
 

G Anomalies

KoltransformationoftheMeasurelAbelian
AnomalyL

For an arbitrary local trf
41 7 U Xcx
T
spin 1h field

the measure transforms as

d 4 Id II Det U Det it IdulldI
where

Uxn you UCHum 84 x Y

Axn yur K UGtk nm 8 G Y

and Keijo from 2TExtra
n m run over flavor labels and Dirac spin
indices
case 1

is unitary non chiral transformation
UH expfidant

with t Hermitian and xcx real function



f
a U I

hence Det U I
measure remains invariant under this

trf example ordinary gauge Hfs
OCHI rotations etc

CaseII
Consider

UH expliysacat
with t and a as before

I U pseudo Hermitian
Thus measure is not invariant and we

have

dnt da n Det U Idris IDI
Let us look at infinitesimal local tufs

U 1
my iacxllrs.tk 846 y

F Det M expTren M em Hx fax

T.yttldyzfdy I sexpfifd4xacxlb.CH ldx3lduT



where
A 2179kt S x x

where Tr denotes a trace over both Dirac
and flavor indices
The factor explifdk a AG in the

transformation rule G for the measure

is equivalent to

LGeff1 LCDefft Hx Aka

trf property of effective Lagrangian where

Fermions have been integrated out
Let's calculate

it's singular so we have to regularize
ACH 2K rs tff D.hn M7 S4x tDx y

and M as at the end s.t fco 1

Properties off
fco I f Cas O smooth

Sfts 0 at s o and s as

Dx is Dirac diff operator
Dx n Z n

it Am



Using the Fourier rep of the f function we get

tht ifftp TrfrrtffDi MsBeikkHJY X

2fdIIyTrfh tffliKt 4Mt

Rescaling k by a factor of M this is

text 21441edify.IT rs tffliktD4 mI7
Expanding the argument

like 17 k ikyDx Dfg
we see that in the limit M as

only 4 or less factors of D survive

text ffI µf CKY Tr first 3
t

traces over f BY
independent of M

e 4 vanish

Performing a Wick rotation ko ik with

k running from as to as we get
fd4k f k 2 i 2T k3dkfIk2



Using repeated partial integration and

we get

d4kf k
2 i iT2 dssf s it Idsf G it

To calculate the trace we write

Kati CD.IT rniHttiKDx5iCDxlTlrnrd
D tita Emily K

Using
t fr Irn vivre tr 16 i Enver

gives us

to Enver E END trft.tt
where tr here runs only over the flavor
indices
Let's apply this to Dion decay
It is observed that to neutral isospin pion

decays as

G To Try L
Predicted decay rate

w t'T ME E

T fito g mid g f fmm



incompatible with experiment too low

Now let's compute it using our anomaly
charge neutral chiral trf

Su idysu Sd ixysd it

symmetry is anomalous in the

presence of electromagnetic field
ACA Enver F 4x FP trfates
with of the quark charge matrix and

I I 9 acting m ud

Have Nc u quarks of charge Ee
Ne d quarks of change E
tuff't Nc Eg Gil No foetal NSI

giving
d G Neel Error F Txt Fmx

must include terms in Lagrangian such
that under i we have anomalous tf
8LeffG at Ifg E oFTx7F k



recall under l broken symmetry
8 To 240 2ft I 184 MeV

include in effective Lagrangian
T Gf 4k17 Enver F G FAITH

comparing with G we get for y

g N
48T F

Tft H NIf f Txt limo's I

observed rate is Tfto 2g 1.19 10.08 101651

in good agreement iff 14 3

evidence that there are 3 quark colors


