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CHIRAL ANOMALY
Anomalies classical
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ANOMALIES NON DECOUPLING

An anomaly can have significant effects in the low energy ET

because it is not supposed byany large energy
c taff scale

Ex Chiral anomaly in QCD myo
Effects unsuppressed by any Mas
Chiral symmetry is only approximate my

o but chiral anomaly
gives the dominant contribution to 7588 in SM
It requires theexplicit addition to the local effective ation

of a mon local term to account for its effects

The low energy
measurement of T 88 affords a clean non trivial

test of the underlying microscopic quantum theory of QCD
3 colors of fractionally charged quarks 2
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PEC CE I QUINN SOLUTION
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AXIONS ARE BLIND TO ANOMALIES
J Q C SMITH arXiv1903.1255
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FROM CHIRAL TO TRACE ANOMALY

In curved space an anomaly closely related to thechiral anomaly
Trace anomaly

Additional infrared terms that do not decouple in the limit Lpeppes
and should be added to the Einstein Hilbert action to complete
the E FT of low

energy gravity

Unlike local higher derivative terms in the effective action
the anomalous terms cannot be discarded in the low energy
and give sizable effets ex Casimir effet
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SCALE CONFORMAL WEYL TRACE

Scale f sel séal

Weyl fi gu sé g 447 e 4k

Sws Swg Tt
g

et ClassialWeylin
Trader EMT

EMT

quantum correction T1 aE CW Trace anomaly
d 4

CapperDuff 1975

perturbative QFT calculations

Ex Rivp 4Rju R Euler GaussBonnet density a anomaly

WE 2 t e anomaly
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PONTRYAGIN DENSITY

Is a Ea e wie l
Rapp R en why

omitted

RR CPU new source for SM baryogenesis gravitational waves

iRR violatesunitarity calls ga Un in 5M

question can the Pontryagin density bepresent in the trace anomaly
YES i RR satisfies WZ cc Sw Sw S O

anomaly obeys group law

Weyl rescalings fam a
group

question can we compute the trace anomaly in simple systems
Need 85 ie chiral fermions
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WEYL FERMION GRAVITY

Literary 4

spin connection

2014 BONORA etal à CTC s i RR

Several groups now found e i

e

with severalmethods

Feynmandiagrams heatkernel

Weylfermions aerubtle andprolespacetime in their own way
In d mod4 they give rise to gravitational diffeo Lorentz anomalies

Important to clarify thenature ofthis anomaly
RémyLarue JQ RomanZwicky i arxiv2309.08670fto apped 9



FEYNMAN DIAGRAMS
expansion gaulagagputhpu

a

NÉE µ NON invertible kinetic op

L Fn K THEY
maps t handed mTinventibleinthespaeof
to R handed Diras fermion no propagator

trick remove decoupleYa from gravity in FD

Dyfed Tn IYI A break Lorenzinvariane

II di
Si E fdphildahé 01h
J'COVARIANT IZATION

IDpodyDiRR with DEMI to

Cli neutrinos SM unitarity problem 10



DET OF THE WEYL OPERATOR

Dirac op D I can not be invented

Weyl op DE iol da 4
2 colporent

Weyl fermion

Effective action Wi logdet D
ill defined D 7,0 0,1

phase is ambiguous c AlvarezGaumétWitten 11984

modulus is unaffected
det is not an observable however

Slogdet D T SDD SDD 0 E 0

Leutwyler Mallik 1985,86

0 modes of D another problem ofdefinition for the det
D'is singular but can be regularised 11
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TRACE DIFFEO LORENTZ

Definition of the anomalies

S W T S D D faxe Kay A
Definition from the path integral

S W
Dt DT Sas és
SHDT e s

Sas

Sd'a es Alice SIW faux e r é Kla
d'aces t'yo W fd aces lui Tab DID
Sd x exaltheny St W fd ce rap tal
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DIFFEO LORENTZ

with fermions it is the vienbein not themetrice T'a É the fundamental quantity

EMT is not automatically symmetric Lorentzanomaly presents
additional piece in the differ anomaly

differ anomaly Lorentz anomaly
NON Polynomial apriori can't transfert one toeachother

we do the explicit check

Let's adapt 2 methods faWeyl fermion proper time neg
PI

Fugihawa 13



PROPER TIME REGULARISATION

Need to ngularise the singular op D

DI IdtD'état

SlogdetDL T SDD

Diras fermion well known case

D silat'D if Dt D easycomputation

SID D LDJ
w fgtr e.li

Éanzo
ÇA Hit À folie folk t'f o



Weyl fermion DE it pay dpf
SYD D ELD a
SYD D SIG SIG g ICD DM
SiD D Kab at pat_sa D

Siw le t.fr s'Endenté Égheat kernel not straightforward
craint

si w pigt zx.IE tsé o À AÏ

SIW flip déf é with t'ago tango
À

in agreement with the computation ofthe heatkernel of by rep 1 0 fthe

we showed that the trace anomaly of a Weyl fermion is Loony group
determined by à 641310 164101 15



FUJI KAWA FOR WEYL FERMIONS
known sofar
Dira fermions with a projector ill defined path intégral jonçyptibility

anomaly arises from a non trivial Jacobian

Jfa e
S exalta

can be written as a fractionof dets well defined as before

det DI

P 2D Ethop C IIImapsintothe same

We proceed to construit thepath intégral measure à
TheWeylop DL is not hermitian and doesnothave awelldefined eigenvalue pb

if is des have
Diras counterpart andthenprojet it intheleft rightbasis

Same results as these obtained with the propertime régularisation 16



TRACE ANOMALY A LA DUFF
RémyLarue JQ RomanZwicky i To appear

W E fdtx.gr LÉHI din Reg c 4 E

divergent

Tap Jp W mostgenericfam

Jap E gapfait a Riu a Ripa aparte RR
irrelevant

fortheories not classicallyWeyl invariant à

Aage gît gÜ E ÉÉNo ga Cos 2 finite
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SYMMETRY CONSTRAINTS ON THE TRACE ANOMALYnotonlyWeyl fermionshere

Kwege go
a R a Rin asRivp tag OR e RR

XIffenalyi News

Ago DIT O constraints on aise

CP even part à 7 constraints on the 10 parameters

hanta ay known

CP odd part i s en 0 No RR

IF CFT i 1 extra contraint à 4 a ta a a

Duggetal
18



CONCLUSION

We investigated the trace anomalyof a freeWeylfermion in a curved space

controversy existenceofthe Pontryagin density RR

Handling Weyl fermions is technically subtleand requires care as theWeyldet

is ill defined
We use the method of proper time régularisation f Leutwyler develop the

Fujikawa method for a t componentWeyl fermier
On results tw AÏE No RR Hold in any

even dim

We have concluded on the absenceofRR from symmetry argument on T

Our findings do not mean a Ri tem couldnot play a role in
fundamental physics It can arise from saves other thanWylfermions

It
mayappear in consonction with axions Connection with

P CP violation To EXPLOREBI
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C P T DISCUSSION

CORR RR
P RR is P C odd and CPT even

To

Toi i iRR is CPT violating violates unitarity



d DIMENSIONS

So far in d 4 no RR in the trace anomaly faWeyl fermions
natural to ask Could P CP odd terms could le present in any even

dimension

On calculation is independent ofthe dimension
d mot4 Euclidean Weyl rep au complex
d 4 mod4 real allow PauliVillars reg

no gravitational anomalies manümetty presening
d e mod4 P and CP o.li termsshould not violate CPT lindeirennon dependent

d 2 Tr ftp.ts 2Exp d 4 1181736 4 Expos

ÏÏÉmÉÜ aboiegmpaitjo.it termes can be established without explicit comptant

Bianchy identity E
n N Rappo

E Ras Ryman
d end 4
d 4 mod4d 4 moi4 a comutation es renied



INTEGRATING OUT CDE VOLE A

Lou 0,43 2.43 4 P M X A 4
light

heavyggeoor
et en M

Functional approach is powerful to compute Tn Det

CDE Taylor expansion Lj i te I ftq ja Pam

Expand aiesby order nice factorization 4dgf4 Op P x

Wilsoncoeff
loops can be computed one for all
paradigm VOLEA i

Lais ti glitter JamalÉtait
scalars V2 fermions t mixedheavylight chiralfermions



Diras fermion It remain to check

Lorentz anomaly SID ED xd Et

kw fmj gxaoEED.DE Jo
Hong

Diffeo anomaly SID DI R SIDA ELD DM
s N o d'afro

Rg we used escaled fermionic variables

4 Et F et e daté

with DIDI we would have obtained a spurious diffecanomay
and the wrong trace anomal



CHIRAL ANOMALY A LA FUJIKAWA
Path intgnalmeasure for gauge theories with fermions is not invariant
under the chiral transformation

ZIDYDF éd
TDT

Hermitianop i la Snln

Ts O originoftheanomalous behavior

Dirac basis t'b faillait
Fin Elias bi

DYDT Id andtn Hé Hé JDYDT

A Eli 8s ln ill defined conditionally convergent

Is Elitserien
HÉ

GgTr d'ht ë ÊË planewave basis
1 FF



TRACE ANOMALY A LA FUJIKAWA
RémyLarue JQ RomanZwicky i arxiv 309.0867

z fpypyeilh.tn
4Welfermioni with DR O

D DIR DIR moneedofinvertibility
spectatorfiel

nothermitian but D'DADD are

DDL film DD Sida à en On orthonormal

eigenbaris

DT D4 Juge DTD4

t'Is Efaf Elien dit

spit ftpISPF R

fgt s.fr l 8lI Était ft x



RESULTS

t De Dr

wel Esag zizanie on

AH t ou flat t CDE in curved spacetime
RémyLarueJQ arxiv 2303.10203

Leyffermioni DE D Dr o

wel ju ADF.to no RR

E if arbitrary choice es régularise with D'D only

AI Emir Rfk Siri

heypoint Spectrumofthe Dirac op ils hermiticity
choiceofquadratic op to régularise is antial must conserve all O moites



a AND C ANOMALY THEOREM

LIT a Eq ch

idea Reversibility of RG flux

À
XDI Answer is NO

Zamolodchikov

IT É R co
Reflux is irreversible
effective measure ofthe

of dof
D i Candy's conjecture a Tpl decreases an we flow

aw En
efter

c anomaly does not satisfy such an inequality


