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NENERZHMT: FFTRESE Balog FARHME WINW Fig ELR
B, WINW SRR EREHAREKROERE. HRAORNEFNESER
AHEREHRENHRE. BEARMA Hamilion R, H Dirac HRBIBHITHNT, B3
THARKS” X Hamilton 8.EMNEs)HEXERBIKEHE,FELGIEET HAREE
RIEFFHBEAMENZHFTEENE, ARERARNBZENERRERASNS. B=TE
IR EEHEHERNBE TR Y sinh-Gordon FRA), K AR AT R GTEN
R, #M5IA Lax xt. Lax S UALHESESHNGTR, SHHEYT Loop REKH
EDRMFRIE, ~EBEARENHN. BEFHTHEERANTZTRE. HEE Lax X
RSB AENARR Y. Wik EERGAER Poisson-Lie $E5RN _LRIFEE
B (B R BT B AT AR R Tl R 7 B ME N SR B B e B, WS 2 &M
MES KB r M, BEE Loop A¥HE RKBERAILS MY EF E LA
Z/HMR r B, BEEITERARA r SRS -Baxter HEK.

. XK AKHE Hamilton HR

TR E M AHIER:
1(g,42) = $(e) + & |  d'5TrlA_(drge™ — w) + Ai(g70_g — v)
+ A_gA.g™], (1)

S(g) = —;— S ,d* xTr(34gg7'0_gg™)

- % SB d’ x6'*Tr(9;g87'0;g2 ' 0,827 "),
XEHFE s =0B, 0. =9,£0,. (1) XN r ZBEFEIW, S(&) B WINW BREMIE
RE, ¥% e(x) MEAEBHIEERSE Lie Bf SL(2,R) £, ARERE w,» REN K
Lagrange 135 A4.(x) r5IEY
pu=ug E,+p'E_, v=v"E,+v'E_, A, = A7E, + ALE_, 2)
A3 {H,E+,E_.} %R Lie 0¥ sI(2,R) AYIENZE,
[H,Hl =0, [H,Ey] = +2E,, (E,,E_.1=H,

Tr(H) = 2, Tr(E4+E_) = 1, Tr(HEs) = 0, (3)
HT4%E ¢(x) € SL(2,R), HhEAREE M TH Gauss SMRH R,
1 v]re® 0 1 0
g=[0 I]I.O e""] [w 1}' S

TRAUB AR Lagrange HEMNBREER(FLHRAN)
1(g, 4x) = S‘,dzxg(x)’

& () = x(0+p0_dp + 0_vd,we ™)
+ £A47(04v — 200,.¢p — v?0 we™® — u)
+ xA7(0_w — 2wd_Pp — w*O_ve ¥ — p*)
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4+ £ AZ(0,we ™ — pt) + kAT (O_ve ¥ — p7)
+ k[ AT AZe™ — A7 AZwle™* — AL ATve ™
G+ AFA7(e® + vwe™*)?], ()
BAZENIKAR Hamilton X, ¥ v,d,w,A47,4%, AY, AZFEWR SL(2,R) K
ERYIENAAR , H 58 A R AYIE N 5 &

I, = aiga) = k0 we ™ + kAt + £Ate™ — s AWl T,
0L . _
= = 2k — 20 At — 2kw A3,
RETCR'S B o

,=0</3(0,w) = kd_ve™ + kA7 + £AZe™* — gAtvle™,

N4~ =90 [0(8,4Z) = 0, N4> =0 [9(8,4%) =0,

4; =0 [/3(0,45) = 0, M4t =0 /5(3,4t) =0, 6
IEN Hamilton HRERE

(%) = D)\ 1,09 — & (x) = 8im [g*(H,z) + F(H,z)]

+ 5‘; [§(E+,2)g(E_,x) + §(E+,2)8(E_,2)]

— AZ(x)[g(E4,x) — sp*] — AL E(E_,z) — £p”]

+ A7 ()[E(E4,x) + st ] + AL () [E(E_,x) + sv7]

F+ £ A- () A (x) + kA7 (x) AL (%), ¢D)
g(H,x) =1, 2011, + 2£0,¢,
g(E.,x)=1,,
g(E_,x) = —v'lI, — y1I, + ¥, + 2x0,v — 2x¢0,¢,

g(H,z) = —II,— 2wil, + 2£d,¢,
€(E.,x) = W', + wll, — e®l, + 2k0,w — 2r:00,¢,
g(E_,x) = -, (8)

FIE A Poisson S
{v@),0,(MN} = {6, 0, (N} = {w), 0,0}
={42®),0 (N} = {42(»,0 . (N}

- {A:(x)’HA:()')} = {A:(x),ﬂﬂ(y)}

=3(x—1y), (9

(ERHFEA Poisson ESAHF), KPR THAARA Hamilton BRI EHE—F,
BAMOSHITERRA, ) RSIANBERIER LATEELRRE (2, R) Kac-
Moody R4S E,

{g(4,2),8(B,y)} = g([4,B1,2)8(x; — y,) + 2£T1(AB)8 (x, — y,),

{8(4,2),8(B,y)} = g([4,B),2)8(x, — y,) — 26T1(AB)'(x, — y)), (10)

{g(4,2),g(B,y)} =0,
A 4, BE sI(2,R) PERETE.



ElE (6) R, ATEEENZEANE, RIVOARNSE (1) REFELER—IMERD
Hamilton fk%. #[8 Dirac Big"?, (DRFLURPWBEESN
Gi(®) =1 .(x) =0, G(x)=1,(x) =0,
G,(x) = HAI(x) ~0, G,(x)= HA:("') ~0,

Gs(x) = g(E_,x) — xp” — sA-(x) =0,
Gs(x) = g(E+,x) — ku* — kAZ(x) =0,
G,(x) = g(E_,x) + gv” + £A5;(x) =0,
Gy(x) = g(E4yx) + svt + 541 (x) =0, (11)
ER,XELARBENE RPN KRR EE HEROS 3.
EEE = RLRP—MINERE X Dirac 55 {f,g}o"" RELHFEARPEARHA
% Poisson 5. M TAIHLWERTE, {f.elo TSN ERNS
{v(@), T, (M} = {6 (), TN} = {w(),0.()}> = 8(x, — y,), (12)
PRI TR E:

Az() = - g(E_,3) — w7, A1) = L g(Es,8) — a7,

A7) = = E(E,3) — v, A1) = — L §(Esyx) — o, (13)
% Dirac EESUDRWE L T, ARPREAELH, K Hamilton BEY

Hg = j d x, &€ (x)

& (%) — 8‘—’: [&%(H,x) + §(H,x)]

- i [§(E+,2)g(E_,x) + §(E.,0)E(E_,2)]

+ .“_g'(E+’x) + l‘+g.(E—9x) - v_é(E+,1‘)
- v+§(E—sx) - EI‘+."— — k"7, (14)
EEP 8"(14,1')9 E(Bvx)(AsB€51(29R)) %EE(S)EU%HL ﬁ;ﬁ;@ﬂg Dirac %%%ﬁ_t
MHR(10)XPFr7RAY Kac-Moody WAL EENZBENRRRXNPELHERTHERBZE M,
Hv=5[‘@v+!‘+]r 7"-=K[-@n+v_]’
I, = 2c[0,¢p — &, — wH?,],
D, =0 "+ v w+ 2wd_¢ — 3_w)/(e*® -+ 2vw),
P,=(p + utv*+ 200, — 0 w)/(e*® + 20w), (15)
FT02),(14), ) KG)iER, KRMIENES)FHFE. Lagrange QRIEE (GERZE)
BB TN AMERRKE,EF7%
0, = 1 I, + 1 vIl, + LwH,” — utyv — v w,
2k K K

0,0 = — O + R vl + 2z v, + 2v0,¢
K £



-1 e®Il, + u~ — utvP 4+ e,
K

Oyw = 0w + —i—wl‘[d, + 2 wl, — 2w,
I3

- —:_'— eI, + vt — v w? + utel,
0,1, = 2£0}¢p — 26pu%0,v + 2k 0w + 20,(¢1, — wil,)
+ % 1,1, — 2(v°11, + ut1l,)e®,
3,1, = —3,1, + (,ﬁ — % 11,)(114, + 2011, + 2£3,4),
3,11, = 9,11, + <v— - % nw> (1T, + 2wll, — 253,0), (16)

L@ = > 0,3,9) — &

= £(0,6)* — £(0,$) — kQovw + ¥)FP , P,
+ kptd_v+ kv 0w + kutv e, a7)
T = k(3,¢)* + £(0,¢)* — 2 ,(200,¢ — OF,v)
— & ,2wd, ¢ — O w) + £Quvw + )P, F,
+ £ptdv — kv 8w — kutvTe??,
"= g(0,4) + £(0,¢)* + £# (200, — 0,v)
— 8 ,Quwd,p — Ow) — kQow + )P, P,
+ kpt0,v + kv 0w + kutv e,
T" = —2k(8,p — L, — wP,)(0,$)
— 8(&L, + u")Ow) — (L, + v )(0w),
T = —2k(01¢p + v, — wP,)(0,¢)
+ 5(F£, — w*)@w) — (P, — 27)Ow). (18)
RAR, ODAVERIEREARETNR.ELOER. BT Kac-Moody HABKIE
RICAFEHREFERS, RO EEE()RBIEN IR LB KRE. BWRMOPTFREHR
KET WINW REEFHEE IR,

=. KA Lagrange &3h F 2

7E (16) APEEENFE, R RNESEH H R X FIEAL S RIFRA
0,0_¢ + ptve® — (p — ute))F, — 0 (w,) =0,
0., + 204+ + ptv — 0w )P, =0,
0L, + 20 ¢p+vw—vF)NFP, =0, (19)
2Z (DR, LB REKARW Lagrange TEH. EBIW v = w =0 B (19) R
B



0.,0_¢ + utv e — prTe ¥ =0,
B ELEHRE (19) RERAT™ X sinh-Gordon JFEA.
BERHPANE,” X sinh-Gordon HEA(19) W LLFMHEIRA
0 g(H,x)+ 2u*g(E_,x) —2p g(E+,x) =0,

9.8 (Ey,x) — u*g(H,z) + %g(H,x)g(Eﬂx) —o,

3.8(E_,x) + uw g(H,x) — — g(H,x)g(E_,x) = 0, (20)
g(H,x) = M4+ 201, + 250, = 26[34p — wP, + ptv], (21a)
g(Ey,x)=1,=klF, + u'], (21b)
g(E_,x) = —v*I, — vll, + eI, + 2x3,v — 2xv0,¢
= k[’ L, + u~ + 17 e*® — 9_v]. (21¢)
HMXAIRRAMTEHESE:
d.,a.— d_a, — [a,,a_] =0, (22)

AP HANTHES o, TUHSFER. Fkd

a_(x) = [n' — %Q(E_,x)] E.+ [u* — %é(Ehr)] E_,

a,(x) = 2—‘,; g(H,x)H + (u E, + u*E_) (23)
®E
a (e, ) =1 [u — Lee 0)E.+2 [u* - Lae,»] e,
15 K K
a,(x,1) = Zi g(H,x)H + %(u—bu + u*E_) (24)
K
BH
a_(x,?’) =7 ':!‘_ - %‘g.(E—’x)] E,+ [!‘+ - %g(E+1x)] E_,
a.(x,7) = L g(H,x)H+ pwE.+ L u*E_, (25)
2k Y

QORI 1, 25)RF v BEAMTERHERS RS RIRTRE).

Lax %H9(24),(25)WHERCQ)RXPMABSH A, v Fifd. MIREBRHE, MATE
B Lax 34(24), 2R S5QIRFH, PSR B AHEE Lic /¥ 4(2,R)
B, TR BETE Loop 3K sI(2,R) E,MIRIHY Loop BHAEI% 1,7, (24)RHA
RifSE (2,R) LA, (25) RABRIEY o (2,R) BUFIRAK™, HOXMA Lax #HE
%M,

@ (2,7) | mpr = W%, (x,2)27H72, (26)

W, FRANEETRE

WIELE—ATH95HT,7” X sinh-Gordon JFRRHA(19) A PLER LT RA



Mt N s

0,T(x,2) = a,(x,2)T(x,1),
0,T(x,42) = a,(x,A)T(x,1) Qn
AT B A
d,a,(x,2) — 9,a,(x,2) — [a,(x,2),a;(x,2)] =0, (28)
KRB B i R % S 7 $1(2,R) £ (A RHRAY Loop 2%0),

a(x, 1) = % la,(x,2) + a_(x,2)]
- L g, oon+L [(1 + A0 — zlé(E-,x)] E.
4x 2 K
+ L [(1 + ) 1t — zig<E+,x)] E_, (29a)
2 K

a(x,2) = —;— [a:(x,2) — a_(x,2)]

=L g, o+ L (1 — /e + xlé(E_,x)] E.
4k 2 L 5

+ L [(1 — )/apt + 1ig(E+,x)] E_. (29b)
2 [ 5
BROQOKXPFIRE Lax 3,4 4010), (12)iER, RERBEKRHEAL Poisson-Lie
BES5. BRA
{a1(7’1|)®’a1(}' »42)}o
= [r(%,2,),a,(x,2)Q| + |®a,(y,2,)18(x, — y,)
— [sQ2),22) ,a,(2,2))RQ| — |®a,(¥,2.)18(x, — y,)
— 25(2,,2)8 (2, — ¥, (30)
K
r(uy ) = o L + 23 — 201D (3 — D THOH

+ 4i [(da)/ (32— 13)1(2 — 22 — 2)E ,QE_

+ 4L () (22— 23)1(2 — 22 — ADE_QE,, (31a)
K

s(Ay,2) = — L (i HQH + 3, LE+QE_ + l,le_®E+). (31b)
4k \ 2
RERIE, GORAHH r(A,4), s(A,1,) BRI THEBIE"H-Baxter HED:
[RIZ(}-“ZZ),Ru(ln)q)] + [Ru()'l’l?),RZ:(lZ,ls)]
-+ [Rﬂ(lnll))Rl;<'lnl:)] =0,
R;i(2;,25) = r;;(A;,25) — sii(2i044). (32)
F, HI™ X sinh-Gordon FEAH (19) #HEMNEK R E— B2 IR HERGE .
EEBRIFANE, BREAK Poisson-Lie 55 (30) X REIEBEIHRAIFE R, BT Lsinh-
Gordon BERA R FHEEEHRNTHIGE. BXL L, FBEITHMELTE (28) RFE -



AT
a,—> aj = ea,a”' + d,aa”’,
a, — af = aa,a”' + d,aa?t,
@ = a(x,2) € SL(2,R)
TRIARZER, IREKEA Poisson-Lie FHSHRAHEMEIAREYE,
{af(#,2)®,a{(y,4)}p
= [r*(A;,4,),a{(x,2)Q| + |®ai(y,2.)]18(x, — y,)
— [5*(A1542),a7(x,2)Q | — |®ai(y,4.)18(x; — y1)
= 25°(21,2)8 (2, — y1),
y
r8(A1,4,) = oQ@a » r(A1,4,) * ¢ 'R 8(x, — ¥,)

+ % e® | + {a(x,2)®,a}p * "' Qo

+ §|®a  {e®,a,(y A} + a®a,
3:(11912) = aQa * ‘(lnlz) ¢ a—l®0—15(x1 - yl)

-+ %a@l o {a,(x,2)®,c}p * a'Rat

— %|®a « {o®,a(y,2)}p - "' Qa™,

Kz
7815 42) = r*(A, 42)8(x; — 91),
st(1542) = 5*(4,,4)8(x, — y1),
ik
a(x,1) = exp(—¢/2H)exp(—AvE ),
S K EMNENRESA:

1Ry A) = Bi (& + 22— 2422) /(3 — A1) IH®H
+ zix [2,,{1 — ) /(2 — 1)DIE,QE_

+ 2‘—5 (24,1 — 22)/(A — 2)1E_®E.,

3“(2»1 9)'2) 00

HY e #2(36)R T U, A Poisson-Lie 5 (34)R WG REEEIRER

{ai(%,2)®,ai(y,2)}o
= [r*(1,,22),a1(x,2,)R| + |@ai(y,2,)18(x, — y1),
Hor r(1,2,) HODRAH.
GHREHW r FEREAEDTEA:
1. r*(4,,4,) B Hig-Baxter 512

(33)

(34)

(35a)

(35b)

(36)

37
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[ra(Ay522) 371520, 2,)1 + (721, 22) 5 72(22, 2,) ]
+ [r,(2,4,),7r5(22,2,)1 =0 (38)
HIRE.
2. 1*(Ay520) TR DLAT R HF
Pr(2,,2)P = —r(2,,2,),
(Piju = 8;8:). (39)
3.1y 2) BT NESEL E85E Loop REME HHZERR
(2, 22) = AT B ¢ re(3,,2,)

- 81—,6 (R + 22— 22223) /(42 — 22) JHQH

+ zi [23(1 — 2D/ (2 — ADIE.QE_

+ Zi [2(1 — 2)/(3 — 2D ]1E_QE., (40)
BEES N ES &0
A= 1=y, 71— 1> 2,
i
Gyt = — L G+ 0/ = 1 (L wen + 2.2E_ + 5 0E,)

- 4‘—,: (E.QE_— E_®E.).
B ro(h,1) LFRHKBT—NEEH 4/1, B— =A% r G,
HERAR dressing JHEREED B AT AL A FHE , RATH 22 AT 121010 8.

YEARE X, EERRMEBREER, ARAKBEEXNE I EATEPATHREES
EHECT R

{1]
(2]

V. G. Drinfel’d and V. Sokolov, J. Sov. Marhk. 30(1984), 1975.

A. Alekseev and S. Shatashvili, Nucl. Phys. B323(1989), 719. P. Foiga’cs, A. Wipf, J. Balog,
L. Fehe’r and L. O’Raifeartaigh, Phys. Less. B227(1989), 214. L. Bonora, M. Matrellini and
Y. Z. Zhang, Phys. Lerz., B253(1991), 373.

A. B. Zamolodchikov, JETP Lerz, 46(1987), 160; Ins. J. Mod. Phys. A3(1988), 743; A4(1989),
4235.

{41 K. Gawedzki and A. Kupianen, Nucl. Phys., B320(1989), 625; P. Bowcock, Nucl. Phys., B316

(1989), 80; J, Balog, L. Feher, L. O’Raifeartaigh, P, Forgacs and A. Wipf, 4nn. Phys., 203
(1990), 76.

[{5] D. Bernard, Commun. Math. Phys., 137(1991), 191.

[6] L. Faddeev, Integrable Models in (14+1)-Dimensional Quantum Field Theory, Les. Houches,
Session XXX IX, Recent Advances in Field Theory and Statistical Mechanics (1982), p. 561.

{71 J. Maillet, Nucl. Phys., B269(1986), 54.

[8] A. A, Belavin and V. G. Drinfel’d, Sov. Rev., C4(1984), 93.

{91 J. Avan, J. M. Maillard and M. Talon, Phys. Lesz., B243(1990), 116,

{10] D. A. M. Dirac, Lectures on Quantum mechanics (Belfer Graduate School of Science, New Yo-
rk, 1964).

£3]



[11] N. YU. Reshetikhin and M. Z. Semenov-Tian-Shansky, Lesz. Mash. Phys., 19(1990), 122; M.
Jimbo, Comm. Math. Phys., 102(1986), 537.
[12] EZER-HIXAO-GHRE RAF> R TAE.

A CLASSICAL COMPLETELY INTEGRABLE EXTENDED
SINH-GORDON SYSTEM ARISING FROM NON
CONFORMALLY CONSTRAINED SL(2,R)
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ABSTRACT

By imposing conformally broken constraints on SL(2,R) WZNW model, we obtain
a new classical completely integrable system which contains the famous sinh-Gordon
system as a special case. The integrability of this extended sinh-Gordon system is
exhibited by the existence of the Lax pair with spectral parameters. And its funda-
mental Poisson-Lie brackets can be ultralocalized, corresponding classical r-matrix
depends on two spetral parameters and satisfies the classical Yang-Baxter equation.
After a suitable automorphic transformation of the loop algebra on which the above
Lax pair takes value, such an ultralocalized r-matrix can be classified to the so-cal-
led trigonometric type of r-matrices depending essentially on one spectral parameter.
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