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NOETHER CURRENTS

GLORAL STMMETRY @ 8S=0  under yome gobal dransf

NOETHER CURRENT : devivahon & la Bel—Mann & Le’ne (I%o)
do o local trangfo qr-#he Same oction

\SS = jdx 4‘3"&) ¥ (x\l
/|

Noether curend, ~ Sfmmeley parmmeter




TRVIAL _EXAMPLE
N
S = folx 2(3.%)
G{Obql Samrhc{'ya - Cb —> (j) + €

Local Jorans-Formabbn : SO (x) = € &)
6S = jdx 3 3.€

v

:JY‘= 543 consened, on-shel :
3,3'=0%=0



AMBIGUITIES
3" Siﬂes Jhe same Conservation law as Ur-l- -j}‘ + J*

ey //2

vanishes on-shell ConSeyvedk Qﬂ' -shell
Bormje :  S=[x4(e)  Bore: wd wilarin 3
. &
F= 3% i any S & 9

- =
I =3 o J =€



AHBIGUITIES ONT'D

Rromobion Qr 3\0\001 marr:rhehra with, .E Y a local ‘Irahs&rma-ﬁon with € ()
S not unw'ue.'

Bere ¢ S = fax é—(arcbi;l

&P = €6) + ¢ Der Yeducees 1o 54>= €
for constant, €|

8S = fax 30 ('%_64- caae)

= +cdnP Quesa 5fambau:ta
Yhe curvent |




RAMBIGUITIES CONT'D
Global sa"nme{wa : gc\g(x) = € ]‘a‘(x)
Localized transform : 506 = €60 F6d + Z Of--l"n

h=A




LOCALLY EQUIVALENT SYHHETRIES

Con too localined samme:txécs be made identical

a Qo
E,X)=3 E
loa re\al:inca their local coefficients 2 . % 1C)

o d

Jox 3, 2,6, = 58 = §S = S Jiaré' = Jox j;(i’%ﬁ 24)

\ These should be eﬁm‘\ /




LOCALLY EQUIVALENT SYHHETRIES

Con too localined samme:txnlcs be made identical

Q Q o
E,X)=3 ®)E
by relaing their local coefcients ? =36

de DL are:‘ =3S=48S= jdu J:G,Bré =Jo\x j;(;:%‘é} 4 %5:)

COY\SLS'bema constrait, 3 35,_ a/u‘gc: = 2N
Cuvevt relation : | Jh =4 UL_ - NJ
Conserction law Yelabon : 3}- 341:( = ’S: 1 3:{;




EXPMPLE 1

Q
Z = 724: (Br@ IOCa\\a efjuwa}en't
dO(x) = ef@ ‘Uﬂvouah, €KX = 6,60
J =6

Consistency onbmint: Fax =20 — NL=&9
Cunent rlaton @ J- =xd¢ — &



BXAUPE 2
‘Pomcare sammebra _f scalar j}m\d theovies

Bk = P lDCa." va\en‘t ‘throuah
Ml = e;-!—(ﬁ(&sr y Ga(x\""'e (x) &5'];" 9 )

r‘(x) e’l (X)

3:’ = T .. EM tensor
Consiske e Consbraint, ¢ I, 3,44:5 =Ta~ =0 \/

Curent relakorv Uf«p = ><°[l"'Is - le" o
The relabion _C=->Zx75‘ -Fo\\ows OAIECUa 'me Spqoeb}ne sdmmeba‘



EXAMPLE 3

Sammetms gr dedmaer cdar ¢ (el boost s
o trantletion ¢ Ll;(x_‘_ a, L) = q)(x' %) \ocall ecyuusldert{ o
o iermal U §(29 = e ixt) and tronslakion !

® Galilei koost @ PR+, L) = gm3%+3 ﬂ)t"(":f)

Qonsts’oenca onstaint ¢ %= mJ = arN"i'

Current relation ".B":' = .I;Tr:'___ lmxz' f_]r-— Nyt
! J
boost cunent, UG current



CURRENTS FRoM GAUGED ACTIONS

Glooal! } = Loca,lla~  suhthat
inanant STP) inariant - S[GR]  S[#0] =S¢

~J

0=238 = &S + &S

,//9-90 \
So\x :J"are

we Can -ewtract infonm{:wn
oboud. Jr from here |



CURRENTS FRoM GBRAUGED ACTIONS
Local transformation d A, : ass}cme Sq‘oo = €60EE) + %) €K
gyy AR Jrfx\ 3,660

~J ~J

0=23S = S + &S — S"“ 5% [emr,—:&w c&\@g@]

COnsst:enca constraint, ¢ ;‘S( ] E:(x) = a,ﬁr(x\
p=0
oethe nk e <
Noethercure I = — ot o3 + R
8P (%)
’ =0 y




EXAMPLE

& ~ e
S =[x 239 > §[on) = a £(30-A,)
1) W) = €& cOnsstema : brdally saeu,&eot
8y = 3£ Curvent = = — = 3%
SH)‘ A=0
ol
2 () = XqEX) %
) M) = X ) Consistehca : é_s.r.;‘l —_S%
SR = €60+ %300 SRy T 1o 2
F6d = & Rio) = —

P = X Curent + T =% ~ &



BNERGY -~ MOMENTUM TENSOR

CANONICAL * opply Nocther's theorem with, >T'l‘= K+ €6
P& = 6

o

T =84 + 2! ' [‘% k262, a¢)_]@“* 2,29%)

n=4 k=A4A

METRIC : couple the -lheo»a b backavouml spacetime 8come{va 9p e

~

S

" = 2

I

D= "



EXAMPLE — PROCA FIELD
4 =-—-—-F F"V—- —-m]%,.Br

\33,-23
CANONICAL. METRIC
=+ FI°¥B, o= oL + FHF +m B8

=T+ g(lﬁimqﬂi) = "l(w)

vanishes on-9nell onsewed
o_ﬂ' ~shell



BXARE - ot FIED
SN'D "'""""‘""‘F Frv__ ——m%hy‘

3*3" %
CANONICAL METRIC
TH=of"2+F "8, O = oL+ FIF 4 M’
WHAT IS GOING =T+ B ) - A7)
ON HERE ¢! sanishes. ay.-/w\\ @n&mfd

off - shell



EXAMPLE — PROCA FIELD

CANONICAL METRIC
v v A v v
= n,r L +FI"¥B, ol < A,,r"gg + FF + my'8’
Baea on Bosed On
)('T"-—. xt" + el‘(x) ' x""’= xr-l- €r(x)
3;‘(,‘.) =300 < > o =2 ~BK) %.é"(,a

( ¢
)= G ~ G 36 - 918



METRIC EMT FROM NOETHER'S THEOREM

)N = - (o ' |
Toke jB,r(x) 3r(x) - IB,(i)v %‘6(3 sennusla !

/

v of
ol’: L6 Q,E0)

New EM tensor ¢
T = T

g=0 g 83)‘

- T+ B (A + 38 = gV + A (F?)

b—w—_/

We hove vemoved the on-shell m»b-‘aui'la.' Conserved uﬂ - shell



CANONICAL EMT ARoM GAUCED RACTION
Gauae dhe ochan wWhile Presewira _.B;,(x' = 3r(x),'

Use vielbein instead o_f metnc %t“' = "1ab é;et:,. N
S[a) — ¥3e) =& 2
— e ot ca
B [ Se')” a_g

“Trade :E}L{brasetdr’sco.lars : 3 = ‘;IB’,_

] Joc ot (A - bR

]
é;arzsb— é;?,LB“ These ‘bx”‘r l



MORALS 4

Relations between currents minor relations between aammcbn'es :

a Q
&6 = £60€60 > I =4L-N

(Dhat s thes 80301 -I’f)r2
® Rdeller unders{mdua of consecT«enaes gf :Bmmetms
® n)osenceqr Goldstone  bosons for redundant, Séywnetncs

® [Fnhanced Sqﬂ limgt qr ch’Ucmna thhddcs qr massksg sealars .



MORALS 2

Cononical & metric EM densors can be reconciled ba
{,aki.na 4ranslabion invarance Sef\bu"a!

o No need fr odk hoc ‘mprovement” of the EM -tentor-
® No need tp invoke 8@%@ Invarahee ,



HorALS 2
The diaﬁ'erence between canonital & metnc EM Hentors
: L P |

ey be Pn\ahcql\a s«am-fmn-& . . remcal e
Field Jcheova ot finite dem‘c}a : 26 — Q- d
How aloout mo.'cira dnis cvarent ¢ 2,9 — QP = (¥-iR)P

Q[ﬁ’] —> §[¢|H)63
& N %randcqnoniml

= QA —



Horals 2
[he qerence between canonical & metnc EM +entors
ey be. Prgsically significont !
' / chemgal Po‘tcn’cial
Field -Uneova ot finite dem‘da : 26 — Q- d
How about mo.'cira s ovarent : 2,0 — Qb = (3-iR.)P

e(4) — S[#A,
) — SleAyg] Jo NoT

8" = a_&_ { — %Wmm'
9= Hemutonian 9002 Jo THIS -'

S



THANK You !
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