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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>

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

with 3D domain wall with probe brane
<latexit sha1_base64="eAKytpLrKnOggntFxgEHWgL/nYg="></latexit>



Motivation
• Insights on the interplay between conformal symmetry, 

supersymmetry and integrability

• Novel examples of  integrable boundary states, 
novel characterization at the discrete level 

• Exact results for novel types of observables such as one-point
functions and three-point functions -- via overlaps

• Novel microscopic duality relations for correlation functions

• Interesting connections to statistical physics: matrix product
states and quantum quenches – via overlaps

• Positive tests of  AdS/CFT dictionary for set-ups with supersymmetry  
partially or completely broken

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



Plan of the talk

I. Quantum Quenches and overlaps

II. Overlaps and AdS/dCFT

III. Integrable boundary states in AdS/dCFT

IV. Exact results for overlaps

V. Duality relations for overlaps

IV. Future directions



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>

Overlaps and Quantum Quenches
<latexit sha1_base64="ke37wc2Swd4lPR/8PVUEk1Y8jTI=">AAACBnicdVDNSgMxGMzWv1r/Vj2KECyCp2W3Ra23ohdvtmBboV3Kt2m2Dc1mlyQrlNKTF1/FiwdFvPoM3nwb03YFFR0IGWa+j2QmSDhT2nU/rNzC4tLySn61sLa+sbllb+80VZxKQhsk5rG8CUBRzgRtaKY5vUkkhSjgtBUML6Z+65ZKxWJxrUcJ9SPoCxYyAtpIXXv/yrgcEoVB9HA9BaHTyNxUkAFVXbvoOseud3biYtdxZ5iRilf2sJcpRZSh1rXfO72YpBEVmnBQqu25ifbHIDUjnE4KnVTRBMgQ+rRtqICIKn88izHBh0bp4TCW5giNZ+r3jTFESo2iwExGoAfqtzcV//LaqQ4r/piJJNUm1/yhMOVYx3jaCe4xSYnmI0OASGb+iskAJBBtmiuYEr6S4v9Js+R4ZadULxWr51kdebSHDtAR8tApqqJLVEMNRNAdekBP6Nm6tx6tF+t1Ppqzsp1d9APW2yc3QZj3</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>

• Time development after quantum quench
• Correlation functions in AdS/dCFT

<latexit sha1_base64="QMIaBSBfvvisKT03bkwtGBoDsRQ="></latexit>



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

Conformal operators  ! String states
<latexit sha1_base64="/Oc0H7uRT/DUWwvxWX59MO+4quk="></latexit>

<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

Jiang, Komatsu
Vescovi ‘19

<latexit sha1_base64="mrtu0X0gMKNWrBhkpv4j6bMbi3g="></latexit>

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

with co-dimension one defect Karch-Randall probe brane

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

| 0i (integrable) boundary state describing defect / probe brane
<latexit sha1_base64="D171Dfu4EQBZcEvVpDwx9jm13lg="></latexit>

h 0|ui is a one-point function
<latexit sha1_base64="PlKNcoRwlQznBToFWS9KDIV82iM="></latexit>

AdS/CFT
<latexit sha1_base64="gjG2RweyzllesR7knQlpAS4C/x0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjOjte2uWhCXFfuCdiiZTNqGZh4mGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89bsSZVAh9GJml5ZXVtex6bmNza3snv7vXkmEsCG2SkIei42JJOQtoUzHFaScSFPsup213XEv99j0VkoVBQ00i6vh4GLABI1hpqXPh3Z7Urhqwny8g0y6iSqkMkVlEVuXM1gShcuUcQUuTFAWwQL2ff+95IYl9GijCsZRdC0XKSbBQjHA6zfViSSNMxnhIu5oG2KfSSWb3TuGRVjw4CIWuQMGZ+n0iwb6UE9/VnT5WI/nbS8W/vG6sBmUnYUEUKxqQ+aJBzKEKYfo89JigRPGJJpgIpm+FZIQFJkpHlNMhfH0K/yct27ROTfvGLlQvF3FkwQE4BMfAAiVQBdegDpqAAA4ewBN4Nu6MR+PFeJ23ZozFzD74AePtE+cNjzs=</latexit>

Minahan.
Zarembo ‘02

Similar idea: | 0i ⇠ determinant operators/giant graviton
<latexit sha1_base64="DZp+7sDVcBIhGUx/a8Qgx6ICTFU="></latexit>



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>

Integrable boundary state:
<latexit sha1_base64="4QP7TwOsOzGO9a5eYAVZkmA1tTc=">AAACA3icdVBNSwMxFMz6WetX1ZtegkXwVDYVtHoSveitglWhlvI2fa3BbHZJ3gqlCF78K148KOLVP+HNf2NWK6joQGCYmcfLmyjVylEYvgUjo2PjE5OFqeL0zOzcfGlh8cQlmZXYkIlO7FkEDrUy2CBFGs9SixBHGk+jy/3cP71C61RijqmfYiuGnlFdJYG81C4tHxrCngWf51GSmQ7YPncEhDvtUjmshGEohOA5EVuboSfb27WqqHGRWx5lNkS9XXo97yQyi9GQ1OBcU4QptQZgSUmN18XzzGEK8hJ62PTUQIyuNfi44ZqveaXDu4n1zxD/UL9PDCB2rh9HPhkDXbjfXi7+5TUz6tZaA2XSjNDIz0XdTHNKeF4I7yiLknTfE5BW+b9yeQEWJPnair6Er0v5/+SkWhEblepRtby7N6yjwFbYKltngm2xXXbA6qzBJLthd+yBPQa3wX3wFDx/RkeC4cwS+4Hg5R00vJfj</latexit>

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

<latexit sha1_base64="sCS8JJaPNJ/07mX/7P02dAzuD9s=">AAAB/nicdVDJSgNBEO2JW4xbVDx5aQyCp6FnyGhyC3rxIkQwCyQh9HQ6SZOehe4aMQwBf8WLB0W8+h3e/Bs7i6CiDwoe71VRVc+PpdBAyIeVWVpeWV3Lruc2Nre2d/K7e3UdJYrxGotkpJo+1VyKkNdAgOTNWHEa+JI3/NHF1G/ccqVFFN7AOOadgA5C0ReMgpG6+YMrCkrc4VhFvYQB1kCB626+QGzilryii4nteqTslA3xiFM+LWLHJjMU0ALVbv693YtYEvAQmKRatxwSQyelCgSTfJJrJ5rHlI3ogLcMDWnAdSednT/Bx0bp4X6kTIWAZ+r3iZQGWo8D33QGFIb6tzcV//JaCfRLnVSEcQI8ZPNF/URiiPA0C9wTijOQY0MoU8LcitmQKsrAJJYzIXx9iv8nddd2PJtcu4XK+SKOLDpER+gEOegMVdAlqqIaYihFD+gJPVv31qP1Yr3OWzPWYmYf/YD19gnXa5YR</latexit>

Matrix product states
<latexit sha1_base64="s8PrJjrui23+B9+aoD/JCJ5dC1M="></latexit>

|Bi = |MPSi =
X

{si}

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

<latexit sha1_base64="Fd/kjPUGlIzV7oBROM2W/Jqolfg=">AAAB/HicdVDLSgNBEJyN7/iKevQyGARPy+ySqLmFePEY0cRADGF20tEhs7PLTK8Qgv6KFw+KePVDvPk3Th6CihY0FFXddHdFqZIWGfvwcnPzC4tLyyv51bX1jc3C1nbTJpkR0BCJSkwr4haU1NBAiQpaqQEeRwouo8HJ2L+8BWNloi9wmEIn5tda9qXg6KRuYafJFWgBtJboHj1HjmC7hSLzWXhcLoWU+WGZVYKKI2UWVA5LNPDZBEUyQ71beL/qJSKLQaNQ3Np2wFLsjLhBKRTc5a8yCykXA34NbUc1j8F2RpPj7+i+U3q0nxhXGulE/T4x4rG1wzhynTHHG/vbG4t/ee0M+8edkdRphu7D6aJ+pigmdJwE7UkDAtXQES6MdLdSccMNF+jyyrsQvj6l/5Nm6Adln52FxWptFscy2SV75IAE5IhUySmpkwYRZEgeyBN59u69R+/Fe5225rzZzA75Ae/tE3QglKg=</latexit>

Valence Bond States
<latexit sha1_base64="PvM0B5qJHu/kE2wq5+d+qBVCN7Q="></latexit>

|VBSi = |Ki⌦L
2 , K =

X

s1,s2

Ks1,s2 |s1s2i

Integrable boundary states
<latexit sha1_base64="NbL/DHwiWCC11TCPJMrPWP0tRIw=">AAACA3icdVBNSwMxFMz6WetX1ZtegkXwVDYVbL0VvehNwapQS3mbvtZgNrskb4VSBC/+FS8eFPHqn/DmvzGrFVR0IDDMzOPlTZRq5SgM34Kx8YnJqenCTHF2bn5hsbS0fOKSzEpsykQn9iwCh1oZbJIijWepRYgjjafR5V7un16hdSoxxzRIsR1D36iekkBe6pRWDwxh34LP8yjJTBfsgDsCQtcplcNKGIZCCJ4TUdsOPdnZqVdFnYvc8iizEQ47pdfzbiKzGA1JDc61RJhSewiWlNR4XTzPHKYgL6GPLU8NxOjaw48brvmGV7q8l1j/DPEP9fvEEGLnBnHkkzHQhfvt5eJfXiujXr09VCbNCI38XNTLNKeE54XwrrIoSQ88AWmV/yuXF2BBkq+t6Ev4upT/T06qFbFVqR5Vy43dUR0FtsbW2SYTrMYabJ8dsiaT7IbdsQf2GNwG98FT8PwZHQtGMyvsB4KXd4sgmBw=</latexit>



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

h�i 6= 0
<latexit sha1_base64="xqJtMmCxppMlAJNMKWdJp8s3Los=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhszYarsT3bisYFXoDCWT3mmDmcyYZIRSXLjxV9y4UMStH+HOvzF9CCp64MLJOfeSe0+UCa4NIR/OzOzc/MJiYam4vLK6tl7a2DzXaa4YtFgqUnUZUQ2CS2gZbgRcZgpoEgm4iK6OR/7FDSjNU3lmBhmECe1JHnNGjZU6pXIgqOwJwEHW5zhQ04eEa0w6pQpxiV+vVX1MXL9GGl7DkhrxGvtV7LlkjAqaotkpvQfdlOUJSMME1brtkcyEQ6oMZwJui0GuIaPsivagbamkCehwOD7iFu9YpYvjVNmSBo/V7xNDmmg9SCLbmVDT17+9kfiX185NXA+HXGa5AckmH8W5wCbFo0RwlytgRgwsoUxxuytmfaooMza3og3h61L8Pzn3XW/P9U+rlcOjaRwFVEbbaBd56AAdohPURC3E0B16QE/o2bl3Hp0X53XSOuNMZ7bQDzhvn9crl5Y=</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>

The defect set-up of |MPSi
<latexit sha1_base64="3/BzzTxny27Y/XilwfrmWJYJhSo="></latexit>



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
<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>



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 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

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

� ! 1, k ! 1,
�

k2
finite (N ! 1)

D5-brane

String embedding 

C.K., Semenoff & 

Young ‘12,Similar idea works for the two D3-D7 set-ups



One-point functions and MPS

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

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

ti
x3

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

Matrix Product State associated with the defect: 

|MPSki =
X

~i

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

Object to calculate:
<latexit sha1_base64="HU6DFCh4TRmrRSmQ4GZXOQ7bp/U="></latexit>

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

1
2

deLeeuw, C.K.
& Zarembo ‘15,

O�(x) ⇠ eigenstate of integrable SO(6) spin chain
<latexit sha1_base64="E3Bwa/Na6kIz0wBd2ikNXTSIRUw="></latexit>

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

Minahan & 

Zarembo ’02

Bethe eigenstate



<latexit sha1_base64="5nT28VVlapTDLHGjnQC7tRcTBf4="></latexit>

Quantum fields

One-point functions and VBS

For k = 1: No vevs
<latexit sha1_base64="4h7ccTNkjS891LPmZ0S7Pllryrk=">AAAB+3icdVDLSgMxFM3UV62vWpdugq3gasiMrbaCUBTElVSwD2hLyaSZNjQzGZJMsZT+ihsXirj1R9z5N6YPQUXP6nDOvdxzjxdxpjRCH1ZiaXlldS25ntrY3NreSe9makrEktAqEVzIhocV5SykVc00p41IUhx4nNa9weXUrw+pVEyEd3oU0XaAeyHzGcHaSJ105kpImBucO7kzeCPgkA5VJ51FNnKLhbwLke0WUMkpGVJATukkDx0bzZAFC1Q66fdWV5A4oKEmHCvVdFCk22MsNSOcTlKtWNEIkwHu0aahIQ6oao9n2Sfw0Chd6JsUvgg1nKnfN8Y4UGoUeGYywLqvfntT8S+vGWu/2B6zMIo1Dcn8kB9zqAWcFgG7TFKi+cgQTCQzWSHpY4mJNnWlTAlfn8L/Sc21nWPbvXWz5YtFHUmwDw7AEXDAKSiDa1ABVUDAPXgAT+DZmliP1ov1Oh9NWIudPfAD1tsn2meTDA==</latexit>

Propagators
<latexit sha1_base64="dUjTSAuzywik6ivjD6hynmifSjk=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbNroskt6MVjBPOATQizk0kyZHZnmekVwpLP8OJBEa9+jTf/xslDUNGChqKqm+6uMJHCACEfzsrq2vrGZm4rv72zu7dfODhsGpVqxhtMSaXbITVcipg3QIDk7URzGoWSt8Lx9cxv3XNthIrvYJLwbkSHsRgIRsFKQV2rhA4pKG16hSJxiV8pl3xMXL9Mql7VkjLxqhcl7LlkjiJaot4rvHf6iqURj4FJakzgkQS6GdUgmOTTfCc1PKFsTIc8sDSmETfdbH7yFJ9apY8HStuKAc/V7xMZjYyZRKHtjCiMzG9vJv7lBSkMKt1MxEkKPGaLRYNUYlB49j/uC80ZyIkllGlhb8VsRDVlYFPK2xC+PsX/k6bveueuf+sXa1fLOHLoGJ2gM+ShS1RDN6iOGoghhR7QE3p2wHl0XpzXReuKs5w5Qj/gvH0CDiqRxA==</latexit>

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>

For complex scalars (X = �1 + i�4, etc.)
<latexit sha1_base64="jDa8WyQklNRxR3ILTodnAzXX/Ns="></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="gLyPF7TPaDZL1o7MeO8s128dbcs="></latexit>

Boundary conditions
(supersymmetric)

<latexi t sha1_base64= "MWnwFAh2clBbFfs56+6p4Ep8pUA="></latexit>

1 N � 1

Aµ,�i, ↵ =

2

664

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

3

775

<latexit sha1_base64="TgJ+0ATnVR6PbZKkb3Ahy44FljU="></latexit>

Gaiotto & Witten, ‘08



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

Feynman diagrams

C.K., Müller,
Zarembo ‘20

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

<latexit sha1_base64="UCwjG9q0HDwrkVM3LP+MlFZbp3M="></latexit>

|VBSi’s also of importance as initial steps in proofs of
overlap formulas for |MPSi’s

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

<latexit sha1_base64="e6WCiW5rXc+6KabzRvjy6h+Lp+k=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasgMHW13RTfurGAf0A4lk2ba2MyDJCMMpf6KGxeKuPVD3Pk3ZtoKKnogcDjnXnLP8RPOpELowyisrK6tbxQ3S1vbO7t75v5BW8apILRFYh6Lro8l5SyiLcUUp91EUBz6nHb8yUXud+6okCyOblSWUC/Eo4gFjGClpYFZvvJvKVFQxZBgTlKOFR2YFWQhp+ZWHYgsx0V1u66Ji+z6aRXaFpqjApZoDsz3/jAmaUgjRTiWsmejRHlTLBQjnM5K/VTSBJMJHtGephEOqfSm8+Nn8FgrQxjEQr9Iwbn6fWOKQymz0NeTIVZj+dvLxb+8XqqCmjdlUZIqGpHFR0HK86h5E3DIhE7OM00wEUzfCskYC0yU7qukS/hKCv8nbceyXQtdO5XG+bKOIjgER+AE2OAMNMAlaIIWICADD+AJPBv3xqPxYrwuRgvGcqcMfsB4+wTCNpTb</latexit>

Object to calculate

Gombor & Bajnok ‘20

Ck=1 =
hVBS|ui
hu|ui1/2

<latexit sha1_base64="2cKzj+UtkEfNJte4NdfjMj16+yg="></latexit>

⇠ (g2YMN)6
<latexit sha1_base64="YR2Z8laRbvHoYAxg+4deLshRUGo="></latexit>

⇠ 1

N2
(g2YMN)6

<latexit sha1_base64="D4tbxj1Dgcjw8sg/n0HOsPS1d4A="></latexit>



p

-p

Pure reflection
+BYB for reflection matrix

-p
p

Entangled (p,-p) pairs
+BYB 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>



<latexit sha1_base64="8JOIvdhLQDJUJcvOgruTdHE8Cp0="></latexit>

H =
LX

n=1

(1� Pn,n+1)

Qn ({pi}) = (�1)n Qn ({�pi})
<latexit sha1_base64="R3XfAcoNBX8dIC9Z12yB5rWwDSE="></latexit>

Eigenstates: |{ui}Ki=1i ⌘ |ui, K excitations
<latexit sha1_base64="gqGndcQHb0kQaDJREHffps7nfjo="></latexit>

ui =
1

2
cot

⇣pi
2

⌘

<latexit sha1_base64="B0+f1cvDEB3TkDuy9UiJn9WMXxU="></latexit>

L conserved charges, Q̂n, with eigenvalues Qn
<latexit sha1_base64="wFb90oMNHQ2LycFBcT6zmdSJeX0="></latexit>

Integrable initial state
<latexit sha1_base64="QlMHwJKUvehbQwLu8wozXWWzD5I=">AAACAnicdVDLSgNBEJyN7/iKehIvg0HwFGYjvm6CF70pmigkIfROOnHI7Owy0yuEIF78FS8eFPHqV3jzb5zECCpa0FBUVdN0RalWjoR4D3Jj4xOTU9Mz+dm5+YXFwtJy1SWZlViRiU7sZQQOtTJYIUUaL1OLEEcaL6Lu4cC/uEbrVGLOqZdiI4aOUW0lgbzULKweG8KOBZ/nyihSoLkjIOTNQlGUyttif09wURJDeLItwv2dkIcjpchGOGkW3uqtRGYxGpIanKuFIqVGHywpqfEmX88cpiC70MGapwZidI3+8IUbvuGVFm8n1o8hPlS/b/Qhdq4XRz4ZA125395A/MurZdTea/SVSTNCIz8PtTPNKeGDPnhLWZSke56AtL4AyeUVWJDkW8v7Er4+5f+TarkUbpXKp+Xiwdmojmm2xtbZJgvZLjtgR+yEVZhkt+yePbKn4C54CJ6Dl89oLhjtrLAfCF4/AB+il04=</latexit>

Heisenberg spin chain encodes conformal single trace operators built from

two complex fields X (vacuum, ") and Y (excitation, #)
<latexit sha1_base64="nz+ir0EfSDKhSkxs8J6yXrchh/A="></latexit>

Q2m+1| 0i = 0
<latexit sha1_base64="Tw0afXwxTqDcOOLz7Bf4y2b8w4k=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCIAyZarVdCAU3Llu0D2jLkEkzbWgmMyQZoYx146+4caGIW//CnX9j+hBU9MCFwzn3cu89fsyZ0gh9WHPzC4tLy5mV7Ora+samvbVdV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/uBj7jRsqFYvEtR7GtBPinmABI1gbybN3q16aD4/c0W27opiH2hKLHqfnyLNzyMkXUKmIIHLQBIYUkFs6daE7U3Jghopnv7e7EUlCKjThWKmWi2LdSbHUjHA6yrYTRWNMBrhHW4YKHFLVSScfjOCBUbowiKQpoeFE/T6R4lCpYeibzhDrvvrtjcW/vFaig2InZSJONBVkuihIONQRHMcBu0xSovnQEEwkM7dC0scSE21Cy5oQvj6F/5N63nGPnXz1JFe+msWRAXtgHxwCF5yBMrgEFVADBNyBB/AEnq1769F6sV6nrXPWbGYH/ID19gl9G5ZW</latexit>

Integrable spin chain boundary states
<latexit sha1_base64="hApu0gwENowSKEFGRSqSFG4pZzo="></latexit>

Piroli, Pozsgay
Vernier ‘17

(BYB observed to be fulfilled for all cases considered)
<latexit sha1_base64="5CxA+W9JYjNX4E21t4jyoOgsYcA="></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

Symmetry of vev’s SU(2) SU(2)⇥ SU(2) SO(5)

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="da5hZJSxtq6bNY1jewjFiy85KXQ="></latexit>

Integrability of |MPSi
<latexit sha1_base64="iBs7YIlG+ITrQFopxozKaGFO06Q="></latexit>



<latexit sha1_base64="TFK3dq1cejaoG0VFG/weqabYu6A=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSGjra7oiDurGBroR1KJs20oZnMkGQKZeifuHGhiFv/xJ1/Y/oQVPRA4HDOPdybE6acKY3Qh1VYWV1b3yhulra2d3b37P2DlkoySWiTJDyR7RArypmgTc00p+1UUhyHnN6Ho8uZfz+mUrFE3OlJSoMYDwSLGMHaSD3bvjEuxym8SmSccax6dhk5yKv6FQ8ix/NRza0Z4iO3dlaBroPmKIMlGj37vdtPSBZToYnJq46LUh3kWGpGOJ2WupmiKSYjPKAdQwWOqQry+eVTeGKUPowSaZ7QcK5+T+Q4VmoSh2Yyxnqofnsz8S+vk+moGuRMpJmmgiwWRRmHOoGzGmCfSUo0nxiCiWTmVkiGWGKiTVklU8LXT+H/pOU5ru+gW69cv1jWUQRH4BicAhecgzq4Bg3QBASMwQN4As9Wbj1aL9brYrRgLTOH4Aest0/lrpPX</latexit>

Overlap Formulas

<latexit sha1_base64="I2akDvsIqKgStXYUGiBDw9bXFP0=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjJDR1tXRTe6q2Af0A4lk8m0oZnMkGSEMvQ33LhQxK0/486/MX0IKnogcDjnHu7NCVLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtkoySWiLJDyR3QArypmgLc00p91UUhwHnHaC8dXM79xTqVgi7vQkpX6Mh4JFjGBtpP6NGEoaMiq0uhiUK8hGbs2ruhDZrofqTt0QDzn1syp0bDRHBSzRHJTf+2FCstikCcdK9RyUaj/HUjPC6bTUzxRNMRnjIe0ZKnBMlZ/Pb57CE6OEMEqkeULDufo9keNYqUkcmMkY65H67c3Ev7xepqOanzORZpoKslgUZRzqBM4KgCGTlGg+MQQTycytkIywxESbmkqmhK+fwv9J27Udz0a3bqVxuayjCI7AMTgFDjgHDXANmqAFCEjBA3gCz1ZmPVov1utitGAtM4fgB6y3T22SkfI=</latexit>

Ingredients:

<latexit sha1_base64="6aQ7MH7R136/Z4oXoTHn+VSUl84="></latexit>

For |VBSi:

• No sums involved

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

& Zarembo ‘15
de Leeuw, C.K.
& Mori ‘16

de Leeuw, C.K. &
Linardopoulos ‘18

Poszgay ‘18

h 0|ui 6= 0 () {uj} = {�ui,ui}
<latexit sha1_base64="Yvdfu49Q2PAML73/jyeTGMUVVMY="></latexit>

Selection rule
<latexit sha1_base64="/JzH9YbJSx3416AhNay3quw3Qj0=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJldQeFG4sUjBnkksJLZoYEJs4/MzGoI4T+8eNAYr/6LN//GWcBEjVbSSaWqO91dfiy40oR8WJmV1bX1jexmbmt7Z3cvv3/QVFEiGTRYJCLZ9qkCwUNoaK4FtGMJNPAFtPzxZeq37kAqHoU3ehKDF9BhyAecUW2k2zoIYCnDMhHQyxeITdxyqehiYrslUnEqhpSIUzkvYscmcxTQErVe/r3bj1gSQKiZoEp1HBJrb0ql5kzALNdNFMSUjekQOoaGNADlTedXz/CJUfp4EElTocZz9fvElAZKTQLfdAZUj9RvLxX/8jqJHpS9KQ/jREPIFosGicA6wmkEuM+leVpMDKFMcnMrZiMqKdMmqJwJ4etT/D9purZzZrvXbqFaX8aRRUfoGJ0iB12gKrpCNdRADEn0gJ7Qs3VvPVov1uuiNWMtZw7RD1hvn/VAkt8=</latexit>

Parity invariance
<latexit sha1_base64="K5DSQkVlh8xjGCqK6OdyUYXizYI=">AAAB+nicdZDLSgMxGIUz9VbrbapLN8EiuBoyY6vtruDGZUVrC+1QMmmmDc1khiRTKWMfxY0LRdz6JO58G9OLoKIHAh/n/D9JTpBwpjRCH1ZuZXVtfSO/Wdja3tnds4v7typOJaFNEvNYtgOsKGeCNjXTnLYTSXEUcNoKRhezvDWmUrFY3OhJQv0IDwQLGcHaWD272MCS6QlkYmwAC0J7dgk5yKtWyh5EjldBNbdmoILc2lkZug6aqwSWavTs924/JmlEhSYcK9VxUaL9DEvNCKfTQjdVNMFkhAe0Y1DgiCo/mz99Co+N04dhLM0RGs7d7xsZjpSaRIGZjLAeqt/ZzPwr66Q6rPoZE0mqqSCLi8KUQx3DWQ+wzyQlmk8MYGIqYASSIZaYaNNWwZTw9VP4P9x6jnvqeFdeqX69rCMPDsEROAEuOAd1cAkaoAkIuAMP4Ak8W/fWo/VivS5Gc9Zy5wD8kPX2CcthlGk=</latexit>

Gombor ‘21



<latexit sha1_base64="P3c+HDHRwk1bL/6ofteElPVn+/c="></latexit>

detG =

����
A B
B A

���� =
����
A+B B
B +A A

���� =
����
A+B B

0 A�B

���� = det(A+B) · det(A�B)

<latexit sha1_base64="e6IXpnDdQkgS/og4kIJ2VJotDk0="></latexit>

Quantity entering overlap formulas
<latexit sha1_base64="jNek9ol/V3aqr1w7zgB3S9+/zzs="></latexit>

SDetG =
detG+

detG�
⌘ D

<latexit sha1_base64="+YThH/pAXbxvTpuRdn2q81cSVs0="></latexit>

= detG+ · detG�

<latexit sha1_base64="9kkgUqHuAI+VBSJETIkZxd3I1GE="></latexit>

hu|ui / detG, Gkj =
@�k

@uj

Gaudin matrix
<latexit sha1_base64="nAstHoY5gZfe3HWyANdftl4wLCk=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Zstd0VXOiyon1AO5RMJtOGZjJjkimWod/hxoUibv0Yd/6N6UNQ0QOBwzn3ck+On3CmNEIf1tLyyuraem4jv7m1vbNb2NtvqjiVhDZIzGPZ9rGinAna0Exz2k4kxZHPacsfXkz91ohKxWJxq8cJ9SLcFyxkBGsjeZc4DZiAEdaS3fcKRWQjt1IuuRDZbhlVnaohZeRUz0rQsdEMRbBAvVd47wYxSSMqNOFYqY6DEu1lWGpGOJ3ku6miCSZD3KcdQwWOqPKyWegJPDZKAMNYmic0nKnfNzIcKTWOfDNp4g3Ub28q/uV1Uh1WvIyJJNVUkPmhMOVQx3DaAAyYpETzsSGYSGayQjLAEhNtesqbEr5+Cv8nTdd2Tm332i3WbhZ15MAhOAInwAHnoAauQB00AAF34AE8gWdrZD1aL9brfHTJWuwcgB+w3j4BHn6SZA==</latexit>

Eigenstates: |ui = |{ui}Ki=1i
<latexit sha1_base64="sA1SqwAtbtE86rpDRoTs+FS6kzA="></latexit>

1 =

 
uk � i

2

uk + i
2

!L KY

j 6=k

uk � uj +
i
2

uk � uj � i
2

= ei�k , k = 1, . . . ,K

<latexit sha1_base64="BYChe2HQ8GSzJNOC1GHZW2DoCiA="></latexit>

For parity invariant states: block structure
<latexit sha1_base64="Vx0XOCSy5ZRuUlSrFLoVuBidDpQ="></latexit>



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

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

1
2

= Tk ·Q
✓
ik

2

◆s

Q (0)Q

✓
i

2

◆
detG+

detG�
<latexit sha1_base64="a/mZmlod2jGKyd1yz5TWUgoyQWs="></latexit>

Operators built from two scalar fields, X and Y
<latexit sha1_base64="K/xBP/pl5AGK6m7fcHEb9bNnPic="></latexit>

Tk =

k�1
2X

a=� k�1
2

aL

Q
�
2a+1

2 i
�
Q
�
2a�1

2 i
� , k � 2

<latexit sha1_base64="KPJV+ohA/abqpAMbjmBAN1Lx7Gk="></latexit>

One-point functions of D3-D5 set-up
<latexit sha1_base64="S9TUVupgvQkdHECc8+gW2+zGZ3o=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4aZlpqdZd0S7cWcE+oC0lk95pQzPJkGSEUvoBbvwVNy4UcesHuPNvTB+Cih4IHM45l9x7/IgzbVz3w0ksLa+sriXXUxubW9s76d29upaxolCjkkvV9IkGzgTUDDMcmpECEvocGv7wYuo3bkFpJsWNGUXQCUlfsIBRYqzUTWeuBGQjyYTBQSzoVNRYBrhSyFaKWIPJxpFNubmi652duNjNuTPMSMkreNhbKBm0QLWbfm/3JI1DEIZyonXLcyPTGRNlGOUwSbVjDRGhQ9KHlqWChKA749kxE3xklR4OpLLPbjVTv0+MSaj1KPRtMiRmoH97U/EvrxWboNQZMxHFBgSdfxTEHBuJp83gHlNADR9ZQqhidldMB0QRamx/KVvC16X4f1LP57xCLn+dz5TPF3Uk0QE6RMfIQ6eojC5RFdUQRXfoAT2hZ+feeXRenNd5NOEsZvbRDzhvnwL3mk8=</latexit>

Buhl-Mortensen,de
Leeuw, C.K. & 
Zarembo ‘16



The full scalar sector of the D3-D5 set-up
<latexit sha1_base64="ZTtENhNHdc6cEzx+nGj0Qjq9UGE="></latexit>

�——�——�
<latexit sha1_base64="avIgTA1+q0jU4J/iz6EEeXawMa0="></latexit>

SO(6) spin chain
<latexit sha1_base64="jkiV4OF8CfgXpYEw2elcNP0Nc14=">AAAB+3icdVDLTgIxFO3gC/GFuHTTCCa4IZ1RXjuiG3dilEcCE9IpBRo6nUnbMRLCr7hxoTFu/RF3/o0dwESNnuQmJ+fcm3vv8ULOlEbow0qsrK6tbyQ3U1vbO7t76f1MUwWRJLRBAh7ItocV5UzQhmaa03YoKfY9Tlve+CL2W3dUKhaIWz0JqevjoWADRrA2Ui+dyd1c5UsnOahCJiAZYWbELCo4RVQtVyAqFJFdPXMMQahSLSFoGxIjC5ao99Lv3X5AIp8KTThWqmOjULtTLDUjnM5S3UjREJMxHtKOoQL7VLnT+e0zeGyUPhwE0pTQcK5+n5hiX6mJ75lOH+uR+u3F4l9eJ9KDijtlIow0FWSxaBBxqAMYBwH7TFKi+cQQTCQzt8bvS0y0iStlQvj6FP5Pmk7BPi041062dr6MIwkOwRHIAxuUQQ1cgjpoAALuwQN4As/WzHq0XqzXRWvCWs4cgB+w3j4B7MOTGg==</latexit>

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

1
2

<latexit sha1_base64="fDycLGEg32+ob5BXXvJO6VpQM50="></latexit>

This is the complete answer at tree level
<latexit sha1_base64="PMNBvBas4VDWchdoLYQfmN0n+cA="></latexit>

Q1
<latexit sha1_base64="Q4XitRkpYoSQvMnxhcWLcqGsAxQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJja9td0Y3LFu0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68zv3tPpWKRuNOzmHohHgsWMIK1kW5bQ2dYLCHbraB6tQaRXUFOvewaglCtfomgY0iGElihOSy+D0YRSUIqNOFYqb6DYu2lWGpGOJ0XBomiMSZTPKZ9QwUOqfLSxalzeGaUEQwiaUpouFC/T6Q4VGoW+qYzxHqifnuZ+JfXT3RQ81Im4kRTQZaLgoRDHcHsbzhikhLNZ4ZgIpm5FZIJlphok07BhPD1KfyfdFzbubDdVrnUuFrFkQcn4BScAwdUQQPcgCZoAwLG4AE8gWeLW4/Wi/W6bM1Zq5lj8APW2yc+RY3I</latexit>

Q2
<latexit sha1_base64="n+p4qM3R+DXF2htZMOpX7WdvmGQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJja9td0Y3LFu0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68zv3tPpWKRuNOzmHohHgsWMIK1kW5bQ3dYLCHbraB6tQaRXUFOvewaglCtfomgY0iGElihOSy+D0YRSUIqNOFYqb6DYu2lWGpGOJ0XBomiMSZTPKZ9QwUOqfLSxalzeGaUEQwiaUpouFC/T6Q4VGoW+qYzxHqifnuZ+JfXT3RQ81Im4kRTQZaLgoRDHcHsbzhikhLNZ4ZgIpm5FZIJlphok07BhPD1KfyfdFzbubDdVrnUuFrFkQcn4BScAwdUQQPcgCZoAwLG4AE8gWeLW4/Wi/W6bM1Zq5lj8APW2yc/yY3J</latexit>

Q3
<latexit sha1_base64="gX5lVz7MtYkK+2dCqZg9BPlUK3A=">AAAB6nicdVBNTwIxEO3iF+IX6tFLIzHxtOkuIHAjevEIUZAENqRbutDQ7W7argnZ8BO8eNAYr/4ib/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKR7PlYUc4E7WimOe3FkuLQ5/TOn15l/t09lYpF4lbPYuqFeCxYwAjWRrppD8vDYgnZbhU1anWI7CpyGhXXEITqjQsEHUMylMAKrWHxfTCKSBJSoQnHSvUdFGsvxVIzwum8MEgUjTGZ4jHtGypwSJWXLk6dwzOjjGAQSVNCw4X6fSLFoVKz0DedIdYT9dvLxL+8fqKDupcyESeaCrJcFCQc6ghmf8MRk5RoPjMEE8nMrZBMsMREm3QKJoSvT+H/pOvaTtl225VS83IVRx6cgFNwDhxQA01wDVqgAwgYgwfwBJ4tbj1aL9brsjVnrWaOwQ9Yb59BTY3K</latexit>

= Tk ·Q2

✓
ik

2

◆s
Q2(0)Q2(

i
2 )

Q1(0)Q1(
i
2 )Q3(0)Q3(

i
2 )

·

s
detG+

detG�
<latexit sha1_base64="0U9K3eXGc0VppE1mWxvVxhPTHk0="></latexit>

Tk =

k�1
2X

a=� k�1
2

aL
Q1(ia)Q3(ia)

Q2(
2a+1

2 i)Q2(
2a�1

2 i)
, k � 2

<latexit sha1_base64="+UvyYpocw00z47JKJpaZHvQhwAY="></latexit>



<latexit sha1_base64="MCcyl2vKqXovCGykmnMSskNGa/Q="></latexit>

C =
Q1(0)Q2(0)Q3(0)

Q1

�
i
2

�
Q2

�
i
2

�
Q3

�
i
2

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

Poszgay ‘18

<latexit sha1_base64="eEJ8C8w5sh+eOL/FCXvIYIJGXzs=">AAAEYnicrVNNb9pAEN0AaVPaJtAc08OmGMkIRG0nJKFSpCg5tIdKDaIQPpZa62UNq/hL9roKMv6TvfXUS39I </latexit>

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

<latexit sha1_base64="btJ+Qo1LJDX7JKaJO3Isls/6d8M="></latexit>

SU(2|1) : |VBSi = (|XXi+ | "#i � | #"i)⌦L/2

Higher loops & other sectors: Start with |VBSi
<latexit sha1_base64="PuWS1puhXyeUqTDOFALCqDZTIDU="></latexit>

<latexit sha1_base64="SGWvNfUY9/+lhNqCZAfS5Hw1j38="></latexit>

�——⌦

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

C.K., Müller, 
Zarembo ‘20

SU(2) : |VBSi = (|XXi+ |Y Y i)⌦L/2, C =
Q(0)

Q( i
2 )

S detG
<latexit sha1_base64="fPi4bbbZDOeKi0JrV3/P5wDuvDk="></latexit>

Gombor ‘21

C =
Q1(0)

Q1

�
i
2

�
Q2(0)

SdetG
<latexit sha1_base64="RXotcb+Jp4wDy4ewHJn+jIk09kM="></latexit>



All loops & all sectors by bootstrap
<latexit sha1_base64="9SgBcN4Jn5Eqlp/uwnX75mZgo5M="></latexit>

Komatsu & 
Wang,  ‘20

Gombor &
Bajnok ’20 I & II

Proof at the 
classical level:
Linardopoulos, 
Zarembo ‘21Buhl-Mortensen, 

de Leeuw, Ipsen, 
Wilhelm ‘17

From the gauge theory (spin chain) perspective

• Assume factorized from of overlaps for |VBSi

• Obtain the result for the entire theory
<latexit sha1_base64="NJ14am4hxQqIJTSKTnnfkHlwIiw="></latexit>

Making use of:

• Symmetries: PSU(2, 2|4)

• Knowledge of the S-matrix from the spectral problem

• Consistency requirements (BYB, unitarity, crossing)
<latexit sha1_base64="O11z3AKO39p/W3pwkKW+A7s7TKI=">AAACqXicdVHbbtNAEF2bWzG3AI+8jEhBqQiRY1qa9KlKX5AAKVVIGkiiaL0eJ6t4d83uGjCh/8Y38MbfsE4DAgQjrXR0zszOzJk4z7ixYfjd8y9dvnL12s714MbNW7fv1O7eGxlVaIZDpjKlxzE1mHGJQ8tthuNcIxVxhmfx6qTSzz6gNlzJN7bMcSboQvKUM2odNa99fU1XXC6gMAgqPQqmMS64XHOLgn/G82BaoWBQCoFWczRHsNsfDBtRM/qyv7e7lV9K9THDZFF9AXaJAIOngrr8T5BqJTaUyZFZTTPItXLDiW3 piZLGbYmSlaDxfcE1CpTWQKP3tteEQnJLNbdlE5hWxrhR94IpyuTXhPNaPWxFB2H3sANh6yBsd/cjB8Kw030eQtuBKupkG/157ds0UayourCMGjNph7mdram2nGXVxs6KnLIVXeDEQUkFmtl64/Q5PHJMAqnS7kkLG/b3ijUVxpQidpnOgKX5W6vIf2mTwqad2ZrLvKi8uGiUFhlYBdXZIHHGMJuVDlDmDOEM2JJqyqw7buBM+Lkp/B+Molb7WSs6jerHva0dO+QBeUgapE0OyTF5QfpkSJj32HvlDb2R/8Q/9cf+u4tU39vW3Cd/hM9+AEFJ0DA=</latexit>

From the string theory perspective

• Assume integrability (factorization into two-particle overlaps)

• Input from one-loop perturbative calculation

• Obtain the result in the SU(2) sub-sector
<latexit sha1_base64="bf+fAT+nMVP+9ghoKWrcmADvCCM="></latexit>



Bajnok & 
Gombor ‘20

Beisert & 
Staudacher ‘04

C =
Q1(0)Q3(0)Q4(0)Q5(0)Q7(0)

Q2(0)Q2(
i
2 )Q4(

i
2 )Q6(0)Q6(

i
2 )

S detG
<latexit sha1_base64="qei3rt5aL0QPDm8rXM9O3z8ttVQ="></latexit>

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

The leading order result for |VBSi
<latexit sha1_base64="aAMGwR41wTYJYdGCtVxuUmbxOp8="></latexit>



For N = 4 SYM, # di↵erent choices of Q-functions = 28
<latexit sha1_base64="T7K9J9zVX2qOGbD7PXL2h3hfd+g="></latexit>

Many equivalent ways of writing the Bethe equations
<latexit sha1_base64="nJUvRPmNf6tdQRpiygnWzTbij1w="></latexit>

Connected via dualities

• Fermionic

• Bosonic
<latexit sha1_base64="GF+JhZ0n5wvQzlSfy0NJcCT8P3o="></latexit>

QQ-system
<latexit sha1_base64="wGU5ya8DgKnw+SkttQkWrLx1Wdo=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4cciMrba7ohuXLdiHtEPJpJk2NJkZkowwDP0KNy4UcevnuPNvTB+Cih64cDjnXu69x485UxqhDyu3srq2vpHfLGxt7+zuFfcP2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ9czv3NPpWJReKvTmHoCj0IWMIK1ke6azTOVKk3FoFhCNnKrlbILke1WUM2pGVJBTu2iDB0bzVECSzQGxff+MCKJoKEmHCvVc1CsvQxLzQin00I/UTTGZIJHtGdoiAVVXjY/eApPjDKEQSRNhRrO1e8TGRZKpcI3nQLrsfrtzcS/vF6ig6qXsTBONA3JYlGQcKgjOPseDpmkRPPUEEwkM7dCMsYSE20yKpgQvj6F/5O2azvnttt0S/WrZRx5cASOwSlwwCWogxvQAC1AgAAP4Ak8W9J6tF6s10VrzlrOHIIfsN4+AQkdkJI=</latexit>

<latexit sha1_base64="puPb4kvWps57PQTnPoA/4rapEKk="></latexit>

(Change of
Dynkin diagram)

Kazakov ‘18
|VBSi of relevance for AdS/dCFT singled out
by transforming covariantly under fermionic duality

<latexit sha1_base64="aVFaWQQp48Dx4955fUTLI90ysHw="></latexit>



<latexit sha1_base64="epmU0OFoe5BGBklVE92zH+XEfQA=">AAACBXicdVDLSgMxFM34rPVVdamLYBFcDZmh1XZX7EZ3ldpaqKVk0ts2NJMZkoxQSjdu/BU3LhRx6z+4829MH4KKHggczjmXm3uCWHBtCPlwFhaXlldWU2vp9Y3Nre3Mzm5dR4liUGORiFQjoBoEl1Az3AhoxApoGAi4DgbliX99C0rzSF6ZYQytkPYk73JGjZXamYMLaaCnqM3jahKDwtWYS1zuUy51O5MlLvEL+ZyPievnSdErWpInXvEkhz2XTJFFc1TamfebTsSSEKRhgmrd9EhsWiOqDGcCxumbRENM2YD2oGmppCHo1mh6xRgfWaWDu5GyTxo8Vb9PjGio9TAMbDKkpq9/exPxL6+ZmG6hNeIyTgxINlvUTQQ2EZ5UgjtcATNiaAllitu/YtanijJji0vbEr4uxf+Tuu96eZdc+tnS2byOFNpHh+gYeegUldA5qqAaYugOPaAn9OzcO4/Oi/M6iy4485k99APO2yc62Jhp</latexit>

Integrable Super Spin Chains (of type SU(M |N))
<latexit sha1_base64="HkQ5ibXvsc/+LykMBFejfxaYBQo="></latexit>

Gaudin matrix: Gaj,bk = @�aj

@ubk
, of size

P
a Ka ⇥

P
a Ka

<latexit sha1_base64="Gygps6uZGT1gBT16gWlB/iDPHZ8="></latexit>

Cartan matrix Mab, Dynkin labels qa
<latexit sha1_base64="8Ujxr1iVsqg8fNXJ/6/IEbgtUVM="></latexit>

a, b = 1, . . . ,M +N � 1 = n = # nodes in Dynkin diagram
<latexit sha1_base64="m1h9Ud2cxGhaSdrLbSRCSVGEw/M="></latexit>

Q-functions: Qa(u) =
QKa

j=1(u� ua,j)
<latexit sha1_base64="1cAHlIOCY9xPeQshVGXlXkRbSHg="></latexit>

Can also be expressed in terms of Q-functions
<latexit sha1_base64="WZD8jkBcs7k5nShEE5cE5dMSraI="></latexit>

Bethe equations:

(�1)Maa+1 =

 
ua,j � iqa

2

ua,j +
iqa
2

!LY

b,k

ua,j � ub,k + iMab
2

ua,j � ub,k � iMab
2

⌘ e i�a,j

<latexit sha1_base64="6QhUFmzxyK3/jMwDsQYp/tLMYdc="></latexit>



<latexit sha1_base64="dVtYBD32NF/GY3Biu3IZUEL7TR0="></latexit>

q =


1
0

�

Example: SU(2|1) super spin chain
<latexit sha1_base64="aOEDp0K7CJN3/EST2XSHGG6ZySs=">AAACDHicdVDLSgMxFM34rPVVdekm2Ap1U2ZGqq2rogguFa0ttKVk0lsbmsmEJCOW6ge48VfcuFDErR/gzr8xUyuo6IHA4Zx7uTknkJxp47rvzsTk1PTMbGouPb+wuLScWVk911GsKFRpxCNVD4gGzgRUDTMc6lIBCQMOtaB/kPi1S1CaReLMDCS0QnIhWJdRYqzUzmQPr0goOezh3Gk17197WzmsYwkKa8kEpj3Ckim34I6A3YJfdMulhBRdr7zjYW9sZdEYx+3MW7MT0TgEYSgnWjc8V5rWkCjDKIebdDPWIAntkwtoWCpICLo1HIW5wZtW6eBupOwTBo/U7xtDEmo9CAM7GRLT07+9RPzLa8SmW2oNmZCxAUE/D3Vjjk2Ek2Zwhymghg8sIVQx+9ckviLU2P7StoSvpPh/cu4XvO2Cf+JnK/vjOlJoHW2gPPLQLqqgI3SMqoiiW3SPHtGTc+c8OM/Oy+fohDPeWUM/4Lx+ACBXmcs=</latexit>

Cartan matrix
<latexit sha1_base64="rPt7JgSxqlEU0IeIqwznTwPk+nI=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasiMrbY7sRuXFawV2kEyaaYNzWTGJFMsxe9w40IRt36MO//G9CGo6IHA4Zx7k5MTpoJrg/GHk1tYXFpeya8W1tY3NreK2ztXOskUZU2aiERdh0QzwSVrGm4Eu04VI3EoWCsc1Cd+a8iU5om8NKOUBTHpSR5xSoyVgjpRhkgUE6P43U2xhF3sVytlH2HXr+CaV7Okgr3acRl5Lp6iBHM0borvnW5Cs5hJQwXRuu3h1ARjeyengt0XOplmKaED0mNtSyWJmQ7G09D36MAqXRQlyh5p0FT9vjEmsdajOLSTNl5f//Ym4l9eOzNRNRhzmWaGSTp7KMoEMgmaNIC6XDFqxMgSQhW3WRHtE0WosT0VbAlfP0X/kyvf9Y5c/8IvnZ7N68jDHuzDIXhwAqdwDg1oAoVbeIAneHaGzqPz4rzORnPOfGcXfsB5+wQa55JU</latexit>

Dynkin label
<latexit sha1_base64="+1OnkF/wJMSQH4POhlqy5WauENQ=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgaZldE01uQT14jGAekIQwO+kkQ2Znl5lZYQn5DS8eFPHqz3jzb5w8BBUtaCiquunuCmLBtSHkw8msrK6tb2Q3c1vbO7t7+f2Dho4SxaDOIhGpVkA1CC6hbrgR0IoV0DAQ0AzGVzO/eQ9K80jemTSGbkiHkg84o8ZKnetUjrnEggYgevkCcYlfLhV9TFy/RCpexZIS8SrnRey5ZI4CWqLWy793+hFLQpCGCap12yOx6U6oMpwJmOY6iYaYsjEdQttSSUPQ3cn85ik+sUofDyJlSxo8V79PTGiodRoGtjOkZqR/ezPxL6+dmEG5O+EyTgxItlg0SAQ2EZ4FgPtcATMitYQyxe2tmI2ooszYmHI2hK9P8f+k4bvemevf+oXq5TKOLDpCx+gUeegCVdENqqE6YihGD+gJPTuJ8+i8OK+L1oyznDlEP+C8fQIuVpHJ</latexit>

<latexit sha1_base64="dKs7kOKsuWGsM1ay+bnW7tcaVNU=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzFxNemMgLAjuHGJiTwSIKRTCjR02knbMRDCr7hxoTFu/RF3/o3lYaJGT3KTk3Puzb33hDFn2iD04aQ2Nre2d9K7mb39g8Mj9zjb0DJRhNaJ5FK1QqwpZ4LWDTOctmJFcRRy2gzH1wu/eU+VZlLcmWlMuxEeCjZgBBsr9dxsFU8MVTCWfCpkxDDXPTeHPBSUCvkAIi8ooLJftqSA/HIxD30PLZEDa9R67nunL0kSUWEIx1q3fRSb7gwrwwin80wn0TTGZIyHtG2pwBHV3dny9jk8t0ofDqSyJQxcqt8nZjjSehqFtjPCZqR/ewvxL6+dmEGpO2MiTgwVZLVokHBoJFwEAftMUWL41BJMFLO3QjLCChMbh87YEL4+hf+TRuD5Re/yNshVqus40uAUnIEL4IMrUAE3oAbqgIAJeABP4NmZO4/Oi/O6ak0565kT8APO2ye7TZTq</latexit>

Baxter polynomials

<latexit sha1_base64="SGWvNfUY9/+lhNqCZAfS5Hw1j38="></latexit>

�——⌦
<latexit sha1_base64="1X96VS8ErRiVz3anRK0ueKFfYrU="></latexit>

1
<latexit sha1_base64="0j5RJxsEHzGlezRTqtVPlWFEPno="></latexit>

M =


2 �1
�1 0

�
,

<latexit sha1_base64="kbaTkz60p8OZRXDiD2DkQDbKiPw="></latexit>

Vacuum: | 1 1 . . .i, Excitations at level 1 and 2:  2, X

Q1(u) =
K1Y

i=1

(u� ui), Q2(u) =
K2Y

j=1

(v � vj)

<latexit sha1_base64="Z/V30TSkgr6QvQDrLBNsezgrYmI="></latexit>

Encodes conformal single trace operators built from fields
X (bosonic),  1, 2 (fermionic) in N = 4 SYM

<latexit sha1_base64="+eRAeNuyfG+SrP02FZ8G0uK2DOs="></latexit>

<latexit sha1_base64="V+oJbSmm7yqrm2qP4Oy57sYo4jU=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFqJthptja7opuXFawD2iHkkkzbWgmMyR3KqV046+4caGIWz/DnX9j+hBU9EDgcM693Jzjx4JrcJwPK7Wyura+kd7MbG3v7O5l9w8aOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1cxvjpjSPJK3MI6ZF5K+5AGnBIzUzR7lY5FoDHcRBsVHnAgcSabPutmcYztzYMcuFJ1KeUaKjlspudhdWjm0RK2bfe/0IpqETAIVROu268TgTYgCTgWbZjqJZjGhQ9JnbUMlCZn2JvMAU3xqlB4OImWeBDxXv29MSKj1OPTNZEhgoH97M/Evr51AUPYmXMYJMEkXh4JEYDBxTRu4xxWjIMaGEKq4+SumA6IIBdNZxpTwlRT/TxoF2y3Z5zeFXPVyWUcaHaMTlEcuukBVdI1qqI4omqIH9ISerXvr0XqxXhejKWu5c4h+wHr7BFnLlkU=</latexit>

(plus two trivial ones)



<latexit sha1_base64="G2qJo0AKVM7gAw0rkq985D/uM8Q="></latexit>

Ex: SU(2|1)
<latexit sha1_base64="4H/w0mVZ8awdelZTcdic7KQlfKg="></latexit>

Fermionic Duality:
<latexit sha1_base64="dVtYBD32NF/GY3Biu3IZUEL7TR0="></latexit>

q =


1
0

�
<latexit sha1_base64="0j5RJxsEHzGlezRTqtVPlWFEPno="></latexit>

M =


2 �1
�1 0

�
,

<latexit sha1_base64="1WpgXqu8IRE9l80c1KugNXohoSI="></latexit>�!

<latexit sha1_base64="1WpgXqu8IRE9l80c1KugNXohoSI="></latexit>�!

<latexit sha1_base64="SGWvNfUY9/+lhNqCZAfS5Hw1j38="></latexit>

�——⌦

<latexit sha1_base64="Rw5MYPtzua3wBj6Tn3vxtyiJTVY="></latexit>

1 =
Q�

1 (vk)

Q+
1 (vk)

<latexit sha1_base64="IymwfUn/KV5CJi7pIVUPMUXq9j8="></latexit>

�1 =
Q++

1 (uk)

Q��
1 (uk)

· Q
�
2 (uk)

Q+
2 (uk)

✓
Q�

✓ (uk)

Q+
✓ (uk)

◆L
<latexit sha1_base64="ryDtWsVRLI36JYtslNJlTs52Yt8="></latexit>

eQ+
2 (uk)

eQ�
2 (uk)

✓
Q�

✓ (uk)

Q+
✓ (uk)

◆L

= 1

<latexit sha1_base64="BlERv3Xyeu4rHIFscdDQYrY4etI="></latexit> �!

<latexit sha1_base64="ob2WtaIsnDTAnzrwutc79rqdjMk=">AAACIHicdVDLSgMxFM3UV62vqks3wVZw4zDTYlt3RTcuXFSwD+iUkknTNjSTDElGLMN8iht/xY0LRXSnX2P6EFTsCYHDOfdy7z1+yKjSjvNhpZaWV1bX0uuZjc2t7Z3s7l5DiUhiUseCCdnykSKMclLXVDPSCiVBgc9I0x9dTPzmLZGKCn6jxyHpBGjAaZ9ipI3UzZZjL/DFXexdITkgMO8JTQOi8klyAs1b6HazOcc+ddyzkgMd25liSipu0YXuXMmBOWrd7LvXEzgKCNeYIaXarhPqToykppiRJONFioQIj9CAtA3lyMzpxNMDE3hklB7sC2k+13Cq/uyIUaDUOPBNZYD0UP31JuJ/XjvS/UonpjyMNOF4NqgfMagFnKQFe1QSrNnYEIQlNbtCPEQSYW0yzZgQvi+Fi0mjYLslu3hdyFXP53GkwQE4BMfABWVQBZegBuoAg3vwCJ7Bi/VgPVmv1tusNGXNe/bBL1ifXypPovw=</latexit>⌦- - -⌦

Beisert, Kazakov, ,
Sakai, Zarembo ‘05

Change of variables (from vj to ṽj)
<latexit sha1_base64="aw4MPJQtp0qpx/CWZDt3wOwD7Qw="></latexit>

Q�
1 (v)�Q+

1 (v) = Q2(v) · eQ2(v)
<latexit sha1_base64="xkVqlnUiiKpGIZXIYmhbAcMDzTg="></latexit>

eK2 = K1 �K2 � 1 roots ṽj
<latexit sha1_base64="DS8Um/F0LOoyeOvqBk0JSlQopSo="></latexit>

K2 roots vj
<latexit sha1_base64="ktTZDaNqDKZmj+BdA2GjHntcopI=">AAAB+nicdVDLSgMxFM3UV62vqS7dBFvBVclM6WtXdCO4qWAf0JYhk6ZtbGYyJJlKqf0UNy4UceuXuPNvTB+Cih64cDjnXu69x484UxqhDyuxtr6xuZXcTu3s7u0f2OnDhhKxJLROBBey5WNFOQtpXTPNaSuSFAc+p01/dDH3m2MqFRPhjZ5EtBvgQcj6jGBtJM9OZ688NwulEFrB7Ni7zXp2BuVQsVDJI4hyBeSUKhVDECqW8y50DJkjA1aoefZ7pydIHNBQE46Vajso0t0plpoRTmepTqxohMkID2jb0BAHVHWni9Nn8NQoPdgX0lSo4UL9PjHFgVKTwDedAdZD9dubi3957Vj3y90pC6NY05AsF/VjDrWA8xxgj0lKNJ8Ygolk5lZIhlhiok1aKRPC16fwf9Jwc04+5167mer5Ko4kOAYn4Aw4oASq4BLUQB0QcAcewBN4tu6tR+vFel22JqzVzBH4AevtE1DbksI=</latexit> �!<latexit sha1_base64="RdX+SZCCUgIWoipE8cItkgFYykU="></latexit>



<latexit sha1_base64="hi+7Xbs7dU1nJzrTU18U478Z/iY="></latexit>

�——⌦ <latexit sha1_base64="ABGGjl8Y3fLFaylwAt3j5tFh8y8="></latexit>�!
<latexit sha1_base64="RiOb5f+G+J+nhOO08EAqgOjDRmI="></latexit>⌦�� ⌦

<latexit sha1_base64="6qPknj+EN8iV5fbSnCaBvzZsAm0="></latexit>

Q;|; = uL, Q12|1 = 1

<latexit sha1_base64="Fb7SOFBiEQk2rWGdEficrl3Vvik="></latexit>

Q+
1|;Q

�
2|; �Q�

1|;Q
+
2|; = Q;|;Q12|;

<latexit sha1_base64="hi+7Xbs7dU1nJzrTU18U478Z/iY="></latexit>

�——⌦ <latexit sha1_base64="ABGGjl8Y3fLFaylwAt3j5tFh8y8="></latexit>�!

Tsuboi ‘98

Fermionic Duality
<latexit sha1_base64="sTPhHuGbwwsFg9vP1EDLF3MyciE="></latexit>

(Change of variables
in the Bethe equations)

<latexit sha1_base64="EF1S4uIV6vxonfmVJqCCvRqLD78="></latexit>

Bosonic duality
<latexit sha1_base64="b1s80+Ip5m7RNdWP5ymGrWlZyLg="></latexit>

Standard choice: Blue path
<latexit sha1_base64="EgtRFPELKOBAGGbCATMuv9OJ9nU="></latexit>

<latexit sha1_base64="hi+7Xbs7dU1nJzrTU18U478Z/iY="></latexit>

�——⌦

Q12|;Q1|1 = Q�
1|; �Q+

1|;
<latexit sha1_base64="zpLose+diEs5HXiDoTtzJp6w/ns="></latexit>



<latexit sha1_base64="ISzyRfnMr1roc1vtC4mgqNqBTxQ="></latexit>

Transformation formula: Ex: SU(2|1)

<latexit sha1_base64="mPtjWnAatYYPlIJt+L8WZqhz/XE="></latexit>

eD = K1
eQ2(0)Q2(0)

Q1( i
2 )

D
<latexit sha1_base64="Z2+rYZrJhPsw7uZQczEMkteW4Yk="></latexit>

Found numerically
<latexit sha1_base64="pCCZoU/XVFXye5R2wTvRHSnGMRo="></latexit>

Analytical proof in progress

C.K., Müller,
Zarembo ‘20

de Leeuw, Ipsen, C.K.,
Vardinghus, Wilhelm 17

Q+
1 (u)�Q�

1 (u) = iK1 uQ2(u) eQ2(u), with reduced Baxter polynomials
<latexit sha1_base64="iQPRYCuLonJdcS95xmXpoogKnOk="></latexit>

K1, K2 even =) fK2 = K1 �K2 � 1 odd, i.e. ṽ’s contain a single zero
<latexit sha1_base64="PDwPssTk09xvluOtBp2UAYe2Q+8="></latexit>

<latexit sha1_base64="SGWvNfUY9/+lhNqCZAfS5Hw1j38="></latexit>

�——⌦ <latexit sha1_base64="q/7z4CKoWbeHYmngOcWooIj2STE="></latexit>⌦- - -⌦
<latexit sha1_base64="+NoRyzabQFAJlKzLbNI0vxPjSGQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnpiEpNb0IvgJaJZIBlCT6cnadKz0N0jhCGf4MWDIl79Im/+jZ1FUNEHBY/3qqiq58WCK43xh5VZWV1b38hu5ra2d3b38vsHLRUlkrImjUQkOx5RTPCQNTXXgnViyUjgCdb2xpczv33PpOJReKcnMXMDMgy5zynRRrq97jv9fAHbuFgtl4oI28Uyrjk1Q8rYqVVKyLHxHAVYotHPv/cGEU0CFmoqiFJdB8faTYnUnAo2zfUSxWJCx2TIuoaGJGDKTeenTtGJUQbIj6SpUKO5+n0iJYFSk8AznQHRI/Xbm4l/ed1E+1U35WGcaBbSxSI/EUhHaPY3GnDJqBYTQwiV3NyK6IhIQrVJJ2dC+PoU/U9aRdup2Gc3pUL9YhlHFo7gGE7BgXOowxU0oAkUhvAAT/BsCevRerFeF60ZazlzCD9gvX0CMa2Nww==</latexit>

K1
<latexit sha1_base64="+NoRyzabQFAJlKzLbNI0vxPjSGQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnpiEpNb0IvgJaJZIBlCT6cnadKz0N0jhCGf4MWDIl79Im/+jZ1FUNEHBY/3qqiq58WCK43xh5VZWV1b38hu5ra2d3b38vsHLRUlkrImjUQkOx5RTPCQNTXXgnViyUjgCdb2xpczv33PpOJReKcnMXMDMgy5zynRRrq97jv9fAHbuFgtl4oI28Uyrjk1Q8rYqVVKyLHxHAVYotHPv/cGEU0CFmoqiFJdB8faTYnUnAo2zfUSxWJCx2TIuoaGJGDKTeenTtGJUQbIj6SpUKO5+n0iJYFSk8AznQHRI/Xbm4l/ed1E+1U35WGcaBbSxSI/EUhHaPY3GnDJqBYTQwiV3NyK6IhIQrVJJ2dC+PoU/U9aRdup2Gc3pUL9YhlHFo7gGE7BgXOowxU0oAkUhvAAT/BsCevRerFeF60ZazlzCD9gvX0CMa2Nww==</latexit>

K1
<latexit sha1_base64="OOVv3fuqjMkvIq110umeMXWerJE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnrGJCa3oBfBS0SzQDKEnk4nadKz0N0jhCGf4MWDIl79Im/+jZ1FUNEHBY/3qqiq58eCK43xh5VZWV1b38hu5ra2d3b38vsHTRUlkrIGjUQk2z5RTPCQNTTXgrVjyUjgC9byx5czv3XPpOJReKcnMfMCMgz5gFOijXR73XN7+QK2sVspFV2EbbeEq07VkBJ2quUicmw8RwGWqPfy791+RJOAhZoKolTHwbH2UiI1p4JNc91EsZjQMRmyjqEhCZjy0vmpU3RilD4aRNJUqNFc/T6RkkCpSeCbzoDokfrtzcS/vE6iBxUv5WGcaBbSxaJBIpCO0Oxv1OeSUS0mhhAqubkV0RGRhGqTTs6E8PUp+p80Xdsp22c3xULtYhlHFo7gGE7BgXOowRXUoQEUhvAAT/BsCevRerFeF60ZazlzCD9gvX0CMzGNxA==</latexit>

K2

<latexit sha1_base64="54oJFy8qFUolbe0IRsmbR2Ef8lc=">AAAB+HicdVDJSgNBEO2JW4xb1KOXxiB4GnrGRJNb0IvgJYJZIAmhp6eSNOlZ6O5R4pAv8eJBEa9+ijf/xs4iqOiDgsd7VVTV82LBlSbkw8osLa+srmXXcxubW9s7+d29hooSyaDOIhHJlkcVCB5CXXMtoBVLoIEnoOmNLqZ+8xak4lF4o8cxdAM6CHmfM6qN1MvvdO64D5oLH9KrSc/t5QvEJm65VHQxsd0SqTgVQ0rEqZwWsWOTGQpogVov/97xI5YEEGomqFJth8S6m1KpORMwyXUSBTFlIzqAtqEhDUB109nhE3xkFB/3I2kq1Himfp9IaaDUOPBMZ0D1UP32puJfXjvR/XI35WGcaAjZfFE/EVhHeJoC9rkEpsXYEMokN7diNqSSMm2yypkQvj7F/5OGazun9sl1sVA9X8SRRQfoEB0jB52hKrpENVRHDCXoAT2hZ+veerRerNd5a8ZazOyjH7DePgE7q5N8</latexit>

eK2

Notice:

• Holds semi-on-shell (the {ui,�ui}’s can be chosen at random)

• Covariance of overlap formula which involves Q2(0)D

• Factor K1 signals that a hws is mapped to a descendent
<latexit sha1_base64="VxPD9a95Y00DkGjol0b8FBAF5QI="></latexit>

<latexit sha1_base64="VjSwot8HXg9kkuFN43L/XzX4UFA="></latexit>

Det eG still factorizes



<latexit sha1_base64="H/7n7/OAD/No5qYs0/TL05Qzv8s="></latexit>

Fermionic dualities in general

<latexit sha1_base64="czW9gd+6MH358sc8rOEOB9Unz/E="></latexit>2

4
0
V
0

3

5 �!

2

4
V ± 1
�V
V ⌥ 1

3

5
<latexit sha1_base64="5hwHWIzHm1WZyrQKfnuCkQiCMec="></latexit>

for

<latexit sha1_base64="T2OY536Cc+R/OBexGXvGij40Y8g=">AAAPQHicpVfNbxvHFWfSr4StVKc55vIQL10S5ApcIm </latexit>

• Allow one to move between any two Dynkin diagrams of a super Lie alge-
bra (of type GL(N |M))

• Involve a fermionic node and its neighbours only

• Changes the nature of neighbouring nodes
N
 !�

and the connections ——  ! - - -

• Dualized node non-momentum carrying =) Dynkin labels unchanged

• Dualized node momentum carrying =) Dynkin labels change



<latexit sha1_base64="6KwJZAnHZBa+im2DLEBBZFgoouU="></latexit>

D /
Qa�1

�
i
2

�
Qa+1

�
i
2

�

eQa(0)Qa(0)
eD

Most general case
<latexit sha1_base64="/8OZNLtReISYeUmF2ubBBYle3p0=">AAAB+nicdVDLSgMxFM34rPXV6tJNsAiuhszYarsrunEjVLAPaEvJpLdtaCYzJBml1H6KGxeKuPVL3Pk3pg9BRQ9cOJxzb3LvCWLBtSHkw1laXlldW09tpDe3tnd2M9m9mo4SxaDKIhGpRkA1CC6hargR0IgV0DAQUA+GF1O/fgtK80jemFEM7ZD2Je9xRo2VOpnsVaQN7oMERQVm9qVOJkdc4hcLeR8T1y+QkleypEC80mkeey6ZIYcWqHQy761uxJIQpGGCat30SGzaY6oMZwIm6VaiIaZsSPvQtFTSEHR7PFt9go+s0sW9SNmSBs/U7xNjGmo9CgPbGVIz0L+9qfiX10xMr9gecxknBiSbf9RLBDYRnuaAu1wBM2JkCWWK210xG1BFmbFppW0IX5fi/0nNd70T17/2c+XzRRwpdIAO0THy0Bkqo0tUQVXE0B16QE/o2bl3Hp0X53XeuuQsZvbRDzhvnziSk/w=</latexit>

Covariance of overlap formulas very constraining
<latexit sha1_base64="Fyz/TOwOKgaeJx6DQ73/JZahZos="> </latexit>



<latexit sha1_base64="UJm9PJeIVRPjXmwGljkcgbbX1FM="></latexit>

PSU(2, 2|4) overlap formula, alternating grading
Gombor & 
Bajnok ‘20

<latexit sha1_base64="doQhRzptB1gFc73ekv8MqzufFmU="></latexit>

Agrees with field theory result in SO(6) sector C.K., Müller,
Zarembo ‘20

Dualizing the overlap formula
<latexit sha1_base64="iekcYsPkG2L3wIvUTjsh38fxew8="></latexit>

Covariance requirement fixes the overlap formula from SO(6) result
<latexit sha1_base64="/LhoIMv9TE+8PG/aYQFxQV7vMt8="></latexit>



<latexit sha1_base64="kPHziEcv80yyfNwjDp16hdhj7e4="></latexit>

Bosonic dualities in general

<latexit sha1_base64="aKSEmwfdFaYK1lXU9fjD2U7cois="></latexit>m
<latexit sha1_base64="Fp3CdCriVBBaxdtxvDAvGxYyOG8="></latexit>

l
<latexit sha1_base64="JaiVkYbDobv/+mtGlqK6YQlLeJk="></latexit>r

<latexit sha1_base64="XHPnPhFzvazTlDmxdRgUEm/0dq0="></latexit>

• Involve a bosonic node and its neighbours only

• Do not change the Dynkin diagram or the Dynkin labels

<latexit sha1_base64="KJNNmOm727rxJyO/FLqVdSCBOss="></latexit>

• Overlaps in the scalar SO(6) sector invariant (up to pre-factor)

• Only involves Q-functions of the dualized node
<latexit sha1_base64="BuMZ+W7CeLzRyKv8bwBzYyZ9gPU=">   jR4OHzmPMHg4dB797XNytob6c69Vfl5Ob/3HnUV+pgqKj6d18toZLtM3ufr3kh8oo7KEL5l/whb8NYYSHXDyJtf/ViyoA8pM9XP4ypQ0tSmRoxtK1qGHlSpgyWWeIl7He52l8y/e5EIuM7SSvtlongWqA9Md1AwB9VMECj2XH6OX81U1x0HhsZS0EYTKU7p5cDjach5sjQ5G976clOH4pPXn1l9a3ZbT+nvry9ZXrZetVy3/zu07j+5M7jy5+6e7/7j79O6uWfrxR6XM7dbG5+7L/wEfvjzW</latexit>

eD ⇠ Qm(0) eQm(i/2)

Qm

�
i
2

� eQm (0)
D

<latexit sha1_base64="8vGKzVO5kIu3yJKBgreiElHCOZY="></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

Symmetry of vev’s SU(2) SU(2)⇥ SU(2) SO(5)

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

6

|MPS i Integrable Non-integrable Integrable

asymptotically at tree level

Overlaps Exact formula derived — Exact formula derived

<latexit sha1_base64="pWnONkCekoxbz589cVRxOSQXHhQ="></latexit>

Integrability of |MPSi
<latexit sha1_base64="iBs7YIlG+ITrQFopxozKaGFO06Q="></latexit>



Solution SO(5) symmetric D3-D7 brane case. Tree level

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>
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de Leeuw, C.K &
Linardopoulos,’18.

Argument against higher loop integrability in
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Gimenez-Grau, 
C.K, Volk & 
Wilhelm ‘19
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Other integrable boundary states in AdS/CFT
<latexit sha1_base64="U/71yoZuDJNJ4CoD3216qEgskfc="></latexit>

Giant gravitons
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Overlaps: ⇠ 3-point fcts
<latexit sha1_base64="Ckq5qrwqrihnI3GmnL5TR9FvrIw="></latexit>

Two determinant operators and one single trace
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ABJM: Leading order result
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Yang, Jiang, 
Komatsu, Wu ‘21

Hirano, C.K,
Young ‘12

Bissi, C.K,
Young  Zoubos ‘11

Jiang, Komatsu
Vescovi,  ‘19

N = 4 SYM: Full non-perturbative expression by TBA (in principle)
<latexit sha1_base64="EGSNUIdiGZXlL830Sopr6adn4fI="></latexit>



Future directions

• Other integrable defect set-ups (ABJM, Coulomb branch, co-
dimension-2 defects….)

• Constraining overlap formulas by fermionic duality

• Classification of integrable boundary states in N=4 SYM (VBS, 
MPS,…)

• Proof of duality transformation formulas

• Proof of factorized overlap formulas for super spin chains

• Higher loop integrability for D3-D7? 

• Derive the TBA for overlaps (Finite size effects). 
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