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Motivation
FLAG2024 [Aoki et al., 2024]

4.5
Different method of B-D*Iv
calculation. ] B-D{v inclusive
. . 4
» Exclusive |Vp| = %
Lattice QCD ';'
» Inclusive |V| = E
Perturbative methods =35
Our aim is to calculate the
inclusive | V| using Lattice 3
QCD.
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Focus on B, — X. vl
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dr  G2|V|?
dqquodE/ n 87['3

L, WH

Leptonic part fully kinematically determined,

L = pl p, + Y Pl — g™ (P Puy) — i€ Pro Puy g

Hadronic tensor contains non-perturbative info,

W 37 5@ (ps, — q - px.)(Bal 7 (0) Xe) (Xel 7(0) Bz

e Ju(q,t1) /c\ Ji(a,t2)
= / dw V‘/;w(qaw)eiuﬁ b b
; NT 71:”."“ + Xc
~ (BS|J,u(q7 0) € JV(q7 0)|Bs> Op, Os,
where t = tp — t;, and w = Ex,_. —
S
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[Hansen et al., 2017, Hashimoto, 2017, Hansen et al., 2019, Gambino and Hashimoto, 2020]
[Bailas et al., 2020, Gambino et al., 2022, Barone et al., 2023, De Santis et al., 2025b]

Integrate differential decay width
dr Wmax _
92 X / dw k" (q,w) W, (q,w) = X(q)
dqs  Juy

where w is the energy of the final state hadron.

X(q) = /oo dw W (g, w)k" (g, w)f(wmax — w)

0

X(q,0) = /oo dw W (g, w) k(g, w)0o (wmax — w)

0

X(q,0,N) ~ Z Cuv, t q,a) dw W (q,w) e " *Sum over
4 t =ty — t1 per
crr(ant) channel

Need to then take appropriate limits
X(q) = lim lim X(q,0,N)
c—0 N—oo
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[Hansen et al., 2019], [Bailas et al., 2020], [Barone et al., 2023], [De Santis et al., 2025b].
Integrate differential decay width

dr Wmax 5 _
o [ dok (@) Wu(a.) = X(@)

dq? .
where w is the energy of the final state hadron.
oo
X(q) = dw W, (q,w)k"" (q,w)0(wmax — w)
_ oo
X(q,0) = / dw W (q,w) k" (q,w)0 (Wmax — w) Spectral
«o reconstruction
- N . o0 v - using
X(@.oN) =Y duelao) [ dow(@e)[Te )] 00
t ~

~(Te(@)) o |[=58 69 € (7)/ G (0)
1
Need to then take appropriate limits @)
X(q) = lim lim ( lim )X(q,o,N)

c—0N—oo V—oo
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Technical simulation details

Simulations were carried out on the DIRAC Extreme Scaling service at the University

of Edinburgh using the Grid [Boyle et al., https://github.com/paboyle/Grid] and

Hadrons [Portelli et al., https://github.com/aportelli/Hadrons| software packages. We
use RBC/UKQCD ensembles [Allton et al., 2008].

Parameters:

Actions:

name ‘ a/fm ‘ LB3xT ‘ M, | MeV

CiIM | 0.11 | 243 x 64 276
M1M | 0.08 | 323 x 64 286
FIM | 0.07 | 483 x 96 232

» b quark simulated at its physical mass (RHQ action)
[El-Khadra et al., 1997],[Christ et al., 2007] ,[Lin and Christ, 2007]

» s, c quarks simulated at near-to-physical mass (DWF action)

[Brower et al., 2017]
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Four-point

Chebyshevs

Decay width
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Decay width

Four-point | | Chebyshevs |— X 7 (— real value)

function

(Te(@hw = >, 8 Gul1)/ G (0)
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Four-point

. - Chebyshevs [ X N Decay width
function

(— real value)

N
X(q? 0,N) = Z Eu, t(q,0) (Te(q))

AR
>

0 1 2 3 1
qz/G(’\""’
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Four-point

i > Chebyshevs
function

X1

Decay width
(— real value)
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Four-point - Decay width
function Chebyshevs X (— real value)
T 20

10

T3 LX) 13 §

I
i 2 3 H

1
: /GeV?

Need to extrapolate to continuum
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Extrapolations

1. Infinite volume extrapolation (study)
2. Continuum extrapolation (4 chiral/heavy quark etc...)

3. Smearing limit*
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Smearing of W,

Introducing the Sigmoid is effectively convolving with smearing kernel.
[e ] o
/ dw W, (q,w)k" (q,w)0 (wmax — w) — / dy O(wmax — y) (W ku *07,) (y)
0 —00

Model W,,, (w) as two-body non-interacting spectral density, p(w).

3
p(w):ﬂ'/dq 1 d(w — €ex + €p)

(27)3 4epex
§(w — \/q2+mf< - \/q2+m2D)

T 1
pv(w) = v
a 4\/q2+mf<\/q2+m2D
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Smearing of W,,,,

0.003 §
370,002
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oo I ‘ il
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Smearing of W,
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Smearing of W,

0.0012 4
0.003 | 0.0010
0.0008 {
—
3 00021 0.0006 |
<
0.0004
0.001
| ’ LA 2
0.000 { | | 0.0000
0 1 2 3 4 0
0.003
30,0021
2
£
0.001 4 ’
] 1Y il
0 1 3 4

2
w/GeV

Ahmed Elgaziari Inclusive semileptonic decays using lattice QCD Slide 15 of 23



Smearing of W,
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(1) Finite volume effects
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(1) Finite volume effects

0.00 0.01 0.02 0.03 0.04 0.05
L~ja™!
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(2) Continuum extrapolation - global fits

Np phy
fit = Z ci(q?) <1 + cm, <MDSAMDS>> (1 + ¢, (a/\c)2) (14 caq(aq)?)

i=0

P> Finest ensemble data still in

” production.
B -
3 » Symanzik improvement not
ok % yet applied:
. % O(a) = 0(a%)
D a=011fm %
01 a=008fm
D a=007fm
0 1 2 1 5

3
qQ/GFV2
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Smearing limit

oc— 0
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Error of )‘( with 0’//\/ [Kellermann et al., 2025, Barone et al., 2026]

N
kY (g, w)0(wmax — w) — k*(q,w)00 (Wmax — w) — Z Cu,t(q,0)Te(e™™)
t=0

v

Order of expansion = time separation of currents

» Maximum order is limited by the data.

tmax

ZC/“” (Te) o + Z Euv, t(0) - Noise

tmax+1

Signal

» Noise is bounded as |[( ;)| < 1.

» Random sample values for (Ty~¢,,, ) from {—1,1}.

v

Vary o to see dependence of 6.X.

Ahmed Elgaziari Inclusive semileptonic decays using lattice QCD Slide 20 of 23



(3) Smearing limit
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(3) Smearing limit
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Summary

P> Explored this alternate calculation of inclusive decays
(results for D) - [De Santis et al., 2025a, De Santis et al., 2025b,
Kellermann et al., 2025, Kellermann et al., 2026])

Future Work
» Full continuum limit with systematics - Symanzik improvement, data production.

» Full phenomenological prediction with quantified errors (very close).

THANK YOU!
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How does X behave?

X(Q) = /oo dw WW(%W)k“V(QaW)e(WmaX —w)

0

0.006 — 0wy —w)
.

0.005 p)
0.004
0.003
0.002
0.001 - ‘ ‘
0.000 l

28 3.

26

| | | 1H||‘
36 3 1

0 32 34
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) 0
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How does X behave?

V =203 V=213
0.006 4 0.006 A _ k‘we(wnmc _ w}
— plw)
0.005 0.005
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o il o L ’ AL
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(2) V — oo and smearing

0.006 0.006 Beman — )
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Relation between C,, and W7

(O, (tmi) Ji(a. ) Tu(a, 1) OF () )
(05, (6n)051(12)) (05005 (60)) 2

where we have

<B | JT(q’ t2) ju(q7 tl) | Bs>

= sz, (s 1 M@0 e I, (a.0) | B

This object then relates to W,,, via the Laplace transform.

o 1 ~ A~ ~
— - T _ —wt
/0 dw Mg, (Bs | J,(q,0)6(H —w) J.(q,0) | Bs) e

oo
:/ dw W, (q,w)e "
0
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