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extremely
high energy

String > dinfinite massless higher spin states

U

Tensionless string has higher spin gauge symmetry?

[Gross’88, etc...]
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Known consistent interacting higher spin gauge theory

Vasiliev theory

However,

(# of spin-s states in typical string theory ) ~v eS

(# of spin-s gauge fields in Vasiliev theory) = (Const.)

Is Vasiliev theory related to string theory?

If this is the case, what is the relation?
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Today, | will consider

Higher spin AdS/CFT correspondence,

where the CFT side has a clear string origin

U

insights to relation between string and Vasiliev theory

For this purpose,

ABJ theory provides good laboratory
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[Aharony-Bergman-Jafferis-Maldacena’08,

A BJ t h e O ry: Aharony-Bergman-Jafferis’08 ]

3d N — 6 U(N)kX U(N+M)—k (k: CS level)
superconformal Chern-Simons theory

p—

 Vector multiplet (in3d V' = 2 language)
)+ = 2 bi-fundamental chiral multiplets
- 2 anti-bi-fundamental chiral multiplets

oo
—C—
Expected as the low-energy effective theory of

(N M2-branes) + (M fractional M2-branes) on R8/Z,

(=M5-branes wrapped on S3/Z,C R&/Z,)

—
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CFT, / AdS,

M-theory

on AdSy x S7/Zy
U(N)k X U(N'I'M)_k ﬁ Type IIA superstring
ABJ theory on AdSy x CP?

A="—=fixed, N> 1
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CFT, / AdS,

M-theory
1
k< N2 on AdSy x S7/Zy
ith L a1l M
M ol P T 2 Tk

U(N)kx U(N'I'M)_k ﬁ Type IIA superstring
ABJ theory X on AdSy x CP?

A:I:fixed. N::'-:‘::‘l

1 ' 1 M
witn X[ py=1 M
2r Jopl 2 k

M )
k=f'xe“% N = 6 Vasiliev theory

on AdSa,

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin"11,Chang-Minwalla-Sharma-Yin’12 ]



CFT, / AdS,

M-theory
1
k< NY/® on AdSy4 x S7/Zy
o L a1 M
e 3z, > 2 k

U(N)kx U(N'I'M)_k ﬁ Type IIA superstring
ABJ theory X on AdSy x CP?

,}.:I:ﬂxed, N>1 1 1 M
with —/ By = ——
27 Jepl 2k

f=f'mﬂ% N = 6 Vasiliev theory

on AdSy4

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin"11,Chang-Minwalla-Sharma-Yin’12 ]

\_ /
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Here we aim to make the dictionary more precise.

1. Identification of “Higher Spin sector” in ABJ (Hirano-M.H.-Okuyama-Shigemori]

/EX.) U(N) Chern_SimonS theory W/ fundamentals [Aharony-Gur-Ari-Yacoby, \

Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin,etc]

Fhigher spin = FcFT — Fpurecs

\_ How about theory w/ bi-fundamentals?j

For this purpose, we compute & compare

- free energy of the ABJ theory on S3 in the higher spin limit

- 1-loop free energy of the Vasiliev theory

2. Identification of bulk coupling constant M

Computestress tensor 2-pt. function by localization



Our proposal

NS5

(1,k)

U(M) CS

M-fractional D3’s

‘Q
*
*
‘Q
*

‘e
L2
v
e
<

Higher Spin

N-D3’s

Fys = Fapy — Fcs

GHs =

2 7t

7w M sin (rt)

[M.H.]

[Hirano-M.H.-Okuyama-Shigemori ]

M
t="—
k
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Simple examples of 3d CFT w/ higher spin symmetry

3d U(N) free bosonic vector model: [Klebanov-Polyakov, etc]
s = [P @697 (96"

3 Conserved higher spin current; for all N:

(s)
J(aur”,us) ~ ¢\~‘1T5(“1 - 'aus)ﬁba

3 operators w/ (spin, dimension) = Z (s,s+1)
s=0

3d U(N) free fermionic vector model:

S = / A3z Pryrou

d Conserved higher spin currents for all N:

JE) ~ Y (uy Oz -+ Oy ¥

(1 ps)

3 operators w/ (spin, dimension) = (0,2) + > (s,s + 1)

s=1




Simple SUSY example

3d U(N) SUSY free vector model:

S = / >z [(3‘L¢G)T - (Opo”) + 1’5%“8“‘@&}

3 Conserved higher spin currents for all N

(5) a a
Tuyes) ~ ¢ Tg(m 0 )®"s VY O+~ Oy ¥
(s+3) —a 0 a

J(m Q,ue) YOy Opg)®™s @ Ta(nl'”ﬁps)%b

3 operators w/ (spin, dimension)

s=1

= 0, 1)+(0,2)42 3 (s, 5+1)+2 3 (s455+3)

s=0

€mm) Supersymmetric Vasiliev theory




Coupling to Chern-Simons

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin,
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Coupling to Chern-Simons

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin,
U(N) Chern-Simons theory w/ vector bosons at fixed point; Aoy Guraracoby,, etc. ]

S =Scs+ [ d3z [(D%G)T - (Dpo®) + %(cﬁ%‘")e’]

3 Conserved higher spin currents for large N

(s) a a 1
Ty ~ 9" P+ Dpyd” 009 =0

.3 op./s w/ (spin, dimension) = »_(s;s+1)  (upto 1/N correction)
s=0

‘ Spectrum of Vasiliev theory




Coupling to Chern-Simons

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin,
U(N) Chern-Simons theory w/ vector bosons at fixed point; Aoy Guraracoby,, etc. ]

A
S = Scs + [ a3z [(D%G)T - (Dpo®) + ﬁ(«:b%“)e’]
3 Conserved higher spin currents for large N

(s) a a 1
Ty ~ 9" P+ Dpyd” 009 =0

.3 op./s w/ (spin, dimension) = »_(s;s+1)  (upto 1/N correction)
s=0

‘ Spectrum of Vasiliev theory

*The Chern-Simons level k breaks parity

‘ ‘'t Hooft coupling A=N/k corresponds to
“parity-violating phase” in Vasiliev theory
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CS theory w/ fundamentals and Vasiliev theory

Vasiliev free energy:

Fys = Ry +FQ +6nFE +0(6%)

CFT free energy:

—2 -1 0 1 (1 1
Fcpr = NQF((ZFT) +NF((ZF"I') +F((:F)T ‘|‘§F((:F)T +0 (ﬁ)

Coming from self-interaction of gauge field

We should subtract the pure CS free energy:

e ! ‘_‘|_ / 1
Feer—Foscs = NEGY + R + L0, +o(3)
under the identification:
1
Gy~ —

N
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:N2
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N =3SQCD w/ CS

Make U(N) vector multiplet non-dynamical in ABJ

(L T [ [T T

3 operators w/ (spin, dimension)

:N2

s=1

> o 1 3
16(0,1) +16(0,2) +32 3 (s,s+1) +32 5 (5+§,5+5)
s=0

(up to 1/N correction)

¢mm) N = 3 Vasiliev w/ matrix fields

[Chang-Minwalla-Sharma-Yin’12 ]
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Go back to ABJ...

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin’11,
Chang-Minwalla-Sharma-Yin’12 ]

Gauge the U(N) flavor sym. in the SQCD

e )

This corresponds to change boundary conditions
for spin-1 fields on the bulk side [ cf. Witten, Leigh-Petkou




Gauging global sym. at boundary

[ cf. Witten, Leigh-Petkou ]

Gauge field in AdS, near the boundary (on-shell):

A,u(l‘: z) — ﬂ,u(if) + Eﬁ,u(ﬂ?) + 0(32): Az(i?:. E) — (’)(z)
gauge field Conserved current
A+ b.c. (usual): Fij =0 Global sym. at boundary
z=0




Gauging global sym. at boundary

[ cf. Witten, Leigh-Petkou ]

Gauge field in AdS, near the boundary (on-shell):

A,u(l‘: z) = ﬂ,u(if) + Eﬁ,u(ﬂ?) + 0(32): Ax(x,z) = O(2)
gauge field Conserved current
A+ b.c. (usual): Fij 0 =0 Global sym. at boundary
=

F,; |z:O =0 Gauged w/o CS level




Gauging global sym. at boundary

[ cf. Witten, Leigh-Petkou ]

Gauge field in AdS, near the boundary (on-shell):

Au(z, 2) = ayu(x) + 2Bu(x) + O(22), A(x,2) = O(2)
gauge field Conserved current
A+ b.c. (usual): =0 Global sym. at boundary
F,; |z:O = Gauged w/o CS level

1 CJ
EEiij [l k Fi

Mixed b.c

=0 Gauged w/ CS level k

z=0




ABJ as a Vasiliev

[Giombi-Minwalla-Prakash-Trivedi-Wadia-Yin’11,
Chang-Minwalla-Sharma-Yin’12 ]

Gauge the U(N) flavor sym. in the SQCD

IEEOL 20O

Take mixed b.c. for N2 spin-1 fields w/ CS level -k

(If the level is different, this becomes Gaiotto-Tomasiello theory)

) N = 6 Vasiliev w/ matrix fields



The boundary side: ABJ theory

[ Hirano-M.H.-Okuy higemori ]
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How do we analyze ABJ theory in HS limit?
oo
—e—

M

Higher spin limit: ¢

3 two 't Hooft couplings: 1= %tj Ao = (1 +%)t

mmm) \We'd like to keep A, finite

Use localization!



Computation by localization

Loca I izatiO n fo rm u Ia . [Kapustin-Willett-Yaakov, Jafferis, Hama-Hosomichi-Lee]

._l r2_ [ 2 1 - T T
i 5 (N“=(N+M)")sign(k) /*oo dN +M'H_ dN vy ik ZNtM 2-5°N 2
j= J :

_e E a=1"a

(N + M)INT o (2m)NFM (27)N

Z(i\f’,i\f—ﬂ"»-f) U{) _

Va—UVp 2

Dt ;‘LJ_#'I '3 P
« Ili<jcienar 2sinh =5= ], o,y 25inh ==
N+M N 1. M=V
[T IT=y 2 cosh ==

o

(2N+M)-dim. Integral !

3 various ways to analyze it in the HS limit

[ Drukker-Marino-Putrov, Hirano-M.H.-Okuyama-Shigemori ]

(I will explainonly one way)



Computation by localization (Cont’d)

[ cf.anotherways: Drukker-Marino-Putrov ]

We can rlgOrOUSIV ShOW [ Awata-Hirano-Shigemori’12, M.H."13]

Z{_-"'-r",_-"'-r"—l—_-’LI} {k) _ Eéfl{_-"'-r",_-’lrf,k}zgllrgf:l {k)z"{.-"'-r"..-"h"+.-11j UL) ?

. N N
ZNNHM) 1y — L [T _dy H tanh? Yo — Yb H V (ya) : "
' N1 @nlE)N ¢ 51 Ya):  N-dim. Integral !!
e a<hb a=1
B M_1
1 - T+ 2mis
V = tanl
{f o2 _|_ (_]_)-'Hf_ﬁ _q_l dallin 2|ﬁb|
- T3

M and k appear only in Z~c and the integrand.



IS

Result =

|Z Al

Zcs(M)

IN N N2 ] T g2
_ EJV‘UI(?T_t) N N 1 AM B iln 2M

—InGy(N +1
wt 2 2 ﬂﬂtsin[ﬁt] ) e 2(N+1)

N[ENB — 1} at

- 3 cos(2mt) + 1
48 (M’ sin(m&}) [3cos(2r) +1]

N2 Tt 2 5 , e

~ 2304 (M Sin{ﬂ}) [(17TN? + 1) cos(4mt) +4(11N? — 29) cos(27t) — 157N + 211]

le ( Tt
552060 \ M sin
— 6(442N" + 690N — 427) cos(4nt) + 3(2282N" + BI9ON? — 3635) cos(21)

+ 4348N* — 21040N? + 12'?5{]]

3
(m}) [{674N4 + 250N 4 201) cos(6t)

J-\vri ( Tt
~ 922118400 \ M sin
— 8(3983N* + 6730N? — 363) cos(6mt) + 20(3797TN? + 187T0N? + 1623) cos(4rt)

— 8(22240N* — 44410N2 + 37011) cos(2t) — 56627N* + 11363082 — 18753]

4
(mtj) [(szzgﬁ.r* + 83302 + 2007) cos(Srt)

+ r:J(Mﬁ.

2

I(x)=— / dy logtany = Im[Lia(i tanz)] — zlog tanz = I(E — I‘)
Jo




The bulk side: Vasiliev theory

[ Hirano- M.H.-Okuyama-Shigemori ]



Free energy of Vasiliev theory

ZI—IS — E_FHE’

1
GH‘E’, Hr:'r

Fys = + GHSFHIE? + -
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1 . |
Fig"” + Fiy 4 GusFyg + -+ .

Fys =
GHS HS

“ Leading order needs action but unknown



Free energy of Vasiliev theory

“ Leading order needs action but unknown

 Sub-leading order needs quadratic fluctuation

‘ We know this when we know spectrum
and parity-violating phase is O f. Giombi-Kiebanov, Tseytin]

(up to boundary CS term associated w/ gauging)



1-loop free energy of Vasiliev theory

Quadratic fluctuation is described by Fronsdal formulation:

o

6pz-ts ~ Y (urEpugeopis)

By appropriate gauge fixing, contribution from spin-s part is

(- dEtEE‘lTali [_VZ + (S + 1)(5 . J_):I ]lf?

_detfgﬂi[—vz +(s+1)(s—2)— 3]

for s Z‘:_:'D

1
forsEZ:_m-i-;

- _ 1/4
detfi[—vz + (s —1/2)
| [ et A, [~V + (s +1/2)2]



1-loop free energy of Vasiliev theory(Cont’d)

First we consider the case that
N2 spin-1 fields at bdy are gauge fields w/o bdy CS term

(Later | will generalize it)

Spectrum of Vasiliev theory w/ (spin, dimension)

_ N2 [16(0 1) + 16(0,2) 4+ 31(1,2) + (1,1) + 32 Z(e e—l—l)—}—SQZ (G—I—— s+ - )]
§=2 s=0

o0 o0 NQ
. N 716 716 731 732 732
’ 0.A+“0A_“1,AL LA s.A 5_|_ A ?

s=2 s=0




1-loop free energy of Vasiliev theory(Cont’d)

It is convenient to introduce

i %lcngcicitf-rrr[—vg + [:A — %]g — 85— %] for s € Z
s %I{chi{?tf-l-rl-'[—wg +(A - %]g] for s € Z + %
This can be computed by spectral zeta function: (Camporesi-Higuchi

1 1

divergentterm, should be canceled

[cf. relation to Weyl anomaly: Tseytlin]

where

. 8(2s +1) /x ts() ;o a -,
Asilz) = — d — . Aalz) = —(aan(z),

0
. TU| 4 . 1y~
pgl(u) = 6 {u + (5 + 2) } tanh (m(u + is)) .



Cancellation of log divergence

Bosonic part:

2 4
(0) . > 1 . ol 1 8 5s >
F, = 32N? |— 4+ lim s - logA? =0
H5.Bli0g div 360 7AiM, 2 (180 22T 24 )|'%9
SEZED
Fermionic part:
FY =282 |t im Y s—a‘( 13 | 5° 554) log A2 =0
HS,F Lo 260 Aaon - -
Fliog div 360 1 a0, 2880 ' 24 12

Nontrivial cancellation among conformal anomalies



Finite part
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Finite part

Almost contributions are finite numerical values
but only spin-1 w/ A- b.c. is involved.

Taking A_ =1 + ¢,

1
logZ1 A = 5 loge + O(1) divergent?

f

R —2
n; TOM)

But we should have 1/M correction: A_ =1+

1
log Z1 A_ = —ElogM—I— O(1)




Finite part

Almost contributions are finite numerical values
but only spin-1 w/ A- b.c. is involved.

Taking A_ =1 + ¢,

logZ1 A = % loge + O(1) divergent?
But we should have 1/M correction: A_ =1+ % +O(M~2)
1
log Z1 A_ = 5 log M + O(1)

Thus, the whole 1-loop free energy is

N2
Fﬁ%) = +7 log M + O(1)




General CS level?

On CFT side, gauging global sym. is done by double trace deformation:

S — S+ %/dBLﬂc JQ? (J: conserved current)

[ cf. Witten, Leigh-Petkou ]

and put it to UV fixed point.

Giombi etal. studied this effect for S3 free energy for general theory
bOth on CFT and graVIty Sldes [ Giombi-Klebanov-Pufu-Safdi-Tarnopolsky]

For Abelian spin-1 symmetry,

1
Fyy — Fir = 5 log M + O(l)




General CS level? (Cont’d)

A 1
S - S—I—Eofd?’wjg, Fuv = Fir = 5109 M + O(1)

[ Giombi-Klebanov-Pufu-Safdi-Tarnopolsky]

We should be careful to apply their result to our case.



General CS level? (Cont’d)

A 1
S — S+Eofd3m,f% Fuv — Fir = 5109 M + O(1)

[ Giombi-Klebanov-Pufu-Safdi-Tarnopolsky]

We should be careful to apply their result to our case.
| @ Their result is on “difference”.
—— OK, because we can explicitly show FI(FE') = FS(DQ)CD = 0(1)
@ The deformation is not manifestly supersymmetric.

—— expect difference from “supersymmetrization” is O(1)

—

Thus, we still expect

NQ
Fﬁ%) = +7Iog M+ O(1)




Comparison

[ Hirano-M.H.-Okuyama-Shigemori ]



|dentification of “Higher Spin sector” in ABJ

[Hirano-M.H.-Okuyama-Shigemori]

____________________________________________________________________________________
~
N,

. 1. Leading order is O(M)
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|dentification of “Higher Spin sector” in ABJ

[Hirano-M.H.-Okuyama-Shigemori]

____________________________________________________________________________________
~
N,

1. Leading order is O(M)

2' ”Higher Spin Sector” enjoys Seiberg_like duality: [cf. Aharony-Bergman-Jafferis, Giveon-Kutasov, |

Kapustin-Willett-Yaakov,Willett-Yaakov ] :

UN)g x UN +M)_j, <> U(N + |k[ = M) x U(N)_y

i

- 3. Matching with the Vasiliev 1-loop free energy

-

N
~
______________________________________________________________________________________________________________

Our proposal:

N3] B “l HS
ZU(M)CS i : ’

ZHs =




U(M) CS versus U(N+M) CS ?

[ 1. Leading order is O(M)

—~ 2.Subsector enjoys Seiberg-like duality

3. Matching with the Vasiliev 1-loop free energy

In order to satisfy the condition 1, it is natural to subtract

free energy of U(M+c) pure CS theory with finite c.

(This also satisfies condition 3.)

At first sight, the previous studies might imply c=N
but this is not Seiberg duality invariant.

v

Only c=0 is Seiberg duality invariant.



ldentification of bulk coupling constant

(Newton constantin the Vasiliev theory)

[M.H.]



|dentification of bulk coupling constant

[M.H.]

Most standard way is to compute EM tensor correlator:

cr !
— a(P“PPFU _I_ Ppr;_LJ o 'P.UJVPP'G—) 16;TQII=2 ’

(T (2) T (0))

(P*”’” = 5"“”82 — Oudy, © # 0, cTlfree scalar = 1)



|dentification of bulk coupling constant

[M.H.]

Most standard way is to compute EM tensor correlator:

cr 1
— a(PﬁPPyJ + PprILLJ T ‘EHV‘PP‘J) ]_G?TQIE ’

(1w (7)1 ,5(0))

(Puv = 800 = 8udy, © # 0, cTlfree scalar = 1)

In 3d N=2 SUSY theory with R-symmetry,
there are two ways to compute c; by localization:



|dentification of bulk coupling constant

[M.H.]

Most standard way is to compute EM tensor correlator:

cr . 1

<TILLLF(I}TPJ(”)> — E[P;LPPMJ + Pupp,ucr - -RHM-PPJ) 16?4'24112 !

o a2 o e —
(P,u;u — 5;,wd' - d;,.tdya x 7 0, ﬂT|free scalar — 1)

In 3d N=2 SUSY theory with R-symmetry,
there are two ways to compute c; by localization:

p—

1. To compute squashed S3 partition function by localization
and consider its derivative with respect to squashing parameter

[Closset-Dumitrescu-Festuccia-Komargodski]




|dentification of bulk coupling constant

[M.H.]

Most standard way is to compute EM tensor correlator:

cr . 1

<TILLLF(I}TPJ(”)> — E[P;LPPMJ + Pupp,ucr - -RHM-PPJ) 16?4'24112 !

o a2 o e —
(P,u;u — 5;,wd' - d;,.tdya x 7 0, ﬂT|free scalar — 1)

In 3d N=2 SUSY theory with R-symmetry,
there are two ways to compute c; by localization:

p—

1. To compute squashed S3 partition function by localization
and consider its derivative with respect to squashing parameter

[Closset-Dumitrescu-Festuccia-Komargodski]

2. To compute 2-pt. function of R-symmetry or flavor symmetry current
and use a relatlon to CT [Closset-Dumitrescu-Festuccia-Komargodski-Seiberg]




|dentification of bulk coupling constant

[M.H.]

Most standard way is to compute EM tensor correlator:

cr 1

(L (2)T10(0)) = & (PupFPua + PopFPus = FusFoo) e

(Puv = 800 = 8udy, © # 0, cTlfree scalar = 1)

In 3d N=2 SUSY theory with R-symmetry,
there are two ways to compute c; by localization:

p—

1. To compute squashed S3 partition function by localization
and consider its derivative with respect to squashing parameter

[Closset-Dumitrescu-Festuccia-Komargodski]

< . To compute 2-pt. function of R-symmetry or flavor symmetry curré

and use ad relatlon to CT [Closset-Dumitrescu-Festuccia-Komargodski-Sei

—




2-pt. function of flavor symmetry current

Superpotential of ABJ:

W~

/

Flavor symmetry current correlator:

(e ()75 (0)) = -

Tf
1672

{ e d2 T )

1
2’

bi-fundamental

e’ °Tr[A, B, Az Bs).

anti-bi-fundamental

Ay

A,

By

By

+1

-1

+1

-1




2-pt. function of flavor symmetry current

Superpotential of ABJ: bi-fundamental

/

W ~ e’ Tr[Ay B, Az Bs|.

anti-bi-fundamental

Flavor symmetry current correlator:

()52 (0)) = —L=(6m9? — orar) 1 Ay By DBy

1
1672 22’ Ul | +1 -1 +1 -1

In ABJ theory, T; is related to c; by

f_"T — —I-Tf . [cf. Chester-Lee-Pufu-Yacoby |




2-pt. function of flavor symmetry current

Superpotential of ABJ:

W~

/

bi-fundamental

e’ °Tr[A, B, Az Bs).

anti-bi-fundamental

Flavor symmetry current correlator:

H()V Y (0)) = Tf
(Ja[‘r)-jb(_ }> 16”2

I

(M9 — "V )=,

Ay

A,

By

By

aT

U(l)y

+1

-1

+1

-1

In ABJ theory, T; is related to c; by

T; is generated by partition function of mass deformed ABJ:

CT — 4Tf .

[cf. Chester-Lee-Pufu-Yacoby ]

) 1 92Z(m
7r = —8 Re (m)

Z(0) Im?

m=0




|dentification of bulk coupling constant

ct is generated by partition function of mass deformed ABJ:

[M.H.]

1 92Z(m)
Z(0) Om?2

cr = —32Re

m=0




|dentification of bulk coupling constant

ct is generated by partition function of mass deformed ABJ:

[M.H.]

1 82Z(m
cr = —32Re (2 )
Z(0) Om B
‘ Localization
Z(m) | ¥y My L DAL L DRI [Ticivjen, 25inh 555 [T o syey, 2 sinh 257
\m - (S J ™ 11 T,
NiINoL o (2m) M (2m) 12 1.2 2‘:0%11MZﬂ 7(?0511%




|dentification of bulk coupling constant

[M.H.]
ct is generated by partition function of mass deformed ABJ:
1 9%z
cr = —32Re (;”)
‘ Localization
- N N ) N . r 2 1 #3 . _c\ l Vg Vb
Ry B
Ni!INo! | (2m)™ (2m) 2 12 1.2 2({)%11% 7(?0511%
‘ matrIX mOdEI teChanue [cf. Drukker-Marino-Putrov ]
16 N M sin (rt) 2 mt
e = + 0(1) Gps = :
it M sin (mt)

(in canonical normalizations)

Remark: This is similar to the result in theories w/ fundamentals:

2M sin (7t)

CT.fund. =

it

[Aharony-Gur-Ari-Yacoby,Gur-Ari-Yacoby]



Summary & Outlook



M-fractional D3’s

N-D3’s

Our proposal

NS5

(1,k)

U(M) CS

‘Q
*
*
‘Q
*

L 4
*
L 4
L/
L 4
’0
*

Higher Spin

Fys = Fapy — Fcs

GHs =

2 Tt
M sin (mt)

[M.H.]

[Hirano-M.H.-Okuyama-Shigemori ]



Q1. Relation to topological string?

Recently, it has turned out that

the ABJ free energy is described by the refined topological string.

[M.H.-Okuyama, Matsumoto-Moriyama, Hatsuda-Marino-Moriyama-Okuyama]

The topological string has the conifold expansion:
A <K 1, Ao =finite,

which is similar to the Higher spin limit.

This relation might give some useful insights.



Q2. Other quantities?

We know SUSY localization formula also for

Superconformal index, Wilson loop, Vortex loop,
and Renyi entropy, etc...

It is also interesting to compare these in the higher spin limit.

But corresponding observables in the Vasiliev are nontrivial...

Thanks!



Appendix



Localization of 3d N=2 theory on sphere

N = 2 Vectormultiplet O (Amcr, D,}.,E)

s
4

N =2 Chiralmultiplet > (¢,, F. F, v, )

If we choose the deformation termas QV = Sym + Sy,

1 —t= 1 —t—
Sym = a3z /gTr ((QN)TA + ATA], Sy = [— d3z\/gTr f f }
" Q’4Q$M [ #eyaTe (@0 +@01)|, Sy = Q[ [BeyaTr (@u)1y + (@D)17)
PR a0 @ |00 T .
! (up to gauge trans.) i
i o = const., D = _%} Others =0 Coulomb branch |

________________________________________________________________________________________________

{ 00 )
1
L z= / dAKC . 7o Zen |
: T :
1
i Zvec = 1 2sinhr(a - z)-2sinh7(a - x) i
: aEpositive root :
1 1
l ¢
: D= (1 — — wl& o 1 bbb+ b7 /2 — iz :
I Zeni = 11 1 G = 8) = (@) 21 =11 e eTe :
| H-JER m.n—0 1
‘\\ ,ll

———————————————————————————————————————————————————————————————————————————



Physical origin of the simplification

N o (T—T [Kapustin-Willett-Yaakov’10]
For (k M):( 1 O) 7 = 1 d”x _ 1‘[ sinh ( 2 ) 1 [ cf.Intrilligator-Seiberg’96
V4 ] 21""[1"\-7! . (Qﬂ')-'ﬁ"' 'i{j CDSh2 (#J_) H'i 2 COSh Tﬁj Hanany-Witten 97’]

N = 4 vector multiplet + N =4 hyper multiplet (fundamental)
+ N =4 hyper multiplet (adjoint)

Coulomb branch
¢ Higgs branch

k=1 ABJM —> N = 4 theory

AdS/CFT A0S
SL(2,Z) trans.
N D3 I N D3

(1,1)5 NS5 NS5 D5



A remark on Seiberg-like duality

[Aharony-Bergman-Jafferis '08, Kapustin-Willett-Yaakov,
Willett-Yaakov, Awata-Hirano-Shigemori’12 ]

The ABJ partition function transforms properly under the Seiberg-like duality
between the different gauge groups:

UN)e x UN +M)_, and U(N + |k| — M) x U(N)_s

We can check this duality by using

p—

M){L)_ |fc| u( k).

_ k|—M— M-—1
1 2 y + 2mis 1 2 y + 2mis
] v T H tanh 2 5 " = 7 —— H tanh 2 5 :
€2 +(_1)Ik|—.-\f€—g T 2| k| ez + (=1)Me—3 i 2| k|
R — =5

—

) 5w =[2G



