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QUANTUM ANOMALY

Definition
S dB such that 805 0 28 0 Noetherth

Quantum effectiveaction B ilogfade.isCB

Sow foot a 0


















































































QUANTUM ANOMALY

Definition
S dB such that 805 0 28 0 Noetherth

Quantum effectiveaction B ilogfade.isCB

Sow foot a o

Example
ehirodanom.ly

ffiii.oS

fIliX X A8s 4s S 0 SINA.AT O


















































































WEYL SYMMETRY
Scale symmetry ingravity

Example massless fermion
8 1 34

Sfrg.tl tif1 fifspin
connection

8 S fsgm.fi frgognut O TE fg fl
onshell

ElassWeyl inv S S 0 Tan D


















































































WEYL ANOMALY Capper Duff741

Breakingofscale invariance byquantum scale

Quantumfluctuationsofthe vacuum Easimireffect

Hawkingradiation

8W guv frgogusto

Anomaly

Away 9m Tm
2 21 EE 3

W AR

Eulerdensity topological E Raup 4Pa R
Weyl tensorsquared W Rups 28m R


















































































SPACETIME SYMMETRIES

Lorentzsymmetry boosts rotations If 15
SL αn dun

class Lorentzinv Tm Tm 0 onshell


















































































SPACETIME SYMMETRIES

Lorentzsymmetry boosts rotations If It
SL αn dun

class Lorentzinv Tm Tm 0 onshell

Diffeomorphism invariance changeof coordinates IIIoffs3 class differ Inv D Tau Wast 0 onshell Wnab Wnba

puregravity
antisym


















































































SPACETIME SYMMETRIES

Lorentzsymmetry boosts rotations If 15
SL αn dun

class Lorentzinv To_T 0 onshell

Diffeomorphism invariance changeof coordinates Ñ

8 3 class differ Inv D Tau Wast 0 onshell Wnab Wnba

puregravityantisymt

Anomalies in 01 4 Cmod4 SEW 8 W O forchiralfermions
puregravity

Alvarez Gowne Witten83

in d 2 mod4 S W S W 0


















































































GENERAL CONSIDERATIONS
What is the mostgeneric formof Away

Wess Zumino consistencyconditions Wcc

WZcc F such that it SF integrabilitycondition

Away aE CW d R forclass Weylinv theory Duff77


















































































GENERAL CONSIDERATIONS
What is the mostgeneric formof Away

Wess Zumino consistencyconditions Wcc

WZcc F such that it SF integrabilitycondition

Away aE CW d R forclass Weylinv theory Duff77

Pontryagin density RR 8T RnaRem
Respects WZcc Away at CW d R ERR
RR P odd SM source for baryogenesis

Was omitted


















































































CHECK POINT

1 Anomaly 2 Gravitysymmetries
881dB 0 Weyl 8 WfoÑwge

but SW forest 0 Differ fdW SW 0

WEB ilogfa.de's
Lorentz

in 4

3 general form of theWeyl anomaly

Aveye gut aE cW d R e R


















































































THE CONTROVERSY

Wafl fermion S fiberg I if it RI neutrino u

Bonoraetal 2024 Avage 0 ERR e
36,2

From 2024to2023 many indep computations
various approaches

some find e 0 others e
1 6 2

e purely imaginary unitarilyviolation in SM
need ur

CPTOIRE IRR surprisingbut no so crazy
Lorentzinv broken

Why is it a difficult calculation


















































































DIFFICULTIES

Regularisation spurious anomalies in other

spacetime symmetries diffeomorphism Lorentz

Ill defined propagator fI R4 notinvertible
nopropagator

Right handed spectator breaks Lorentz invariance


















































































DIFFICULTIES

Regularisation spurious anomalies in other

spacetime symmetries diffeomorphism Lorentz

Ill defined propagator fI R4 notinvertible
nopropagator

Right handed spectator breaks Lorentz invariance

Feynman diagrams require go gth tediouscomputation

covariantisation h oR dubious if Lorentz diffeo anomalies


















































































DIFFICULTIES

Regularisation spurious anomalies in other

spacetime symmetries diffeomorphism Lorentz

Ill defined propagator fI R4 notinvertible
nopropagator

Right handed spectator breaks Lorentz invariance

Feynman diagrams require g oEth tediouscomputation

covariantisation h oR dubious if Lorentz diffeo anomalies

Path integral needs tobeproperly defined


















































































PATH INTEGRAL

Good Compute falseoctwege S W
Make sense of W ilofolue.is S fdxrg I Pay


















































































PATH INTEGRAL

Good Compute falseoctwege S W
Make sense of W ilofolue.is S fdrrgIi Ry

1 Propagator MIT Sfdxrgkio.BY ieD

2 components


















































































PATH INTEGRAL

Good Compute falseoctwege S W
Make sense of W ilofolue.is S fdrrgIi Ry

1 Propagator MIT Sfdxrgkio.BY ieD

2 components

2 Measure du ALL
Invariant measure du 0194445 D 9444

Fujikoura 81 Toms 87


















































































PATH INTEGRAL
Good Compute falseoctwege S W

Make sense of W ilogfag E 2194444eis S fdselgt.lt io.Dlg444


















































































PATH INTEGRAL
Good Compute falseoctwege S W

Make sense of W ilogfag E 21844 eis S fdselgt.lt io.Dlg444

3 Path integraldefinition

W ie ueis ilogdytio.D ilogIIXnwhereio.DQn An4n

GoussTn int
Ok if an 0 no instanton perturbativesetup


















































































PATH INTEGRAL
Good Compute falseoctwege S W

Make sense of W ilogfag E 21844 eis S fdselgt.lt io.Dlg444

3 Path integraldefinition

W ie ueis ilogdetio.D ilogIIXnwhereio.DQn An4n

Gaussian int
Ok if an 0 no instanton perturbativesetup

Is
meaningless since i D L OR


















































































PATH INTEGRAL
Good Compute falseoctwege S W

Make sense of W ilogfag E 21844 eis S fdselgt.lt io.Dlg444

3 Path integraldefinition

W ie ues ilogdytio.D ilogtIXnwhereio.DQn An4n

Gaussian int
Ok if an 0 no instanton perturbativesetup

Is
meaningless since i D L OR

Wayout foitwge SW Trfiff.DE
Latuyler Mallik861 R R


















































































PATH INTEGRAL

4 Careful regularisation 0 ftp.otfd e
t6to

Othemition
42 conjugate

falseother ftp.T 8Yio.D lio.D1 te


















































































PATH INTEGRAL

4 Careful regularisation 0 ftp.otfd e
t6to

Othemition
42 conjugate

faseotwed fi.gr 8Yio.D lio.Dj te

5 Computation ofanomalies

May break differ Lorentzinvariance no manifestlycovariant
computations

Wefollow
Result Adiffeo Affentz O JHEP1112023 045 5 QuerillonR

Away RR
JHEP 12 2023 064 I Quevillon RZwicky RL


















































































Gravity gouge Anomaly Constraints on TV
2312.13222 hepth J Quevillon RZwicky RL

Weyl fermion govLTM RPT FF
Othermodels

gaugesectorFF zen E.fr


















































































Gravity gouge Anomaly Constraints on TV
2312 13222 hepth J Quevillon RZwicky RL

Weyl fermion gov Tm RPT FF
Othermodels

gaugesectorFF z noEuFp

Most generic ausatz for Sfm in dim reg use thatgift spy


















































































Gravity gouge Anomaly Constraints on TV
2312 13222 hepth J Quevillon RZwicky RL

Weyl fermion gov Tm RPT FF
Othermodels

gaugesectorFF z noEuFp

Most generic ausatz for Sfm in dim reg use thatgift spy
Avoid writing RR in 01 4 E ambiguous


















































































Gravity gouge Anomaly Constraints on TV
2312 13222 hepth J Quevillon RZwicky RL

Weyl fermion govLTM RPT FF
Othermodels

gaugesectorFF zen E.fr

Most generic ausatz for Sfm in dim reg use thatgift spy
Avoid writing RR in 01 4 E ambiguous

Enforce finiteness of Adiffeo ALorentz Agouge

Away RR FF Modelindep


















































































Gravity gouge Anomaly Constraints on TV
2312 13222 hepth J Quevillon RZwicky RL

Weyl fermion govLTM RPT FF
Othermodels

gaugesectorFF z noEuFp

Most generic ausatz for Sfm in dim reg use thatgift spy
Avoid writing RR in 01 4 E ambiguous

Enforce finiteness of Adiffeo ALorentz Agonge

Away RR FF Modelindep
Includes explicitWeylsym breaking

formal proofof Away guv Thu Thu


















































































Gravity gouge Anomaly Constraints on TV
2312 13222 hepth J Quevillon RZwicky RL

Weyl fermion gov Tm RPT FF
Othermodels

gaugesectorFF z noEuFp

Most generic ausatz for Sfm in dim reg use thatgift spy
Avoid writing RR in 01 4 E ambiguous

Enforce finiteness of Adiffeo ALorentz Agonge

Away RR FF Modelindep
Includes explicitWeylsym breaking

formal proofof Away guv Thu Thu

Mixed gravity gougeanomalies
newpheno constraints on global symmetries


















































































CDE IN GRAVITY

Want todo QFT in gravity

a.IE m
Feynman diagrams g 2th
infested by nasty hm theo hmm

22h h 22h

Adopt the CDE and say GOODBYE to hm

Get Sif once andfor all getany one loopamplitude

J Querillon R L 23
Nowavailableforchiralfermions
New unexploredeffectiveoperators

Alreadyadoptedby RémyLarue It changedmylife
JérémieQuevillon I lovemyPh.D

student


















































































SUMMARY

Weyl fermion path integral approach powerful
somework tohave a well definedquantity

Away gm LTD RR

Model indep approach

Finiteness of Adiffeo Azorentz Agage Away RR FF

New phenoconstraints on globalsymmetries viamixedanomalies

THANK YOU Rémy
Larue


















































































APPENDIX WEYL SCALE CONFORMAL

Yale conformal Weyl transformations

Flat spacetime
Scale se oxl e.se

Del ve e duel Δ canonicalmassdimension

Conformal Scale dilatation robot translatespecialconformal

Eurved spacetime

Conformal only if ConformalKillingVectorField iectecurvature
spacetime

Weyl Changeofspacetime gives e'gaulae g 6 oct
Generalisationofscale transfo in curvedspacetime
Trade sense for guv 0gal


















































































APPENDIX curved spacemomentum representation

Flat space Flay fire 2 Sitey fbe.deff e9ked

fYpe fire2a i9

TrFfdtsefixpelfolbeffffbe.at19 divergent

Eurvedspace

µ L
momentumqu Non unicityofmomentum

representation

hyp
momentum a

Problem q.se is coordinatedependent ie q.se r.y


















































































APPENDIX curved spacemomentum representation

Indeed X x an doesnotdefine a vector

Diffeomorphism a fix f f are
Vector V vn n On Off
seen feel so in general

Possiblewayout Make a specificchoiceofcoordinate
Bunch Parker79 RiemannNormal Coordinates
Binetry Gouillard89

Parker Toms 09 Only possiblefor covariantresult
differ Lorentzanomalies


















































































APPENDIX curved spacemomentum representation
J Quevillan R L231

Definemomentum representation independently ofa choiceofcoordinates

off 4 R 0Rd in flat IR comdefineconjugate

pose p variableto re

quesuch that 2 0 2 0

1kt é eh antiq 2.9 0

p yep ru such that off 0

Define Q quote rudy gu n
n
transforms covariantly

Wecanshow that O 0mMnan 2mn covariant e
9 e e e't

despite q.se r.y
Invariant measure

dᵈsedᵈq dᵈydᵈr


















































































APPENDIX index theorems

Topological anomaly ABJ anomaly

S fIiDY Ulla I ei y I Ie

footans Tr or i ftp.trorse
r

OEifUntrs4n figoEie f4ntts4
11

ont n finite
since flirsyn 0 if an 0

if an 0
In1nA D I D

Remark Trots trts 810 1 1 1 1 1


















































































APPENDIX index theorems

Gowge differ Lorentz topological 1 loopexact too

Weylanomaly not topological not 1 loopexact

foctwegeatra.tl iseoyyTnoe
r

oEifyifni e SET
L

Fidim EA fine e dimEA

divergent finite

EA 91 4 74


















































































APPENDIX index theorems

ABJ diffeo gougeLorentzanomalies

SANTros I ht N P odd FFRR

n dim 41 4 0 854 14

Weylanomaly Selects7 0

footage Troll ftp.ofie0dimEla
dimEA dimECO

EA 41184 79 Mtn Reven F R


