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* Inclusive/Exclusive Tension 4.5

still around 20 (for a few |
decades) 4| BTV

//

inclusive

* Requires both theory input

and experimental data...
Difficult!
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B — 7rlv Semileptonic Deca

® Exclusive decay

[
Wi§§<’/
B o=

)

dU' < |V, |*x (Kinematics) x (QCD)
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Weak Decay on the Lattice

tSI‘C t _|_ tSI’C T _l_ tSI‘C

Cs,(t, T) = (n(t,.,p) J(t;,. +1,— Pp) B(T+1,.,0))

PO

Insert complete sets
of states to extract

matrix elements ‘ L> <L ‘ | H> <H ‘

Nicholas Cassar nick.cassar@colostate.edu 6



mailto:nick.cassar@colostate.edu

Form Factor Definitions

(z| V*| B) « (kinematics) x f;(q®) + (kinematics) x f,(q°)

fi(g® o (L| V°| H)

f.(g*) = (kinematics) x f,(q%) + (kinematics) x f,(q*)

folg®) < (L|S|H)
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Gauge-Field Ensembles

ny=2+1+1 HISQ

. 1/5-

1/10 -

1/27 -

B 2=0.09 fm Bl 2—0.04 fm
B -—0.06 fm B 2—=0.03 fm

‘ = 1000 configurations

% Physical point

0.04 0.06
~ a [fm]
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Meet the Players

Pion 2pt function!
- computed at 8 momenta

B meson 2pt function!

- computed at rest
- heavy quark masses ranging from

~ m,. up to and past m,

Heavy to Light 3pt function!
- 5 source-sink separations, up to ~3fm
- computed at 8 momenta, 5 heavy quark

Masses
Nicholas Cassar nick.cassar@colostate.edu 10
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Initial 2pt Fits

 We do Bayesian modeling to fit our correlator data to truncated
spectral decompositions.

e Values for priors are based on the PDG, effective
mass plateaus of the data, and naive multiparticle states

e \We test for stability in the desired posteriors by choosing

reasonable variations of 7, . , as well as the number of states in

the truncated spectral decomposition

 We also test for stability under inflation of prior widths, and
shifting of the central values.

Nicholas Cassar nick.cassar@colostate.edu 11
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B-meson 2pt Functions

a = 0.042 fm
M_= 135MeV

Nicholas Cassar

mp ~ 0.9 Mcharm
mp ~ 1.0 Mcharm
mp ~ 2.0 Mcharm
mp ~ 3.0 Mcharm
mp =~ 4.0 Mcharm

mp =~ 1.0 Mhottom
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B-meson Ground State
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B-meson Excited State
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Joint 2pt + 3pt Fits

1. Do isolated 2pt fits
2. Assemble priors for joint fits

3. Simultaneously fit the pion 2pt function, B-
meson 2pt function, and 3pt functions to
truncated spec. decomp.

4. 2pt spectrum and 3pt spectrum
enforced to be equivalent in
joint fits

5. Extract matrix element for ground
state

Nicholas Cassar nick.cassar@colostate.edu

C.(t,p)
Cy(1,0)

Cs,, (2, 11, P)
C3pt(t9 Tzv p)
Cs,, (2, 15, P)
C3pt(t9 T4> p)
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Extracting Matrix Elements

Co_o(t,T,
Ry, T,p) x i-pt 1 D)
0.60
}: — 1 = ()
0.55 A . =]
— 1) = D
i — n2 — 4
I S n2 — 6
— X m— 7 = 0
2 - n? =12

L% =— 2 PPYPY §r : ’
E%E ,H‘ H H P9 H ‘t'K L ‘ H H H H H ‘ H 7“} .‘ : K3
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Partial Conservation of the Vector

Zyo(My — Ep){(P|V°|H) + Zyiq - (P|V|H) = Z,,Z(m,, — m ){P| S| H)

0.5 1

0.4 1

Matrix elements
(@)
o

=
—_
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. (my, — ) (P|S|H)
¢° (P|V°|H)
= q - (P|V|H)
m— (1m0, — ) (P|S|H) — ¢"(P|V"|H)
B Renormalized
o Bare
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B-meson 0~ spectrum

* Work in Progress

Joint fit: 0~ ground and excited state Non-interacting 0~ FV energy levels
Momentum
°67 e 12 = () — 0 =4 r - n’=12 | p-wave Ss-wave
64 == n2=1 = n2=6 = n2=16 | B" (p)n(—p) B(p)n(—p)r(0)
— n2 - — n2 =0 L
6.2 s
D 60- B -
Qo —— O L e
w287 1 I [ el
23— T T T T T e
5.4 - - Mg =5.28 GeV
5.2 1
1 2 4 6 9 12 16
Momentum n? at current V(p = 2n)
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Form Factor Fits
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Journey to the
Continuum




Continuum Fit Form

w f, = L X [1 + 6t + discretization + mistunings]

e Heavy Meson Rooted Staggered yPT

Nicholas Cassar nick.cassar@colostate.edu 24
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Continuum Fit Form

W, fp = X [1 + 6t + discretization + mistunings]

E+A,p Mg — q° xy.P = 2Mp

 The angular momentum that appears must match the current

O"‘ B =177 1~ Mp.ppg) ~ 5325 [MeV]

Nicholas Cassar nick.cassar@colostate.edu 25
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Continuum Fit Form

Can be suppressed

2 2 2 <b a., velocit AHQET
Heavy Quark Discretization:| X, =;(amh) Y % > M,

or combinations thereof

AHQET AHQET

Heavy Quark Mistuning: AH = " im

y Q 9 M3 MEDG

Others: _ V2E _ (MET) — (M)
e A 812f2 A= 4rf, s 87%f 2
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Chiral-Continuum Fit

a=0.09 fm
a=0.06 fm
a=0.04 fm
a=0.03 fm
continuum

Nicholas Cassar

nick.cassar@colostate.edu
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Conclusions

e Simulations are now running with 4 flavors
(2x light, strange, charm) HISQ with fine enough lattice spacings
to reach the physical bottom quark mass

* We are currently working on taking the continuum limit

* Next steps will be combining our continuum form factors with
experimental data to calculate |V, |

e Extract form factors for B¢ — KZ'v and repeat

Nicholas Cassar nick.cassar@colostate.edu
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By — K Correlator Fits

Bs2K
0.50 - A
‘A
A -
0.45 - N A N X
A A & R \
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T 0404 A A ‘ 4
= ‘A A 4 ES A
A
0.35 - A A 4 A
A
a=0.042fm
M_= 135MeV
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Bootstraps

Histogram over Bootstrap draws

wmmmm Bootstrap mean

e Correlations are included m— Single fit mean
in the error propagation .
via bootstrapping with
500 draws

40 1

e Single fit posteriors are
seen to be statistically
consistent with a similar

counts

30 1

size error bar .
e a=0.042fm, 101
m; = 0.2m,,
e . (.88 0.89 0.90 0.91 .92
mh il 10 mb fo
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All Form Factors: f,

1.2 1
w0 == (.09 fm
1.0 1 = ().06 fm
= ().04 fim
&‘\ 0.8 == w0 =~ (.03 fm
S m N, =300 MeV
N i
0.6 - ® M, =200 MeV
Cg v AL ~ 135 MeV
-
“— 0.4 -
0.2 1
0.0 1 L
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All Form Factors: f,

a =~ 0.09 fm
a =~ 0.06 fm
a~ 0.04 fm
a =~ 0.03 fm
M. = 300 NMeV
M. = 200 MeV
M_ = 135 MeV
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