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Current status
Final goal: lattice calculation of inclusive decays of the B meson

Starting point: inclusive decays of the D, meson

Steps so far:

* Methodology of inclusive decays on the lattice
* Finite-volume effects in inclusive decays
e Systematic effects in the lattice calculation

o Truncation errors — revisited today

= Summarized in arXiv:2504.03358

Today:
* Continuum and chiral extrapolations



Inclusive Decays - Continuum
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Inclusive Decays - Continuum
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Inclusive Decays - Continuum
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Inclusive decays — Lattice
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Inclusive decays — Lattice
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Lattice Setup



Simulation details

Simulations conducted on Fugaku using Grid
and Hadrons software packages

Lattice parameters/ ID Mmyqd ms My [MeV] T [ti,t2]  Ncont Nig,

JV tl J’L”L tQ i
B =417, a ' = 2.453(1) GeV, 32° x 64 x 12

_ _4_ _
C-ud3-sa 0.0070 0.0400 309(1) 28 [11,17] 100 2
C-ud4-sa 0.0120 0.0400 399(1) 28 [11,17] 100 2
tsrc snk
C-udh-sa 0.0190 0.0400 499(1) 28 [11,17] 100 2

B =417 a ' = 2.453(1) GeV, 48% x 96 x 12

C-ud2-sa-L 0.0035 0.0400 226(1) 42 [16,26) 100 4

B =435 a "= 361(1)GeV, 48% x 96 x 8

Simulation: M-ud3-sa 0.0042 00250 300(1) 42 [16,26] 50 8

e 2+1 Mobius domain-wall fermions
e s, c quarks simulated at near-physical values
* Cover whole kinematical region g = (0,0,0) - (1,1,1)


https://github.com/paboyle/Grid
https://github.com/aportelli/Hadrons

Numerical Results
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Results for a single ensemble
Previously addressed systematics

1. Finite polynomial approximation
» Chebyshev polynomials

» HLT approach
+ smearing

. 7. 2. Finite-volume effects



Finite polynomial approximation
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Finite polynomial approximation
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Finite polynomial approximation
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Finite polynomial approximation

Consider

0.0)

X(q?) ~ f do p(0) x K@) =

0 = 15
Depending on p(w) errors behave <
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As momentum increases — Phase-space
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Window for excited states becomes smaller
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Only ground state — large dependence on o
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Ground-state well-known
= remove from analysis



Systematic error - Approximation
Application for X\, (q%) for q = (1,1,1)
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N =10
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In the o — 0 limit:

e shifts in central values + below
ground state estimate

e substantial increase in errors

* Error bounds: no determination
relevant for phenomenology

2. Ground state exact:
e stable central values + agrees
with groud state estimate
 smallincrease in errors



Estimating the systematic corrections
Channels:

1. AA: infinite-volume limit + o = 0 limit

2. VV: finite-volume corrections expected small; only o — 0 limit
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Continuum & chiral extrapolations

Define global fitting strategy using all ensembles as input
X(q*, mz,a%)
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Continuum & chiral extrapolations

Define global fitting strategy using all ensembles as input
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Continuum & chiral extrapolations

Define global fitting strategy using all ensembles as input

X(q*, mz,a%)
Np 2

= 2 c;(q?)! | x (1 + Cm. (&) ) X (14 &(anc)?) x (1 + Eqq(aq)?)
i=0

Estimating systematics:

. Include O((m;/Ac)*)

. Remove either (1 + é,(aA-)?) or (1 + 6aq(aq)2)

ll. Remove higher order terms, e.g. 0((q%)3 (m,/Ac)?*(ahc)?)



Continuum & chiral extrapolations
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Continuum & chiral extrapolations
Ensembles:

° ﬁ = 417, myd
- IB — 435, myd

0.0035, ,0.012,0.0190
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Chiral extrapolation
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Continuum extrapolation
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Continuum extrapolation
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Determination of inclusive rate

Channels making up X(g?#) at the physical point
“Data points’’ are based on fit
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Determination of inclusive rate

Channels making up X(g?#) at the physical point
“Data points’’ are based on fit
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Determination of inclusive rate
Channels making up X(g?#) at the physical point

“Data points’’ are based on fit
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Determination of inclusive rate
Channels making up X(g?#) at the physical point

“Data points’’ are based on fit
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Determination of inclusive rate

Channels making up X(g?#) at the physical point

Xll 2 Xll 2
“Data points’’ are based on fit aa(47) Xyy (@)
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» obtained using HLT approach
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Determination of inclusive rate

Total decay rate
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Experimental data:

BESIII T =0.827(22) X | > |Vislgesiy = 0.967(28) 19922
10713 GeV
CLEO .T = 0.856(55) X > Wiclergo = 0.984(41)+0:024

10713 GeV



Determination of inclusive rate

Total decay rate
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Promising when compared to PDG
Experimental data:
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Determination of inclusive rate

Total decay rate

|vcrs|2 = 0.884(47)19:94% x 107 13GeV
Promising when compared to PDG

Experimental data:

BESII| T = 0.827(22) X . s Vool ggsiy = 0.967(28) 002
10713 GeV
CLEO : I = 0.856(55) X > |Veslereo = 0.984(41)F3-924
10713 GeV

The lattice is now able to study inclusive semileptonic decay at a level relevant
for phenomenology!



Summary & Outlook



Summary
» Systematic effects in the inclusive analysis of semileptonic decays on the lattice
o Error from Chebyshev polynomial approximation
» Estimate based on mathematical properties

o Finite volume corrections
» Model to estimate corrections; supplement with data

o Chiral & continnum extrapolations
» Under control; supplement continuum extrapolation with one more data point arXiv:2604.22201

Outlook

* Extend towards a full analysis in the bottom sector (in collab. with RBC/UKQCD)

arXiv:2504.03358

Disconnected s3 diagramms (n/n")?

Improve statistics with new techniques?

Extend to different observables, e.g. moments

Excl. form factors from inclusive lattice simulation
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