PROCEEDINGS

OF SCIENCE

Recent results on B mixing and decay constants
from HPQCD

J. Shigemitsu "2, C. Davies?, E. Follana ¢, E. Gamiz9, E. Gregory °, P. Lepage €, H. Na?
and M. Wingate f
aDepartment of Physics
The Ohio State University, Columbus, OH 43210, USA
bDepartment of Physics & Astronomy
University of Glasgow, Glasgow G12 8QQ, UK
“Departamento de Fisica Tetrica
Universidad de Zaragoza, E-50009 Zaragoza, Spain
dDepartment of Physics
University of lllinois, Urbana, IL 61801, USA
€Laboratory of Elementary Particle Physics
Cornell University, Ithaca, NY 14853, USA
fDepartment of Applied Mathematics and Theoretical Physics
University of Cambridge, Cambridge CB3 OWA, UK
E-mail: shi ge@ms. ohi o- st at e. edu

We review recent results foBy and Bs mixing parameters using MILQNs = 2+ 1 lattices,
NRQCD b-quarks and AsqTad light quarks. Latest numbers émag constantdg and fg,
are also presented. Combining our lattice results with exptal determinations of the
mass differencedAMy and AMg leads to an important ratio of elements of the CKM matrix,
[Via|/[Ms| = 0.214(1)(5) and an updated Standard Model number for the branchingidract

Br(Bs — utpu~) = 3.19(19) x 10°. Preliminary new results fofg, based on other actions
are also described.

The XXVII International Symposium on Lattice Field Theory
July 26-31, 2009
Peking University, Beijing, China

*Speaker.

(© Copyright owned by the author(s) under the terms of the Ge&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Recent results on B mixing and decay constants from HPQCD J. Shigemitsu

1. Introduction

B Physics, and in particular the study Bfand Bs meson decays and mixing, remains an
important part of Flavor Physics. Such studies enable starsty tests of the Standard Model and
placing of bounds on New Physics effects. Lattice QCD isiplgg crucial role in this effort by
providing the necessary nonperturbative QCD inputs.

This talk describes recent results by the HPQCD collabmmain B meson mixing parameters,

fB. I§Bs, de\/éT;d and their ratiof, the first fully consistenlN; = 2+ 1 lattice QCD calculations
of these quantities [1]. We work with four of the MILC coarsex 0.12fm) lattices and two of the
fine (@~ 0.09fm) lattices. We use NRQCD for thequark and the AsqTad action for both valence
and sea light quarks. Details are given in [1]. In the Statiddodel the mass difference in the
Bq—Bq (0=d,s) system is given by [2],

GZM2

AMq = ZE 2 Vv 2020 (%) M, 15, B, (1)

In addition to well determined quantities, eq.(1.1) imasthe combinations of CKM matrix ele-
ments|ViqV;;|> and the nonperturbative QCD facto’réqégq. The latter are determined from the
matrix element of the four-quark operatarj(are color indices that are summed over),

oL= [PV —Awy| [Whv - AW (1.2)

sandwiched between tig andBy states.

(OL)S(11) = (BelOLIBg) (1) = o 14, Be, (1) MZ,. 13)

One sees from eq.(1.1) that the ratio of the two CKM matrixraets|Viy| and |V;s| can be deter-

mined from
Y/ AMyq M
Vid| _¢ a Mg, (1.4)
|Vts| AMS MBd

once theory provides the important ratio

fBS« / BBS
=—Y . 15
¢ fou/Bo. (1.5)

One of the main goals of [1] was to produce a state-of-thé&atite calculation of. We were able
to determine this quantity with total error of 2.6%.

2. Hadronic Matrix Elementsin the Effective Theory

The b quarks in our calculations are described by an effectiveth&RQCD. Instead of
the full QCD fieldW;, of eq.(1.2) one works with field¥q that create a heavy quark Bt that
annihilate a heavy anti-quark. THé — A] x [V — A] four-fermion operator becomes,

oLe'" = [Wyv - A)wg} [@"G(v —A) wg] + [wg(v A wg] [Wg(v — AW 2.1)
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In the effective theory one finds mixing with another operatbone-loop of[S— P] x [S— P]
structure, even at lowest order iriNl.

oS = [wiQ(s— P)wiq} [wg(s— P)wcﬂ + [wié(s_ P)‘Piq} [wg(s_ P)wg‘} . (22
Furthermore there is a tree-level dimension 7 correctic@t8’ " at &/(1/M).
OLjl = Zi/l [(DLPQ V(v —A) wq> (@6(V—A) wq)
+ (Wo(V—A)W,) (i% YV —A) wqﬂ + [% = %} . (23
We have calculated the matching between matrix elementsedéftective theory operato@Lef,
0SfandOL j1 and(OL) of eq.(1.2) in full QCD through?’(as, Aqcp/M, as/(aM)) and find
(OLMS(p) = [1+aspu] (OL°) + 0512 (O™ +
(OLj1) —as [¢*(OL®™") 4+ 7*2(0S™)] + O(a2,ashqcp/M).  (2.4)
The matching coefficients;1, p12, {1t and*? are listed (foru = M) in [3].

The goal of lattice simulations is to obtain the matrix eles¢O), with O = OLeff, 0 ff or
OLj1. To this end one calculates three-point correlators,

A T
Cop (1) = > (010, (%utr) [2°0(0)] 95, (%o ~12)[0), (2.5)
X1,X2
together with two-point correlators
CB(t) = Y (0@ (%a,t) D (%,0)(0). (2.6)
.%o

One works with dimensionless operataf© which are kept fixed at the origin of the Iattic@%OI

is an interpolating operator for tH&, meson of smearing typer”, and spatial sums ovet; and

X, ensure one is dealing with zero momentBgand B, incoming and outgoing states. Eq.(2.5)
corresponds to 8; meson (or excitations thereof with the same quantum nurhbeisg created
at time —t, which then propagates to time 0 where it mixes onto its antigla aB,. The latter
meson is annihilated at tinte.

We have accumulated simulation data for a range,ia for three-point and in for two-point
correlators, i.e. K ty,to,t < Tmax With Tax= 24 on the coarse lattices aiiglax = 32 on the fine
ensembles. As is well known, staggered quarks lead to messpadint correlators that have both
regular and time oscillating contributions. Hence a fit an$ar eq.(2.6) would be

N-1 .
2pt Zjbabﬁ g Eit-1) (_l)t z blcgbllze—Ek(t—l)_ 2.7)
k=0

Similarly, the presence of oscillatory contributions makieting the three-point correlators, eq.(2.5)
particularly challenging. The appropriate ansatz is
N—1N-1 N-1N-1

tl,tz % Z)AGB g Eilti- Be(tz—1) % Z) B —E i(ti—1) g=Ek(t2—1)
+N 1N- 1C o EiD) g Bl JrN 1N- lD ) e_ﬁj(tl_l) e—ék(tz—l)
2,2 220 '

(2.8)
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In terms of the fit parameters in (2.7) and (2.8) the matrixnapts we are interested in and which
appear on the RHS of (2.4) are given by,
ap

B2I0IBy) = 2 Ao (2.9)
(BulOlBy) = 5 |
0 ™0

ap
In order to extractk%’ﬁ, we have carried out simultaneous fitsCtﬁg)(tl,tz) for o = 3 together
0~0

with a matrix of two-point correlator@i%t(t) with all possible combinations of smearings at source
and sink. We used Bayesian fitting methods and typically eygaN = N = 4 ~ 6 number of
exponentials.

3. Chiral and Continuum Extrapolations

After the fits to simulation data described above (see [1fiore details) one ends up with
lattice results forrf/2 fBy /M.quE;q for each of the 6 MILC ensembles that we worked with. Here
ri is a scale derived from the static potential which can be tisedake dimensionful quantities
dimensionless. We exploit the fact that the MILC collabimnathas calculated; /a for each of
their ensembles. In order to make contact with the real wonlel needs to extrapolate both to the
continuum (lattice spacing — 0) and to the chiralrfyight — myq) limits. We do so by fitting to

the following ansatz, inspired by chiral perturbation the(ChPT).

A 1
rY/? fg,\/Me,Ba, = c1 [1+ 5 Afq+ o (2my +ms) 11+ Camyra] x [1+Caais(a/r1)* + 65 (a/r1)").
(3.1)
Afq includes the chiral logarithms including those specific tag§ered ChPT and was calcu-
lated by C.Bernard, J.Laiho and R.Van de Water [4]. We shoinaltbontinuum extrapolations

for ri’/ZfBS\/MBSQBS and rf/szd\/MBdéBd in Fig.1 and for &,/Mg_/Mg, and for Bg, in Fig.2.

The red curves are the continuum extrapolated curves ancetheircle gives the results at the
physical point. Table | gives our error budget.

4. Results

Using central values coming from the physical (red) pointthie figures and the errors summarized
in Table I, we can now present our main results [1].

fov/Be, 1.258(25)(21),  Bg, =1.33(5)(3) (4.1)

de \/ BBd

and using; = 0.321(5) fm([5],

3/2 3/2
fe.\/Bs, = 266(6)(17) (%) MeV,  fg,\/Bg, = 216(9)(12) (%) MeV,
(4.2)

where the first error comes from statistics + chiral extratioh and the second is the sum of all

3

other systematic errors added in quadrature. The resulﬂggqy I_5>E;S in eq.(4.2) is consistent with
but more accurate than our previously published value of2BMeV [6].
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Figure 1. Chiral and continuum extrapolation of/z fBe1/ MBSBBS, ri’/z fBy /Mgy I§Bd. The red curve shows
the continuum extrapolation and the “physical point isnggn /ms = 1/27.4.

Combining our lattice result foé with the experimentally measured mass differenabt =
0.507+0.005ps ™! [7] andAMs = 17.77+0.10+0.07 ps~* [8] leads to,

Mdl
Vi

= 0.214(1)(5) (4.3)

where the first error is experimental and the second frométieé calculation presented here. Our
Bag parameter resufiBs can be combined with experimentsiils and 1 (Bs) to form the Standard
Model prediction for the branching fractiddr (Bs — pu*u~) [9]. We find

Br(Bs — u™u~) =3.19(19) x 10, (4.4)

improving on the previous accuracy available.

source of error st\/;BS fBy \/I_S,T;d é
stat. + chiral extrap 2.3 4.1 2.0
residuala® extrap. 3.0 2.0 0.3

uncertainty

rf ? uncertainty 2.3 2.3 —
Os+B;r UNcertainty 1.0 1.0 1.0
ms andmy, tuning 15 1.0 1.0
operator matching 4.0 4.0 0.7
relativistic corr. 2.5 2.5 04
Total 6.7 7.1 2.6

Table 1: Errors in % for fg,\/Bg,, fa,1/Bs, andé.
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Figure 2: Same as Fig.1 foré /Mg, /Mg, and for BBS

Our fits to a matrix oBg two-point correlators has also allowed us to update presiesults orBy
andBs decay constants. The final numbers including all errors dddguadrature become,

fs, _ 1.226(26), (4.5)
fa,
0.321\ %2 0.321) %2
f, = 190(13) (rl[fm]) MeV,  fg = 231(15) (rlﬁm]> MeV. (4.6)

These results fofg, are consistent with but about ooelower than the valuesg, = 21622)MeV
andfg, = 260(29)MeV given in [10, 11]. The main difference between the anialgarried out here
and in [10] is that in the latter case chiral extrapolatiomsevdone based only on coarse lattice data
and furthermore no attempt was made to extrapolate eXglicithe continuum limit.

5. BsMeson Decay Constant Using Other Actions

The HPQCD collaboration has initiated a project of studyBmghysics with NRQCb-quarks
and HISQ light quarks [12]. The hope is that by going from thegAad to the more highly im-
proved HISQ action discretization errors will be furthedueed, in particular those coming from
taste breaking effects. We are also simulatingBheystem with NRQCLb- and HISQ charm-
quarks [13]. Here we present first preliminary results faBg meson decay constafy, in Fig.3.
One sees that the slope versus lattice spacing is signiffc@auced as one moves to the HISQ
action. Furthermore both actions lead to the same contirimitwithin errors. We are pursuing
other approaches ®physics as well, in particular one based on relativistic®tsquarks. Initial
calculations using relativistib-quarks show results fof, in good agreement with the NRQCD-
AsqTad and NRQCD-HISQ values presented here [14].
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Figure 3: Comparison between NRQCD-AsqTad and NRQCD-HISQ cal@ratof theBs meson decay
constant.



