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Significance of axial- and tensor-meson TFFs for g — 2

e axial/tensor mesons intermediate states contribute to HLbL

e interplay with short-distance constraints

e in dispersive framework: B @ !
narrow-resonance approx. .i .

— need doubly-virtual TFFs "
e significant contribution to uncertainty r 2@:4::
e scarce experimental data, difficult to measure o

Currently used in disp. framework [Hoferichter et al., 2024] :

e axials (3 TFFs): exp. data and VMD model for f,(1285)
[Zanke et al. 2021], a1(1260) and f{ = £,(1420) via U(3) symm.
e tensors (5 TFFs): restrict to 1 TFF (hierarchy), simple dipole

*

structure; plan [M.Zillinger's talk]: T K

£(1270) as w7 resonance 7 @
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Situation for a; and a, (and potentially f,(1420) = f,)

e dominant decay channels: a; — 37 /pm, ap — 37 /pm,
(i = KKn/KK*)

e in isobar model, this is A/ T — pm
— a1 and ap similar to f, but resonances in pr instead of 77
— situation less symmetric and more complicated

e can relate a;/ay TFFs to known form factors s Fory Gi

P P Vv P
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pm — Y " system

™

* * * * A e
(p(P, Ao)T(Pr) v (a1, M)7* (G2, A2)) ~ ex en2 ea” M (1. q2. p)

J\/l/”m(qlv az, P) = Z ]:I(qfv qgv s, t, U) 7_i'LWOé(ql’ a2, P)

1

gauge-invariant description of pr — ~*~*

need scalar functions F; free of kinematic zeros and
singularities — Bardeen-Tung-Tarrach (BTT) procedure
capture effect of different form factors and G;(q?) for
m and p, which is lost in scalar-QED x form factor calculation
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Input for scalar functions

e unitarity relation for pm — v*~*, cut in t/u, dispersive
reconstruction from 1-particle intermediate states

Ak gk A va _ 1
o €, e e Fi TH = =

Pr/p related to

e this yields amplitude pm — ~*~* for p, m on-shell
e project scalar functions accordingly to BT T projection of
tensor structures (dual mapping)
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Challenges in the pm — y*~* system

problem: system not symmetric enough (compare 7w — v*v*)
— cancellation of kinematic singularities in F; would require

Fpﬂ(qg) = FﬂW(qS)Gl(q%);
but ~Q72 G(-@)~Q*

solution: introduce additional heavier vector intermediate
state R in LHC with FFs H;(g?)

= Ffm(qg)[Gl(Q%)_ ] +FR7r(qg)Hl(q%)q%:0

additionally, need on-shell relations (p? = I\/Ig) to cancel
kinematic singularities, but p, 7w off-shell in loop
projected scalar functions ambiguous under on-shell relations
BTT basis { T 13, but need to include two more
structures for generating set in all kinematic limits (Tarrach)
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Dispersive reconstruction of F™

e Cutcosky rules for the a; TFFs

disc [

e no information about t/u-channel cuts — neglect for now

e s-channel cut: disc F* = 2ilm F* for space-like virtualities;
Im F* unambiguous

e neglecting rescattering effects in pm, reconstruct as
2 2y _ 1 oo 4 ImFM(x,63.q3) :
Fial(qulﬁq2): dx B

7 Jsihr X—s ///\\
ai 2 2 ay/a ¢
e take Im F(s, g1, g5) from loop calc.,

solve via PaVe decomp. (tensor coeffs.) '
e neglect quadrupole FFs and full transversality of a;, p (would

x

require regularisation)
e can do this analogously for £, but need to regularise loop

integrals
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Preliminary results: singly-virtual F

F{'(=Q2,0), Cayon = 3.7 GeV

Q*F3'(=Q2,0), Cajon = 3.7 GeV
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Preliminary results: symmetrised F™ with symm. virtualities

(Anti)symmetric a; TFFs

F3(=Q2 = Q?), Caypn=3.7 GeV

Q4 F2:=Q?, — Q?), Caypn=3.7 GeV
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Discussion

Axials:

o |F2(0,0)| = |F(0,0)| ~ 0.035 with C,,r = 3.7 GeV

e [Liidtke et al. 2025]: |F5(0,0)| = |F5*(0,0)| ~ 0.35

e mostly fall as expected from light-cone expansion
[Zanke et al. 2021], but F{* should fall as O(Q™°)

Tensors:

e loop integrals diverge — regularisation necessary

e if that is done, can apply this framework to a,

e so far: projection to F without solving integrals or dispersive
reconstruction does not reveal any obvious hierarchy between
different TFFs
— maybe arises from further steps
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What the current reconstruction from Im F (g3, g3) can do:

e symmetries, Landau—Yang theorem (by construction)

e partly expected high-energy behaviour

e for a;: complementary ansatz to Ref. [Liidtke et al. 2025] and to
fi + U(3) symmetry

e test some variations of 7/p FFs (see app.)
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What the current reconstruction from Im F (g3, g3) can do:

e symmetries, Landau—Yang theorem (by construction)

e partly expected high-energy behaviour

e for a;: complementary ansatz to Ref. [Liidtke et al. 2025] and to
fi + U(3) symmetry

e test some variations of 7/p FFs (see app.)

What it can’t do:

expected normalisation

expected asymptotic behaviour for F;*
real form factors
hierarchy of TFFs (so far)

Therefore, want to implement proper unitarisation
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Dispersive reconstruction of p~ 7t — **

’“*ehez\y “Im EMHYY (crossed channel)
=18(t — M){(p* (=P Ap)7" (g1 M) |7 (K)) (7 (P )y (92, A2) It (K))*
= e mo(t — M2)Fon(a)FY (43)(2p" — 241 — g8)cP

)\1 >\2* AplmuM,u,Va

=7T5(u— M2) (0" (=, M)y (a2, 22) o™ (K)) (™ (pe )y (G2, A2) 0™ (K))*
=) ea’ mo(u — M2)Fyr(q3) Gr(a})
X [(2p” — q3)eHPH + (2p” — g5 e N %]
At AU
)\1* /\2>\* T,Lwa:l pj pj dsf b
€, Fi ng;p + — (read p from above)




Implementation BTT basis

find 13 independent gauge-invariant structures (matches
# helicity amplitudes), “basis” {T/"*}13,
problem: Tarrach structures T14, T15, not a basis in all

kinematic limits

(@) (T~ TH™) = (T ~ TH") = 2(a1 - @) TH",
(- ) (T3 + T™) — B(TH™ + TH*) = 2(ar - a2) TH"

need to include T, T{c'® into generating set

project scalar functions to “basis” {F;}13;, manually shuffle

parts of Fg, F10, F11, F12 to Fia, F15 (no double counting)
additionally, need relations like t — Mg =q¢?-2(p-q1)
(implies Mﬁ/w in LHC = pﬁ/w in intermediate state)



Definition of F" [Hoferichter, Stoffer 2020]

M =T R T

ary*y

= (g — qz)ﬁ,
Prara Qf + gﬁlqu q%’

i—{LVB (ql , 42
5 (1, a2
7~_3” Vﬂ(% a2

7N—,:ﬁljll_ljﬂ(qlvq2) = 7~-1'wj6(qlvq2)v
7N_<:)u2l/5(q17q2) = [i_éul/ﬂ(qth) + -i‘_élyﬂ(ql7q2)]7
T9(q1, q2) = (T3 (a1, a2) — T§"" (a1, q2))

F = F, F2=Fl 4+ FQ, Fi=F8—F

~— ~— ~—
I

_ Bragigx 4v Buvqgr 2
_gﬂqqq2+€#qq2



Projection to fiA/T and implementation

e reconstruct off-shell amplitude for loop calculation from
unambiguous imaginary part (for space-like virtualities)

e loop integral calculation via PaVe decomposition (tensor
coefficients), evaluation implemented in two versions for
cross-check

e project integrals to {FA}3_, and {F}2_,

e for A, build projectors; take care as unphysical degree of
freedom is present from A — VP

e for T, more (physical and unphysical) structures
— either use BTT projection of tensor TFFs or helicity
amplitudes [E.Lymperiadou’s poster]

e dispersively reconstruct projected objects (two

implementations)



eliminary results: symm

(Anti)symmetric a; TFFs
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eliminary results: F? with symmetric virtualities

!

F'(=0Q2, = Q?), Caypn=3.7 GeV
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Comparison of real parts — singly-virtual form factors (prelim.)
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Comparison of real parts — symmetric virtualities (preliminary)
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Influence of FY, F,,, and G; — symm. virtualities (prelim.) |

Comparison of different FF input for a, TFFs with symmetric virtualities
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Influence of FY, F,r, and G; — symm. virtualities (prelim.) Il

Comparison of different FF input for a, TFFs with symmetric virtualities
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Influence of FY, F,., and G; — singly-virtual (prelim.) |

Comparison of different FF input for a; TFFs, singly-virtual case
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Influence of F,

F

o and G; — singly-virtual (prelim.) Il

Comparison of different FF input for a; TFFs, singly-virtual case
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