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Semileptonic B to D decays
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Motivation

B(s) — D5 fv semileptonic decays provide determination of Ve

Two lattice calculations of B, — D./v at or near zero recoil

Bailey et al [FNAL/MILC], PRD 85 (2012) 114502

FNAL/MILC
Twisted mass fermions Atoui et al, EPJ C 74 (2014) 2861
First unquenched analysis at nonzero recoil

Combined analysis of B, — D.,/v and B — D{/v to reduce
theoretical uncertainties in determination of B(Bs — u* ™)

Forthcoming LHCb analysis of B, — DJvand By — Klv for |Vuy/ Ve


http://arxiv.org/abs/1310.5238
http://arxiv.org/abs/1310.5238
http://arxiv.org/abs/1202.6346
http://arxiv.org/abs/1202.6346

Form factors

¢ = v — V.
Form factors \
Mg — M3, o Mg — M
(Ds(pp)|V*|Bs(pp,)) = [+ () |, + 15 — + fo(q) Sq2 s

Convenient to determine

(Dys(pp.)| V*|Bs(ps.)) = +/2MG, [f(f)ff; + 1) (pgs -~ 2B D, pésﬂ

In B, rest frame
(Ds(pp,)|V°|Bs(ps,)) = /2Mp.fi(¢*), (Ds(pp,)I V¥ Bs(ps.)) = \/2Mp,pp f1 (¢

Reconstruct form factors
1

fi(q) = (@) (Mp, — Ep)fL(T)]
2,
\/QMB 2 2
fold®) = (Mg, — Ep,)fy(¢*) (Ej, — Mp.) fL(¢)]
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Heavy quark currents

NRQCD bottom and HISQ charm valence quarks

_ 1 —
IO =P, T = =3Py - VT
i M H My " O(as, Aqop/ My, as/ (aMy)

Match currents via lattice perturbation theory “On et al, PRD 87 (2013) 034017

(Vi)qep = 1+ aspu) (S + (I

Jﬁsub) _ Jél) . aSC,uJILSO)


http://arxiv.org/abs/1211.6966
http://arxiv.org/abs/1211.6966

Ensembles

MILC 2+1 asqtad ensembles

=00l area o '\tw
400+
E @
E
s
200 F
.Cont. phys. point
100 F

0 | | | | I I I
0.00 002 004 006 008 010 0.12
a (fm)



Correlators

0B —x) e 1P-al/2F)  ry/a=5,7

Bs meson \/
Otz 1) = a® Y Wy, 10)o™ (¢ — @)y51)s(, To)

x

Construct 2x2 correlator matrix
Cp(t 1) = LBZ (®) (y, )5 (2, 1))
D; meson

Ol (x, 1) = ¥ (@, to)y51s(, to)

Two-point correlator function

1 o (—
Cp.(t10:p) = 15 D P&V (@p, (3. )@, (2.1))
T,y




Correlators

1 . o
Cf (1,10, Tsp) = 75 > &P (@, (. to + T) Ju(=, )25 (9, 10))

m) y?z

sy —y) :

U(1) random sources

Four momenta [(0,0,0), (1,0,0), (1,1,0), (1,1,1)]

Four values of T: [12,13,14,15] and [21,22,23,24]



Correlator fits

Bayesian multi-exponential fitting strategy [corrfitter, lsqgfit]
Np,—1 Np,—1

Crietp = Y Y A

Extract three—pomt amplltudes
(0@ p, | E]) (B | ]| ) (B |95 |0)

A% —
I (263 EP) (203 B2

Obtain required matrix element

2a3ED3 2a3MS

D\, B.) = ( ) (20° M3,)

<0|<I>DS|E (Mg, ®%10)



Two-point fits

Stability plots: multi-exponential fits
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Two-point fits

D, dispersion relation
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Three-point fits

Stability plots: T-combinations
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Three-point fits

Correlations between momenta
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Chiral-continuum fits

t‘|‘ — (MBS + MDS)2
Z-expansion

2 2

qmaX:(Ms_M )

Aq) = Vi = =V = @ e
Viy — @2+ iy — ¢2ax

Fit to BCL parameterisation Bourrely et al, PRD 79 (2009) 013008

1 K-1 »
k

1 K—1 . I
fr= > [k — (-

Na et al [HPQCD], PRD 82 (2010) 114506

Modified expansion coefficients Bouchard et al [HPQCD], PRL 111 (2013) 162002

aé@r = ngl Dg’f}r(mval, m>?, a)

T chiral logs and discretisation effects


http://arxiv.org/abs/0807.2722
http://arxiv.org/abs/0807.2722
http://arxiv.org/abs/1008.4562
http://arxiv.org/abs/1008.4562
http://arxiv.org/abs/1306.0434
http://arxiv.org/abs/1306.0434

Modified z-expansion

Results from coarse ensembles
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Modified z-expansion

B — Dgl/ form fa ctors Na et al [HPQCD], PRD 92 (2015) 054510
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http://arxiv.org/abs/1505.03925
http://arxiv.org/abs/1505.03925

B to D form factors

B(B — Drv;)

With BaBar data | Va| = 0.0402(17)(13) R(D) = Zz=F7m
14

Aubert et al [BaBar], PRL 104 (2010) 011802

= 0.300(8)
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http://arxiv.org/abs/0904.4063
http://arxiv.org/abs/0904.4063

Existing results

Experimental data not yet available

Form factor ratio at (almost) zero recaoil

A VTS 1.054(5()) Bailey et al [FNAL/MILC], PRD 85 (2012) 114502

d
D (m2)

7

157 (M2)

Form factor normalisation at zero recoil with twisted mass fermions

Atoui et al, EPJ C 74 (2014) 2861


http://arxiv.org/abs/1310.5238
http://arxiv.org/abs/1310.5238
http://arxiv.org/abs/1202.6346
http://arxiv.org/abs/1202.6346

Conclusion...

Bg) — D) ¢v semileptonic decays provide determination of V¢,

Preliminary results for B, — D /v form factors at non-zero recoil

... and outlook

Finalise chiral/continuum extrapolation
Simultaneous fit to determine form factor ratio at zero recoil
Combine data to extract | V,,/ V|

previous HPQCD B, — Kby analysis Bouchard et al [HPQCD], PRD 90 (2014) 054506

forthcoming LHCb analysis


http://arxiv.org/abs/1406.2279
http://arxiv.org/abs/1406.2279
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EXTRA SLIDES



ENSEMBLES

MILC 2+1 asqtad ensembles

Set nr/a mi?/mi*  Noont Msre  L° X Ny al am}’al am®  amyal
Cl 2.647 0.005/0.050 2096 < 243 x 64 2.650 0.0070 0.0489 0.6207
C2 2.618 0.010/0.050 2256 2 20% x 64 2.688 0.0123 0.0492 0.6300
C3 2.644 0.020/0.050 1200 2 203 x 64 2.650 0.0246 0.0491 0.6235
F1 3.699 0.0062/0.031 1896 4 283 x 96 1.832 0.00674 0.0337 0.4130
F2 3.712 0.0124/0.031 1200 4 283 x 96 1.826 0.01350 0.0336 0.4120



CORRELATOR FITS

Meson correlators
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CORRELATOR FITS

Three-point correlator
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Chiral-continuum fits

“Modified z-expansion”

K—-1
1 (k) k
= Qa z —
fO 1—(12/M0§ 0 f-l- 1_q2/MB*
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