Y2+ [EWAEH 1, C,

|“ A problem with this model is that it does not describe all possible string
configurations. E.g., it does not describe a string moving in AdS, only.

Reason — kappa-gauge fixing| s = #5 @ =0 is inconsistent in the AdS, region

[((A+7), P35 1=0 ——»  only Y2 off Ug can be eliminated



Towards the construction ofi the complete
AdS,x CP2superspace (with 32 @)

¥ \We shall construct this superspace by performing the dimension
reduction of D=11 coset superspace OSp(8|4)/SO(7)xSO(1,3) It
has 32 @ and subspace AdS,x S’, SO(2,3) x SO(8) c OSp(8]|4)

¢ AdS,x CP2 sugra solution is related to AdS, x S’ (with 32 susy) by
dimenisonal reduction (Nilsson andiPope; [D.S., Tkach & Voelkev 1984)

Geometrical ground: S7is the Hopf fibration over CP2 with S* fiber:

4 ) CP2 vielbein and
e* (V) A(Y)| < U@) connection

S”vielbein: e.2= _
(deEs et depend o . O 1 Fo=dA=Jcps

St fiber coordinate Z)

Our goal Is to extend this structure te OSpP(8]4)/SO(7)xSO(1,3) o




SU(4)xU(1)

Hopf fibration of S’ as a coset space

SU(3)xU(1)

S = %g% - symmetric space SU(4)xU(1) c SO(8)

As a Hopf fibration, locally, S’=CP= x U(1) SU)xU(1)
SU(B)xU,(1)

CPc= SU(4)/SU(3)xU’(1) — symmetric space

Coset representative and Cartan forms:

Ks7(y,2)=Kpa(y) eZT1=aY?Pa @771 (T, is U(1) generator)

K7 dKs7 = e2(y) P, + @2 (V) Mgy AN T, +dz T, (T, € U(1))
= dy™e, 2 (y) Py +(dz+dy™ A () P7 + (dz - AY)) Tyt 2 (V) Mgy
T,=1/2 (T,=T,) Is Uy (1) generator, P =1/2 (1,+1,) — translation along

St fiber
10



Hopf fibration of OSp(8]4)/SO(7)xSO(1,3)

¢ K1 35 - D=11 superspace with the bosonic subspace
AdS, x S’ and 32 fermionic directions

base fber

¢ Mo 3p - D=10 superspace with the besonic subspace
AdS, x CP* and 32 fermionic directions
(It IS not a ceset space)

M5 35 IS the superspace we are looking for!
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15t step: Hopf fibration over
Ki0,24 = OSp(6]4)/U(3)xSO(1,3)

¢ Kiy o4 = Kigos x St (locally) > ADS, x S

. _ 0Sp(6]4) x U@)
Hh24 T SO(1,3)%xSU(B)xUy (D)

0OSp(6]4)xU(1) c OSp(8]4)

K11124 (X,y,S‘,Z): K10’24 (X1y,8) eZT1: eXaPa eya’Pa’ elg Q24 eZTl

Cartan forms:

K2dK = Ea(x,y, P P, + E2(X,y, 9 P, + E®?(X,y,9) Q.
+(dz+ Ay, 9) Pr + (dz - A) Ty + Q (XY, ) Mgy
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214 step: adding 8 fermionic directions Vg

K11,32 (X,y,S‘,Z,U):K11124 (X,y,Q,Z) eUQS — K10,24 (X,y,S) eZTl eUQS

Qg are 8 susy generators which extend OSp(6|4) to OSp(8|4)

OSp(614) superalgebra: OSp(214) superalgebra:

1954, Q54 5=Mso 2 3y Mgy 105,05 5=Msp 5 2+ T

Extension to OSp(814): {Q,,,Qs3=M, 6 € SO(8)/SU(4)xU(1)

Cartan forms of OSp(8|4)/SO(7)xSO(1,3):

K-1dK = [E3(x,y, $v)+dz Va(v)] P + EZ(X,y, 30) P,
+[dz d(v)* Ay, 9,0)] P, + EZ(XY,50) Qo+ E°(X,Y,9,0) Qk

+ connection terms 13



3'd step: Lorentz rotation in
AdS, x St (fiber) tangent space

K1dK = (Ea(x,Y, 3 v)+dz V&(v)) P, + E&(X,y,%,0) P,

+(dz &(v)+ A%y, 9,0)) P + EZ(X,Y,4,0) Q,,+ E°(X,y,d,0) Qg
4+ connection terms

Pa
Lorentz transfoermation ofi the supervielbeins: P
‘ .

r E(X,Y, 9, v) = (EP(X,Y, 3 v)+dz VB(v)) A2 (L)

+ (02 &(v) + A(X,Y, ;D)) A72(v)

M10,32 \ (XY, 9,0) = Ea(X,Y, %)

! 0y, 9, 0), E(0X,Y, % ,v) — rotated 32 fermionic vielbeins

St dz¥(v)+ Z(xY,3v) = ([dz D(v) + ACKY, %)) A7 (1)
+ (EP(X,Y,9,0) + dz VP(v)) A, 7 (v) 14



Superstring action in AdS,x CP* superspace

S :—jdzf\/—det g, —sz

g;=&" €° nap — Induced worldsheet metric

NS-NS field B, is obtained by dimensional reduction of A; in D=11

Kappa-symmetry gauge fixing (P.A.Grassi, IL.Wulff and B.S. anXiv:0908.5401)

(Killing spiner, superselvable, or superconformal gauge, 1998)

dsf\ds4 = riz (dx"dx"p, . +drdr), x" (m=0,,2) - parametrize 3d slice of AdS,

e = %(14_ F°F1F2)® - “chirality” condition on the AdS boundary
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Guage fixed superstring action in AdS,x CP3
(upon a T-dualization)

AdS, Cps
5.1 jda;n”[%@ixma,.xmmira,-r)+es"<y> e} ()| 160y

_[ ( dx"®I DO +— dr®7/F11D®+|e (y)@r, F11D®J
r

+j(%dxmdx”uy 1u+ dre (y)Ir,Lo+ie® (y)e® (y) @Wabrﬂuj

s =(0y, Vy),  y=L°IT=1"

The action contains fermionic terms up to a duartic erder only
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Conclusion

The complete AdS, xCP® superspace with 32 fermionic directions
has been constructed. Its superisometry is OSp(6|4)

The explicit form of the Type IlA superstring and D-branes Iin
AdS, xCP® superspace have been derived

The simplest possible gauge-fixed form of the superstring action
has been obtained

TThese results can be use for studying various problems of String
Theory in AdS, xCP=, in particular, to perform higher-loop
computations (Invoelving fermionic modes) for testing AdS, /CET,
correspondence: integrability, Bethe ansatz, S-matrix etc. in the
dual planar /=6 CS-matter theory.
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