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WE 42 % M Faddeev — Popov (FP)#¢ Faddeev — Senjanovic (FS) % 2 8 4o & F
AFENERMAARLZRRAEIRRAN AR EZAALRZREE R, 7
REREEETFAFTTHFES, AT HB Maxwell 3 Abel Chern — Simons
(CS)E#:. BE T # W Maxwell 3 Abel CSE®R 547 R B4 24 F BRS
FEHFREFFEANE AR ZEASHEZANERZEHR , HERR
HEW. FMCSEATH I RIS T T 10,

%W BERS AHBFFEE HHEH  Chen—Simons (CS)E i
1 3|8

MHREMTEROKREL R PR B Noether EH B . Noether B R H
B EEMITERAMEZR P HERRRARN. BIEENERK Noether EHE B
U AR A HANS IR RS BHREDY. RERPARN MBI, ER
FHETERKERSAMNWNME. Ma CSTHRER - HRANBBFRXME 55 -
21 &N CSHRRHE— MRS R A RN HAITHER, EREBEAXARIUE T
Hall B XERIEFARNHARABAEREN R FTHEHRIBENATSRY
P B Maxwell 3E Abel Chern — Simons #ig.

ERERIBRTAHERD HBENEZBHN, XHHARREHR T HRERRBET
FE. MNBERLSSREETFTFER, EXRANESRATEREEZRAN. EAEATHS
EEERES P XTENBRABIDH Gauss HHRE. BRKEMAREH LB E 40,
BEELHETZEBERSP R THROBSR T4 EEN. RZRERTHEN. Hit, A
STEBBRRASNBFUATREREARRENBRTENMNKRE REFERXEFNE L.
FXB_RANB=Z4 SN ERAHESRNERZ KB L, FHSRY A
WAERGBEANRE T HFES, ENESH LIRS RAT B MaxwellIE AbelCS
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MRAH7, HEREMEFAK. XKW FP FEMHRRER. kMR FFERYTITR
RETFH TR, B/Ex BIE R4 A BetE AR T 4.

2 (UEZEPRIEEITHRENRFFEE

RN MEARERERENDNRERN = Ax, " o Fam P ) & BB
BH A N(EXRAXMR6]8iC S ), B Faddeev — Popov 7,18 B A B Green BRM M4
REZRH

20J) = [9¢expli[d x(% + 1.8 |, (1)

Heh ¢ REFTEGR, Yy=4+ 4+ %,  LREABREBAEXOABEEH, 7, 2 RN
FHORAEAMEIR) . & BAIE S BT /MEERT S
= A = e, (X, B )
$ = 8 +AF = ¢+ e, (x, B um )
BRASEAR [,LEQRTHRT AL WQ)RXERL, ERMTF AR
=2+ A = 2+ e, (1) (2, B ) s (3)
$ =8+ AF = ¢ + e, ()€ (2, m ).
Ho e, () HEF/NMEBRB, ENEHEEMBERZRBHA L AT #Q)AEHR
THRERRETSHE

N-1
Aly = Jd"xe,(x) ]68175‘(&"’ — #,07) + 9, [ Ly + Zomj‘"’av(,)(e" - ¢, ] }+
N-1
[d e[ e + T, (87 - #,07) J3,e, ()], (4)
n=0

H FREAEREAREQARE. FUB—ITBRIRT. B o (o) BREH, (K
LE=bs]

N-1
Al :_J.d“uﬂ(x)aﬂ[ymzf" + Z_;H':""a,(,,(é" - ¢ )] (5)

BER(3)AH Jacobi THAN 1, A TAEBREZREC)AERT AL, ME ¢, (2)MAR
*H.H

2077 = (a9 |1 - i[dae, (290, [ Lae” + >0, (8% = ,2) |+
n=0
i aT.e, (2)(67 = #1,0)| - exp il + i[ a2l | (6)
()R ¢, (2)REEMA, B
N-1
[o# 18, [urm + S0 (67 - #2,0)]- T (87 - #2,2) | x
n=0

= 0. (7)

exp{il,ﬂ +i|d* =] ¢
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BDRETF J(z;)K n REBMA, 7775
Jo# (1o, [dar + 3000 (6 - 1,0 )= L& = #,0)] - #(2)# (2) +
(_ i)2¢a(11)"'¢G(I,'-1)¢"(l‘,‘+|)"'¢'(1,.)Nv8(1‘ - Ij))' expiildf +1i d‘-rfa# } =0,

(8)
Hip N' = - (&7 - ¢,27),iL(8) R P4 J, =0,18

O] T {a,[ Lyr~ + Zm:‘“a,(,)(e" — ¢, )] () (1)
iSO [ (2) 8 (2,208 (20) 4 (2,)N0) - 8(x ~ 2,).  (9)

1
BSE ¢,ik 1,2, + 0,2, 1, — oo, B

0) =

N-1
(out,m| {8, [ %v” + M3, (e° = #,#) ]} | n = m,in) =0,  (10)
n=0
m *ﬂn Eﬁy@ﬁﬁﬁ
N-1
3, (L™ + S ™3, (&7 - #,27) ] = 0. (11)
n=0

MADRXAEHFENRXFRS , M Gauss ERRFEXBMAR L HTHER, 7T8F
R (AR A

N-1
Q = stx[z;,r‘*’ + Sy, (87 - ¢, ] (12)
n=0

(12)X 52 Noether EBMEXHNE T, L AWE, A THERFFRIEHR =
[ %' A ZBEQ)RXERT , ARIKR [,A%. Wik, (12)XPHAHR MW
AR S WS ERTKF L, BHRHOTAXLAN 1, A RRIEFHEHR(12)RXEE. o
RGBT HUESFEHEBOKR ER TR A -2 HRLE.

3 AZEFHEEFENRFTER

ABREMRG, KIS E RS AR, o, 735 6 Green BB W ERE K
ﬁ[sl

2L7] = 941,294, 9C,9C, - expi( I + [ TPt )| (13)
e Iy = [ oty = [ ala ey ~ K+ A0t [ 2GR, B C () ]

REATH ¢ ()MENBRERERE. {0, | RFAARCGHUS B - RAKNRE)RY
RARBERAOEEIETB - RAROER) A, () RHERT. HTHME, L8, =
(104 Ci G T =T s 60 8) s s 6, & ¥ BIR A, ,Ch, C, BSMBR, m(,, =
(x7,). MERNH

20J] = [9$0,9x expliC 1% + [@'27 80}, (14)
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HHREMENSESHRELHORR T EAFERY RELRMNEB-ARKA

A H A R E R %
=AY =+ e () (x,9,,7),

$0(z’) = ¢, () + Ad,) = 8y (2) + ¢, (2) &, (2, 8,),x"), (15)
a7 (z) = 2+ A = 2 + e, (2) 9 (2,80, 7).
e (x)0=1,2,r)BREF/MEERE, MBIV ENFEERSXBANAR LT B
RERENEAREBEELR(I EXTN e, (2)AB8 e, RB) TRFAEN, MAEER
EHTY K
31% =-jd‘n,(z) {3, [ (2 811y — Ha) 2 1+ D2 (&, — $(,.,.2) 1. (16)

BEREROASINTIAN |, HEZRANERZR(14)EETHER(1IS) TRAZR. B
3Z[J 8¢, (x)1, <o =0. ¥(15)F(16)FRA(14)3 3 ¢, (z)RE R, T8

j(-’%?‘(s)f’ﬁﬂ(x) 13, [P 8y — )] + Dlx (&0, - $0,y..7°) 1 ¥

expfijd‘x(ir(’)sf*(,ﬂ) —£+ 98,01 = 0. (17)
SNSRI, b — R, R B R AN TFERY

Q@ = fd%[n“)(ez,) — Byt - K], (18)
Hob A RS LMNBABIENERR.

4 T B Maxwell 3E Abel Chern - Simons R4 B~

A.Foussats % A % #1375 B Br Maxwell & Abel 5 B4 8 Feynman #
W REH - EHEREE A SHEH 4 MBS RENTER RENNKE
wHEHN

2
4= (D$) (D'$) - TELF™ + Ko™ (9, AAL + 3 f*AIAIAL) - £-D,F2DF™,
(19)
Hop T WALTRME BT, D, =0, + gATTLF, FL =0,A7 —B AL+ [ AAL AT
REHBER o= (n€2)".

#| 8 Faddeev — Popov B F4£ 7 ¥ , Bt Coulomb ¥ , . Green s B A4 RZ R F

REMAESNKEN
= L+ Ly - %(a‘A‘")Z,
% =-dCTEC, (20)

HHACHMC HERTFH, o IS5¥. €T BRS 5#k
3 = - irT°C'$, 3 = i’ T°C°
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BAL =- DO, 8C = Tef*CC., 8C =- TorA (21)

FHBM AR L RN, P r % Grassmann BB, 1 (12) LT R4 R AL R TF BRS
FHEA. LETAEDTRTREREATROTHRN 1,8 (2)RTREELERT
KEMTFEADR. HERSEH Noether ERRFMRET B RAR T X 3R
TR

FE A2 H A7, Bt Ostrogradsky %#:,A,,B, = A, .6, 4" EN /I

2 2
P* = F* ¢ ﬁre""A: - %D,-D‘F‘"” -D,Q* - %D,.DOF‘"" + A Q™

e Ei = a;if— ot = _a_fl’ =
Q" = D F*,x = i (Dy$)™,n" = 3= = Do, (22)
MRAKRH
A(O)a — QaONO‘ (23)

HARKBRERGETRIEORRARNT
A(l)a - _ Pa() + D'Qa: %0,

) . . 24
APt =-DP - L34} - B - f*ADQ ~0. 2)

REBUE AV, AV AP BRE—RKAE, X TR 3 B —RARHIBAM &M
Q) = By~0, =3B =0, 5 = 9A% =0, (25)

i1 Faddeev — Senjavonic B FAL 31", T8 Green MM ERE BN
21J] = [94; 9P 9B, 9Q  9$979$" 9x° T[5(A)5(0)deti 4,0} - exp
3

i 2(BP* + BQw + mb+ x 8" = A + JLAL + J3BL + 1,8+ 11471, (26)
He det{A, Q) =det A detM® *detM®*, A= —-6"6(x-y), i M. =(M*),BF
detM.3(3,A“) AT A detM,8(3,A%) RAREB M, = (8%9," - f~A ) 8(x - y), 175
FAi# it Grassmann R C(2),C (y) B R FE, HBRMHRE XXM, HAH &4+
HFEEHBHELE(FA O RBER). TREBEZ AN

Z(J] = [24; 9P 9B,9Q" 2492 94" In" " AGRGC 9T X
expli|d® z[ Ly + Ji AL + J4,B. + ] $ + J1 8"+ J3,C* + CJs, 11, (27)

He
L=L+4+%p+ 4,

P =BP+BQ"+dx+¢ ' -%,
po—_ L gey = _ L 2
54 - zaz(m) - zaz(a,;A‘w) ’ (28)
% =— FCDEC, ,
— 312 A®a a pA(1a a (Z)a___];_ 2~L 2
L= A5A + 2547 + 234 2alo(()‘:,) Zal(m)'
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EFAMNEREHEFXRE C ()M C* () FHBATHER Iy, T, EBEE RS
f) BRS ZE#

8¢ = - itT°C'¢, dx = itnT?C*,
3¢ = irp” T°C, oxt =—-itT°Cn",
3A; == <D,C, P* = fiuP*Ct - f.QC, (29)
3B. = (- DLC), 3Q* = foQ"C'r,
_1 = _ 1 .ya
= 1racc., 3T = A,

SR BRI =32 MK BRS BHRTALE B - RARTEHRBERNRRE LY
HABFAHEBHES . R 025~0, H BRS F# A Jacobi fTFIRN 1,XHH(9)K
RBRAKHER T/KFTH BRS FEH

Q= jdzx(P"”'aA; + QUaB + nd% + 84" x*+ R,3C + 0C°R,).  (30)

He¥ R, MR, ARHRFC MC WEMNHEEHR, HQOXRALKX, TRAHRE
B T 2T 25 8 o R B 45 R

ERTEMNREER 4RE(z,,x,) FENNEEAEHT LAEKN. BEHHNTHRN
1, " =0. AERZERFRKFTRTEASRNY

oA A, oB, oB,
Ju = szx »P""(.rz _8—.7:“i it ox, )+ QM(IZ dx;, T ox, )+

a a a¢+ . .
gl B (o

12
- ac* aC oC _ aC
R. (12 oz, '3z, ) (xz dz, '3z, )R“ ’ (31)

#eb (20), = guen ~ ot B, RIAEFHADHRECRERGHER. #(22)RX

RALR, HARGSNERESAFBERMA. L EitieHR%RE AR,k
Abel Chem ~ Simons B, EELG « HETEB.

M ERATE H AL, AR 2S 1A A BLIZ R A M 25 [F] A RIZ iR AR Bl 45 A ).
XEH F- P H XX A Maxwell 3F Abel CS M FRMAMUAZEAMN. HMZSH
FRBREA RS HRYBRBESELA. BN, EHESET, RITT R %S B
BRESTRAESG. A, GTUEY, ROSNBTFEAHRSHREFHNRBHR
B2 M Noether EH S MM RARZAEFELIHRRBFHX REMH RN
FRR, BT, 239 Abel CS EIE P AT AR B A M AW AR, £ R F KV L, %k
RRERE. BEH—SHR.
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Global Symmetry and Quantal Conservation Laws for a Gauge — Invariant
System With a Higher — Order Lagrangian

LONG ZhengWen Li ZiPing
(Department of Physics — Electronics, Guizhou ( Department of Applied Physics, Beijing Polytechnic
University, Guiyang 550025, China) University, Beijing 100022, China )

Abstract Based on the configuration-space generating functional obtained by using the Fad-
deev-Popov trick for a gauge-invariant system and phase-space generating functional obtained
by using the Faddeev-Senjanovic method for a constrained Hamiltonian system with a singu-
lar higher-ofder Lagrangian respectively, the conservation laws at the quantum level were de-
rived. A preliminary application of the present formulation to the higher-order Maxwell non-
Abelian Chern-Sinons(CS) theory is given, the quantal BRS conserved charge and quantal an-
gular momentum for higher-order Maxwell non-Abelian CS term coupled to scalar fields were
obtained. The results arising from configuration-space generating functional coincide with the
result deriving from phase-space generating functional,and the quantal conserved angular mo-
mentum differ from the classical one in that one needs to take into account the contribution of
the the angular momentum of ghost fields in Maxwell non-Abelian CS theories. The fraction-
al spin property for CS theories is discussed.

Key words path integral, symmetries and conservation laws, gauge fields, Chern-Simons
theories
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