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Outline of Talk:

e Principal Chiral Model-Definition

e Hamiltonian analysis

e Current Algebra-Poisson bracket of Lax Con-

nection

e Nambu-Gotto form of Principal Chiral Model

e Conclusion



Hamiltonian formalism and Current algebra

Action for the Principal Chiral Model
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.. 18 the effective string tension.
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e Coordinates o, 7... parametrise the string world-sheet, o
to be —m <o <.

e The current JZ'.... defined through the group element g
that belongs to the group G

Jo =g 0,9 =JTy (2)

e T'y.... basis of the algebra g

To(TaTp) = Kap , [T, Ts] = fipTc (3)

o K, p ..invertible matrix, f{p = —f$,... structure con-
stants of the algebra g.



e Indices A, B... label components of the basis Ty.

o ... parametrise the group element ¢g. Then

J4 = B 0,2

e metric on some target manifold labelled with V...

Gun = BV K pEL

o E{.... vielbeins of the target manifold

Hamiltonian Formalism

Conjugate momenta to M-
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Canonical Poisson brackets
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Parametrisation of metric variables 7,4
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Hamiltonian density H:
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Absence of time-derivative of 7,3
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Primary constraint of the theory

Stability of the primary constraints: existence of two sec-

ondary constraints

T, =T =0. (12)

Constraints Ty, Th do not generate any additional ones.



Notation:All constraints:

o O,

o a = (A\E, €, &) .. label the first class constraints
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e p”... Lagrange multipliers

e Generalised Hamiltonian density:

Hr = Ho + p"(p, 2, £)0, | (13)

Remark:

In principle p® depend on the phase space variables pys, 2V, 7, \.
Hamiltonian equation of motion:

0. F = 0,F+{J} H| = 0. F+{F Hy}+p"{F &,} . (14)

Then:
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Current Algebra




Important:

The current algebra has closed form for p* = p(t,0)

Define:
1 1 O ,"}’/TO' ,)/TO' 1
—— =t p = = — +p 16
/_foyTT /_ry,yTT fyTT 777' ( )
LLax connection:
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Jo = - AZ(JQ — Aap€”" ) (17)

is flat:
Onds — O+ TP IS fiie = (18)

for general world-sheet metric.

Sign of Integrability of Principal chiral model on
world-sheet with general metric

Further step: Determine the form of Poisson bracket of

Lax connection:

To do this we need to find the form of Poisson brackets

between currents



Then the Poisson bracket of Lax connection takes the form:
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Comments:

e [t is desirable that this Poisson bracket does not depend

on 7.

o Implication:
Poisson brackets of the monodromy matrices do not depend

on the world-sheet metric and gauge parameters

Monodromy Matrix

T(A) = Pexp( xy11 do' J,(t,0")) . (20)

Poisson brackets:

{7:15(5617 Y1, A)? 775(5627 Y2, F)} =

— ;/11 do /;/22 do' Towy (21, 0, N)Toys(0, y1, A) X
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Comments

e The calculation depends on the Poisson bracket of Lax

connection:

e [t can be shown that for the Poisson bracket of the Lax con-
nection given above the Poisson brackets of the transition
matrix defines an infinite number of integrals of motion

that are in involution (Dorey, Maillet)
e Strong implication if integrability

e This result holds on the world-sheet with general metric

with all gauge freedom

e It can be shown that theory has infinite number of charges
in involution for any fixed world-sheet metric but with un-

fixed Virasoro constraints

e Open problem: Try to determine the Poisson bracket of
the Lax connection for completely fixed theory (uniform

light-cone gauge):work in progress



Nambu-Gotto Principal Model

Vo)
= 277/d0d7-£ L= —\/m (22)

Az =J} IV Kap . (23)
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where

J4 obey the equations of motion
077 (A V=det A] = 0 (24)

Definition of Lax connection:

L, =

1 T
o 4+ A (AT V= det A
1

Li=1"% [J2— A (AT JAV=det A .
(25)
It can be show that it is flat:
OaLy — 0sLa + LULG ffe =0 (26)
Hamiltonian formalism
Define:
Jd = E{0,2M (27)

Momentum conjugate to zV:

55 VA e
PM = 50,2 = —%GMNc‘?ax <A ) vV —det A

(28)




Two primary constraints:

27 VA
Oy = —— GMN 7801\4 aUN:O
0 \/XPM PN + o L gMNOsX
b, = pMagxM =0
(29)
Original Hamiltonian density:
H = ppOa™ — L =0 (30)
Total Hamiltonian density:
Hr = N0y + X'y (31)

Then it can be shown that the Poisson bracket of the
Lax connection for the Nambu-Gotto string takes the same

form as above

Implication of the classical integrability of the
theory
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Conclusion

e Principal chiral model on world-sheet with general metric

is classically integrable

e Open important problem: Calculate the Poisson bracket
of the gauge fixed theory

I would like to thank to organisers to give me an opportu-

nity to participate on this workshop.
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