Igor Klebanov

b o «
=

,;

CTS and Department of Physics

* Princeton University

~ Talk at 4" Sakharov Conference
= May 22, 2009



,a}’

—

‘&- —
SN IEIGEIGE i ERYAOGOING
veen Ak )

over the past year.

2 Trls s ’Iong standing problem: how to find the
WJrlf olume theory on coincident super-

rré branes in 11-dimensional M-theory. This is
S an:ler than the description of D-branes in string

= theory that is known explicitly at small string
'couplmg

~® But M-theory is inherently strongly coupled: one
can think of it as the strong coupling limit of a
10-dimensional superstring theory. What to do?



sIHE researchron AdS:/CFT, has -
Erneledinterestin the maximally, T —
SUPEIESYMMELKIC 4-d‘§'é‘t‘:|ge theory:

G NpIOVidediaiostefinfORMEtIoN
aEUEILS strongly coupled' limit. See

pisesanuary 2009 Physics Today

Srcle by 1.K., J.Maldacena.

= of 4- in that it may
- be exactly solvable.
~ o It has provided a

approximation to various
phenomena at strong coupling.




BNiTportant for understanding
=IE VICINity of certain phase

= -
-

~ transitions, such as the all-
Important water/vapor
transition.

® Here we are interested in a
3-d (Euclidean) QFT.




- J‘r ISh S|t|on IS In the 3-d Isin ﬂﬁei_;..
BhIVErsality CIas?‘- ""—-*w

OBHERcommonKtransitionsiarerdeseribed
Y J**‘ QFT with' O(N) symmetry.

SRSEd theories are also very important in
JA':' ribing 2-d quantum systems, such as
= {those in the Quantum Hall effect, high-Tc

— 3‘:,

-~ su percond uctors, etc.

-

“s Can we find a of 3-d
Conformal Field Theory ?



-_R‘fixed point can be studied using the
- Wilson-Fisher expansion in e=4-d.

® The model simplifies in the large N limit
since it possesses conserved currents
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\f],—\JE ellle ‘ c.‘ ' E.J.Hc T1OCE
WES r_ oposed IK, Polyakov (2002)

SAiSIthe Fradkin-Vasiliev gauge theory of
| .«; nfmlte Aumber of interacting massless
= Lgher spin gauge fields.

g‘f"f =

o There is no small AdS curvature limit. This
makes the theory difficult to study in the
dual AdS formulation. This is an
interesting problem for the future.
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o Th|s dual descrlptlon IS tractable and
makes many non-trivial predictions.



sSATgeneral prediction of'the AdS/CFT
auRtyAS thatithe number- ofide

IEEE0M 0N a Iarge number N of
("JJrJf"Jr""-\" ranes scales as IN=

€S 0

IL.K., A. :seytlln (1996)
SRR It much smaller than the N2 scaling

rc e' nithe 4-d SYM theory on N
C pincident D3-branes (as described by the

dual gravity). Gubser, L.K., Peet (1996)
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Mhfrarediimitorthe D2=brane
) the V=8 supersymmetric Yang-
Mnb eory In 2+1 dimensions, i.e. it

Ges! cribes the degrees of freedom at

= f-' _ergy much lower than (gyy)?

The Aumber of such degrees of freedom
~ N3/2 js much lower than the number of
UV degrees of freedom ~ N2

® [s there a more direct way to characterize
the Infrared Scale-Invariant Theory?
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ZLILJ-F\ ’HH:ILJ—FH F(xp),
ZTL_I;;___} -V )HLJ l._I;:t___jl H FTI,I_IE__IJ

o1
W = 4—1E‘_4_,i_:;(_'r;_‘__r tr 2 :if -’I -’if

® Using SO(4) gauge group notation,

, 1 .
T‘);* — d A wB~C =D

8- 4! eapope™ 212027 2,
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SPAfIErony, Bergman, Jafferis and Maldacena
gIGIIEA that the COrTECT desCription of a
r).JJ 20f M2-branes is slightly different. It
JJ‘]\ olves U(2) x U(2) gauge theory.

=" 3e SU(4) flavor symmetry is not manifest
=="b‘ecause of the choice of complex
~ combinations N

=

—

® The manifest flavor symmetr
SU(Z)XSU(Z) W = Leace? tr 22 Wp2oW,

4



NERRINIM2-branes ABIM theory eas|
generalizes to UN)x U(N). EOrY
WILECNEMESINMENS,COEICIENT K IS then
COIIJECTUrEd’to be dua to AdS, x S,/Z,
JJ,),)J by N units of flux.

SOT K> >2 this theory has N=6

= suf ersymmetry, iIn agreement with this
-,;écnjecture In particular, the theory has

g—

———

== manlfest SU(4) R-symmetry.
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LAyA }ET v ,_-1 ;[ v EL_J' _gyA }}_1' % E} =I yC Y, _I ]

erm ET tr [}; Y .{.#,-_,ET.#-_,E _Y A}"",I'i}-'-‘g'?r-'-‘Ef + Y A }.ETF‘ ,g_-Ff".‘ET _ J}; y E-i;._'.“ﬁ?f- hg

— PPy IpYp + eapop Y 9 PTYC "f""ﬂq '

YA, A=1,...4, are complex N x N matrices.

yA = {7t 72, Wit w2t
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J Fof .—1 or2 the gIob'T symmetry should

,-)nn“m(t-\ OrSO@ aceoradinartoTthe ABIM
conjje ture Iihisiis not seen in the classical

[z)e er} 1an put should appear in the quantum

'rn,-\c A/,

| e key to it are probably the “monopole’

.-l-‘—"'

/«eperators that create singular monopole field
~ configurations at a point. They create magnetic
flux in a diagonal U(1) subgroup and are
charged under the remaining gauge groups.

® For k=1 the singly-charged operator is [GHE

and the doubly-charged one
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SRENVI2=brane theory may be perturbed by
relév‘ Coperators that cause it to flow to
HEW! fixed points with reduced

‘_LJE ersymmetry Benna, IK, Klose, Smedback; IK, Klose,

. ~..-==- urugan Nalg

-f_,.p- -

=—==. For example, a quadratic superpotential
~ deformation, allowed for k=1, 2, may
preserve SU(3) flavor symmetry

AW cdva ¢ Anh ¢ —27\ab
J-&I‘ = m l:'- < ! .--:| nlji;f. |:-._ < 4 .:IE Fl I.._ e - / |. ,: -J




_ﬁ:.‘:;by Warner. Upon uplifting to 11-d
‘Corrado, Pilch and Warner found a warped
product of AdS, and of a stretched and
squashed’ /-sphere:

N P T P
ds?, = A~ds? + 332 L2 Azds2(p, \),




. . amh
dsg(p,x) = grydr'dr’ = de'Q I}e;‘i:r‘jr 1 (x L1 dx? ]“

may be expressed in terms of the 7 angles.
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fle éﬁuatlohs of motion are satisfied-with

arccosh 2

' ' - 2 3
= —_— :3 N die — wdz -1 N dz® N rf:}
""" Zi + 3w }

= T he mternal components break parity
(Englert). They preserve a flavor SU(3),
and a U(1) R-symmetry

1,

= ( 20 — 7 {"'..i]'_g_z._ ) + wd, — wdg
5!




stretching and

Osp(8|4) S — SU(3) x Osp(2]4)
squashing of S7

decompose N = 8 T assemble N = 2
supermultiplets | supermultiplets

SO(8) x SO(3,2) — =GBV qui(3) » U(1)p x SO(3.2)

. There are only two ways of breaking the
= SO(8) R-symmetry consistent with the

Osp(2|4) symmetry in the IR:

0,50, d) — {[ (s424a.  Scenariol,

a, b] Scenario 11

—(Z+2+ctd)s
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Scenario |

Scenario 11

Hyper
Vector

Gravitino

Graviton

[n 4 2,0] 222 ni2, 0 _n—i—Q]_nTJrz

n—+1, 1]

[
n+ 1, U]
0,

O], [0,

[1,n+ 1]_%

]_

[,Tl—l—].]_nT—l-l

[ﬂ—l—? 0] 234-4 [0 'n—l—Q]z +4

n+1,1]_ 2 [ln—l—]
7+ 1,0]_zn1, [_n—l—l]%
0,

0o, [0,

0lo

E W' -ﬂnd that Scenario I gives SU(3)xU(1),
Gliantlum numbers in agreement with the
roposed gauge theory, where they are

=

schematlcally given by

SU(3)

Dimension

R-charge
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Y(y") = ”,m L (H ‘.’“) (H :“) w'r
=t/ \i=t

{zF (=33 +p+aqg+i+n;3+p+ql—-—ww) ifn, >0
Y

oF (—j+n,,3+p+qg+753+p+q¢;1 —ww) ifn,. <0.
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MOGE the mass-sguared'is
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=e: The operator dimension is determined by

.—\f.A — fli_:.l =7 H-“L“

® For operators in the MGRAV and SGRAV
multiplets
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s Here aretthe low lyingioperators

T = D(oZ4Dp) 2" +i2,0 52"

it
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Operator

_%.[0,2]_&
Q,D]g,[[},ﬁ]_%
2,1, (1,2t

3,0[1,10,3]
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4
L0+ vIE)

5
(3 + VD)
& (9+/337)
3 (9+ v/313)
1
g

(9+v217)
4

3(3 4+ /65)
6
£(9+/553)
1(9 + /505)
1(9+/601)
5
(9 + \/109)
$(9 + V157)
L9+ /313)
3(3+V/33)

o ogegell S dgdselE B B e clgegal o ez e o

75
T,5' 24, Tps 2y
Tos Za, Tag 2°
T3 (292 T03 (24)°
7. (11022,
192,2,, 752,24
TCEE)EAE 4 ?;:,3”3'3.4 Z4
T52uZp), T,0 242
TS (2425 — L04292,)
'3;,33' (2 Ja234£4jz4 c.c.
D (29,79 (2,)°
‘3;1334(34) '33'3 (34}2
(1 23434)
‘r'i“ A2 T3 24 (z.-;)
7.7 (,z Zp— ;agzbzb) Z4 e
T z4zB 2, 72 25 2
?;igll Z(AzB) z4 ?;igll Z4Zp 2
79 (zi-‘izﬂiéc - %ag*zmzﬂzg) e
7242820 T2 252,




.. supersymmetry are |
U ed by many groups

o Ultimate Hope: to find a simple’ dual of a
3-d fixed point realized in Nature.



