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1. Introduction

The mixing of particles and antiparticles in tB%systemscq =d,s) has been studied in recent
experiments. These measurements of oscillation fregesrgiven in terms of mass differences
AMg have achieved a remarkable precision,

AMg = (0.5074+0.005) ps t [1], (1.1)
AMs = (17.77+0.10(stat)} 0.07 (sys) ps 1 [2]. 1.2)
In the Standard Model the frequencies are related to CKMirelements by
G2 .

The relation allows a determination of the rajtig;/\iq| when provided with a theoretical input for
the relevanfAB = 2 weak matrix eIementE§q Bg,. Lattice simulations are a unique non-perturbative
way to computefg, andBg,. However it may be impossible to match the experimentalipi@t
Here we present a study using statiquarks and Domain Wall Fermion light quarks. The
large scale difference prohibits the direct simulationadtivistic b-quarks with current (super-)
computers. Our choice of effective action is described ftillowing section alongside details
of our simulation. In Section 4 we summarise results on tleayleonstantdg and fg,. Section
5 contains our results on the mixing matrix elements andetigea short conclusion in the final
section.

2. Lattice action

The static approximation is the lowest order of a systenegpansion in thé-quark mass. In
the infinite mass limit thé-quark becomes literally static, it propagates in time pnly

A

Ssaic= Y N(X)[N(X) —Vq (x—O)h(x—0)], (2.1)

whereV is the smeared gauge field. In the cas&/f Ug (the original gauge link) this action
was proposed by Eichten and Hill [3]. Large statistical fations have made is necessary to
used smeared gauge fields in the static action. We considedifferent smearings: one-level
APE smearing [4] witha = 1 and Hypercubic blocking (HYP smearing) [5] witkr1, a2, a3) =
(1.0,1.0,0.5) as advertised in [6] and usually referred to as HYP2.

The gauge configurations used in this project have been gedewith the Iwasaki gauge
action [7] and Domain Wall fermion action [8, 9] with 2+1 flaus. They are part of the current
research programme of the RBC and UKQCD collaborations. [D@tails of the usedl = 2fm
ensembles can be found in [11]. Theé’}632 lattices a8 = 2.13 have a measured lattice cut-off of
a~! = 1.62(4)GeV. Domain Wall fermions have an approximate chiral synmyn@hose breaking
is determined from the violation of a five-dimensional Watdritity. The resulting residual mass
for these lattices immes = 0.003084) which corresponds to a bare mass of 5MeV. The input
quark masses agem = 0.01,0.02,0.03 for the light quarksy(, d) andam; = 0.0359 for the strange
quark. This corresponds to the measured valuaain these lattices [11]. The lowest pion mass
reached is 400MeV.
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3. Renormalisation

The perturbative renormalisation and matching to the oootin of the static-light axial cur-
rent Agtat and the four-fermion operatddyy . aa have been described in Thomas Dumitrescu’s
contribution [12]. The renormalisation factors for bothRABnd HYP smearing will be published
in [13]. Here we just cite the results for two possible deiim$ of the gauge coupling, mean-
field improved andVIS for u = a—1. We use the average of the two as central value and half the
difference as an additional systematic error. The parignesperatol,V, + A A, mixes in the

Zy VAVIN Zsp
no-smear MF (B899 0642 -0.133
no-smear MS 0794 0458 -0.123

APE MF 0961 Q769 -0.133
APE MS 0902 0674 -0.123
HYP MF 0985 0819 -0.133
HYP MS 0946 Q761 -0.123

Table 1:0Overall perturbative matching factors evaluated for uremee, APE smeared or HYP smeared static quark
gauge links and for two choices of coupling constaMf anda™S.

static-light case witlsS+ PP under renormalisation. The renormalised matrix elemegivisn by
M = ZyaMvvaa+ ZspMss; pp-

4. Decay constants calculation

The pseudoscalar decay constants forBhandB? meson are determined from the two-point
functions of the static-light axial currenf}at: ﬁy“ ¥50. To obtain spatial volume averaging we use
(gauge-fixed) wall sources which extend over a whole timegli® points). The normalisation of
these sources is not known a priori. So we compute a ratio inohwhdrops out,

P S )
/W (e M3

(4.1)

whereCWt andCWW are the wall-local/wall-wall two-point functions @@ myj is the effective
mass obtained frol@"'- which is used to cancel the asymptotic time dependence oftied,,
Fig.1la. SinceZe®dq = \/mB—quq it is sufficient to computebg to get the bare decay constants.
Fitting @y in the interval 12- 16 then gives our results summarised in Table 2.

With the existing data the extrapolation to the physicditiguark mass is done linearly. Here

we us .g{?ys+ Mes= 0.001628) [11].

Combining these results wity, from Table 1 and usingig = 5279 MeV andng, = 5368 MeV
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(a) Time dependence dfy for the three ensembles froth) Chiral extrapolation ofps for the two static actions
the data with HYP smearing. and two different fit ranges. The filled symbols cor-
respond to the data in the bottom half of Table 2. The
blue dotted line marks the physical point.

Figure 1:Plateaux fod{YP and chiral extrapolation fobs for both static actions

Mseat Mres  Myal + Mes ®q
APE HYP
0.01308 0.01308 0.274(29) 0.255(14)
0.02308 0.02308 0.319(21) 0.251(11)
0.03308 0.03308 0.354(19) 0.280(10)
0.01308 0.039 0.305(19) 0.272(6)
0.02308 0.039 0.335(20) 0.260(7)
0.03308 0.039 0.357(20) 0.283(9)

Table 2:Results fordy and®s from a fit to timeslices 12-16.

[1] we obtain

{193(35><+%S>Mev (APE),

feg = (4.2)

’ 198(18)(*35)MeV  (HyP),

fai {229(26)(18)Mev (APE), @3
216(6)(17)MeV  (HYP).

The first error is statistical while the second is systematid contains uncertainties due to the
chiral extrapolation, the renormalisation factor and tiitisg of the lattice scale. The asymmetric
error is chosen to reflect a possible logarithmic contrdufil4] in the chiral extrapolation. While
we do not observe such a behaviour, assuming it sets in jlst/loeir lightest data point leads to a
six percent downwards error.

The ratioé; = fg,/ fg is independent of the renormalisation facky and is expected to give
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better agreement between the two smearing procedures. We ge

f$ g, [T {1.14(4)(*%0) (APE), (4.4)

fstat ®g, \ M, | 1.08(2)(T1%) (HYP).

In the extrapolation to the physical light quark mass we haé®s/®, is constrained to unity for
m = m, Fig. 2.

D,

r ‘ ‘ ‘ ‘ ‘ .

12 |
1.15-
1.1
1.05-
1,

[ | | | | |

Figure 2:Chiral extrapolation of the rati®s/®q for the two static actions. The black square shows the cainstat
m, = ms and the open symbols are the extrapolated results at thécphpsint. The errors are statistical
only.

5. Matrix elements calculation

The relevanAB = 2 matrix element is parametrised &g /Bg,. We determine this product
in two separate ways. One is computing

_ G, t)emet/?
o \/CBB t1)CBB(t,0)

Mo, (t2.1) 220, (BlOfY(0)[B). (5.1)

Here we use a box source of siZeshd APE-smearing in the static action. The data is sumnuarise
in Table 3. The renormalised matrix element is obtainedgudie perturbative Z-factor in Table 1.
The other method is computing the bag parameter from

CY(t1,t,0) w0 (B(t)|ORY(t)[B(0))
T CWL(t,0)CWL(ty, 1) smg, f3. '

Bo = (5.2)

The analogue of this ratio is a standard method used in thedygmtem. We analyse the HYP data in
this way (Table 3). The values for the bag parameters at theigal point areBY" = 0.74(10)(3)
andBg"" = 0.79(3)(3). Here we assume the that the chiral logarithrBinis small.
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APE APE HYP HYP HYP
Mssipp Mg V4+AA Bssipp Bg,

—0.142(8) 0.19914) | 0.821(32) —0.54416) 0.71927)
—0.1797) 0.23311) | 0.947(22) —0.55810) 0.820(18)

Msea  Mhal MO\?EAA
001 001 | 0.23519
0.02 002 | 0.27215

~
~—

~
~—

003 003 |027211) -0.1765) 0.23%8) | 0.900(18) —0.5789) 0.786(15)
001 00359 0.27613) —0.1696) 0.2359) | 0.90111) —0.5656) 0.7859)
0.02 00359 0.30915) —0.1877) 0.26211) | 0.920(11) —0.5735)  0.801(9)
0.03 00359 0.29515) —0.1887) 0.25211) | 0.90211) —0.5726) 0.7869)

Table 3:Lattice results for the matrix element with APE smearing B parameter with HYP smearing for three
ensembles and two valence masses each. The errors artécsiagisly.

Combining the results fdBg, with the decay constants from the previous section we caemak
a comparison of the two static actions. Extrapolating beatia dets linearly we obtain

f stat BSta

By By

T {237(13) 19 MeV  (APE), 5.3)

(
171(16)(*33)MeV  (HYP),
(

o \/%: {262(12) 22)MeV  (APE), 60

192(6)(17)MeV  (HYP).

Again there is a large discrepancy between the two data setstaking possibléd(a?) lattice
artefacts into account. We are investigating other passiburces for this effect at the moment.
We also compute the SU(3) flavour-breaking ratio

BB (1117)(18)  (apE),
¢ VBT o (5.5)
fs(tjat BSBtdat L14(8)(T4°) (HYP).

As expected the ratio is consistent between the two caloakat This can be due to the large
cancellation in the renormalisation.

6. Conclusions

We have presented a 2+1 flavour DWF calculation of statittlidecay constants and bag
parameters/mixing matrix elements. The resultadt= 1.62(4) GeV have been extrapolated to
the physical point using three independent ensemblesrynitasses for the light quarks and the
physical value for the strange quark mass. We use pertuebasitimates for the renormalisation
of the static-light axial current and the operator mixingluf parity even part of the left-left four
fermion operator.

Our preliminary values for the decay constants &e= (220+ 32)MeV and fg,/fg =
1.10(*21). For the bag parameters we @gf = 0.79(4) andBg = 0.74(10). We also determine the
full matrix element directly; the results can be found intBet5. We are investigating the large
differences found between the two static actions. The guateertainties contain an estimate
of the error induced by chiral extrapolation, perturbatigaormalisation, lattice artefacts and the
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statistical error. Recently there has been a new deteriminat the lattice scale at this coupling
but on a larger volume. The new valueaf! = 1.73(3) GeV [15] leads to an additional 7% error
which has to be added in quadrature. Possible correctiotig tiimit of infinite b-quark mass are

beyond the scope of this project. A full account of our worll & published in [13].
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