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Status of data-driven HLbL evaluations as of WP25: light quarks

Region Dispersive hQCD Regge DSE/BSE

Qi > Q0 6.2+0.2
−0.3 6.3(7) 4.8(1) 2.3(1.5)

Mixed A, S, T 3.8(1.5)

OPE 10.9(0.8)

Effective pole 1.2

Sum 15.9(1.7) 13.5(2.4) 12.8(5) 10.1(3.0)

Qi < Q0 A = f1, f ′1 , a1 12.2(4.3) 13.1(1.5) 10.9(1.0) 8.6(2.6)

S = f0(1370), a0(1450) −0.7(4) −0.8(3)

T = f2, a2 −2.5(8) 2.9(4)

Other 2.0 8.0(9) 3.2(6) 2.8(6)

Sum 11.0(4.4) 24.0(2.8) 14.1(1.2) 10.6(2.7)

Sum 33.2(4.7) 43.8(5.9) 31.7(1.6) 23.0(7.4)

Biggest differences concern tensor-meson contributions and matching to

short-distance constraints, large uncertainties from axial-vector resonances

JB, MH, EK, EL, AR, HS, ES, MZ Data HLbL roundtable discussion Aug 7, 2026 2



D
ra

ft

Status of data-driven HLbL evaluations as of WP25: charm quark

MH, Stoffer, Zillinger 2025

WP25 used aHLbL
µ [c] = 3(1)× 10−11, with an error estimate from ηc pole

Refined matching between pQCD and ηc contributions gives

aHLbL
µ [c] = 2.7(8)× 10−11

↪→ main uncertainty from pole mass mc vs. MS mass m̄c

Beyond this level, need control over αs corrections
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Dispersive approaches: four-point and triangle kinematics

DR in four-point kinematics

triangle-DR π0, η, η′ 2π S A T . . .

π0, η, η′ × × × × ×

× × × × ×

2π

V

S × × × × ×

A × × × × ×

T × × × × ×

. . . . . .

Lüdtke, Procura, Stoffer 2023

Four-point kinematics:

Dispersion relation

before taking q4 → 0

Tensor mesons require

FT
i (q2

1 , q
2
2)F

T
j (q2

3 , 0)

Only subset FT
i FT

j free

of kinematic singularities

Triangle kinematics:

Dispersion relation after

taking q4 → 0

Tensor mesons require

FT
i (q2

1 , q
2
2)F

T
j (M2

T , 0)

Kinematic singularities

absent for all FT
i

Need additional inputs:

γ∗T → ππ
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Outline for this session

Few-slide updates:

1 Johan Bijnens: αs corrections to the charm loop
2 Anton Rebhan: Tensor mesons in holographic QCD
3 Maximilian Zillinger: Dispersive construction of the f2(1270) transition form factors and

implications for HLbL
4 Hannah Schäfer: a1 and a2 transition form factors from a ρπ system
5 Eirini Lymperiadou: Dispersive description of γ∗γ∗γ → ππ subprocesses for

tensor-meson contribution to muon g − 2
6 Emilis Kaziukenas: The γ∗T → ππ subprocess and its role in the f2(1270) transition

form factors
7 Eleftheria Solomonidi: Reconstruction of f2(1270) transition form factors from 2π (and

higher) cuts

Open discussion
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Charm contribution

(a) (b) (c)

(a) LO (b) NLO (c) NLO mass renormalization
IR problem regulated by mc

LO known to high order in mµ/mc Kuhn et al., arxiv:hep-ph/0301151

Used to estimate aHLbLc
µ = 3.0(1.0)× 10−11 WP20,WP25,arxiv:1910.13432

Problem: quite sensitive to mc

J. Bijnens, N. Hermansson-Truedsson, A. Rodríguez-Sánchez, Phys.Lett.B 873 (2026) 140178,
[arxiv:2511.13097]
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Charm contribution

Analytic result known in the case of on-shell mass in a different context
R. Boughezal, K. Melnikov, arXiv:1104.4510

aHLbLc LO
µ =

(α
π

)3
(

3
2 ζ(3)− 19

16

)
Ncq4

c
m2

µ

M2
c
.

aHLbLc NLO
µ = aHLbLc LO

µ

αs
π

CF
∆1
∆0

,

∆0 =
3
2 ζ(3)− 19

16 ,

∆1 = −473π2

1080 ln2 2 +
52π2

405 ln3 2 − 42853π4

259200 +
5771π4

32400 ln 2 +
473
1080 ln4 2

− 52
675 ln5 2 − 8477

2700 +
473
45 a4 +

416
45 a5 +

34727ζ3
2400 − 23567ζ5

1440 .

CF = 4/3, a4,5 = Li4,5(1/2), CF∆1/∆0 = 3.85174
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Charm contribution

Pole mass scheme: renormalon ambiguity Beneke, Braun 1994

MS much better
Example: Charm two-point function leading term in Q2/m2

c
A. Maier, P. Maierhofer, P. Marquard, A. V. Smirnov, 2010

ΠV (Q � mc) ∝ (1 + 0.295 + 0.036 − 0.010) z(mc) = (1.295 ± 0.089) z(mc)

First: the calculated orders; Second: only first two orders with error estimate
So we need to rewrite to MS

aHLbLc LO, MS
µ =

(α
π

)3
(

3
2 ζ(3)− 19

16

)
Ncq4

c
m2

µ

mc(µ)2 ,

aHLbLc NLO, MS
µ = aHLbLc LO, MS

µ

αs
π

(
CF

∆1
∆0

− 8
3 + 4 log

(
mc(µ)

µ

))
.
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Charm contribution

On shell Mc = 1.49 GeV
αs(Mc) = 0.3519
aHLbLc
µ = (2.30 + 0.99 + · · · )× 10−11

mc(mc) = 1.2730 ± 0.0046 GeV,
αs(mc) = 0.3876 ± 0.0118 .
5 loop running of mc and αS

Final result:
aHLbLc
µ = 3.65(25)× 10−11

Lattice (connected part only)
BMWc: 3.92(26)× 10−11

Mainz/CLS: 3.1(4)× 10−11

Lattice with disconnected
BMWc: 3.73(26)× 10−11

Mainz/CLS: 2.8(5)× 10−11
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Holographic tensor mesons – rationale & results

In hQCD,

(axial) vector mesons are dual to nonabelian 5D flavor gauge fields, implementing
automatically VMD; chiral anomalies through unique Chern-Simons action
infinite tower of axials → correct MV limit of HLbL Π̂1(Q,Q,Q3) when Q≪ Q3

but symmetric limit limQ→∞ Π̂1(Q,Q,Q) only 81% of quark loop

5D gravitons are dual to tensor mesons, but no flavor structure: tensor glueballs

tensor quarkonia should be described by massive 5D strings;
integrating them out assumed to lead to contributions to Einstein-Hilbert action,
thus mixing with tensor glueballs, effectively describing whole multiplet

infinite tower of tensor mesons contributes to symmetric limit of Π̂1;
matching the missing 19% gives good description of a2, f2, f

′
2 photon couplings

generates 2 out of 5 tensor TFFs FT
i : FT

1 similar to simple quark model, but
inseparable FT

3 , which changes sign of contribution to aµ!

aT
µ × 1011 = +11.1+1.3

−3.0, [(Qi < 1.5GeV): +8.5︸ ︷︷ ︸+1.0
−2.3] [Mixed: + 1.9+0.2

−0.5]

+2.9 a2, f2, f
′
2 pole contributions

+5.6 T ∗ tower
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Short-distance behavior of hQCD results vs. Quark Loop

Asymptotic Π̂1(Q,Q,Q3)×Q2Q2
3:

agrees with QL with max. deviation of 0.44%!

T

A

A+T

QL
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(Q
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1
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3
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s
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m

p
t.

↑
MV

[Bijnens et al. 2411.09578]
Miraculous SD identity for y-even corner integrands:

only axial-sector contributions, tensors drop out

satisfied by SD limit of hQCD results,
despite typical individual 25% corner
contributions from tensors! [CLMR, 26xx.xxxxx]

Symmetric limits lim
Q→∞

QaiΠ̂i(Q,Q,Q) 1 compared to the quark loop (QL)2:

î A T A/QL T/QL sum
1 −0.03657 −0.00846 81.22 18.78 100 %
4 −0.0061 −0.01144 37.50 70.40 108 %
7 −0.0061 −0.00256 75.00 31.55 107 %
17 +0.0061 +0.00034 59.04 3.33 62 %
39 +0.0183 +0.00769 68.80 28.94 98 %

→ Tensors improve also all transverse SDCs significantly (except Π̂17)

1ai = 4 for i = 1, 4 and ai = 6 otherwise 2comparison to gluonic corrections in preparation
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Update: Comparison of singly virtual f2 TFFs with data

FT
1 from hQCD (HW) in between QM(Mρ) (DV 2016) and QM(MT ) (HSZ24) (all w/o FT

2 )

vs. BELLE (3.45 ≤ Q2[GeV2] ≤ 24.25):
λ = 2 λ = 1 λ = 0
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vs. BELLE and BESIII (Max Lellmann 2026):
λ = 2 λ = 1 λ = 0
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Comparison of normalized singly virtual F f2
tot with data

Experimental results for Ftot (combination of λ = 2, 1, 0) has slightly smaller errors
Blue: BESIII (Max Lellmann), black: BELLE

Agreement with hQCD (HW) result at low Q2 even better
(but Ftot overestimated at large Q2, in contrast to λ = 2 part):
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Doubly virtual TFFs in hQCD

Doubly virtual FT
1

again in between QM(Mρ) and QM(MT ): Doubly virtual FT
3 :

FT
1 (−Q2,−Q2)/FT

1 (0, 0) FT
3 (−Q2,−Q2)/FT

1 (−Q2,−Q2)
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same sign as FT
1

asymptotically FT
3 ∼ cFT

1 /Q2

but c|w=0 smaller than in LC expansion

Universal feature of hQCD with tensor mesons dual to 5d gravitons (not only for HW):
no zero and sign change possible for FT

1,3 of ground-state mesons
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Caveats

Tensor mesons in hQCD treated as (effective) tensor glueballs
(i.e., all modes dual to fraction of full energy-momentum tensor)

→ FT
1,3 fixed by symmetries (5D diffeomorphism and gauge invariance) and

restriction to lowest derivatives in 5D action (⇒ only 1 free parameter)

FT
2,4,5 ̸= 0 feasible as perturbations, but (too) many free parameters

difficult to generalize to case where FT
2,4,5 ̸≪ FT

1,3, nontrivial flavor multiplets;
would need new guiding principle
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Dispersive Extraction of the f2 TFFs
Assumption: The f2 strongly dominates the D-wave of γ∗γ∗ → ππ, so we
assume this partial wave is fully saturated by the f2 resonance
Matching procedure for helicity amplitudes in the limit s → M2

f2
:

iHJ=2,ππ
λ1λ2

(s, z) =

γ∗

γ∗

f2

π

π

M A

iHJ=2,ππ
λ1λ2

(s, z) = ελ1
µ (q1)ελ2

ν (q2)iMµναβ(p, q1, q2)
isT

αβγδ

s − M2
f2

+ iMf2Γf2

iAγδ(p, p1, p2)

lim
s→sf2

(
s − sf2

s − 4M2
π

hJ=2,λ1λ2(s)
)

=
5∑

i=1
Ci(q2

1 , q2
2 , M2

f2
)FT

i (q2
1 , q2

2)

sf2 =
(

Mf2 − i
Γf2

2

)2

We use modified MO solution for h2,λ1λ2(s) including RHC and LHC
Consistency check: z dependence in HJ=2,ππ

λ1λ2
(s, z) drops out
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Results for the Dispersive TFFs

LHC vs RHC: The real
part of FT

1 is almost
entirely driven by the
Left-Hand Cut (ω
exchange). FT

3 is driven by
the Right-Hand Cut.

On-shell matching:
Two-photon rate matched
to Γf2γγ = 2.60 keV.

Dispersive helicity fraction:
rdisp = 0.015.

Maximilian Zillinger The f2(1270) and Muon g − 2 07. August 2026 3 / 8



Comparison with Experimental Data

λ = 0: tension at low Q2 λ = 1

λ = 2

Best global high-Q2 agreement is obtained for sm = 8.0 GeV2. The λ = 0 result
shows significant tension with BESIII at low Q2, with

rBESIII = 0.139+0.060
−0.032
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TFFs in Resonance ChPT

An independent cross-check using Resonance ChPT.
Pion Loops (LO): Generate imaginary parts and non-analytic momentum
dependence.
Local Terms (NLO/NNLO): Supplemented by VMD extensions
(including excited ρ′ states) to ensure proper UV falloff.

f2
π±

π±

π∓

γ∗(q1)

γ∗(q2)(a) Triangle

f2
π±

π∓

γ∗(q1)

γ∗(q2)

(b) ChPT seagull

f2
π±

π∓

γ∗(q1)

γ∗(q2)

(c) Mixed diagram

+ (q1 ↔ q2)

f2

π+/−

γ∗(q1)

γ∗(q2)

(d) Tensor tadpole

Abbildung: One-loop topologies contributing to f2 → γ∗γ∗ .
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Comparing Frameworks: Real Parts

Agreement: Excellent agreement across Dispersive, ChPT, and hQCD for
the real part of FT

1 .
Tension: Major discrepancy in FT

3 . hQCD predicts negative normalization;
Dispersive solution predicts positive normalization and crossing to negative.
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Comparing Frameworks: Imaginary Parts

Imaginary Parts: Good agreement between dispersive analysis and loops
from resonance ChPT loops. Especially good agreement for Im FT

3 ,
making the discrepancy in the real part particularly puzzling.
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Final Results for Muon g − 2

The f2(1270) contribution is calculated using the scalar functions Π̄1−12.
Currently, kinematic singularities in the optimized basis allow us to include
only FT

1 and FT
3 .

Contribution to low-energy region using central matching scale Q0 = 1.5
GeV

af2
µ [Π̄1−12, FT

1,3] = −3.35(17) × 10−11

Component Breakdown: The form factor FT
3 has a very mild impact.

The total value is driven almost entirely by the real part of FT
1 .
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Ansatz: match to ρπ → γ∗γ∗

• direct loop calculation not possible,
γ∗

γ∗

Mαµν

π

ρ

a1/2 ambiguous

• match a1/2 pole in ρπ → γ∗γ∗ to Mµνα (cf. MZ’s part)

ρ

π
a1/2

γ∗

γ∗
F

a1/2

i
↔

ρ

π

γ∗

γ∗
Mαµν

• extract a1/a2 TFFs, relate them to ρπ rescattering and known

form factors FV
π ,Fρπ,G1,G2,G3 via ρπ → γ∗γ∗ system

ρ

π

ρ

π

Tαβ
ρπ

π

γ∗

π

q

ρ

γ∗

π

q

ρ

γ∗

ρ

q
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Ansatz: match to ρπ → γ∗γ∗

• direct loop calculation not possible,
γ∗
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form factors FV
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Ansatz: match to ρπ → γ∗γ∗

• direct loop calculation not possible,
γ∗

γ∗

Mαµν

π

ρ

a1/2 ambiguous

• match a1/2 pole in ρπ → γ∗γ∗ to Mµνα (cf. MZ’s part)

ρ

π
a1/2

γ∗

γ∗
F

a1/2

i
↔

ρ

π

γ∗

γ∗
Mαµν

• extract a1/a2 TFFs, relate them to ρπ rescattering and known

form factors FV
π ,Fρπ,G1,G2,G3 via ρπ → γ∗γ∗ system

ρ

π

ρ

π

Tαβ
ρπ

π

γ∗

π

q

ρ

γ∗

π

q

ρ

γ∗

ρ

q

to be modelled Hannah Schäfer, a1/2 TFFs 1/4



Full ρπ → γ∗γ∗ amplitude

• gauge-invariant description of

ρ

π

γ∗

γ∗
Mαµν respecting

all symmetries, BTT decomposition Mµνα =
∑13

i=1FiT
µνα
i ,

Fi free of kinematic zeros and singularities

• include rescattering and crossed-channel effects

→ Muskhelishvili–Omnès description

Fi (s, t, u; q
2
1 , q

2
2)

= FBorn
i (s, t, u; q21 , q

2
2) +

1

2πi

∫ ∞

sthr

ds ′
discρπs Fi (s

′, t, u; q21 , q
2
2)

(s ′ − s − iϵ)

π + ρ Mρπγ∗γ∗Tρπ

• Born terms: ρ/π exchange in t/u channel
Hannah Schäfer, a1/2 TFFs 2/4



ρπ → γ∗γ∗ system: coupled equations

• discontinuity for partial-wave projected helicity amplitudes

from unitarity relation (depend on only one variable)

discρπs mJ
λ1λ2;λρ

(s) ∼ ∑
λRH

tJ∗λRHλρ
(s)mJ

λ1λ2;λRH
(s) Mρπγ∗γ∗Tρπ

→ need DRs in terms of mJ
λ1λ2;λRH

(s), tJλRHλρ
(s)

• partial-wave projection & expansion of DR for Fi

→ system of coupled equations

mJ
j (s) = mBorn,J

j (s) +
∑
j ′

1

2πi

∫ ∞

sthr

ds ′K jj ′(s, s ′) discρπs mJ
j (s

′),

K jj ′(s) kernel functions, to be determined—find optimised

basis for mJ
j (s)

Hannah Schäfer, a1/2 TFFs 3/4



Solution and matching

• tJλRHλρ
(s) ∼ sin δ

λRHλρ

J (s)e iδ
λRHλρ
J (s), phases to be modelled

• Omnès functions Ω
λRHλρ

J (s) = exp
{

s
π

∫∞
sthr

ds ′
δ
λRHλρ
J (s′)
s′(s′−s)

}
• Muskhelishvili–Omnès solution

mJ
λ1λ2;λRH

(s) = ∆λ1λ2;λRH
J (s) +

Ω
λRHλρ

J (s)

π
×

×
∫ ∞

sthr

ds ′
∆λ1λ2;λRH

J (s ′) sin δ
λRHλρ

J (s ′)

|ΩλRHλρ

J (s ′)|(s ′ − s)

with inhomogeneities ∆λ1λ2;λRH
J (s) including Born terms

• additional LHCs → modified MO solution

• match helicity amplitudes or scalar functions and solve for

TFFs

• K ∗K̄ system → f ′1 TFFs

Hannah Schäfer, a1/2 TFFs 4/4
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Unitary cuts in triangle kinematics framework 

• Basis for                         in the soft photon limit 

• Projectors for                         : constructed
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Unitary cuts in triangle kinematics framework 
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<latexit sha1_base64="5e2WOghzsFDkmEDw/doXLk6dZ2w=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0Wom5DEtNZdURCXFewD21gm00k7dDIJMxOhhP6FGxeKuPVv3Pk3TtMKKnrgwuGce7n3Hj9mVCrL+jByS8srq2v59cLG5tb2TnF3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3wx89v3REga8Rs1iYkXoiGnAcVIaen28q7V78W0LI/7xZJlWo5bqbrQMp2Ts4ptZcR1nBq0TStDCSzQ6Bffe4MIJyHhCjMkZde2YuWlSCiKGZkWeokkMcJjNCRdTTkKifTS7OIpPNLKAAaR0MUVzNTvEykKpZyEvu4MkRrJ395M/MvrJiqoeSnlcaIIx/NFQcKgiuDsfTiggmDFJpogLKi+FeIREggrHVJBh/D1KfyftBzTrprVa7dUP1/EkQcH4BCUgQ1OQR1cgQZoAgw4eABP4NmQxqPxYrzOW3PGYmYf/IDx9gnyBZB5</latexit>

FV
ω (s)

ω→
ω

ω→

ε

ε

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= <latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

ω→
ω

ω→

ε

ε

ω→

ω→

T

ω

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

ω→
ω

ω→

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

-channel : Tensor-meson pole<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

-channel : Two-pion cut
<latexit sha1_base64="3fl7AMR82nporqgYiPa0q5VI1tY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ie0oWw203bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkcPZpKgL+kw4gPOqLHSY89wEWKmp/1yxa26c5BV4uWkAjka/fJXL4xZKjEyTFCtu56bGD+jynAmcFrqpRoTysZ0iF1LIypR+9n84Ck5s0pIBrGyFRkyV39PZFRqPZGB7ZTUjPSyNxP/87qpGVz7GY+S1GDEFosGqSAmJrPvScgVMiMmllCmuL2VsBFVlBmbUcmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwkPAMr/DmKOfFeXc+Fq0FJ585hj9wPn8AP1aQuA==</latexit>

s̃
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• Inhomogeneous contribution from tensor-meson pole
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =

Tensor-meson pole cut
ω→

ω→

T

ω

ε

ε
<latexit sha1_base64="INRxlvGtU4q5BYPjbg69BUfWcZA=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGUylNZl0Y3LCvYBnaFk0kwbmskMSUYoQ8GNv+LGhSJu/Ql3/o1pOwttPXAvh3PuJbknSDhT2nG+rbX1jc2t7cJOcXdv/+DQPjpuqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zgOVisXiXk8S6kd4KFjICNZG6tunzGMCehlCZeSWXVR2Ta+W3bo37dslp+LMAVcJykkJ5Gj27S9vEJM0okITjpXqISfRfoalZoTTadFLFU0wGeMh7RkqcESVn81vmMILowxgGEtTQsO5+nsjw5FSkygwkxHWI7XszcT/vF6qwys/YyJJNRVk8VCYcqhjOAsEDpikRPOJIZhIZv4KyQhLTLSJrWhCQMsnr5K2W0G1Su2uWmpc53EUwBk4B5cAgTpogFvQBC1AwCN4Bq/gzXqyXqx362MxumblOyfgD6zPH7JflF0=</latexit>

i → {11, 12, 21, 22, 24, 27}

Two-pion cut
• Use general expansion

<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)ω→

ω→

ω
ε

ε

ε

ε

•                      ,   for
<latexit sha1_base64="hSIGfpFF6xyOmdGALsSLtnsdRXg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiUt0IVTe6q9AXNDFMppN26OTBzI1YQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfd4MWcSTPNbKywsLi2vFFdLa+sbm1v69k5LRokgtEkiHomOhyXlLKRNYMBpJxYUBx6nbW94Nfbb91RIFoUNGMXUCXA/ZD4jGJTk6ns20AdIb4LsruFK28Mivchcdm66etmsmBMY88TKSRnlqLv6l92LSBLQEAjHUnYtMwYnxQIY4TQr2YmkMSZD3KddRUMcUOmkkw8y41ApPcOPhKoQjIn6eyLFgZSjwFOdAYaBnPXG4n9eNwH/zElZGCdAQzJd5CfcgMgYx2H0mKAE+EgRTARTtxpkgAUmoEIrqRCs2ZfnSeu4YlUr1duTcu0yj6OI9tEBOkIWOkU1dI3qqIkIekTP6BW9aU/ai/aufUxbC1o+s4v+QPv8AZDqlvg=</latexit>

ImT
s Āi = 0

<latexit sha1_base64="Cvo5ikfpanZfr/Bq/IE/EEAyH6U="></latexit>

Ātensor,s
i =

1

(m2
T → s)

5∑

j=1

tij,1(m
2
T , q

2
1 , q

2
2)

m3
T

FT
j (q21 , q

2
2)F̂1(m

2
T , 0)

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

ω→

ω→

T

ω

ε

ε

ω→

ω→

ω
ε

ε

ε

ε



2

Tensor-meson pole cut
ω→

ω→

T

ω

ε

ε

<latexit sha1_base64="Cvo5ikfpanZfr/Bq/IE/EEAyH6U="></latexit>

Ātensor,s
i =

1

(m2
T → s)

5∑

j=1

tij,1(m
2
T , q

2
1 , q

2
2)

m3
T

FT
j (q21 , q

2
2)F̂1(m

2
T , 0)

<latexit sha1_base64="hSIGfpFF6xyOmdGALsSLtnsdRXg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiUt0IVTe6q9AXNDFMppN26OTBzI1YQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfd4MWcSTPNbKywsLi2vFFdLa+sbm1v69k5LRokgtEkiHomOhyXlLKRNYMBpJxYUBx6nbW94Nfbb91RIFoUNGMXUCXA/ZD4jGJTk6ns20AdIb4LsruFK28Mivchcdm66etmsmBMY88TKSRnlqLv6l92LSBLQEAjHUnYtMwYnxQIY4TQr2YmkMSZD3KddRUMcUOmkkw8y41ApPcOPhKoQjIn6eyLFgZSjwFOdAYaBnPXG4n9eNwH/zElZGCdAQzJd5CfcgMgYx2H0mKAE+EgRTARTtxpkgAUmoEIrqRCs2ZfnSeu4YlUr1duTcu0yj6OI9tEBOkIWOkU1dI3qqIkIekTP6BW9aU/ai/aufUxbC1o+s4v+QPv8AZDqlvg=</latexit>

ImT
s Āi = 0

<latexit sha1_base64="INRxlvGtU4q5BYPjbg69BUfWcZA=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGUylNZl0Y3LCvYBnaFk0kwbmskMSUYoQ8GNv+LGhSJu/Ql3/o1pOwttPXAvh3PuJbknSDhT2nG+rbX1jc2t7cJOcXdv/+DQPjpuqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zgOVisXiXk8S6kd4KFjICNZG6tunzGMCehlCZeSWXVR2Ta+W3bo37dslp+LMAVcJykkJ5Gj27S9vEJM0okITjpXqISfRfoalZoTTadFLFU0wGeMh7RkqcESVn81vmMILowxgGEtTQsO5+nsjw5FSkygwkxHWI7XszcT/vF6qwys/YyJJNRVk8VCYcqhjOAsEDpikRPOJIZhIZv4KyQhLTLSJrWhCQMsnr5K2W0G1Su2uWmpc53EUwBk4B5cAgTpogFvQBC1AwCN4Bq/gzXqyXqx362MxumblOyfgD6zPH7JflF0=</latexit>

i → {11, 12, 21, 22, 24, 27}

Two-pion cut
• Use general expansion

<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)ω→

ω→

ω
ε

ε

ε

ε

<latexit sha1_base64="QJxTwnMM7ZG3KD2mVTEJdgjXDuw="></latexit>

Āωω,s̃
i =

[
!1

1(s)

m2
T

+
!1

1(s)
s

m2
T
→ !1

1(m
2
T )

(m2
T → s)

]
1

!1
1(m

2
T )

5∑

j=1

tij,1(m
2
T , q

2
1 , q

2
2)

m3
T

FT
j (q21 , q

2
2)F̂1(m

2
T , 0)

ω→

ω→

T

ω

ε

ε

• previously known : Quark model / hQCD
• new constructions : Emilis & Elefteria (Vienna-Zurich) / Maximilian (Bern)


                     

• 8 scalar functions with no imaginary part, 3 with only homogeneous contribution

NEXT STEPS

Input for TFFs & scalar functions 

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5

•                      ,   for

ω

T

ε

ε

<latexit sha1_base64="AyR/b06F/7FW8/QP4aslq38XZgA=">AAACCXicbVDLahtBEJz1K4r8ku1jLkOEwb4su7Yl6yiSS25RILINWiFmRy1p0DyWmd5gsejqS37FFx8STK7+A9/8Nx7JgvhV0FBUddPdlWZSOIyih2BpeWV17UPpY3l9Y3Nru7Kze+ZMbjm0uZHGXqTMgRQa2ihQwkVmgalUwnk6/jrzz3+BdcLonzjJoKvYUIuB4Ay91KvQxAmVfFcwZAfuMOF9gzRBuMSCG+0wnPYq1Sis1eqN+jGNwmiO/yRekCpZoNWr3Cd9w3MFGrlkznXiKMNuwSwKLmFaTnIHGeNjNoSOp5opcN1i/smU7nulTwfG+tJI5+rziYIp5yYq9Z2K4ci99mbie14nx0GjWwid5QiaPy0a5JKiobNYaF9Y4CgnnjBuhb+V8hGzjKMPr+xDiF+//JacHYVxPaz/OKk2vyziKJFP5DM5IDE5JU3yjbRIm3ByRa7JH/I3+B3cBLfBv6fWpWAxs0deILh7BKlSmlk=</latexit>

→ !(s) · const.• preliminary input  : Omnès approximation 

• new construction : Emilis & Elefteria (Vienna-Zurich)
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ω ε

ε

T ε

ω→

ω→

T

ω

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

<latexit sha1_base64="IXOcj/MOzyVh2p7YzsmszAIwF0Y=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkxOQW9OIxglkgGUJPT0/Spqd76O4RQsg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHKmjee9O7mV1bX1jfxmYWt7Z3evuH/Q0jJThDaJ5FJ1QqwpZ4I2DTOcdlJFcRJy2g5HlzO/fUeVZlLcmHFKgwQPBIsZwcZKrR6JpNH9YslzK9VauVZFv4nvenOUYIlGv/jWiyTJEioM4Vjrru+lJphgZRjhdFroZZqmmIzwgHYtFTihOpjMr52iE6tEKJbKljBorn6dmOBE63ES2s4Em6H+6c3Ev7xuZuJqMGEizQwVZLEozjgyEs1eRxFTlBg+tgQTxeytiAyxwsTYgAo2hM9P0f+kdeb6FbdyXS7VL5Zx5OEIjuEUfDiHOlxBA5pA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPcPaPvg==</latexit>· · ·<latexit sha1_base64="ysh0uSA+8tfHAn77DgMNaMwT5Mw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjCREJNb0IvHBMwCyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNXzYsGVdpx3K7Oyura+kd3MbW3v7O7l9w9aKkokwyaLRCQ7HlUoeIhNzbXATiyRBp7Atje+mvntO5SKR+GNnsToBnQYcp8zqo3UOOvnC45drlRL1Qr5TYq2M0cBlqj382+9QcSSAEPNBFWqW3Ri7aZUas4ETnO9RGFM2ZgOsWtoSANUbjo/dEpOjDIgfiRNhZrM1a8TKQ2UmgSe6QyoHqmf3kz8y+sm2q+4KQ/jRGPIFov8RBAdkdnXZMAlMi0mhlAmubmVsBGVlGmTTc6E8Pkp+Z+0zu1i2S43SoXa5TKOLBzBMZxCES6gBtdQhyYwQLiHR3iybq0H69l6WbRmrOXMIXyD9foBNCSNPg==</latexit>
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+

but then

Compute the contributions to 
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• preliminary input : include LHC and additional terms to the description of
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✦ consistent inclusion of tensor-meson contributions within the dispersive framework

✦ constructed formalism for the subprocesses : necessary input for TFFs & scalar functions 

• sum up both unitary cuts consistently 
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I) γ∗T → π+π− - ingredient of HLbL and tensor TFFs!
1 Goal: disp. evaluation of lightest spin-2 resonance f2(1270).

2 s-Cut : need TFFs FT
i , q2

i < 0 and q2
i = 0, m2

T ;
q2

3 -Cut : TFFs FT
i and γ∗T → π+π− - new! ⇒ Use to construct TFFs too!

3 How? TFFs from q2
2 -cut: take π+π−-, πV -cuts (match γ∗γ∗ → ππ D-wave pheno [1905.13198v2]) ⇒ Eleftheria’s talk

1



I) γ∗T → π+π− - ingredient of HLbL and tensor TFFs!

3 How? TFFs from q2
2 -cut: take π+π−-, πV -cuts (match γ∗γ∗ → ππ D-wave pheno [1905.13198v2]) ⇒ Eleftheria’s talk

4 Assume only T → ππ coupling: BR ≈ 84%. Need γ∗T → π+π− and γ∗T → πV (both P-wave), V = ρ, ω.

1



II) The γ∗T → π+π− subprocess: Inhom. Omnès problem

1 γ∗T → π+π− definition: ×8 scalar funcs from BTT (1-to-1 map to hel. amplitudes)

Mµαβ(s, t, u) =
∑

i

T µαβF̂i (s, t, u).

2 Simplifying argument for Omnès problem:

3 MO solution:

F̂P
i (s, q2

1) = F̂P
i,Born(s, q2

1) +
1
π

∫ ∞

4M2
π

ds′ F̂P
i,Born(s′, q2

1) sin δ1
1(s′)

(s′ − s − iϵ)|Ω1(s′)|
,

F̂P
i,Born(s, q2

1) =
F V

π (q2
1)

λmi (s, q2
1 , m2

T )

(
Pi + Qi Discs C0(s, q2

1 , m2
T )

)
,

with asymptotic ansatz (only ×5 F̂i out of 8 funcs. ̸= 0 in P-wave):

F̂1,2 ≍
1
s2 , F̂3,4,5 ≍

1
s

.

2



III) γ∗T → π+π− results: q2
1 < 0 case

1 All F̂i (s, q2
1) - similar resc. behavior, s = M2

ρ peak.

2 Two types of full (Born + resc.) behavior, q2
1 → 0 - Born part develops soft-γ singularity at s = m2

T .
3



III) γ∗T → π+π− results: q2
1 = 0, q1 → 0 cases

3 On-shell F̂Born
i ∝ 1/(s − m2

T )n - deform resc. integral path for stable integration.

4 γT → π+π− in γ∗γ∗γ → ππ s−cut: only F̂ resc
5 (m2

T , 0) ̸= 0 in q1 → 0 (generic F̂i (s, q2
1) for TFFs though):

F̂ resc
5 (m2

T , 0) ≈ −gTππ × (0.95 + 0.14i) GeV−2.

Further work:
V -res. contributions: ⇒Eleftheria’s talk. Is
multi-channel MO problem avoidable?

Predict branching fraction ofT → 2(π+π−) for
consistency: importance of T → VV couplings?

Compare with γ∗T → π+π− from T → 2(π+π−)
with T → ππ coupling - analogy to η(′) → ππγ∗ e.g.
[2412.16281].
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First results for tensor-meson Transition Form Factors 
with hadronic cuts 

(continuing on the same method, 
with Kaziukenas, Lymperiadou, Procura, Stoffer) 



Eleftheria Solomonidi                                                Tensor TFFs from 2π & higher cuts  

modelled as 

reconstructed as described 
before



TFFs from 2-pion cut 

Eleftheria Solomonidi                                                Tensor TFFs from 2π & higher cuts  

|TFFs| @ dispersed q1
2=-Q2, fixed q2

2=-3 GeV2 

Doubly off-shell results

TFF 3 consistently 
the largest, followed 
by TFF 1

PRELIMINARY 
q2

2→0- 

q2
2→0- 



● 2-pion cut contribution to the TFFs somewhat sizable (significant fraction of 
the f2(1270) decay width to 2 photons) 

To be checked: 

● Inclusion of higher cuts: γ→πρ→γ T, γ→πω→γ T
● Relative size of each contribution & cancellations? (πV cuts expected large)
● Consistency of our assumptions (e.g. contact coupling of f2(1270) only to two pions) 
● Impact of inelasticities in the ππ cut 

Eleftheria Solomonidi                                                Tensor TFFs from 2π & higher cuts  

Remarks & near-future plans 



D
ra

ft

Discussion points

How to resolve the differences in FT
3 ?

↪→ hQCD, chiral loops, dispersion relations

Consequences of new experimental results:

f1 → e+e− CMD-3, Logashenko: Br[f1 → e+e−] = 8.3(2.3)(1.1)[2.6]× 10−9

↪→ larger than expected, consequences for FA
i ?

γ∗γ → ππ BESIII, Lellmann: helicity fraction r ≃ 15(5)%

↪→ larger than expected, consequences for FT
2 ?

η → γγ PrimEx-η, Gan at Confinement 2026: Γ[η → γγ] = 0.431(21)(25)[32] keV

↪→ 2.3σ below collider average 0.516(18) keV, consequences for η pole?

How can we make connection to lattice QCD besides pseudoscalar poles?

Which definition of pseudoscalar poles best describes the long-distance behavior

in lattice calculations? Romiti

. . .

JB, MH, EK, EL, AR, HS, ES, MZ Data HLbL roundtable discussion Aug 7, 2026 6



Longitudinal SDCs - MV and opposite corner

Asymptotic Π̂1(Q,Q,Q3)×Q2Q2
3:
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Asymptotic Π̂1(Q,Q2, Q)×Q4:
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anyway tiny contribution to aµ from corner opposite to MV!
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“Miraculous” SD identity for corner integrands Q ≪ Q
[J. Bijnens, N. Hermansson-Truedsson, A. Rodriguez-Sanchez, 2411.09578]]

Summing 3× 12 corner integrands I(Q1, Q2, Q3) + I(Q2, Q3, Q1) + I(Q3, Q1, Q2), only even pieces in y:
36∑
i

TiΠ̄i →
128Nc

∑
e4q

3m2
µπ2Q

6

(
−Q2(σ − 1)

[
3ωL(y

2 − 1) + ωT (2 + y2)
]

+m2
µ

[
6ωLσ(y

2 − 1)− 2ωT (2σ − 3)(2 + y2)
])

(4.30)

⇒ in aµ integrand, tensor contributions suppressed in SD corner regions!

obeyed by hQCD tensor results, even though individual contributions ∼ 25% of AV ones

∑
TiΠ̄

(a=3)
i with fixed Q = 10 GeV (as in 2411.09578, Fig.6)

hQCD exact

Leading OPE

AV

T

PS

0.1 0.2 0.3 0.4 0.5

0

1.×10-7

2.×10-7

3.×10-7

Q/Q

← with holographic ωT,L
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Phases δ
λRHλρ

J (s) for ρπ rescattering

• in principle 5 different phases per J, but in practice not all

independent

• first ansatz: extract from a1/a2 poles

ρ

π

ρ

π

a1/2
,

take care of width, threshold and high-energy behaviour

• possible alternative: from 3π system, 3-body unitarity

calculations Sadasivan et al. 2022

Hannah Schäfer, a1/2 TFFs
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