


Are axions always asymptotic ?

Are all axion/gauge field interactions described by a local action?

In the UV, conformal field theory tells us that the anomaly interactions do not necessarily

Correspond to asymptotic pseudoscalar states.
One cannot use naively Goldstone’s theorem to derive a local action

CFTin momentum space clarifies in a rigorous way the origin of such interactions
And how they are strictly limited to null surfaces

The proof that these interactions live an propagate on the light cone comes from
The analysis of the Conformal Ward identities



CFT constraints on parity-odd interactions with axions and dilatons
arXiv: 2408.02580 with S. Lionetti
CFT and anomalies
Gravitational chiral anomaly at finite temperature and density
arXiv: 2404.06272

Axionlike quasiparticles and topological states of matter: Finite density
corrections of the chiral anomaly vertex
arXiv: 2402.03151

with M. Creti’, Stefano Lionetti, R. Tommasi

Quantum anomalies and parity-odd CFT correlators for chiral states of

matter
arXiv: 2409.10480

Parity-violating CFT and the gravitational chiral anomaly
arXiv: 2309.05374 with S. Lionettiand M.M. Maglio

CFT correlators and CP-violating trace anomalies
arXiv: 2307.03038 with S. Lionetti, M. M. Maglio

The gravitational form factors of hadrons from CFT in e-Print: 2409.05609
momentum space and the dilaton in perturbative QCD For applications at the EIC



https://inspirehep.net/literature/2826359
https://inspirehep.net/literature/2826359
https://arxiv.org/abs/2409.05609

Perturbative analysis of AVV, TJJ TJJ appears inn the conformal anomaly

M. Giannotti, E. Mottola

Armillis, Delle Rose, CC

Solving the Conformal Constraints from scalar correlators in CFT General CFT for tensor correlators
in momentum space Bzowski, McFadden, Skenderis, 2013
Delle Rose, Mottola, Serino, CC 2013 Formulation of general methods

Parity even sector (conformal anomaly

reviewed in
Maglio, CC, Phys. Rep

Method generalized more recently to

Parity odd sectors + anomalies from CFT
AVV, AAA, ATT, CSTT

Lionetti, Maglio, CC, 2023, 2024

Demonstration of off-shell sum rules in QED (M. Giannotti E. Mottola)

Nonabelian extensions to QCD, Lionetti, Melle, Torcellini, 2025 Applications to Gravit. Form Factors
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These interactions are finite as far as we impose Ward identities.
Question: can we costruct these interactions directly from the Ward identites ?



The WIs are sufficient to remove the divergences,
but we need something extra if we want to construct these interactions completely

This “something extra” is Conformal Symmetry

A similar type of analysis can be performed for chiral gravitational anomalies

o Lionetti, Maglio, CC 2024
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Conformal Anomalies

M. Gannotti, E. Mottola

R. Armillis, L. Delle Rose, CC
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Possible role in the conformal phase of the early universe
Topological materials

Thermaltransport, geometry, and anomalies

M. Chernodub, Y. Ferreiros, A. Grushin, K. Landsteiner, M. Vozmediano

* Phys.Rept. 977 (2022)


https://inspirehep.net/literature/1941538

CFT in momentum space

Parity-even Tensor Correlator. (Conformal anomaly correlators)

Bzowski, McFadden Skenderis (2013 and sequel) general methods for the analsysis of 3 point functions
of scalars. Developed the renormalization of the solution, in a completely independent fascion
(no reference to field theory realization)

For correlators involving TJJ, TTT (conformal anomaly), the method can be equivalently formulated
in generic free field theories, (Maglio, CC)

Exact Correlators from Conformal Ward Identities in Momentum Space and the
Perturbative T'JJ Vertex

2018
The general 3-graviton vertex (1'I'T") of conformal field theories in momentum

spaceind = 4
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Solving the Conformal Constraints for Scalar Operators
in Momentum Space and the Evaluation of Feynman's Master Integrals
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extensions to 4-point functions

Four-Point Functions in Momentum Space: Conformal Ward
Identities in the Scalar/Tensor case

Maglio, Theofilopoulos, CC

« Eur.Phys.J.C 80 (2020)
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Parity-Odd 3-Point Functions from CFT in Momentum Space Lionetti, Maglio, CC, 2023 AVV
and the Chiral Anomaly
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Longitudinal sector determined by the anomaly: the inclusion of an anomaly pole
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The anomaly enters in the CWIs
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K31 A1 =0, K33 A1 =0,
4 2 0
K31 Ay =0, K3 Ap = | 5 — —+— | A2(p1 <> p2) + 244,
pi p10p1
4 2 0
K31 As(pr & p2) = | 5 — —7— | A2 — 241, K32 As(p1 <> p2) =0,
p5  p20p2

where we have defined

0? d+1—-2A;) 0
L @+1-24)

K, =
‘o op? Di Op;

These equations can also be reduced to a set of homogenous equations by repeatedly applying the
operator K;; and we have

K31 A1 =0, K3y A1 =0,

3K Integrals
K31 Ay =0, K32K32 As = 0.

B;
ijK,Bj (pjx)

Ia{ﬂ1ﬁ2ﬂ3} (p17p27p3) = /dxxa 11
j=1



K( )_EI_,,(ZL')—I,,(CL") V¢Z I (x)_ (§>Vi 1 (£)2k
A R e FT\2) A TE+ DT +1+k) \2
Reducing the 3K integral in the solution dk 1 1.y sy
I00,0y = (27T)2K4,{1,1,1} = (2m)? @A B2 (k= p1)? (b + pa)? = ZCO(P1,P2,P3)
(CFT) o 2 2.2 2
Ay " (p1,p2, p3) = 8iap; I3(1,0,1} (P1, P2, P3)- A_1=0

1
Ty (5%, 7h 28) =33 — 2008|843 — 209) + -+ 283 — 20+ 1 o (1,0 )

2 2

2 p Y
+ 0% (v — p3)” + 43w} — ) log (p—é) + 4ptp3 (p1 — p3) log (p—é)
2 3

2
P
— p? ((p§ —p3)? + 4p?p3 — p‘i) log (p—%) —A\®% —p3 + p%)}
3

(7" (p1)3"2 (p2)75° (p3)) = Tht (p1)Th2 (p2)ThE (p3) [Al(pl,p2,p3)Splpzalazp?S

+ A2(p1’p2’p3) ghraro2as A2(p27p17p3) €P2a1a2a3]

- A1(p1,p2,p3) = —A1(p2,p1,P3).



SUMMARY AVV Notice that CWIs have “forced” the anomaly coefficient into the transverse

sector as well.
This is in agreement with Furry’s theorem (vanishing of VVV conserved currents), without

using C-invariance, but just conformal symmetry
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If we move away from the conformal limit, the decomposition is still valid, but we need to identify the
Anomaly form factor (AFF)
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Parity-Violating CFT and the Gravitational Chiral Anomaly Lionetti, Maglio, CC, 2024
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Equations can be solved by a method discussed in detail in the paper
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Intermediate renormalization As in BMS, modified to account for the chiral nature of

The anomaly
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Perturbative checks. We show how to map 3K integrals into scalar master integrals
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Result for the conformal solution

Amazingly simple

2 2 2
A = 491722)\_4 A1+ Apglog <p—5> + Aizlog (%) + Ay CO(p%ap%apg) )
(7 (14 () 1 (o) = T35, 1) 25 ) it ) | . " "
A1€p1a1a2a3p51p§2 . A1(p1 o p2)€p2a1a2a3p51pg2 gp2 p2 p2
Ag = —22 L Ay + Agglog [ L) + Agslog | 2L ) + Aga Co(p?,p2,p2) b,
1 AgeP1®102035815 _ 4y (p; ¢ py)ePrencacs s 27 qemaps | T A es (p%> e toe <p§ 2 Colpr, 2 13)
+A3€P1p2a1a2pglpgzpclxs + A4€P1p2a1a25ﬁ1ﬁzpt113:| A3 —0, .
tg
aQ = ———.
Ay =0 38471'2

<TM1V1T,M2V2 JEl)£3> — <tu1V1tu2V2jgs> + <t,u11/1t/L2V2jg?OC> )

P pp
<tl£1u1tu2u2jé‘?oc> = 4730,2pi2 (p1 - p2) { [€u1u2p1p2 (guluz _ pl1 ;2) + (u1 Vl)] + (ug < Vz)} )
3



2
Supstnxid Bl = [ ata {(01) @) ~x 0By + oy PP |
O n = _a)\B)\ )
62 62
OX = s B FW = 5 ®P°F F,, .
X~ 8n? T6n2©  TmTe

Seff[’% x; A, B] = /d4a: {(8“779) (aqu) — Xg 8MB# + ag 1y RMVRW}

On, = —0*By,
Oxy = agRu, R*™.

Giannotti and Mottola

Gravitational anomaly

Lionetti, Melle, CC



The residue of the particle pole in the light-cone variables
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Ip = q121r_)n0q <JM (pl)‘]le (p?)JA3 (q)> # 0 Condition to be satisfied in order to define a particle pole

with light-cone versors defined by (ni)2 =0,n"-n~ = 1. In the light cone limit ¢* is large as well as p{ and p3, while
the components
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Only if the two vector lines are on shell, the dynamica generates a nonzero residue



CONCLUSIONS

CFTin momentum space. Provides a consistent framework for the
analysis of anomaly correlators

Axion-like interactions need a mechanism of vacuum misalignment to

be defined as asymptotic states

Naive extensions of Goldstone’s theorem are not justified



