Luka Leskovec

The B = nrnfi OrOCESS | ot e s
on the lattice

January 23, 2025

@@ Institut
g @ Jozef Stefan” i
® Ljubljana, Slovenija ‘n|

UNIVERSITY OF LJUBL]JANA
Faculty of Mathematics and Physics










M. Hohmann, Challenges in Semileptonic B decays

Decay Channel BT [%] B" [%]

the puzzle of | V.,

B — wlyv 0.152(3) 0.082(2) 4.4 - & FLAG
B — ply 0.147(2) 0.082(1) B PDG
B — wlv 0.127(2) - . . o
B — ntv 0.127(4) _ inclusive determination B HFLAV
B — n'tv 0.097(4) - — 4.2 -
B — zulv 0.1030(5) 0.0540(4)
+
contributions from the V., 4.0 -
prOCGSSGS
3.8 -
LA 3 . . .
e Vunlx10 exclusive determination
n - , B—tv (BaBar)
E_ = B—1v (Be”e) # 3.6 -
i 0 B—tv (average)
a FLAG average
" [ B—nty
N | - . B—1v (BaBar)
= o B—1v (Belle) 3.4 -
5 , B— v (average)
, , B—>7v (BaBar) |
TL il | - g—ﬂ'\) (Bleea)r FLAG
“ . , B—1v (average)
fi — - @—— PDG inclusive

3.0 35 4.0 45 50 55 6.0

PDG

HFLAV


https://indico.cern.ch/event/851900/contributions/4793495/attachments/2429809/4160485/barolo_2022_MHohmann.pdf

so how do we solve it?

systematically!

* improve inclusive methodology
(great progress in inclusive
decays on lattice: 2111.12774,
2405.06152 )

% add exclusive processes (today)



https://arxiv.org/abs/2111.12774
https://arxiv.org/abs/2405.06152

Quantum Chromodynamics
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how do we add exclusive processes?

lattice QCD
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e t—=1t(S — LS) « discretize space time (a)

« place system in a

‘ _ — —S(q,q,U)
o L J'@U@nge finite-volume box (L)



a q(x)

+ Wilson-Clover fermions
» 323 % 96
+» a~0.11403 fm

" Nconfig = 1039

« m_~ 320 MeV



what can we calculate on the lattice?

Oy

+ 1-point functions

(vevs) /

« 2-point functions
(masses, scattering amplitudes,...)

« 3-point functions

(matrix elements of;H kinds,...) ~ “““!“

« 4-point functions

S
(DIS, spectral decompositions, ...) E* Q‘ 2




2-point functions: stable hadrons

7 dispersion relation
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2-point functions: unstable hadrons

+» use excited states!

+ build a matrix of correlation functions
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2-point functions: unstable hadrons

CP=00+0=@=0 +... n
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for each P and A:
det [F~Y(E*) + T(E™)

Rummukainen, Gottlieb hep-1at/9503028 f — e ——
Kim, Sharpe, Sachrajda hep-lat/0507006

Leskovec, Prelovsek 1202.2145

Briceno 1401.3312

Bricefio, Dudek, Young 1706.06223

Woss, Wilson, Dudek 2001.08474

[and many more]



https://arxiv.org/abs/hep-lat/9503028
https://arxiv.org/abs/hep-lat/0507006
https://arxiv.org/abs/1202.2145
https://arxiv.org/abs/1401.3312
https://arxiv.org/abs/1706.06223
https://arxiv.org/abs/2001.08474

scattering on the lattice

det |F~(E*)+T(E™)]
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Clebsch-Gordan coefficients the Lischer Zeta function

convention from Bricefio, Dudek, Young 1706.06223



https://arxiv.org/abs/1706.06223

scattering in the infinite volume
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m_ ~ 320 MeV

L ~3.6fm
a~0.11 fm
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https://arxiv.org/abs/1704.05439

3-point functions: stable hadrons
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3-point functions: unstable hadrons
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https://arxiv.org/abs/hep-lat/0003023
https://arxiv.org/abs/hep-lat/0104006
https://arxiv.org/abs/1406.5965
https://arxiv.org/abs/1502.04314
https://arxiv.org/abs/2105.02017

3-point functions
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matrix elements

basis of operators
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variational analysis
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state projection
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transition amplitude

Boyd, Grinstein, Lebed hep-ph/9412324
Bourrely, Caprini, Lellouch 0807.2722
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https://arxiv.org/abs/hep-ph/9412324
https://arxiv.org/abs/0807.2722
https://arxiv.org/abs/1807.08357

transition amplitude - Vector Current
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the observable part

+ examplel
(similar to 2311.00864)

+ only vector form factor shown

+ differential branching fraction

2
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http://arxiv.org/abs/2311.00864

as a resonance”?

+ p as a pole of &z scattering
Im(E)
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« reduce E™* dependence into a resonance

("narrow width approx.")

+ differential branching fraction
(going to the B rest frame and simplitying)
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transition amplitude - Axial Current
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Summary

+ first steps on
the first process

R/

+ exciting opportunities ahead

R/

+ a "new" approach to flavor
physics




