hiral Anomaly




Outline of the Talk

troduction: What do they mean by ,anomaly®?

e OM formulation of current
symmetries

e Shifting integration variable

antum fluctuation violates

ces of the anomaly



Why ,anomaly“?

Classical symmetry QM Symmetry

Transformation

i ¥ ™ 5gp Path Integral

f Dy - e (¥)

invariant

» QM symmetry

ink of rotations,translations etc.

omalies® = unexpected



Classical treatment

onsider a Lagrangian for a single massless fermion
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QM formulation

Consider two fermion-antifermion pairs being created at T
d 2 respectively

sponding vector currents are



QM formulation

1 TJ2(0)J*(21)J" (z2)| 0) evaluation of the amplitude
s in triangle diagrams

taking the bose
nt, we get the



QM formulation

d4 tr( 1 1 1
e g = w

MY (K, ko) = (—1)'3/

N )

rrents and axial-vector current
ed simultaneously




QM formulation

urrent conservation OuJ* (1) =0 0y J" (22) =0

OxJ?*(0) =0

Q)\A)\“V — 0



Importance of current conservation

Vector

32£JY Counts the fermion
number

hoton should
bles:

Axial vector

e Real world fermions are
not massless

v

For ms#0 even the
classical symmetry is not
valid



[t’s getting serious...

* Naive way to evaluate the integral
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Variable shifting

e If we could shift the integration variable in the 2. term

— then we would have klluAA/“/ —(

hift of the integral variable allowed here?

ary function f(p) then the difference is

= [ dplat f@) +..)

0@



Variable shifting

e The integral have to be convergent or logarithmically
divergent. Here we deal with an lineary divergent integral!

the Feynman integrand to d-dimensional Euclidian

[f(p+a) = [ dgpla”duf(p) + .. ]

orem we get

)] = limp_se0 a*(2) f(9)Sa—1(P)

for a 4-dim Minkowski space



...almost hopeless

Obviously is

4?:€TVG>\ szpo_
(p—k2)?p?

ging f(p) into the integral []



Don‘t forget the physics behind!

e freedom of choice in labeling internal momenta Ib — ]b + ¢i
AV (g, K, ko) — AMY (kq, ko)

= AA'LW(kl, kg) = S%CGV”ACLU E {,LL, k1 < v, kz}

(k1 + k2) + B(k1 — k2)
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Fixing the paramter

the same time demand a physical reasonable Ly AV
. 1“ =
e by fixing the parameter 16

AA'UI(GH kla k2) =0



Breaking with ,bad habits®

After insisting on vector current conservation check if @AM =0

DA (a, k1, ko) = G AMY (K1, ko) + oA kzkoo

ing the same calculation pattern as above we get

) A
DNk ky) = e huskz,

er (3 once we prevent the conservation

QAN £

the axial vector current

ical correct option!



Consequences

1. Gauged theory: = @i’y“ ((9M — Z'GAM)@D

ith Au the photon field

It can be written then

Operator capable of

UVO =
€ EuyFyo producing two photons

ecay can not occure according

d leads to the correct



Consequences

3. Correction to the
assical result in the presence of a mass term:

etry for [ — E(i’}/“@u - m)¢ with 1 — 67;6751#

e mass term

ishing mass the gm
1 correction term



Consequences

quare and pentagon anomaly:

non-abelian gauge theories [ — q)j~y* (0, — ’ieAZTa’)?P




Consequences

Nonrenormalization

calar field to the free Lagrangian

- m),¢ 18 f @E"p higher order loop

diagrams

;W17W2) =0



Consequences

estion about quarks:

malization » decay amplitude for ¥ — 2y

Quark model of 60°‘s with an
infinite number of Feynman
diagrams




Summary

Classical symmetry does not imply the same symmetry in
uantum mechanics

the integration variable is not allowed in
ary) divergent integrals

ent is conserved and the



for your attention




Appendix A

Polarization and Photon propogator:

r for massless spin 1 bosons: kz_% [C( kl’é?lp gup)]



Appendix B

Integral:

@) = J d(Sg—1).0"f(p) =

(p) = limp_s00 a(%2) f(p)Sa_1(P)



Appendix C
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