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In the planar limit, N ! 1:

N = 4 SYM in 4D  ! IIB strings on AdS5 ⇥ S5

• Conformal symmetry

• Supersymmetry

• Planar integrability
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• Conformal symmetry partially broken

• Supersymmetry partially or completely broken
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N = 4 SYM in 4D  ! IIB strings on AdS5 ⇥ S5

with 3D domain wall with probe brane
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Motivation

• Insights on the interplay between conformal symmetry,                         
supersymmetry and integrability

• Exact results for novel types of observables such as one-point
functions

• Positive tests of  AdS/dCFT dictionary for set-ups with
and without supersymmetry

• Interesting connections to statistical physics: matrix product
states and quantum quenhes.

• Possible cross-fertilization with the boundary conformal 
bootstrap program. 



Plan of the talk

I. Motivation

II. The defect set-ups and their parameters

III. Integrability properties and exact results for
one-point functions 

IV. Positive tests of AdS/dCFT dictionary with and without susy

V. Summary & Open problems
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Classical Fields (simplest case)

Classical e.o.m.:
(x3 is distance to defect)

Solution:

where ti , i=1,2,3, constitute a k-dimensional irreducible repr. 
of SU(2). (Nahm eqns. also fulfilled.)

Constable, Myers
& Tafjord ‘99

Assume only x3 -dependence  and x3 >0,

Set-up  ½  BPS  (for appropriate choice b.c. for zero-modes, Gaiotto & Witten ‘08)

Acl
µ = 0,  cl

A = 0
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AdS/dCFT --- The string theory side 

Geometry of D5 brane: AdS4 ⇥ S2

Background gauge field: k units of magnetic flux on S2

Karch &	Randall	’01,

x0 x1 x2 x3 x4 x5 x6 x7 x8 x9

D3 ⇥ ⇥ ⇥ ⇥
D5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥
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AdS/dCFT set-ups 

D3-D5 D3-D7 D3-D7

Supersymmetry 1/2 BPS None None

Brane geometry AdS4⇥ S
2

AdS4⇥ S
2 ⇥ S

2
AdS4⇥ S

4

Symmetry of vevs SU(2) SU(2) ⇥ SU(2) SO(5)

Dim. of rep. / Flux k k1, k2 d =
(n+1)(n+2)(n+3)

6

Gauge Groups U(N), U(N � k) U(N), U(N � k1k2) U(N), U(N � d)
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One-point functions in dCFT’s

Wish: A Systematic approach to the computation of 1-pt functions  
of conformal scalar operators using the tools of integrability

Due to vevs scalar operators can have non-zero 1-pt fcts at tree-level

hO
bulk
� (x)i =

C

|x3|
�

Cardy ´84
McAvity & Osborn ’95

lim
x3!1

hO
bulk
� (y + x)Obulk

�0 (z + x)i =
���0

|y � z|2�
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Normalization given by:

hO�(x)i = (Tr(�i1 . . .�i�) + . . .) |�i!�cl
i =

ti
x3
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An exact formula valid for any operator and for any loop order



One-point functions at tree level

Conformal	scalar	operators=Eigenstates of	integrable SO(6)	spin	chain

Full scalar sector:

Eigenstates of	length	L:	
characterized	by	three	sets	of	rapidities

|ui, v
+
j , v

�
k iL
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<latexit sha1_base64="4ArgNpQNOBxBm2HtSeeGWr1SLQk=">AAACC3icdVC7SgNBFJ2NrxhfUUubIUGwCMtsEmMshICNZQTzgGxYZmdns0NmH8zMCmFJb+Ov2FgoYusP2Pk3Th6Cih64cDjnXu69x004kwqhDyO3srq2vpHfLGxt7+zuFfcPujJOBaEdEvNY9F0sKWcR7SimOO0nguLQ5bTnji9nfu+WCsni6EZNEjoM8ShiPiNYackpluwkYA6rQDuQCSY0Q2aNhFN2YVVs7sVKVhpOsYzMU2SdNxBEJppjTppWzYLWUimDJdpO8d32YpKGNFKEYykHFkrUMMNCMcLptGCnkupdYzyiA00jHFI5zOa/TOGxVjzox0JXpOBc/T6R4VDKSejqzhCrQP72ZuJf3iBVfnOYsShJFY3IYpGfcqhiOAsGekxQovhEE0wE07dCEmCBidLxFXQIX5/C/0m3alo1s3pdL7fqyzjy4AiUwAmwwBlogSvQBh1AwB14AE/g2bg3Ho0X43XRmjOWM4fgB4y3TzbMmdg=</latexit>

Minahan &	Zarembo ´02

hO�(x)i = (Tr(�i1 . . .�i�) + . . .) |�i!�cl
i =

ti
x3

⌘
C({ui, v

+
j , v

�
l })

x�
3

<latexit sha1_base64="f4fb79XdtLOLy6bV6gOzI/YAFWo="></latexit>

Matrix Product State associated with the defect: 

|MPSki =
X

~i

tr[tii . . . tiL ]|�i1 . . .�iLi,
<latexit sha1_base64="2vTYbJYLarmDSjfkH2TRoGUyjo0="></latexit>

Ck

��
ui, v

+
j , v

�
l

 �
=

hMPSk
���ui, v

+
j , v

�
l

 ↵
L⌦�

ui, v
+
j , v

�
l

 ���ui, v
+
j , v

�
l

 ↵ 1
2

<latexit sha1_base64="zpvRfbVvb5tLgDTCTzNUw5lWEMQ="></latexit><latexit sha1_base64="zpvRfbVvb5tLgDTCTzNUw5lWEMQ="></latexit><latexit sha1_base64="zpvRfbVvb5tLgDTCTzNUw5lWEMQ="></latexit><latexit sha1_base64="zpvRfbVvb5tLgDTCTzNUw5lWEMQ="></latexit>

Object to calculate:

deLeeuw,	C.K.
&	Zarembo ‘15,



Piroli, Pozsgay
Vernier ‘17

Integrability criterion

When can hMPSk
���ui, v

+
j , v

�
l

 ↵
L
be calculated in closed form?

<latexit sha1_base64="9lU1xRsAkWJRCteoQUHoR5BrcYg="></latexit>

L = �,

M,N+, N� number of Bethe roots/fields of various types,

k representation label (SU(2) or SO(5))
<latexit sha1_base64="4tuo8RgFSo5RgkdOGIVnvBjPiso="></latexit>

NB: Parameters:
<latexit sha1_base64="ouMiCZCDNVVI0PSmVP9gcCMo5gs=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMVNuuSt24kgr2Ae1QMmmmDc08SDJKqf0UNy4UceuXuPNvzLQjqOiBwOGcc7k3x4s5kwqhDyO3srq2vpHfLGxt7+zumcX9towSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k4vU79xSIVkU3qhpTN0Aj0LmM4KVlgZm8apRg00scECVjtUgHJglZJWRXT2zIbLQApo4ZVStIGhnSglkaA7M9/4wIklAQ0U4lrJno1i5MywUI5zOC/1E0hiTCR7RnqahXiXd2eL0OTzWyhD6kdAvVHChfp+Y4UDKaeDpZIDVWP72UvEvr5cov+LOWBgnioZkuchPOFQRTHuAQyYoUXyqCSaC6VshGeseSFpDQZfw9VP4P2k7ln1qOddOqd7I6siDQ3AEToANzkEdXIImaAEC7sADeALPxr3xaLwYr8tozshmDsAPGG+fsQyS/Q==</latexit>

Integrability criterion: Q̂2m+1|MPSki = 0, m � 1
<latexit sha1_base64="ydG+EZ+S94pfHidYlk7wd23D7LQ="></latexit>

Q̂2m+1: Conserved charges which are odd under parity (p ! �p)
<latexit sha1_base64="/66vFhU8vN0bDSb6rPFebdpd4bE="></latexit>

Ghoshal &
Zamolodchikov ‘94

Also	inspired	by
Korepin ‘82,	Izgerzin ’87,Tsuchiya	’98, Pozsgay ‘13,	 Brockmann et	al	’14,	Buhl-Mortensen,	de	Leeuw,	CK	&	
Zarembo ’15, Foda and	Zarembo ‘15

|MPSki only involves excitation pairs with momenta (+p,�p)
<latexit sha1_base64="R+qVUEsNakZUiJHixpHxh7Uv2ss="></latexit>

|MPSki boundary state which only allows pure reflection
(after Wick rotation)

<latexit sha1_base64="OOslR62kzM1J7l3Av8AEl0skkCw="></latexit>



Integrability of MPS

Reflection matrix which fulfills BYB of SO(6) spin chain and has the appropriate 
symmetries can be found for the two cases with Q2m+1|MPSi = 0

<latexit sha1_base64="IR8f2n+ZsHqeCUoqOywKG4wkSEs=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIsgCENmbLVdCEU3boQW7QPaUjJp2oZmMkOSEcpY8FfcuFDErd/hzr8xfQgqeuDC4Zx7ufceP+JMaYQ+rLn5hcWl5dRKenVtfWPT3tquqjCWhFZIyENZ97GinAla0UxzWo8kxYHPac0fXIz92i2VioXiRg8j2gpwT7AuI1gbqW3vltuJFxy5o7ur0nVTYtHj9Ay17QxykJfPZT2IHC+HCm7BkBxyCydZ6DpoggyYodS235udkMQBFZpwrFTDRZFuJVhqRjgdpZuxohEmA9yjDUMFDqhqJZPzR/DAKB3YDaUpoeFE/T6R4ECpYeCbzgDrvvrtjcW/vEasu/lWwkQUayrIdFE35lCHcJwF7DBJieZDQzCRzNwKSR9LTLRJLG1C+PoU/k+qnuMeO145mymez+JIgT2wDw6BC05BEVyCEqgAAhLwAJ7As3VvPVov1uu0dc6azeyAH7DePgFWJpUa</latexit>

D3-D5 D3-D7 D3-D7

Supersymmetry 1/2 BPS None None

Brane geometry AdS4⇥ S
2

AdS4⇥ S
2 ⇥ S

2
AdS4⇥ S

4

Dim. of rep./ Flux k k1, k2 d =
(n+1)(n+2)(n+3)

6

|MPS i Integrable Non-integrable Integrable

Overlaps Exact formula derived — Exact formula derived

<latexit sha1_base64="JahW1iJQf5cm9OXaDOvXHlRq3IE="></latexit>



Solution symmetric case D3-D5

Result for Ck:

• Exact formula valid for any, L,M,N+, N� and k
<latexit sha1_base64="mxe3pUUv+Gooeh6SYISu8s9S3IU="></latexit><latexit sha1_base64="mxe3pUUv+Gooeh6SYISu8s9S3IU="></latexit><latexit sha1_base64="mxe3pUUv+Gooeh6SYISu8s9S3IU="></latexit><latexit sha1_base64="mxe3pUUv+Gooeh6SYISu8s9S3IU="></latexit>

de Leeuw, C.K &
Linardopoulos, ’18.

CSO(6)
k

=

s
Q0(0)Q0(

i

2 )Q0(
ik

2 )Q0(
ik

2 )

Q̄+(0)Q̄+(
i

2 )Q̄�(0)Q̄�(
i

2 )
· Tk�1(0) ·

s
detG+

detG�
<latexit sha1_base64="GwaZSb3V9sTf/3LoA6fzmCwy1yc="></latexit>

h{ui, v
+
j , v

�
l }|{ui, v

+
j , v

�
l }i = detG = detG+ detG�,

<latexit sha1_base64="sXEd5T03FXkHfbOGvusnPfA0Ppw="></latexit>

Q’s: Baxter polynomials, G Gaudin matrix:
<latexit sha1_base64="4kMfQrh0VH0N7aPq7MOwefOlK7U="></latexit>

Tk(u) =

k
2X

a=� k
2

(u+ ia)L
Q+(u+ ia)Q�(u+ ia)

Q0(u+ i(a+ 1
2 ))Q0(u+ i(a� 1

2 ))
.

<latexit sha1_base64="QRQ3Lp28QNFm09SdsT7IOS1RgYQ="></latexit>



Solution	SO(5)	symmetric	case

de	Leeuw,	Gombor C.K	&
Linardopoulos,	Pozsgay ’19.

hu |MPSni
hu|ui1/2

= ⇤n ·

s
Q0 (0)Q0

�
1
2

�

Q̄+ (0) Q̄+

�
1
2

�
Q̄� (0) Q̄�

�
1
2

� ·

s
detG+

detG�
<latexit sha1_base64="VtDO+c6cqWAaZyplcXodyuuw4U0="></latexit>

Result for Cn:

• Exact formula valid for any L,M,N+, N� and n
<latexit sha1_base64="sC7aL6AN7iF12ixRZmzy9HM8yHA="></latexit>

⇤n = 2L
n
2X
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qX
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1
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n
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#
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<latexit sha1_base64="cd04yE7YukcIMUtg09CmGBs87Zo="></latexit>

de	Leeuw,	C.K	&
Linardopoulos,’18.

Both overlap formulas are proven by now.
<latexit sha1_base64="GfvFbbc++zeHLMXIum1eovr7tWk=">AAACEXicdVDLSgMxFM3UV62vUZdugkXoapipVNtdqRuXFewD2lIyadqGZpKQZJSh9Bfc+CtuXCji1p07/8ZMW0FFDwQO59x7c+8JJaPa+P6Hk1lZXVvfyG7mtrZ3dvfc/YOmFrHCpIEFE6odIk0Y5aRhqGGkLRVBUchIK5xcpH7rhihNBb82iSS9CI04HVKMjJX6bqEmzBgKW8KQhEOhopghDZEiUCorcxgmkItbr+/mfc+fA/peseRXyikp+UHlLIDB0sqDJep99707EDiOCDfYjtSdwJemN0XKUMzILNeNNZEIT9CIdCzlKCK6N51fNIMnVhmk69jHDZyr3zumKNI6iUJbGSEz1r+9VPzL68RmWO5NKZexIRwvPhrGDBoB03jggCqCDUssQVhRuyvEY6QQNjbEnA3h61L4P2kWveDUK14V89XaMo4sOALHoAACcA6q4BLUQQNgcAcewBN4du6dR+fFeV2UZpxlzyH4AeftE0J7nUk=</latexit>



Formula works upon modification by a flux factor (su(2) sector)

NB: A non-trivial field theory calculation is needed for this statement  
(involving diagonalizing the mass matrix using fuzzy spherical harmonics).

Fk = 1 + g
2
h
 (k+1

2 ) + �E � log 2
i
�(1) +O(g4) ,

<latexit sha1_base64="wD48oAPJzTP/gyz5c+roPLGNp2w="></latexit>

At one loop 
Buhl-Mortensen,
de Leeuw, Ipsen,
C.K, Wilhelm ‘17

Fk: Originates from boundary dressing phase
<latexit sha1_base64="HuR8LS06nIw0fHuuLJfaRwpssNQ="></latexit>

Komatsu
& Wang ’20

P k�1
2

� k�1
2

in Tk�1(u) originates from sum over boundary bound states
<latexit sha1_base64="lcV6XkGA8T4W60REzE1yHHmHoJU="></latexit>

Ck = iLT̃k�1(0)

s
Q( i

2 )Q(0)

Q2( ik2 )

s
detG+

detG�
Fk

<latexit sha1_base64="FGRdvU4OxOhpH09bqtzTEJAA8iA="></latexit>

Recently reproduced by a bootstrap argument
<latexit sha1_base64="hAbCvxE7WSWt/lNIPm1ZBd1e6mY="></latexit>

eip =
u+ i

2

u� i
2

�!
x(u+ i

2 )

x(u� i
2 )

, u(x) = x+
g2

x
, g2 =

�

8⇡2
<latexit sha1_base64="ODSF1nYLPUuYp+QzxRVhFoPeZGI="></latexit>

and a replacement in the Bethe equations and the transfer matrix

Buhl-Mortensen,
de Leeuw, Ipsen,
C.K, Wilhelm ‘16

Beisert &
Staudacher ‘05

(plus	dressing	phase	via	bootstrap	plus	wrapping	corrections	via	TBA)



Other sectors & higher loops

Since recently in principle accessible by bootstrap: Komatsu
& Wang ’20

Gombor
& Bajnok ’20

Alternatively accessible from the k=1 case: 
no classical fields, specific b.c. at the defect

C.K, Müller,
Zarembo ‘20

For k>1:	x and y fields are massive,	
z fields are massless 

For k=1:

m2 / 1/x2
3,

<latexit sha1_base64="Ks77BM8odydnoLP/1i2+QSPVqOA=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBg4w9k0STW9CLxwhmgWQSejqdpEnPQnePGIfgr3jxoIhX/8Obf2NnEVT0QcHjvSqq6nkRZ1Ih9GGkFhaXllfSq5m19Y3NLXN7pybDWBBaJSEPRcPDknIW0KpiitNGJCj2PU7r3vBi4tdvqJAsDK7VKKKuj/sB6zGClZY65p7fdlqRCCMVQvvktpNrO8ewY2aRhZxiIe9AZDkFVLJLmhSQXTrNQ9tCU2TBHJWO+d7qhiT2aaAIx1I2bRQpN8FCMcLpONOKJY0wGeI+bWoaYJ9KN5leP4aHWunCXih0BQpO1e8TCfalHPme7vSxGsjf3kT8y2vGqld0ExZEsaIBmS3qxRzqVydRwC4TlCg+0gQTwfStkAywwETpwDI6hK9P4f+k5lh2znKu8tny+TyONNgHB+AI2OAMlMElqIAqIOAOPIAn8GzcG4/Gi/E6a00Z85ld8APG2yfCz5Qi</latexit>

AdS propagators.

�4,5,6, A0,1,2, c �1,2,3, A3

x, y Dirichlet Neumann
z no BCs no BCs

<latexit sha1_base64="fjfHocI+ivwbqNteTF8ZQYoWJnM="></latexit>

k N � k

Aµ,�i, =

2

664

x y y y
y z z z
y z z z
y z z z

3

775

k

N � k

<latexit sha1_base64="eWGvGu1BzFlhXCYzcx3Cdckbqn8="></latexit>

For x3 > 0:
<latexit sha1_base64="8iIKUT8/rwQtm3/MefsbJ0fPFyw=">AAAB83icdVDLSgMxFM3UV62vqks3wVZwNWSmrbYupCiIywr2AW0pmTTThmYyQ5IRy9DfcONCEbf+jDv/xvQhqOhZHc65l3vu8SLOlEbow0otLa+srqXXMxubW9s72d29hgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa90eXUb95RqVgobvU4ot0ADwTzGcHaSJ2rUML8fa9wjvJnvWwO2cgtl4ouRLZbQhWnYkgJOZWTInRsNEMOLFDrZd87/ZDEARWacKxU20GR7iZYakY4nWQ6saIRJiM8oG1DBQ6o6iazzBN4ZJQ+9M19PxQaztTvGwkOlBoHnpkMsB6q395U/Mtrx9ovdxMmolhTQeaH/JhDHcJpAbDPJCWajw3BRDKTFZIhlphoU1PGlPD1KfyfNFzbKdjujZurXizqSIMDcAiOgQNOQRVcgxqoAwIi8ACewLMVW4/Wi/U6H01Zi5198APW2ycyKJB9</latexit>



Prediction of leading order contribution

Propagators for complex scalars:  

D(x, y) =
1

4⇡2

✓
1

|x� y|2 +


|x̄� y|2

◆
,

<latexit sha1_base64="o138vXhwzGdw/oePraJyoFPzbus="></latexit>

 =

8
><

>:

1 Neumann

�1 Dirichlet

0 no BCs.
<latexit sha1_base64="mBBXmdtp7ov4gOpUaEadGjjL/8s="></latexit>

x̄ = (x0, x1, x2,�x3)
<latexit sha1_base64="JZMHBqtXOzdKI0Qb1M4d7YdMxO8=">AAACA3icdVBNS0JBFJ1nX2ZfVrvaDElgYDJPs3QRSG1aGuQHqDzmjaMOzvtgZl4oD6FNf6VNiyLa9ifa9W+apy+oqAMXDufcy7332D5nUiH0YSQWFpeWV5KrqbX1jc2t9PZOQ3qBILROPO6Jlo0l5cyldcUUpy1fUOzYnDbt0WXkN2+pkMxzb9TEp10HD1zWZwQrLVnpvY6NRTienmfHFsqNLVNXIXc8topHVjqD8mgGiPKFEqqUI1JCZuXUhGZsZUCMmpV+7/Q8EjjUVYRjKdsm8lU3xEIxwuk01Qkk9TEZ4QFta+pih8puOPthCg+10oN9T+hyFZyp3ydC7Eg5cWzd6WA1lL+9SPzLaweqX+6GzPUDRV0yX9QPOFQejAKBPSYoUXyiCSaC6VshGWKBidKxpXQIX5/C/0mjkDeL+cL1SaZ6EceRBPvgAGSBCc5AFVyBGqgDAu7AA3gCz8a98Wi8GK/z1oQRz+yCHzDePgGxf5ZD</latexit>

⌦
X1a(x)Xb1(y)

↵
=

g2YM�ab

2

⇣
D1(x, y)�D�1(x, y)

⌘
=

g2YM�ab

4⇡2|x̄� y|2 ,
<latexit sha1_base64="EalQI3bXUrjmc/XbdKOKBTBKEZc="></latexit>

h 1a
↵ (x) b1

� (y)i = g2YM

8⇡2
✏↵� �

ab · x̄3 � y3
|x̄� y|4 .

<latexit sha1_base64="53qtIHOQQ33xceuRr1gWEmjMP1o="></latexit>

Propagators for fermions in the SU(2|3) sector

Propagators for self-dual gauge fields

hf1a
µ̂ (x)f b1

⌫̂ (y)i = g2YM

16⇡2
�ab

⌘µ̂⌫̂
x4
3

, µ̂, ⌫̂ = 0, 1, 2
<latexit sha1_base64="Ub0oax7J1wleKYCChFTzP92dJKU="></latexit>

X = �1 + i�4, etc.
<latexit sha1_base64="W2Ful4cOe5hWylo4LaAzDpaY3F8=">AAACB3icdVDLSgMxFM3UV62vqktBgkUQlGGmttouhKIblxXsAzpDyaRpG5rMDElGLEN3bvwVNy4UcesvuPNvTKcjqOiByz2ccy/JPV7IqFSW9WFk5uYXFpeyy7mV1bX1jfzmVlMGkcCkgQMWiLaHJGHUJw1FFSPtUBDEPUZa3uhi6rduiJA08K/VOCQuRwOf9ilGSkvd/G77zAmHtGsf0qSXjqDDveA2hkRhc9LNFyzTSgAts1i2qpUpKVt29cSGdmoVQIp6N//u9AIcceIrzJCUHdsKlRsjoShmZJJzIklChEdoQDqa+ogT6cbJHRO4r5Ue7AdCl69gon7fiBGXcsw9PcmRGsrf3lT8y+tEql9xY+qHkSI+nj3UjxhUAZyGAntUEKzYWBOEBdV/hXiIBMJKR5fTIXxdCv8nzaJpH5vFq1Khdp7GkQU7YA8cABucghq4BHXQABjcgQfwBJ6Ne+PReDFeZ6MZI93ZBj9gvH0CdheYbw==</latexit>



Leading for large-N Sub-leading for large-N

Feynman diagrams

Ck=1 = 2

✓
�

16⇡2

◆L/2 hVBS|ui
hu|ui1/2

<latexit sha1_base64="mnT4ZViM6PoXiMiKA6no2DSMFa0="></latexit>

hVBS| = (hXX|+ hY Y |+ hZZ|+ h"# |� h#" |)⌦L/2, SU(2|3) sector
<latexit sha1_base64="Q1Bnz50luZioero9yiusRJniL0Y="></latexit>

Closed expression of factorized determinant form in all cases.
Result in SU(2) sector agrees with                limit of dressed formula

C.K.,	Müller,
Zarembo ‘20

k ! 1
<latexit sha1_base64="svjFxZ1DgiaZA7RbMFUzd7l/vSo=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6ZabXdFNy4r2Ae0Y8mkaRuaSYYkYylD/8ONC0Xc+i/u/Bsz7QgqeuDC4Zx7ufeeIOJMG4Q+nKXlldW19dxGfnNre2e3sLff1DJWhDaI5FK1A6wpZ4I2DDOctiNFcRhw2grGV6nfuqdKMyluzTSifoiHgg0YwcZKd+OuYsORwUrJCfR6hSJy0RwQuaUyqlZSUkZe9dyDXmYVQYZ6r/De7UsSh1QYwrHWHQ9Fxk+wMoxwOst3Y00jTMZ4SDuWChxS7Sfzq2fw2Cp9OJDKljBwrn6fSHCo9TQMbGeIzUj/9lLxL68Tm0HFT5iIYkMFWSwaxBwaCdMIYJ8pSgyfWoKJYvZWSEZYYWJsUHkbwten8H/SLLneqVu6OSvWLrM4cuAQHIET4IELUAPXoA4agAAFHsATeHYmzqPz4rwuWpecbOYA/IDz9gmgpJKZ</latexit>

hVBS| = (
X

µ̂,⌫̂

⌘µ̂⌫̂ hf µ̂f ⌫̂ |)⌦L/2, self-dual gauge fields

<latexit sha1_base64="3zMinf9Wj2/Rm+dc43skWLc3/dg="></latexit>

hVBS| = (hXX|+ hY Y |)⌦L/2, SU(2) sector
<latexit sha1_base64="AjF8MotrsWmuMfo9MlYc5k+ewEM="></latexit>



D3-D5 probe brane system suggests a new double scaling limit

One can compare perturbative gauge theory to semi-classical string theory ( or sugra).

Nagasaki & 
Yamaguchi ‘12,

cot↵ =
⇡kp
�

cot↵ =
⇡kp
�

� ! 1, k ! 1,
�

k2
finite (N ! 1)

D5-brane

The string theory side

C.K., Semenoff & 
Young ‘12,Similar idea works for the two D3-D7 set-ups



The	double	scaling	parameter

D3-D5 D3-D7 D3-D7

Supersymmetry 1/2 BPS None None

Brane geometry AdS4⇥ S2 AdS4⇥ S2 ⇥ S2 AdS4⇥ S4

Flux/Instanton number k k1, k2 dG = (n+1)(n+2)(n+3)
6

Double scaling parameter �
k2

�
k2
1+k2

2

�
n2

<latexit sha1_base64="gi2bUDRo48wV1fSYiynZvxDiLFc="></latexit>



Results	in	d.s.l.	for	chiral	primary	of	length	L

C.K. , Semenoff, 
Young ‘12,

Nagasaki & 
Yamaguchi ‘12,

Buhl-Mortensen, De Leeuw,  
Ipsen C.K & Wilhelm,  ‘16

Match	at	leading	order	in	d.s.l.	both	for	D3-D5	and	D3-D7

hTrZL
i

hTrZLi|tree
= 1 +

�

4⇡2k2
L(L+ 1)

(L� 1)
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<latexit sha1_base64="KUpushzWN9tNDQDtRVaOtZLUE6c="></latexit>

D3-D5 set-up ( 12 -supersymmetric and integrable)
<latexit sha1_base64="1uHdcP8r2CLEqQgNm5IR8nUxgF8="></latexit>

Match to next-to-leading order:
<latexit sha1_base64="6zEjO5XLuGj2RcLZ9xRuieN8mKI=">AAACCHicdVDLSgMxFM3UV62vqksXBovgpmWm4nNVdONGULC1UEvJZG7bYCYZkjtiKS7d+CtuXCji1k9w59+Y1goqeiBwOOdebs4JEyks+v67lxkbn5icyk7nZmbn5hfyi0s1q1PDocq11KYeMgtSKKiiQAn1xACLQwnn4eXhwD+/AmOFVmfYS6AZs44SbcEZOqmVXz1myLsUNVVwjUXURQksEqpDtYnA7LfyBb+05Qd72z71S/4QQ7IbbAY0GCkFMsJJK/92EWmexqCQS2ZtI/ATbPaZQcEl3OQuUgsJ45esAw1HFYvBNvvDIDd03SkRbWvjnkI6VL9v9FlsbS8O3WTMsGt/ewPxL6+RYnu32RcqSREU/zzUTuUg96AVGgkDHGXPEcaNcH+lvMsM4+i6y7kSvpLS/0mtXAo2S+XTcqFyMKojS1bIGtkgAdkhFXJETkiVcHJL7skjefLuvAfv2Xv5HM14o51l8gPe6wcK55lb</latexit>

Recently understood how to compute this 1-point function by 
localization (reproduce gauge as well as sugra results)

Komatsu 
& Wang ‘20

Wang ‘20



Match	to	next	to	leading	order	in	d.s.l.	for	chiral	primary	of	length	L

D3-D7 set-up with SO(5) symmetry (non-supersymmetric and integrable)
<latexit sha1_base64="Q7V5dpNStktkkf1d2oYopCeTRUI="></latexit>

D3-D7 set-up with SO(3)⇥ SO(3) symmetry (non-susy and non-integrable)
<latexit sha1_base64="eDxqyfqXbWdat+6iRvhwQrm6ZrY="></latexit>

� = arctan
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<latexit sha1_base64="HTK4LrM1hQAeRnZhxHi79dhYx00=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzIpPhdC0Y3LCrYVOqVk0kwbmskMyR2hDP0GN/6KGxeKuHXlzr8xfYBaPXAvh3PuJbnHj6Uw4LqfTmZhcWl5JbuaW1vf2NzKb+80TJRoxusskpG+9anhUiheBwGS38aa09CXvOkPLsd+845rIyJ1A8OYt0PaUyIQjIKVOvkS9uK+OPeoZkCVJ3kARS/QlKWDDhnZVhl5WvT6UOrkC275yCVnxwS7ZXeCb0JmpIBmqHXyH143YknIFTBJjWkRN4Z2SjUIJvko5yWGx5QNaI+3LFU05KadTk4a4QOrdHEQaVsK8ET9uZHS0Jhh6NvJkELfzHtj8T+vlUBw2k6FihPgik0fChKJIcLjfHBXaM5ADi2hTAv7V8z61AYCNsWcDYHMn/yXNCpl4pbJ9WGhejGLI4v20D4qIoJOUBVdoRqqI4bu0SN6Ri/Og/PkvDpv09GMM9vZRb/gvH8BR82d2w==</latexit><latexit sha1_base64="HTK4LrM1hQAeRnZhxHi79dhYx00=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzIpPhdC0Y3LCrYVOqVk0kwbmskMyR2hDP0GN/6KGxeKuHXlzr8xfYBaPXAvh3PuJbnHj6Uw4LqfTmZhcWl5JbuaW1vf2NzKb+80TJRoxusskpG+9anhUiheBwGS38aa09CXvOkPLsd+845rIyJ1A8OYt0PaUyIQjIKVOvkS9uK+OPeoZkCVJ3kARS/QlKWDDhnZVhl5WvT6UOrkC275yCVnxwS7ZXeCb0JmpIBmqHXyH143YknIFTBJjWkRN4Z2SjUIJvko5yWGx5QNaI+3LFU05KadTk4a4QOrdHEQaVsK8ET9uZHS0Jhh6NvJkELfzHtj8T+vlUBw2k6FihPgik0fChKJIcLjfHBXaM5ADi2hTAv7V8z61AYCNsWcDYHMn/yXNCpl4pbJ9WGhejGLI4v20D4qIoJOUBVdoRqqI4bu0SN6Ri/Og/PkvDpv09GMM9vZRb/gvH8BR82d2w==</latexit><latexit sha1_base64="HTK4LrM1hQAeRnZhxHi79dhYx00=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzIpPhdC0Y3LCrYVOqVk0kwbmskMyR2hDP0GN/6KGxeKuHXlzr8xfYBaPXAvh3PuJbnHj6Uw4LqfTmZhcWl5JbuaW1vf2NzKb+80TJRoxusskpG+9anhUiheBwGS38aa09CXvOkPLsd+845rIyJ1A8OYt0PaUyIQjIKVOvkS9uK+OPeoZkCVJ3kARS/QlKWDDhnZVhl5WvT6UOrkC275yCVnxwS7ZXeCb0JmpIBmqHXyH143YknIFTBJjWkRN4Z2SjUIJvko5yWGx5QNaI+3LFU05KadTk4a4QOrdHEQaVsK8ET9uZHS0Jhh6NvJkELfzHtj8T+vlUBw2k6FihPgik0fChKJIcLjfHBXaM5ADi2hTAv7V8z61AYCNsWcDYHMn/yXNCpl4pbJ9WGhejGLI4v20D4qIoJOUBVdoRqqI4bu0SN6Ri/Og/PkvDpv09GMM9vZRb/gvH8BR82d2w==</latexit><latexit sha1_base64="HTK4LrM1hQAeRnZhxHi79dhYx00=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0mzIpPhdC0Y3LCrYVOqVk0kwbmskMyR2hDP0GN/6KGxeKuHXlzr8xfYBaPXAvh3PuJbnHj6Uw4LqfTmZhcWl5JbuaW1vf2NzKb+80TJRoxusskpG+9anhUiheBwGS38aa09CXvOkPLsd+845rIyJ1A8OYt0PaUyIQjIKVOvkS9uK+OPeoZkCVJ3kARS/QlKWDDhnZVhl5WvT6UOrkC275yCVnxwS7ZXeCb0JmpIBmqHXyH143YknIFTBJjWkRN4Z2SjUIJvko5yWGx5QNaI+3LFU05KadTk4a4QOrdHEQaVsK8ET9uZHS0Jhh6NvJkELfzHtj8T+vlUBw2k6FihPgik0fChKJIcLjfHBXaM5ADi2hTAv7V8z61AYCNsWcDYHMn/yXNCpl4pbJ9WGhejGLI4v20D4qIoJOUBVdoRqqI4bu0SN6Ri/Og/PkvDpv09GMM9vZRb/gvH8BR82d2w==</latexit>

Grau,	C.K,	Volk	&	
Wilhelm,		‘18

Grau,	C.K,	Volk	
&	Wilhelm,		‘19
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<latexit sha1_base64="0YDxoNOz8FldGxoRFSucKWPX4tQ="></latexit>
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<latexit sha1_base64="iCiVbe3ueY3B6TOC/npK8lbn1Ag="></latexit>



Non-local observables

Maldacena Wilson line parallel to defect

Match at two leading orders in d.s.l. for D3-D5 
as well as D3-D7 (both cases) 

Other Wilson loops revealing interesting phases for D3-D5:

Bonansea, Idiab,
C.K., Volk ‘20

de Leeuw, Ipsen
C.K. Wilhelm ’16

Yamaguchi &
Nagasaki ‘12

Bonansea, Davoli,
Griguolo, Seminara ‘20

Preti, Trancanelli
& Vescovi ‘17

Aguilera-Damia, Correa
& Giraldo-Rivera ‘17

• Two anti-parallel lines

• Circle



D3-D5 D3-D7 D3-D7

Supersymmetry 1/2 BPS None None

Brane geometry AdS4⇥ S
2

AdS4⇥ S
2 ⇥ S

2
AdS4⇥ S

4

|MPS i Integrable Non-integrable Integrable

Exact formula derived Exact formula derived

One-point functions at tree level and one-loop. — at tree level.

Bootstrapped to all orders.

Finite size e↵ects via TBA.

Match with string theory: yes yes yes

Local obs. (1-pt. fcts)

Non-local obs. (Wilson lines)

<latexit sha1_base64="62wlV/dKr/+fGZjtHc3rgYYnenw="></latexit>

Summary
<latexit sha1_base64="uj/sZmxBh464O7rvaLAIcfsGqMs=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJjq+2u6MZlRfuAdiiZNNOGJpkhyQhD6Ue4caGIW7/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXyzmQJDQQeShYxgo2V2repEFhl/WIJucivVso+RK5fQTWvZkkFebXzMvRcNEcJLNHoF997g5ikgkpDONa666HEBBOsDCOcTgu9VNMEkzEe0q6lEguqg8n83Ck8scoARrGyJQ2cq98nJlhonYnQdgpsRvq3NxP/8rqpiarBhMkkNVSSxaIo5dDEcPY7HDBFieGZJZgoZm+FZIQVJsYmVLAhfH0K/yct3/XOXP/GL9Uvl3HkwRE4BqfAAxegDq5BAzQBAWPwAJ7As5M4j86L87pozTnLmUPwA87bJ+/Zj/g=</latexit>



Future	directions

• Understanding	the	integrability/non-integrability from	the	string	
theory	side

• Higher	loop	integrability for	D3-D7?	

• Complete	the	bootstrap	(info	about	all	sectors,	all	orders):	

• Derive	the	TBA	

• Wilson	loops	by	localization?

• Connections	to	the	boundary	analytic	bootstrap	program

Komatsu
& Wang ’20

Gombor
& Bajnok ’20



Thank	you


