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o Decay—amplitude of 7—lepton in the fg—flavored channel
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@ The process is completely factorazible if radiative corrections are neglected
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o Sgw = 1+ O(arwm) take into account the short—distance elettroweak correction at the decay rate

G S d v LV
R e L / g PO br = —px) £ (s 9 Hn ) @)

o The lepton tensor can be calculated with pertubation theory
L (propy) =4 {pEPY + pipl — " pr - o} — 4" P prapu. 5. A3)
o By using the Lorentz covariance and the fact that it depends only on the impulse px the hadronic tensor reads

H (px) = (0] T (0)2m) ' (P = px ) Ty (0) [0) =

= plepx pL(PX) + [p“xp& - g“”p%] pr(pX) 4
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@ By relying on Lorentz invariance we choose the reference frame with 7 at rest p, = (m,,0)

o In this frame p% = (pr — p.)> = m2(1 — 25—’:) = m2uw?
Ryo= 9 19m o Vg [ oo (1 - o)’ : W) (142 5
fo= g% =127 Ew | Vyrl ww (1l —w pr(w”) + pr(w”) (142w ®)
¢ Tfg
where ry, = r:;ng with m, the mass of the lightest final hadronic state.
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Note that for w < r;, the spectral densities are vanishing.
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o In order to compute the decay rate we need to know the spectral densities pz, (w?) and p7(w”)
o From parity and Poincar¢e symmetries we can relate Euclidean correlators to the hadronic tensor
(0= [ ' o] J O e =5 0)0) =

_ / " dwma (27)° (0] T2 (0)e Tt (P~ px) 75 0)[0)

_mT

= 27r/0 dwH* (w)e ™" for t>0. @)
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The spectral densities can be extracted from the lattice correlators by performing an inverse laplace transform

Ill-posed numerical problem, due to lattice correlators uncertainties
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@ Suppose that we have found a method to regularize numerically the problem

@ In the finite volume the spectral densities are distributions since the Hamiltonian has a discrete spectrum

pr(w) = (0] J(0)(2m)*6® (P)S (m.w — H) JT(0)]0), Z en(L)8(w — wn (L))
H? — P} H2 — P2,
o Smeared integral of spectral densities can be studied at finite
volumes
—— pl(E) unsmeared
—— pe(E) €=05
N —— pc(E) €=0.1
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@ The smeared integrals are smooth functions and studying their infinte volume limit is a well posed problem

!

We can use kinematic factors as the kernel entering in the inverse problem
Gambino and Hashimoto — PRL 125 (2020) 3
1 oo
Ryq / dw H(w) - kinematic — / dw H(w)f(1 — w) - kinematic ¥
"fg Tfg
o Given a smooth function K (w) such that K (w) ~ 0 as w — 00

)

K(w)~> g(t)e ™ ©

t=1

@ By introducing a a smooth representation of the f—function: ©, (w)

Kg(w) = %65(1—‘0), Kf(w) _ 1-w )ufl-i-Qw )@J

(1-w). (10)
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@ We can trade the integral with a sum over the correlators

Ryy(0) = 20 S [V / Qo {7 (@) K (@)~ HH @) KE (@)} =
= 1278 pw [Vy|? Zﬁ {g"(@0C" 1) + g (@, c 1)} (11)
CHe) = -C™(t),  CT(W)=3 > (12)

@ The correlators are known at finite volume

Ry, = lim lim R} (o) (13)
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The order of the limit can not be inverted!!!
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Wlg; A, k] = Aalg] + A Blg] (14)

@ The coefficient g necessary for the reconstruction can be obtained by minimizing the functional w.r.t. the trade off
parameter A for some choice of .

o A,[g] measures the difference between the true and the reconstructed kernel

fEmax dw eoszw ‘Ztmux g(t)eftwm.r _ K(UJ)

Eo t=1

fE"“"“ dw eamrw ‘K(w) ‘2

Eq

‘ 2

Aalg] =

@ Bg] is the regulator using the covariance matrix of the lattice correlators Cov (¢1, t2)

Bg] x gTCov (C(t)) g

’R((,104) _ R((,ms)

A [g*] = 10*B[g*
{ o e — A= ‘R(QO“) *Rf(fmg)‘ et V2A)
2 stat

Aa[g*] =10°B[g**]

e With Fppy =00 — a <2 or o > 2 are allowed with Fy,.« finite
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@ Atincreasing « the stability improves
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o Partial and total results are very stable in o.
All the different representations of the 6—function approach to the same results
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@ We used three different regularization of the Heaviside step—function

W) — 1 @) () — 1 ®)
@U (UJ) - 1+ e—w/o’ 90 (UJ) - 1+e—sinhw/a' ’ @‘7 (w)
On each ensemble and for each regularization, the results corresponding to the three smearing kernels o (k=1,2,3)
have been fitted by using the following ansatz

_ 1+ Erf (w/0o) .
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o HFLAV — Phys.Rev.D 107 (2023) 052008 and J.C. Hardy and I.S. Towner — Phys. Rev. C 102 (2020) 045501

R
= 3.6615(78)
[Vl
@ Our continuum limit at o = 0.004
Comb., linear fit, x*/dof = 0.15 = 0S, const. fit, y*/dof = 0.18
tm, linear fit, y2/dof = 0.12 = tm, L = oo
08, linear fit, x/dof = 0.26 = tm data, B64-B96
375 Comb., const. fit, x?/dof = 0.55 OS, L = oo
tm, const. fit, x2/dof = 0.60 OS data, B64-BIG
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@ Study of |V,,s| analysing correlators with relevant currents us—flavoured, phenomenologically more interesting;

@ Study the Strong and Electromagnetic isospin—breaking corrections that in this process could be relevant.

Thank you for the attention!
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@ By assuming p(w) regular and trivially equal to 1, we can consider the spectral densities (1+w)2w
PL = —¢ —
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@ By assuming p(w) regular and trivially equal to 1, we can consider the spectral densities

@ A0 (2) — Pp, where Py, is the asymptotic series truncated at order n in o. 95,1) case.
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o HVPs H(Q2) <— spectral densities p  (see P. A. Boyle et al. — PhysRevLett.121.202003 for this approach)
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@ Stability plots for the results obtained from all axial and vectorial correlators in TM regularization at o = 0.05

0 a =3 with By =401
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o Example of stability plots for the results obtained from all axial and vectorial correlators in OS regularization at
o =0.05
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e Example of stability plots for the results obtained from all axial and vectorial correlators in the two volumes at
o =0.05
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