ik Fsif %ﬁﬁ%gg&%ﬂ Vol. 16, No. 8

1992 4£ 8 B HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Aug., 1992

Chevalley X T WZNW 1%t 85
Hamilton o
o B

(AL KEYEB R, Bk 710069)

| t

AXAEXE Lie XEHW Chevalley Em‘l%?%{ﬁ]’:?ﬁ WINW i th
Hamilton BRX,, A REM W ETFEKZEW Poisson 5, BRERER
¥ Kac-Moody Ji{t%.

Ye24 Kac-Moody ACEFN Virasoro fG¥KAY Lagrange LI, — %4 WINW it
BURREAN{ETIR -1, ARKARS|EH A EHAMNE, HELREBTLHE
HIBERR.

— N EEHRE, Witten HMNFLZR LD P@BIELT _E WINW Hidhy
Hamilton FERER, MTIXME WINW Hig™ ENEFHEETERY., R,
Witten FYEIERE Lie REMWEAETANA, REEENAEXI Balog, Fehéy,
O’Raifeartaigh, Forgics J}z Wipf Z ABHAR WINW "9 g E B F1b.
ATHBRX—RE, KAEEER Lie ((BHY Chevalley BT _4 WINW i7id
2 A Hamilton IFH|FER,.

BRMNMEXRICE KR Lie R & 1Y Chevalley &, A o, A FHIFRRE
KRERNES,N @ B Chevalley & {H;, =H,;, E.} BHTFREX:

[H;, H]1 =0, (i’j’=192,"'arankg}’ (Ia)

[Hi’ Eu] == KaiEa, (lb)

[E,, Egl = D) Kii'KjH841p0 + NopEasp, (1c)
if

:_thj a\ﬁe ¢, (LT3N ﬁi € A’ Kab = 2a- b/bz9 Z Ka_blet = 81;9 Na,B %’Jﬁﬁ(ﬂﬂ% a+ﬂ
AR @ A, WHERKNHEAE N.o=0). (1) RO Serre XAXNEEREN., Tl
Chevalley £ TF, @ #J Killing WER#ERX:

Tr (HH) = 2 Ky, Tr(E.En) = 2 uspy

TI‘(H;E“)='=0. (2)

A 19914 10 H 6 HIE].



%8 Balf. Chevalley K F WINW 1%ipH) Hamilton FE5 697

—# WINW ERgGERREXN,
S(g) = % L d*Tr( 0,887 0%gg™") — %j dae;iy Tr( 0,087 0887  0528™"),
2 By

(3
R e HBEER, ¢ BUEERMNEBOEL Lie 6 L (GHAE¥HE Lie R 9). &
HGRELNESENY 0= 0'(x), 1<a<dimG, N

g=g() = g(0(*)) €G,

FEATwE X:
rankd
dueg™ = 2 g = SVH,0i(0) + 3T E0:(6), (4a)
68‘ i=1q a€d
Tr( 0,267 '[ O,8¢™", 0.g87'1) = 08,2,,(0) + 0,4,(0) + 8,2,,(6), (4b)

XH, 1,(0) REGHE LHRAMIRKR, T 0(0) BIFanmmEsE. MAMK.FEHE
S(g) FIFAMT 2 HM 4y

s = |, = ),

L (x) = L(6°, 6°, 6') = _'2‘_ [Z‘ 2 k0.0

+ 2 %‘za: 9;"] (6°6* — 6°9") — £1.,66", )
a€od
" 09°(x ‘e 09°(»
(e 6 = 2D oo B ),
& (x) ERZH WINW B Lagrange HE, & 1,(0) HHRER (3) Xhiha
I SRR,
Euler-Lagrange 2T B4

=32 o (3) - a(22)
06° o06° 09’

== —K [Z ‘%K”(a,glb - abQ{; ).Q:- “+ 2 -%z(a,.Q;" e a,,.Q._").Q':] * é'B’b
" 3

acd

— & 30 2 K, 8,0)0: (66 — 60"
12

— 5> —Z-z( 8,0:°)07 (6°6* — 0°6'*)

acod

—k [Z‘ —22- K;0i0: + >, —(2;2 a:a:“] (6 — 6",

i & a€d
(1< ¢ € dimG), (6)
e S(O)REL, RITAA THZ R B.4) R, #HT B.5) X, XAROAERE
FHFEEHOER, (0= 8, — 3
a-i(Hia x)=0, a—f(Eas' I)HO, (7)



698 ®m Y E S KY = 16 %

F(Hyy 1) = (6 + 6 3L K01, (i =1,2,--+,rank &)
21 1 (8)
F(Es 2) = (6° +6) Qi (a€0)
5| AZERE L. = Tr(4gBg™") ((XE 4, B 4% 8 Lie R & B9 Chevalley %),
FA (B.9) RiT Lagrange MEHEN:

L) =5 {2 0 0j [Z 4k LaLip+ 3 £ csLi.—B]
2 5 peo 2
+ 2 Z Z Qi Q5e [Z —KUIL"(L“’ + Z £ LaBL, 5]
7 a€o pED® 2
+ 3 300 (DD KiLula + 5 F L]
2€d 7€V 2 peo 2
« (6°6% — 6"°0'%) — k2,00, ' GY
HM K Euler-Lagrange 7582, @B B F AT HFERE, (8, = 3, + 9,)
8+ F(Hi;y 2) =0, 8, F(E,, x)—0, (9
F(H,, ) — —c(f° —6) [2 QiLi+ 3 0Ly,
BED
(10)
F By x) = —x(fr— 67 [z 9 Liu+ 3% 059L,.]
BED

(1=1,2,---,rank@, c¢€ ).
BEEBNE,RFEFRO).()XE LRTHESHN .
THEIRERFE % WINW FHi2MNELBEIR Lagrange B LES] Ha-
milton ERER, BEMEE, H¥ 0°(1 < 0 < dimG) E48 G iRtE LI IEN &4R,
HEXHIEEENZE », MBRDHEAL Poisson FES:

m, = a'.g=x[z L k,0i .Q,,+Z Q:0 ““]0"—,;1,,,9 (11)
ae' i1 ai aCP
{6°(=), m(3)} = o‘ba(n —¥1)» (12)

(1< a, b < dimG).
A2 XIHRIIER] Hamilton #EE:

G = 71,0" — <
- L[S Lra0io) + 3 Lotore] (80 + 0%
2 ii a 2€P az

= L S8 KB 0. F By, ) + F (i) F (2]
+L 9 2R, ) F(E. ) + F(E, DF(En)], (13)

4k a€d

BR,(13) REBNERTREERYEN Sugawara B, 6 XARJMTSELR
BT,
o — 4_1; Tel £3(x) + ()1, (14)



s iuifk: Chevalley £ F WINW 15ippy Hamilton 3% 699

F =) = Z—LK ‘H, £ (Hj, ) + Z—E-.,/(Ea,ﬂ, (15a)
aCe

F () = Z—LK-'H F (H;, a) + 2 2 g F(E,, ©). (15b)
aCP

H1(13)5RA0, 47 Hamilton %TEPEHj%H’JIEBlUEZdJﬁ% ES’E’EX@H‘TH@EZI@
#y Poisson &%, AEMNN¥ERRROTERSER:

F(H;y x) = 0%, + k02,0 + & Z = K;;Qi6°, (16a)

l

F(E,, ) = 0%rn, + £0*1,,0® + 5= .Q“H"' (16b)
Pty 5) = = 3 L | 24 KiiCot, + 60"2,0) — 5016
i 1

2
= 3 Lo | £ Ctm, + rot1,0%) — 016, (16c)
BE® 2

e 2
F(Ewx) = = 3] Lin [Z %Kit + k0" 100") — x.o"e"]

— Z L_,. [ﬂ (0w®r, + Icw"ﬁl,bﬁ'b) — xk0}f9" ]
BEco

1==1,2,-f-,rankg, a€Q, . (16d)
(16)XHH o 2 0 M BE(2 LM R B).
HEAD)XF(16)RE SRR, ErREBFIERMHE B Poisson HHES, Fn:
{/(HIQ x)9 /(H!, }’)} = {w*r,, 0 ’”n} + {w® gy KO ’lc 64}
+ {wﬂ-'ﬂ,, e L K,fgza'f}
4 {Icw“i,,ﬂ"’, wix,}
+ {x 2 = Ky Qke'e, ”7:,},
k ak
FIAMRRR (B.2),(B.5) K (B.6) RAl:
{w'x,, wiz} = [(3.0*)wx, — (3,0)w*x16(x, — y,)

= % iy, [Z (9,95 — 9,9!)

!

+ > 0t 3,05° — aba:t*)] 5(x, — y,) = 0,
BED

TERE {09, 7% ()} = 656 (x, — y1), M:

{wai”u, ’Cw‘iloda’d} + {xwailuba’b9 w‘i”c}
— kot [ (D018 — 0T (318 + o (0h) | 8Cxi — 32)
X
=+ ’Cw”l[( acw.i)laba’b + wui( aclab)e’b]a(xl - yl)

+ £w® ’a—, wbia(xl - }’1)
ox



700 W Y B2 5 By A %16 %

= _nwaiwbiefc[ aalbc + ablu + aolab]s(xl - yl)
+ 52, 0°L0"( 8,0*) — w*(8,0*)]16(x, — ¥,)

=kl 0tot | 3T 0¥ 3,0, — 3,04) + 3} u¥(5,05° — 9,0:%)]
i BE®
= 0,

forinr ¢ 33 L Ks016)
[
= w*ic 33 % Kyfx,, 016}
] 1

= kw® Z —22‘ Kl — 0,9:06(x,—y,)+ 8,Q:6(x,—y,)+QL 6" (x,—y1) ]
oy

!

— 0% 3 2 K,;1(8,00 — 8,00)0%5(x, — ¥,) + 918 (x, — 91)]

7]

2k ’
= TKifa (xl - yl),

i

5

’a of ] 2k .
{m 2 %‘ KuQto”, o k) By K;i®' (r = 905
T Ok &

#ED k% Poisson FEEHHE, RAVRIMMBAMEA TR EHNELAR .5
DL bR A A >
(F Hiy ), £CHi 9} = 2E K o — ), (172

FEA:
{F(Hiy )y F(Eg, y)} = Kpi £ (Ep, )8(x1— y1), (17b)

LF By 20, 7 (Bpy 90} = Bussa | 20 KitKiaF (Hiy )05 = )

4,
+ 22 8 (= 90| + Nep P (Earpy £)0(x = 1),
o

(17¢)
{F(Hiy 2, F(Hiy DY = = Kt (= 50, (sa)
{F(H;,y 1)y F(Eg, )} = Ky F (Epy £)6(21 — 1), (18b)

L (Ear 00, F(Bpy DY = 8uspa | 3D KitKiu P (His 2)3Cx — 30)

- % & (x, — )’1)] + Nop F (Earg £)6(x — 1),

(18¢)
{F(H;, ), F(Hi, )} =0, (192)
{F(Hiy ), F(Eg 1)} =0, (19b)
{F(E., ), F(Hj, )} =0, (19¢)
{F(E., x), F(Eg, 1)} =0, (19d)

(",7. =1,2,---, rank@, «, BE(D),



% 8 1 i, Chevalley 22 F WINW i5pfy Hamilton B3R 701

(17).(18) IERZ Chevalley X T EH K Kac-Moody HAEL, (19) XNE WZINW
HWRE B AEEEI, E5AD)—QINNER,.RITE:

(&€ (), F(Hiy )} = F(Hiy )8 (2, — y1) (20a)
{8€ (%), F(Eu 1)} = F(Eo, )8 (2 — 1), (20b)
{8€ (%), F(Hi, ¥)} = — F(Hi, )8 (2, — 3, (20¢)
{&F (), F(E., )} = — F(E,, 2)¥(x, — y1), (204)

(1=1,2,--+, rank@; c€ @),
WZNW #HF) Hamilton 834:

H=jdx,€f(x), (21)
T, AFERSBERNHH Hamilton ERBHHELE:
3., 7 (Hiy 2) = { £ (H;, x), H} = 3, F(H,, x), (22a)
8., F (Eqy x) = { F(E., x), H} = 3, 7 (E,, x), (22b)
8., 7 (Hiy x) = { F(H;, ), H} = — 98, (H,, =), (22¢)
8,, F (E., x) = { #(E,, ), H} = — 9., F(E., ©), (22d)

XERIHEBZEIR Lagrange F1E(7).(9)—%,
Z W5 T Chevalley 2 F =4 WZINW %i¢# Hamilton BRHTE.
VEE RMRAFEEBNRBER S REMEZNGTZ 8 BT,

i ®
(A)
AMRAEH Noys BHEREN. Nopw B (10) REX:
[E,, Es] = Z,: Kiy'KjaH;80pp,0 + NuypEoygs (1¢)

BRI Hj = Hi, E = E_Y (i = 1,2, rankd; a€®), FEMEEER Chevalley R FABIE
EH“]:

N,,,ﬁ = —Nﬂ,a(Na,-a =’ 0)) (A'l)
Nan’ = —N—U:—l’, (A.Z)
2
Nasg = (—a—-g,i) N _ayatfs (A.3)
(B)

TEAHREET 01(6), La(6) RKE 1.(0) BEMOHFESR.
1.2,5(8) REMHKE:

Agp = —Apes (B.1)
2.9;(6) B 2.(0) BBEHNZ:
8,0) — 8,05 = >, > K;'K;p0;70}, (B2a)
i pee
. . . z"
az'ob_'r - ab'o;a = Z Kai('oz _Qb—-a - .Q:".QI,) + Z C‘%EFNa,ﬂga_a-ﬂggg (sz)
i geo

1) + ZR“HKE”.



702 B Ok W R 5 B v = 6%

2 - - -
arxab + aa)-b: + abz‘tﬂ = Z Z E;KH(D!I 'ab "05 + ‘ag‘al’z'arﬂ + .Q‘ ’-Qi-aﬁ)
1 peo

+ 5, 07F 70} OF, (B.3)

1l N
e (B+ )
U= he XN(HEEBT. ¥ (B.2) & (B. 3) BEE, £TLIE:

B Ae + 0hp, + Oy = D, l, K;i(3.0} — 8,201 + > é (8.95% — 8,07%)08,  (B.4)
it “i gee
3.2(0) RAEFREME, BHPN «(8):

Qi e = 5,

Qi =0, 5, = 1,24..., ranks,

(B.5a
Qlw =0, a,f€0, )
Q3w = Say8,05
D @0Va) + D) w0yt = 53, (B.5b)
i a€QP
A ,
Bt = —t! [Z wtaal + > afﬂa,,a;ﬂ], (B.62)
[ ped
Bp® = —w*® [Z w"a,,.OL + Z w"éba:ﬂ], (B-Gb)
t X314
4 HIEFERE Las = Tr(4gBg™), HBuRIEMKITH;
L;; = Tr(H;gHjg™"), Ljs = Tr(H;gEzg™%),
L,j = Tt(E.gHjg™"), Lop = T1(E.gEse™), (B.7)
TEH:
2 r?
£'Hig-= Z & Ky'Li Hj + Z — LixE_y, (B.8a)
it 2 € 2
2 2
£ E,g = >V UKL H + > T L,E,, (B.8b)
H 2 T€P 2
Bt 17 Te(4B) = Tr(e™*Agg=Bg) T[4
2 2 2
ory Kij = Z pal B KI,IL,',L,] + Z z LiaLi,_a, (B.9a)
«; Al 2 a€d 2
2 Bursyy = > % k=1L iLas + >, Y Ly Loy (B.9b)
«l atfy0 4 2 3 “at 3 2 -
it reo
2 r?.
0= 3% KjfLiei + 2 2 Livkarrs (B.9¢)
H TEP
XH Tr([4,B], geg™) = Tr(g ' 4g[g™*Be, c]), Hl:
2
0= D = KalLilL;, (B.10a)
a€d 2
2 2
0= a—;‘— Ki'Koi(LyLis — LiaLin) + >, B NuiLiyoLisares (B.10b)
Al fee 2
2
: K‘,,-Ld; = Z _ﬁ—. KpiL;,_ﬂLﬂﬂ, . (BIO.C)

€D



% 8 i Chevalley £F WINW J%ippy Hamilton B 703
a? - ri
KoL, = ZI: E’.K’IIK“(L,-,L,,- — LiiL.) + >, E_N,,,,L,,_,,L,-,r_,_,) (B10.d)
? TED
. ) .
6°+ﬁ)° ‘Z‘ Kkllklal‘ki + Na:#L¢+ﬁ,i = Z 2_ KTiLay—rLFyrs (Blo-e)
4314
3
Oatayo Z Ka'KiaLiy + NoysLoyp,r = Z 'a_zl K5 Ky (Lo Lss — L,iLgy)
Al it
0'2
+ Z < NoyrlasoarLs,-o. (B.lOf)
r X34 2
5. RIBEEFR 0.Las = Tr([45 8,267 ]gBe™) 4AI:

O,Ljx = ﬂ%} K5 Q7% Lo, (B.11a)
azl‘ia = g Kﬂi'o;ﬂl‘#a) (B.l 1b )
8iLaj = — D KuiQiLyj + D Kg'KiaQS Laj + D Nopr0:Loyr i (B.11¢)

f) Al TEP
aﬂl‘nﬁ = - Z K,,'.Q: Laﬂ + Z K;thla'O: Lkﬂ + Z'Na,r'oa_rl‘a-i-rgﬁc (B'lld)
H Al 7€

£ 3 X W

{1] P. Goddard & D. olive, Inz. J. Mod. Phys., A1(1986), 303.
[2]1 E. Witten, Comm. Marh. Phys., 92(1984), 455.
{31 P. Bowcock, Nucl. Phys., B316(1989), 80.

[4] J. Balog, L. Fehér, L. O’Raifeartaigh, P. Forgics and A Wipf, Ann Phys., 203(1990), 76.
[5]1 P Forgics, A Wipf, J. Balog, L. Fehér & L. O’Raifeartaigh, Phys Less., B227(1989), 214, B244

(1990), 435.
{6] V G Knizhnik & A B Zamolodchil;ov, Nucl. Phys., B247(1984), 83,
[7] BROFRO0.90E BEYRSEYE, 15(1991),701,
[8]1 K. Bardakci, E, Rabinovici & B. Siring, Nuecl. Phys., B298(1989), 151.
{91 L. O’Raifeartaigh & A Wipf, Phys. Lerz., B251(1990), 361.
[10] L. O’Raifeartaigh, P. Ruelle & I. Tsutsui, Phys. Lesz., B258(1991), 359,

Hamiltonian Formalism of WZNW F ie‘ld’ Under Chevalley Basis

Yane Huanxione
(Inst of Mod. Phys., Northwess University, Xian 710069)

ABSTRACT

The Hamiltonian canonical formalism of two dimensional WZNW theory based

on arbitrary semi-simple Lie algebras is given under Chevalley basis,

Poisson

brackets of conserved chiral currents are calculated, which turn out to be the clas-

sical Kac-Moody current algebras.



