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· Review Anomaly inflow Mechanism .

· it Hoot anomalies -> RG flow & Anomaly matching conditions .
· Example : particle on a circle
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mname (Resobalenesymmetry symmetry .

Global Hooft .

transformation a discretel
H subgroup .

e. g . Particlea
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. Anomaly inflow
2

. Ananaly matching conditions > eg
. SM -

Anomaly Ansatz -e.. . Chiral Anomalies ·

z(A) z(AY = z(A) exp(-2+i)a(x,A))
partition
que

mologycohomology
e.g. Regularisation schemes -> add counter terms to

the action .

-> Pardition the is subject to a regularization scheme
ambiguity .

z(A) ~ z [A] exp(2Tif (A))



B(A) -> counterferms .

Let the variation of under Ar A
* be : P(AY = B(A) -& (A)

then

z[AY = z*A] exp (-2Hi// x(x,Al) exp(-2Ti), (A))
-z(A)exp(-2xi)+ x(x,Al)
LHS

=> anx to

[x] =[x/(amx+d) i. e . defines an

anomaly cohomology .

cohomology is discrete .

=> Anomaly equir class is invonant under

Ats deformations of the theory S .

↳ Smoothly varying Lagrangian parametes
· Adding (infinity > massive field .

· RG flow
↳ 2x7 invenient RG- Anomaly matching

[X]ex= [Nov



A Inglow Mechanisin

Purposes--
1. counter balance gange anomalies

.

2
. Measure 't Hooft anomalies ·

S-2 2Y=X At E El= A .

"
New bulk Lagrangian ((E)
invertible field theory . 1

.

want to

A(E) = exp (251),WIE))
& construct .

2 . transforms as

ACEY = A[I] exp(24i)
/

a (i
, Al)
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Modified Partition fac Anomaly free .

E(A) = z (A) ASE] = = z[AS



AMatching
implication of anomaly cohomology

:

Ni
Smooth deformations was We

[Wn]- equivalence classes .

invariant under continuous variations
· RG flow
· etc

.

z(AT= z(A) characterised by [Win]

im if (wIUEnCAT along all of M
will not invertible .

-> Nontrivial theory -

Ex .
RG

.

w-> IR Typically> Expect IR to be a
-
-Free

M=0 trivial theryM=0
-

citations

e.

g.
thevacuum .

(Wn)*07 · Capless : Massless interacting CFT
· Capped :

nontrivial TOFT.

GxH -> Global symmetry know thatte spectrum
-> gauged G = (w)O- of the May is non-trivial along

RG flow .



Wa , - [Wa]
#-> No way

to deform one theory intoWire (am the other
.

sceptionis spontaneously broben = contain holdsthe mode
= nontrivial gapless.

key assumption to above-GxH is preserved along flowm .

analysis-

mple on a Circle

& u(T = x(0) mod 2π

= x(d+2Tn nt1 .

Classical Lagrangian .
= Eith
- ur

Kinetic Magnetic field .

symmetries
Vx :
x 15 x-x Ucil

2 : xns-x #2

want to study the 'Hooft of Ux - gauge sym .



↳= Gi +Ar)+ (i+Ao) AoAot

wantummeay

Z[A)= SDx elfdt Lo

Wick Rotate A me [ => Euclidean Theory

z(A) = fax e-SdeL & add countertern .

L = (i + A)2-i (is+A)-ikA-
counterterm .

compose se into modes an w/ winding number at =T
.

-> SDx = SDen
n =#- winding number of x

and can compactify domain
For simplicity, consider only n=1

contribution
.

JazL = GodzL(0,T x(+) = 210 + 24

consequences
-

1. ON O+2T [0 const . ]

2 . 0 REI .



Root
- (t +di

= e (t+)(x() - -(0) - :(0 +b)
1 e -- e2π

is invariant.

-

invariant) shift of One +↓

-

= 4 = 2π
st theory

-

Proof : ikA ArA+ A iRGA+ ik/ ikftik2t--

2 -> e -
=e

e XT) - x0)
gauge
fransformation
- => REt .

2π
For gauge

invariance

to hold .

-

↳ is gauge invoniant. · +A re i-1 +A+ 1
- i +Av

· KANRA+KY Since kt1
.

~
-

-happensunder 2 ?

mixed it Hooft anomaly

C : x 15 - x Are-A
.

L

symmetry if G
= 0 or 0 =M

&

C

L+ + A) 2+i (is+A) +ikA

= +Al- i hi+A)-ikA + ii+ i A+ LikA

= L +2i+ i(+2) A



efod -PL i dzi-il2k+) GodtA
e

-

Gdti = x(t)- x(0) e-
24i/x(x

,
A)

↳
=2π

- 2i0exifodici = e = 1 if mil
But anomalous phase-

- i(2kE)8d2 A
e

if &=0,i then

z(A) - z(AY = z [A] exp(-i(2k + =)fodtA)

· = 0 => (2k+ E) = 2K -> invariant if k= 0

· & = T=) 2k+=2k+=> invariant if k=
- 2

.

↳ gauge invariance requires
k=1 !

A contradiction ! Iie. a Quantum Anomaly .



malyInflow
Extend A from boundary / to bulkY.

S = X = 2Y A -> E s . f. I = A
.

-

F = d(Adz) = dAnd *= Idim Manifold
Y= 2dimManifold

neededsit. E curvative FIdA !

What is the bulk invertible field theory Note : on X
,
&A= 0

ALAT that cancels out the =A anomaly ?

· exp(-(2k +Di /, (d)) = exp(-2k+)iS
,F)L -

Anomaly phase term- ScyAd2) = /, dCAd2)
= S
,
F

ECAT = z(A) exp (24i /y w(EI)

WI) = KF Fits-F

under the canomalous < transformation

E[EY = z (AY exp(2xi)
,
k(-=1)

= z(A)exp(-i(k+))
,
F) exp(-2xin), I



= z(A) exp(2+i)
,
kF)

=> 2k+ + k = - k

k =- I(2k+ 1)

-> ((z(1)exp)- +1)yF)
↳ w/ invertible field theory lagrangian (= - (2k+)F

Thus

(A) is C-invariant ! E[E = E[E]

Note! z(A7 -> 1dim anomalous theory · ECE) -> 2dim Anomaly free theory ·

-

-

S

· compute deformation class [wa) of "particle on a circle"
· compute anomaly cohomology of "particle on a circle" shift symmetry broken to

d
disaste gange

· understand anomaly inflow picture for discrete symmetry &2 + By
Group

↑C

eg .↳ turned on by adding cos(2n) to lagrangian -> expect to be in the same deformation as
analysis above .

· RG flow of "particle on a circle"
[x repeat above analysis]

· What if? Gauge 2 & consider global (non-gangel shift symmetrics?


