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Axion-like interactions are characterised by an off-shell effective
action manifesting the exchange of anomaly poles in chiral and
gravitational correlators.

We examine sum rules in

JJJA (axial-vector/vector-vectorector)
and
JATT (axial-vector/stress-energy tensor) correlators,

highlighting the transition of anomaly poles to branch cuts beyond
the conformal limit.

Conformal Ward identities constrain longitudinal and transverse
sectors, with spectral density flows shifting the continuum to the
massless anomaly pole.

For massless fermions, anomaly and particle poles align only on-
shell, with no particle pole for off-shell vector lines or massive
fermions.
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Signatures of Chiral and Conformal anomalies
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If we change the parameterization of the loop momentum, A1 and A2 change.

Some are finite by power

A3(k1, k2) — _AG(k27 kl) — —167T2111(k1, k2), counting.
A1 and A2 are not
Aylkr, ko) = —As(ky, ky) = 1672 [Iog(ky, k) — Lo(k1, ko)),



where the general massive [,; integral is defined by
1

1 1—w
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Impose vector Ward identities

Ay(k1,ky) = ky- ko As(ky, ko) + k35 Ag(ky, ko),

Then A1 ans A2 are fixed Ag(kr, ky) = k‘% As(ky, ko) + k1 - ko Ag(k1, ko),

without any renormalization

No renormalization: Chiral anomalies are topological, similarly to the Euler density in the conformal anomaly



This is not the only parameterization. A second one is the longitudinal/transverse (LT) decomposition

De Rafael et al

W)\;u/ — % [WL)\;UJ . WT)\;W] ’

KT developed in the study of g-2 of the muon
It corrects an erro rin the book by Kerson Huang on
article theor
WEM =y ke[, v, ki, ko i Y

Only the L part contributes to the Ward Identity
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k2 + k2 — k2 Tensor structures involved

k2 kx elp, v, ki, ko In the LT parameterization
k2 — k2
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Topology comes through the Schouten relations

As(kr, ko) = ) _wL_TD(T)
1 [ kq - k2
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872
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w (kK K) = S [Ar— 4],
wr(k2, k2, k) = 8; [(As — Ag)ky - ko + Ay k2 — A5 k2],
wgl“+)(k2> kfv k%) = _47T (A3_A4+A5_A6)7
w2, K2, k2) = 4n?(Ag+ As),
G (K2, k2, k2) = —4m? (A + Ag+ As + Asg),

(k1 + k2)?

Armlllis, Delle Rose, CC
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_2k1 ko + k

k2 ngq’

Aﬁ(k17 kZ) — _A3(k27 kl))

Notice that if you change the parameterization of
The momentum in the loop, A1 and A2 will shift
by the same amount, but WL will not change.

Notice the presence of a single pole in the
Longitudinal component of the AVV diagram.
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The triangle diagram in the fermion case (a), the collinear fermion configuration responsible for
the anomaly (b) and a diagrammatic representation of the exchange via an intermediate state (dashed line)

(c).

The signature of the chiral anomaly is in the the generation of 1 pole in the axial vector channel



CONFORMAL POLES QED
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Bilinear Mixings are associated to projectors, ubiquitous in the conformal anomaly effective action

(TH (p1)TH2Y2 (p2) T2 (p3) TH4* (P4)) potes =

H1iV1
— s 3(?1) (T(p1)TN2V2 (pz)T“3”3 (pg)T“‘“’“ (ﬁ4)>anomaly + (perm.)

Hivi H2v2
. 3(p1) : 3(P2) (T'(p1)T (p2)T*"*(ps) T+ (ﬁ4)>anomaly + (perm.)

TV (py) TH2V2 (pg) TTH3Y3 (o)

+ 3 3 3 (T'(p1)T (p2)T (p3)TH+" (ﬁ4)>anomaly + (perm.)
_ WNIV; (pl) W“ZV; (p2) W“SV; (pB) 7r“4V; (p4) <T(p1)T(p2)T(p3)T(ﬁ4))anomaly .

For 4-point functions we need to proceed through perturbative analysis of the
conformal ward identities.

Maglio, Theofilopoulos, CC, 2021
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BILINEAR MIXINGS.
They are crucial foranomalies and can be studied

At colliders
In analogue realizations (example topological materials)

The Electron-lon Collider (EIC) at Brookhaven National

Laboratory is designed to have a highly flexible energy range,

Jé/f_ggon Lab - with the capability to collide elgctrons leth protons and

= nuclei at center-of-mass energies ranging from
approximately 20 GeV to 140 GeV ( e-p and e-lons)

National Laboratory

() Brookhaven

The Electron-lon Collider

A machine that will unlock th@secrets of the strongest force in Nature

2409.05609 [hep-ph]
Lionetti, Melle, Tommasi, CC

In the factorization picture: the TJJ correlator ™
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TH

GFF of the proton
DVCS Ji’s Sum rule

. I Loras(®) = =5 T (@b (),
Collinear factorization in QCD

T

Invariant amplitudes of DVCS
Related to form factors of
GFF of the proton.

A dilaton state is interpolating at higher orders

Lionetti, Melle, Tommasi, CC 2409.05609
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Lionetti, Melle, Tommasi, CC 2409.05609

Lionetti, Melle, Tommasi, CC, 2024

Armillis, Delle Rose, CC. for QCD, for on-shell gluons

Giannotti, Mottola, QED



Allanomalies are connected with anomalous Conformal Ward
Identities

guv(T*) = b1 E4+ by C*P7Cpypr + b3 VPR + by FFVF,,,

where C,,, o denotes the Weyl tensor and E4 stands for the Gauss-Bonnet term:

1
C*"P7 Cpuypo = R*P Ry por — 2RMVR,,, + §R2,

Es=E =R*"Ryuypo — 4R* R,y + R*.

A = by E4+by CF"P7 Cppypo+b3 VER+bs FFY Ft fi 8°7°7 Ry R o4 f2 8#7°7 F iy Fpor,

Correlators of higher order are affected by the anomaly and can be combined together in the
conformal anomaly effective action

e 1 - ‘z % A
S(g)B = S(g)B + Z Pin] / ddxl . ddxn‘v—g1 ...V —8&n (T”lvl . T”"Vn>g86gy1v1 (x1) . 6g,4n,,n (xn) ,“L(J vmm::]s\z/ifns Reports
n=1 : il 8 arch 2022, Pages 1-95

Conformal field theory in momentum space
and anomaly actions in gravity: The analysis
of three- and four-point function

Claudio Coriand ® & =, Matteo Maria Maglio @ =i




i Sl (sl =0s 652 — STEPS IN THE SOLUTION
Ward identities
P3us (JH1(p1)JJ*2(p2) I (p3)) = —8 aielrP2Hi2

(J#(p1) "2 (p2) T}4* (p3)) = (5" (1) 3" (p2)7%4 (p3)) + (J** (1) J** (P2) J§ Tong (P3)) Decomp. IntoLand T
8a1
Solve the long. sector by a pole (I)O =——3
s
(79 011752 s () = B, (9 1)) I () = e P00 P3

Anomaly form factor

(791 (p1) 3" (p2)35° (p3)) = Tht (P1)Th2 (p2)Ths (3) [A1(p1,p2,293) gP1p2o1 a2 s

+ Ag(p1,p2,p3) ghraioes _ A2(p2,p1,p3) €p2a1a2a3] Introduce the transverse sector

y - o
(izl fimad- ; pfapy) (T4 (p1)J** (p2) J4* (p3)) = 0.

02 0?
= 228 (223 H3
0 ; { ony 2 505 91y +9f 50 0, } (J#(p1) J*2(p2) T4 (P3))

P o Impose the conformal constraints

e 05 ) 7 )0 5 52

1o} 0
w2 (50 50—, 50 ) U )T 0 20 (0n) = K (7% 00) )52 )
P2 'P2pa
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Solve the conformal constraints

0? d+1—2A;) 0
A )

K; = Kij=K;— K
2 ) 7/,7 ? .7
K31 A1 =0, K3 A1 =0, 8p7, Di ap’t
K31 Ay =0, K32K33 Ay =0
Appell Functions
A1 = a1 J3{0,0,0}
A2 = Q9 Jl{O,O,O} + a3 J2{0,1,0}- Bzowski McFadden, Skenderis
They can be related to a class of parametric integrals of Bessel functs. Delle Rose, Mottola, Serino, CC
_ o B .
Logigapsy (P15 P2,P3) = / dzz® | | v}’ K5, (pj)
J=1 3K integrals
_mly(z) - L,(x) _(Z\* > 1 z\%
B =0 siam) °© ZF% L(=z) = (2) ZF(k+1)I‘(u+1+k) (2)

k=0

In 4-point functions 3K become 4K (generalized Lauricella) (Maglio, Theofilopoulos, CC)



The solution (Lionetti, Maglio, CC, 2023. EPJC)

8ai
(J#(p1)J*2(p2) J5* (p3)) = —p—zspl”?‘“’” ps*

3

+ 8ia T (p1) 2 (p2) ™3 (p3) | P Tyr 0,1y €P10192% — P2 Tyo.1) €72°1%2%3 |,

Notice that the residue at the pole has propagated to the trnasverse sector

Related to ordinary perturbation theory integrals

1
I3(1,013 (93,93, 3) =p{ — 2pip} {pf (5 — 2p3) + p1 + P3p5 — 2p) +p§] Co (p?,p3,p3)
2 2 2\ 2 2 2 4 p% 2 2/ 2 2 P%
+ 0% (0 — 3)" + 4p3p} — p}) log o7 ) T 4piws (v — ) log ( s
2 3

2
P
— p2 ((p§ —p3)? + 4pip; — p‘f) log (p—%) — Xp? —p3 + p%)}
3

7 The pole defines an exchange of some sort



GRAVITATIONAL ANOMALY <ATT> Lionetti, Maglio CC 2024, PRD

At the conformal point

Two stress energy tensors and one chiral current J_A

Captured to lowest order by the ATT

Vﬂ <J§> - aleﬂudequpa + a2£#Up0Raﬂ;wRa/}po"

Also in this case we reconstruct the entire correlator from
1 pole + CWIs



JUST IMPOSE Anomalous Wils
Oy (T (p1)TH22 (p2) JE° (p3)) = 0,
Pip; (T (p1)T*2*2(p2)J5* (p3)) = O,

M2, 1
P (T ()T () ) = i - pa) {227 (02 = B2 ) o ()| - 0 )}
i(—q- . : 5’RR(x)
d4$ d4£E ez( q-x+p1-T1+p2-T2) —
f 1 2 0Guq vy (£1)0Guq vy (T2) The anomaly condition

M2 H1
(p1 - p2) { [6”1”2””’2 (9“1“2 - %) + (¢ Vl)] + (2 Vz)} :

From conservation of the stress-energy tensor

V. (TH) = 0.

trace WI and conservation WI

5#1%‘ <TM1V1 (pl)T'u2U2 (p2)‘]g3 (p3)> = 0,
Pip; (TH* (p1)T"2"2(p2)J§* (p3)) = O,



Solve the longitudinal sector by an anomaly pole

# M2, 1
<t“1”1t“2"2jé,‘?oc>—4w2p (p1 - m{[ (gww—”l P2

o p2) + (1 1/1)] + (p2 <—>1/2)}.

Introduce the transverse sector
(¢ (p1)tH2"2 (p2) j5° (p3)) = I 5 (p1) T2 5 (p2) ™43 (ps) [

AeP1e10203pRip — Ay (py 45 po)eP? 192 it pl?

+ A2€p1a1a2a35ﬁ1ﬂ2 _ Az(p1 Hp2)€p2a1aza35,31ﬁ2

+ A 8P1p20£1062p51p52 as + Ay 6P1p201025ﬂ1ﬁ2 063}

Impose the CWiIs
0=K" (T (p1) T"*"* (p2) J¢° (p3))

2
Ez:<2(Aj—d)i 2p5 i 0 +(pj)“8i 0
4

TH1v1 TH2v2 M3
Opjx 7 0pS Op; a 8pja> { (p1) (p2) J5* (p3))

0
grlin o — g% gk )
< 8pl A 3171)\
+4 (5n(u2 9 _ 5n 5(#2 )

A Opax

(1% (1) T4 () J2° (ps))

(T2 (p2) T (p1) J2° (ps)) -



0 = %, (P1)Wezz; (p2) s (p3) (K(TH (p1) T2 (p2) J5° (P3)))
= T2 (pO)TL2 (p2) 7 (p3) [P (Crie? 142 py! pi + CrpePtats pil p
+ CzeP ki3 §iva  C eP2k1bals §172 4 C158P1P2/41#2p’£1 p'g2p’1‘3 + C168P1P2/¢1/¢25V1V2p’1‘3)
+ pg(cﬂgplﬂlﬂzm p;l p’3’2 + C228P2/41/42/43p;1 p? + CozeP1hibals §1V2  C, eP2Hik2bs G112
+ C258P1P2/41/42pgl pgzpll‘3 + C268P1P2/41#25V1V2p’1‘3) + 81 (C3peP1H2H3¥1 p’éZ + CpePrtakav p§2
+ Ca3eP1P2t211 p/1‘3 p’§2 + CyuePr1P2t2isgive) 5K”2(C418p1”1”3”2p;1 + C428P2/41/131/2p;1 + C438P1P2ﬂ11/2p/1‘3 p;l

+ C448P1P2ﬂ1ﬂ35l/1'/2) + CSIEKMMM(SUM + C52£Kﬂ1ﬂ2ﬂ3p;1 p’éZ + C538P1Kﬂ1ﬂ2p‘l‘351/11/2 + C54£P2Kﬂ1ﬂ2p’l‘351/11/2],

0= K3Aq, 0= K3 KAy,
0= K31K31A2, 0= K32K32K32A2-

Complicated set of differential operators,
solved exactly.



A1 = —4iayp} I52.1,1)

Ay = —8iag p3 (p§ Iyg210y — 1) Unique determination of all the transverse form factors
A3=0
Ay =0.
ag = — ig
27 T 38472 Expressed in terms of ordinary

Perturbative integrals

97 P Pt 2 2 2
A= 242 \4 Au + Arzlog <p_%) + Arglog (p_%) + A14 Co(p1,p3,P3) ¢

gp% p% p% 2,2 .2
Ay = 187203 Az + Agzlog <p_§) + Aaslog (p—%,) + Azs Co(pi,p3,13) ¢
A3 =0,
Ay =0

A = A(p1,p2,p3) = (1 —p2 — p3) (1 +p2 — p3) (P1 — P2 +p3) - (P1 + P2 + P3)



Four-Point Functions of Gravitons and Conserved Currents of CFT in
Momentum Space: Testing the Nonlocal Action with the TTJJ

(T TH2v2 Jis J#4>((lffl=o;1r2 = (grHave Jus J#4>(d=4) + (THmg2v2 g Jﬂ4>(d=4) — (b g Jus J#4>(d=4)

anom anom loc anom

= <T“1 VIR JHS JH > 0—residue & <TM1V1 THR gHs Jh >pole '

- s THiv1 TH2v2 +
(THvTH2 2J;L3J;L4>pole = B¢ {QT(pl) ([\@F2]N2V2l"3ﬂ4(p2,p3’p4) _ M [F2]“3l‘4 (p3,p4))

3
7r/>42’/2 v 7-‘-/‘1’1’/1 +
g 2 3(p2) ([\/gFZ]#l 1M3 L4 (pl,pSap4) _ (1;1 p2) [FZ] H3 4 (p3,p4))
y mh2v2 K3k4
+2 3(p1) 3(p2) I:F2:| (p3,p4)}

Bilinear mixings present

Th perturbative analysis differs from the derivation coming from
*Riegert action

Eur.Phys.J.C 83 (2023) 5, 427

e-Print: 2212.12779

(G. Paciand O. Zanusso 2024)



https://arxiv.org/abs/2212.12779

Moving away from the conformal point

d*k
Aoy (p1,p2) = (Zﬂ)ﬂ‘r (/c_ ;1 g/ i gy 1)12 — m%%) + [(p1, 1) < (p2,v)]

p'lltAOélW(plap2) =0, pgAauu(plap2) = 0.

1
qua;w(plap2) = ZmAw/(plap2) + ﬁf;wpapgpga

Aam/(plap2) = Fl (s)qwfuupapll)pg + F2 (3) (p21/€a,upa - plueaupa)p[{pg

221 21

gm 2.2 .2 2 g
27_‘_2 C]_2C0(q 7p17p2am)+4—ﬂ_2q_2'

q)O(p%ap%ap%amQ) = Fl(sa 81, 82) =



TOPOLOGICAL SUM RULES AND SPECTRAL FLOWS (AREA LAW)

S,

1 (I)O 8,81,82,m2

A(S>p%ap%am2) = disc®P

®o(q* + i€, p1, p3, m?) — ®o(q° — i€, p3, p3, M

Complex function of 4 variables

Re(s)

Lionetti, Melle, CC.
to appear

j{fbo(s,sl,sQ,mQ)ds = 0,
C

%)

INTERPLAY OF 3 CONTRIBUTIONS

ACUT
2 POLES

One of the pole is of fixed strength
the other is of variable strength

The anslysis of the spectral function is involved.

: : : 2m?
disc ®o(q?, p?, p3, m?) = —4imm? Co(q?, p?, p3, m?) 8(¢*) — 2mi 6(¢?) + q—2dlsc Co(q?, p3, p3, m?).



1 0 The integral of the absorbptive part of the anomaly form factor
% AQ)O ds = An Equals the numerical value of the anomaly.
0

om? .
p(s, s1,82,m?) = ?dlscCo(q2,p%,p%,m2)9(q2—4m2)

2—s(w—=z)(w—2)
s2(z — 2) ’

o log (mis=2lo=2)

z=%(ﬁ+81—82+8) 2=z=%<—ﬁ+81—82+s)

The integral over the cut cancels

w = 1 (1+ 1— ﬁ) o = 1 (1_1/1_ ﬁ) With the contribution of one of the
2 8 2 § poles at s=0

o0

4?:71")7’1,2 C’O(O,p%,p%,m?) = / dSP(S,Sl,Sz,m2)

4m?



(e i s~ (o= n o= vi6a)) ) These cancellations are true in full generality
VA(s,51,2)

(the “ieps”is. a signum function)

Things get more interesting if we consider the
sum rule for on-shell photons (s1=s2=0)

In this case there is no pole

1 3 3 > 1k1k1kxk
Co(g?,m?) = 3Fy (1,1,1;2,5;95), o F) (1,1,1;2,5;95) :Z( )i ( )3( ) o

2m? k=0 (2)x (i)k K
1 q° q' q°
2 2\ __
Cola,m™) = =5 (1 T omz T 180md T O\ s ) )
3 3 2
1
By = — 2 T 4

C4An212m2 472 180mA No pole:just a cut from gq*2>4m"2



Then the sum rule is an area law over the continuum

px/”
1.0~

But the pole is reconstructed
In the conformal limit and no mass dependence

0.8

0.6 -

0.4+

2 1 / 2 2
disc ®¢ = 4in m log +vrla,m )0(q2 — 4m?)

(¢%)2 1 — \/7(g%, m?) ' Send m to zero
The cut collapses
To apole

2 1 2
lim A(n)q)o(s,m%) — lim 2mm;, log ( T 47 T(S,mn)> 0(8 i 4777%) — 7T(5(S),

mZ—0 mn—0  §2 1 —/7(s,m2)




More sectors compared to
<T“1”1T“2”2J“3> <tu1V1tu2V2J#3> + <t#1V1tIJ«2V2JA loc> + <tu11/1tu2uzj;za> + <tu1ultu2V2JA > P

toc the AVV

Gy Gpavs <TIJ:11/1TIJ42V2 JZ3> — 0’

p3#3 Guivi <TM1V1T;L2V2 Jﬁ3> — 0,
(1 825558, = TS (OIS, (e (i + Fuplsf)

e 2
F= 1) I Lol - snan] o (5,50, 52,m%) + Q)[a(or + 52) = (o1 — 52 Lionetti, Melle, CC
— 52Q(s2) [3 + 51— 52] —51Q(s1) [3 — 81+ 82] + /\},
2

= _%ﬂs + 272271123{2[)\ (m2(—s + 814 s2) — 25182) + 35182 ((51 — 52)? — s(s1 + $2)) | Co (s, s1, sz,mz)

+ 51Q(s1) [/\ + 6s2(s+ 51 — sz)] + 52Q(s2) [/\ +6s1(s —s1+ sz)] —Q(s) [1235132 + A(s1+ sz)]

+ A(—s+s1+ sz)}.



Gravitational Anomaly sum rule away from the conformla point
Use perturbation theory

+ more..

(tr g2 e = (F1 — FZ)% {[e"2PP2 (p1 - p2 g"H2 — p1®Ph") + (p1 <> v1)] + (k2 € 12)}
3

_ _ 3
+(F1 +F2)I;% {[e"v2P1P2 (py - pp g"1F2 + p°ph') + (p1 <> v1)] + (p2 <> v2)} (
3

Fi—F, m?sy (53 (s —s?) +53(55+ 1) + (51 — 5)° — 3s3) By (51, m?)
o m2s(s — 51 — s2)A2
m2s, (32 (332 + s%) + s2(s1 —3s) — (s — 51)%(s + 3s1) + sg’) By (52, m2)
+ m2s(s — 81 — 82)A\2

daTT =

m2K1(s, s1,52)Bo (s,m?)  m?Ka(s, s1,52)Co (s, 51, 52, m?)

m2s(s — 81 — 82)A\2 m2s(s — 81 — 82)A\2
m? (32 — 2s(s1 + 82) + 52+ s%) 1
m2s(s — 81 — S2)A 12725




& oy =2 + ci(s, 82) + (continuum terms) + ca(s, 31,_32) c3(s, s1, s;)
5 § $— 38 (s —s_)
ca(s,81,82) | ¢s5(s,81,52) n ce(s, s1,52)
(s —s4)? §— 8- s— 84

disc®arr =cod(s) + c1(s, 51,52)0(s — 4m*)H(s) + ca(s, 51, 52)0(s — 51 — 82)
+c3(s, 81,82)0" (s — s_) + cad'(s — 54) + c50(s — s_) + c6d(s — s4),

Cancelation of extra thresholds

_cs(s—,81,89,m?)

W 2 . y_ _d (c3(s551,5,m?)

S=S§_

Spectral density
Gravit. anomaly form factor

A= (s—s_)(s — 54),



Ordinary thresholds
plus extra thresholds.
The two black spikes cancel the contribution
of the cut after integration, leaving the sum rule to
Be attributed only to the red constant
Re(s) Resonance.

51 = (v/61 % v/52)”

disc(PATT)pote = disc(ParT)o + disc(PATT) s, 45, + disc(@arT)s_ + disc(darr)s, - TOPOLOGICAL SUM RULE

o(s) 2mid(s)

s
di _ o B
isc(¢arr)o = 2mi 122 12m2(s1 — $2)3(s1 + s2)

le(Sa 81, 82, m2)

U (s, 81, 82, m*) = k12m2 (— ((31 — $2) (s% + s%) Bo (s, m2))

+ 51 (s% + 28189 + 33%) Bg (sl,mz) — 89 (38% + 28189 + s%) Bo (32,m2)
Also in this case we have a cancelation + (51— 82) (2m® (81 + 83) + s182(s1 + 82)) Co (s, 51, 82,m?) )
between the cut and the the two black spikes +12m? (2 + s2) (51 — 52)>.



The effective action

One needs to compute the residue of a vertex in order to identify the character of the coupling

. 2 2 2 2 2 2 is limi i
lim g G(q ,P1,P2) — gp(P1,P2)- Th|s.l|m|t has to be performed on the entire vertex
q2—0 Not just on the anomaly form factor

111
===

G(q°,p3,p3) =
(¢°,p1,p2) q2 p? p?

F(qz,p?,pg), If the residue is nonzero, then there is an interpolating
State.
But this state is asymptotic only if the coupling
Is nonzero quite generally

For chiral anomalies GENERAL DECOUPLING

Absence of a particle pole for ¢> — 0 (s, 89, m?) # 0

lim g* (J*(p1)J**(p2)J**(q)) = 0.
q%>—0



Also in this case you get a
Spectral flow with an area law.

drrg 1+
Arryy (@' m?) =Im fi(q’) = = 57(1~v*)*log T 6(¢" — dm®),

/ ds Aayy(s,m) =2dayv,
4

m2
00 2 Sum rules
ds Arry,(s,m) = - drry;,
4m?2 3

When we consider states on shell and we are at the conformal point

Grav ariomaly Conf. anomaly
Sanom ~ /d4xd4y6,\A)‘ E(w,y)RR(y) +... STJJ/d4fIJd4yR(1)(CU) O (z,y)Fy Fv(y) + ...

Chiralanomaly

Sjr5 = /d4:1:d4y8 : AD_I(CI:, y)Fvﬁv(y) + ...



KINETIC MIXING

e? ~ : :
Seffln, x; A, B] = /d4a: {(3“7)) (Oux) — x "By + S?nF,WF‘“’} Giannotti and Mottola
An analogous action for the gravitational anomaly pole
On=—8"B),
62 N 62 Uy po
Oy = @FMVF = 6.2 € FuFpo . ) ( |
ENTANGLEMENT
Serf[, x; A, B] = / d'z {(8"7) (ux) + Md"x By,
+a% FWF““’}

n=a(z) —bz)  x=0b(z)+a(z)

Seffla,b;A,B] = / d'z (%(aﬂa — MB,)* - %(aub — MB,)* + %FF)

a— a— M(z), b— b+ M6, B, — B, +0,0



Conclusions

Axion like interactions may not allow asymptotic axion-like particles, if a confining phase is absent.
Equating an axion-like particle to an ordinary Nambu Goldstone mode is not automatic.

An anomaly pole is not an asymptotic state, it is an interpolating scalar (or pseudoscalar) state.

It decouplesin the IR as on ordinary NG mode, butitis richer than that: it is tightly connected to
the transverse sector of the anomaly interaction by a sum rule.

We have shown that anomaly interactions satisfy sum rule for general kinematics.

The same is also true for dilaton form factors, extracted from the gravitational form factor of the proton




