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Abstract: | discuss our recent investigations into 2+1 dim Chern-Simons theories with gravity duals that have reduced supersymmetry. Many new
phenomena such as fractiona statistics arise in 2+1 dim field theory that make this duality interesting and subtle. | focus on our work involving an
example of such a duality with minimal supersymmetry and propose a field theoretic dual for a long known vacuum of gauged supergravity on
AdS 4. | dso argue that 2+1 dim duality might present a favorable landscape for constructing non-supersymmetric conformal fixed points at large
but finite N.
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Strings in non-critical dimensions
jenerate an extra 'Liouville’
dimension
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Strings in non-critical dimensions

B \%&

jenerate an extra 'Liouville’

dimension

 Gauge theory in d dim <
Conjecture:
[Polyakov 1996] Strings in d+1 warped dim
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Zarlier ideas realized concretely

using branes and supersymmetry.

Anti de Sitter space
z 1 2
ds* == (dz* +dx" dx )

-

Lower dim.

boundary
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z 1 2
ds* == (dz* +dv" dx )

5 1 Compare to
a(z) — 2  Polyakov's form.

Lower dim.

boundary

irsa: 08120056 Page 15/107_4



Zarlier ideas realized concretely

using branes and supersymmetry.

Anti de Sitter space
y B 2
ds* == (dz* +dx" dx )

]

',—P

o Compare to
- (.,)—j

Polyakov's form.

Only a(z) which has dilation symmetry:

Lower dim.

boundary X—AX,z02Az; — dst—ds’
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Zarlier ideas realized concretely

using branes and supersymmetry.

Anti de Sitter space
x> 1 2
ds* = (dz* +dx" dx )

',—-‘
2 1 Compare to
a(z ):j Polyakov's form.

Only a(z) which has dilation symmetry:

Lower dim.
X—2AX.22Az2 —> dst > ds”

‘rconfarmal]—xb
E 1 ﬂl

a(z)=—+ —

boundary
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Zarlier ideas realized concretely

using branes and supersymmetry.

Anti de Sitter space
z 1 2
ds* == (d=* +dx" dx )

]

',—'

ie-w -1 Compare to
o

Polyakov's form.

Only a(z) which has dilation symmetry:

Lower dim.

boundary X—AX,z20A; — ds'—ds’

rcanfarrnalk’
- >, 1 ﬂ

2 e 1 i 1
a(z) 5 i Introduces length scale
< < Non-trivial RG flow

-
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Earlier ideas realized concretely

using branes and supersymmetry. A d S4 )4 X7

Z

internal space decides

Superstrings require 10 or details of dual field theory

11 dimensions (M theory) f/:f(—}auge syrnrne:‘l’r;\".

* Global symmetry
* Supersymmetry

i \_ * Matter contentreseions
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Earlier ideas realized concretely

using branes and supersymmetry. A d S % X7
4

Z

internal space decides

Superstrings require 10 or details of dual field theory

11 dimensions (M theory) ’/:fequge Symmg‘l'r'y\ﬁ

* Global symmetry
* Supersymmetry

S * Matter contentresms
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Most (super)
symmetric
space

What is the 2+1 field theory dual?
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gauge fields
Gauge group: U (N )X U (N ) not dynamical.
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gauge fields
Gauge group: U (N )X U (N ) not dynamical.

Trf/\*F
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AdS4X S7 § ‘- — £i8.3/s]

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

. N
Matter content: Zl,Zz N Tré/\*F
w,W, N N
Only Chern-Simons term Ir ANdA
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AdS_lXS ____ il S

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

) N
Matter content: 7 : ¥ - N Tré/\*F
w,W, N N
Only Chern-Simons term ITr ANdA

Superpotential: W = Tr(Zl Wl Z2 Wz_ Zl szz Wl)
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A dS4X S7 "—~ — 2008]

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

Matter content: ZI 2. N N Tré/\*F
vy, N N

Only Chern-Simons term Ir ANdA
Superpotential: W = Tr(Zl Wl Z2 H/YZ—Z1 W222 Wl)

£
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AdS4X S7 -- —_

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

Matter content: Zl z. N N Tré/\*F
w., W, N N
Only Chern-Simons term Ir ANdA
Superpotential: W=Tr(Zl Wl Z2 I’]/Z—Z1 szz W1)
© X N

*N=8 supersymmetry
*Only N = 6 manifest

F.
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| gauge fields
Gauge group: U(N)X U (N) not dynamical.
. N
Matter content: 7 o N Tr é/\* F
w.,W, N N

Only Chern-Simons term Ir ANdA

Superpotential: W:TI‘(Zl Wl Zz H/YZ—AZ1 W222 W1)
y

=
L

“N=8 supersymmetry | 7 (x):ef 4 (NXN,NXN)
*Only N = 6 manifest

N

.
X Q0
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| gauge fields
Gauge group: U (N )X U (N ) not dynamical.
. N
Matter content: 7 - N Tr é/\* F
w., W, N N

Only Chern-Simons term Ir ANdA

Superpotential: W=Tr(Zl Wl Zz H/YZ—Z'1 szz Wl)

7 : :
{'N=3 ——— T(x)=ed-t (FXF.NxNV)

*Only N = 6 manifest

"

S
X Q0

Page 30/107 //




7
Spaces like AdS —LX N were studied extensively in the 80s...

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

[Gauged Supergravity (SUGRA)

=

Come with varying
amounts of SUSY

. through an effective theory on AdS ,
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Gauged Supergravity (SUGRA)J
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7
Spaces like AdS 4 XS were studied extensively in the 80s...

Gauged Supergravity (SUGRA)}

‘\

\
Come with varying

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

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

Gauged Supergravity (SUGRA)}
Come with varying

The max SUSY theory has a potential | (¢ ‘X‘:‘m“”“ﬁ of SUSY

E 70 scalars
S is the extremumat ¢ =0

.. through an effective theory on AdsS |
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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 | (¢ *Xﬂmc’u"*s of SUSY

- 70 scalars
S is the extremumat ¢ =0

. through an effective theory on AdsS |

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

MIXTURE A SYMMETREY

= ‘%“EI’ ST None

4 —2xs¥ gt so(7)* Nene

-7.1918g%
approx.
P -8g° SU{4)~ None
“ 284 SU(3) x U(1) i
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THE REMAINING SYMMETKY IS AT LEAST SU(3)
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L,+m W3

conformal

~

e
/

‘Breaks conformality
‘Induces RG flow

‘Does not affect UV
(high energies)
*Changes IR physics
‘Breaks parity
- o
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Needs monopole operator
for gauge invariance

2 2
L,+m W3

/

conformadl

"

‘Breaks conformality
‘Induces RG flow

‘Does not affect UV
(high energies)
*Changes IR physics
‘Breaks parity
- _
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W~Tr(Z,W,ZW,—Z,W,Z,W,) +mW,

Werite in terms of Zs using monopole opeartors for convenience..
2 Z
W~T*Tr(Z,Z,Z,Z,~Z,Z,Z,Z)+mT Z*
- abc Integrating out massive field..
W) 7 77 7,7  Integrating

 W~T(e*Z,Z,Z)
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W~Tr(ZW,Z,W,—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>
- abc Integrating out massive field..
W 7 ~Te™Z Z,Z  Integrating

CW~Te™Z,Z,Z.)| 5 smmeric
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W~Tr(ZW,Z,W,—Z W,Z,W,) +mW

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

[ W~T3(Eﬂbc Zﬂ Zb Zc)zJ [ SU(3) symmetric |

.

— —

;
Sextic superpotential.. each Z
must have dimension 1/3

fet~W to be marginal.

-,
P — T - rr—— 1T
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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 SUsSY |
SO(8) symmetry

Dual to 'ABJM' field
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"~ N =2 susy
SU(3) x U(1) symmetry
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_ _Stretched and Squashed |

N = 2 sUsY 7-sphere |
SU@3) x U(1) symmetry
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IR

1
ds* =— (d=* +dx" dx,)

¢
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IR

h(0)

ds —

(dz" +dx"dx )

-

g

nction 'h' on internal space

.

' [ AdS metric is warped by |
fu

AdS X, X'
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IR

1(0)

=

(dz" +dx" dx )

-

o

e

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

B

Internal flux C along
internal space - breaks pari'l'y_fr

AdS X, X'
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h

-

F;

Ay

IR

0)
&~ — - (d;z-{—dtpdtp)

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

.

[ Internal flux C along

internal space - breaks parity

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

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

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

 W~T(€"Z,Z,Z,)] |0 ammeine
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W~Tr(ZW , ZW,—ZW,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’
- abc Integrating out massive field..
W 7 ~Te™Z Z,Z  Integrating

[ W~T3(EﬂbCZaZb Zc)zJ [ SU(3) symemetvic |

3

— —

>
Sextic superpotential.. each Z

must have dimension 1/3
fesoif/ to be marginal.

R — T - r—— T T

Page 58/107 &k




> 1
a (:):j

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 'ABJM' field |
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_ Stretched and Squashed \
N = 2 SUSY | L 7_5phg|~g E
SU(3) x U(1) symmetry| d
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IR

ds’ = (d— +dx" dx )

¢H|,_.
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h

-

o

IR

0)
& — 3 (d;z—!-dr"drp)

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

.

[ Internal flux C along

internal space - breaks parity

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

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

N = 2 sUsY Hi N = 8 sUSY
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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IR

1
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IR

1
tﬁzzj(dzz +dr"¢h:p)

:
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IR

h(0)

s —

(dz" +dx" dx )

_2

aw

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

x"".
Internal flux C along |
internal space - breaks parity

AdS %<, X'
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h

—

A

IR

0)
ds’ = : (dzz—l—dt"itp)

‘ AdS metric is warped by \
function 'h' on internal space

.

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 = 8 SUsY
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 SUsSY
SO(8) symmetry
Spin |SO(8) rep
.1 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 250(8) rep RG flow
i | H ?
2 | L — 4
‘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 = 8 sUsY } [ N = 2 SUSY '
s

SO(8) symmetry U(3) x U(1) symmetry
Spin E5{3'(8) rep RG flow Spin | SU(3) rep
-3 8 _— 3 | 3+3+1+1 |
0 35, | Break SO(8) to SU(3) Lo+ 34341414

Spin SUB) xU1) rep
: | .

Choice of (T( | ) C SO ( 8) ) :  (3(a) "‘i('_ﬁ)."‘l(‘:)"‘l(e)i
/R v 0 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 = 8 sSUsY } L N = 2 SUSY
s

SO(8) symmetry U(3) x U(1) symmetry
Spin ;50(8) rep RG flow Spin SU(3) rep

s 8 E———— . 3 3+3+1+1

0 | 35 | Break SO(8)to SU(3)| O |- + 3+3+1+1+..

| Spin SU(3) x U(1) rep |
Choice of [ (] ) CNOIS | ey *2  |3(a) +3(=a)+1(c)+1(e)
i % 0 |3(b)+3(-b)+1(d)+1(F)
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Vary choice of [/(]) CSO(8) = spi

pin SU(3) x U(1) rep
S *3  |3(a) +3(ca)+1(c)+1(e)
to VGFY aD,.cC, ,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

Y,
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Vary choice of [/(]), CSO(8) = spi

pin SU(3) x U(1) rep
g *3  |3(a) +3(ca)+1(c)+1(e)
to var'y a,pD,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 chaice of [/(]), CSO(8) | sp

pin SU(3) x U(1) rep
5 bl et 2 [3(a) +3(-a)+1(c)+1(e)
S R 0 |3(b)+3(-b)+1(d)+1(f)
SUSY : If Spin 7 and Spin O are to form a hypermultiplet,a - b=1
I
¢ o L
|
Y
I 3 :
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Vary choice of U(])RCSO(S) Spi

pin SU(3) x U(1) rep
e *3  |3(a) +3(ca)+1(c)+1(e)
to Vﬂl"Y a,pD,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

. - Using SUSY and ‘
I { ____group theory
R S é
Wl A e
1
6|7
! 3 :
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Vary choice of Cr( | )RCSO(S) Spin SU(3) x UQ1) rep

lllll

1 |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

I_;;"

F
.
r
r

irsa: 08120056
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- Using SUSY and
I 1 Lg_oup theory

*Find SU(3)xU(1) in SO(8) N

*Gather all particles into supermultiplets
*Find the structure of all multiplets
(s hor-l- and Ion,g) Page 80/107
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Vary choice of LT( | )RCSO(S) Spin SU(3) x U(1) rep
s | 3 |3(a) +3(=a)+1(c)+1(e)
to vary a,o,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

, - Using SUSY and ‘
ll L_gn;up theory

R e y ~

re A 7 J*Find SU(3)xU(1) in SO(8) A\
1 *Gather all particles into supermultiplets
1M *Find the structure of all multiplets
(short and long)

] 2 *Find dimensions and charges of

prsa: 0912005 short multiplets
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Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant J

ol gl ;

At a fixed point B(g0)=0



Three kinds of operators at a conformal fixed point

[ Relevant J [ Marginal } [ Irrelevant

.

sy v sl )

At a fixed point 5(g0)=0

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

[ Relevant } [ Marginal } [ Irrelevant J

i il ¥ b

At a fixed point B(gO)ZO

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

[ Relevant } [ Marginal } [ Irrelevant

APty iy

At a fixed point B(gO)ZO

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



Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant

2

B B

4 — -

At a fixed point ﬁ(gO)ZO

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

[ Relevant } [ Marginal } { Irrelevant

At a fixed point 5(g0)=0

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

[ Relevant } [ Marginal } [ Irrelevant J

p P
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Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant J

\/

5 4 5

Marginal operators could destroy conformal fixed points.

B B B
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Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } { Irrelevant J

SMNETE N

Marginal operators could destroy conformal fixed points.

Iélli'hsv_f‘)()(:3 LTI‘F/\*F Gauge coupling is

L=

oo NON-SUSY g’ always marginal

R v T T = L i 0 'y VU e B L



AdS XX () =L o s

No generically present marginal operator.
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AdS XX () =L o s

No generically present marginal operator.

A




AdS XX () =L o s

No generically present marginal operator.

A Safe ‘

-y

3 [ Bad but ruled out
xplicit calculation.
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AdS4>< X7 ( n) , ‘Any non-SUSY farnily,";

No generically present marginal operator.

A Safe

3 *[ Bad but ruled out
xpli;if/cgjculgﬁon.

n Primary candidate is formed
from scalars of gauge multiplet.
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AdS XX () =T o s

No generically present marginal operator.

A Safe

3 T Bad but ruled out
xpligif/cgjgulmian.

n Primary candidate is formed

( from scalars of gauge multiplet.

Also investigated tunneling instability into a 'bubble of nothing'.
Gemcally present for non-SUSY spaces but isolated exceptionssizo
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Three kinds of operators at a conformal fixed point

.-

[ Relevant } [ Marginal } [ Irrelevant
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Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant J
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At a fixed point 3(g0)=0



Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant

A TRORE i

At a fixed point B(g0)=0

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

[ Relevant } [ Marginal } [ Irrelevant

V.

sl v ke

At a fixed point ﬁ(gO)ZO

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

[ Relevant J [ Marginal } { Irrelevant |

o

ey i

At a fixed point B(gO)ZO

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

[ Relevant } [ Marginal } ( Irrelevant

B B

- — -

At a fixed point B(gO)ZO

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

[ Relevant } [ Marginal } [ Irrelevant J

At a fixed point 3(g0)=0

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

[ Relevant } [ Marginal } { Irrelevant J

p P
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Three kinds of operators at a conformal fixed point

[ Relevant } [ Marginal } [ Irrelevant J

(1R N [

Marginal operators could destroy conformal fixed points.

AdSEXXS LTI‘F/\*F Gauge coupling is

L=

oo NON-SUSY g’ always marginal
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AdS4>< X7(n) , ‘Any non-SUSY farnily.“E

No generically present marginal operator.
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AdS4>< X7(n) , IAny nor:SUSY familyf:

No generically present marginal operator.

A Safe

3 *[ Bad but ruled out
xpli;if/cgjgulgﬁon.

n Primary candidate is formed
from scalars o e multiplet.

Also investigated tunneling instability into a 'bubble of nothing'.
Gewmcally present for non-SUSY spaces but isolated exceptiomss:zo

Qe R i L T i B i (L e A B R e — o .-'h‘l._l“




Pirsa:

Hidden SUSY and monopole operators
Other interesting vacua of SUGRA

Rich “landscape” of AdS_4 compactifications..

stable non-SUSY backgrounds?
Transport coefficients from field theory
Other condensed matter applications..?
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