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nonlinear T model describes harmonic maps

4 : E → M

where ( I
,
h ) & ( M

, g ) are pseudo riemannian

and E oriented . The action functional is given
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If G is a connected lie group acting by isometries
on ( M , g) .

Then it acts on maps E → M leaving
S

,
invariant .

It is enough to deeds infinitesimally .

So let Xeg
,
Ex E HLM ) killing vector

.
Then

under
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the action changes by 0 by killing 's equation
-
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Gauging the or model means coupling it to gauge
fields in such a way that Srfg , A ] is in variant

under local transformations in Map ( 2- , g) .

Let @ a) be a basis for g and Ba : = Sea the KV
.

Let a : E → 9 I = Iaea
, Tae CE ) and define

Sa Yi = ya Baile ) a So no longer invariant
.

So introduce A c- Rt CE ; I ) and Sy A -

- d 'd t [ Aid ]
.



Define pyo = die
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Sc

,
[ 43 = If

,
gijle ) Their * Pei

Let dive E =D and let we Dd
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( M ) be a

closed form - Let B be a @ xD - dime manifold
with 213=-2 and extend 4 to B

.

we care
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Jpg 4*0

Because dw=o
,

the variation of this term is
an exact C del ) - town & hence by Stokes 's it
is an integral over E deed

'

hence the field

equations do not depend on the extension .

Sgpose w is G - invariant
.

Hence so is Swt
.

Can ore gauge this ? we could try minimal

coupling : that produces a gauge
- invariant action

but the resulting field equations are no longer
local because the minimally coupled 4*0
need not be closed

.

eg : if w= do and Q 's G - invariant , then

we can minimally couple :
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Answer : Swz can be gauged if w admits an equivariant
ctosedexton

.

ie : F at = w t Faya + Faf
- yay + - - - F Ya E Dd
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such that io is en ) g - invariant Hab End -4M )
deaf = o

etc . . .

where do Cfa ) -

- O and do ( w ) = w - Fa Zaw .



Example

① t d r - model with symplectic target

G A C Mio ) symplectic ally is a symmetry of

Swz =/ y*w
B-

and it
can be gauge if and only if the G - action

is hamiltonian , so there exists aee equivariant
moment map µ : M → g* .

② 2nd NZN model

M is a lie group w/ bi - invariant metric and
lie algebra 777 with ad - invariant inner

product L I 7 .
Then

←
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w = I I or ,
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let G a M x M be a subgroup of isometries

It presences w and hence Swt .
G can be gauged

if and only if Its
, 2 = r 'T

, >
where k ,

r ) : g → M to M are the LA homomorphism
induced by the embedding G → Mx M

.

G- : diagonal subgroups can always be gauged .

( e.g . coset construction in CFT )

chiral subgroups for which 9 Cm is isotropic
( e . g . Dnhfel 'd - Sokolov reduction )



③ r - modes with lie group targets A tanginess 've
WE terns

Again M is a lie group with lie algebra no
.

Let I E @
"

tht )
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be an invariant polynomial .

Let w I I Oh
,
dah

,
. . .

,
doc ) Er
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( M )
-

n - I times

Then w is invariant under MXM .

Let GCMXM and 9 CM 777 with

inclusion homeomorphisms l -0 r
.

conjecture The G symmetry of Swz can be

gauged if and only if etI=r*I
.
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