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Abstract: | discuss our recent investigations into 2+1 dim Chern-Simons theories with gravity duals that have reduced supersymmetry. Mal
phenomena such as fractional statistics arise in 2+1 dim field theory that make this duality interesting and subtle. | focus on our work involv
example of such a duality with minimal supersymmetry and propose a field theoretic dual for a long known vacuum of gauged supergra\
AdS_4. | also argue that 2+1 dim duality might present a favorable landscape for constructing non-supersymmetric conformal fixed points &
but finite N.
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Strings in non-critical dimensions
jenerate an extra 'Liouville’
dimension
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arped extra di mension |

P =ag(z)(dz’ +dx"dx,)

\ _
warp factor ‘
\,

Strings in non-critical dimensions
jenerate an extra 'Liouville’

dimension
 Gauge theory in d dim
Conjecture:
[Folyakov 1996] Strings in d+1 warped dim | 'd" dim field..;
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=arlier ideas realized concretely
using branes and supersymmetry.

Anti de Sitter space
, S 2
ds* == (dz* +dx" dx )
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Lower dim.

boundary
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zarlier ideas realized concretely

using branes and supersymmetry.

Anti de Sfi'l"fe.'r- space
ds*=— (d:, +dv” d )

Compare to
Polyakov's form.

Only a(z) which has dilation symmetry:
Lower dim.

boundary X—AXx,z02A; — ds't—ds’
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a(z)=—+—+--

- -
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zarlier ideas realized concretely
using branes and supersymmetry.

Anti de Sitter space
, S 2
ds _Tz'(d: +dx" dx )
=
b

Compare to
Polyakov's form.

=
I
—

e

Only a(z) which has dilation symmetry:
Lower dim.

boundary X—AXx, 20 — ds'—ds’

’ confarmdm :
k- a —— e
2 - 1 ;
a (z)= e N Introduces length scale
it ~ Non-trivial RG flow
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Earlier ideas realized concretely

using branes and supersymmeftry. A d S D'4 X7
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internal space decides

Superstrings require 10 or details of dual field theory
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What is the 2+1 field theory dual?

symmetric
space
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gauge fields
Gauge group: U (N ) XU (N ) not dynamical.
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AdS X S Z Jafferis, Maldacena 2008 ]
| ¥ 4

gauge fields
Gauge group: U (N )XU(N) not dynamical.
Matter content: 7 . z. N N
w,W, N N
Only Chern-Simons term IrANdA

T+ AxF
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gauge fields
Gauge group: U (N )X U (N ) not dynamical.

Matter content: 7 : Z. N N Tr é/\* F
w,W, N N

Only Chern-Simons term Tr AndA

Superpotential: W = TI’(Zl Wl Zz Wz_ Zl W2Z2 Wl)
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: gauge fields
Gauge group: U (N )XU (N) not dynamical.
Matter content: 7 . N N

w,W, N N
Only Chern-Simons term Ir AndA

Superpotential: W = T)"(Zl Wl Zz WZ_Z1 WZZZ Wl)
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gauge fields
Gauge group: U (N )X U (N ) not dynamical.
Matter content: 7 Ay N N
w,W, N N
Only Chern-Simons term ITr AndA

T+ A+ F

Superpotential: W = Tf'(Zl Wl Z2 H/Z—AZ1 szz Wl)

P
*N=8 supersymmetry
*Only N = 6 manifest
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\ gauge fields
Gauge group: U (N ) XU (N ) not dynamical.
T N |
Matter content: 7 s N %« F
w.W, N N

Only Chern-Simons term Ir A NdA
Superpotential: W =T1F (‘Zl Wl Z2 Wz_ Zl szz Wl)

£ < = ™
*N=8 supersymmetry T (x ) :ef_x_ 4 (NXN,NXN)
*Only N = 6 manifest < -
Q0
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gauge fields
Gauge group: U/ ( N ) XU (N ) not dynamical.
: N |
Matter content ZL 2 N % F
w,W, N N
Only Chern-Simons term 17 AAndA

Superpotential: W = T}"(Zl Wl Z2 Wz_Zl W2Z2 Wl)

b . o
*N=8 supersymmeiry T ( X ) - e.[_x 4 (NXN,NXN)
*Only N = 6 manifest ;
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7
Spaces like AdS _1>< S were studied extensively in the 80s...

.. through an effective theory on AdS |
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7
Spaces like AdS 4>< S were studied extensively in the 80s...

Eﬁrﬂuged Supergravity (SUGRA)

k\

3
Come with varying
amounts of SUSY

. through an effective theory on AdS 4
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Spaces like Ad S X S were studied ex'l'enswely in the 80s...

Gauged Supergravity (SUGRA)J
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Come with varying

amounts of SUSY

.. through an effective theory on AdS
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. 7
Spaces like AdS 4 XS were studied extensively in the 80s...

Gauged Supergravity (SUGRA)J
\.\

Come with varying

The max SUSY theory has a potential | (¢ amounts of SUSY

. through an effective theory on AdsS |
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Spaces like AdS 4>< A were studied extensively in the 80s...

Gauged Supergravity (SUGRA)}

.\
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Come with varying

The max SUSY theory has a potential | (¢ - amounts of SUSY
iy, SR 70 scalars

.. through an effective theory on AdS |

—

S is the extremumat ¢ =0
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7
Spaces like AdS 4>< A were studied extensively in the 80s...

Gauged Supergravity (SUGRA)J

\

\
Come with varying

The max SUSY theory has a potential | () +—u amounts of SUSY
TS 70 scalars

. through an effective theory on AdS |

-

S’ isthe extremumat ¢ =0

.. but the potential has 5 other extrema (with some min. symmetry).
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CALAR, COSHOLOGICAL REMAINING REMAINING
[DOSCALAR CONSTANT, GROUP
SUPRSYMMETRY

MIXTURE A SYMMETRY

P -%dsg' SO(7)™ Neoe

s —2x5¥eg? So(7)*

-7.1918g%
- Tajeiges &
P —8gt SUf4) None
P -2y SU3) x U(1) s
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THE REMAINING SYMMETRY IS AT LEAST SU(3)
SCALAR, COSECLOGICAL REMAINING REMAINING
PSEUDOSCALAR CONSTANT, GROUP
SUPESYMNETEY
OR MXTURE A STHMETRY
P --i-.;—-uﬁg' =1 s o None
s —2xs¥ g so(7)* None
-7.1918g%
I G Nonos=
approx
P —8g* SU4a)~ None
8 -5 SU(3) x U(1) e
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2 y572
L,+m W3,

/

| conformal W




2 y372
Ly+m W,

conformal W \

/
‘Breaks conformality
Induces RG flow
‘Does not affect UV
(high energies)
*Changes IR physics
‘Breaks parity
b _4
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Needs monopole operator
for gauge invariance

2 2
Ly+m” W3

| conformal \[ \

%
‘Breaks conformality
‘Induces RG flow
‘Does not affect UV
(high energies)
*Changes IR physics
‘Breaks parity
- _
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W~Tr(Z W, Z,W,—Z,W,Z,W,) +mW>

Werite in terms of Zs using monopole opeartors for convenience..
2 2
W~TTr(Z,Z,Z,Z,—~Z,Z ,Z,Z)+mTZ"
- abce Integrating out massive field..
W 7 ~Te™Z Z,Z  Integrating

| W~T*(e*Z,Z,Z)
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W~Tr(ZW,ZW,—Z W,Z,W,) +mW,;

Werite in terms of Zs using monopole opeartors for convenience..
2 | 2
W--TT(Z.Z,Z,Z~Z,ZZ,Z) rmTZ
~ i Integrating out massive field..
W) 7 ~TZ Z,Z, Intereting

 W~T (€™ Z,Z,Z.)| | su®smmeric

irsa: 08120056 Page 46/107 i

AR R R i Lt RS St e, - gl Ry s | o Y



W~Tr(Z,W , ZW,—ZW,Z,W,) +mW,

Werite in terms of Zs using monopole opeartors for convenience..
2 2
W~TTr(Z2,Z,Z,Z,~Z,Z ,Z,Z)+mTZ>
. abce Integrating out massive field..
W) 7 T 7 7,7,  Integrting

[ I/I/Y"““’T'S(l?.ﬁrm:Z{IZEJ Zﬂ)zJ [ SU(3) symmetric 1}

-~

—

\

7 :
Sextic superpotential.. each Z
must have dimension 1/3

fesroif/ to be marginal.

Page 47/107 &
W "Illl
i




A background with two AdS
throats had been already
been worked out.
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A background with two AdS

throats had been already
been worked out.
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N = 8 sUsY
SO(8) symmetry
Dual to 'ABIJM' field

theory
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" N =2 suUsy
SU(3) x U(1) symmetry

Pirsa: 08120056 Page 50/107 |




KL51'r'1r*:1'-::hef:l and Squqshed ‘

N = 2 sUsY k e sphepg j
SU(3) x U(1) symmetry b g
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IR

i
ds* =— (dz" +dx" dx )
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“IR

. h(0)
& — — (dzz—t-tﬁ:”tbcp)

g

nction 'h' on internal space

-

‘ [ AdS metric is warped by
fu

AdS X, X'
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“IR i

-

“s

0)
ds* =—_—=(dz" +dx" dx )

" | AdS metric is warped by |
function 'h' on internal space

[ Internal flux C along

internal space - breaks parity

AdS X, X'
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IR h(0)

p

-
-

& — (dzz'—i;-dtpcbc”)

" | AdS metric is warped by |
function 'h' on internal space |

o

Internal flux C along |
internal space - breaks pariTyJ

Larger 'volume' than the ‘
round sphere(w/ fixed radius)

AdS X, X'
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N = 2 SUsY
SU(3) x U(1) symmetry
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W~Tr(Z W, Z,W,—Z W,Z,W,) +mW>

Werite in terms of Zs using monopole opeartors for convenience..
2 2
W~TTr(Z,Z,Z,Z,~Z,Z ,Z,Z)+mTZ"
o~ abc Integrating out massive field..
W 7 ~Te™Z Z,Z  Integrating

T
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W~Tr(ZW,ZW,—Z W,Z,W,) +mW,;

Werite in terms of Zs using monopole opeartors for convenience..
~2 2
W~TTr(Z,Z,2,Z,~Z,Z,Z,Z)+mTZ>
s abe Integrating out massive field..
W 7 ~Te™Z Z,Z  TIntegrating

W~T (€™ Z,Z,Z)| | s smmeric

—

=

Sextic superpotential.. each Z
must have dimension 1/3
ferW to be marginal.

e
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dz(;): > -y 2

- -
u ”

A background with two AdS
throats had been already
been worked out.
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.

A background with two AdS ) N = 8 SUsY

throats had been already SO(8) symmetry
been worked out. Dual to "ABJM' field
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~—— Stretched and Squashed
N = 2 SUSY 7-sphere |
SU(3) x U(1) symmetry h ’
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IR 1(0)

-

-
o

ds”™= (dz" +dx"dx )

" | AdS metric is warped by |
function 'h' on internal space

|
I
A

[ Internal flux C along |

internal space - breaks parity|

Larger 'volume' than the |
round sphere(w/ fixed radius) |

AdS X, X'
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IR Proposal : IR fixed point dual to CFT Uv
with sextic superpotential W

N=2susy N=8sUsy |
SU(3) x U(1) symmetry SO(8) symmetry J
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

SU(3)xU(1),cS0(8)
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IR

o=l
ds* == (dz" +dx" dx,)

¢
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IR

=5 |
ds* =— (dz" +dx" dx )

:
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IR

L one), .,
&= — - (dzz—i:-dx”dx")

-
A

" | AdS metric is warped by
function 'h' on internal space

s [ Internal flux C along
' i

internal space - breaks parity

AdS X, X'
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“TR h (9)

d'sz: (dz" +dx"dx )

function 'h' on internal space

4
F,
-

‘ [ AdS metric is warped by

ey

1

Internal flux C along
infernal space - breaks par'n'y

=

-H\'.

...ar'ger' ‘'volume' than the

AdS p X " X7 round sphere(w/ fixed r'adtus)\
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IR Proposal : IR fixed point dual to CFT Uv
with sextic superpotential W

N=2sUsy N = 8 sSUSY |
SU(3) x U(1) symmeitry SO(8) symmetry
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

SU(3)xU(1),cS0(8)
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

N = 8 sUsY J
SO(8) symmetry

N

Spin | SO(8) rep!
G | 8
0 | 35 |
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

N = 8 SUsY

SO(8) symmetry

Spin |SO(8) rep. RG flow

i 8 ?
0 35, | Break SO(8) to SU(3) %
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

N = 2 SUsY

[SU(3) x U(1) symmetry

|
Spin | SU(3) rep
.1 3+3+1+1
0 ..+ 3+3+1+1+..

N = 8 sUsY
[ SO(8) symmetry
Spin |SO(8) rep RG flow
-% 8
0 | 35 | Break S5O(8) to SU(3)
| | Spin
Choice of (T( | )RCS()( 8) —— :;

SU(3) x U(1) rep |
3(a) +3(-a)+1(c)+1(e)
3(b)+3(-b)+1(d)+1(f) |
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Gravity spectrum from explicit KK reduction is difficult...

...but basic group theory can take us a long way.

( N =8sUsy [ N = 2 SUSY
=

SO(8) symmetry U(3) x U(1) symmeiry,
Spin |SO(8) rep RG flow Spin | SU(3) rep
L 8 —— .5 3+3+1+1 |
0 | 35 | Break 5O(8)tosSu@@)| 0 |-+ 3+3+1+1+.

| Spin SU(3) x U(1) rep :
Choice of (T( ] ) C SU( R | gy 3 |3(a) +3(-a)+1(c)+1(e)
i | 0 |3(b)+3(-b)+1(d)+1(F)
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\{ﬂr-yd'ta’iceﬁf U(])ECSO(S) Spi

| pin SU(3) x U(1) rep
e | 3 |3(a) +3(-a)+1(c)+1(e)
to vary a,b,c, ,E,f 0 3(b)+3(-b)+1(d)+1(f)

SUSY : If Spin 7 and Spin O are to form a hypermultiplet, a -b=1
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Vary choice of U(l )RC&)(S) Spi

pin SU(3) x U(1) rep
A 't |3(a) +3(=a)+1(c)+1(e)
vy dal 0 |3(b)+3(-b)+1(d)+1(f)

SUSY : If Spin 7 and Spin O are to form a hypermultiplet, a -b=1
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Uarychﬁicel&f Lr(l)RCW(S) Spi

pin SU(3) x U(1) rep
. Sl e *>  |3(a) +3(-a)+1(c)+1(e)
SIS a 0 |3(b)+3(-b)+1(d)+1(f)
SUSY : If Spin 7 and Spin O are to form a hypermultiplet, a - b=1
? |0
| i bl
|
ol
I 3 :
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Vary choice of {/(1),CSO(8) | s

pin SU(3) x U(1) rep
o b [30) +3Ca)+1(c)+1(e)
ey et el 0 |3(b)+3(-b)+1(d)+1(f)

SUSY : If Spin 7 and Spin O are to form a hypermultiplet, a-b=1

" - Using SUSY and ‘
I { ____group theory
W | A e
1
o7
! 3 -
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Vary choice of LT( 1)RCSO(8)

tovary a,b,c,d, e, f

Spin SU(3) x U(1) rep
2 |3(a) +3(-a)+1(c)+1(e)
0 |3(b)+3(-b)+1(d)+1(f)

SUSY : If Spin 7 and Spin O are to form a hypermultiplet,a-b=1

Y

] - Using SUSY and
I 1 Lg"_cup theory
| A —d
|
s|" /*Find SU(3)xU(1) in SO(8) N
ot *Gather all particles into supermultiplets
] : *Find the structure of all multiplets
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Vary choice of L’T( | )RC SO ( 8) Spin SU(3) x U(1) rep
| Sk | 3 |3(a) +3(=a)+1(c)+1(e)
to vary a,p,cC, ,E,f 0 3(b)+3(-b]+1(d)+1(f)

SUSY : If Spin % and

W

? .

r.
|ﬂ- i * el

Pirsa: 08120056
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Spin O are to form a hypermultiplet, a - b=1
- Using SUSY and ‘
I

____group theory
*Find SU(3)xU(1) in SO(8) 9
*Gather all particles into supermultiplets

*Find the structure of all multiplets
(short and long)

*Find dimensions and charges of
short multiplets




Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal J [ Irrelevant l

3] LI 3]
LS A 11 cit g
At a fixed point B (2,)=0
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Three kinds of operators at a conformal fixed point

{ Relevant } L Marginal } { Irrelevant l

s ks v sl

At a fixed point 5(g0)=0

- dogpsider an arbitrary small correction... eg. 1/N correctigps,.



Three kinds of operators at a conformal fixed point

[ TR } L Marginal 1 [ Irrelevant l

el ¥ Sl

At a fixed point ﬁ (g())z 0

- degpsider an arbitrary small correction... eg. 1/N correctigns,.
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Three kinds of operators at a conformal fixed point

[ Relevant } L Marginal } [ Irrelevant ]

- i

At a fixed point ﬁ (g()): 0

- dogpsider an arbitrary small correction... eg. 1/N correctigps,.
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