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Abstract: <span>In thistalk we will discuss how giant gravitons and their open string interactions& nbsp;emerge from& nbsp;super Y ang-Mills
Theory. Thisis accomplished by diagonalizing& nbsp;the one loop dilatation operator on a

class of operators with bare dimension of & nbsp;order N. From the result of this diagonalization, the

Gauss Law governing the allowed open string excitations of giant gravitonsis clearly

visible. In addition, we show that this sector of the theory is integrable.</span>
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Goal of the talk

Problem: Compute the spectrum of anomalous dimensions, to one
loop, in a large N but non-planar limit of ' = 4 SYM.

|x = y|?8a

(Oa(x)O0g(y))

®
(Oa(x) has free field dimension of O(N). Non-planar ribbon graphs
contribute to the large N limit.

'he action of the dilatation operator reduces to a set of decoupled

oscillators.

['his limit in the gauge theory is dual to systems of excited giant

gravitons.
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Matrix Model Two Point Function

(Z'5(Z¢9) = 815 = (YY)
(YHZN ) =2y =0
Operators built using n Z fields and m Y fields. n.m ~ O(N);
m < n. Drop O(™).

@

m =0, n # 0 - 1-BPS sector: Gauge-invariant BPS operators
are traces and products of traces built using a single matrix.

n=1:"Tr(Z
n=2: ln(Z
4

)

n=73:"Tr(Z%);1

Pirsa: 13110084 Page 4/46



Pirsa: 13110084 Page 5/46




Planar Limit

Distinct multi-trace structures are orthogonal in the
large N limit.

/ \ .
\ Ol race structure | OI race structure ‘._’> X ")1 race structure |;trace structure 2

(Z(ZN)k1) = o]0y

i
Tr(Z7) Tr(Z1Y)
"VINT VNI

Te(Zh) Te(Z292) Te(ZV ), VhhDs .

{ \/JIN.JH \/JQNJE \/J.{N.Jz ) = N f‘jl tJ2iJ3

N
/

Orthogonality breaks down at J; ~ N3

(Balasubramanian, Berkooz, Naqvi, Strassler, hep-th/0107119)
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Planar Limit

Distinct multi-trace structures are orthogonal in the
large N limit.

/ \ .
\ Ol race structure | OI race structure ‘._’> X ")1 race structure |;trace structure 2

4 vk \ _ gigk
<\Zf(Z') NE_ ﬁffﬁj-

@

I (20) Te(ZT)

" VINT VINT
TH(ZH) T(2%) To(Z15), VI,
\ } = O +Jrd
VINE /N2 /1N N

Orthogonality breaks down at J; ~ N3

(Balasubramanian, Berkooz, Naqvi, Strassler, hep-th/0107119)
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Multitraces

Atn=2."ThZThZ = 7] Zf Tr(Z?) = Z,-D"‘Zf
Lower labels are permuted with respect to upper labels.

LrZ'lvz = foi(l)zr{?(E) = Tr(0Z7?) (1)(2)

Language for discussing the complete set of multitrace operators

'|.l'(fTZ : rr) _ Zfl ij'z( | o an
) a2

'w( frt(n)

Any multitrace operator composed from k fields corresponds to a
o € 5. Permutations in the same conjugacy class determine the

same operator.
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Schur Polynomials

an\R l](TZ ”)

oeS,

R specifies an irrep of S,,. \r(c) is the character of & in irrep R.

@

[ = é (Te(Z)? + 3Te(Z)Tr(Z%) + 2Te(Z%)]

- iz -z

Z)* - 3TH(2)Tx(Z2) + 2Tx(23))
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Schur Polynomials

Number of Schur polynomials agrees with finite V counting.

(XR(Z)xs(2)") = froRrs

@

Te(0Z°") =Y \r(0)xr(Z)

R

(Corley, Jevicki, Ramgoolam, hep-th/0111222)
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Key ldeas

{Z’}(Z ) /\ — h‘.r‘)k

SRZRZE ezl B (2R (N

In

= > Ti(ArBo 1)

€S,

"

@
Projection operators obey
[PA. rr} =0
PaPg = 0agPa

The Schur polynomials

\R(Z) x (PR)A 2"
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i1 13 NI INE
If n =13 and Aj i \151_ 3} then

A"l i i3 thbzi} _

f1j2/35h Th

_ ivi2iy . §i s 5{'3
If n =3 and Aj hh =0,0707 then

’l”’i 1 7J2 m
Al 25 Zi 702 70—

J1j23h iz

- Nl — ghgigis
If n =3 and A/ h =0,0207 then

f1 i lazilzh Zfi —

;’1)"‘}3 1
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Including Y: m # 0

How much of the é—BPS story can be generalized?

Tr(oZ Ny m) _ Zh )Z»’l‘" ... 7l an—l Y‘,',:.J,z Y},‘,n--}—n

la(2) @ la(n)  lo(n+1)  lo(n+2) la(m+n)
U

fn(].

Any multitrace operator built using n Zs and m Y's corresponds to

l

aoe S, . Permutations related by ~o~ 7> With

01,02 € Spem and v € 5, x S, determine the same operator
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Restricted Schur Polynomials

1
nlm!

\R‘(r_,_;),,‘;(z. Y) == Z ll‘l‘(r_s)u {(rﬁ)((‘r))'l‘l'(nz n Y m)

TEIn+m

R is an irrep of S,.,,. We can suybduce the S, x S, irrep (r. s)
from R. «. 3 keep track of which copy we subduce.

vooop) = 1r(Z2)Te(Y) + Te(ZY)
= Te(Z)TH(Y) - Te(ZY)

thm

(Berenstein, Balasubramanian, Feng, Huang, hep-th/0411205; Bhattacharyya, Collins, dMK, arXiv:0801,2061)
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]- 1 m n m
\R‘(f-ﬁlm*(z'y)_ Z [T )a s(lj("))lr(ﬁz Y )

nlm!
agesS

X
Consider the 3 of SO(3) 7 = {y] . Restrict SO(3) to
Z

[ cos f) sin &,

0
—sinf)  cosl 0| € SO(2)
0 0 1

we find that the 3 of SO(3) decomposes 3 — 2 ¢ 1 of SO(2)

X 0
— |yl @ |0
0 z
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]. 1 (3 nl n
\R.(r.s)n:i(Z.Y) = ”!”)! Z |!'[,_‘_|,, ,‘“I{r!))ll‘(ﬂ'z

TESn4m

The 3 of SO(3) decomposes 3 — 2 ¢ 1 of SO(2)

X 0
-~ |y| @& |0
7| O

O

Z
Myex Myy My

Tro [ My« My Myz | = Myx + My,
M 2 Mgy My

My Myy My
Try | myx myy Myz| = My,
Moy myy M,

Y m )

Page 18/46



Pirsa: 13110084

Restricted Schur Polynomials

1

\R (rs)ap(Z. ¥) = n'm!

Z '|'|-(,_._,-),. {(FR(”))'I’['(WZ Ny m)

TEIn+m

R is an irrep of S,.,,. We can suybduce the S, x S, irrep (r.s)
from R. «. 3 keep track of which copy we subduce.

ooy = Ir(Z2)Te(Y) + 1r(ZY)
= Te(Z)Tx(Y) = Tr(ZY)

\ Xals)

(Berenstein, Balasubramanian, Feng, Huang, hep-th/0411205; Bhattacharyya, Collins, dMK, arXiv:0801,2061)
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Restricted Schur Polynomials

Number of restricted Schur polynomials agrees with finite N/
counting.

(X R.(r.s);uf(z' Y)\S‘(T.H)n i(Z Y)r ) = N( R.r. S)’SRS{SFFrS.S!I(S/:r\(Su 3

@

Tr(cZ®"Y®™M) = Z Tr(r.5)30 (TR (0)X R (15180 (Z. V)
R

(Collins, arXiv:0810.4217; Bhattacharyya, Collins, dMK, arXiv:0801,2061; Bhattacharyya, dMK, Stephanou,

arXiv:0805.3025)

There are other ways to organize multi-matrix operators. (Ramgoolam,

Kimura, arXiv:0700.2158; Brown, Heslop, Ramgoolam arXiv:0711.0176, arXiv:0806.1011.)
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Dilatation Operator

D = —gyyTr ([Z Y] [da.{z ddYD

(Beisert, Kristjansen, Staudacher, hep-th/0303060)

D\R(r.s)n‘i = Z MF.’.(r.s)u.f;T.(r.u)j,n\ T.(t,u)d

lr.(rif)klr I.V‘\:,

)
MR.{r.».}n,-i, r.(t.ansy = —8ym Z NF\’.R’J'.».. I.t.u
Rl

T Re 7 ([r*"u. m+1). PH,(,,_N),,,,] - [r’ (1. m+1), P,,‘(,,,,),\-.,] /,,H,) |

.I'l'{r.s]u f(:i") — .I‘]'R(PR.(r.s)u 1“'::)

(De Comarmond, dMK, Jefferies, arXiv:1012.3884)
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m = 3 sector: Dy .(bo.by)

xAlbo, b1) = X717 (Z,Y) xg(bo, b1) = xr1

(Z,Y) xp(bo, by)

@

xrF(bo, by)
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One term

"-”)f\'[hll-j"ll \ (N by I"l 1) (N "’h) “f.‘”’l:- T ]‘!’1

)

2 b1 4 (by + 2)(b 1) y . 2
: - : V20, (by + 1, by — - : Op(bo, by)
(by + 1) by

-2 (F + 3)(3b 2 (by + 3) ¢
o = J Op(bg, by) + 84/ ‘ 2 OF (by 1, by
by(by + 2)(by + 1) V(b +2)(by + 1) (by ‘

(by +4)(by +1) 2

bo b 2) (N bo + 1) -
[ i\ (by + 2) (b1 + 3) (by

4 [(by +8)(by +1) (by +5) b
| i Og(by
3\ (by + 3) (by +2) (by 98) (by + 2)
1 ”1‘

1 (b1 4

+ 4 b
C “—\”’t' by)| + (N bo by

+2 (by +3) (b +2)
12 2V 2 T + 2L 4)(by 4
]()f.‘“‘u-f‘i] i I ! >
|)[er1 2)“

4 (by 4 +)u,f F 5b% + 8by
f
3 [b] b ]Hl‘[n'rl - 2)4 “'I

3 f']
- (J; ( by
1 (b 2)

3 (b +4) b
1l (b 2)2 (by + 1)
4 (by + 4) by? 8 \/(by + 1) (b + 3)by (by + 4) w
y

F1) | - - Og(bo, by ) + , , Op(bo
3 (by + 3) (by +2) o (by + 3)2 (by + 2)° '

Op (b 1, by + 2)

2(by + 4) b 2 2 b1 + 1) (by + 3)b b + 4
V2 (b L O (bo. by ) 4 v 2y/ (b ) (b1 )by (b )

1 > > ‘}{ ”l\\
(by + 2)* 3 (by + 3)° (by + 2)°
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Results

m = 2; 4 operators mix; w = 0 (x3) w = 8g¢y, (x1)

m = 3; 6 operators mix; w = 0 (x4) w = 8gyy, (x2)

m = 4; 9 operators mix; w = 0 (x5) w = 8g¥y, (%3)

o
m = 5; 12 operators mix; w =0 (x6) w = 833/1\4 (x<4)
w = 16g¢y (<2)

m = 6; 16 operators mix; w =0 (x7) w = 83%;\4 (x5)
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The Displaced Corners Approximation

b0

Figure: Example of a thtee row Young diagram.

In the displaced corners approximation we assume that bg. by. b
are all of order N.

This limit simplifies the action of the symmetric group which is

I’espOﬂSIb|e fOr a new U(p) Symlﬂetry. (dMK, Dessein, Giataganas, Mathwin,

arXiv:1108.2761)
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A New Symmetry

H}HIHII
T

o

H } H [ [#[*[#]

m=(3.1.2)

New symmetry leads to a further conservation law - the dilatation
operator does not mix operators with different m.
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D in the Displaced Corners Approximation: Factorization

2 (if)
DXR (rs)uipe = —8¥Mm Z ZM*ww.'im'\f'.‘AU\H.(r.u)w“»,

Ui i )r

A

(if)

Aji acts only on the Young diagrams R.r and Ms ;i1 1i0: i1, ACES
only on the labels s/iq 5.

(dMK, Dessein, Giataganas, Mathwin, arXiv:1108.2761)
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Action of A1

Avax(bo, by, by) = (2N + 2by + 2by + ba)\(bo, by, b2)
V(N + by + b)) (N + bo + by + b2)(x(bo, by — 1, by + 2) + \(bo, by + 1,

b0

Figure: Example of labeling for a three row Young diagram.
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Aj; eigenproblem

Ajj is an element of the u(p) Lie algebra.

Basis for fundamental rep of u(p) Lie algebra: p x p matrices
(Eki)ab = dakOpi.

Extract an su(2) subalgebra. @

Ei — E;
Qr‘j: 5 H- Q,J :Efj- QU :Eji-

Q@ 1=0f.  [@.Q7]=-Q7. [&f.QF] =20
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Aj; eigenproblem

A completely standard raising/lowering operator discussion gives

Qi [AN) = cy|A 4

Aiax(bo, by, ba) = (2N + 2bg + 2by + ba)x(bo, b1, b2)
\./f(N - bo 4+ b1)(N + bo + by + b2)(x(bo. by — 1, bo+2) 4+ x(bo. by + 1, by
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Aj; eigenproblem

Al;}\(b().b[.b'g) f— (2N } 2[)() T 2!)1 t bf_})\“)[).bybj)
-~/ (N + by + b1)(N + by + by + b2)(x(bo, by = 1. by +2) + x(bo, b1+ 1, by = 2))

QjINA) = ez A+ LA o= VRFAF AN,

e =vVAEN)A=N+1).

1

c_ = /(N + by + by)(N + by + by + by + 1).
cr = /(N + by + by + 1)(N + by + by + bo)

/\:2N+rf+r,-.
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Aj eigenproblem at large N

(dMK, Kemp, Smith, arXiv:1111,1058)
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D in the Displaced Corners Approximation: Factorization

2 (/)
D\H-(I’-“);’W,' = —8ym Z ZM‘W1;1_'31“'\%_'Af}'\H,(r.u)wum

U1 [ )r

Ay

(if)

Aji acts only on the Young diagrams R.r and Ms ;i1 1i0: i1, ACES
only on the labels sy /5.

(dMK, Dessein, Giataganas, Mathwin, arXiv:1108.2761)
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Y Eigenproblem: ML(,;{ l}/; UV

Example: (from Young diagrams with 4 rows and 8 boxes removed;
m=(3,2,2,1))

Figure: Example of a pictorial labeling.

DO(bo. by. by. b3) = —gp (412 + 2A13) O(by. by. by. b3)

(dMK, Dessein, Gilataganas, Mathwin, arXiv:1108.2761)
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D in the Displaced Corners Approximation: Factorization

2 ()
DXR (r.s)uipe = —8¥m Z ZM‘wHJ.'ZW'H'.'AU\H.(r.u)aw»,
Ui 1o i )r

Ay

(if)

Aji acts only on the Young diagrams R.r and Msi1 1i0; i, ACES
only on the labels sjiq 5.

(dMK, Dessein, Giataganas, Mathwin, arXiv:1108.2761)
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Enumerate graphs with double coset

Figure: The graph determines an element of H \ Sy, +m,+m,/H where
H = Spm, % Sm, X Smy. 0 = (1)(24)(356)(7)

Cardinality of the double coset

- H_L|3_ Zrll.rl:ﬁ' H Zar- Sn d((izﬂ"_l“[(‘r) — Zh‘ H?(MfH)‘-.

(dMK, Ramgoolam, arXiv:1204.2153) based on earlier work dMK, Ramgoolam arXiv:1110.4858
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Open Spring Theory

n;

A= A[) + gf/M Z niw; = A() + A Z NM.‘,‘
i i

Continuous spectrum at large N!

(dMK, Kemp, Smith, arXiv:1111.1058)

Pirsa: 13110084 Page 42/46



Gauss Law

Figure: The Gauss Law forbids a net charge on the giant's worldvolume

Q= d*xp = / d*xV -
JWV J WV

(Berenstein, Balasubramanian, Feng, Huang, hep-th/0411205)
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Gauss Law

Figure: Forbidden and allowed configurations
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Gauss Law

Figure: Forbidden and allowed configurations
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Summary

Families of operators with a definite scaling dimension are labelled
by a permutation - visible connection to giant gravitons with open
strings attached.

The action of the dilatation operator on each family reduces to a
set of decoupled harmonic oscillators.

Oji(0) = Z Z v/ ds Z (0981 Biv o 7 (1) XR,(rs)uw (£, Y)
i :

Sy b1

1 ™ ¢ 3 n m
S S Tras(TR(0) T (0277 2 YOm)

P 2n4m

\H.(."’.h).‘l.f(Zv Y) m—

Rm+4+n rbn stm oe H\Sy/H

The action of the dilatation operator is tightly constrained by
symmetry.
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