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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
<latexit sha1_base64="+GGaJhYccoObrhl+sSY3VQTPeOA="></latexit>

• Conformal symmetry partially broken

• Supersymmetry partially or completely broken
<latexit sha1_base64="tFxJC57fxGNMxbR5+XhYtagO0aA="></latexit>

AdS/CFT
<latexit sha1_base64="83CXmGGHjkqA7Q1WYWEEeFQnBcM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXY2a0tt1VC+KyYl/QDiWTybShmQdJRihDP8KNC0Xc+j3u/BszbQUVPXDhcM693HuPG3MmFUIfxtLyyuraem4jv7m1vbNb2NtvyygRhLZIxCPRdbGknIW0pZjitBsLigOX0447rmd+554KyaKwqSYxdQI8DJnPCFZa6lx6d6f16+agUESmXULVcgUis4Ss6rmtCUKV6gWCliYZimCBxqDw3vcikgQ0VIRjKXsWipWTYqEY4XSa7yeSxpiM8ZD2NA1xQKWTzs6dwmOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8XqL8ipOyME4UDcl8kZ9wqCKY/Q49JihRfKIJJoLpWyEZYYGJ0gnldQhfn8L/Sds2rTPTvrWLtatFHDlwCI7ACbBAGdTADWiAFiBgDB7AE3g2YuPReDFe561LxmLmAPyA8fYJj5mPEQ==</latexit>

AdS/dCFT
<latexit sha1_base64="HBoebIdTyxnuJbp1atf94NoTDG8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjOjte2uWhCXFfuCdiiZTNqGZh4mGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89bsSZVAh9GJml5ZXVtex6bmNza3snv7vXkmEsCG2SkIei42JJOQtoUzHFaScSFPsup213XEv99j0VkoVBQ00i6vh4GLABI1hpqXPh3Z54tatGP19Apl1ElVIZIrOIrMqZrQlC5co5gpYmKQpggXo//97zQhL7NFCEYym7FoqUk2ChGOF0muvFkkaYjPGQdjUNsE+lk8zuncIjrXhwEApdgYIz9ftEgn0pJ76rO32sRvK3l4p/ed1YDcpOwoIoVjQg80WDmEMVwvR56DFBieITTTARTN8KyQgLTJSOKKdD+PoU/k9atmmdmvaNXaheLuLIggNwCI6BBUqgCq5BHTQBARw8gCfwbNwZj8aL8TpvzRiLmX3wA8bbJ057j38=</latexit>

<latexit sha1_base64="h4U8HKF3/gnuDadcZkH/+bQzuWA="></latexit>

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

with co-dim d defect with probe brane



Motivation

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

• Tests of  AdS/dCFT dictionary for set-ups with
and without supersymmetry (so far all positive)

• Exact results for novel types of observables such as one-point
functions, bulk-to-boundary correlators etc.

• 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. Defect set-ups 

II. Connections to Quantum Quenches and MPS

III. Integrability Primer

IV. Closed expressions for one-point functions

V. Summary & Open problems



<latexit sha1_base64="ELwXAhq53k74i/zeysyg49duMf8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHcWJJCa7srunFZoS9oQ5lMb9qhkwczEyGE+ituXCji1g9x5984aSOo6IELh3Pu5d573IgzqSzrw1hb39jc2i7sFHf39g8OzaPjngxjQaFLQx6KgUskcBZAVzHFYRAJIL7Loe/OrzO/fwdCsjDoqCQCxyfTgHmMEqWlsVnqzABPwAOqsAR1EUcSj82yVbGWwFalWrOajYzULLtZt7GdW2WUoz0230eTkMY+BIpyIuXQtiLlpEQoRjksiqNYQkTonExhqGlAfJBOujx+gc+0MsFeKHQFCi/V7xMp8aVMfFd3+kTN5G8vE//yhrHyGk7KgihWENDVIi/mWIU4SwJPmNBf80QTQgXTt2I6I4JQpfMq6hC+PsX/k161Ytcr9dtquXWVx1FAJ+gUnSMbXaIWukFt1EUUJegBPaFn4954NF6M11XrmpHPlNAPGG+f+oqUXQ==</latexit>

The defect set-ups

<latexit sha1_base64="jjvA8pvYF8K/qoyXbxk5mvUZGP8="></latexit>

• d = 1: Domain wall defect:

h�ii 6= 0, i = 1, 2, 3.

• d = 2: Gukov-Witten surface defect:

h�ii 6= 0, i = 1, 2, hA3i 6= 0.

• d = 3 ’t Hooft line (monopole):

h�ii 6= 0, i = 1, hAii 6= 0, i = 1, 2, 3.

<latexit sha1_base64="Tt0c02Rj0ESXB/SvrILPtR3xMWg="></latexit>

Nahm pole defects :
of co-dimension d
(All 1/2 BPS)

<latexit sha1_base64="L9SF2z2RKfG+eJdaENYJ0JEHD+0="></latexit>

h�i ⇠ �cl

r <latexit sha1_base64="aNFIACExeCDB6mW0ZRRSGI8uecU=">AAACC3icdVBNSwMxFMz6WetX1aOXYBE8LVmrtb0VvXisYG2hLSWbfavBbHZJsmJZevfiX/HiQRGv/gFv/huzbQUVHQgMM+/xMuMngmtDyIczMzs3v7BYWCour6yurZc2Ni90nCoGLRaLWHV8qkFwCS3DjYBOooBGvoC2f32S++0bUJrH8twME+hH9FLykDNqrDQo7eBe5Me3Wc9wOcSBPUglA2xiHEAIzIyKxUGpTNxD4tWrFUxcYlE5smT/kNRrFeyNFULKaIrmoPTeC2KWRiANE1TrrkcS08+oMpwJGBV7qYaEsmt6CV1LJY1A97NxlhHetUqAw1jZJw0eq983MhppPYx8OxlRc6V/e7n4l9dNTVjrZ1wmqQHJJofCVORR82JsdmXzirwEyhS3f8XsiirKjK0vL+ErKf6fXOy7XtWtnh2UG8fTOgpoG+2gPeShI9RAp6iJWoihO/SAntCzc+88Oi/O62R0xpnubKEfcN4+AVW/mp4=</latexit>

distance to defect
<latexit sha1_base64="/wORTicFjKN30Im3crL7rrdIyT0=">AAAB+XicdVDLSgMxFM3UVx1foy7dBIvgqmRa+9oV3bisYG2hLSWTZtrQTDIkmUoZ+iduXCji1j9x59+YPgQVPXDhcM693HtPEHOmDUIfTmZtfWNzK7vt7uzu7R94h0d3WiaK0CaRXKp2gDXlTNCmYYbTdqwojgJOW8H4au63JlRpJsWtmca0F+GhYCEj2Fip73ldLsWQ09BgpeS96/a9HMqXkF8rFyHKI4tixZJCCdWqRegvFIRyYIVG33vvDiRJIioM4Vjrjo9i00uxMoxwOnO7iaYxJmM8pB1LBY6o7qWLy2fwzCoDGEplSxi4UL9PpDjSehoFtjPCZqR/e3PxL6+TmLDaS5mIE0MFWS4KEw6NhPMY4IApSgyfWoKJYvZWSEZYYWJsWPMQvj6F/5O7Qt4v58s3F7n65SqOLDgBp+Ac+KAC6uAaNEATEDABD+AJPDup8+i8OK/L1oyzmjkGP+C8fQJor5OJ</latexit> �

de Leeuw, CK.
& Zarembo ‘15

Karch &
Randall ‘02

Gukov & 
Witten ‘08
Chalabi, C.K & 
Su ‘2025

C.K & Zarembo
’23, ‘24

Kapushtin ‘05



N = 4 SYM
<latexit sha1_base64="xLZfvmgEjdZHlffxhBfDG5ARKGY="></latexit>

h�i = 0
<latexit sha1_base64="HmpXdikMxZSLOp1SH1tM5HzHu28=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyEzttouhKIblxXsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YPgQVPXDh5Jx7yb0nTDhTGqEPa2FxaXllNbeWX9/Y3Nq2d3YbKk4loXUS81i2QqwoZ4LWNdOcthJJcRRy2gyHlxO/eUulYrG40aOEBhHuC9ZjBGsjdex9n2PR5xT6yYBBX84e5xB17AJykFcuFT2IHK+EKm7FkBJyK6dF6DpoigKYo9ax3/1uTNKICk04VqrtokQHGZaaEU7HeT9VNMFkiPu0bajAEVVBNr1gDI+M0oW9WJoSGk7V7xMZjpQaRaHpjLAeqN/eRPzLa6e6Vw4yJpJUU0FmH/VSDnUMJ3HALpOUaD4yBBPJzK6QDLDERJvQ8iaEr0vh/6ThOe6J410XC9WLeRw5cAAOwTFwwRmogitQA3VAwB14AE/g2bq3Hq0X63XWumDNZ/bAD1hvnzFqlhU=</latexit>

(x0, x1, x2)
<latexit sha1_base64="/5AhN+zPvFjaEYyP4CLoj4ecEpQ=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJUkCEzttruim5cVrAPaIchk2ba0MzDJFNahn6HGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48WcSYXQh5FZWV1b38hu5ra2d3b38vsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhtczvzWiQrIovFOTmDoB7ofMZwQrLTnFsYvOxq6lyz518wVkIrtSLtkQmXYZVa2qJmVkVS9K0DLRHAWwRN3Nv3d7EUkCGirCsZQdC8XKSbFQjHA6zXUTSWNMhrhPO5qGOKDSSedHT+GJVnrQj4SuUMG5+n0ixYGUk8DTnQFWA/nbm4l/eZ1E+RUnZWGcKBqSxSI/4VBFcJYA7DFBieITTTARTN8KyQALTJTOKadD+PoU/k+atmmdm/ZtqVC7WsaRBUfgGBSBBS5BDdyAOmgAAu7BA3gCz8bIeDRejNdFa8ZYzhyCHzDePgEdE5EJ</latexit>

x3
<latexit sha1_base64="qTjq6kPXVfnQQkteefg1dvSmrcs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomiSa3oBePEc0CyRB6Oj1Jk56F7h4xhHyCFw+KePWLvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc781h2TisfRrR4nzAvJIOIBp0Qb6ea+V+zlC9jGbqVcchG23TKuOlVDytipnpWQY+M5CrBEvZd/7/ZjmoYs0lQQpToOTrQ3IVJzKtg0100VSwgdkQHrGBqRkClvMj91ik6M0kdBLE1FGs3V7xMTEio1Dn3TGRI9VL+9mfiX10l1UPEmPEpSzSK6WBSkAukYzf5GfS4Z1WJsCKGSm1sRHRJJqDbp5EwIX5+i/0nTtZ2i7V6XCrWLZRxZOIJjOAUHzqEGV1CHBlAYwAM8wbMlrEfrxXpdtGas5cwh/ID19gl39Y3u</latexit>

U(N � k)
<latexit sha1_base64="5JQPBrJaOMTLUQozSLkUz4xQSek=">AAAB+HicdVDLSgNBEJyN7/jIqkcvg1HQg8vsmqi5Bb14kghuFJIQZicTM2T2wUyvGJd8iRcPinj1U7z5N05iBBUtaCiquunuChIpNBDybuWmpmdm5+YX8otLyysFe3WtruNUMe6zWMbqKqCaSxFxHwRIfpUoTsNA8sugfzLyL2+40iKOLmCQ8FZIryPRFYyCkdp2oQn8FjJ/Z+tsr7+1O2zbReIQ76hc8jBxvDKpuBVDysStHJSw65AximiCWtt+a3ZiloY8Aiap1g2XJNDKqALBJB/mm6nmCWV9es0bhkY05LqVjQ8f4m2jdHA3VqYiwGP1+0RGQ60HYWA6Qwo9/dsbiX95jRS6R61MREkKPGKfi7qpxBDjUQq4IxRnIAeGUKaEuRWzHlWUgckqb0L4+hT/T+qe4+473nmpWD2exDGPNtAm2kEuOkRVdIpqyEcMpegePaIn6856sJ6tl8/WnDWZWUc/YL1+ALRykno=</latexit>

U(N) for x3 ! 1
<latexit sha1_base64="ewESqthuAgvdBP5fiLgTBrHWkm8="></latexit>

<latexit sha1_base64="66QlCLbMy6vkIF6cTeAiPtsugs8="></latexit>

h�i / 1

x3

<latexit sha1_base64="4qQF65VMi3v+UGrx4jR3oM3fYmg=">AAACBnicdVA9SwNBEN3z2/gVtRRhMQg2HnshiaYTbSwVjApJCHubiVnc2zt259RwpLLxr9hYKGLrb7Dz37iJEVT0wcDjvRlm5oWJkhYZe/fGxicmp6ZnZnNz8wuLS/nllVMbp0ZATcQqNucht6CkhhpKVHCeGOBRqOAsvDwY+GdXYKyM9Qn2EmhG/ELLjhQcndTKrzcQbjA76QJtxxGXml5zpagF3E6TfitfYD4r7pZLRcr8YplVg6ojZRZUKyUa+GyIAhnhqJV/a7RjkUagUShubT1gCTYzblAKBf1cI7WQcHHJL6DuqOYR2GY2fKNPN53Spp3YuNJIh+r3iYxH1vai0HVGHLv2tzcQ//LqKXZ2m5nUSYqgxeeiTqooxnSQCW1LAwJVzxEujHS3UtHlhgt0yeVcCF+f0v/JadEPKn7luFTY2x/FMUPWyAbZIgHZIXvkkByRGhHkltyTR/Lk3XkP3rP38tk65o1mVskPeK8fnC+ZQA==</latexit>

The domain wall set-up



The Classical Fields 

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

Solution:
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
<latexit sha1_base64="NJdnYVkZAx/esoMxPtCOXoRq5Vw="></latexit>

d2�cl
i

dx2
3

=
⇥
�cl
j ,

⇥
�cl
j ,�

cl
i

⇤⇤
.

<latexit sha1_base64="wEhN5EAkqgw+NC+TM+ive2RcXVQ="></latexit>

�cl
4 = �cl

5 = �cl
6 = 0

<latexit sha1_base64="G7UsR0EWz/gPsBRpJJeJaqNlMYY="></latexit>

�cl
i =

1

x3

✓
(ti)k⇥k 0
0 0

◆
, i = 1, 2, 3

<latexit sha1_base64="oqN0J7M9Dyj6OpFVUS44IbP0Bus="></latexit>

<latexit sha1_base64="3bybWFXsaIBao9vLgPJkTGZKbCA=">AAACCnicdZC7SgNBFIZn4y3GW9TSZjQIFiHsRhNjIQRtLCOYC2SXZXYySSaZvTBzVghLahtfxcZCEVufwM63cXIRVPSHgZ/vnMOZ83uR4ApM88NILSwuLa+kVzNr6xubW9ntnYYKY0lZnYYilC2PKCZ4wOrAQbBWJBnxPcGa3vByUm/eMql4GNzAKGKOT3oB73JKQCM3u98Gl+fBHTjn3M7bLFJcaJ7wgRjbeQyucLM5s1AyrbPyMTYL5lRTU7GKFWzNSQ7NVXOz73YnpLHPAqCCKNW2zAichEjgVLBxxo4Viwgdkh5raxsQnyknmZ4yxoeadHA3lPoFgKf0+0RCfKVGvqc7fQJ99bs2gX/V2jF0K07CgygGFtDZom4sMIR4kgvucMkoiJE2hEqu/4ppn0hCQaeX0SF8XYr/N41iwSoXStcnuerFPI402kMH6AhZ6BRV0RWqoTqi6A49oCf0bNwbj8aL8TprTRnzmV30Q8bbJxEdmog=</latexit>

[ti, tj ] = i ✏ijl tl
<latexit sha1_base64="T7y4t5wQ32Cxd4KSRZYZguNka1c="></latexit>

i.e. ti, i = 1, 2, 3 constitute a k-dimensional
irreducible representation of SU(2)



The domain wall set-up --- 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 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="0c0FPbRBxNDfbYQdMQZSyKdnRKo="></latexit>



One-point functions in the domain wall dCFT

Tree level and one-loop 1-pt functions  of conformal scalar operators  

can be found in closed form 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�
<latexit sha1_base64="weQP5KVIp9MjFupvKtRx4UDEVW4="></latexit><latexit sha1_base64="weQP5KVIp9MjFupvKtRx4UDEVW4="></latexit><latexit sha1_base64="weQP5KVIp9MjFupvKtRx4UDEVW4="></latexit><latexit sha1_base64="weQP5KVIp9MjFupvKtRx4UDEVW4="></latexit>

Normalization given by:

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

ti
x3

<latexit sha1_base64="pnp4KCpjhSRxtK1MJggL+hEhvTM="></latexit>

An exact formula for any loop order can be found by integrability 

bootstrap arguments  Komatsu

& Wang ’20

Gombor

& Bajnok ’20

C.K, Müller,

Zarembo ‘20

deLeeuw, C.K.
& Zarembo ‘15,

de Leeuw, C.K &

Linardopoulos, ’18.
Buhl-Mortensen de Leeuw, 

C.K & Zarembo ‘16

de Leeuw, C.K &

Mori, ’17.



<latexit sha1_base64="n1xHHzS/wNb3uZ8cpfjlxMgZ9rM=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaL4KokXqruim5cVrC20IQymZ60QyeTMDMRauyTuHGhiFsfxZ1v47SNoqI/DBy+/xzOmT9IOFPacd6twtz8wuJScbm0srq2XrY3Nq9VnEoKTRrzWLYDooAzAU3NNId2IoFEAYdWMDyf+K0bkIrF4kqPEvAj0hcsZJRog7p2+Q57QZilY08S0efQtStO9chxT2sudqrOVPiLuDmpoFyNrv3m9WKaRiA05USpjusk2s+I1IxyGJe8VEFC6JD0oWNKQSJQfjY9fIx3DenhMJbmCY2n9PtERiKlRlFgOiOiB+q3N4F/eZ1Uhyd+xkSSahB0tihMOdYxnqSAe0wC1XxkCkIlM7diOiCSUG2yKpkQPn+K/y+u96turXpweVipn+VxFNE22kF7yEXHqI4uUAM1EUUpukeP6Mm6tR6sZ+tl1lqw8pkt9EPW6wcz9pN3</latexit>

|ui<latexit sha1_base64="T7zailDTwRuT4muOkOti+I3Y7VU=">AAACFHicdVDLSgMxFM3UV62vqks3wSIIQpmpWB+rogguK9hWaEvJpHfa0ExmSO4IpfQj3Pgrblwo4taFO//G9KGo6IHA4Zx7uLnHj6Uw6LrvTmpmdm5+Ib2YWVpeWV3Lrm9UTZRoDhUeyUhf+8yAFAoqKFDCdayBhb6Emt87G/m1G9BGROoK+zE0Q9ZRIhCcoZVa2b1z0QFlkCEYGgVUKISOZjZOTRKDpiYWivIuE+qklc25+QPXOy561M27Y9AvxZsqOTJFuZV9a7QjnoSgkEtmTN1zY2wOmEbBJQwzjcRAzHiPdaBuqWIhmOZgfNSQ7lilTYNI26eQjtXviQELjemHvp0MGXbNb28k/uXVEwyOmgOh4gRB8cmiIJEUIzpqiLaFBo6ybwnjWti/ju7XjKPtMWNL+LyU/k+qhbxXzO9fFnKl02kdabJFtsku8cghKZELUiYVwsktuSeP5Mm5cx6cZ+dlMppypplN8gPO6wfrKp6/</latexit>

Eigenstates of integrable super spin chain:

De Leeuw, C.K.
Zarembo ‘15

Beisert, CK
Staudacher 03

Minahan.
Zarembo ‘02

<latexit sha1_base64="TzUjQcMMDrmcdLcTTYthDq0ccwE="></latexit>

Conformal operators  ! String states, (AdS/CFT)

<latexit sha1_base64="dRXjQoa23XjIsHK6eeWRPGMntkI="></latexit>

Co-dimension d defect  ! Probe brane

<latexit sha1_base64="Z/dNqoNgWlGGI2yXzFuncXeCVZI="></latexit>

Main examples: N = 4 SYM (4D), ABJM theory (3D), ...
Large-N limit

<latexit sha1_base64="CFtLhTImxW4jgg+soUZmkbVwcis=">AAAB/nicdVBNSwMxEM3W7/pVFU9egkXwVLNFa3urCqI3RWsLbSnZNG2D2eySzArLUvCvePGgiFd/hzf/jdm2goo+GHi8N8PMPC+UwgAhH05manpmdm5+Ibu4tLyymltbvzFBpBmvsUAGuuFRw6VQvAYCJG+EmlPfk7zu3Z6kfv2OayMCdQ1xyNs+7SvRE4yClTq5zaPu1d7J6TU+V8D7mnpCCog7uTwpFA9I5bCMSeGAuJX9oiWElCslgl1LUuTRBBed3HurG7DI5wqYpMY0XRJCO6EaBJN8mG1FhoeU3dI+b1qqqM9NOxmdP8Q7VuniXqBtKcAj9ftEQn1jYt+znT6FgfntpeJfXjOCXrmdCBVGwBUbL+pFEkOA0yxwV2jOQMaWUKaFvRWzAdWUgU0sa0P4+hT/T26KBbdUKF0W89XjSRzzaAtto13kokNURWfoAtUQQwl6QE/o2bl3Hp0X53XcmnEmMxvoB5y3T5XqlUw=</latexit>

AdS/CFT Integrability

<latexit sha1_base64="XCdZl40s3SX/ItqxnkC5HiMAUZo="></latexit>

Integrability in AdS/dCFT

<latexit sha1_base64="/FdFiSpM2fWZKrnYwQ5DaMD1EUg="></latexit>

h 0|ui is the one-point function of the operator described by |ui

<latexit sha1_base64="XxJU1AUGwvi28dgkXB+FC5vskKY="></latexit>

(Integrable) boundary state | 0i of spin chain



H0|ui = Eu|ui
<latexit sha1_base64="093ZPzk7vIx5+8faQac/Hlb3xxk=">AAACIXicdZDLSgMxFIYz9VbrrerSTbAIrkqm9VIXQlGELivYVuiUIZNm2tBMZkgyQhnnVdz4Km5cKNKd+DKmN/B6IPDz/edwcn4v4kxphN6tzMLi0vJKdjW3tr6xuZXf3mmqMJaENkjIQ3nrYUU5E7Shmeb0NpIUBx6nLW9wOfZbd1QqFoobPYxoJ8A9wXxGsDbIzVcSh2AOa6mL4H3ieH4Sp6kjsehxeg6v3Dn6Zbr5AioeI/vsBEFURJOaiIpdtqE9IwUwq7qbHzndkMQBFZpwrFTbRpHuJFhqRjhNc06saITJAPdo20iBA6o6yeTCFB4Y0oV+KM0TGk7o14kEB0oNA890Blj31U9vDP/y2rH2K52EiSjWVJDpIj/mUIdwHBfsMkmJ5kMjMJHM/BWSPpaYaBNqzoQwvxT+L5qlol0ulq6PCtWLWRxZsAf2wSGwwSmoghqogwYg4AE8gRfwaj1az9abNZq2ZqzZzC74VtbHJ3KmpPo=</latexit>

hO(t)i = h 0|e
iH0tOe�iH0t| 0i

=
X

u,v

h 0|uihu|O|vihv| 0ie
�i(Ev�Eu)t,

<latexit sha1_base64="XBhdoAePhtKcn/dq33ZFXrb7w9g="></latexit>

Of relevance for
<latexit sha1_base64="eGGXZ+VTy14mbh/hAvQZiW2MwOU=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4WmbXR+It6MWbEUwMJCHMTnqTwdnZZWY2EJb8iRcPinj1T7z5N04egooWNBRV3XR3hang2hDy4SwsLi2vrBbWiusbm1vb7s5uQyeZYlBniUhUM6QaBJdQN9wIaKYKaBwKuAvvLyf+3RCU5om8NaMUOjHtSx5xRo2Vuq57HWEFAoZUMsBRorpuiXjk7MQPfEy8U+JXAjIj5+Vj7HtkihKao9Z139u9hGUxSMME1brlk9R0cqoMZwLGxXamIaXsnvahZamkMehOPr18jA+t0pustSUNnqrfJ3Iaaz2KQ9sZUzPQv72J+JfXykxU6eRcppkByWaLokxgk+BJDLjHFTAjRpZQpri9FbMBVZQZG1bRhvD1Kf6fNALPP/aCm6BUvZjHUUD76AAdIR+VURVdoRqqI4aG6AE9oWcndx6dF+d11rrgzGf20A84b59Pi5N1</latexit>

Assume H0 Hamiltonian of an integrable system
<latexit sha1_base64="b7ikwRGFief0uovPDsvKyYESNAU="></latexit>

Study time development of local observable
<latexit sha1_base64="L3iRnB1pR48cM8MN6wGRsMR9tgc="></latexit>

Set out quantum system in initial state | 0i

which is not an eigenstate of its Hamiltonian H0
<latexit sha1_base64="y6veeVm9grSi5N7bazec0BnSueE="></latexit>

When and how can h 0|ui be calculated in closed form?
<latexit sha1_base64="/Cxdhh1RygGeSmVsLcwclmJgnHs="></latexit>

<latexit sha1_base64="xqswHHsD85ql+7uG7dfSvS8dG8k="></latexit>

• Time development after quantum quench
(post-quench steady state, post-quench entanglement dynamics)

• Correlation functions in AdS/dCFT

<latexit sha1_base64="DrfuE55akz8P/6m9RIzg13KTdD0=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwNcxUrHVXdOPOFmwrtEO5k6ZtaCYz5CGU0p0bf8WNC0Xc+gvu/BvTdgQVvRByOOceknPChDOlPe/DySwsLi2vZFdza+sbm1v57Z2Gio0ktE5iHsubEBTlTNC6ZprTm0RSiEJOm+HwYqo3b6lULBbXepTQIIK+YD1GQFuqk9/HNQNCm8jeVJABVRhEF19ZD4dEdfIFzz3x/LOShz3Xm80MlP1jH/spU0DpVDv593Y3JiaiQhMOSrV8L9HBGKRmhNNJrm0UTYAMoU9bFgqIqArGsxwTfGiZLu7F0h6h8Yz97hhDpNQoCu1mBHqgfmtT8i+tZXSvHIyZSIy2IecP9QzHOsbTUnCXSUo0H1kARDL7V0wGIIFoW13OlvCVFP8PGkXXL7mlWrFQOU/ryKI9dICOkI9OUQVdoiqqI4Lu0AN6Qs/OvfPovDiv89WMk3p20Y9x3j4Bk6eZKA==</latexit>

Quantum Quenches and Overlaps



1 2 3 L

s1 sLs2 s3

SL+m = Sm | i = |s1s2s3 . . . sLi
<latexit sha1_base64="1GJCNr9RjxzakkBefr3M3qU9/FI="></latexit>

Eigenstates: H0|ui = E0|ui
<latexit sha1_base64="4zIMFs+ouqDC1WHtRDrLTxm7gH0="></latexit>

h 0|ui computable in closed form
<latexit sha1_base64="3Wr8Yg+t3JdnXNGrXhc1/eN58Vo="></latexit>

Identified types of relevance for AdS/dCFT:
<latexit sha1_base64="LE02/q0ZlcNh0Mh8Qvl7YOucThQ="></latexit>

De Leeuw, C.K., Zarembo ‘15

<latexit sha1_base64="+HpVAs/IlhXY7BUjDAIFzNj77+Q=">AAAB/3icdVDLSgNBEJyNrxhfq4IXL4NB8LTMLklMPAW9eBEimERIQpidTJIhsw9mesUQc/BXvHhQxKu/4c2/cfIQVLSgoajqprvLj6XQQMiHlVpYXFpeSa9m1tY3Nrfs7Z2ajhLFeJVFMlLXPtVcipBXQYDk17HiNPAlr/uDs4lfv+FKiyi8gmHMWwHthaIrGAUjte29CwpK3OJYRZ2EAdZAgeuTtp0lDvGK+ZyHiePlScktGZInbqmQw65DpsiiOSpt+73ZiVgS8BCYpFo3XBJDa0QVCCb5ONNMNI8pG9Aebxga0oDr1mh6/xgfGqWDu5EyFQKeqt8nRjTQehj4pjOg0Ne/vYn4l9dIoFtsjUQYJ8BDNlvUTSSGCE/CwB2hOAM5NIQyJcytmPWpogxMZBkTwten+H9S8xy34OQuvWz5dB5HGu2jA3SEXHSMyugcVVAVMXSHHtATerburUfrxXqdtaas+cwu+gHr7RNec5Za</latexit>

Matrix product states:

<latexit sha1_base64="/Kho40OtJzWOQX5ShUZ8H2Sujws=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwVSZd9LErutFdC/YB7VAy6W0bmskMSUYYSv0VNy4UceuHuPNvzLQVVPRA4HDOueTe40eCa+O6H05mY3Nreye7m9vbPzg8yh+fdHQYKwZtFopQ9XyqQXAJbcONgF6kgAa+gK4/u0r97h0ozUN5a5IIvIBOJB9zRo2VhvnCjTQwUdTmcSsGyaagh/miW3JdlxCCU0KqFdeSer1WJjVMUsuiiNZoDvPvg1HI4gCkYYJq3SduZLw5VYYzAYvcINYQUTajE+hbKmkA2psvl1/gc6uM8DhU9kmDl+r3iTkNtE4C3yYDaqb6t5eKf3n92Ixr3pzLKDb2rtVH41hgE+K0CTziCpgRiSWUKW53xWxKFWXG9pWzJXxdiv8nnXKJVEqVVrnYuFzXkUWn6AxdIIKqqIGuURO1EUMJekBP6Nm5dx6dF+d1Fc0465kC+gHn7RP29JUB</latexit>

Integrable Quenches

<latexit sha1_base64="0YXlCfp+308biQj0GmzOycrXsVA=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSLPlwV3eiuBfuAdiiZNNOGZjJDkhHL0F9x40IRt/6IO//GTFtBRQ8EDuecS+49fiy4Ngh9OGvrG5tb27md/O7e/sGhe1To6ChRlLVpJCLV84lmgkvWNtwI1osVI6EvWNefXmV+944pzSN5a2Yx80IyljzglBgrDd3CjTRsrIjNw1bCJJ1cDN0iKiGEMMYwI7haQZbU67UyrkGcWRZFsEJz6L4PRhFNQiYNFUTrPkax8VKiDKeCzfODRLOY0CkZs76lkoRMe+li9zk8s8oIBpGyTxq4UL9PpCTUehb6NhkSM9G/vUz8y+snJqh5KZdxYuxZy4+CREATwawIOOKKUSNmlhCquN0V0glRhBpbV96W8HUp/J90yiVcKVVa5WLjclVHDpyAU3AOMKiCBrgGTdAGFNyDB/AEnp258+i8OK/L6JqzmjkGP+C8fQLbYpRZ</latexit>

Integrable Quench:

<latexit sha1_base64="ufcBgkWQsWwdPK5Yt2q8puTcZYU="></latexit>

| 0i = |MPSi =
X

{si}

Tr(ts1 . . . tsL)|s1 . . . sLi

<latexit sha1_base64="vQuRHVwJx+3iivej3FggBTYFsiE="></latexit>

|MPSi = Tr
LY

l=1

(| "il ⌦ t1 + | #il ⌦ t2)
L

<latexit sha1_base64="uK76c9UsDP+saTJvbKutRnctKjw=">AAACAnicdVDLSgMxFM34rPVVdSVugkVwNWQGWltXRRG6rGBboQ6SSW9rMJMZkoxYhuLGX3HjQhG3foU7/8b0IajogZDDOfeSnBMmgmtDyIczMzs3v7CYW8ovr6yurRc2Nls6ThWDJotFrM5DqkFwCU3DjYDzRAGNQgHt8Pp45LdvQGkeyzMzSCCIaF/yHmfUWOmysH1ye4jrwDXIEFQf64RLzK4ot16RuMSvlEgVE9e3l1+ypES8armKPZeMUURTNC4L7xfdmKURSMME1brjkcQEGVWGMwHD/EWqIaHsmvahY6mkEeggG0cY4j2rdHEvVvZIg8fq942MRloPotBORtRc6d/eSPzL66SmVwkyLpPUgGSTh3qpwCbGoz5wlytgRgwsoUxx+9dRfEWZsa3lbQlfSfH/pOW7Xtktn/rF2tG0jhzaQbtoH3noANVQHTVQEzF0hx7QE3p27p1H58V5nYzOONOdLfQDztsnuOeXCw==</latexit>

Ex: Heisenberg spin chain



Identified types of relevance for AdS/dCFT:
<latexit sha1_base64="LE02/q0ZlcNh0Mh8Qvl7YOucThQ="></latexit>

C.K., Müller, Zarembo ‘20

<latexit sha1_base64="C1QCMzD9ISNZVKDlUl/As7EeaDM=">AAACC3icdVDLSgMxFM34tr5GXboJFsFVnRTR6soHiDsV+4K2lEx6pw1mkiHJCKW4d+OvuHGhiFt/wJ1/Y6ZWUNGzOpxzD/feEyaCGxsE797Y+MTk1PTMbG5ufmFxyV9eqRqVagYVpoTS9ZAaEFxCxXIroJ5ooHEooBZeHWd+7Rq04UqWbT+BVky7kkecUeuktr9+FuFEGcNdAGsQcE0lAxwpjQ87l1vHJ+X9tp8PCkEQEEJwRsjuTuDI3l6pSEqYZJZDHo1w3vbfmh3F0hikZYIa0yBBYlsDqi1nAm5yzdRAQtkV7ULDUUljMK3B8JcbvOGUznB/pKTFQ/V7YkBjY/px6CZjanvmt5eJf3mN1Eal1oDLJLUg2eeiKBXYKpwVgztcA7Oi7whlmrtbMetRTZl19eVcCV+f4v9JtVggO4Xti2L+4GhUxwxaQ+toExG0iw7QKTpHFcTQLbpHj+jJu/MevGfv5XN0zBtlVtEPeK8fdc2aDA==</latexit>

Of possible relevance for AdS/CFT:

<latexit sha1_base64="4rl6bxuCU7Y0QEhpbEiEV/Dj02E="></latexit>

Cross cap states: |Ci = |cii⌦L/2, where |cii = | "ij | "iL
2 +j + | #ij | #iL

2 +j

<latexit sha1_base64="V3Beaylw3bVdqByp9spCtA7h0Io=">AAAB/XicdVDLSgNBEJz1bXzFx83LYBA8LbNLosaT6MWjokmEJITZSScZnJ1dZnqFGMRf8eJBEa/+hzf/xkmMoKIFDUVVN91dUaqkRcbevYnJqemZ2bn53MLi0vJKfnWtapPMCKiIRCXmMuIWlNRQQYkKLlMDPI4U1KKr46FfuwZjZaIvsJ9CM+ZdLTtScHRSK79R5Qq0AHqU6DY9R45gD1r5AvNZuF8qhpT5YYmVg7IjJRaUd4s08NkIBTLGaSv/1mgnIotBo1Dc2nrAUmwOuEEpFNzmGpmFlIsr3oW6o5rHYJuD0fW3dNspbdpJjCuNdKR+nxjw2Np+HLnOmGPP/vaG4l9ePcPOfnMgdZqhe/FzUSdTFBM6jIK2pQGBqu8IF0a6W6noccMFusByLoSvT+n/pBr6wa5fPAsLh0fjOObIJtkiOyQge+SQnJBTUiGC3JB78kievDvvwXv2Xj5bJ7zxzDr5Ae/1A/nAlPE=</latexit>

Valence Bond States:

Caetano, Komatsu ‘21

<latexit sha1_base64="/Kho40OtJzWOQX5ShUZ8H2Sujws=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwVSZd9LErutFdC/YB7VAy6W0bmskMSUYYSv0VNy4UceuHuPNvzLQVVPRA4HDOueTe40eCa+O6H05mY3Nreye7m9vbPzg8yh+fdHQYKwZtFopQ9XyqQXAJbcONgF6kgAa+gK4/u0r97h0ozUN5a5IIvIBOJB9zRo2VhvnCjTQwUdTmcSsGyaagh/miW3JdlxCCU0KqFdeSer1WJjVMUsuiiNZoDvPvg1HI4gCkYYJq3SduZLw5VYYzAYvcINYQUTajE+hbKmkA2psvl1/gc6uM8DhU9kmDl+r3iTkNtE4C3yYDaqb6t5eKf3n92Ixr3pzLKDb2rtVH41hgE+K0CTziCpgRiSWUKW53xWxKFWXG9pWzJXxdiv8nnXKJVEqVVrnYuFzXkUWn6AxdIIKqqIGuURO1EUMJekBP6Nm5dx6dF+d1Fc0465kC+gHn7RP29JUB</latexit>

Integrable Quenches

<latexit sha1_base64="3/gHXz5u+TDLtRrpX9rwcsGWKKg="></latexit>

| 0i = |VBSi = |Ki⌦L
2 , K =

X

s1,s2

Ks1,s2 |s1s2i



<latexit sha1_base64="HU6DFCh4TRmrRSmQ4GZXOQ7bp/U="></latexit>

Ck (u) =
hMPSk |ui
hu |u i

1
2

Tr(�i1�i2 . . .�iL) ⇠ |si1si2 . . . siLi
<latexit sha1_base64="vsnqlOpPHPldGeoX6yMG/HJSKzw="></latexit>

<latexit sha1_base64="Nx3EevB/OK+RY6ei2VVa/tTb0aY="></latexit>

OL(x) =  
i1...iLTr(�i1 . . .�iL)

<latexit sha1_base64="BhrqNFY0reh9T/lkSEdM0gv3Ims="></latexit>

i1, . . . , iL 2 {1, 2, . . . , 6}
<latexit sha1_base64="m6diPsLr90tqXmkPrWLf2NNFNVo="></latexit>

⌘ Eigenstate of integrable SO(6) spin chain, |ui

<latexit sha1_base64="wDP8yQ4kjCohEMHdO0663vZT05w="></latexit>

hOL(x)i =
1

xL
3

 i1...iLTr(t(k)i1
. . . t(k)iL

) ⌘
Ck

xL
3

<latexit sha1_base64="DJNAlQjdNlRnRjvF+7DkkD7nxDo=">AAACCnicdVBNSwMxEM36WetX1aOXaBE8LdmF1vYmetBjBatCLWU2nWowmyxJVijFsxf/ihcPinj1F3jz35jWCir6IOTx3gwz85JMCusYew8mJqemZ2YLc8X5hcWl5dLK6onVueHY5Fpqc5aARSkUNp1wEs8yg5AmEk+Tq/2hf3qNxgqtjl0/w3YKF0r0BAfnpU5p4wAVGpDUcpBgKNeqp03qBZ153WnTKZVZyOJahdUpC2P/xRVPKiyqV+s0CtkIZTJGo1N6O+9qnqeoHJdgbStimWsPwDjBJd4Uz3OLGfAruMCWpwpStO3B6JQbuuWVLvUr+KccHanfOwaQWttPE1+Zgru0v72h+JfXyl2v1h4IleUOFf8c1MsldZoOc6FdYZA72fcEuBF+V8ovwQB3Pr2iD+HrUvo/OYnDqBpWj+Ly7t44jgJZJ5tkm0Rkh+ySQ9IgTcLJLbknj+QpuAsegufg5bN0Ihj3rJEfCF4/ANmkmww=</latexit>

General scalar conformal operator

<latexit sha1_base64="0/05tVJ/RFJHNnELIv43IRf21KA="></latexit>

One-point functions and |MPSi

<latexit sha1_base64="Gn6Fb1ceEtFFab/u7Y7e3ZmAlKg="></latexit>

Due to the vevs scalar operators can have 1-pt fcts already at tree level

<latexit sha1_base64="NGi/KpLbhpBA+MSQmhmEN0j5pKE="></latexit>

Matrix product state (of bond dimension k > 1) associated with defect

<latexit sha1_base64="GVafF17AAzuY3zanvy7U5bKSD4c=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiQVa90V3bizgn1AG8pkOmnHTiZhZiKEUH/FjQtF3Poh7vwbJ2kEFT0wcDjnXuae40WMSmXbH0ZpaXllda28XtnY3NreMXf3ujKMBSYdHLJQ9D0kCaOcdBRVjPQjQVDgMdLzZheZ37sjQtKQ36gkIm6AJpz6FCOlpZFZvfJuCVZQhRAjhmOGFBmZNds6sZ2zxjG0LTtHTppOvQmdQqmBAu2R+T4chzgOCFeYISkHjh0pN0VCUczIvDKMJYkQnqEJGWjKUUCkm+bHz+GhVsbQD4V+XMFc/b6RokDKJPD0ZIDUVP72MvEvbxArv+mmlEexIhwvPvJjlkXNmoBjKnRylmiCsKD6VoinSCCsdF8VXcJXUvg/6dYtp2E1ruu11nlRRxnsgwNwBBxwClrgErRBB2CQgAfwBJ6Ne+PReDFeF6Mlo9ipgh8w3j4BmtSUxQ==</latexit>

Object to calculate

<latexit sha1_base64="2Ww2S+qKBbB3OQHoaZLGK/hxU2o=">AAACCXicdVDLSgMxFM34dnxVXboJFsXVkBlstTvBjRtBwT6wU8qdNG2DmWRIMkIpbt34K25cKOLWP3Dn35jWCip6IORwzr3JvSfJBDeWkHdvanpmdm5+YdFfWl5ZXSusb9SMyjVlVaqE0o0EDBNcsqrlVrBGphmkiWD15Op45NevmTZcyQs7yFgrhZ7kXU7BOqldwLFUXHaYtNg/5RL6IHG8i+PYvwTN0kS1C0USkOiwRCqYBJG7opIjJRJWyhUcBmSMIprgrF14izuK5ql7kgowphmSzLaGoC2ngt34cW5YBvQKeqzpqISUmdZwvMkN3nFKB3eVdseNNFa/dwwhNWaQJq4yBds3v72R+JfXzG33sDXkMsstk/Tzo24usFV4FAvucM2oFQNHgGruZsW0DxqodeH5LoSvTfH/pBYFYTkon0fFo/1JHAtoC22jPRSiA3SETtAZqiKKbtE9ekRP3p334D17L5+lU96kZxP9gPf6Ad1amSg=</latexit>

Minahan &
Zarembo

<latexit sha1_base64="ldakrBFKewrhIBM/Mjm4c2SqeLY="></latexit>

de Leeuw, C.K. &
Zarembo ’15

<latexit sha1_base64="0/GdjQUMI1baCXkTzk7kF80fEXg="></latexit>

|MPSki =
X

i1,...,iL

tr (t(k)i1
. . . t(k)iL

)|si1 . . . siLi,



p

-p

Pure reflection
+BYBE for reflection matrix

-p
p

Entangled (p,-p) pairs
+KYBE for initial state

Initial state

Boundary

Wick rotation

Ghoshal, 
Zamolodchikov ‘93Integrable boundaries in integrable QFTs

<latexit sha1_base64="nxtZtPrEaPTvOidcHEfj5To6EBo="></latexit>

• No particle production or annihilation

• Pure reflection, possibly change of internal quantum numbers

• Yang-Baxter relations fulfilled (order of reflection does not matter)
<latexit sha1_base64="yCrcyPtAEmV31tAHv0NQeCGmCG8="></latexit>

1

2



Piroli, Pozsgay
Vernier ‘17

L conserved charges, Q̂n, with eigenvalues Qn
<latexit sha1_base64="lLGvC6h6RKGzCTmD+ioiCUjj7L8="></latexit>

Qn ({pi}) = (�1)n Qn ({�pi})
<latexit sha1_base64="LFVVWDwnXEOtyW6DpfCjIeT3Ua0="></latexit>

bQ2m+1| 0i = 0, 8m
<latexit sha1_base64="qUCa8LFb4MPP29Enw6E3gr5jlyg="></latexit>

<latexit sha1_base64="Vnzh+hCt6lSF/EJzZKr4ttlBccM=">AAACA3icdVDLSgNBEJz1bXxFvellMAiewmw0ajyJXvSmYFSIIfROOnHI7Owy0yuEIHjxV7x4UMSrP+HNv3GiEVS0oKGoqqbpilKtHAnxFgwNj4yOjU9M5qamZ2bn8vMLpy7JrMSqTHRizyNwqJXBKinSeJ5ahDjSeBZ19vv+2RVapxJzQt0U6zG0jWopCeSlRn7p0BC2Lfg8V0aRAs0dAeEOb+QLolgqi8pWiYtiWYSV8ronQmxXyiEPPemjwAY4auRfL5qJzGI0JDU4VwtFSvUeWFJS43XuInOYguxAG2ueGojR1XsfP1zzVa80eSuxfgzxD/X7Rg9i57px5JMx0KX77fXFv7xaRq3tek+ZNCM08vNQK9OcEt4vhDeVRUm66wlI6xuQXF6CBUm+tpwv4etT/j85LRXDzeLGcamwuzeoY4ItsxW2xkK2xXbZATtiVSbZDbtjD+wxuA3ug6fg+TM6FAx2FtkPBC/vxt+Xnw==</latexit>

Integrable initial state:

<latexit sha1_base64="emzlDM7Ykxlq6nBmvyvhmOeKHCQ="></latexit>

T explicitly known – Easy to carry out concrete checks

<latexit sha1_base64="uK76c9UsDP+saTJvbKutRnctKjw=">AAACAnicdVDLSgMxFM34rPVVdSVugkVwNWQGWltXRRG6rGBboQ6SSW9rMJMZkoxYhuLGX3HjQhG3foU7/8b0IajogZDDOfeSnBMmgmtDyIczMzs3v7CYW8ovr6yurRc2Nls6ThWDJotFrM5DqkFwCU3DjYDzRAGNQgHt8Pp45LdvQGkeyzMzSCCIaF/yHmfUWOmysH1ye4jrwDXIEFQf64RLzK4ot16RuMSvlEgVE9e3l1+ypES8armKPZeMUURTNC4L7xfdmKURSMME1brjkcQEGVWGMwHD/EWqIaHsmvahY6mkEeggG0cY4j2rdHEvVvZIg8fq942MRloPotBORtRc6d/eSPzL66SmVwkyLpPUgGSTh3qpwCbGoz5wlytgRgwsoUxx+9dRfEWZsa3lbQlfSfH/pOW7Xtktn/rF2tG0jhzaQbtoH3noANVQHTVQEzF0hx7QE3p27p1H58V5nYzOONOdLfQDztsnuOeXCw==</latexit>

Ex: Heisenberg spin chain

<latexit sha1_base64="65w1yUjB3vTSKWLKPvk/k87DkcM="></latexit>

Vacuum State: All spins down |0i

<latexit sha1_base64="HhkXZof1tg6V5XBeBGbLyfSpJO4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5KpdGx3RTcuK/QF7VAyaaYNzWSGJCPWoV/ixoUibv0Ud/6NmbaCih4IHM65l3ty/JgzpRH6sHJr6xubW/ntws7u3n7RPjjsqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXmV+95ZKxSLR0rOYeiEeCxYwgrWRhnaxJbFQAZUwxFqyu6FdQmXkVuuoDlG5ipzagiDk1irn0DEkQwms0Bza74NRRJKQCk04VqrvoFh7KZaaEU7nhUGiaIzJFI9p31CBQ6q8dBF8Dk+NMoJBJM0TGi7U7xspDpWahb6ZNPEm6reXiX95/UQHNS9lIk40FWR5KEg41BHMWoAjJinRfGYIJpKZrJBMsMREm64KpoSvn8L/SadSdtyye1MpNS5XdeTBMTgBZ8ABF6ABrkETtAEBCXgAT+DZurcerRfrdTmas1Y7R+AHrLdPT82Tiw==</latexit>

Transfer matrix
<latexit sha1_base64="D1dsy881wM/GdNBNqWQhVKaM9Ns=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6bSsd0V3bisYB/QDiWTZtrYTDIkGWEo/Qc3LhRx6/+482/MtBVU9EDgcM693JwTJpxpg9CHs7K6tr6xWdgqbu/s7u2XDg7bWqaK0BaRXKpuiDXlTNCWYYbTbqIojkNOO+HkKvc791RpJsWtyRIaxHgkWMQINlZqN7FiJhuUyshFfrWO6hC5VeTV5gQhv1Y5h54lOcpgieag9N4fSpLGVBjCsdY9DyUmmGJlGOF0VuynmiaYTPCI9iwVOKY6mM5/O4OnVhnCSCr7hIFz9fvGFMdaZ3FoJ2Nsxvq3l4t/eb3URLVgykSSGirI4lCUcmgkzKPDIVOUGJ5ZgonNzQgkY6wwMbagoi3hKyn8n7Qrrue7/k2l3Lhc1lEAx+AEnAEPXIAGuAZN0AIE3IEH8ASeHek8Oi/O62J0xVnuHIEfcN4+ARglj38=</latexit>

Parity

<latexit sha1_base64="Sc7mT6UuFbpfTKgocqwWS9YDji0="></latexit>

Excited states with M excitations: |{pi}Mi=1i

<latexit sha1_base64="CcHz+Ee7c4jLV1v8xs9aGUTL3aY=">AAAB+3icdVBNSwMxEM3Wr1q/aj16CRbB05JdaG1vRS96q2BVqKVk02kNzWaXZFYspX/FiwdFvPpHvPlvTGsFFX0wzOO9GTJ5UaqkRcbevdzC4tLySn61sLa+sblV3C5d2CQzAloiUYm5irgFJTW0UKKCq9QAjyMFl9HweOpf3oKxMtHnOEqhE/OBln0pODqpWyydaoSB4ZFUEkcUwWK3WGY+C2sVVqfMD10LK45UWFCv1mngsxnKZI5mt/h23UtEFoNGobi17YCl2Blzg1IomBSuMwspF0M+gLajmsdgO+PZ7RO675Qe7SfGlUY6U79vjHls7SiO3GTM8cb+9qbiX147w36tM5Y6zRC0+HyonymKCZ0GQXvSgEA1coQLI92tVNxwwwW6uAouhK+f0v/JRegHVb96FpYbR/M48mSX7JEDEpBD0iAnpElaRJA7ck8eyZM38R68Z+/lczTnzXd2yA94rx+7hJTs</latexit>

Integrability test

Bajnok, Gombor ‘20

<latexit sha1_base64="NlxKCZYzSS5fu3nn/c3IFtrqLaA="></latexit>

⇧T (u)⇧ | 0i = T (u)| 0i



<latexit sha1_base64="xlOUHoJ8MMXs5f3GTqT30LV5yeA="></latexit>

p1, . . . , pM or rapidities ui =
1
2 coth(pi/2)

<latexit sha1_base64="4FWJLRWdvubdWWyts1TkZGQN/kY="></latexit>

Eigenstates with M excitations described in terms of M momenta

<latexit sha1_base64="MZTvAF8yAcxGQqi/ilZdjtM+FFU="></latexit>

Can be encoded in Baxter polynomial Q(u) =
QM

i=1(u� ui)

<latexit sha1_base64="jZ7dSx/eu6lqPON1/iZgoQa627s="></latexit>

|ui = |{ui}i = B̂(u1) . . . B̂(uM )|0i
<latexit sha1_base64="1TEirMBXOZXrWiOWfX/4pQzTWno="></latexit>

hu|ui = detG({ui}), Gaudin determinant

<latexit sha1_base64="UJ9iD42oNA/ZrvPJzdfLGpzuLz8="></latexit>

Elements of the language of integrability

<latexit sha1_base64="/3Jp4Z402xjtJxebI9MpK9UnNxw=">AAACDHicdVDNSgMxGMzWv7r+VT16CRbBU8lWXfVW9NJjBWsL3VKy6dc2NJtdkqxQSh/Ai6/ixYMiXn0Ab76N2baCig4EhvnmSzITJoJrQ8iHk1tYXFpeya+6a+sbm1uF7Z0bHaeKQZ3FIlbNkGoQXELdcCOgmSigUSigEQ4vs3njFpTmsbw2owTaEe1L3uOMGit1CsVAxlx2QRq3ClyDDEH1sRsErk64xGxAeeYipRPinftHmJSIxbGP54qPvalCSBHNUesU3oNuzNLI3soE1brlkcS0x1QZzgRM3CDVkFA2pH1oWSppBLo9noaZ4AOrdHEvVvZIg6fq940xjbQeRaF1RtQM9O9ZJv41a6Wmd9Yec5mkBiSbPdRLBTYxzprBXa6AGTGyhDLF7V+z+IoyY/tzbQlfSfH/5KZc8vySf1UuVi7mdeTRHtpHh8hDp6iCqqiG6oihO/SAntCzc+88Oi/O68yac+Y7u+gHnLdPzOKa2Q==</latexit>

Heisenberg

spin chain

<latexit sha1_base64="UdQT7P8E6s0nI2SYGfhOk2E4NSI="></latexit>

1 =

 
uk � i

2

uk + i
2

!L KY

j 6=k

uk � uj + i

uk � uj � i
= ei�k , k = 1, . . .M

<latexit sha1_base64="5TgisfqJJ/NxWTXouam3t7W/tBY="></latexit>

Gkj =
@�k

@uj
<latexit sha1_base64="zTntBRBmgWYLdKnbcr8eldpQoXs="></latexit>

Q̂2n+1| 0i = 0 =)
<latexit sha1_base64="akQ4fLWcZZz+K65Q9wLM+7K3eAg="></latexit>

h 0|ui 6= 0 i↵ roots are paired {ui,�ui}Ku
i=1

<latexit sha1_base64="lbWwfWEYNcuHgf185emVM5B3Eww=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmB1nZXdOOygn1AO5RMmmlDM5khyQhl6Ee4caGIW7/HnX9j+hBU9EDI4Zx7ufeeMBVcG4w/nLX1jc2t7cJOcXdv/+CwdHTc1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44uZ77nXumNE/knZmmLIjJSPKIU2Ks1GkSrrgcDUpl7GK/VsF1hF3ffn7Fkgr26tU68ly8QBlWaA5K7/1hQrOYSUMF0brn4dQEOVGGU8FmxX6mWUrohIxYz1JJYqaDfLHuDJ1bZYiiRNknDVqo3ztyEms9jUNbGRMz1r+9ufiX18tMVAtyLtPMMEmXg6JMIJOg+e1oyBWjRkwtIVRxuyuiY6IINTahog3h61L0P2n7rld1q7d+uXG1iqMAp3AGF+DBJTTgBprQAgoTeIAneHZS59F5cV6XpWvOqucEfsB5+wTCPY/g</latexit>

Pairing



de Leeuw, Gombor, C.K.,
Linardopoulos, Pozsgay ‘19

Poszgay ‘18

�——�——�
<latexit sha1_base64="q7mTsyEp8fFtkFdscxG47o0gv9U="></latexit>

Gombor ‘21

PSU(2, 2|4) :
<latexit sha1_base64="gR0l2JDU7QqBsCU9W+KQ79i/aZg="></latexit>

C.K., 
Zarembo
‘22

<latexit sha1_base64="Jc6vKmxSdPaJY1ovac0amcoiKCY=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjMDre2uWhCXFfuCdiiZTKYNzTxMMkIZ+hNuXCji1t9x59+YaSuo6IGQwzn3cu89bsyZVAh9GLmV1bX1jfxmYWt7Z3evuH/QkVEiCG2TiEei52JJOQtpWzHFaS8WFAcup1130sj87j0VkkVhS01j6gR4FDKfEay01Lvwbs8aV63CsFhCJrKrZVSDyLT1Z5c1KSOrVqlBy0RzlMASzWHxfeBFJAloqAjHUvYtFCsnxUIxwumsMEgkjTGZ4BHtaxrigEonne87gyda8aAfCf1CBefq944UB1JOA1dXBliN5W8vE//y+onyq07KwjhRNCSLQX7CoYpgdjz0mKBE8akmmAimd4VkjAUmSkeUhfB1KfyfdGzTqpiVG7tUv1zGkQdH4BicAgucgzq4Bk3QBgRw8ACewLNxZzwaL8brojRnLHsOwQ8Yb5/KUo8u</latexit>

AdS/CFT

<latexit sha1_base64="6xVGFQg7ypHCmSjmxf10hUch6LY="></latexit>

C2 =
Q1(0)Q2(0)Q3(0)

Q1

�
i
2

�
Q2

�
i
2

�
Q3

�
i
2

�SdetG

<latexit sha1_base64="wa3YUvE/3i0EWXCHNcTSNsJdsrk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnoGE5Nb0IvHBMwCyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVU9PxFcaUI+rNza+sbmVn67sLO7t39QPDxqqziVDFosFrHs+lSB4BG0NNcCuokEGvoCOv7keu537kEqHke3epqAF9JRxAPOqDZS0xkUS8QmbrV84WJiu2VSc2qGlIlTq1xgxyYLlNAKjUHxvT+MWRpCpJmgSvUckmgvo1JzJmBW6KcKEsomdAQ9QyMagvKyxaEzfGaUIQ5iaSrSeKF+n8hoqNQ09E1nSPVY/fbm4l9eL9VB1ct4lKQaIrZcFKQC6xjPv8ZDLoFpMTWEMsnNrZiNqaRMm2wKJoSvT/H/pO3aTsWuNN1S/WoVRx6doFN0jhx0ieroBjVQCzEE6AE9oWfrznq0XqzXZWvOWs0cox+w3j4B5X6NBg==</latexit>

1

<latexit sha1_base64="0OEMf+Zwg4Cmkj9SHlhODYO6390=">AAACCHicdVC7SkNBEN3rM8ZX1NLCxSjYGO5VjLEL2tgZwcRAEsLczcQs7n2wO1cJIaWNv2JjoYitn2Dn37h5CCp6YOBwzgwzc/xYSUOu++FMTE5Nz8ym5tLzC4tLy5mV1YqJEi2wLCIV6aoPBpUMsUySFFZjjRD4Ci/965OBf3mD2sgovKBujI0ArkLZlgLISs3Mxpl1FcSG30rq8K16CxXB1q4hIDQ83cxk3dyB6x3lXe7m3CGGpODte9wbK1k2RqmZea+3IpEEGJJQYEzNc2Nq9ECTFAr76XpiMAZxDVdYszSEAE2jN3ykz7et0uLtSNsKiQ/V7xM9CIzpBr7tDIA65rc3EP/yagm1C42eDOOEMBSjRe1EcYr4IBXekhoFqa4lILS0t3LRAQ2CbHaDEL4+5f+Tyl7Oy+fy53vZ4vE4jhRbZ5tsh3nskBXZKSuxMhPsjj2wJ/bs3DuPzovzOmqdcMYza+wHnLdPXxaY7Q==</latexit>

Overlaps with �-states
<latexit sha1_base64="h1205ula2m2lBOLDyIxwekXbzZU="></latexit>

SU(2) : | 0i = (| ""i+ | ##i)⌦L/2, C2 =
Q(0)

Q( i
2 )

S detG

<latexit sha1_base64="1Pwl8Rzqej4tkKQgSVm6UUut4Bg="></latexit>

SO(6): | 0i = (|XXi+ |Y Y i+ |ZZi+ |X̄X̄i+ |Ȳ Ȳ i+ |Z̄Z̄i)⌦L/2 ,

<latexit sha1_base64="KhwKZo83oF1I36/vcgBtpN6c/nY="></latexit>

C2 =
Q1(0)Q2(0)Q3(0)Q4(0)Q5(0)

Q1(
i
2 )Q2(

i
2 )Q3(

i
2 )Q6(0)Q6(

i
2 )Q7(0)Q7(

i
2 )

S detG



Take the inner product with eigenstate |ui
<latexit sha1_base64="ugd5FqIN7GPuGySgY6FWYyKbymA="></latexit>

<latexit sha1_base64="87JLY6fdSvZXzxAGup4P6iznCLo=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyEzdGq7K7hxWaEPpR1KJs20oZnMkGTEWvolblwo4tZPceffmD4EFT0QOJxzL/fkhClnSiP0YeXW1jc2t/LbhZ3dvf2ifXDYVkkmCW2RhCfyOsSKciZoSzPN6XUqKY5DTjvh+GLud26pVCwRTT1JaRDjoWARI1gbqW8XmxILFVEJY6wlu+vbJeQgr+qXPYgcz0c1t2aIj9xapQxdBy1QAis0+vZ7b5CQLKZCE46V6roo1cEUS80Ip7NCL1M0xWSMh7RrqMAxVcF0EXwGT40ygFEizRMaLtTvG1McKzWJQzNp4o3Ub28u/uV1Mx1VgykTaaapIMtDUcahTuC8BThgkhLNJ4ZgIpnJCskIS0y06apgSvj6KfyftD3HrTj+lVeq36zqyINjcALOgAvOQR1cggZoAQIy8ACewLN1bz1aL9brcjRnrXaOwA9Yb59XYpOi</latexit>

Transfer matrix

de Leeuw, Gombor, 
C.K., Linardopoulos,
Pozsgay ‘19

<latexit sha1_base64="kuBGstGEXfeOzcTGsQ1l2rYf5MI=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFqJshM9Da7ooiuKxoH9AOJZNm2tDMZEgyYhm68VfcuFDErZ/hzr8xfQgqejY5nHMvuef4MWdKI/RhZZaWV1bXsuu5jc2t7Z387l5TiUQS2iCCC9n2saKcRbShmea0HUuKQ5/Tlj86n/qtWyoVE9GNHsfUC/EgYgEjWBuplz+4uMNhzCkMhITXjaJ7AskQM+MUkI3cSglVIbJd87glQ0rIqZar0LHRDAWwQL2Xf+/2BUlCGmnCsVIdB8XaS7HUjHA6yXUTRWNMRnhAO4ZGOKTKS2cBJvDYKP3ZCYGINJyp3zdSHCo1Dn0zGWI9VL+9qfiX10l0UPFSFsWJphGZfxQkHGoBp23APpOUaD42BBPJzK3T+BITbTrLmRK+ksL/SdO1nbJdunILtbNFHVlwCI5AETjgFNTAJaiDBiBgAh7AE3i27q1H68V6nY9mrMXOPvgB6+0TMASVhw==</latexit>

Example for SU(2) chain

<latexit sha1_base64="kzzWqL/GaVBztD2CziA67pIs5ck="></latexit>

C|MPSki =

a= k�1
2X

a=� k�1
2
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Q
�
ik
2
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2
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2

�
i
�

s
Q(0)Q

�
i
2

�
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�
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2

�
Q
�
ik
2

� S detG

<latexit sha1_base64="Q0jmRlNFmKUGLA0C0bGbj5dMreU="></latexit>

|MPSki = T̂ (k�1)(uk�1)|�i+ ↵1T̂ (k�2)(uk�2)|�i+ . . .

<latexit sha1_base64="Nx7vys3nNYh+1igTwloCIyLCofQ="></latexit>

From |�i to |MPSki by dressing

<latexit sha1_base64="FOtMgYMGjuztkhcb9QVNqMabIVs=">AAACCHicdVDLSgMxFM34rPU16tKFwSLUzZAZaG13RTcuK9gHtKVk0ts2NPMgyRSG0qUbf8WNC0Xc+gnu/BvTh6CiF0JOzj2Xm3P8WHClCfmwVlbX1jc2M1vZ7Z3dvX374LCuokQyqLFIRLLpUwWCh1DTXAtoxhJo4Ato+KOrWb8xBql4FN7qNIZOQAch73NGtaG69klepUpDYJ4MS2CJkY4BKy2phkF63rVzxCFeqUDKmDieubyCAQXilotl7DpkXjm0rGrXfm/3IpYEEGomqFItl8S6M6HSLBAwzbYTBTFlIzqAloEhDUB1JnMjU3xmmB7uR9KcUOM5+31iQgOl0sA3SvPjofrdm5F/9VqJ7pc6Ex7GiYaQLRb1E4F1hGep4B433rVIDaBM8lkYbEglZdpklzUhfDnF/4O657hFp3jj5SqXyzgy6Bidojxy0QWqoGtURTXE0B16QE/o2bq3Hq0X63UhXbGWM0foR1lvn43jmlk=</latexit>

(systematic recursive strategy)

Gombor,  C.K.,
Qian ‘24



<latexit sha1_base64="4JG6G7hDJ1+aQ10wZ9m1hCWYkZ8="></latexit>

More general integrability and pairing conditions

<latexit sha1_base64="Y1GGQE/31XUPfl00/x6Xpmiwk+s="></latexit>

Factorizable T -matrix: T (u) = T+(u)T�(u)

<latexit sha1_base64="FkpKtcCuwJgFFJhCx7tpjs6a/oM=">AAACDHicdVDNSgMxGMz6W+tf1aOXYBE8lWyla72JHvRYwapQS8lmv7bBbHZJvhVq6QN48VW8eFDEqw/gzbcx/RFUdCAwzMxHmAlTJS0y9uFNTc/Mzs3nFvKLS8srq4W19XObZEZAXSQqMZcht6CkhjpKVHCZGuBxqOAivD4a+hc3YKxM9Bn2UmjGvKNlWwqOTmoVisegwXAlbyGiUiN0DA+lktijItGRnKRYiQWVfbZPWanC/OqIMBZUy7vUd2SIIpmg1iq8X0WJyGLQKBS3tuGzFJt9blAKBYP8VWYh5eKad6DhqOYx2GZ/VGZAt50S0XZi3NNIR+r3iz6Pre3FoUvGHLv2tzcU//IaGbarzb7UaYagxfijdqYoJnS4DI2kAYGq5wgXxjUXVHS54QLdfnk3wldT+j85L5f8oBSclosHh5M5cmSTbJEd4pM9ckBOSI3UiSB35IE8kWfv3nv0XrzXcXTKm9xskB/w3j4B/YicQQ==</latexit>

Generalized integrability condition

<latexit sha1_base64="XKHwWHhMpxxtb2s9kHpusCnBV2A=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwNWQGWttd0YUuK1gt1CKZzG0bmskMSUaoQ1du/BU3LhRx6ze4829MH4KKHgg5nHMvl3OCRHBtCPlwcnPzC4tL+eXCyura+kZxc+tCx6li0GSxiFUroBoEl9A03AhoJQpoFAi4DAbHY//yBpTmsTw3wwQ6Ee1J3uWMGitdF3dPQIKigt9CiBPKFZc9zGIZ8qlfIi7xq2VSw8T17eeXLSkTr1apYc8lE5TQDI3r4vtVGLM0AmmYoFq3PZKYTkaV4UzAqHCVakgoG9AetC2VNALdySYxRnjfKiHuxso+afBE/b6R0UjrYRTYyYiavv7tjcW/vHZqutVOxmWSGpBseqibCmxiPO4Eh1wBM2JoCWXKJmeY9amizNjmCraEr6T4f3Lhu17FrZz5pfrRrI482kF76AB56BDV0SlqoCZi6A49oCf07Nw7j86L8zodzTmznW30A87bJ/uymX4=</latexit>

Generalized pairing condition

Gombor & 
Bajnok ‘20

<latexit sha1_base64="RLC+jezYftm5lyeIemPllG6FNVQ="></latexit>

{uaj} = {�u�(a)j}, a = 1, . . . ,# of nodes

<latexit sha1_base64="wRdsHSd1YBMjJlfMx4wmGz8hWzQ="></latexit>

�(a) = Id, chiral overlap

<latexit sha1_base64="eL+oDqUqgd8Rgki+12vtl9H4Dy4="></latexit>

�(a) 6= Id, achiral overlap

<latexit sha1_base64="6cELrhZLd+wVIsChKQJHwTHYsvw="></latexit>

h 0|⇧T±(u)⇧ = h 0|T±(u), uncrossed
<latexit sha1_base64="muJOaFLp80DL0bZeHsuyAHcPLB8="></latexit>

h 0|⇧T±(u)⇧ = h 0|T⌥(u), crossed



Gombor & 
Bajnok ‘20

Gombor ‘24

<latexit sha1_base64="rrMu0As149x0fuSkiQt08PFrww0="></latexit>

’t Hooft line: subalgebra so(5) twisted, pair structure chiral

<latexit sha1_base64="ldMJKcgJ9AU9oAREP1mQZtC+7A4="></latexit>

Domain wall: subalgebra so(3)� so(3) twisted, pair structure chiral

<latexit sha1_base64="GDeLudDMToJknevCEiPK7I6DlQo="></latexit>

GW-Surface: subalgebra so(2)� so(4) untwisted, pair structure achiral

<latexit sha1_base64="r7ozPjwkOQY+4TNIMzEcEzJPUpc=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCq5KptLa7ogtdVrAPaIeSSW/b0ExmSDJCGYobf8WNC0Xc+hXu/BvTh6CiBy4czrmXyzl+JLg2hHw4qaXlldW19HpmY3Nreye7u9fQYawY1FkoQtXyqQbBJdQNNwJakQIa+AKa/uhi6jdvQWkeyhszjsAL6EDyPmfUWKmbPbgECYoKHFGuuBxgFsoen3s5kielYoVUMMkXiVueEUJK5cIpdi2ZIocWqHWz751eyOIApGGCat12SWS8hCrDmYBJphNriCgb0QG0LZU0AO0lswgTfGyVHu6Hyo40eKZ+v0hooPU48O1mQM1Q//am4l9eOzb9spdwGcUGJJs/6scCmxBP+8A9roAZMbaEMmWTM8yGVFFmbGsZW8JXUvw/aRTybilfui7kqueLOtLoEB2hE+SiM1RFV6iG6oihO/SAntCzc+88Oi/O63w15Sxu9tEPOG+fqkKXpA==</latexit>

General pairing condition

<latexit sha1_base64="SRaD2Md8dwE+Z1c+jVFzCK7BBto="></latexit>

For the integrable SO(6) spin chain of relevance for N = 4 SYM:



<latexit sha1_base64="IG31CTI+Z0P6sMjw4L3WwDynFSo="></latexit>

Overlaps with |MPSi directly
<latexit sha1_base64="xQtbVWfOs1bfoMwr/+ZptDpCJME=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxK06THvgaY7qU3QxsiPQEXmjVcdnPfBzDxDzJ/SpkURbfsl7fo3jfqCijpwuYdz7mXuHC8SXGlCPqzUyura+kZ6M7O1vbO7l83tN1QYSwZ1FopQ3npUgeAB1DXXAm4jCdT3BDS90cXcb45BKh4GNT2JoOPTQcD7nFFtpG42dxOKMeCr2qkEkWh5YhO3VCBlTGzXNLdgSIE45WIZOzZZII8SVLvZ93YvZLEPgWaCKtVySKQ7Uyo1ZwJmmXasIKJsRAfQMjSgPqjOdHH6DB8bpYf7oTQVaLxQv29Mqa/UxPfMpE/1UP325uJfXivW/VJnyoMo1hCw5UP9WGAd4nkOuMclMC0mhlAmubkVsyGVlGmTVsaE8PVT/D9puLZTtIvXbr5ynsSRRofoCJ0gB52hCrpEVVRHDN2hB/SEnq1769F6sV6Xoykr2TlAP2C9fQIwvZP+</latexit>

Solve KT-relation

<latexit sha1_base64="DUHBqIbFtYHSsJBLPvZ31/h/fNA="></latexit>

Overlap can be extracted from K(u)
by recursive procedure

<latexit sha1_base64="t+QuisSIsUrFebcCSF2xGUPc1yc=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ2agtd0V3bis4LSFdiyZNNOGJpkhySil9D/cuFDErf/izr8x01ZQ0QMhh3Pu5d57opQzbRD6cFZW19Y3Ngtbxe2d3b390sFhSyeZIjQgCU9UJ8KaciZpYJjhtJMqikXEaTsaX+Z++44qzRJ5YyYpDQUeShYzgo2VbgPJchdzGCdK9Etl5CK/VkF1iFzffn7Fkgry6tU69Fw0Rxks0eyX3nuDhGSCSkM41rrrodSEU6wMI5zOir1M0xSTMR7SrqUSC6rD6XzrGTy1yiCfa580cK5+75hiofVERLZSYDPSv71c/MvrZiauhVMm08xQSRaD4oxDk8A8AjhgihLDJ5ZgopjdFZIRVpgYG0XRhvB1KfyftHzXq7rVa7/cuFjGUQDH4AScAQ+cgwa4Ak0QAAIUeABP4Nm5dx6dF+d1UbriLHuOwA84b58RHJLp</latexit>

Universal form

<latexit sha1_base64="N9kDK4tMmY/aVyv31kzmJ1CHlcc="></latexit>X

k,�

K↵,�
i,k (u)h 0

�,� |Tkj(u) =
X

k,�

h 0
↵,� | bTik(�u)K��

kj (u)

Gombor ‘24

<latexit sha1_base64="D9C0b3dzYef/XYBwqv1rVoeUEvg="></latexit>
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;

s
detG+

detG�

<latexit sha1_base64="p2VfawSuRQj6t+vUNjkouvdrMIM="></latexit>

(Square roots of) Baxter polynomials



<latexit sha1_base64="tfwRtYEYWn5PsHr54vL8ORJOKsg="></latexit>

Gukov Witten surface defects in N = 4 SYM

<latexit sha1_base64="TWhWO9FgQTKFuU9rgJTwdiUe9qQ="></latexit>

Ordinary Rigid

Supersymmetry 1/2 BPS 1/2 BPS

D3-brane geometry AdS3 ⇥ S
1

AdS3 ⇥ S
1

Cone-shaped in AdS Cone collapsed

Parameters Continuous Discrete

Symmetries PSU(1, 1|2)⇥ PSU(1, 1|2)⇥ SO(2) SU(1, 1|2)⇥ SU(1, 1|2)

Background Commutative Non-commutative



<latexit sha1_base64="tfwRtYEYWn5PsHr54vL8ORJOKsg="></latexit>

Gukov Witten surface defects in N = 4 SYM

<latexit sha1_base64="MUZsiOep2yXcHfUoE++SCUEeEYU="></latexit>

Transverse coordinates: r, 

<latexit sha1_base64="bEEEt4d7Ovtnuzl4XpGZqrRryj4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjJDW9td0Y07K9gHtEPJZDJtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvcm9x084UxqhDyu3tr6xuZXfLuzs7u0fFA+P2ipOJaEtEvNYdn2sKGeCtjTTnHYTSXHkc9rxx1dzvzOhUrFY3OlpQr0IDwULGcHaSN6NDJjAcgqJeWNQLCEbubVK2YXIdiuo7tQNqSCnXi1Dx0YLlMAKzUHxvR/EJI2o0IRjpXoOSrSXYakZ4XRW6KeKJpiM8ZD2DBU4osrLFkvP4JlRAhjG0pTQcKF+n8hwpNQ08k1nhPVI/fbm4l9eL9VhzcuYSFJNBVl+FKYc6hjOE4ABk5RoPjUEE8nMrpCMsMREm5wKJoSvS+H/pO3aTtWu3rqlxuUqjjw4AafgHDjgAjTANWiCFiDgHjyAJ/BsTaxH68V6XbbmrNXMMfgB6+0TD0WSUQ==</latexit>

Ordinary case

<latexit sha1_base64="g4Y17JwTMogbOgrQYsRH7x87xSI=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclcxAx3ZXdOOyin1gW0omk2lDM5khyQil9C/cuFDErX/jzr8xfQgqeiBwOOfem3tPkAquDcYfzsrq2vrGZm4rv72zu7dfODhs6iRTlDVoIhLVDohmgkvWMNwI1k4VI3EgWCsYXc781j1Tmify1oxT1ovJQPKIU2KsdHfDBzxE1A7oF4q45JVxteIiXMIWnmdJGbtV30fuXMG4CEvU+4X3bpjQLGbSUEG07rg4Nb0JUYZTwab5bqZZSuiIDFjHUklipnuT+cZTdGqVEEWJsk8aNFe/d0xIrPU4DmxlTMxQ//Zm4l9eJzNRpTfhMs0Mk3TxUZQJZBI0Ox+FXDFqxNgSQhW3uyI6JIpQY0PK2xC+LkX/k6ZXcv2Sf+0VaxfLOHJwDCdwBi6cQw2uoA4NoCDhAZ7g2dHOo/PivC5KV5xlzxH8gPP2CXBLkMo=</latexit>

Rigid case
<latexit sha1_base64="QZj6sUiTur3TriubcP5MfmshaKQ="></latexit>

Acl =
t3

log r
r0

d , �cl =
t1 + it2p
2z log r

r0

,

<latexit sha1_base64="zDRGEzw0DtvtJMQBAoq1xyXfCMg="></latexit>

t1, t2, t3 k-dimensional irreducible representation of SU(2)

<latexit sha1_base64="dTCPbL/zzLUOWNDe6BpBVSDJhj0="></latexit>

�cl =
1p
2z

diag((�1 + i�1)11N1 , . . . , (�M + i�M )11NM ) , z = rei 

<latexit sha1_base64="TgZaCfsbhR7dXK71QAG6J+TUx44="></latexit>

Acl = diag(↵111N1 ,↵211N2 , . . . ,↵M11NM )d , ↵i real and periodic



<latexit sha1_base64="UouWqFkW4UkVUma4fVcGDufHFfc="></latexit>

Integrability properties of Gukov-Witten defects
<latexit sha1_base64="A+u7sZy0HrfmOFIQe9qyXZ7vCrk="></latexit>

Ordinary Rigid

SU(2)-sector Trivial Integrable 8 k 2 NN, k � 2

SO(6) sector Integrable 8�i, �i Integrable for k = 2

SL(2)-sector Non-integrable Integrable for k = 2

Higher loops — Possibly for k = 2

Chalabi, C.K & 

Su ‘2025

Partial results

A. Holguin ‘25



<latexit sha1_base64="HMXi0vKOjf9a/cD3g+ggIG8O1q8="></latexit>

One-point functions for rigid Gukov-Witten defects

<latexit sha1_base64="UbyWFQ+OBRl1C/auiKmRTeDpFQI="></latexit>

hOL(x)i /
hMPS |ui

hu |u i
1
2

=

s
Q2(i/2)

Q2(0)

detG+

detG�

<latexit sha1_base64="u4UN8IDAz1DAkJ5EEvoUYQyUDRU="></latexit>

Any operator built from scalars �1, . . . ,�6



Future Directions

• Carry out higher loop integrability bootstrap of Gukov-Witten 
surface defects.

• Complete the all order integrability bootstrap of the ´t Hooft line

• Develop boundary conformal bootstrap for Nahm pole defects



Thank you


