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© [n type 1B etring theory giant gravitong are D3-branes wrapping a 3-gphere in AdSs x S°

e o [McGreevy et.al. OO]
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© Some propertieg:

© They are clagsically stabilized through coupling to an RR 5-form flux in the supergravity

[Gri t.al. 00]
background risaru et.a

© admit a microgeopic description ag a large number of coincident gravitong that couple to

the background RR €, 1.1 potential and polarize into a macroscopic Dp-brane. [Myers 99,
Lozano et.al. 02]

© They come in two formg, depending on which 3-gphere the D3-brane wraps.
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Giant Gravitong in Gauge Theory
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© [n the dual &' =4 SYM, giant gravitong are identified with Schur polynomial operators: : Jevifki' 1
amgoolam’

Yr(Z) = o Z XR(")Ziim ool
ocES,

© Some properties:

© The Schur label R ig a Young diagram with n boxes.

[Balagubramanian et al

© [n the completely antisymmetric repregentation x r(Z) collapses to a eubdeterminant operator. -

© Schurg eatiefy a nice product rule that follows from the Schur-Weyl duality

xr(Z)xs(Z) =)  frsaoxr(Z)
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Emergent topology
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How ig the topology of the brane encoded

in the Schur operatorg?
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Emergent topology

© The gpherical D3-brane giant graviton mugt eatiefy Gauss’ Law: every source mugt match with

[Balasubramanian et al

a corregponding gink:
'02]
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[de Mello Koch et al

© (iantg with etrings attached are dual to restricted Sehur operators: T

Z Trg, (Tr(0)) Tr (UZ@nk (I/V(l))?%_kle (W(k))z'n )
io(n)

ia(n—k—l—l)

(n)2t S
XRRy = (n —k)!

oc€eS,

- The number of operatorg that can be constructed for a given representation matcheg precisely the number

of allowed stateg in the string theory.
s Nishioka- ’09
- How do we gee non-trivial topology? [ ::::::f;ﬂi”;&”,gg]
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Giante & Holomorphic Surfaces
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© A holomophic function f : C* — C defineg a supereymmetric D3-branein R x S° € AdSs x S°

ag g eurface [Mikhailov’00]
a4

N
f(e—it217 e_it227 e_itZ?)) — 07 Z |ZZ‘2 =1
! J

.

© The amount of SUSY pregerved depends on the number of arguments:

1 1 1

© Example (1,0,0): The ugual ephere giant corregpondg to the linear polynomial f(Z:) = Z; — a =0

- The gpatial part of the brane worldvolume > ig parameterized by Z2 and Z3 with
| Zo|° +1Z5)° =1~ @’

- The brane rigidly rotates in the Z1-plane.

- Yie an S with radiue /1 — o2 20 that the maximal giant corresponde fo o = 0

- A holomorphic function with multiple zerog leads to multiple concentric giants - cage (m,0,0)
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/4-B08 giante (i): meromorphic functiong

Ege=—a = ————— e = ——

© Now let’e add to £(Z;) come meromorphic function of Z5 and gee if we can read off the topology.

€ [Abbott,JM,Prinsloo &
o : 5% Bt e ’ ’
Examp[e “al:O) f(217 Z2) =L QU 7 Rughoonauth’(4]

- The gpatial part of the D3 worldvolume is parameterized by @3 and gome portion of the Zo-plane

D{Zg

- The topology of the 3-manifold >= can be read off from D

w7

2
€
a 222} =

- When € = 0 the bage gpace ig a dige and the giant is a round 3-gphere.

Dalkee Gl Gl hone O ticticiigms

- For g gimple pole:
A D o hoate s et
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/4-B0S giants (iii): higher order and multiple poleg

(Z2)N

© (1,1,0) with higher order poles: (21, %2) = Z1 — o +

- The geometry exhibite and additional an N-fold eymmetry under Z2 — Ehariib

@ E
4

- For example, when N=5: G S
N @

Yo St §2 e 0F <t el ciTEn
- For a clasg (1,1,0) meromorphic function with order N pole: N

Yo LI G when € > €crit
i

© (1,n,0) with multiple simple poles: f(Z1,2>) =Z1 —a+ > Zzej B;
J

i

- The topology is a connected sum: ( Y~ (S xS )J
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/4-B0S giants (iii): higher order and multiple poleg

@

© (1,3,0) with simple poles:

- To see the topology, cut D along the red lines to isolate the poles.

- Eachlineie an [0,1] x St with the S chrinking to zero gize on 0D
- Gluing everything back together ¥ ~ (82 x S1)H(S? x S1)H(S5? x S1)
- Increaging the residue ie more complicated with multiple poles.

1 1
- The e — O limit giveg a clean interpretation ag 4 intersecting D-branes with f(Z1, Z2) — (21 = 5) Zy (ZS + 1)

o A ueeful check (1,3,0)=(31,0): f(Z1,22) = (Z; — a>)Zy + €

- Here the area of the Zy-plane occupied by the golutionD ie a 3-gheeted Riemann surface.

- Each cheet ig 4 dige with one hole and a branch eut from Z, = 0 — €/a”

- \ © (?
ﬁg@ =l oo
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/4-BOS giant (iv): Jouet d’enfant

==

© The eonnected sum of two S-manifolde M and N, ig formed by joining a point on M to one on A/
with a tube S x [0,1] ~ S° with two punctures:

MEN = MES3HN > “« N

© Connecting the tube between two points on the same manifold adds an S* x S*

M+(Exha)-msxs) «——> Qb - Qi@

© For more complicated topologies, it will be ugeful to introduce some new notation:
o T ) WM i Ra: S0 S

© Exampleg (trivial: ( J=( )= () (3-gphere i the identity for prime factorieation)

& — e (adding a handle connecte an.S? x S1)
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/4-BOS giante (v): Jouer avec leg jouete

——————— = = —

© Example (legg trivial:: The (2,2,0) polynomial f(Z1, Z2) = (Z7 — o®)(Z5 — 3°) + ¢

© Old way: - Solve f(Z1, Z2) = 0 for Z1(Z2) « -
- Determine the branch points and cut lineg = i

- Draw the Riemann eurfaceg
g
- Cut and glue S c

© New way: - Use prime factorigation (O)==(0)

- Count connectiong: D D

(O )=(O)

© Either way: [E = #°(5% x Sl)J
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/4-BPS giante (vi): A general formula

© (m,n,0) with all simple poles:

- Draw an m x n grid of (O)%

- Connect all giteg on the lattice with ﬂ or —=

[EﬁK(SQXSl), Kmn+(m1)(n1)J

© (m,n,0) with higher order poles:

- Let 1 (m) be the number of poles in Z5 (71 ) with total order N (M)
- Draw anm x n grid of (O )%

- Connect all gites on the lattice with M e and N == ‘g

é ™
Z{ﬁK(SQXSl)a K:1+M(n_1)+N(m_1)7 € < €crit,

I_lizl [ﬁKz (S2 X Sl)} |_|j 537 € > €crit
\- J
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/4-BPS giante (vi): A general formula

© A worked example with (3,3,0):

(OD—~—0) (OO
T T I 1 (©—C
(D—~—0) =, (O—) = I |
s @ — @
(1) (OO

M=m=N=n=3, K=13 N=3 n=2, K=10 M =N =35 mi=n=—2"SIe=

Jeff Murugan (UCT)



[/8-BES giante

e — T = =T T = — e

© A generic (m,n,l) holomorphic polynomial f(Z1, Z2, Z3) lacks the igometrieg required for
our analygie, making a topological classification of 1/8-BPS giants difficult.

o However, our methodg atill hold for the clase of functiong (m,n,m):

m / mn

4 .
VAR /Ant M = s
fon 2 Z) =1+ 3 g+ Y 72

© For thie cage, the topology of the 3-manifold (for emall €)

[ESlxhKT2, Kmn—l—(m—l)(n—l)}

© A check with (3,[,3)2 f(Z1,23,23) = ((2122)3 * 043) Loty &

- Thie cage ig gimple enough to study directly.
- D ig a 3-cheeted Riemann aurface and 2 = St x g7
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Conclugiong
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© [f g(Z1, Z2) is a meromorphic function with number of poleg in Z; and Z5 counted by (m,M)
and (n,N) regpectively, the 1/4-B0S giant in Ad.Ss x S® givenby f(Z1, Z,) = 1 + € g(Z1, Z»)
hag topology given by the prime decompossition

M=#8(S*x8YH, K=1+Mn-1)+N(m-1)

. J

© Ag  ig increaged, K generically decreages and the brane may break up into geveral digjoint
pieceg, either 3-gphereg or connected sumg of S* x S

© The cage [/8-BPOS giante ie generally much more difficult but we have some limited regulte

© We are left with more questions than answerg:
- [g there a corregponding systematic treatment of 1/8-BPS giants?
- What are the operators dual to these giants and how ig the topology of the giant coded in the operatore?

- [a there a gimilar clasgification for giants in the AdS4/CFT3 corregpondence?
Jeff Murugan (UCT)
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