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Motivation

• ”The existence of magnetic monopoles seems to be one of the 

safest bets that one can make about physics not yet seen”

(Joe Polchinski, at the Dirac Centennial Symposium)

• A  4D QFT containing a Monopole and a Higgs particle

• A novel example of an integrable dCFT based on N=4 SYM

• Novel insights on S-duality (‘t Hooft line dual to Wilson line)

• Possibly the simplest susy dCFT to attack with the boundary 

conformal bootstrap program. 



Plan of the talk

I. Introducing the monopole and the Higgs

II. Prediction from S-duality

III. Confirmation of prediction via exactly solvable QM

IV. Novel exact results from Integrability  

V. Conclusion and open problems
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Disorder operator:
Prescribes certain singular behaviour of the gauge field
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Introducing the monopole
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Dirac quantization condition: B 2 Z
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’t Hooft loop: world line of a monopole (static at the origin)
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<latexit sha1_base64="j/vWIiLR4nXoWXQFCpOrBHwM6sQ="></latexit> qeqm
2⇡✏0~c2

2 Z



<latexit sha1_base64="WRJqgssTsRWlb4FCuJLrdBGpRqo="></latexit>

A monopole in N = 4 SYM
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Simplest case: B = Diag(1, 0, . . .)
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Supersymmetry conserved: 1/2 BPS configuration
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Set-up constitutes a 1D dCFT (co-dimension = 3)
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AdS/CFT: System dual to D1-D3 brane system
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Corresponding string boundary conditions integrable Dekel & Oz ‘11
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Chiral primary, O  ! Chiral primary O
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Wilson loop W (C)  ! ’t Hooft loop T (C)
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S-duality of N = 4 SYM, gauge group U(N)
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hW (C)i known exactly from localization.
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For non-protected operators:
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hOL(x)iT accessible by integrability
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Gives testable prediction for hOL(x)iT
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’t Hooft loop correlators

Pestun ‘07

Okuyama &
Semenoff ‘07
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A testable S-duality prediction
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Leading order: Insert Z = �1 + i�2 = 1
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Next to leading order: Quantize around the monopole background
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I. For �2: Consider scalar particle in monopole potential
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II. For �1: Scalar coupled to spin-1 particle in monopole potential
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in N = 4 SYM
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Both are beautiful, exactly solvable quantum mechanical systems
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Weak coupling prediction from S-duality for Z = �1 + i�2
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Scalar in monopole potential
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Eigenfunctions in terms of monopole spherical harmonics
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Single valuedness of wavefunction =) B 2 Z
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SU(2) representation theory =) m 2 Z
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Define L±, Lz with standard SU(2) commutation relations and [~L, Ĥ]=0
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Spectral flow
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Radial wave function
<latexit sha1_base64="UW7SzAW9qxvesiPXBOUeINWwKrc="></latexit>

⇢(r) = (
p
Er)�1/2J⌫(

p
Er), ⌫ = l +

1

2
, No bound states

Wilczek ‘82



<latexit sha1_base64="FSL9nr2GfD88NcHhc76n+14b5To="></latexit>

Scalar and vector in monopole potential

<latexit sha1_base64="yeesTHcxQx1ycYnvakPe/YvqKHc=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhCFTbG0XQtGNiIuK1hbaoWTSTBuayQxJRihD/RU3LhRx64e482/MtBVU9EByD+fcS26OF3GmNEIfVmZhcWl5JbuaW1vf2NzKb+/cqjCWhDZJyEPZ9rCinAna1Exz2o4kxYHHacsbnaV+645KxUJxo8cRdQM8EMxnBGsj9fKFrufDi5P0vjyEabnO9fJFZKNStYxqENklU0plQ8rIqVVq0LHRFEUwR6OXf+/2QxIHVGjCsVIdB0XaTbDUjHA6yXVjRSNMRnhAO4YKHFDlJtPlJ3DfKH3oh9IcoeFU/T6R4ECpceCZzgDrofrtpeJfXifWftVNmIhiTQWZPeTHHOoQpknAPpOUaD42BBPJzK6QDLHERJu80hC+fgr/J7cl26nY5aujYv10HkcW7II9cAAccAzq4Bw0QBMQMAYP4Ak8W/fWo/Vivc5aM9Z8pgB+wHr7BOe2kwc=</latexit>

J = L+ S
<latexit sha1_base64="a1iGvZm3MCYsa04mB05S/8Vj4jc="></latexit>

For ` � 3

2
: J = `� 1, `, `+ 1,

For ` =
1

2
: J = `, `+ 1.

<latexit sha1_base64="aSwvp/lK3e5GUp6g0C35YsDkpqA="></latexit>

For B=1: ` = 1
2 ,

3
2 , ...

<latexit sha1_base64="I/dgZQtbowGi3L7qSHpcSCs7xyg="></latexit>

(L+ S)2 Y(q)
J`M (✓,�) = J(J + 1)Y(q)

J`M (✓,�),

(Lz + Sz)Y
(q)
J`M (✓,�) = M Y(q)

J`M (✓,�),

L2Y(q)
J`M (✓,�) = `(`+ 1)Y(q)

J`M (✓,�)

S2Y(q)
J`M (✓,�) = 2Y(q)

J`M (✓,�)

<latexit sha1_base64="p9/VhahobngR6fann9mB3nQ7jzQ="></latexit>

~A-eigenfunctions via vector monopole spherical harmonics

<latexit sha1_base64="s4TnJ5XIxeBZSoQIuW8GFMvBfo4="></latexit>

Ĥ

✓
�1
~A

◆
=

1

r2

✓
r
2
p
2
r + L2 �iB r̂T

iBr̂ r
2
p
2
r + L2 � iB r̂⇥

◆✓
�1
~A

◆
= E

✓
�1
~A

◆

<latexit sha1_base64="IAUzM43W16D84uAZLHF61UVyDOw=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLj4WUTKW13RXduGsF+4B2KJk0Y0MzmSHJCGXoxl9x40IRt36GO//GTFtBRQ9cOJxzL/fe40WcKY3Qh5VZWFxaXsmu5tbWNza37O2dlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa90WXqt++oVCwUN3ocUTfAt4L5jGBtpL69V+eKilNYVxyLAewdwXYMj6uob+dRAZVLVVSFqFBCTmVKECpXimfQMSRFHszR6NvvvUFI4oAKTThWquugSLsJlpoRTie5XqxohMkI39KuoQIHVLnJ9IEJPDTKAPqhNCU0nKrfJxIcKDUOPNMZYD1Uv71U/MvrxtqvuAkTUaypILNFfsyhDmGaBhwwSYnmY0MwkczcCskQS0y0ySxnQvj6FP5PWsWCUy6Urov52sU8jizYBwfgBDjgHNTAFWiAJiBgAh7AE3i27q1H68V6nbVmrPnMLvgB6+0TEyaUzA==</latexit>

Olsen, Osland & Wu ’90

<latexit sha1_base64="AqNzzcPUTGDvACjM8cI2+XES4vY=">AAAB9XicdVDLSgMxFM3UV62vqks3wSII1iFTbW0XQtGNdFXBPqAdSybNtKGZB0lGKUP/w40LRdz6L+78GzNtBRU9cOFwzr3ce48TciYVQh9GamFxaXklvZpZW9/Y3Mpu7zRlEAlCGyTggWg7WFLOfNpQTHHaDgXFnsNpyxldJn7rjgrJAv9GjUNqe3jgM5cRrLR026Wcn9eOrXwtXzuyetkcMlGpWEEViMwisspTglCpXDiBliYJcmCOei/73u0HJPKorwjHUnYsFCo7xkIxwukk040kDTEZ4QHtaOpjj0o7nl49gQda6UM3ELp8Bafq94kYe1KOPUd3elgN5W8vEf/yOpFyy3bM/DBS1CezRW7EoQpgEgHsM0GJ4mNNMBFM3wrJEAtMlA4qo0P4+hT+T5oF0yqZxevTXPViHkca7IF9cAgscAaq4ArUQQMQIMADeALPxr3xaLwYr7PWlDGf2QU/YLx9Ak+tkR0=</latexit>

` = J � 1, J, J + 1



<latexit sha1_base64="FSL9nr2GfD88NcHhc76n+14b5To="></latexit>

Scalar and vector in monopole potential
<latexit sha1_base64="n2Cswy9ltmgE3CQOeo9s6JLbQxc=">AAAB9XicdVDNTgIxGOziH+If6tFLIzHxtOluAsKN6MWLCSaCJICkWz6godvdtF2VEN7DiweN8eq7ePNt7AImanSSppOZ+dKvE8SCa0PIh5NZWl5ZXcuu5zY2t7Z38rt7DR0likGdRSJSzYBqEFxC3XAjoBkroGEg4DoYnaX+9S0ozSN5ZcYxdEI6kLzPGTVWurmIeoDhPqYyTXTzBeISv1wkFUxc315+0ZIi8SqlCvZcMkMBLVDr5t/bvYglIUjDBNW65ZHYdCZUGc4ETHPtRENM2YgOoGWppCHozmS29RQfWaWH+5GyRxo8U79PTGio9TgMbDKkZqh/e6n4l9dKTL/cmXAZJwYkmz/UTwQ2EU4rwD2ugBkxtoQyxe2umA2poszYonK2hK+f4v9Jw3e9klu89AvV00UdWXSADtEx8tAJqqJzVEN1xJBCD+gJPTt3zqPz4rzOoxlnMbOPfsB5+wTxc5LV</latexit>

Mode expansion

<latexit sha1_base64="c0lZDlP/Q5kqTfenmHNJnICSWeY="></latexit>

FJ(r) = (
p
Er)�1/2J⌫(

p
Er), J⌫ Bessel function, ⌫ = ⌫(J)

<latexit sha1_base64="WzmuqhIIaxD/6XpLX+u+okTuPb4="></latexit>

Constants and ⌫(J) determined by the non-trivial solutions of

<latexit sha1_base64="1Fe6phz4EYHSHm+k+R3JdirOwjw="></latexit>

a = ⌫ �
✓
J +

1

2

◆2

,
<latexit sha1_base64="/HPYM5qLWBDYc31gw51ontOWSeU="></latexit>

A’s and C’s Clebsch-Gordon’s

<latexit sha1_base64="S2b5tQ0PcD7+lu7ROvicLdXXooo="></latexit>2

664

a i CJ�1 i CJ i CJ+1

�i CJ�1 a+ 2J � AJ�1J�1 �AJJ�1 0
�iCJ �AJ�1J a� AJJ �AJ+1J

�iCJ+1 0 �AJJ+1 a� 2(J + 1)�AJ+1J+1

3

775

2

664

C
C�
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C+

3

775 =

2

664

0
0
0
0

3

775



<latexit sha1_base64="X6jq2VJezscMDcwxl5kasVTs2R4=">AAAB/HicdVDLSgMxFM34rPVV7dJNsBVcDZmBqa2rohuXFe0D2lIyaaYNzSRDkhFKqb/ixoUibv0Qd/6N6UNQ0bO5h3Pu5d57woQzbRD6cFZW19Y3NjNb2e2d3b393MFhQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXc785h1Vmklxa8YJ7cZ4IFjECDZW6uXyN5KnMwojqWCxI9LieS9XQC7yywGqQOT6tviBJQHyKqUK9Fw0RwEsUevl3jt9SdKYCkM41rrtocR0J1gZRjidZjuppgkmIzygbUsFjqnuTubHT+GJVfrz7ZEUBs7V7xMTHGs9jkPbGWMz1L+9mfiX105NVO5OmEhSQwVZLIpSDo2EsyRgnylKDB9bgoli9lZIhlhhYmxeWRvC16fwf9LwXa/kBtd+oXqxjCMDjsAxOAUeOANVcAVqoA4IGIMH8ASenXvn0XlxXhetK85yJg9+wHn7BAdnlGM=</latexit>

Solution for ⌫:
<latexit sha1_base64="6nqVUyMsQb53zR7hccscUiHBWNA="></latexit>

⌫ =

⇢
J � 1

2
, J +

1

2
, J +

1

2
, J +

3

2

�
, J � 3/2.

<latexit sha1_base64="xuaYdQyIE2qub6aNaJ5ceTkVYcg="></latexit>

Interesting contrast to a gauge field with no scalar coupling

<latexit sha1_base64="EEz98IbEuSluZr4iVOslqteOjEw="></latexit>

⌫ =

(
1

4
+

⇣p
J2 + J � 1

⌘2
�1/2

, J +
1

2
,


1

4
+
⇣p

J2 + J + 1
⌘2

�1/2)

<latexit sha1_base64="oDLLJ10uYifjl3unpfVFkixQq5c=">AAACAnicdVDLSgMxFM3UV62vqitxEyw+FmXIDLS2u6Ibd61gH9CWkkkzbWgmMyQZoZTixl9x40IRt36FO//GTFtBRQ9c7uGce0nu8SLOlEbow0otLa+srqXXMxubW9s72d29hgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa90WXiN2+pVCwUN3oc0W6AB4L5jGBtpF72oMoVFXlYVRyLPuycwGach6dllOllc8hGbqmAyhDZrmluwZACcsrFMnRsNEMOLFDrZd87/ZDEARWacKxU20GR7k6w1IxwOs10YkUjTEZ4QNuGChxQ1Z3MTpjCY6P0oR9KU0LDmfp9Y4IDpcaBZyYDrIfqt5eIf3ntWPul7oSJKNZUkPlDfsyhDmGSB+wzSYnmY0Mwkcz8FZIhlphok1oSwtel8H/ScG2naBeu3VzlYhFHGhyCI3AGHHAOKuAK1EAdEHAHHsATeLburUfrxXqdj6asxc4++AHr7RPFeZUc</latexit>

Olsen, Osland & Wu, ’90

<latexit sha1_base64="OIb7ELCg7pvYwjobom7d7vkrmNs="></latexit>

Coupling to scalar is dictated by susy of N = 4 SYM
<latexit sha1_base64="QrZ+LnFWE4CPNed5x0jZbJBrTcs="></latexit>

The simple spectrum is a manifestation of underlying integrability

<latexit sha1_base64="Tk0+OG2NpoXEajA0/5KYmiZP7U4=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2ZgarsrunFZ0T6gHUomzbShSWZMMkIZ+hNuXCji1t9x59+YPgQVPRByOOde7r0nSjnTBqEPZ2V1bX1js7BV3N7Z3dsvHRy2dJIpQpsk4YnqRFhTziRtGmY47aSKYhFx2o7GlzO/fU+VZom8NZOUhgIPJYsZwcZKnZuUEqMy0S+VkYv8aoBqELm+/fzAkgB5tUoNei6aowyWaPRL771BQjJBpSEca931UGrCHCvDCKfTYi/TNMVkjIe0a6nEguown+87hadWGcA4UfZJA+fq944cC60nIrKVApuR/u3NxL+8bmbiapgzmWaGSrIYFGccmgTOjocDpuy9fGIJJorZXSEZYYWJsREVbQhfl8L/Sct3vYobXPvl+sUyjgI4BifgDHjgHNTBFWiAJiCAgwfwBJ6dO+fReXFeF6UrzrLnCPyA8/YJua6Qcg==</latexit>

Spectrum

<latexit sha1_base64="k8zLoSfFaylG1BZscR4M62Y3Qms="></latexit>

Propagators can be found by spectral decomposition



<latexit sha1_base64="TZIbM7dVFrU4InYKBJyigPjA9wk=">AAACA3icdVDLSgMxFM3UV62vqjvdBIvgqmQqre2u2I3LCvYB7VAyaaYNzSRDkhFKKbjxV9y4UMStP+HOvzEzraCiFwIn59zDvff4EWfaIPThZFZW19Y3spu5re2d3b38/kFby1gR2iKSS9X1saacCdoyzHDajRTFoc9px580Er1zS5VmUtyYaUS9EI8ECxjBxlKD/FFDioCpMP1CGUDrHjKyEAuoiCrlGqpBVCwjt5oChCrV0jl0LUiqAJbVHOTf+0NJ4pAKQzjWuueiyHgzrAwjnM5z/VjTCJMJHtGehQKHVHuz9IY5PLXMEAZS2ScMTNnvjhkOtZ6Gvu20y471by0h/9J6sQmq3oyJKDZUkMWgIObQSJgEAodMUWL41AJMFLO7QjLGChNjY8vZEL4uhf+DdqnoVorl61KhfrmMIwuOwQk4Ay64AHVwBZqgBQi4Aw/gCTw7986j8+K8LlozztJzCH6U8/YJnhGYLQ==</latexit>

Confirmation of prediction
<latexit sha1_base64="R/e1hvBY+Lhe919auQzHEsn1nXQ=">AAACCXicdZDNSgMxFIUz9b/+jbp0EyyCq5KptLY70Y07FawKdSiZzK2GZpIhyQhl6NaNr+LGhSJufQN3vo2ZtoKKXkg4nHMvyf2iVHBjCfnwSlPTM7Nz8wvlxaXllVV/bf3cqEwzaDMllL6MqAHBJbQttwIuUw00iQRcRP3DIr+4BW24kmd2kEKY0GvJe5xR66yuj4+lGGA1vgAzJa2mrMiwBIgh7voVUiWNeou0MKnWSdAcCUIazdouDpwoqoImddL1369ixbIEpGWCGtMJSGrDnGrLmYBh+SozkFLWp9fQcVLSBEyYjzYZ4m3nxLintDvS4pH7fSKniTGDJHKdCbU35ndWmH9lncz2mmHOZZpZkGz8UC8T2CpcYMEx18CsoxBzyjR3f8XshhYoHLyyg/C1Kf5fnNeqQaNaP61V9g8mOObRJtpCOyhAe2gfHaET1EYM3aEH9ISevXvv0XvxXsetJW8ys4F+lPf2CcKBmmk=</latexit>

Only only one contraction needed

<latexit sha1_base64="zUL/Z0jtUljf0TBZL25sruo84kY=">AAAB/nicdVDLSgNBEJyNrxhfUfHkZTAIHjTMRhKTW9CLJ4lgHpCE0DuZJENmZ5eZ2UBYAv6KFw+KePU7vPk3Th6CihY0FFXddHd5oeDaEPLhJJaWV1bXkuupjc2t7Z307l5NB5GirEoDEaiGB5oJLlnVcCNYI1QMfE+wuje8mvr1EVOaB/LOjEPW9qEveY9TMFbqpA9uAnkWCpCgTvEIJNcDLvuddIZkSSFfIiVMsnniFmeEkEIxd45dS6bIoAUqnfR7qxvQyGfSUAFaN10SmnYMynAq2CTVijQLgQ6hz5qWSvCZbsez8yf42Cpd3AuULWnwTP0+EYOv9dj3bKcPZqB/e1PxL68ZmV6xHXMZRoZJOl/UiwQ2AZ5mgbtcMWrE2BKgittbMR2AAmpsYikbwten+H9Sy2XdQjZ/m8uULxdxJNEhOkInyEUXqIyuUQVVEUUxekBP6Nm5dx6dF+d13ppwFjP76Aect09Ah5W1</latexit>

Non-planar, vanishing

<latexit sha1_base64="s70WHZ4goq/JBd3XsnvtFwbazVA=">AAADrXictVLLjtMwFE1bHkN5dWDJxqJi1ELbSTJt6SwqjWCDqgKDNJ0HdRM5rtNa48TBdhDF8tfxB+z4G9zHPECwYMGVLB+ </latexit>
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<latexit sha1_base64="FmSrW9rSO2u0DbxbjZVTio8T0rQ=">AAACAHicdVDNSgMxGMz6W+vfqgcPXoJF8OKSXdhqb6IXT1LBqlCXkk2/2tBssiRZoZRefBUvHhTx6mN4821MawUVHQgZZr6PZCbNBTeWkHdvanpmdm6+tFBeXFpeWfXX1i+MKjSDBlNC6auUGhBcQsNyK+Aq10CzVMBl2jse+Ze3oA1X8tz2c0gyeiN5hzNqndTyN0+V3Mu1ssAstLHKQVOrtGn5FRKQ6CAmNUyCyF1R7EhMwlq1hsOAjFFBE9Rb/tt1W7EiA2mZoMY0Q5LbZEC15UzAsHxdGMgp69EbaDoqaQYmGYwDDPGOU9q4o7Q70uKx+n1jQDNj+lnqJjNqu+a3NxL/8pqF7RwkAy7zwoJknw91CoGtwqM2cJtrF1z0HaFMc/dXzLpUU1eGNmVXwldS/D+5iIKwGsRnUeXwaFJHCW2hbbSLQrSPDtEJqqMGYmiI7tEjevLuvAfv2Xv5HJ3yJjsb6Ae81w+AwJcH</latexit>

Non-protected operators

<latexit sha1_base64="7Lt7RiGWKEI/PsLS9aG7LcoSV88="></latexit>

O =  I1...IL tr�I1 . . .�IL ,

<latexit sha1_base64="tyvZFGSqpJtrV00l306dRQjHPuo="></latexit>

Generic operators built from scalars

<latexit sha1_base64="Kk5vr6tuTrhugKow0vuv9SNIL2M="></latexit>

Good conformal operators are eigenstates of Ĥ
<latexit sha1_base64="8qxj1eFP47VStlri9gSa62AS4d0="></latexit>

Ĥ =
�

16⇡2

LX

`=1

(2� 2P``+1 +K``+1) ,

<latexit sha1_base64="S5k8GB3ztbgzz/7dOc340MJ25IE="></latexit>

Eigenstates characterized by three sets of rapidities
<latexit sha1_base64="F3W7wyw5wF+SKZd8OL+zwXpyw0o="></latexit>

|u1i, u2j , u3ki

<latexit sha1_base64="wo1COEWXs+MZmabBONuCunGO7iU="></latexit>

Fullfil a set of algebraic Bethe equations
<latexit sha1_base64="1DWniqbg3I7n80nc9PEA60JAIXg="></latexit> 
uaj � iqa

2

uaj +
iqa
2

!LY

bk

uaj � ubk + iMab
2

uaj � ubk � iMab
2

= �1,

<latexit sha1_base64="Ap0yBcytJmli6zEEiIQMcpxZalw=">AAAB/3icdVDLSgMxFM34tr5GBTdugsXHasgMjNpd0Y0bQcHaYjuUO2lqQzOZIckIpXbhr7hxoYhbf8Odf2NaK6jogcs9nHMvuTlxJrg2hLw7E5NT0zOzc/OFhcWl5RV3de1Sp7mirEJTkapaDJoJLlnFcCNYLVMMkliwatw9HvrVG6Y0T+WF6WUsSuBa8janYKzUdDdOuYQOSNzYwVegWBKneJcETbdIPBIchqSEiRfYFoSWhMQv7Zew75ERimiMs6b71milNE+YNFSA1nWfZCbqgzKcCjYoNHLNMqBduGZ1SyUkTEf90f0DvG2VFm6nypY0eKR+3+hDonUvie1kAqajf3tD8S+vnpv2YdTnMssNk/TzoXYusEnxMAzc4opRI3qWAFXc3oppBxRQYyMr2BC+for/J5eB5+974XlQLB+N45hDm2gL7SEfHaAyOkFnqIIoukX36BE9OXfOg/PsvHyOTjjjnXX0A87rBwD3lNM=</latexit>

Minahan & Zarembo ’02



<latexit sha1_base64="8SXJTnPRD46Ee2UskCjoTaE7grQ=">AAACBnicdVA9SwNBEN2L3/ErainCYhCtjr2DqOmCNpYKJhGSI+xt9sySvdtjd04JRyob/4qNhSK2/gY7/42bD0FFXzOP92aYmRemUhgg5MMpzMzOzS8sLhWXV1bX1ksbmw2jMs14nSmp9FVIDZci4XUQIPlVqjmNQ8mbYf905DdvuDZCJZcwSHkQ0+tERIJRsFKntHOqtOaSgtL4VkAP7wM+UyoCLJVKO6UycYl/XCFVTFzfFr9iSYV41cMq9lwyRhlNcd4pvbe7imUxT4BJakzLIykEOdUgmOTDYjszPKWsT695y9KExtwE+fiNId6zShdH9pJIJYDH6veJnMbGDOLQdsYUeua3NxL/8loZRMdBLpI0A56wyaIokxgUHmWCu0JzBnJgCWVa2Fsx61FNGdjkijaEr0/x/6Thu96hW7nwy7WTaRyLaBvtogPkoSNUQ2foHNURQ3foAT2hZ+feeXRenNdJa8GZzmyhH3DePgHvzZjQ</latexit>

Correlator with ’t Hooft loop

<latexit sha1_base64="HIpAnRkSAfAD8UxEZd544z2iBW0="></latexit>

hBst| = BstI1...IL�I1 . . .�IL , BstI1...IL = nI1 . . . nIL

<latexit sha1_base64="21vKb3AM69wTvmHHWOWT0m3y1Ag="></latexit>

hO(x)iT =

✓
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�r2

◆L
2
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2
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h | i
1
2

.

<latexit sha1_base64="JsBen5R04mEeTPulxDVtfMUxfUU="></latexit>

de Leeuw, C.K.
Zarembo ’15

<latexit sha1_base64="38Q8LSeyq1AgHrMHQBuOlSdnO7I="></latexit>

Integrable boundary state |Bsti
<latexit sha1_base64="sMYrfEGEef2gJEaL2gVLtr84emM="></latexit>

Q2n+1|Bsti = 0, n = 1, 2, . . .

<latexit sha1_base64="N9zoEruyhdbwaBSgZowCAmIYlgY="></latexit>

de Leeuw, C.K,
Zarembo ’15

<latexit sha1_base64="MoH4Gu+bN6tea0CmKzFbFRF5GoI="></latexit>

Piroli, Pozsgay,
Vernier ’17

<latexit sha1_base64="vo2DpiL0lLi7t70BXWSe29aFGXU="></latexit>

Can be expressed as overlap with boundary state. At leading order

<latexit sha1_base64="b2/HeucWL9xMCdWmiHoOIKeL0GQ=">AAACEHicdVDLSgMxFM34rPU16tJNsIiuhplKa90VRXBZwT6gHUomvW1DM5MhyUhL6Se48VfcuFDErUt3/o2ZtoKKXggczjmXnHuCmDOlXffDWlhcWl5Zzaxl1zc2t7btnd2aEomkUKWCC9kIiALOIqhqpjk0YgkkDDjUg8FFqtdvQSomohs9isEPSS9iXUaJNlTbProcxkA1plwo6GBhvJzEuCtkmHCCtcAwNClw2865TsH1zoon2HXc6UxBycuXsDdncmg+lbb93uoImoQQacqJUk3PjbU/JlIzymGSbSUKYkIHpAdNAyMSgvLH04Mm+DBJw5gQ5kUmXMp+3xiTUKlRGBhnSHRf/dZS8i+tmehuyR+zKE40RHT2UTfh6Z1pO7jDpGmDjwwgVDKTFdM+kYRq02HWlPB1Kf4f1PKOV3QK1/lc+XxeRwbtowN0jDx0isroClVQFVF0hx7QE3q27q1H68V6nVkXrPnOHvox1tsns6KdBg==</latexit>

Expect closed overlap formula to exist
<latexit sha1_base64="A2fzhSuXEJpxAg2iYOtazkV5YKM="></latexit>

Expressible entirely in terms of Bethe roots,
and including the Gaudin determinant

<latexit sha1_base64="93UvNrwWFGDivtnJk7PC4sjHqSw=">AAACCXicdVA9SwNBEN2L3/ErammzGASrsBdJjJ1oY6eCMYEkhLm9SbJkb+/Y3RNCsLXxr9hYKGLrP7Dz37gXI6jog4HHezPMzAsSKYxl7N3LzczOzS8sLuWXV1bX1gsbm1cmTjXHOo9lrJsBGJRCYd0KK7GZaIQokNgIhieZ37hGbUSsLu0owU4EfSV6goN1UrdAz5wrIaG9WEepBAqWSoRQqD6NdYi6WyiyEqtWDtkhZaUK82sTwli1Vt6nviMZimSK827hrR3GPI1QWS7BmJbPEtsZg7aCS7zJt1ODCfAh9LHlqIIITWc8+eSG7jolzG5xpSydqN8nxhAZM4oC1xmBHZjfXib+5bVS26t1xkIlqUXFPxf1UkltTLNYaCg0citHjgDXwt1K+QA0cOvCy7sQvj6l/5OrcsmvlioX5eLR8TSORbJNdsge8ckBOSKn5JzUCSe35J48kifvznvwnr2Xz9acN53ZIj/gvX4AmluaTg==</latexit>

Overlap formula at leading order



<latexit sha1_base64="D47qZw0mH6qH2+HYhzdBADd5pic=">AAAB+HicdVBNSwMxEM36WevXqkcvwSJ4WrILrfZWFMRjBWuFWko2nbbB7AfJRKilv8SLB0W8+lO8+W9MawUVfTDM470ZMnlxrqRBxt69ufmFxaXlwkpxdW19Y9Pf2r40mdUCGiJTmb6KuQElU2igRAVXuQaexAqa8c3JxG/egjYySy9wmEM74f1U9qTg6KSOv3lqNQ5AUw3GKjQdv8QCFh2VWZWyIHItKjtSZmG1UqVhwKYokRnqHf/tupsJm0CKQnFjWiHLsT3iGqVQMC5eWwM5Fze8Dy1HU56AaY+mh4/pvlO6tJdpVynSqfp9Y8QTY4ZJ7CYTjgPz25uIf3kti72j9kimuUVIxedDPasoZnSSAu1KDQLV0BEutHS3UjHgmgt0WRVdCF8/pf+TyygIK0H5PCrVjmdxFMgu2SMHJCSHpEbOSJ00iCCW3JNH8uTdeQ/es/fyOTrnzXZ2yA94rx98JJOo</latexit>

Further results
<latexit sha1_base64="1m2Bsa9/RXTXaBH4XzW6ld3ZXJw="></latexit>

Closed overlap formula for SL(2) sector

<latexit sha1_base64="IkxsACeLOefddBeKkKPwu4fAbfw="></latexit>

Closed overlap formula in gluon sector

<latexit sha1_base64="mzcGYPtiXzI04b8nqyyD0uvWPyY="></latexit>

Should be possible to integrability bootstrap the full result
the entire theory, all loops

<latexit sha1_base64="PwF9ooKmG80ISITY62wQeGiTWCo="></latexit>

Komatsu &
Wang ’20

<latexit sha1_base64="CKMwp+zzquzDU3fMWl4/i8j5eos="></latexit>
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<latexit sha1_base64="KHi5kPKoSSCmCZN5xluUz5S9xBI="></latexit>

State needs to have paired roots, G = Gaudin matrix

<latexit sha1_base64="gzbsFCLzzIbIOPXUGq3AR0/j74Q="></latexit>

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

<latexit sha1_base64="r5Tdgu2knGjMe9yiuA4n78e12ic=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0gqrfVW9OKxim2FNpTNdtOu3WTD7kYoof/BiwdFvPp/vPlv3KYRVPTBwOO9GWbm+TFnSjvOh1VYWl5ZXSuulzY2t7Z3yrt7HSUSSWibCC7krY8V5Syibc00p7expDj0Oe36k4u5372nUjER3ehpTL0QjyIWMIK1kTrXVCVcD8oVx6457ln9BDm2kyEjDbfaQG6uVCBHa1B+7w8FSUIaacKxUj3XibWXYqkZ4XRW6ieKxphM8Ij2DI1wSJWXZtfO0JFRhigQ0lSkUaZ+n0hxqNQ09E1niPVY/fbm4l9eL9FBw0tZFCeaRmSxKEg40gLNX0dDJinRfGoIJpKZWxEZY4mJNgGVTAhfn6L/Sadqu3W7dlWtNM/zOIpwAIdwDC6cQhMuoQVtIHAHD/AEz5awHq0X63XRWrDymX34AevtE/hjj2g=</latexit>

Result

<latexit sha1_base64="VuzwgXEhIQSm0e0qcVBf33vZTsM="></latexit>

Bajnok &
Gombor ’20



Future directions

• Integrability-bootstrap to get the all loop result

• Extracting other conformal data (bulk-to-boundary couplings, 
two-point functions, transport coefficients)

• Monopole operators in other dimensions/theories

Conclusions

• Magnetic monopoles --- keep fascinating

• S-duality works beautifully

• Novel example of integrable dCFT (co-dimension 3)



Thank you


