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Abstract: The Heisenberg supermagnet model is an supersymmetric system and has a
close relationship with the strong electron correlated Hubbard model. In this paper, the
supersymmetric prolongation structure was used to analyze the high order supersymmetric
nonlinear Schrédinger equation. Its Lax representation of prolongation algebra was
constructed.
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AN T 3R 1 P R AR, AR5 5 1k 38l O 3R 5 22 AHIBE R I AMYOY 103X, IR RGN 4h
Wy 1-TE 5 SRR IR A 53 T8 2 2- T8 XK OB 16 P AR, AT B D) 45 th n] AR 7 FE 1) Lax &
AR DA DL v B AR e AR ZEAE N T KAV TR, RG] T KAV 5 FR 02k % 1) 7t
F Backlund ZZ4e. 5, ZIR M2 N FHETT (1+1) I BARZ A0 7 BRI Bl A
AT FH 2% B0 X VAR OB A T R 010 B IR S Pk e 1 U7 AR 10) ) e R 16-19)
HEAT T RN BT I 5E.

VT AT SR 0 T & P B FRAEZe 1tk Schrodinger 77 F220-22 R 1 5745 31 AT 3k 06T, 76
AR, FRATTHE 32 s S 3 45 R B 6B X AR ARG 1k Schrodinger 7 FEREATHIEST, hig 3
SEFARELSE ), IH45 HEATTI Lax X

2 ZHAxARIE &M Schrodinger 7 42

IR (V)Ros 2 AN EE NP, BRI SRR B e R MRz
GO, AR R BURG. H AT AT 2 DR R AT AT TR AT,
FESR 18 LA SR 5% B] 18 Hh A A F Y

i1 + Paa + 2(9P + YY) — 2ie(9Pp + YPP)s — iEPran

+1e(208, 9 — 20250 — YaPp + 20,0 — Yy ) — ihpy = 0,

W)y + oo + 2000 — 2ie(PPY )z — i€ + 1€(20P59 — PPYz — P PY) — ihtpy = 0,

By — Pao — 2(@p + PY)P — 2ie(PYP + VPP)z — 1€Pquq

+i6(280:P — 20,9% — Y0P + 200, — YUp,) — ihp, = 0,

Wy — Vg — 2000 — 21e(BPY)z — 1400 — 1£(2PPat) — Py — Popt) —iltp, =0, (1)

Horp e h R, (o, ) IR EL, (o, )R FOR IR, FeK B8 Hey PRI SR 2 = 37 =0,
P = —pp BATESGTIREF AL R 00, 0re, Yo, Vs Bas P Vi Yo T LAFERLIE

U= {l’,t, %M@a@a Py Prx, 1/117 wwwaamugmmuimuamm} (2)
e Ay 2-

a1 =dt Adp + dx A dtps,

op =dt ANdp +dz Adt g,

az =dt Adpg + dz A dtwg,,

oy = dt Adp, +dx Adtp,,.

as = iedt A d@ge + da A dt (e — 3ie[(9aP + Vath) @ + (0B + V) @y
+ 2(0B + ) — ihp,) + idz A de,

ag = iedt A dp,, — dz A dt(@,, — 3ie[(B,p + ¥, )P + (Bp + vb)B,]
+ 2(Pp + YU)P + ihp,) + idz A dp,
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B = dt Ady + da A diey,
B =dt Ady + dz A dte,,
B3 = dt A dipy + da A dtrpyy,
By = dt Adip, + dz A dte),,,
Ps = iedt A ey + dz A dt(Pae — Bie[(Pa® + Lat))¥ + (V7 + Y)0a]
+2(0% + Y)Y — ihy,) + ida A dep,
B = eidt Ay, — dz A db (P, — 3ie((@op + P 9) P + (B + 0) P, ]
+ 2(Bp + YY) + ih,) + ida A dp. 3)

;H\:EF' d %%ZT—\‘&F%'_A%&, A %%ZT—\‘&I\ R jj%%éﬁ (3) al,a2,043,044,61762,637ﬁ4xj‘@3:%]}\%ﬁ§5ﬁ%1ﬁ7

a5 06,05, 06 WD BT J5 AR 5 RE I S AEAME D TE SR ISR A T = {0, Bi,i = 1,2,3,4,5,6}
TERIE T BRI, 2 2- T3 o BRI ZIRETTE

U= {x7t7 30($7t)vw(%t)v@(xvt)u@(x?t)v %(%t)a%(%f),

@m(‘rv t)5 ’L/)z(I, t)v wmx(xv t)5 1/}11($7 t)5¢mx(x5 t)v 1/)m(337 t)5 } (4)
LEohoms, MR LA R RE (1), BLAESRE n ADNBEKISME I 1- 75K

wg :dyk + F(;C(‘T?ta 9071/17@ Ea @mawwugmawza @mmawmmugmwwmzﬁgk)dx
+G§(Iat7<pa¢a¢aaa @szmaazvaza@zszmxvazzazzvyk)dta (k: 17 ano) (5)

Forbr b ONSESRAR R, AR AU I PORIE A & &8 LLECHT IR 1AM 1- 7B 5,

U}i :dgl + Fll(xvta 9071/)757@7 %ca7/&,@3”@17%cxﬂ/fzz,@mvamafl)dl’
+Gé(%ﬂ%%@a%@mQ/Jaca@ma@m(ﬁma1/1ma¢mawmafl)dta (l: 17 7n1) (6)

FE A GE WAL F G SR, RIS o4, 8 R AN BB P BEAR R 22
Kwfk=1,...,n0) 5w (l=1,... ny) WEKME,

6 no 6 ni
dwf + dw! :foaj—i-an)j /\wé—i—Zgéﬂj—i-Zni)j Awi, (7)
j=1 j=1 j=1 j=1
SO R gk 0TBR, bk 1= TBst, TR () J S S, gl AT

Fk(xatﬂpaqﬁa@aaa @szmaamvazvwmmvwmmaamm’amzayk%

Gk(‘T?t? w?w?@?@? 90171#"137@17@17w:ﬂiﬂ?w(l)(l)?@ww?@:ﬂ:p?yk)7
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i AL P D 7 s RE 2

eF, — Gy, =eFy — G%z =elp -Gy, =cly -Gy =0.

Pow .
PGy + VeGy + GoGo + V2uGy, + VeaGym + PGy + ¢2aGop, + 7,,Co,
— (ipee + 2i0Pp + 2iPhp + 620, P + e b + 3ehp, + hpe)F,

— (oo + 2i9PY + e P + 3ewPthy + haps) Fy

+ (i@ + 2097 + 219P — 67,09 — 3cP, 9P — 3y, — hp,) Fp

+ (W, + 2000y — 360,00 — 3Py, — hp,)Fy + (G, F] = 0.

|

F =Ffou + Flog, G=Gox+Glog,

[F,G] = (Ff oG +FlaELGO)a (Goa +FE —i—GlBl—Fok)Byk
+ (FE0, G+ PloaGh) 0 — (GEOw F + GLOgFY) D
MITHE (7c) X (9) 2, 7T LK F AL G BTE R S ilid ok
F=F(o,9,%9,9,9)
G = e(uaFp + YuaFy + Poo B + Vou Fy) + Gi(0. 0, 8,0, s Y, By Vs T)

(10)
(11)

HASER AR, § = yrdy, + §0; B GL HER (9re, Yow, Prgs Vp) TR WITRE G 52

ﬁﬂi?@ii Oy, By, Py Y, Py U, KT, BRIFH
G, = E(szstw + YeaFypp + Ppplze + wzz w,) + Gy,
Gy = e(@aoFpy + PucFpp — VauFyy) + G,
Gs = E(szstw + YoaFyg + Pup s + wmw w,) + G,
Gg = e(aal g — VauFyg + Punlypg) + Giy
Gy, = Gip,, Gy, =Gy, 6, =Gip,, ¢
¥ BN BT (7e) o, 75

ep2@raFpp + £Pupua Fpp + €0:B00 Fpo + €000 By + 92Grp + 0o Fpy

+ eVetraFypy + Vi Py Fpy + 5¢z¢me¢w +Y2Gry + €@y PraFipp

+ EPuYaa Fyp + €PuPraFop + €P0Voa Py + PuGi + €¥oPun F oy

+ €0 Pau Fog + €00 V0a g + oGy + Yua Gy, +90.G1g,

+ 020Gy, + PGy, — i Fyp — 2i0ppF, — 2iYpF, — 6e0,B0F,

= 3etu 0o Fy — hpu Fy — o Py — 210 Fy — 3ep, B0 Fy — 3epdipu Fy

— e Fy + 10, F5 + 21000 Fp + 20000 Fy — 663,09 Fp — 39,495

— 3B, F — hp, Py + W, Py + 20000 Fy — 3eB, 00 Py — 3600, Iy

5. = Gl%'

— W, Fy + €000 [Fop, F) + €02 [Fy, Fl 4 €8, [Fp, F + €, [Fy, F] + [G1, F] = 0.

(12)

(13)
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H TS Gy AR, XD IIK TR Grathre Pre T K, 19
Gy, =iF, — E(S%Fvw + VaFpp + 0, Fpp +E1F@E> - E[FwF]a
lem = iFw — E(QDmeg, + @meg +Ewaa) — E[Fw, F],

Gy, = —1F; — e(paFy, + YaFy, + 0. Fyp) — e[Fy, F). (14)

TR (14) TP TR A 0 the Bl BUIY,

Pl

. - 1 _ _
Gr =i(paFyp + ha By =, Fp — P, Fy) — 5(5%2FW + PatbaFoy + 0aPyFig + 0atbo Fi
_ - = 1_ _ = _
+ 0, (Fp, F) + 0, [F5, F)) + Gal, 3,0, 5.7). (15)

Horh, BURHEH Gy UK T A2 5 0, 2,4, ¢, 7. AR Gy MR (15) 0 Gy I3
ERAEN (14) 0P, M PR 2IG G KT 0,9, 9,9, 0utbe B0, KT TEANEN(15) T
JETT, PERAS AT I R E, WIS R A R

Fopo =0, Fepe =0, Foyp =0, F¢E¢:0= Fepo =0, Fygp =0,
Fﬁw:o, FwEg):O, Fopp =0, Fppy =0, FT;=O7 Fw}azo,

3 3 3
iF,, — EE[FW,,F] =0, iFyz+ §E[F¢¢,F] =0, iFyy— §€[Fw/,,F] =0,
. 3 : 3 . 3
lF@E+§€[F@E’F] :O, le—FgE[Fw,F] :0, 1F¢¢+§€[Fwa,

—3e(200+ V) Fy+ P Fy+Gap+i[Fy, Fl—c[[Fy, F), F] = 0, —3¢(203+ 1) Fs+ ot Fp+Gap

=0,

_I[FﬂvF] _6[[F¢7F]5F] :Ov _3E(ESDF<P +<P¢)F¢ +G2E+1[F¢5F] _E[[FEaF]vF] = 07

—2i(¢P + VP)pFy + (07 + Y)Y Fy + (P + i) pFp + (9P + YY) Fy + (G2, F] = 0. (16)
Wk oA 7 REAL(16) 2, FATAT ARt an IR, K@ i F(e,2,¢,¢,7) THEA
0, P, 0, BRI, I nT LI P HE R A1 B .

F =i(pX; +8Xo + X _1 + 90X o+ Xo), (17)

Horb Xi(i = 0,1, -1,2, =2,) IR T SEIR AR g 10RO, FARKIIE S ARE X 4
A RTTME ATt A7) LR Gy W T o, 5,9, ¢ KISHIT.

Gap = 3e{(2Pp + V) Fyp + TYFy} —i[Fy, F] + ¢
Gog = 3e{ (209 + V) Fp + @ Fp} +1[F, F + €]
Gay = 3e{PpFy + gPFy} — i[Fy, F] + e[[Fy, F], F]

Gyg = 3e{UPFp + PoFy} +ilEy, F] + €[[Fy, F, F. (18)
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TR 18) A2 Gy B R RFIAS, TR A LR LR
Gop = Gagps  Gapy = Gy,  Gouy = Goys

Gopy = Gy Gy = Gagr Gayy = Gayy (19)
B F ARG AT) SR G T 0,7, 0,9 09 EUNRE (1), 21 Hak iz 5
B, f1(19) A (KA SR AT LA 275 FE4:

(2X1 — [[ X1, Xo], X1]) = B(2X2 + [[X1, Xa], Xo]) + (X1 — [ X1, Xo|, Xa]) = P(X -2

+ [ X1, Xo], Xo]) — [ X1, X2, Xo] =0, 2[X1, X 1] = 3[[X1, X 1], Xa]) + P[[ X1, X 1], Xo]
+ P[[X1, X ], X ] + P[[ X0, X, X o] = [[X1, Xa], Xol} =0, o([[X1, X o], X1])

—P(X 2+ [[X1, X o], Xo]) + (X1 — [[X1, X o], X 1]) — ([[X1, X 2], X 5])

= [X1, X 2], Xo] =0, —p(X_1 + [X2, X ], Xa]) — P[[X2, X_1], Xo]) + ©[[X2, X 1], X1])
+ (X2 — [[X2, Xo1], X o)) — [[X2, X-1], Xo] = 0,2[X2, X_o] — 3p[[X2, X o], X1])

+ P[[Xo, X—o], Xo] + 9[[Xo, X o], X 1] + 9[[Xa, X o], X o] — [ X2, X 2], Xo]} = 0,

(X1 — [[Xo1, Xo], Xa]) = B(Xa + [[X—1, Xo], Xo]) + o[ X1, X 2], X1])

— [ X1, X o], Xo]) = [X -1, X o], Xo] = 0. (20)

FAE (20) 2RI/ 25 Rt v 45 A7 iR R K, JRATTRIAS T 210 2 R AR 5

e [[X1, Xa], X1] = 2X;,
2 [[ X1, Xa], Xo] = —2Xo,
Y[ X, Xo], X o] = X g, (21)
¥ [[X1, Xa], X o] = —X o,
1:[[X7,Xa], Xo] =
¢ [[X1, X1], X1l =0
D[ X1, X 1], Xo] =0,
Y [[ X1, X ], X 1] =0, (22)
¥ [[ X1, X 4], X 5] =0,
1:2[X1, X 1] + 3[[X1, X_1], Xo] =
@ [[X1, X o], X1] =0
P [[X1, X o], Xo] = =X o,
¥ [[X, Xoo], X = Xy, (23)
¢ [[X1, X 5], X 2] =0,
12 [[X1, X s], Xo] = 0.
@ [[Xo, X, Xn] = —X
P [[ X2, X, Xo] =0,
Y [[Xo, X 4], X 1] =0, (24)
P [ X, X, X o] = Xy,
1 [[Xa, X_1], Xo] = 0
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¢ [[X2, X 2], Xa] =0
P [[X2, X o], Xo] =0,
Y [[X2, X o], X 1] =0, (25)
¢ [[X2, X ], X 5] =0,
1:2[Xo, X o] + 3[[ X2, X_2], Xo] =0
@ [[Xo1, Xoo], Xa] = Xn
P [[Xo1, X o], Xo] = —Xo,
’Q/J . [[X_l,X_g],X_l] = U, (26)
P [[X_q1, X 5], X_o] =0,
1: [[X_l,X_Q],XQ] =0

Forp ESGESOR A I AN 7 iR B8 D FORAR B (XG0 0, e AT 18] 2 x5
KA, TIRRH [IRAR, il

(X 1, X o] =X 1 X o+ X 20X . (27)
LR AT (21)-(27), R E X LA BITZ BT IR B R R, G e ATk
. (21)-(27), TR
(X1, X 1] =0, [X2,X o] =0. (28)
N TIBELIIE, s S e AR ot R
(X1, Xo] = X3, [X1,X o] =X 4, [X1,Xo] = X5,
(X 1, Xo]=—X 6, [X_1,X o]=X7 [X_1,X0]=X_5g,
(X2, Xo] = Xo, [X_o, X0] = X _10. (29)
W (27)—(29) 1 B0 5 R R A Bons 5 % R T UFD R G A
(X3, X1] = 2X, [X3, X 1]=X_1, [X3 Xo] =—2Xy,
(X3, X o] = =X o, [X3,Xo]=0, [X_ 4,X1]=0,
(X 4, X 1] =Xy, [X_ 4, Xo]=—-X_o, [X_ 4 X o]=0,
(X 4, Xo] =0, [X_.6,X1]=-X1, [X_ X 1]=0,
(X 6, X o] = Xo, [X_6,Xo] =0, [X_g,Xo]=0,
(X7, X1] = X1, [X7,X_1]=0, [X7,Xo]=—X,
(X7, X 5] =0, [X7,Xo]=0. (30)
FIH Jacobi 1HAEA LK 2 (29) 45 A, IE ] LIS 41 R IR

(X5, X1] =0, [X5,Xo]=—-X3, [X5,X 1]=0,
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(X5, X o] = X4, [X5,Xo] = X1, [Xo, Xi]=—Xj,
[Xo,X2] =0, [Xg,X_1]=-X_1, [X9,X_2]=0,
[Xo, Xo] = X2, [X_5,X1]=0, [X_5,Xo]=AX_¢,
[X_g, X_1] =0, [X_5,X o] =-2X7r,[X_s,X0] =—-X_g,
[X_10, X1] = =AX_4,[X 10, X2] =0, [X_10, X 1] = —AX7,
[X_10,X—2] = X2, [X_10,X0] =—-AX_10. (31)

2T (30) AN (31) A IAREOR &R, MU ZR B, 19 2B oo i — IR RoR i T,
Herh gt ot h

0 0 0 010

Xo = 0 —x 0 , Xh= o 0 o |,
0 0 =X 0 0 0
0 0 0 1 0 0

Xy = 1 00 ) , Xs=]10 -1 0 ) ,
0 0 0 1 0 0 (32)
0 -\ 0 1 0 0

X5 = 0 0 0|, Xr= ( 0 0 O ) )
0 0 O 0 0 1
0 00

X9 = A0 O ) .
0 00

PR TTH

0 0 1 0 0 0

X = 0 0 0 ) , X_2=1]1 0 0 0 |,
0 0 0 1 00
0 0 O 0 0 0

X4 = 0O 0 0], Xe=|0o0 11, (33)
0 -1 0 0 0 0
0 0 =X 0 00

X g = 0 0 O , X_10=| 0 0 0
0 0 O A 0O

5 (32) M (33) H (MR- MK S AU K uspl IR R, A 5 BRIk

Xo=XNT5-Ty), Xi=T1+iTy, Xo=T —ils,

X 1 =Ts+iTs, X _o=T5—-1Ts, X3=2T3,

X 4=-Tr+1Ts, X5=-\NTh+iTn), X_¢="T;+iTs, (34)
Xe=T3+Ty, Xs=-NT5+iTs), Xo=AT1—1T5),

X10 = M5 — iTp),
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00 0 010 0 —i 0
T=L4loo0oo0 | n=2%| 100 |.Tu=4]| i
=3 41 = 3 ,2—21007
00 0 00 0 0 0
1 0 10 0 00 1
Ts=1 0 -1 0 010 =31 00 0|, (35)
1 0 00 2 10 0
00 —1 00 0 00 0
Ts=%5[ 00 0 [\ Tr=%[00 1| Ts=5|00 -1],
10 0 010 01 0

Hi T = 01, 09,03 7& Pauli 585, I, #& X IEHRE.
T (34) X 5 (35) A B =R A3 1 AR oo 2 T (1) 2y ok &2 X, nf LB (18) ik Gy KT
00,7, M FERIE X E G

= 2ie[(20% + ) X1 + PYX 1 + T X + PP X o] +i(1 4 Ae)(@ X3 + X 4+ X5)
G2sa = 2ie[p? X1 + X1 + (205 + P¥) Xo + X o] +1(1 4+ Ae) (X5 — X6 — Xy),
G2w = 2ie[ppX1 + ¢PX_1 +PPXa] +1(1+ Xe) (P X6 + ¥ X7 + X_s),
[-

= 2le[—pX1 —PYXo + ¢PX o] +1(1 + Ae)(pX -4 — P X7 — X_10).

(36)
B Lh BT REAL (23) DA T RE TS AL R o ,ap, 2,0 BAGY, FERI AT HL B SO R BT S
B ITREAL(36) PR Ja U E AR A, W LA 2]

Ga = 2ie[(pP+YY) X1+ 0PV X 1 +8(¢P+UY) Xo+ B X o] +ih(p X1+ X 1 +P X2+ X )

Hi(1+Ae) (PP X3+ X 4+ X5 —YPX 6+ Xr+1p X _s—pXo—1X_10)+(ieA* — A) Xo.
(37)
DAL, FRAT T SRAS K — A =Bl BRIEZe % Schrodinger J7F% (1) ) Lax KRk

F=i(pX1 + ¢ X 1 +8X 2 + Xo),
G =i{le@es + ips + 26(9P + Y) Pl X1 + (€0 + Ihe + 26(9P + Y)Y X
+ [EPae — 1Bx + 26P(0P + YY) Xa + [0, — 1, + 269 (07 + U1)| X2
+ [ie(—pa @ + B,0) + (1 + X)) X + ie(—pat) + 1, 0) + (1 + Ae)p] X 4
+ [ieps + (14 Xe)@] X5 + [ie(ve? — Bot0) — (1 + X))y X6 + [—ie(vut) + ¥,1)
+ (1 + X)) X7 + [—igtpe + (1 + Xe)p] X g + [—ie@, — (1 + Xe)P| Xo
+ [, — (1 + X&) X 10} + [ieA? — N Xo. (39)

N TG H =W BRAR LA Schrodinger 5 FEMR Y] Backlund A2 #t, BAl PR & 7R
B (31) M (35)A N F H1 G, 152 J5 2 (1) 1 Lax &R
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FER WE |y =0, ATUAMH R G FE (1) 10 Lax £,
y' 0 ¢ 9 y' y'
v | =il -x 0 |, v | =Py
v/, vo0 - v/, v’
y' Gi1 Giz2 G y! y'
y2 =1 Ga1 Gaz2 Gag > ZJ2 =G ZJ2 (40)
y? G31 Gz Gz3 y? . y?
N q:(
G = 1e(¢P, — 9P + P, — Yatd) + (1 + Xe) (¢ + ),
G2 = €pua + (1 + Ae)pr + 26(6B + YP)p — (14 Ae) Mg,
Gi3 = €pa + i(l + /\5)% + 25(@@ + ¢¢) -1+ /\€)>ﬂ/),
Gaz = ie(Ppr — ) — (14 Ae)Pp + A% —ieX?, (41)
Gosz = ie(@e — P,0) — (14 )@,
G32 = IE(ESO:E - Emgo) - (1 + )\E)EQOJ
Gaz = ie(Voy — Y, 0) — (1 + Xe)p + A2 — ied3.

HAHBNER R yor = Yoo, RBELBGRSUIE (1).
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