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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 susy dCFT based on N=4 SYM

• One-point functions computable in closed form

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



Plan of the talk

I. Introducing the monopole-Higgs configuration

II. Quantization in the monopole background

III. Integrable One-point Functions

IV. Conclusion 
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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)

Dirac ‘31
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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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Quantizing around the monopole background
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1. Expand around classical fields (�cl
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2. Gauge fix
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3. Invert the quadratic part of the action (determine propagators)
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Spectral decomposition
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Quantum mechanical problem (field components �)
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Dirac ’31
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Quantum mechanical problems involved
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I. For �2,�3, . . .�6, A0 and ghost c
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Scalar particle in monopole potential
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II. For �1, ~A:
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Scalar coupled to spin-1 particle in monopole potential
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III. For  I
↵ (↵, I 2 {1, 2, 3, 4})
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Fermions in (non-standard) monopole potential
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All are beautiful, exactly solvable quantum mechanical systems
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Spin-1 particle & monopole

Olsen, Osland & Wu ’90

<latexit sha1_base64="JIkEudCiWvgrN+CkfquFJ18BUu8="></latexit>

Standard case
Kazama, Yang &
Goldhaber ’77
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Scalar in monopole potential
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Single valuedness of wavefunction =) B 2 Z
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SU(2) representation theory =) m 2 Z
2

Dirac 31, Tamm ’31
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Define L±, Lz with standard SU(2) commutation relations and [~L, Ĥ]=0
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(Dirac quantization
condition)
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Involves Jacobi polynomial

<latexit sha1_base64="+BPvCJlE6qQy192B0lLmVV98knY="></latexit>

 (~x, t) = e
i!t �(r, ✓,�), Ĥ �(r, ✓,�) = k
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Spectral flow
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The scalar propagator
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• Integral over ! can be carried out

• Sum over m can be carried out

<latexit sha1_base64="DAqM0dU8h+Myl/9aQdY0C+p0u6o="></latexit>

G(x, x0) =
1

4⇡rr0

X

j

(2j + 1)

✓
1 + ⌘

2

◆q

Dj(⇠)P
(0,2q)
j�q (⌘),

<latexit sha1_base64="h2FUivfyyFtl9vrhduadBXTg8Pw="></latexit>

⌘ = n · n0, ⇠ =
(t� t0)2 + r2 + r02

2rr0
,

<latexit sha1_base64="Yzw4H624IMwKYoh2dymu8qeWTsc="></latexit>

G(x, x0) =
1

rr0

X

jm

Y (q)⇤
jm (n)Y (q)

jm (n0)

⇥
Z +1

�1

d!

2⇡

Z 1

0
dk

e i!(t�t0)
p
kr Jj+ 1

2
(kr)

p
kr0 Jj+ 1

2
(kr0)

!2 + k2
.

<latexit sha1_base64="5ETawW/fRokyQf2LyH8zMnEz0C4=">AAAB+3icdVDLSgMxFM3UV62vWpdugq3gasiMdGx3VTcuK9oHtKVkMpk2NDMZkoxYSn/FjQtF3Poj7vwb04egogcuHM65l3vv8RPOlEbow8qsrK6tb2Q3c1vbO7t7+f1CU4lUEtogggvZ9rGinMW0oZnmtJ1IiiOf05Y/upz5rTsqFRPxrR4ntBfhQcxCRrA2Uj9fOA9uSn23BBMpEjzAWsh+vohs5JWrqAqRXUZOZU4Q8iruKXQMmaEIlqj38+/dQJA0orEmHCvVcVCiexMsNSOcTnPdVNEEkxEe0I6hMY6o6k3mt0/hsVECGAppKtZwrn6fmOBIqXHkm84I66H67c3Ev7xOqsNKb8LiJNU0JotFYcqhFnAWBAyYpETzsSGYSGZuhWSIJSbaxJUzIXx9Cv8nTdd2PNu7dou1i2UcWXAIjsAJcMAZqIErUAcNQMA9eABP4NmaWo/Wi/W6aM1Yy5kD8APW2ycWiJPf</latexit>

AdS2 propagator

<latexit sha1_base64="KOEem/lURRh8H+Xc5hP6YdvQaoo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6bSsd0V3YirCvYB06Fk0kwbmkmGJCOU0s9w40IRt36NO//GTFtBRQ9cOJxzL/feE6WcaYPQh7Oyura+sVnYKm7v7O7tlw4O21pmitAWkVyqboQ15UzQlmGG026qKE4iTjvR+Cr3O/dUaSbFnZmkNEzwULCYEWysFNxgIiMGU8ndfqmMXORX66gOkVtFXm1OEPJrlXPoWZKjDJZo9kvvvYEkWUKFIRxrHXgoNeEUK8MIp7NiL9M0xWSMhzSwVOCE6nA6P3kGT60ygLFUtoSBc/X7xBQnWk+SyHYm2Iz0by8X//KCzMS1cMpEmhkqyGJRnHFoJMz/hwOmKDF8YgkmitlbIRlhhYmxKRVtCF+fwv9Ju+J6vuvfVsqNy2UcBXAMTsAZ8MAFaIBr0AQtQIAED+AJPDvGeXRenNdF64qznDkCP+C8fQIA3ZEZ</latexit>

Jacobi pol.

<latexit sha1_base64="Y0uZiPks8oqsz0r0RPfgB7Jmt04=">AAAB8XicdVBNS0JBFJ1nX2ZfVss2QxIYwWOepekikNq0NEiT1GTeOE9HZ+Y9ZuYFIv6LNi2KaNu/ade/afwIKurAhcM593LvPX7EmTYIfTiJhcWl5ZXkamptfWNzK729U9NhrAitkpCHqu5jTTmTtGqY4bQeKYqFz+mNP7iY+Df3VGkWymszjGhL4K5kASPYWOlW3OXO+tn+kXfYTmeQiwr5EipB5OaRV5wShArF3DH0LJkgA+aotNPvzU5IYkGlIRxr3fBQZFojrAwjnI5TzVjTCJMB7tKGpRILqluj6cVjeGCVDgxCZUsaOFW/T4yw0HoofNspsOnp395E/MtrxCYotkZMRrGhkswWBTGHJoST92GHKUoMH1qCiWL2Vkh6WGFibEgpG8LXp/B/Usu5XsEtXJ1kyufzOJJgD+yDLPDAKSiDS1ABVUCABA/gCTw72nl0XpzXWWvCmc/sgh9w3j4BGPiP6w==</latexit>

m2 = j(j + 1)



<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="s4TnJ5XIxeBZSoQIuW8GFMvBfo4="></latexit>

Ĥ

✓
�1
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◆
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✓
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="4WfFTzCkd7uagQSA6hbE/tn4LaQ=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgasgUp7YLoejGZUX7gHYomTTThmYeJBmhDP0ENy4UcesXufNvTB+Cih4IOZxzL/fe4yeCK43xh5VbWV1b38hvFra2d3b3ivsHLRWnkrImjUUsOz5RTPCINTXXgnUSyUjoC9b2x1czv33PpOJxdKcnCfNCMox4wCnRRrpVF06/WMI2LlddXEPYLpuv7BriYqdWqSHHxnOUYIlGv/jeG8Q0DVmkqSBKdR2caC8jUnMq2LTQSxVLCB2TIesaGpGQKS+brzpFJ0YZoCCW5kUazdXvHRkJlZqEvqkMiR6p395M/MvrpjqoehmPklSziC4GBalAOkazu9GAS0a1mBhCqORmV0RHRBKqTToFE8LXpeh/0irbTsV2b85K9ctlHHk4gmM4BQfOoQ7X0IAmUBjCAzzBsyWsR+vFel2U5qxlzyH8gPX2CUKyjdA=</latexit>

s = 1

<latexit sha1_base64="kBbBjTbLbfT9+ymnedhqHtwackw="></latexit>

⌫(J) and (C,C�, C0, C+) eigenvalues and eigenvectors of 4⇥ 4 matrix

<latexit sha1_base64="7gPHItOgqs9vmzoOICDUOU1RfsQ="></latexit>

(�1)JM (x) = C FJ(r)Y
(q)
JM (✓,�)

~AJM (x) = FJ(r)
h
C�Y

(q)
JJ�1M(✓,�) + C0Y

(q)
JJM(✓,�) + C+Y

(q)
JJ+1M(✓,�)

i

<latexit sha1_base64="HAjhPJhpSNE6w/d16VPgbpSSyvE=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KpmWvnZFN26ECvYBbS2Z9LYNzWSGJKOW0v9w40IRt/6LO//GTFtBRQ8EDuecy705Xii4NoR8OImV1bX1jeRmamt7Z3cvvX/Q0EGkGNRZIALV8qgGwSXUDTcCWqEC6nsCmt74PPabt6A0D+S1mYTQ9elQ8gFn1Fjp5jLoA4b7kMo40UtnSLZA3Eoxj0mWWORLluQKpFLOY3euEJJBS9R66fdOP2CRD9IwQbVuuyQ03SlVhjMBs1Qn0hBSNqZDaFsqqQ+6O51fPcMnVunjQaDskwbP1e8TU+prPfE9m/SpGenfXiz+5bUjMyh3p1yGkQHJFosGkcAmwHEFuM8VMCMmllCmuL0VsxFVlBlbVMqW8PVT/D9p5LJuMVu8ymWqZ8s6kugIHaNT5KISqqILVEN1xJBCD+gJPTt3zqPz4rwuoglnOXOIfsB5+wTav5LG</latexit>

Mode expansion

<latexit sha1_base64="9wuDxOC3yhOYdGD36vBWok3Tx3U="></latexit>

FJ(r) = (kr)�1/2J⌫(kr), J⌫ Bessel function, ⌫ = ⌫(J)



<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="cjBbfrr2ViJOZgH7O40mznRxgDg="></latexit>

Propagators can be found by spectral re-summation



<latexit sha1_base64="rajVBeco51bRb+VZIqW9v9I2TFY="></latexit>

Fermions in a (non-standard) monopole potential

<latexit sha1_base64="GZBPLcAlzdcHVvlSRLQUBXUTgIM="></latexit>

Mode expansion in spinor spherical harmonics

<latexit sha1_base64="UwgowaPphnr4JUdT4DyxYM9a1Us="></latexit> 
E i~� · (~@ � i ~Acl) + i qr

i~� · (~@ � i ~Acl) + i qr �E

! 
 A

 B

!
= �

 
 A

 B

!

<latexit sha1_base64="iulnzm2kFMj+FL68TZrBG+PGJgU=">AAACCXicdVDNSgMxGMz6W+vfqkcvwSJ4WrKLre1N9OJJKtgq1FKy6dcazCZLki2U4tWLr+LFgyJefQNvvo3ZtoKKDgSGme9LMhOnghtLyIc3Mzs3v7BYWCour6yurfsbm02jMs2gwZRQ+jKmBgSX0LDcCrhMNdAkFnAR3xzn/sUAtOFKntthCu2E9iXvcUatkzo+PgXoYquwUWIAGHgf5ICKDHCqlbsk6fglEpCoWt6PMAmiMqmFNUfKJKxV9nEYkDFKaIp6x3+/6iqWJSAtE9SYVkhS2x5RbTkTcFu8ygyklN3QPrQclTQB0x6Nk9ziXad0cU9pd6TFY/X7xogmxgyT2E0m1F6b314u/uW1MturtkdcppkFySYP9TKRJ89rwV2ugVkxdIQyzd1fMbummjLryiu6Er6S4v9JMwrCSlA5i0qHR9M6Cmgb7aA9FKIDdIhOUB01EEN36AE9oWfv3nv0XrzXyeiMN93ZQj/gvX0CpOmaWg==</latexit>

Need to solve eigenvalue problem

<latexit sha1_base64="T++nEhv1wdNs0AQ+KS5GO2lIUfw="></latexit>

Sferm
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1

2
tr
�
i ̄�µ@µ +  ̄G1

⇥
�cl

1 , 
⇤
+  ̄�µ

⇥
Acl

µ , 
⇤�

<latexit sha1_base64="H3OM//nMoZbl6/iHckanl9L78yA="></latexit>

 A
JM = f+(r) ⇠

+
JM(✓,�) + f�(r) ⇠

�
JM(✓,�),

 B
JM = g+(r) ⇠

+
JM(✓,�) + g�(r) ⇠

�
JM(✓,�), J = 0, 1, 2, . . . (B = 1)



<latexit sha1_base64="7h2Qn44bVl5KQy8o0jQhaQngm9I=">AAACB3icdVDLSgMxFM34tr6qLgUJFsHVkBmYandFNy4VbS3UUjLpnTaYSYYkI5TSnRt/xY0LRdz6C+78G9OHoKIHQg7n3HuTe+JMcGMJ+fBmZufmFxaXlgsrq2vrG8XNrbpRuWZQY0oo3YipAcEl1Cy3AhqZBprGAq7im5ORf3UL2nAlL20/g1ZKu5InnFHrpHZx90KJfESxSjDwLshbKnLAmVZuRNoulohPwqOIVDDxQ3eFkSMRCSrlCg58MkYJTXHWLr5fdxTLU5CWCWpMMyCZbQ2otpwJGBaucwMZZTe0C01HJU3BtAbjPYZ43ykdnCjtjrR4rH7vGNDUmH4au8qU2p757Y3Ev7xmbpOj1oDLLLcg2eShJBfYKjwKBXe4BmZF3xHKNHd/xaxHNWXWRVdwIXxtiv8n9dAPyn50Hpaqx9M4ltAO2kMHKECHqIpO0RmqIYbu0AN6Qs/evffovXivk9IZb9qzjX7Ae/sEoH2Z1A==</latexit>

Solution of eigenvalue problem
<latexit sha1_base64="7E8Y8fgLFQ3U+WX07kzw1kmNC+M=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjIDU9td0Y3LivYB7VAymUwbmsmMSaZQhn6HGxeKuPVj3Pk3pg9BRQ+EHM659+bmBClnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRWyWZJLRFEp7IboAV5UzQlmaa024qKY4DTjvB+GrudyZUKpaIOz1NqR/joWARI1gbyb/VWIRYhpCYGYNyBdnIrXmoDpHtmsv1DPGQU6/WoWOjBSpgheag/N4PE5LFVGjCsVI9B6Xaz7HUjHA6K/UzRVNMxnhIe4YKHFPl54ulZ/DMKCGMEmmO0HChfu/IcazUNA5MZYz1SP325uJfXi/TUc3PmUgzTQVZPhRlHOoEzhOAIZOUaD41BBPJzK6QjLDERJucSiaEr5/C/0nbtZ2q7d24lcblKo4iOAGn4Bw44AI0wDVoghYg4B48gCfwbE2sR+vFel2WFqxVzzH4AevtE/K/kj4=</latexit>

Standard case

<latexit sha1_base64="P/meR5iVSJUOmQgx5tGtTU1xnkI=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgxpBUWuuu6MaVVLAPaEOZTCbt0MkkzEyUEvspblwo4tYvceffOE0jqOiBC4dz7p2593gxo1LZ9odRWFpeWV0rrpc2Nre2d8zybkdGicCkjSMWiZ6HJGGUk7aiipFeLAgKPUa63uRi7ndviZA04jdqGhM3RCNOA4qR0tLQLF9F/FgqxH0kfIj1S0OzYls12zmrn0DbsjNkpOFUG9DJlQrI0Rqa7wM/wklIuMIMSdl37Fi5KRKKYkZmpUEiSYzwBI1IX1OOQiLdNFt9Bg+14sMgErq4gpn6fSJFoZTT0NOdIVJj+dubi395/UQFDTelPE4U4XjxUZAwqCI4zwH6VBCs2FQThAXVu0I8RgJhpdMq6RC+LoX/k07VcupW7bpaaZ7ncRTBPjgAR8ABp6AJLkELtAEGd+ABPIFn4954NF6M10Vrwchn9sAPGG+fHTuT7Q==</latexit>

Non-standard case

<latexit sha1_base64="BqHa5CabAwGDXAfYkt3iVilNZxY="></latexit>

⌫� = J, ⌫+ = J + 1

<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="X9ygb6fJE4JEzdNce8pqR86BxX8="></latexit>

Relevant Bessel functions J⌫+ , J⌫�

<latexit sha1_base64="13IMGak6lZ/8kRHl0FXRZBXEvhM="></latexit>
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1

2

◆2

� q2
#1/2

, OBS. Not integer or half-integer

<latexit sha1_base64="glddqWaFzJO3o8o0ehVqxsBYSt0="></latexit>
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2
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#
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p
�2 � E2



<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="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="pRDC2vEZ876b5tu0fdNOB1zLiu4=">AAACB3icdVBNSwMxEM3Wr1q/Vj0KEiyCF5fsQqu9iYLoSQWrQl1KNp22odnskmSFUnrz4l/x4kERr/4Fb/4bs7WCig6EPN57w8y8KBVcG0LencLE5NT0THG2NDe/sLjkLq9c6CRTDOosEYm6iqgGwSXUDTcCrlIFNI4EXEa9g1y/vAGleSLPTT+FMKYdyducUWOpprt+LA10FLV+fCJhO024NPgwkyzXddMtE48EuxVSw8QL7BdULKgQv1atYd8joyqjcZ023bfrVsKyGKRhgmrd8ElqwgFVhjMBw9J1piGlrEc70LBQ0hh0OBjdMcSblmnhdqLss1uM2O8dAxpr3Y8j64yp6erfWk7+pTUy094NB1ymmQHJPge1M4FNgvNQcIsrYEb0LaBMcbsrZl2qKDM2upIN4etS/D+4CDy/6lXPgvLe/jiOIlpDG2gL+WgH7aEjdIrqiKFbdI8e0ZNz5zw4z87Lp7XgjHtW0Y9yXj8ARVqZnA==</latexit>

Integrable One-point Functions

<latexit sha1_base64="CqjZOINdWC1G864dMzTpQiBgtAA="></latexit>

i1, . . . , iL 2 {1, 2, . . . , 6}
<latexit sha1_base64="J2di3t3GfqvKn6zkaKUwIku53sk="></latexit>

Good conformal operators are eigenstates of integrable SO(6) spin chain



<latexit sha1_base64="21vKb3AM69wTvmHHWOWT0m3y1Ag="></latexit>
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<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="Fph38qdKkoNrUKpwMrKEJ0v2L5c="></latexit>

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

<latexit sha1_base64="Fu9rpdouvgp95hKkgQnfmzIIzsQ=">AAAB/HicdVBPS8MwHE3nvzn/VXf0EhyCF0ta2NxuQy/enOA2YSsjzdItLE1LkgqjzK/ixYMiXv0g3vw2ptsEFX0Q8njv9yMvL0g4UxqhD6uwsrq2vlHcLG1t7+zu2fsHHRWnktA2iXksbwOsKGeCtjXTnN4mkuIo4LQbTC5yv3tHpWKxuNHThPoRHgkWMoK1kQZ2+UrQ0yRmQsMwFSQX1cCuIAd59SpqQOR45vKqhlSR26g1oOugOSpgidbAfu8PY5JGVGjCsVI9FyXaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ/PwM3hslCEMY2mOSTFXv29kOFJqGgVmMsJ6rH57ufiX10t1WPczJpJUU0EWD4UphzqGeRNwyCQlmk8NwUQykxWSMZaYaNNXyZTw9VP4P+l4jltzatdepXm+rKMIDsEROAEuOANNcAlaoA0ImIIH8ASerXvr0XqxXhejBWu5UwY/YL19Aj2GlTE=</latexit>

One-point functions



<latexit sha1_base64="CKMwp+zzquzDU3fMWl4/i8j5eos="> 6f72f3u/nJ/11LXmXsegqVw//wFXQYRAw==</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="F10/lBimMWaeIbHdQO1VeVkwDZc="></latexit>

For nI = �I,1, general scalar operator

<latexit sha1_base64="4cCa6qqgBjL1R87yzaBnKUGFoYk="></latexit>

Higher loop orders: Use the perturbative framework set up above

<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="VuzwgXEhIQSm0e0qcVBf33vZTsM="></latexit>

Bajnok &
Gombor ’20



Conclusions

• Magnetic monopoles fascinating --- here in 

• Quantization completed

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

• Should be possible to integrability-bootstrap to get the 
all loop result for 1-pt fcts. 

<latexit sha1_base64="OMOb3HMlosdvE+1pYIam4QS0d54=">AAAB+XicdVDLSgMxFM3UV62vUZdugq3gasgMtrYLoejGjVLRPqQdSibNtKGZB0mmUIb+iRsXirj1T9z5N6YPQUUPXO7hnHvJzfFizqRC6MPILC2vrK5l13Mbm1vbO+buXkNGiSC0TiIeiZaHJeUspHXFFKetWFAceJw2veHF1G+OqJAsCu/UOKZugPsh8xnBSktd0yykHYI5vJ6cnRTg7f1V18wjCznlIqpAZDm6OUVNisiulCrQttAMebBArWu+d3oRSQIaKsKxlG0bxcpNsVCMcDrJdRJJY0yGuE/bmoY4oNJNZ5dP4JFWetCPhK5QwZn6fSPFgZTjwNOTAVYD+dubin957UT5ZTdlYZwoGpL5Q37CoYrgNAbYY4ISxceaYCKYvhWSARaYKB1WTofw9VP4P2k4ll2ySjdOvnq+iCMLDsAhOAY2OAVVcAlqoA4IGIEH8ASejdR4NF6M1/loxljs7IMfMN4+AaPikmU=</latexit>

N = 4 SYM



Thank you


