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Anomalies,I

ingaugetheoriesandgravity

localglobal

gauge&gravity&mixedgauge&gravity

δαΓ6=0πD(G)6=0

δαΓ=−
∫

d
D

x;α(x)
a
G(x)

a
M

D
→S

D
U:M

D
→G

G(x)=DµJ
µ
(x)ex:π4(SU(2))=Z2

Witten,PLB(1982)117
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Anomalies,II

modelbuildingcontraints

•global→chiralfieldcontent

•local







irreducible→chiralfieldcontent

reducible→Green-Schwarzmechanism
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Example,I

StandardmodelinD=6dimensions

[Dobrescu&Poppitz,PRL87(2001)031801]

ChiralityU(1)YSU(2)LSU(3)c

Q+1/623

U−2/313

D−−1/313

L+−1/221

E−−111

N−011

•irreducible(gauge&gravity)anomaliescanceledbychiralfield

content

•reducibleanomaliescanceledbyGreen-Schwarzmechanism→

4axions:2decoupled+1(photon)+1(gluon&photon)→

bounds:1/R>10
6

TeV(Mf>10
11

TeV)
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Example,II

StandardmodelinD=6dimensions

SU(2)Lglobalanomalycancellation

π6(SU(2))=Z12

numberofdoubletsofchirality±

N(2+)−N(2−)=0mod6=Ng×(3+1)

Ng=0mod3

chiralfieldcontentconstraint
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TheWess-Zuminoaction

Anomalymatching

inspontaneouslybrokengaugetheoriesG→H

UGoldstonebosons

ΓWZ(A,U)→δαΓWZ6=0

Anomalycancellation

δαΓWZ+δαΓ=0
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Thesimplestexample:G→1

•localanomaly:δαΓ[A]=−
∫

d
D

xG
α
[A(x)]

•nohomotopyproblems:πD(G)=0

•Goldstonebosonsξ
A
:U(x)=e

iξ
A

(x)T
A

•WZaction:ΓWZ(A,ξ)=i
∫

1

0dt
∫

d
D

xξ
A
(x)G

α
[At]

(At=e
−itξ

Ae
itξ

+ie
−itξ

de
itξ

)

•Abeliancase:ΓWZ'
∫

ξFF̃
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Cancelingglobalandlocalanomalies

[MF,Percacci,Piai,Serone,PRD66(2002)105028]

1.thecosetspaceG/Hisreductive:[T
i
,T

α
]=ifiαβT

β
;

2.thefermionrepresentationsarefreeoflocalanomalieswhen

restrictedtothegroupH;

3.thefermionrepresentationsarefreeofglobalanomalieswhen

restrictedtothegroupH;

4.GcanbeembeddedinagroupKsuchthatitshomotopy

groupπd(K)=0andthefermionrepresentationscanbe

extendedtoKwithoutgeneratingfurtheranomaliesofG.
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Example,III

StandardmodelinD=6dimensions

K=SU(4)c×SU(4)L×U(1)Y

G=SU(3)c×SU(2)L×U(1)Y

H=SU(3)c×U(1)e.m.

•Reducible(local)anomaliescanceledwithoutadditionalfields

→noaxions

•Globalanomaliescanceled→noconstraintonfamilies


