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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

[. Introducing the monopole-Higgs configuration
[I. Quantization in the monopole background
[1I. Integrable One-point Functions

[V. Conclusion



Introducing the monopole
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27
Dirac ‘31
Dirac quantization condition: B € Z ez €2

't Hooft loop: world line of a monopole (static at the origin)

Disorder operator:
Prescribes certain singular behaviour of the gauge field
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A monopole in N =4 SYM
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Supersymmetry conserved: 1/2 BPS configuration

Set-up constitutes a 1D dCFT (co-dimension = 3)



Quantizing around the monopole background

1. Expand around classical fields (@', A})
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2. Gauge fix

3. Invert the quadratic part of the action (determine propagators)

Spectral decomposition
S=0G1®

Z U (z) — \Iﬁ G0 (z) = A\ Up ()

Quantum mechanical problem (field components (3)



Quantum mechanical problems involved

I. For (I)Q, (I)g, ce (I)G, A() and ghOSt C
Scalar particle in monopole potential Dirac ’31

I1. For &, A:

Scalar coupled to spin-1 particle in monopole potential

Spin-1 particle & monopole
Olsen, Osland & Wu 90

I11. For ¥! (o, 1€ {1,2,3,4})
Fermions in (non-standard) monopole potential

Standard case
Kazama, Yang &
Goldhaber 77

All are beautiful, exactly solvable quantum mechanical systems



Scalar in monopole potential Dirac 31, Tamm ’31
Fierz ‘44

. A B
Gl =0} +H, H=—(0"+iAg) 0 +iA}) + 3,

U(Z,t) = et ®(r,0,¢), HO(r0,¢)=k>®(r,0,0)
Define Ly, L. with standard SU(2) commutation relations and [L, H]=0

Eigenfunctions in terms of monopole spherical harmonics (¢ = B/2)
1
U(r,0,¢) = ;(kr)l/QJjH (k) Y00, ), k>0

Y90, ¢) = "8 Uy (0)
L= Involves Jacobi polynomial

: Z
SU(2) representation theory == m € 3

(Dirac quantization

Single valuedness of wavefunction =— B € Z .
condition)

OBS: Spectral flow: j = g, g +1,...



Spectral flow

2, ..., m=—l,...,1

Wilczek ‘82




The scalar propagator

Y(Q)* Y(q)
G, — Emj )

/+°° dw / " e W kr T 1 (kr)VEr' 1 (k')

w? + k2

e Integral over w can be carried out

e Sum over m can be carried out
e~ Jacobi pol.

, 1 . AN (0.29)
Ga,a) = S @+ 1) () D©P2 (),
J e AdSs propagator

=) 2 r? m* = j(j + 1)




Scalar and vector in monopole potential

- (P 1 (r2p? + L2 —iB T ®q Dy
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J=L+S
For B=1: E:%)%) FOI‘KZ;: J=0—-1,0,0+1,
1
s=1 For€:§: J=100+1.

Mode expansion

(®1) 101 () = C Fy(r)Y 418, )
Api(@) = Fs(r) |C-Y 531010, 0) + CoY§3(0,6) + C YT, 10 (0,9)
Fr(r) = (kr)"Y2J,(kr), J, Bessel function, v =v(J)

v(J) and (C,C_,Cy,Cy) eigenvalues and eigenvectors of 4 x 4 matrix



Spectrum
Solution for v:

1 1 1 3
— —_ — — — — > 2'
" {J 2,J+2,J+2,J+2}, J>3/

Interesting contrast to a gauge field with no scalar coupling
Olsen, Osland & Wu, 90

1/2

u—{[i+(m—1)2] ,J+%, EJF( J2+J+1)2r/2}

Coupling to scalar is dictated by susy of ' =4 SYM

The simple spectrum is a manifestation of underlying integrability

Propagators can be found by spectral re-summation



Fermions in a (non-standard) monopole potential

SET™ = St (1040, + UG [, W] + Tyt [, 0])

Need to solve eigenvalue problem

E i (0 —iAh) 19\ (Vy BNAZ
i - (0 — i Ay + 4 ~E v/ \Up

Mode expansion in spinor spherical harmonics

Uhar = f+(r) € (0:0) + F- (1) € (0, ),
W?M — g—l—(T) g.}'_l\/l(ea gb) + g_(’l“) gJ_l\/I(Ha gb)? J = 07 17 27 T (B — 1)



Solution of eigenvalue problem

Standard case

Sy 1 (k) Egn(0,9) 1 (k1) €30 (0, 0)
U~ | h72 LW, o~ | TR !  k=+)2_E?
J;,H—% (k:r) g.—]irM(Q’ Qb) " Ju—k% (k?”) 5,]1\/1 (‘97 (b)
~ 1/2
[= (J + 5) — q2] ., OBS. Not integer or half-integer

Non-standard case

Relevant Bessel functions J, .. J,

I/_|_7

l/_:J, V_|_:J—|—1

Coupling to scalar is dictated by susy of N =4 SYM

The simple spectrum is a manifestation of underlying integrability



Integrable One-point Functions

Generic operators built from scalars
O = \ijl...IL tr(I)Il ---(DILa 7:1,...,’1:L c {1,2,,6}

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

L
A A
H = 1672 Z (2 — 2P£€—|—1 + KN—I—l) 3 Minahan & Zarembo 02

(=1

Eigenstates characterized by three sets of rapidities

!Uu, U2j, U3k>

Fullfil a set of algebraic Bethe equations

iQa L 7;]\4ab
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One-point functions

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

<BS1§‘ — BStjl.“]LTI‘(I)Il ce (I)]L, BStIl---IL =N, ...MNJ

L

Overlap formula at leading order

(2 Ty (Bst|U)
©Owir=(3z) 1T

Integrable boundary state |Bst) Piroli, Pozsgay,
Vernier '17

Qon+1|Bst) =0, n=1,2,...

Expect closed overlap formula to exist

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

de Leeuw, C.K.
Zarembo 15

de Leeuw, C.K,
Zarembo 15



Result

de Leeuw, Gombor, C.K.,

For TL[ — 51,17 genera’l Scalar Opera’tor Linardopoulos, Pozsgay 19

u. (u2; +
- )L 1 IZI 2]( 23 4) detG+

\ Hulj (ul; + 1) [Tus3, (u3; + 1) det G~
J

J

State needs to have paired roots, G = Gaudin matrix

Higher loop orders: Use the perturbative framework set up above

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

Komatsu & Bajnok &
Wang 20 Gombor 20



Conclusions

Magnetic monopoles fascinating --- herein A" =4 SYM
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.



Thank you



