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Inclusive SL decays

Lattice is good at doing a few exclusive
channels for stable hadrons
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Lattice is good at doing a few exclusive
channels for stable hadrons

For inclusive decay too many
channels open and no lattice
results — only analytical methods
exist

But recently new ideas!
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Inclusive SL decay in the SM

hadronic tensor
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Inclusive SL decay in the SM

o) hadronic tensor
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leptonic tensor

Let’s consider the case B, = X £v (B, rest frame):

= Z(Zﬂ)35(4>(pg q — Px )(By(0) | ((g?))" | X(px )X (px) | J(g*) | B,(0)) o
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We now have a lattice method for integrating inclusively over all intermediate
states contributing to the corresponding spectral density
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What to do with it?

e can do nonPT calculations (0|0[0) = f DU, 1, ]Oe —Stat[U,3,9]
\

Euclidean space-time

Free parameters: 1 Boltzmann factor

* gauge coupling g = as=g%/4n  Lqcp = ——FSVF“ AL Z @Ef (W“Du — mf) oF
- quark masses mr=u,d,s,c,b,t 4
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Inclusive decays on the lattice
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Inclusive decays on the lattice
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Euclidean 4pt function is Laplace transform of hadronic tensor
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X(q) from Euclidean correlation
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X(q) from Euclidean correlation
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Expand the kernel K (analytically known) in powers of ¢ ~%*:
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Kernel approximation
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K, (0,q) =

kernel expanded in Chebyshevs

2

Kernel azKég)(q, w) q* =0.26 GeV?

kinematics:
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e this analysis stage independent of data
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Lattice determination of (7, ) w

Chebyshev matrix elements N=9 for GammaXYZGamma5-GammaXYZGammab and q? =0.26 GeV?
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(GeV?)
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X, q%,.=5.860 GeV?
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q” (GeV?)

BGexp N=9 wy = 0.9wmin
BGcheb N=9 wy = 0
BGcheb N=9 wy = 0.9wmin

variations of analysis techniques largely
consistent — tension at larger q2 visible

Integral of 4/ q° X(q?) proportional to I’;
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Results for X(q)
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X(q®) (GeV?)

We can disect contributions
from different channels
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Ground-state limit

e |attice determination (exclusive) of
A decay into ground state straightforward:

L } i (D,|V, | B,) = £(a*)ps, + Pp), +I-(a*) Py, — Pp),

5 vl M 2N 12
}t £y = 1)

5

exclusive % exclusive expected

exclusive wy = 0.9Wmin e clear distinction between ground-state
I inclusive wy = 0.9wiyis, and full inclusive determination

. I , , e We are also working on inclusive
0.2 0.4 0.6 0.8 1.0

o? (GeV?) D, — XZU where very little excited-state

contributions
13 [see also De Santis and Gross arXiv:2502.15519]



https://arxiv.org/abs/2502.15519

Systematics — finite volume

, Order of limits: lim lim * need to find ways for estimating
6—0 V-0 effects reliably
* in practice lattice simulations in finite e Here: model finite-size effects with spectral
volume density of two non-interacting particles
p(w) = LJ'ooa,’q T S(w — 2\/q2 + M?) py(@) = ﬁz @ 2 <w - 2\/q2+M2>
2w )y Ag*+ M?) V 4 A(q2 + M)

finite volume

plw)
pv(w)

Infinite volume
spectral density
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XJ,(q?) [GeV?]

X)(q?) [GeVv?]

Systematics — o0 — 0

- After the infinite-volume limit also the 6 — 0 limit
L . — - of vanishing smearing has to be taken
*Here, we assume finite-volume effects are under control
"21 78 Crey. - Ground sate sutracec - current thinking: compute ground-state explicitly;
D Cheby. - Full data . . . .
apply the inclusive analysis only to the remainder
B e= 000 substantially reduces sensitivity to finite smearing width/volume
1.0 -
o.afﬁf--!""'""'. ------------------ B 3 % %
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Moments

- hadronic or leptonic moments are essential building block of OPE analysis of inclusive decays
*they can be computed from the lattice data and allow for mutually scrutinising continuum
and lattice computations

T L, CHEBwy=0 501 4 CHEBuw =0
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% 60 % E "‘* ﬁ 1 BGcheb wy =0 % 7 BGcheb wy =0
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— - &30
Z 40 % ~ h

20 g
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Foa s &
0 Vit 101 %@
0 1 2 3 4 5 0 1 2 3 4 5
q’ (GeV?) q° (GeV?)
[Barone@| attice2023]
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Conclusions

An independent calculation of |V .| or | V., | from inclusive decays has become
within reach

We are working on a fully comprehensive analysis of both 5, and D, inclusive
decays

We can also compute building blocks of OPE analysis
Why not think about new smeared set of observables for experiment and theory
Should be possible to extend approach to inclusive rare decays

Maybe a phenomenologically relevant prediction for CKM for inclusive decay
on the lattice isn’t that far off?
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VAt X, g2, .=5.860 GeV?
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