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Introduction

A lot of interesting decays with non-QCD final states
» photonic decays: 0 — v, Nc = ¥V, X0 — VY, J/V — vy
» leptonic decays: 7 — eTe™, K; — ™ [N. Christ and Y. Zhao's talks
on Tuesday}
» radiative leptonic decays: ™ — veTe™, B — ~yuu~ [S. Meinel’s talk on
Tuesday]
Conventional method
» Study momenta dependence of the form factor, e.g. F,..(m2, p{, p3)

Can the calculation be simpler? J

We propose to calculate the on-shell amplitude in coordinate space

A:/d4x w(x) H(x)
N
Non-QCD Hadronic

Methodology

Take 7m0 — ~~ as an example

» Step 1 - Calculate hadronic matrix element in coordinate space

Hyuw(x) = (0| T [Ju(x) L(0)]|7"(q))

» Step 2 - Choose on-shell momentum

Fulq,p,p') = / d*x e "PH,,(x)

with

q — (imm O)a

P = (im7'('/27 ﬁ)a
We have
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» Step 3 - Obtain a Lorentz scalar amplitude

L = g,a8Pa9s / d*x e_ipXHMV(X)
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» Step 4 - Average over the spatial direction for p

| s X 2 1%
T-2 [arensn [ gxnD, | Pl
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» Step 5 - Master formula
Froy(ms, 0,0) = - e
[€wapPaqs] [EjwpoPpdol M3
Key quantity required from lattice QCD is H(x) = 00X H (X) |

Remark: Finite-volume effects are exponentially suppressed in H(x)

Results for 7% — ~~

Perform the integral in the region of vV t2 4+ x2 < X
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(Ensemble m, = 139 MeV uses lwasaki action while the others use Iwasaki + DSDR action.)
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Results for 7

Branching ratio given by Kroll-Wada formula
[ ete- 1d,0 r
== —(1-p) (1——>

JR 3mJ, P P

where r = 4m2/m?, p = s/m’.
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Correspondingly, the branching ratio can be written as
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where R — 0.01185 is irrelevant for QCD correction.
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Results for form factor slope

Taylor expansion of form factor F(p,0) at small p is

F(p,0)
F(0,0)

Iy = / 8 D, %1)2 a0k Ho (X)

:]‘_|_a7T”)/’yp_|_...

0.05 . |
0.04 —
<P
0.03—
>
2
©
0.02 — —
& o M =140 MeV, a=0.20 fm, L=4.7 fm
- O mn:140 MeV, a=0.20 fm, L=6.3fm| |
< o m._ =143 MeV, a=0.14fm, L=4.6 fm
0.01+— & n —
- A mn:139 MeV, a=0.11 fm, L=5.5fm
&
A
E&Q
ole™ | | | | |
0 1 2 3 4 5

FHWI F AR R(1) a1TW
L | I 1T 1 | I 1T 1 1 | I 1T 1 | I 1T 1 007 I | L | L
I 1 5a05 1-> e ey from SINPRUM | -
1.3 _ *  Spacelike measurement from CELLO | _|
1.2 —{ 4e-05— -1 0.05 —

1.1_— % —_3605_ E }_ 0.04_— % E ?
1_— } }— - | ] 0.03_— | —

09 — i | 002 _
| | 1e05 _ i I
0.8 — 0.01H _
0.7 | | L 1 1 1 | L 1 1 1 O | | L 1 1 1 | L 1 1 1 O | | 1 1 1 1 | I 1 |
135 140 145 135 140 145 135 140
m_[MeV]



