Anomalies

A S\,mmewa of the clussicall action s Said + be Gnomalous

whea (t iS not a fymmetiy of tw Pa—f(,\—.'v\taﬁr& meaure.

Ej LJ‘/IC,V\ SRR broke,v\ ba Y‘Q;u[qﬂ'?,afl'oﬂ QFOCeJuf&.

ﬂ“o"\“la o-f- (5\oba.,e_ S7vv\me,1‘(3, 1S [AMM[CSS.

Nofl"\"/\a IS h)(bf‘a With the H’!Co/a, itself. Tc s just Haat
the quantum Sy stem loses the classicall fymmetvy

Av\c)ma\‘j @F ﬁav}je S‘]mmeT/;)L 'S UmaCCepﬁUe,!

Tl’\t *L\&Dfa does not malee fense @ @ 1kau~1‘um H\e_wa.

AbSe_V\Cb DF Onomo.(a 1S On L'W\POM‘W\T Critevion af co‘/\g\'g}-emcr

{/ Hooft Onomalg_

A global Symmetry  may become  Gromalous when you fry
jaua,a e NOH/\MJ (s W‘OV\D with the Haeoré_ itself, os [D"‘j as
you dp wnot (eazua jaugc it Ra(—hef/ Pha CMI\OmaLJ (S Gn

SIVWPOJ'J\T*"‘i- OV\A UJe‘Fu.L inﬁ:rmaj',’on DQ‘ ‘H’le, HAQWa.
Te is (wariant onder e RG flow

Oul\omalj O]L hl‘j(’\ ev\erﬁ (Or Q(C.Wewl‘a/\j) chm:)
— O\/\omﬁ.lly 6{- lOLJ Q,VNU‘&\J (mr eﬁtm\/c> quo,a_)



Suppore. we have o clusrical sysem (P, S[P]) with a

§o-p G b plebel spmeries = Sp21= (9], 5<C.
Thip méy be made  [aVariant  under pOSition de fends §@) 's
by Cougling it T o Gaue fiell A A 9 J=S(A )

e p srtition (ow Colrel ativn qq«v\d—lbv\) s o facad o A

_S(A.¢)
2(a)= [

Z( (t  (nUariont ander A |——;A5?

2(W)= [9,9 €2 o9 2D

SO (ae]
T Bpd? = DuP . How yes, 2(n1= 21A1
Than we, Can meke A &a,nanﬂ(caﬂa ad  (onfidss tae
Gauge thesn Witk varele (A, 9D

- SuulA)
Z = jmeﬁs% e “ QC/-\]
A/G
T'MS s te So.ua,‘ng. It is Poffl"n(u Cf 2(A5]:Z[A3



However, i may oot be 2
Do’ = Dt 6:03@@1

This is the anomely . T infiniresimal form is
Se BP = Ba® Qe (A 9]

SOvne,ﬂme,S/ aj (AP is field - vndependiat, = Qj (A7

L'\ fuch « Caje,/

2(A2] = 2(Ae
~ §c2(A)= Z(A] (a4clA]
This s the usuad -FprM ok U Hoott anoma(a.

taj(ﬂ

Rumarks
° ‘[{ ae[A,q)] IS V&f(’&‘\W’DV\ o—f Some, [O(q,a Qxfr\egy,‘ov\

Qe (AP 1 = dc j Al (A, o8, 9,58, - ) &,

than we can W\ocl{(a, the, Sygﬂ’.m-\ foa_ a&&‘rny o, [O(J
Counter term (AL(A,bA/-‘/@/)(P/») ™ the L&Jmm(j.'ani



STA9) = S[A,97 + .'JA(, (A 9-) d*x

ot S S(A D] = (A (AQ]

and TL\-L MDM{‘ftA 57.(7‘6'/‘-\ ‘/las no Qnomab

&@A‘P Q—S’LA,M )_\_ .

Cinde vesson
S, 9 1=Sael«igae].

_<7[A7 9° a el -S(AP)-rA.4A.9)

5 ¢e~s’£A,q>7
= D, |

A‘H‘L‘f' ts MO&{(\'CC\TIUV\/ tHe JTMW\Q(‘VJ Can bcjau(jczck,

Tharefore,  @nomaly s defmed only up 1o Uaratin

0\( L) ch. QKQNSSKOV\

Qe (A,9) ~ QAP+ &J AL(A-, 9, ) d*x



© The ‘\VW\“\’LT"&) Cuvrrent 3- (s de,(-Mei ba

AP ) -
S(BA(P QTS(A,Q]):BA(P P JCAQ:( &A)

o an &rbc’N'a/a varickion A — A+ SA

Ta ?(,fﬁ(o\(u{/ Lo the_ Gausk Vunsformerhbn C?e/\,f'- D/,,é

—S(A, ]
56(SACPQ ):D&CP €§[A,5P]JO\41 Dﬁe‘jh\

Thus,  the &ﬂDMa(; Can be Qx{mefseo( in terms of

tha Curre~t
el = [a20eT" = ~[ix € DT
° TlML O\V\omda o{- Fha OJ:Q{AAL ‘j(cbaﬁ« J\{W\mm‘fa_ (s
J(M\)la_ rha aunbma(a at the tivial Jae Feld
Lae [(P} ‘:Cae [A:"/ ¢ ]

— Jd«x DPE -y == JA‘*X C ‘D,:Sﬂ

. BWwo n%ha =  worent - non-wngervetion.



TWO L)as';o Ckw«f(ef : (inaﬂ, Cw\oma(a’ (j(obaﬂ>
CL\LV‘QQ fmomata (jau}a. or '€ Hao(-(')

Axial anomaly

Theoré . jaugl. ﬂeo? Wi ‘ja.u()a Jmu\o G/ W\asfleg D.’rao
:FQIW\\'D’\ L\) in & VEQMSEV\T&T"O’\ \/01( G i

Stat]= SnlAd + | ax (/¥ BN )

Sk[mmka: UU)S' = oxial v\/mre, OT2T0OnS of gefm,’ov\

el v = Y'Y

indeed & 1S, Y —>¢E:f,\®}(’//\/"q" = ¢ B¢

o

€ Ch): TB ~ FTTCETY =0T
- T Noethe, Cament S
jo= -¥r'pt=Yerty



-~ ' («uI)/\ —_—
D[,LJS' — “:‘7[;— E +r\/ (‘—l‘"" F]"\ )

le Qge[A]: ai ['A;:D/A/\‘)J

- 5 & 6(1)—— 6"““ Trv (%‘u Ff»\)

|61
— -\
- J 4T FA)
Hee we el differenticl foims
A=A, BasdA«L[AA) = LR dndr

FAA Ca = -5; o F(,A M A A "ad X Fa be
\_/_\/'V—\_»
AU\ S SRS

Re”\“k (Ale_ W\o.a uwx‘jauﬁc. C

O\rlﬁ ‘nel 2 Cxtun A \"M-Cmq[

N SR ‘g" (1* J@ entﬂ “w
S . (e ¢ ewg
(As, A, ¥ ) Ue ‘Si
N §{€(A *1’V\(ie,fancle“bt

w/\j auae_& : Q,\d-ernai tnfernal



Chiral anomaly

T‘ILQOJ\a_ : {‘(QQ, M‘\.SleY_( 'gﬁ(w\lbn L(J(( and &()4_. lin
represeateions  \/p wd \/_ ok G

S = 50\«1 i m Yt~ R d)

57"‘“‘““}) B (Y Ko — ‘Faf)

—

Lh__) j«\%L-/ L?“_—’ +"3
S(A, %e 4] =ja‘*x CEN AR A

Corcret J-r*“ — i“\—’n Yhﬁq «_rR - {CP: e L('c_

Qmomb :
G ( (R o Y
D{wj = ST € { ‘Tvz[e D,,,(Au Df A.\ 2 AuA( A)\)\J
- T(VL, [Q“ DP(AU D,o A) +J£ AuAf A«\)] }
IP(EM (‘/\dﬁtuv\dev\t

Ac(A) = jh Culx) (DI

Q.

= [ { mle dlAsepa))-m (€4 (Ae 1Y) g

L’




Rg,u\a,(c_ A\(iﬂ.Q amow\a(a (in chich G~7m?/. (b“l‘ﬁv\T\"uﬁ A
\S \(Q?QP&D&Q &S th'ﬁf'\v@,) Can bg, mjo,\w al oL
Sewak Caye of chiral a«/\omvla_ :

V’be(.z = \/(\) - \/ a5 & (Qprefeafation of G

\/ML =\VEH) - \/ @ a epregetation £ G
U(\)S d/\w;,c. - |

Than  the oxidd OJ\M\Q() (W(M, A Q&RMJ) Can be
tfeju&z& ar o chand Oul\pmab for

He yaraten Ey, = (<, 0)

Ho back groud Aer=(0,A)

N_% We need Mo Af{l'(‘vﬁ‘an %] ﬂOCQL Covw v Rymv
for rhe matcl .



[O

Computation of anomalies

(A)e, COM()u\fb ['LL, &Xl'kﬁ/ Ld/\;/‘c\,é_, QV\DN\A((Q_S Q(Alﬂ VQ\r"jC&
H«b alo e, Sntewments,

—“«UL OkV\DVY\QUQ S O&ve -S:\Q(&'- e &_Q‘)Qv\de_,d— ( i{- 6 —j«.«-&?},

reaiel 15 vesurked extemcl for @xicl amondy) T

e Z2(A) = 2(A) (Ge(A]

~S[8.?] ~W[A7
oo wme 2000=fope = w

S [A,
SZ2[A)= [9¢ CS[ fpjjd“x §A- S
[
2(AY(-SW(AY)
- SwW(A] = <§m JA ) >A

—[V\ ?Or{—f C.U\-L(n.f

L. (h) = $e21A1/ Z[A)
= —(rC—WU‘V3 - <J°\ql Dhé'jﬁ>A



[

§.8 2(A) = J@ ¢ € 0w olgc{%‘\'jffxuﬂ/-\-}

U

G (204 8w )= 2[4 (-4 W + {wln wln)

c-bdwial = (JendaT fendad >
— (Jeaana)S mdas)
— <de‘ JA JJJ’Q JLAJZ/CDM

= dodWils (T fecdns )

(-d, Re(A) = = S S Se W (A]

:<SMD€3“ JJmJAJ>

N Z <jd“t (S:A,. €17 F,j‘f‘%’ JJA‘7>
o * A, o



AX\QE, a/\omaic;\

: 5 ‘ e

A8 () = - Scwiaal], = (Jraed’ ),
B

(G5 (o) = <j4“x0r6 ;r’"> =0 by Lyenta wo

(da.(a)

o < g&ex )€ Jﬁchjol“j SA«J(5)>

{ Xréj}": )re “?Y{th’
AT = TSKY = (Awa ¥ YEY

= jd*n D,hémjag dAual9)

2 r 1
X (<) WV@S L Y e Y 0) et (n) @) ]

o=

)

= <j°& € 5: :{jj&%l“ §; AT

4.3, 0% (A)

Do this for § 4 < NN E L L A= ettt

A=0

toan

— -1 (P
= S&“L 0L (9 Sd‘llie ‘JA“XLQ e

r——j - [ ‘1 4 “1‘—
=Y “\r/@s lﬂvwmwo YU i) ¥ (x) € LP(n)W)] + (o)



/3

\(f ) % \ >
Ja‘*xi)C(x) ”J"m“ WeS (Y;Y“ | ?Y’e -(B/t”))
me !
Cla (V. & + (Lav)e (@b p)
1

<y x
P+ /
u\\ Laqum,,@Ug divesgans
" :

Pau\t' = \/{ “Ws (Qj (Y l,our( 2T

Tntvoduce a ("Lbu(d‘w L a Spinor, M /\/ opposite Sr2Tshls (bose. )

0 ( (
§ (lgm) = T, (ﬂ-(,(’x{) ‘M*M e —M*-M)

+ (¢.a0) < (0.0 p)
( CS\CSL Oge [A] IA;O

ja“xE(X)é'(M) S& ($l,0) ~Fn) )

(em )t

OV‘;’Z t'V\«‘bL (ijthﬁr



CDV\«()M{'& ’\S‘(\ilm)
YgM) = Yrﬂ"X‘(YS'
= -5 (‘ W“""") - (‘ M«-W)Yy + LY

m) = aph v P \
Sy = wee) te (- vs ¥ = =

\ v P
Ys — (Jeet) cimn —

+ 9m Y 'Yu—} - ) + enc
ns —(eDem Kt ! ~ (Lt 7

= fr () {_ Y (Y1 (ke P ((etTem))
() ((aprem?)

< 170 (17 (Ut £ ) 77 (U me) ¥F)
(e w) (Lo ms)

+m

fre (Vs (et cm) Y (Kem) YO (ltrom) ) }
((L\,‘f‘l)L+ ML) ((A.L—f m\) ((LL-@)L—(-V\L)

t (Lo)e Qp)



UIQ, Yg‘ - ’_Y(er)r“r
TVS(Y';TM"YN):O §¢3, =5
(T ) = g (€=
o Numma fov 0{‘ e e e = Wy (nyvkye M))
= 4, (-tle = 4 € lube

Qe k= ('v\{%?m'fibv\ of the mju(aﬁ&'\ Systen : (e OC Py

— ((:GMFG_P,\Pa‘ - 0. No Condributon

. ﬁm:(ar() e 2l tern hag no Comtr bigon "DKM"‘D\:»Q.

. Numernter of Ha 34 term
trg Cry (eeem) Y (Keem) YT (et )

:MWS(Yf{YUKYer ey 7% (e ) + MY‘%V"})

= (Y [ YRTTGR KT CeS - AYNEK -7y )

(§



1<

S(ﬁw (f0) - Fln))
e P
rr, (€*e )5‘*“‘“‘f (-2A) e L +(1.0)e (0p)
(Z) Uty *A) (A (Uemp) )
olobls

k:/\l/t(, /\‘#60 Ow it l L
ANTA

Avpe -
__l@ t\rv (eae‘v) j ik N TA()

- sy S"“mw - )
?,('er\q 1) ((An:(_‘ )’5 2(4,17)1

- - —g— at’) - PO-T}
T t, (ee”) € P

—l ((7"‘7.)7(

g 5‘ CSL aé [A] lAtD j Fxltae es) E/\u’or‘l)\ Cs

L

fv SA=wre e, LA-aec ™"

These ot be OOwPafeL with

J

{

_ VP A
- Sﬂ S AQL 6([) ‘LLT( I‘A F F{g)\

\, ~ ~ A:o
X




|7

X(A:o = ° = qge o]
QgXlA:a - ° = fgasc- [M\Aﬁf

& JL’X \A:b
. . | (e (s
= J&w Ex) BT N tr, J, Fr'r“ JLFMM x 2
N |
T b P
N\ © abowe: (ﬂ(’m e+ P J(J:B e €

_ ~ (DX apb\ it fayfas P
— 5()})( ELX) e Z\,TU- -hfv (e e ) G l'“" sz,. (g(;«\ P »J/Aq
\/\_\/

LY Avp S
E- Q{“u {)‘0\31-6 (Zr( PO’

= ddagm], .

014 = [aw €00 T g




C\M(‘JJ O\ﬂofha(v)

Consider e (ae \/P\:\// \/(.,: (oY for J‘.’MP‘.'Q'J—D.

_ T By Y
ZEAX = Jb"(’ab*g Caf o

J‘(;qn Dol * () d'x

)

Comft-j B‘E{ D %E,_D\h_ e

[((ToY « (T PN dx

/)

cphftjww e

whavre Pll = L+ Y% P/bSQd-{ov\ to R- Lowponeats .
2

Cor the Purpole 0(\ Cov\«eub:h'ov\ sT &l/lbmq,b/ we Can
Con st d er the D.’m ‘Fevm/on LP wH yalues \/ wheve

A 'S QO‘*P‘.CA (B> LP@:()(&L‘/ Qv\b, IG‘..
3 = C&T'P\(S’A/LPR — uL?,JA/PR*

Mow LQ‘(‘N (,bvauf-b ‘51"' Jn JEWLA] lA:v )

- (SC\/\) u‘%] = < j&“‘t DPG : jh > =0 La \\Lowm‘z" oS



— chéw[p‘}\/\:a = < Jwy € SRJ&‘*Q SA-J -

+ @AWG]‘TH . ..
\\o L)(,amwrz‘

— 1 2
(=) tv S(@ Yre P Y (u) (4K (RTO) Y <x)>
Ve

= S o ),\Gc\(mj &y

L "\'i)(

= 4
K\SA ‘e’ e .

, D A
= 50\*1 ¥ Cat) Jo\“vé'” tv, S(Y“e“ﬁwwv)y“e P () 00
®

-4
— | g tr (e%°) | Lk 5 ) e {
J“@ 06 T (176 e v )

~ ?‘.« i €

—

X 1

Qum)\mh'(«ht) diver é,&»ft .

P&u\.‘ - Vf “o..r_s ('Qj u[cur( 210

namg 0 1 2 >
Mas s N\y= 0 /\\ A% /\3
sraisties | | ferm: bese fefmi | bose
Es= ) || E=21) ]| (=1) | (g=-1)




Ry.p lace ‘oa

R
T = 2 ey e L)
CHER G v b=y

,
U ums ot that 2~ @, /\" — o s sufbces fo
I:k \ [}

mako  (+ C»)v\uarj ewt

A‘H‘Q‘f Jome C,Omeu.fld‘l'ow) we. ep\i _):fw(ck)

~—
—

[ ((y*"tL__ ‘U‘“LU> 2(%{1_3; +;§c\. (D)/\l)

+ A*‘“(@?i:‘c;(\?uj(\?_m i

Ty

—d de W[A)\A:_o

= '&J A% €, (0) e t® ’rrv(e“e“) 1. Iw(i) —+ o
N~ S

v 3
- ((Zentlyni-¢)

3(dmprt
This does not [sok 1 match With te, Claimed Qnomay
I oct, Has (an b cuncelled laj a&l:nj a [0( L ownter
rRim o WAL

20



