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Mction V

AdS/CFT correspondence psu(2,2|4) D so(2,4)xsu(4)

IB string in AdS;x S° 4=  N=4 super Yang-Mills in 4-dim
weak strong

Applications AdS/CMP

superconductor [Gubser '0801, Hartnoll-Herzog-Horowitz '0810, ...]
guantum Hall effect [Keski-Vakkuri-Kraus ‘0805, Davis-Kraus-Shah '0809, ...]
fermions at unitarity [Son '0804, Balasubramanian-McGreevy '0804,...]

Non-relativistic CFT
Schrddinger symmetry conformal

U NR limit
Galilean conformal symmetry Poincare ™= Gglilei




/CSfiﬁb?linger symmetry h
Galilean symmetry { H, P;, J;;, G; }
dilatation D, Galilean special conformal K
N central charge M Y

« symmetry of (free) Schrodinger equation [Hagen'72, Niederer'72]

* subalgebra of conformal algebra in one higher dimensions >

NR limit

- relativistic FT ====) Schrodinger-

invariant FT (for example [Jackiw-Pi’90])

e 7=2 case

z: dynamical exponent

anisotropic scale transformation D
' — Axt, t— Nt




/gllean conformal symme%rvs

Galilean symmetry { H, P;, J;;, G; }
dilatation D, Galilean special conformal K
\ acceleration K, Y

z=1 case

—

FLAN 1

* Inonu-Wigner contraction of conformal algebra (review)

* bulk realization of GCA

*supersymmetric GCA




m conitorm

confy,, . . ~ S 1. 1 <)

{K’u D J[M/ pﬂ} [Dap,u] — P;u ) [DaK,u] — _K,u ; [P,UJKV] — §JMV + §?7,U,]/D ;
[jw/a pp] = nvpﬁ)u - nnpﬁv ) [jwa f(p] = NuplSy — nﬂpkv )

_ =01, .d [jW, jpg] = Nup ;a + 3-terms , y
IW contraction  cf: [Lukierski-Stichel-Zakrzewski '0511] p=(0,1)
Ph=H, K=K, D=D, J;=Jy, P=wP, K, =wkK;, Jy=uwG,

and W — 00O
Galilean conformal algebra _ 1 \
r D,Hl=H, [DK|=-K, [HK|=—-=D,
{H7 K) Da JZJ) Pia Ki) G’L} 21
D,P|=PF, [D,K;|]=-K;, [H K= —§Gi :
_ 1
{H,K,D}" sl(2,R) =so0(2,1) [J;, Fy] = 6 F; — 0uFy , Fy={P,K;,G;},
\{J’U} : SO(d) :Jij, Jkl] = ijz‘l + 3-terms . /
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G CA1+d

{Pi: Ki1 Gz}

so(2,1)v+ so(d)
{Hv K? D} {Jij}
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confy,,

[Lukierski-Stichel-Zakrzewski '0511]

GCAd+1

contraction




IZatllo

[Lukierski-Stichel-Zakrzewski '0511]

contraction
G)u — ﬁ,u + Ku xconfd'kl — GCAd+1
Pin =D 12
J,ur/ — Jpw

\Judﬂ = K, — ) Ade+2




IZatllo

: [Lukierski-Stichel-Zakrzewski '0511]
contraction

G)u — fju + Ku xconfd'kl — GCAd+1

12 £

~ contraction

\Judﬂ = K, - D, Ade+2 E——) 7?07




IZatlo

: [Lukierski-Stichel-Zakrzewski '0511]
contraction

G)u — Is,u + Ku xconfd'kl — GCAd+1

12 £

~ contraction

\Judﬂ = K, - D, Ade+2 E——) 7?07
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b izatio
[Lukierski-Stichel-Zakrzewski '0511]

contraction

b+, xconfdﬂ
Part =D 12

GCAd+1
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Newton-Hooke string

~ contraction

AdS,,,
algebra

[Gomis-Gomis-Kamimura '0507]

P

—Pa, Jiyy—=Jdiy, Jg—=Ju, Pi=wPi, Jiz—wla

a=0,d+1

\ is realized as NH string algebra in the
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A-and Newton-Hooke 19 algebra
Ade+2 [Gomis-Gomis-Kamimura '0507]
1 P; =Py, Jj—=Jy, Ju—Ju, PiowPi, Jio—wlg

—~

Newton-Hooke string algebra a=0,d+1
:Pc‘u PE] = Ja [ abs Pé ] MePa — NacPyp [JaBaJacI] = Mpedaq + 3-tems | m
:Pa, Pi] = Jai . [Jia, PB] — ﬁaEPi ) [JaE, Jié] — WanB@' - 7756']51' ; [ng, Jka] = ﬁijia — "7@ij5

Jii, Pl = nxPi — Py o [Jij, ] = njpda + 3-terms . w

close-up of AdS, string worldsheet

dsheet

NR string
[GGK'0507, MS-Yoshida'0703,'0709,'0712]

32 susy NH algebras
[GGK ‘0507, MS-Yoshida ‘0605]

boundary
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GCA/ .4 ra
{-Pi: Kia Gz} {Pza J&i}
‘ \
so(2,1) + so(d) so(2,1) + so(d)

{H,K,D} {Ji;} {Pa. Jas} {Jij}
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Close-up of AdS brane in AdS,,;

NH brane algebra semi-GCA
[Brugues-Gomis-Kamimura'0603] [Alishahiha-Davody-Vahedi'0903]

d

8emi-GCA is realized as NH brane algebra in the bulk
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mmetric 143 4)
contraction _ y
psu(2,2|4) =) super GCA,,, [MS, de Azcarraga-Lukierski ‘0905]

U

'AdSsxSS% s0(6): {FPus Ja} d =5, ’9}

|_a pair of 16 component Majorana-Weyl spinors  Q = ( 31)
2

We are interested in
dynamical susy {Q,., Q. .} ~H +---

susy on AdS, 1/2 BPS brane configurations in AdSg x S° ]\

[MS- Yoshlda ‘0605

O. = Ol n—
c,,0, (2,0 (2,4), (4,2)
1 ic (3,1), (1,3) (5,3), (3,5)
_ 04 2 3,1), (1,3 53), 3,5
lx = 5(1+£10) N 15), 3.3), (51)
0 = 01,03

\_ Qr =00 gi:%(lif‘ao"'aiﬂp)/
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Qr=Q+, Q-=wQ_, Py=wPy, Jyy=Jyy and W — 0

dynamical susy

/l/IW contraction /

32 susy GCA,,;
{HJ K7 D) Pia Kia Gi) J"Lja} Pa’a Ja’b’a Q-H Q—} >
| \ J
| Y
GCA 1s0(5)

[Ja’b"a Jc"d’] — 5b’c’<]a"d’ + 3-terms s [Ja’b": Pc’] — ‘5b’c" a — 5a’c’Pb’

H, Q] ~ Qupy , [K,Qx] ~Quip, [D,Qs|~Qx, [Jiy,Qs]~ Qs
P Q4] ~Qopy, |[Ki,Qyl~Q-p, [Gi,Qi] ~Q_,
Jay, Qe] ~ Qx s [P, Q4] ~ Q-
{Ql Qi+t ~hily (p-H +p K +D+ Jiy + Jgy) P+ = %(1 4+ I'"%30,)
{Qi Q- ~hl_(p_P+p:K,+G;+ Py) ,

1/2 susy subalgebra {H, K D, ng, Jarty, Q)
50(2 1) s0(3) so(5)
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W

{Pi: Kia Giv Pa/: Q—}

s0(2,1) + so(3) + so(5) + 16 susy
{Hy K: D} {Jm} {JG'b’} {Q+}

1
16 susy GCA,,, from su(2,]2) Q=0¢. qr=5(1+ F5678)]

su(2,2|2) «——— psu(2,2|4)
l IW contraction

16 susy GCA, 5 [MS, de Azcarraga-Lukierski ‘0905]
(++)
{H7 K; Da JZ]J P’i; Ki) Gia PQ) J[ ? Q+7 Q}

G('ZA u(l) x'su(2)
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%}
~super GCA,,,
M2 (AdS, x St)in AdS, x S’
32 susy GCA from osp(8|4)

{H, K, D. PZ, Ki, Gi, Jij, Pi, P, Jmn, Jam, Qv Q-}

GCA close-up of Stin S7

16 susy GCA from osp(4|4)
(H, K, D, Jy, P, K, Gi IV T Qy, QY gm0

GCA so(3) X |so(2)

8 susy GCA from osp(2[4) '
{HJ K7 Da sza -Pin Kia G’ia R: Q‘|‘7 Q—} q+:§(1+r5678)

Y =
GCA u(l)

(1 + 1-\789h)

Do | —
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- supersemi-GCA, +5%

32 susy semi-GCA from osp(8*|4) M2 (AdS;) in AdS, x S*

{Pa; Koy D, B Ki, Gia, Jij, Jos, Pory Jaw, Qry Q-}
| |
semi-GCA Is0(4)

1/2 susy subalgebra ~
{lIDOfa Kaa Da J059, \Jija Ja’b’? Q—l—}

s0(2,2) so(4) + so(4)
\_ m )

16 susy semi-GCA from osp(8*|2)
{Po:a Kou Da -Pi7 Ki: Giou ']Zja J057 ']1('+)7 Q-|-7 Q—}
( Y J -
semi-GCA su(2)

19



Summary

v' GCAis a boundary realization of NH string algebra
v semi-GCA is a boundary realization of NH brane algebra

v super GCA,,; from SCA,, psu(2,2|4) and su(2,2|2)
string(AdS,) in AdS.

v super GCA,,, from SCA;, osp(8|4), osp(4|4) and osp(2|4)
M2(AdS, x St) in AdS, x S’

v' super semi-GCA . from SCA,, osp(8*|4) and osp(8*|2)
M2(AdS;) in AdS,
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- Mr GCAs for other 1/2 BPS branes

O NRCFT with GCA and NR string
Wilson line in SYM,

O infinitely extended super GCA  »

and so on
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Thank you very much.



