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Motivation

> B(s) = D4)lD contains a b — ¢ transiton = can be used to
determine |V|.

» d many related tensions between prediction & experiment,
including in
B(B — Dtu;)

R(D) = B(B — Dl
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Calculation Setup

» Goal: Deduce By — Dy form factors fo(@®),f+(q?) for
0< q2 < qgnax' (q = (pB(s) _pD(s))2)
» We use the Darwin cluster @ Cambridge, part of STFC’s DiRAC
IT facility.
» 2nd Generation MILC Gluon Ensembles [1212.4768]:
» Liischer-Weisz Gauge action, improved up to O(Nyaga?).
» 2+1+1 flavours in the sea, using HISQ action (Highly Improved
Staggered Quark).
» Many Lattice Spacings and quark masses, down to the physical
point.
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Correlation Functions

» Calculate 2 and 3-point correlation functions.

> Use exponential smearing on both B(,) and D, operators.

> Extract (D4)|V,|B(s)) from multiexponential fit using Bayesian
constraints.
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Correlation Functions

» Calculate 2 and 3-point correlation functions.
> Use exponential smearing on both B(,) and D, operators.
> Extract (D4)|V,|B(s)) from multiexponential fit using Bayesian

constraints.
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Improved Non-Relativistic QCD (NRQCD)

» Lattice artifacts grow as (amp)™,n > 0, problem when am; > 1.
Solution: non-relativistic formalism for b.

» NRQCD = action expanded in b velocity v, rest mass removed.

Gz, t + 1) = e HoHH) Gy 1)

(2)
CL]JO:—v y
2amyp
(2))2 -
aéH:—cl(v ) —c 1 o-B+ ..

8(amp)? “2amy,

» {¢;} determined from perturbative matching to full continuum

QCD. [1408.5768)]

» Improved action: accurate through O(asv?).
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Continuum Vector Current

» Continuum Vector current is expanded in terms of NRQCD-HISQ
currents:

Vi =(1+ 2,0) [VIO + VD] +

1
VO = Vl =
"( ) b “( ) mec’m’y - Vb

> z, calculated by perturbative matching to full continuum QCD
[1211.6966]

» Also 3 at O(as, v):

1
2 - __ -
v mecyyl %b
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Form Factors

Transition element is parameterized in terms of form factors:

2 ar2
(Do ( NVH B ( )>—f(2) Py #_Mu
(s) pD(S) (s) pB(S) = J+\q b Dby q2 q
Mg~ — Mp
+f0(q2)%qﬂ

We computed (D(,)|V*|B(y)) at varying ¢* = (P —pD(S))Q. We plan
on fitting results to a z-fit.
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Preliminary Results: By — D;
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Preliminary Results: B — D
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c*(speed of light) for D,
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See also 1208.2855.
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Subleading Currents (B. — 7.)
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Next Steps

» Aim to extend data to minimum possible ¢? (requires overcoming
signal /noise degradation).

» Fix renormalization of spacial currents non-perturbatively?

» New approach of extracting fy from scalar current:

SO =z | my(1- EXD |S|Bs) = (M§, — Mp,) fo(q?)
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thanks for listening!
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Backup Slides

Euan McLean The B,y — D 4)lv Decay 16 / 20



NRQCD-HISQ Comparison
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Proof of Principle: B. — n.
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[ Colquhoun, Lytle et. al 1611.01987]
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HISQ Details
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NRQCD Details
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