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Introduction

V., problem

A persistent tension

The tension between the
exclusive and inclusive
determination of the CKM is .
parameter V, is ~ 30

B-D inclusive

FIAG2021

@ exclusive determinations
have reached an
impressive level of
precision thanks to
lattice QCD calculations.

@ Can we do the same for ®® v, |42103 v
. . @
inclusive decays?

[Vip| x 10°
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Introduction

Inclusive By, — X lv

e Dy, D¥, Dy, ...

dr’ G|V |?
- LW
dq?dqdE; 82 K
with:
@), s
Wonl:0) = B OO~ )5*(P+ @)11B.(0))
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Inclusive decays formalism

Inclusive decays formalism
[Gambino,Hashimoto'20, Phys. Rev. Lett. 125, 032001, hep-lat/2005.13730]

U3 AT &
Rl 2\2—1
q e dg ~ 2=V
with
Z(l)(q2) =/ dw@(l)(wmm —w)W(Z)(w,qQ)
0
with:

@(l) (wmax - W) = (Wmam - w)le(wmar - w),

3 3
WO =W+ N an W = h (WO -+ W)

i,j=1 i=1
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Inclusive decays formalism

Inclusive decays on the lattice
[Gambino,Hashimoto'20, Phys. Rev. Lett. 125, 032001, hep-lat/2005.13730]

Cou(t: @) = / do W, (1 q) &
0

g,

tb‘l'(’,

A. Smecca (University of Turin) spectral functions & inclusive decays SM&FT '22 6/20



Inclusive decays on the lattice

Inverse problem

C;tu<t'¢q) = /0 dw W;w(t; q) e vt

Hadamard conditions for well-posed problems
o Existence: For all suitable data, a solution exist
@ Uniqueness: For all suitable data, the solution is unique

o Stability: The solution depends continuously on the data
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Inclusive decays on the lattice

lll-posed inverse problem

first we ask: can we extract spectral densities from lattice correlators?

G(ar) = /000 dw p(w)p e 7

2 2 2 2
Hf — Pf A AHS, — P,
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Multidisciplinary problem

[ll-posed inverse problems affect many areas of science:

o Lattice QCD, image deblurring, medical tomography (MRI), aircraft
stability, nuclear reactor physics, ...

@ the HLT method is based on the Backus-Gilbert method developed in
the context of geophyiscal research about gross Earth data The

resolving power of gross earth data, Geophysical Journal International
16 (1968), no. 2169-205

@ It is also been developed independenlty in astrophysical research
where it is known as SOLA method Pijpers & Thompson 1992, 1994

@ many methods currently available: Backus-Gilbert, Bayesian
reconstruction, Chebyshev polynomials, machine learining, ...
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HLT algorithm
The details can be found in:
[Hansen, Lupo, Tantalo '19, Phys. Rev. D 99, 094508]

tmae = 30
[hep-lat/1903.06476],
define smeared spectral function:

o) = [ do plwi A, |

with the resolution function given by

Tmax

\
\_
Ay (w) = gre T
7 7_231 0 0.5 1
once the coefficients g, are known, then

po(w) = g Glar)

T
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Inclusive decays on the lattice HLT algorithm

The coefficients are obtained minimizing

Walg] = (1 - A)jﬁ L ABlg

with

Tmax 2
Alg Za/ dwd Ay — » gre” 75
o=a | { § }

T=1
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Inclusive decays on the lattice HLT algorithm

g defines the approximation of the kernel

Tmazx
A A —awT
A7 = g gre
T7=1
1x102‘ . ‘ i ‘ '
7
9
| -
N
R
| A
| \‘ ‘\ “ \‘w‘ \‘\\/QGOG
TRIRT
IR
|1 ° 1
| i
4 . . . . .
0 5 10 15 20 25 30

A. Smecca (University of Turin) spectral functions & inclusive decays SM&FT '22 12 /20



Inclusive decays on the lattice HLT algorithm

the best choice for A can be found via:

AW (\)

2P\ -0

O\
A=)

0.4 T T T T T
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HLT algorithm
Ordered double limit

smeared spectral densities are smooth functions unlike the distribution
p(w)r, so their infinite-volume extrapolation at fixed values of the
smearing is a well-posed problem

p(w) = lim lim p,(w)

c—0 L—o00
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Now Remember...

U3 Al &
Bl 2\2—1
acvapag — 2=V

1=0
with

0

the kernel is defined as
6(” (wmaz - w) = (Wmam - W)le(wmam - w)
and

3 3
WO =W 4 N hn W = a (WO W)

ij=1 i=1
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Kernel reconstruction method

@0((“}) = Z ((,/Te—awT

T T T
— target
— reconstructed |

T
then: Lsr
1.00
o = 075
Z -GV (ar; %) = Z 9r / dwe™ "W D (w; q) 5
T . 0 0.50 F
o0 0.25F
= / dw [gTeam—} W(l) (CU; Q) 0.00F
0 =
o 1
— [T es W Ouiq)
0
Y 9:Glat;6°) = Z9(q%)
T
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Inclusive calculation

Smeared structure functions

16} [] A[y;*]/A[U] ]
:/Nb }
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Alg*]/A[0]
Z0(g?) = lim / de]El) (w, 4*)O0D (W — w)
o—0 0
T l D (o @)
;IE)I%) mp, ; 9r ( mazxs O—)G (CLTa Q)
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Inclusive calculation

Extrapolation to 0 =0
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Inclusive calculation

Differential decay rate comparison

After we take the o — 0 limit, we can confront our results with the
analytic results from the OPE

_30f ;
% 25; — V-A ETMC
5;:3 2.0? — V-AOPE
LS?H i+ o3t3 [} ) 3
i 3]
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Inclusive calculation

Summary & outlook

Summary

@ can study inclusive decays on the lattice by solving related inverse
problem

@ HLT method so far succesful in spectral reconstruction & inclusive
decays

What's next?
Can we apply this method to other areas of physics?

@ exists formalism for application to scattering amplitudes [Bulava,
Hansen '19] & [Bruno, Hansen '21]

@ promising applications to non-perturbative calculations in nuclear

physics: deep inelastic scattering, parton distribution functions,
nucleon hadronic tensor

@ Something new?

v
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Inclusive calculation

BACKUP SLIDES
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ETMC ensemble

B55.32 ensemble
Uses the Twisted Mass QCD action with Ny =2+ 1+1 sea quarks. }

L3XT Neygg  a(fm)
323 x 64 150  0.0815(30)

apy e ajs my (MeV)
0.0025  0.135 0.170 375(13)

Unphysically light Bs mass

A : .
Use of m. ~ m&"¥* and my = 2m. which gives a meson mass

Mp, =3.08(11) GeV

s

A. Smecca (University of Turin) spectral functions & inclusive decays SM&FT '22 22/20



Inclusive calculation
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Inclusive calculation
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