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RAE3E Abel CS HiEF YN A, 5K 1 T BRS #1 PBRS sF{E#7 , X MTFHGZ LA .

2 I -F Noether fHER

" ¢ (2) B Lagrange B % (" o° VREMM ,o°, = g" = %qo" SN g

=diag(1-1-1-1)(p,v=0,1,2,3). % ¢ MIENZIR n, = 3213¢". EMZTHE P ¢ M
m, AWMV ER. RHEMNRFHFAD Green MMM SEIERIEZ K Z KR, Z T HY
Z[J,K] = J@¢°.@n.eXp{in‘x($’° + Lo+ K“zra)}, (2.1)
Hp
F = rot - H, (2.2)
H#. HIEW Hamilton M, J, MK 250 ¢ Max, BWHIMNE. X B BEI AT,

AT Green EPAIHEY . HSHBRBHUI AL SRBEFRIEREEL EERNE
WRHEME . HBIIES .2 o= (¢ ),n=(n),J=(]).K=(K),Q.DRAB K
z[J.K] = J_%%exp{ijd‘x(z’ + Jp + ko). (2.3)
B A A R R E R R R RS, S8 T B FKFAE R Noether B — &
BT AT HENMRFTEN. TEARRRAEHASE S SREL TR FHRRF,
X REFT/NE BT
= 2 A = 2+ R (1),
P (x") = p(x) + Ap(x) = p(x) + S, (x), (2.4)
7' (') = n(x) + An(x) = n(x) + Te’(x),
K R,S, MT, AREMS R
R, = o™ Imsr S = b:“) qens Too= ;™ 3 vin) = vA-* o0,

dm= 0,8,°- 34, “
a6 R 2, () ()R, e () (0 =1,2,, r) NET/IMEERK,
ENMRERAMEENEN S RENHIREANT. £Q.ORTHRT, o M BHH Jaco-

biFFFIRIEH T=1+J,[p,n,e]. ERIERIR I = jd'xzf EQAORERTFHEER
H
NG fd‘xu,,e’(x), (2.5)
HAP U =" 0 "W 2,0 n(x)WEE. £QAOXTHRT ML RS K
LYy
JIJ.Kel= J@qp@x(l + I +inl 4 ijd‘x{Jaqa + K87 + 3,[(Jo + Kn)Ax*]}-

exp{ijd‘x(f + Jo + K:r)}, (2.6)
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KEP“]
Al = Jd'x{%% + %I?SN + ad;(rr&p) +3,[(mp - Hc)Ax"]}, (2.7)
sIr . dH srr . 8H,
56~ """ T’ P B’ (2.8)
dp= Ap - ¢, A", dn = Ar - x , Ax", (2.9)
He X EW Hamilton & . &P e (<) MA R KA, H(2.5),2.60M2.DX,H
J.@kp.‘?fn[&f&p + (Z\IPS - Ue'(x)]exp iJ‘d"x(z-’ + Jo + Krr)} =0. (2.10)

BQR.OHMRHNEBRAC. 10X, 5 R,S,. T, MU, HENTEFITRBL . FA < (2)
MR &S FMHEERLT ¢ («)REZHHH B

o 52). 23l r. 30 500)
exp{iJ-d"x(,%a + Jo + K:r)} =0, (2.11)

HeP ST R MU, H9KS,. T, R MU, HEBEEF
BQANDKXETF J(2)K n KEZEWE, B

fopsel5 (1) 3)- (s 2 + . 30)- B0lste e
exp{ijd‘x(z“ Jo + Kn)} = 0. (2.12)

QAR ILNENFT,J=K=04

7[5 (i;),» T(?;T) Ti”( %g»r x, g)—E,(l)]q)(m)"'(p(x,,)m) -
(2.13)

Heb |OREZGHESE, T H—RBEORER Ak o6, =+ o000 L,
et - o l1(2.13)R, 8

(out,m’[g,(%)+ T(ab\i:) ’k"(?;, %{’—:4-71'_,‘%)—’(7,(1)] n - m,in)
(2.14)
HF m,n T8 NTTHE
S(g;)+ T(%f:) ’I\Eﬁ(¢,”%+nm %)—T/,(l) = 0. (2.15)

(2.15)X AN EHM Lagrange B R4 B TR I EN Noether tHF R . iR E#(2.4)# Jacobi
FRRREN |, B R S RIS R R LA

¥ Lagrange & £ (¢ ¢, ) RA SN WHENER ¢, x, EHEHFHERAY
SONAREMRSE. B A, (p. 1) =00k =1,2,, K) BB — LR, 6,(p, ) ~0(i = 1,
2,0, 1) BB T RAR, 5B — AR W RERAER 0, (p, 1) ~0(k=1,2,-
K.). HAHEN RS Croen BHAHIZ A RIE BH
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207,K] = j%"@na@xm@f@cexp{ijd‘x(% +Le + Kn)}, (2.16)

He
=% + Z, + Z,, (2.17)
L= A8 + MA, + A0, (2.18)
= jd‘y[a(x)M.(x),ﬂl(}')l C(y)+ %Zg(x)iﬁi(x),ej(y)i Cj(y)] ,
(2.19)

A.=(A,,4,,4,),C(x)F C(x)H Grassmann &, |-, | IRFEHH Poisson ¥ 5 . R tkic
5,4 ¢=(¢,4,C,C),x=(x,),J=(J,),K=(K),XH2.16) X5 N

207,K] = j%%exp{ijd‘x(z; +Jp + ko)) (2.20)

ER3 EH Lagrange B RALHITE  FIHEH TH B Lagrange A, L B H M
FHACRERET . #LHHECP, LR IEM Lagrange B REFKH R A 7 Lagrange R LK,
22 #8 JE M| Noether fH& R R —# K" . BT KFE T, & R Lagrange & R 4 9 IE M| Noether
EERBRBEFQIHRWBR BHIW I BBH I

BT EIEN Noether HEXERLEET , AIFBREWE FFER. I TITRE
- Mills 3570 CS BB F WM A, F RN T EF/MEFEHR

Ax* =0
dp(x) = be’(x) + b, 3.6°(x), (2.21)
dn(x) = c,£°(x) + ¢ 3,e°(x),
He b, be, i BHx, o Hin MeRE, " (2) HEF/MEBRYE. BIZAQC2DHRE
BT, HHIEN Lagrange B 2L MEE N
8Hh = Uge'(x) = (u, + u* a,+ uy 3,3,)e" (x), (2.22)
KA u,,u) My HENMERORE, G, KLE TR Mills HieE B %R T XHHE

5. BATR T E R Noether {8 % R

3oy , 3l 31 , . »

o - (b 8(P)w;c‘,g_aﬂ(cﬂg;r.ﬁuc,_ayu‘,ﬁuayavu‘,. (2.23)
MEREREARKES  EREAEER

m(b + b 3,)e(x )+8 T(e, + ,3)e(x)+ [n(b + b3 )€ (2)] =

b 815

(u, + uf 3, + u 3,9, )¢ (x). (2.24)
Fe(2)R(2.23)RF52.24) NHB, Y u) XTF p,v XFRES, B

I P
d [( AL +c 8171_ -ul +du - ul o )E"(x)]+

E["(b" +b,3,)e(x)] = 0. (2.25)
¥ (2.25)RFE t=const RS HME v LR, BRTFHERS
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Q = J je(2)d x = const, (2.26)
12
Hep
P
j, = b 8—8%' + ¢ % ~ud 4 qul - uy 9, + (b, +b,3,). (2.27)

UARBE TR B (1) =8 (x), Hh o NEZHNSH, 6 () NBEHY.
ftn BRS T I RAERRALAENBE—HBREKBTY RN ELEFYR T XX
VA S RN )

Q, = ij,E:dax = const. (2.28)

SHQ2.20)RMQ.2)REXMEEDNEFE. AARENBRTEHH A ,00L08¢=0,
/S =0,f(2.26)(Q2.28) RN BRLEMNBE T (H)THEHRE. YREAWAKTUEHRE
EFQ2ANREHRT AT, Q.28)XBTFALARER(BETH)MNKTHRFFHE
B ZHSHRFTEFNERSETIEN Noether(FE— ) EBE LR .

3 MEXREERSE

ARRERENARTENRE", ARG BT T A Faddeev-Popov( FP) J7 i K
LH. BREMAF LN Lagrange BHY F o, 0 ), EBUE YRR, H FP LB 3
EX A8 2L 72 Pl

zlJ] = j%exp{ijd‘x(z;, + o)}, (3.1
Heh )R o BSMNR. A Lagrange BRI
Fw = E+ E + Zy (3.2)

FuAREEER, EERAREAE R, Z, RN FIH. XFHEHLER, (3.1 A%
24 3R ) 2R G5 B9 4 25 18] AR AR B, 7E i X IE B 3h Bt 69 B A2 B4 SR 18 B (10 - Mills 35) .
ERELF/NERT#H
2 = 2+ A = 2+ R (%),
{ (3.3)
o' (x') = o(x) + Ag(x) = @(x) + S, (x),
Hh RS, AEURPER ., ()RNEF/MEBERE,EMHERLMEENENS

RBHAR AT, ECIHXNERT , REBREARNEER
Al, = Ajd‘x_g;ﬁ = Jd“xV,e”(x), (3.4)

Hep v, hRUEEIERF. EG)AEH, HREBRE Jacohi THIRBI J=1+J, [0,
el FREZRG. DEGCINATHRTH

Z[J,e]l= J@¢{l +J 41014 + ifd‘x[]&p + 3,,(J<pr")]}'

exp;ijd‘x(zd, + Jp)l, (3.5)
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ch[l]
81 2.%
Alg = ja‘x[&;ﬂagp N ap(@i‘agp) + 3, (Zabe") |, (3.6)

O 3Fy . 3Fs
o~ T,
dp=Agp - ¢ 04 (3.8)
HEH (DN REZHE, BH(3.49)—(3.8)X,18
j%[%“(sa — o R () - v,eﬂ(x)]exp{ijd‘x(zeﬂ slp=0. (3.9

BG.OXPEMSHER S, R MV, AROTELSBRY A  (OBBR KM, R

(3.7

|y¢[§(%‘;ﬁ) _ ’E:(% %) _ ’i?;]exp{ifd“x(,ﬁf;, + Jqo)}: 0.  (3.10)
BGEAOKXXTF J(2)R n REBWMERF, S J=0,3ik t BRE, 61,8, t, > ® 8,1
tmezs s b, = o RUTF EH(2.11) 2(2.15) N HE R AT F
3‘,(8,6‘(—;;')_%;'(%%)—?,(1) =0 (3.11)
(3.11) K R AR RGEAENTE 25 6] 2 AT A B F Noether HF R . 5EMERA
FMR: HAECIDXNPHRERERRE I, IARERIERE 1.
BT 3T /N E AR
Ax' = 0,
{Ago(x) = (b, + 88 )e" (),
Hi 7 () HEF/MEB RS . BIRTE3.12) R8T , 3 Lagrange B EE N
8Zy = Ve (2) = (v, + 5 + ¢ 3,3,)e(x), (3.13)
Hep o, o 0 B Hx, 0,0 BEE. 5 EWITRHMLL, 1 8 F Noether 18 % X F17 2/ H
BB EAEENTBRENBFESE. X (1) =0 B, HSH, ¢ R
1 B8 %0, b BsF 5 <F 48 o

(3.12)

s [ 0y - Iy ;
Q, = {d'x[$(bp +b,3,)8 + b‘_?, Ba—gc’fg" = v‘;z;ﬁ + (ah«yf,'" = yg‘ 3,)¢|. (3.14)

FARGHR TESH TR 81:/80=0,13. 14)RTBEFHFEM. YELENWEK
YER & 1,76(3.12) N B% T ARER , A MHTFEAREFERERENKTHE FTHE
ﬁj]n]l

4 3E Abel CS Eit

3 Abel CS TSR BIFMEMBRR FREE A B AT Maxwell T 3E
Abel CS T 517 B HREE B E BB T M5 H , H Lagrange & H
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F= - % FoF* 4 (D,p)" (D*p) + ‘%\'EM( 9AA; + %ﬁAZAfA;)’ (4.1)

F, = 3,4 - 3,4, + fiAA], (4.2)

Hep, REDEME . BiLHMBEREMER = nidn(n HEBO .
AL, o Mo EMBHBIEN «,« Mix' . REEHTHBARN

Al= 7% =~ 0, (4.3)
3= Dl + ‘%reij A =0, (4.4)
Al =~0,A5~0 B —LAEK. EB Coulomb M
Q5 = ¥A = 0. (4.5)
B O BWEMHER,Q~0, THES —MERHG
0% = ¥n’ + VAL - LA A, = 0. (4.6)
AHEKH det{ A, Q%) = det M2, Hop
M2 = (8% V% fiA; 3 )8(x - y). (4.7)

BERHARE X ERZRFHETF 8(347)deeMy BT FHE F 3( 342 ) detMy AR

g[n.wi ,
M = (8% & - fid #)8(x - y). (4.8)
# Faddeev-Senjanovic Bt 2 B FH TR, EBSEERZ BT X'

z0J] = J@A;%:%%%* Pt RADC GC -

exp{ijdsx(% + JAL+ T+ @0+ J.C+ E"],)}, (4.9)
He
Fn=F + F + Fy + F, (4.10)
55=_51_(aﬂA;)2, (4.11)
a;

Fp=-FCDLC (D =& 3, - f1A5), (4.12)
v a a a a 1 a
o= ATA +A2A2-E(n,)z, (4.13)

i %° 3 1F M Lagrange & . # & BRS & #
3¢ = - itT"C'¢, 8¢' = irp* T°C°,

35C = SfiC'C, 8C =- L >4, (4.14)

34; = - D.C°,
P t K Grassmann B (e"(x) = € (x)), T HHEBBWERIT. EBRSTHT, & +
Z+ ZuAE LA R RIS - R ATRRENEBE 02, ~0. ARELHER
BTN 17 BRS H#H T A%, 1(2.28) X8 & F/KF#9 BRS(3 ) T84 .

0, = fd’x(x:aA; + 78¢ + 8¢'x" + R,8C° + 5C°R,), (4.15)
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HHR,,R BN C,C HERZHE.
MBNERANG A2 AR ET 0, 0" B, MAHRFALE,
d¢p = - itT"C'¢, d¢' = irgp" T°C°,
{aA; =-DpC", ¥C =3C =0.
EARBEOBMEN, ZLEG 1) RERTHEER
3Hy = Ve'(x) = Fe'(x) + fi ¥C°C 3,e(2), (4.17)
Het F, RKET ¢ () B, #(2.28)NB(H)THEMA

(4.16)

0 = szx(nﬁD,;,Cb + mp + 89" 1 = fuC CC). (4.18)

WSFHEA @ 5 BRS SFHM @, AR, REh# Q X PBRS FHEA . ZEH-Mills Hik+ , 0B
FAMUMER" BREZERY , XELHARTHEL.
ESRSFHER Q, M1 Q LA H 3 WHRMATESRIMERK G .
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Noether Identities at the Quantum Level

LI Zi-Ping
(College of Applied Science, Beijing Polytechnic University, Beijing 100022, China)

Abstract Based on the phase-space generating functional of Green function, the canonical Noether
identities under the local transformation at the quantum level have been derived. For the gauge-in-
variant system, the quantal Noether identities in configuration space have been also deduced. It is
pointed out that in certain cases the quantal Noether identities may be converted to quantal conserva-
tion laws of the system. This method for obtaining the quantal conservation laws is significantly dif-
ferent from the first Noether theorem at the quantum level . The application to non-Abelian CS theo-
ries is studied, the quantal conserved BRS and PBRS charges are obtained, and these two conserved

charges are totally different.

Key words path integral, Noether identity, conservation law, Chem-Simons theories
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