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Curve results with T.P. Northover.
Monopole Results in collaboration with V.Z. Enolski, A.D’Avanzo.
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» BPS Monopoles

» Sigma Model reductions in AdS/CFT
» KP, KdV solitons

» Harmonic Maps

» SW Theory/Integrable Systems

0 (tU + C|7)
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BPS Monopoles

Equations

» Reduction of F = xF (or static V() = 0 with PS BC's)

1 . )
L=~ Tx FFY 4 Tr Do D&+ V(9)

3

ik
> B,' = 5 Z EiijJ = D,"D
Jk=1

A monopole of charge n

~ 1—2—’7r+0(r*2)7 r=n\/x¢+x3+x3

r—oo

v

1
—ETr d(r)?

v

Monopoles <+ Nahm Data <+ Hitchin Data
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BPS Monopoles

Nahm Data for charge n SU(2) monopoles

Three n x n matrices T;(s) with s € [0, 2] satisfying the following:

daT; 1 <
N1 Nahm’s equation ds’ = > Z ijk[Tj, Tk
Jk=1

N2 T;(s) is regular for s € (0,2) and has simple poles at s = 0, 2.
Residues form su(2) irreducible n-dimensional representation.

N3 Ti(s) = —T/(s), Ti(s)= T2 —s).
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BPS Monopoles

Nahm Data for charge n SU(2) monopoles

Three n x n matrices T;(s) with s € [0, 2] satisfying the following:

3

, . d7; 1
N1 Nahm’s equation ds’ = 5 Z 6ijk[Tja Tk]-
Jik=1
N2 T;(s) is regular for s € (0,2) and has simple poles at s = 0, 2.

Residues form su(2) irreducible n-dimensional representation.
N3 Ti(s) = —T/(s), Ti(s)=TH2—>s).

A(C) = T1 +iTy — 2iT3¢ + (Ty — iTo)¢?
M(C) = —iTs + (Ty — iT2)¢

3
, dT; 1 d
Nahm's eqn. 7 2j;1 ik Tj, Te] = [E + M, Al = 0.
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BPS Monopoles

Reconstruction

3
> B,' = — Z E;ijjk = D,'q)
Jrk=1
» Solve Weyl equation (charge n SU(2) monopoles) Vanx2n

3 3
d .
AV = (1o + IZ Ti(s) ® 0 — ijln ®aj | V(x,s) =0
j=1 Jj=1
2
» Reconstruction Vo = (v, v2), / vi(x, s)Vp(x,5)ds = &,
0

2
=i [ Wil alxs)ds.  ab=1.2
0
2 d
Aj(X)ab = i/ VI,(X, s)=—vp(x,s)ds, i=1,2,3
0 Oxj
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BPS Monopoles
Spectral Curve

> [*+/V’( );A(Q] =0, C: 0=det(nl, + A(C)) := P(n, ()

P(,¢) =n"+ai(Q)n" " +... +an(Q),  degar(¢) <2r
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BPS Monopoles
Spectral Curve

> [*+M() A(Q)] =0, C: 0=det(nl, + A(C)) := P(n,¢)

P(n,¢)=n"+ai(On" " +... +an(C),  degar(¢) <2r
» Homology basis {;}78, = {a;,b;}5_, for H1(C,Z)

a,-ﬂbj:—bjﬂa,-zé,-j
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BPS Monopoles

Spectral Curve

> [*+/V’( );A(Q] =0, C: 0=det(nl, + A(C)) := P(n, ()

P,Q) =n"+a(On" " +...+as(¢),  dega,(¢) <2r
» Homology basis {;}78, = {a;,b;}5_, for H1(C,Z)
a,-ﬂbj:—bjﬂa,-zé,-j

» Holomorphic differentials du; (i =1,...,g)
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BPS Monopoles

Spectral Curve

> [* + M(C), A(Q)] =0, C: 0=det(nl,+ A(C)) := P(n,¢)
P(n.Q) =n"+a(Q)n" "+ ...+ an(¢),  degar(¢) <2r
» Homology basis {;}78, = {a;,b;}5_, for H1(C,Z)
a,-ﬂbj:—bjﬂa,-zd,-j

» Holomorphic differentials du; (i =1,...,g)
» Period Matrix 7 = BA™! where

(1) - (f4)
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BPS Monopoles

Spectral Curve

> [*+/V’( );A(Q] =0, C: 0=det(nl, + A(C)) := P(n, ()

P(n,¢)=n"+ai(On" " +... +an(C),  degar(¢) <2r
Homology basis {7;}78, = {a;, b;}5_, for H1(C,Z)

v

a,-ﬂbj:—bjﬂa,-zd,-j

v

Holomorphic differentials du; (i =1,...,g)
Period Matrix 7 = BA™! where

(1) - (f4)

normalized holomorphic differentials w;, fa; wj = Jjj fb; wj = Tjj

v

v
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BPS Monopoles

Spectral Curve

> [*+/V’( );A(Q] =0, C: 0=det(nl, + A(C)) := P(n, ()

P(n,¢)=n"+ai(On" " +... +an(C),  degar(¢) <2r
Homology basis {7;}78, = {a;, b;}5_, for H1(C,Z)

v

a,-ﬂbj:—bjﬂa,-zd,-j

v

Holomorphic differentials du; (i =1,...,g)
Period Matrix 7 = BA™! where

(1) - (f4)

> normalized holomorphic differentials w;, §, w; = d; ¢, wj = 7j

v

» genus given by Riemann Hurwitz formula gmonopole = (7 — 1)2
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Baker-Akhiezer Function

Existence: Krichever's Theorem (1977)

Let C be a smooth algebraic curve of genus g¢ with n > 1
punctures P;, j =1,...,n. Then for each set of g¢ + n — 1 points

01,...,0g.4+n—1 in general position, there exists a unique function
V; (t, P) and local coordinates w;j(P) for which w;(P;) = 0, such
that

1. The function W; of P € C is meromorphic outside the
punctures and has at most simple poles at J, (if all of them

are distinct);
2. In the neighbourhood of the puncture P; the function V; has

the form (for i € N*, w; = w; (P))

Vi (s, P) = e (@, +3 af(s) W,k>
k=1

Meromorphic differential describe flows
wi(P)=0 ) =d(w ' +0(w))  f, d2 =0
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Reconstruction

» Reconstruct A(C) in terms of its joint eigenfunctions
(nln + A(C)) W =0

<js + M(C)> W =0
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Reconstruction

» Reconstruct A(C) in terms of its joint eigenfunctions
(nln + A(C)) W =0

<js " M(<)> i

» Solve W in terms of Baker-Akhiezer function.

0
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Reconstruction

» Reconstruct A(C) in terms of its joint eigenfunctions

(1o + A(Q) W = 0
<i+M@>w

» Solve W in terms of Baker-Akhiezer function.
» M(C) = —iT3+ (T1 —iT2)¢ poles at ( = oo

P n
Jj=1

d<2>:(—f§'+o<1))dt CZ%NOOJ-

0
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Reconstruction

» Reconstruct A(C) in terms of its joint eigenfunctions

(1l +A(Q)) W =0

d
M ~
(5+m©)
» Solve w in terms of Baker-Akhiezer function.
» M(C) = —iT3+ (T1 —iT2)¢ poles at ( = oo

P n
Jj=1

n _(_Pi _ 1,
d<<>—( t2—|—0(1)>dt ¢ =3~ o0
> 31 meromorphic differential Yoo = Yoo(P) = (7 v 0(1)) dt,

as P — ooj, %VOO(P):Q U=
A
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Reconstruction

» Ercolani and Sinha (1979) solve gauge transform of

d
(ds + IVI(C)) w = 0 in terms of Baker-Akhiezer function.
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Reconstruction

» Ercolani and Sinha (1979) solve gauge transform of

d
( + IVI(C)) w = 0 in terms of Baker-Akhiezer function.

ds
1+¢% 11— P y
> BE (2007) (+C > i =1() = Y
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Reconstruction

» Ercolani and Sinha (1979) solve gauge transform of

d
< + IVI(C)) w = 0 in terms of Baker-Akhiezer function.

ds
1+¢% 1-¢ PP yxy
>BE(2007)y:( TR ,C> u=1u(() =1 vy

» w(P) = (12 + 1 - o) e tsla—ve)li=ixly 5 o w(P)
Then Aw = 0 with n =2y - x.
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Reconstruction

» Ercolani and Sinha (1979) solve gauge transform of

d
< + IVI(C)) w = 0 in terms of Baker-Akhiezer function.

ds
1+¢> 1-¢ PPN y xy
>BE(2007)y—( TR C> u=u(():=1 vy
» w(P) = (12 + 1 - o) e tsla—ve)li=ixly 5 o w(P)
Then Aw = 0 with n = 2y - x.

» 1. Given x solve det (2y - x + A({)) = 0 of degree 2nin

2. Let P; be the corresponding 2n points on C.

3. Construct the 2n x 2n matrix W = (w(P;))

4.V =(W"H"1 AW =0 Problem: extract norm. solns.
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Reconstruction

» Ercolani and Sinha (1979) solve gauge transform of

d
< + IVI(C)) w = 0 in terms of Baker-Akhiezer function.

ds
14+¢% 1-¢? S y
BE (2007)y:( ;C , 2< ,g> 6= G(¢) =1 yyfyy

W(P) = (L +G- o) e~ <L==Kslly > o ()
Then Aw = 0 with n = 2y - x.

v

v

» 1. Given x solve det (2y - x + A({)) = 0 of degree 2nin

2. Let P; be the corresponding 2n points on C.

3. Construct the 2n x 2n matrix W = (w(P;))

4. V=(WNH"1 AfV =0 Problem: extract norm. solns.
» Panagopoulos (1983): Integrals computed in closed form

/v‘;(x, s)p(x, s)ds = vi(x, s)F1(x, s)vp(x, s)

3 3
1
}"(x,s):r—ZHT’H—T,T: E o;i® Ti(s),H = E Xioj ® 1p.
i—1 i—1
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Reconstruction

Generalized Abel Maps

P P
» Abel Map ¢.(P) : C — C&, ¢.(P) = (/ wl,...,/ wg)
N cCCé&: 78 & 78T (Cg//\EJac(* ) ’
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Reconstruction

Generalized Abel Maps

P P
» Abel Map ¢.(P) : C — C&, ¢.(P) = (/ wl,...,/ wg)
N cCCé&: 78 & 78T (Cg//\EJac(* ) ’

P Pg g
» Abel / w+~-+/ w=z ¢p, (Y Pi| =2

Po
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Reconstruction

Generalized Abel Maps

P P
» Abel Map ¢.(P) : C — C&, ¢.(P) = (/ wl,...,/ wg)
N cCCé&: 78 S ZET (Cg//\EJac(* ) ’

P Pg g
> Abel / w+~-+/ w=z ¢p, (Y Pi| =2
Po Po i—

» Clebsch and Gordan (1886). Let Qp, p. meromorphic
differentials of the third kind with simple poles at P4 and
having residues +1. Suppose X1, Y1,...,Xs, Ys are distinct
pairs of points on C. For i = 1,...s we may solve

Py Pgis Py Pgs
/ Wt - ~+/ w=1z, Qx;, v+ '+/ Qx. v, = Zi
Po Po Po Po

» Braden and Fedorov

Pl Pg+n—1 Pl Pg+n—1
/ w+..._|_/ w =z, / Qj1_|_..._|_/ le :Zj
Po Po Po Po
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
ncze
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
nczg
» 0(z+p;7)=0(z;7)
0(z+pr;7) = exp{—in(p Tp +22"p)} 0(z; 7), pecZt
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
nczg

(
» 0(z+p;7)=0(z;7)
0(z+pr;7) = exp{—in(p Tp +22"p)} 0(z; 7), pecZt
» f(e|7)=0<= e € © C Jac(C)

g—1
» Riemann’s Theorem e = ¢ (Z P,-) + Ko  o(C81)+Ke=0
i=1
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
nczg

(
» 0(z+p;7)=0(z;7)
0(z+pr;7) = exp{—in(p Tp +22"p)} 0(z; 7), pecZt
» f(e|7)=0<= e € © C Jac(C)

g—1
» Riemann’s Theorem e = ¢ (Z P,-) + Ko  o(C81)+Ke=0
i=1

g—1
multe = i (Z Pi> = dimH'(C, Lys1p ) = dimH(C, L1, )
i=1 T i=1 Ti

i=1
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
nczg

(
» 0(z+p;7)=0(z;7)
0(z+pr;7) = exp{—in(p Tp +22"p)} 0(z; 7), pecZt
» f(e|7)=0<= e € © C Jac(C)

g—1
» Riemann’s Theorem e = ¢ (Z P,-) + Ko  o(C81)+Ke=0
i=1

g—1
multe § = i (Z Pi> = dim H!(C, Lowi1p)= dim H°(C, Lssip,)
i=1 +1 i=1 ti

i=1
» There are very efficient evaluations of 6
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Reconstruction

Theta Functions

> O(z;7) = Z exp(imn”n 4 2irz"n), Im7 >0
nczg

(
» 0(z+p;7)=0(z;7)
0(z+pr;7) = exp{—in(p Tp +22"p)} 0(z; 7), pecZt
» f(e|7)=0<= e € © C Jac(C)

g—1
» Riemann’s Theorem e = ¢ (Z P,-) + Ko  o(C81)+Ke=0
i=1

g—1
multe = i (2 Pi> = dim H!(C, Lye-1p,) = dim HO(C, Lowip,)
> There are very efficient evaluations of 6

» Functions XN, ¢(R;) = ZIN_I o(Si)+n+m-7

. 7rlfP m-w 0(¢ 'D ')_K;T)
( N 2 H P 5,')—K;7')
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Reconstruction

Divisors, Line bundles, ©

» Line bundles <— Divisors 6 = > . n;P;, nj € Z, P; € C.
> effective n; >0 Vi.  § effective <= dim H°(C, O(Ls)) > 1.
» nonspecial <= dim H*(C,O(L;)) =0
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Reconstruction

Divisors, Line bundles, ©

» Line bundles <— Divisors 6 = > . n;P;, nj € Z, P; € C.
> effective n; >0 Vi.  § effective & dim H°(C, O(Ls)) > 1.
» nonspecial <= dim H*(C,O(Ls)) =0
» Riemann-Roch
dim H°(C, O(Ls)) = deglLs + 1 — g¢ + dim H*(C, O(Ls))
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Reconstruction

Divisors, Line bundles, ©

» Line bundles <— Divisors 6 = > . n;P;, nj € Z, P; € C.
> effective n; >0 Vi.  § effective <= dim H°(C, O(Ls)) > 1.
» nonspecial <= dim H*(C,O(L;)) =0
» Riemann-Roch
dim H°(C, O(Ls)) = deglLs + 1 — g¢ + dim H*(C, O(Ls))
» Example: degls =g¢ —1
dim H°(C, O(Ls)) = dim H*(C, O(Ls)) > 1 <= § effective
<=0 €0

multiplicity, = dim H°(C, O(L))
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Reconstruction

Divisors, Line bundles, ©

» Line bundles <— Divisors 6 = > . n;P;, nj € Z, P; € C.

> effective n; >0 Vi.  § effective <= dim H°(C, O(Ls)) > 1.

» nonspecial <= dim H*(C,O(L;)) =0
» Riemann-Roch

dim H°(C, O(Ls)) = deglLs + 1 — g¢ + dim H*(C, O(Ls))

» Example: degls =g¢ —1

dim H°(C, O(Ls)) = dim H*(C, O(Ls)) > 1 <= § effective

<=0 €0
multiplicity, = dim H°(C, O(L))

ge+n—1 n
> in general position <= Z #(ds) — Z(b(P,) noneffective
=1

s=1 —
gc+n—1

= Z_; $(ds) — Y _d(P) + Ko ¢ ©

I=1
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Reconstruction
Functions in terms of theta functions

» Baker-Akhiezer function

UHP) + U =) sffrm, OO(P) )

YR =8P 0w -4 CCRETR
U= 271” 7{%0, gi(Pk) = ok
gc+n—1
> 6(5) Z¢ Pr)+
= 7
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Reconstruction
Functions in terms of theta functions

» Baker-Akhiezer function

UHP) + U =) sffrm, OO(P) )

X

V; (s, P) = g(P)

0(o(P) — ¢j) 0(¢(Pj) + sU —¢j)
1
U= o 7{7007 gi(Px) = djk
ge+n—1
> () Z¢ Pr)+
=t (=

» in general position: 1) 8(¢(P;) — ¢j) #0, 2) 3! g;(P)
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Reconstruction
Functions in terms of theta functions

» Baker-Akhiezer function

UHP) + U =) sffrm, OO(P) )

X

V; (s, P) = g(P)

0(o(P) — ¢j) 0(¢(Pj) + sU —¢j)
1
U= o 7{7007 gi(Px) = djk
ge+n—1
> () Z¢ Pr)+
=t (=

» in general position: 1) 6(¢(P;) — () #0,2) 3 gj(P)
» Danger ¢(P;) +sU—-(; € ©
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BPS Monopoles

Hitchin data

H1 C c TP! Reality conditions a,(¢) = (—1)"¢* a,(—=)

H2 £*(m) the holomorphic line bundle on TPP! with transition
function go1 = (" exp (—An/().
L) .= £MN0), LMNm) = L) @ 7*0(m)
L2 is trivial on C and £'(n — 1) is real.

| =
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BPS Monopoles

Hitchin data

H1 C c TP! Reality conditions a,(¢) = (—1)"¢* a,(—=)

H2 £*(m) the holomorphic line bundle on TPP! with transition
function go1 = (" exp (—An/().
L) .= £MN0), LMNm) = LY @ 7*O(m)
L2 is trivial on C and £'(n — 1) is real.
L£? is trivial => 3 nowhere-vanishing holomorphic section.

| =
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BPS Monopoles

Hitchin data

H1 C c TP! Reality conditions a,(¢) = (—1)"¢* a,(—=)

H2 £*(m) the holomorphic line bundle on TPP! with transition
function go1 = (" exp (—An/().
L) .= £MN0), LMNm) = LY @ 7*O(m)
L2 is trivial on C and £'(n — 1) is real.
L£? is trivial => 3 nowhere-vanishing holomorphic section.

H3 HO(C,L5(n—2)) =0 for s € (0,2)<= O(sU+C|7) #0
n

C =Ko+ 9o (("—2)Zook
k=1

| =
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BPS Monopoles
Hitchin data

)

H2 £*(m) the holomorphic line bundle on TPP! with transition
function go1 = (" exp (—An/().
L) .= £MN0), LMNm) = LY @ 7*O(m)
L2 is trivial on C and £'(n — 1) is real.
L£? is trivial => 3 nowhere-vanishing holomorphic section.

H3 HO(C,L5(n—2)) =0 for s € (0,2)<= O(sU+C|7) #0
C=Kq+¢q (("—2)Zook
k=1

HO (C,O(L5(n — 2))) = 0 = HO(C,0(L%)) =0, s € (0,2).
O(L%) — O(L5(n—2)) x a section of 7*O(n — 2)|¢

H1 C ¢ TP! Reality conditions a,(¢) = (—1)"¢* a,(—

| =
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The Ercolani-Sinha Constraints

» L2 trivial = fo(n, ) = exp {—2%} fi(n,¢)

dlog fy = d (—2%) + dlogf, expj{dlog fo=1 vrer(z0)

Y
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The Ercolani-Sinha Constraints

» L2 trivial = fo(n,¢) = exp{ 2%} f(n,¢)

dlog fy = d (—2ﬂ) +dlogfi, exp ¢ dloghy =1 ek (z0)

8!
> Yoo(P) = fdlog fo(P) + ur Z mjwj(P), % wj = djk
j=1 i

g

j{%o =amng + mz mTi, 2U e A
I=1

by
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The Ercolani-Sinha Constraints

> L2 trivial = fo(n,¢) = exp{ 2%} f(n,¢)

dlog fy = d (—2ﬂ) +dlogfi, exp ¢ dloghy =1 ek (z0)

¥
> Yo(P) = fdlog fo(P) + ur ij wj(P), % wj = O
Jj=1 Ok

g

j{%o =amng + mz mTi, 2U e A
I=1

by

» Ercolani-Sinha Constraints: The following are equivalent:
1. £? is trivial on C.

-
2. 2U e N — U:i(fbl%o,...,fbg%o) :%n—i—%Tm.

21
3. 31l-cyclees =n-a+m-bs.t. for every holomorphic
differential

o= P BO 5@ oo g,

o
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The Ercolani-Sinha Constraints

> L2 trivial = fo(n,¢) = exp{ 2%} f(n,¢)

dbg@::d(—zﬂ)-+dmgﬁ,exp dlog fo = 1 vyerh (Z,0)

¥
> Yo(P) = fdlog fo(P) + ur ij wj(P), % wj = O
Jj=1 Ok

g

j{%o =amng + mz mTi, 2U e A
I=1

by

» Ercolani-Sinha Constraints: The following are equivalent:
1. £? is trivial on C.

-
2. 2U e N — U:i(fbl%o,...,fbg%o) :%n—i—%Tm.

21
3. 31l-cyclees =n-a+m-bs.t. for every holomorphic
differential

Bon"2 + B1(On" > + ... + Bra(C)
Q=" s 250d¢, §Q =26
on es
» H3 £° trivial <= sU € A, 2U is a primitive vector in A

H.W. Braden The Geometry of Monopoles: New and Old |



d
» Lax Pair [E + M(¢), L(¢)] = 0 leads to the study of a curve

C: 0=det(nl,+ L({)) := P(n,()
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» Lax Pair [E + M(¢), L(¢)] = 0 leads to the study of a curve

C: 0=det(nl,+ L({)) := P(n,()

» The flows (via M) are governed by meromorphic differentials

Yoo ON C.
U— 1
- 27TZ b'yoo
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» Lax Pair [E + M(¢), L(¢)] = 0 leads to the study of a curve

C: 0=det(nl,+ L({)) := P(n,()

» The flows (via M) are governed by meromorphic differentials

Yoo ON C.
TR 1
21 %O

» The solution constructed via 6 (sU + Cj|7)
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d
» Lax Pair [E + M(¢), L(¢)] = 0 leads to the study of a curve

C: 0=det(nl,+ L({)) := P(n,()

» The flows (via M) are governed by meromorphic differentials

Yoo ON C.
U— 1
21 %O

» The solution constructed via 6 (sU + Cj|7)
» Transcendental constraints.

1. Flows and Theta Divisor. sU+C ¢ ©

2. L2 trivial == 2U e A<= U = %nJr %Tm

ES conditions impose g transcendental constraints on curve

n

> @j+1)-g=(n+3)(n—-1)—(n—1)>=4(n—1)

j=2
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Harmonic maps

Spectral Curves

Hitchin: bijective correspondence between harmonic maps
T2 — S3 and hyperelliptic curves C: 7% = f()) such that
f(\) is real with respect to the real structure A — A71.
f(A) has no real zeros (i.e. no zeros on the unit circle).
f(A) has at most simple zeros at A = 0 and A = cc.
© and V¥ are meromorphic differentials on C whose only
singularities are double poles at 7=1(0) and 7~ !(c0) and
which have no residues. Their principal parts are linearly
independent over R, and they satisfy

'O = -0,V =-V, p0=0, p'v =V
where o is the hyperelliptic involution (A, n) — (A, —n) and p
is the real structure induced from X\ — A~ 1.
> The periods of © and W are all integers.
» E(0) is a line bundle of degree g + 1 on C, quaternionic with

respect to the real structure op.
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o-model

o-model equations on R x S3

VA
e / dodr | 3" 02Xi0°X; ~ 02X Xy

, Zx,? =1.
i

. _ Xy + iX: Xo +iX
_ -1 .: 4 3 2 1
I = & & (—X2+iX1 X4—iX3>€SU(2)
A 1
= _:‘_/7_: |:2tr(j A *j) + dXs4 A *dX4:|
dj—jNj=0, dxj=0,
1
Virasoro constraints (gauge Xg = Kk7) Etrji E——
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o-model

o-model equations on R x S3

, Zx,? =1.
i

VA
e / dodr | 3" 02Xi0°X; ~ 02X Xy

. _ Xy + iX: Xo +iX
_ -1 .: 4 3 2 1
I = & & (—X2+iX1 X4—iX3>€SU(2)
VAL
dj—jNj=0, dxj=0,
1
Virasoro constraints (gauge Xg = Kk7) Etrji E——
J—Xx*J
= Fy=d/—JANJ=
J(X) 1 — X2 ) J J J J 0

Qx,0,7) = P&p/ J(x,0,7), [d—J,Q]=0
(o7)
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o-model

Monodromy

» [d—J,Q] =0, C: 0=det(yla — Q(x))
T:=T(x,0,7)=TrQ(x,0,7)

Y’ =Ty+1=0

a hyperelliptic curve, branched over T2 = 4.
> u(x,a,7)x, 7, T)”(X70'77')_1 = diag (e"p(x)’ e_iP(X)> ]
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o-model

Monodromy

» [d—J,Q] =0, C: 0=det(yla — Q(x))
T:=T(x,0,7)=TrQ(x,0,7)

Y’ =Ty+1=0
a hyperelliptic curve, branched over T2 = 4.

> u(x,0,7)Q(x, 0,7)u(x; 0, 7')_1 = diag (e"p(x)’ e—P(x)

» g€ SU(2) :>jJr =—j=Qx,7,0) = Q(x, T, 0)71

C real structure = BP's in complex conjugate pairs or real.

» Flows J(x) poles at x = £1: 0 = jl{ dp, j{ dp=n; €A
a; 21 Jy,

Fd(75)+0 x—1)%)  as x — +1,
dp(x™) = ' (b=17)
Fd (41 +0((x+1)°) asx— -1

2wqRr dx 1 2mq,
dp =00 R 40 (= )y dp=xs0 —AE dx+ O (x)
\/X x2 x3 \/X



