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Intersecting Branes

Section 1

Intersecting Branes
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Intersecting Branes

The D3-D5 system

Let us recall the original formulation AdS/CFT correspondence:

{Type I1B superstring theory on AdSs x 55} = {N =4, SU(N) SYM theory in 3+1 dimensions}

(J. Maldacena, 1998)
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Intersecting Branes

The D3-D5 system

[IB string theory on AdSs x S° is encountered very close to a system of N coincident D3-branes:

Minkq,

AdSsxS’
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The D3-branes extend along xi1, x2, x3...
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Intersecting Branes

The D3-D5 system

I1B string theory on AdSs X S% is encountered very close to a system of N coincident D3-branes:

Mink,,

D5-brane

N D3-branes

— Il

The D3-branes extend along xi1, x2, x3.

t X1 X2 X3 X4 X5 X6

D3 ° ° °
D5 ° ° °

X7 | X8 | X9

Now insert a single (probe) D5-brane at x3, x7, xg, xo = 0...
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Intersecting Branes

The D3-D5 system: description

=4
G
[

In the bulk, the D3-D5 system describes 1B
Superstring theory on AdSs x S® bisected by D5
branes with worldvolume geometry AdS, x S2.

AdS-xS5 5
Bulk 5 AdSgxS

ND3’s

The dual field theory is still SU(N), N/ = 4
SYM in 3 4+ 1 dimensions, that now interacts
with a SCFT that lives on the 241 dimensional
defect.

Ald

—IIIIIIM;IIII_

N4 SYM N=4 SYM @ Due to the presence of the defect, the total
Boundary SU(N) SU(N) bosonic symmetry of the system is reduced
from SO(4,2) x SO(6) to SO(3,2) x SO(3) x

bxY S0(3).
‘—» z>0 o

The corresponding superalgebra psu(2,2|4)
3+1 dim 3+1 dim becomes osp (4|4).

defect (2+1 dim)
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The (D3-D5) system

Intersecting Branes

Boundary

D5

AdSsxS5 AdSgxS5
P
X
A
o
<<
N=4 SYM N=4SYM
SU(N-k) e SU(N)
5
71 txy
al
1L
3 z>0
3+1 dim

3+1 dim

N D3'’s|

Add k units of background U(1) flux
on the §2 component of the AdS4 x S?
D5-brane.

Then k of the N D3-branes (N >> k)
will end on the D5-brane.

On the dual SCFT side, the gauge
group SU(N) x SU(N) breaks to
SU(N — k) x SU(N).

Equivalently, the fields of N' = 4
SYM develop nonzero vevs...

(Karch-Randall, 2001b)
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One-point functions in the D3-D5 system

Section 2

One-point Functions in the D3-D5 System

M. de Leeuw, C. Kristjansen, G. Linardopoulos, Scalar One-point functions and matrix product states of
AdS/dCFT, [arXiv:1802.01598] (to appear in PLB)
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One-point functions in the D3-D5 system

The dCFT interface of D3-D5

N=4 SYM
SU(N-k)

everywhere

Vev ~ o
everywhere

N-k
D3-branes

“interface”
N=4 SYM
SU(N-k) —— SU(N)

restored
asymptotically

vev~1/z
Higgs branch

( ke Oksc(n=k) >

Ow-ryxke  O=iyx(n-k)

N
D3-branes

z<0

z>0

@ An interface is a wall between two (different/same) QFTs

@ It can be described by means of classical solutions that are known as

"fuzzy-funnel” solutions (Constable-Myers-Tafjord, 1999 & 2001)

Here, we need an interface to separate the SU (N) and SU (N — k)
regions of the (D3-D5)x dCFT...

For no vectors/fermions, we want to solve the equations of motion
for the scalar fields of N' = 4 SYM:

d?o;

A# = wa = 07 dZ2

= [®;, [0, @], ij=1,...,6.

A manifestly SO(3) ~ 2) symmetric solution is given by (z > 0):

sU(
() Okox (k)
Ov— > Ov—r)x (v—k)
Nagasaki-Yamaguchi, 2012
where the matrices t; furnish a k-dimensional representation of su (2):
[i’,‘, 1‘_'1] = ie,-jktk.

& Py =0,
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One-point functions in the D3-D5 system

One-point functions

One-point functions are the most important observables in a dCFT. From them and the conformal
data (A’s, Cii's, etc.) one can determine all the correlators of the theory (and the theory itself) by
using the OPE.
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One-point functions in the D3-D5 system

One-point functions

One-point functions are the most important observables in a dCFT. From them and the conformal
data (A’s, Cii's, etc.) one can determine all the correlators of the theory (and the theory itself) by
using the OPE.

@ Our dCFT is dual to the (D3-D5) probe brane system.
@ Our goal is to calculate the one-point functions of so (6) highest-weight eigenstates:
c 1 (8#)”2_ (MPS|W)

<O (va)> = A C= ﬁ <\|J‘\II>% y

Y k<< N— oo,

where

(MPS|W) = 2"+ 7w (x) - Tr [ Wy Wy

1<x <L

and W is an eigenstate of the so (6) Hamiltonian, with

Wi = 3 42 ().
1<x. <L
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One-point functions in the D3-D5 system

The su (2) determinant formula

For the vacuum overlap we find:

wesio) = e[t =¢ (-1.255) — ¢ (L 1E). et > i o

where ¢ (s, a) is the Hurwitz zeta function. For M balanced excitations the overlap becomes:

(MPS| {u}), G u? (i + K2/4)
CG({y}) = ——=£ = G {y})- : . : .
(L)) {ut {uh) o) j:(g)/zj [H [uf + G = 1/2)7] [0} + G +1/2)7]

1

where M2 5 3
_MPS| (), _ Y7 F+1/4 et
C2 uj = = - — ,
() =" Z= e [H 7 dec ]

and the M/2 x M /2 matrices ij and Kjf are defined as:

2 2
GE = +KE & Ki= + :
* ( 2+1/4 Z ) s Rk E (- w) T 1 (g + w)’

Buhl-Mortensen, de Leeuw, Kristjansen, Zarembo, 2015
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One-point functions in the D3-D5 system

The su (3) determinant formula

Moving to the su(3) sector, let us define the following Baxter functions Q and R :

Ny 2| Ny /2]

Ql(X):H(X*Ui), Q2(X):H(X*Vi), Rx(x) = H (x —wvi).

i=1

All the one-point functions in the su (3) sector are then given by

o0 Q(0) @ (i/2) detG*
Ce ({uji vi}) = Tk-1(0) - \/R2 (0) R (i/2) det G-

de Leeuw-Kristjansen-GL, 2018

where u; = 11,7, v; = upj and
n/2 . .
_ L Qi(x+i(n+1)/2)Q:x(x + ia)
Ty = >, (xtia) Qx+i(a+1/2)Qu(x+i(a—1/2))

a=—n/2

The validity of the su (3) formula has been checked numerically for a plethora of su (3) states.
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One-point functions in the D3-D5 system

The su (3) determinant formula

For Ny = 0 the su (3) formula reduces to the su(2) formula that we saw before:

o detgt]v?r 2 atQu(ik/2)
G wh) = {Ql O @u(i/2) o G*] 'a:(;w Qu(i(a +1/2))@i(i(a - 1/2))’

For k = 2 it reduces to a known su (3) formula:

) 1L Qi (i/2)  Q3(i/2) det G+
G lluit) =2 \/ @ (0) R (0)R:(i/2) detG—’

de Leeuw-Kristjansen-Mori, 2016
where, for AL = A1 + Ay, B = By + By, C+ = (3 =+ G and

. LN . N i Ns i

& n i —1i/2 Ui —urj+i Ui — Uk — 3 i — ) — 3
1,i = —1log " | | " | | - ~
’ ui+i/2 Uy —urj— i P— LII C_ i
i /2] i =g =T S — gty Ui — st

Np

. Ny . i
. Ui — U+ 1 U2 — Uk — 3
g2 = —ilog | [ ] 11

T _ o i
i Up)j = Uz, — 1 Uaj — ULk +3

I
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One-point functions in the D3-D5 system

The su (3) determinant formula

For Ny = 0 the su (3) formula reduces to the su(2) formula that we saw before:

det G* ] vz at Qu(ik/2)

SO CCENER == Qi + 172)Qli(a—172))

a=(1—K)/2
For k = 2 it reduces to a known su (3) formula:
_ i/2)  Q3(i/2) det G*+
cyil) = ol L, @ (i/ 2 . )
G ({uivi) \/ Q1 (0) R:(0)Ry(i/2) det G-

de Leeuw-Kristjansen-Mori, 2016

We have defined:
A1 A2 Bl Bz Dl

06, A A B B D A, B, D A B
G= B = Bf BE ¢ G D |, Gt=| B. ¢ D |, G = ( B ) :
J B Bf G G D 2D} 2D} Djs -
Di Di D; D Ds
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One-point functions in the D3-D5 system

The su (3) determinant formula

For Ny = 0 the su (3) formula reduces to the su(2) formula that we saw before:

det G+ ] vz e a Qu(ik/2)

G (up) = {Ql ©@(/2) G- L&, QlG+1/2)@((a—1/2))

For k = 2 it reduces to a known su (3) formula:

. 1L Qu(i/2)  Q3(i/2) det G+
Cel{wiv}) =2 \/ @ (0) R:(0)R:(i/2) detG—"

de Leeuw-Kristjansen-Mori, 2016
Here are some more properties of one-point functions in su (3):

@ One-point functions vanish if M or L + N, is odd.

@ Because Qs - [MPS) = 0 all 1-point functions vanish unless all the Bethe roots are fully balanced:

{Ul, ey UM/27_u17. cey —UM/Q,O}, {Vl,. “ey VN+/2,—V1,. . .7—VN+/2,0} .
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One-point functions in the D3-D5 system

The s0(6) determinant formula

The one-point function in the so (6) sector is given by

o Q1 (0) @1 (i/2) Qi (ik/2) Qi (ik/2) det G+
Ck({ujvvjrwj})_Tkl(O)'\/ Ry (0)R.(i/2)Rs (0)Rs (i/2)  det G-

where uj = uy,i, vj = W j, Wk = U3« and
n/2

_ L Q> (x +ia) Qs (x + ia)
To() = > (x+ia) xt+i(at1/2)Q(xti(a_1/2)

a=—n/2

de Leeuw-Kristjansen-GL, 2018

This formula has also been verified numerically. The M/2 x M/2 matrices Gf,f and Kf,f are defined as:

3 [N/2]
+ Lq} + + -
Gop jk = Oab0jk [ T 2 2/4 Z Z ac J/] + Kb jio Kapjx = Kopju = Ko jk
c=1 |=1
+ _ Mab
Kopjx =

(Uaj £ up i)’ + M2
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One-point functions in the D3-D5 system

The s0(6) determinant formula

The one-point function in the so (6) sector is given by

oy Q1 (0) Qu (i/2) Qi (ik/2) Qi (ik/2) det G*
Ck ({uj; vj; wj}) = Tk—1(0) - \/ Ry (0)R2(i/2) Rs (0) Rs (i/2)  det G-

where u;i = u1j, vj = wj, wik = u3k and

n/2 i .
_ L Q2 (x +ia) Qs (x + ia)
Ta(x) = ag;/zbw— ia) AT L12) Qi (a=12)

de Leeuw-Kristjansen-GL, 2018
More properties of one-point functions in so (6):

@ One-point functions vanish if M or L + Ny + N_ is odd.

@ Because Qs - [MPS) = 0, all 1-point functions vanish unless all the Bethe roots are fully balanced:

{ul, ey UM/2,—U1,. ey —UM/270}

{Vl,...,VN+/2,—V1,...,—VN+/2,O}, {Wl,...,WNi/Q,—Wl,...,—W/\L/g,O}.
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One-point functions in the D3-D7 system

Section 3

One-point Functions in the D3-D7 System

M. de Leeuw, C. Kristjansen, G. Linardopoulos, One-point functions of non-protected operators in the SO(5)
symmetric D3-D7 dCFT. J.Phys. A:Math.Theor., 50 (2017) 254001, [arXiv:1612.06236]
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One-point functions in the D3-D7 system

SO(5) vacuum overlap

For the vacuum overlap we have found:

n+1

(MPS|0) = Tr [G5] = > [i(n—j+2)(n—2j+2)].

=t

Changing variables j <> (n+ 2 — j), an overall factor (—1)" comes out, leading the vacuum overlap to
zero for L odd. Equivalently, we may write

s = [02F (¢ (1) < (0 3+1)) e (-2 < (-2 +1)]

where the Hurwitz zeta function is defined as:

— 1
((s,a)= —.
(s:2) ;o(n—&-a)
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One-point functions in the D3-D7 system

SO(5) vacuum overlap

For the vacuum overlap we have found:

n+1

(MPS|0) = Tr [G5] = > [i(n—j+2)(n—2j+2)].

=t

Changing variables j <> (n+ 2 — j), an overall factor (—l)L comes out, leading the vacuum overlap to
zero for L odd. Equivalently, we may write

0, Lodd
(MPSJ0) = )
L n n+2 n
2" [% Buis (—3) — Sty B (—5)] ;L even,

by using the relationship between the Hurwitz zeta function and the Bernoulli polynomials B, (x).
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One-point functions in the D3-D7 system

SO(5) vacuum overlap

For the vacuum overlap we have found:

n+1

(MPS|0) = Tr [G5] = > [i(n—j+2)(n—2j+2)].

=t

Changing variables j <> (n+ 2 — j), an overall factor (—l)L comes out, leading the vacuum overlap to
zero for L odd. Equivalently, we may write
0, L odd
(MPSJ0) =

L 2 n ("+2)2 n
2[5 Buia (-3) = G2 B (—2)] . Leven,
by using the relationship between the Hurwitz zeta function and the Bernoulli polynomials B, (x).

In the large-n limit we find:

nL+3

(MPSIO) ~ Sy (T 3)

+0 (nL+2) , n— oo.
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One-point functions in the D3-D7 system

Overlap properties

@ The overlaps (MPS|W) of all the highest-weight eigenstates vanish unless:
#W = #W, #Y =#Y.
Therefore the only so (6) eigenstates that have nonzero one-point functions are those with:
Ny =2N, =2N5 = M (even).

Evidently, all one-point functions vanish in the su(2) and su (3) subsectors.

16 / 21



One-point functions in the D3-D7 system

Overlap properties

@ The overlaps (MPS|W) of all the highest-weight eigenstates vanish unless:
#W = #W, #Y =#Y.
Therefore the only so (6) eigenstates that have nonzero one-point functions are those with:
Ny =2N, =2N5 = M (even).
Evidently, all one-point functions vanish in the su(2) and su (3) subsectors.
@ Because the third conserved charge Q3 annihilates the matrix product state:
Qs - [MPS) =0,
all the one-point functions will vanish, unless all the Bethe roots are fully balanced:
{ul, ey UMy, UL e — UMY 2, 0}

{Vl,...,VN+/2,—V1,...,—VN+/2,O}, {Wl,...,WNf/Q,_Wl,...,_WN7/27O}.
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One-point functions in the D3-D7 system

The L211 states

@ We can consider eigenstates with N1 =2, N> = N3 = 1 and arbitrary L:

= ePba—x) e[p(xz_xl+1))~ XX ) =2 (1 eip)- L2,
p=3 ( + | )—2) (1+eP) .2

X1 X2
X1 <x2 X3

where the dots stand for Z, and X is any of the complex scalars W, W, Y, V.

@ The momentum p is found by solving the corresponding Bethe equations:

ip(L+1):1:>p:fTr1’ m=1,...L+1

e

@ Here's the one-loop energy of the L211 eigenstates:

A ) 2mm
E:L—i—ﬁsm {LJFJ—%..., m=1...,L+1
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One-point functions in the D3-D7 system

The L211 determinant formula

@ The corresponding one-point function for all n is given in terms of the n = 1 one:

2 n 2 2 2 (n+2 j+1 (n+2)j—1
2)° — +
(Opn) = 2”712 e (n+ 8) i e ][u2 . ] (o)
w —1/2 =, [ + (57 )][w® + (557)7]
where
[L -3 [P+ ] 1
<OL211> = f = 47 u=- B~
L+1u2+1 u? 2 2

@ The results fully reproduce the numerical values (given in units of (72/X)Y2/v/L):

L | Nyja/3 | eigenvalue vy n=1 n=2 n=3 n=4
2 2

2| 211 6 20,/2 406 1406 1120,/2
| % _ 3584 (10 _

4| 211 545 20+ % (15+\/) 84(21 \/5) 2 (10 \/5)

- ! _ % 3584

4| 211 5-vs | 20- % 288 — 55 84 (21 +V5) ° (10 +V5)

6| 211 1.50604 3.57792 324.178 11338.3 08726

6| 211 4.89008 9.90466 1724.55 19513.8 120347

6] 211 7.60388 61.6252 1044.86 8830.95 49114.4
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Summary & outlook

Section 4

Summary & Outlook
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Summary & outlook

Summary & Outlook

We have studied the tree-level 1-point functions of Bethe eigenstates in the SU (2) symmetric
(D3-D5) dCFT and the SO (5) symmetric (D3-D7)q, dCFT...
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Summary & outlook

Summary & Outlook

We have studied the tree-level 1-point functions of Bethe eigenstates in the SU (2) symmetric
(D3-D5) dCFT and the SO (5) symmetric (D3-D7)q, dCFT...

D3-D5 dCFT

@ Because Qs - |[MPS) =0, all 1-point functions vanish unless the Bethe roots are fully balanced:
{ui} ={-w;},  Awi}={-wi}, A{wi}={-u;}.

@ In su(2), all 1-point functions (vacuum included) vanish if M or L is odd.

@ In su(3), all 1-point functions vanish if (1) M is odd or (2) L+ N, is odd.

@ In s0(6), all 1-point functions vanish if (1) M is odd or (2) L+ Ny + N_ is odd.

@ We have found a determinant formula for the eigenstates, valid for all values of the flux k:

Ql O) Ql( /2) Ql (Ik/2) Q1 (1k/2) det Gt
G ({usi vii wy}) = Ti=1(0) \/ R, (0) R (i/2) R (0) Rs (i/2)  det G-
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Summary & outlook

Summary & Outlook

We have studied the tree-level 1-point functions of Bethe eigenstates in the SU (2) symmetric
(D3-D5) dCFT and the SO (5) symmetric (D3-D7)q, dCFT...

D3-D7 dCFT
@ Because Qs - [MPS) = 0, all 1-point functions vanish unless the Bethe roots are fully balanced:
{w,i} = {—ui}, {w,i} = {~w,i}, {us,i} = {—us,i}.
@ Besides the vacuum, all 1-pt functions vanish in the su(2) and su (3) subsectors.
@ In s0(6) all 1-point functions vanish unless Ny = 2N, = 2N3 = M (even).

@ The vacuum also vanishes when L = odd.

@ We have found a determinant formula for L211 eigenstates, valid for all values of the instanton
number n:
L (n+2) 2 T Ui o | Ui | P
(Oron1) = 1 E T a2 L =1 -(Of211)
w®—1/2 [v? + (5)2][w? + (557)7]

nmod 2
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Summary & outlook

Summary & Outlook

We have studied the tree-level 1-point functions of Bethe eigenstates in the SU (2) symmetric
(D3-D5) dCFT and the SO (5) symmetric (D3-D7)q, dCFT...

Outlook

D3-D5 integrability in terms of the boundary state and its reflection matrix.

Identification of transfer matrix. D3-D5 integrability at higher loops & strong coupling.

D3-D7 determinant formula for all so (6) Bethe eigenstates? Integrability? (work in progress)
Higher loop orders, Wilson loops, 2-point functions in D3-D7 a la D3-D57?

Thermodynamic limit (M, L — co, M/L =const), string theory/strong coupling side (A — 00)...

Move on to the SU(2) x SU(2) solution of D3-D7 and its 3-deformation...
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Summary & outlook

Euyaplotom!
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