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1. Introduction

Heavy flavor physics invariably plays an important role ia thttice community. As with the
light quark sector, quantities involving heavy quarks carstudied to both test the methodology
used in lattice calculations as well as testing the physidbe Standard Model. Depending on
the situation, if there is a discrepancy between experiraadta lattice result, one must be able
to determine the source of this discrepancy, and whetheowit actually exists. Thus, whether
one is testing the lattice techniques or the Standard Moele&ple comparison with experimental
measurements is crucial.

Reliable comparison with experiment takes two forms. Foseé must have good quantitative
control over all systematic uncertainties which enter iatealculation, giving credence to the
results. However, there is another criterion which is ieglbut rarely explicitly stated, even when
stressed as important in other arenas, and that is agreemmmtg different calculations of the
same quantity using different formulations. This is an avbare the light quark sector (especially
in kaon physics, see Vittorio Lubicz’s review at this coefece [1]) has a tremendous advantage
over the heavy quark sector. This becomes important in casg#sas the fp_ puzzle,” where a
significant discrepancy between experiment and the latideulation has shown up, and for two
years has not yet gone away. This discrepancy exists betlveexperimental average and a single
lattice calculation, and has not be reproduced by another.

For this review, | divide my discussion into three partsbegin with a couple of examples
of spectroscopy calculations which simultaneously allattide calculations to be tested as well
as predicting experimental measurements. Specificallyein 3, | discuss one meson example
(that of theB; mass) and the single-bottom baryon spectrum, where theréden some interest
during the last year when comparing lattice and experimeatalts. Then | will discuss cases
of calculations which are more focussed on testing the @ranblodel. In Sec. 3, | will discuss
current results oB-mixing and decays, which is at a stronger point than most has a larger
number of groups which allow for decent cross-checks. In &ekwill discussD decays, mostly
sticking to a discussion of the possible discrepancy batweelattice calculation and experimental
measurement ofp_. In the final part, | discuss newer ideas and what lies in theréufor heavy
guark physics. In Sec. 5, | discuss new ideas for extracgngjleptonic form factors fob decays,
and in Sec. 6, | present some initial ideas for attemptingaetibns of nonleptoni® decay matrix
elements from a lattice simulation. | finish with some cosi@us in Sec. 7.

2. Spectroscopy

Lattice studies of the particle spectrum can play two rotesinderstanding Nature. First,
it is an invaluable tool to test lattice techniques by caltin particle masses that are known
experimentally to see that the methodology used is soundthé\same time, it can be use to
predict masses for states that have not yet been seen. Gnéeatare in spectrum calculations
that involve heavy flavors is that often lattice calculatidrave been done at roughly the same time

10bviously | cannot provide an exhaustive review of what heenbreported in the field during this past year. | will
mostly focus on a few select results, and only on those wikbcast two flavors of dynamical light quarks. | apologize to
all those whose calculations | didn’t have time to discuss.
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Figure 1: Plot of mg; versus the lattice spacing squared, showing the extrapoltat the continuum limit.
On the same plot is the lattice determinatiomg, from [2, 3] compared with the PDG [6]. Plot courtesy
of E. Gregory, from [5].

as the experimental measurements, so there are more caweslicfions, as opposed to the usual
postdictions, of the particle spectrum.

An example of this is the measurements of Byesystem by the HPQCD collaboration. In
[2, 3], using NRQCDh quarks and HIS@ quarks in the valence sector and the MILC 2+1-flavor
AsqgTad configurations (three lattice spacings), HPQCDipted the value of th&. mass, shortly
afterwards to be confirmed by experiment [4]. This year, theye determined a prediction for the
vector meson, thB¢ using the same techniques. In this case, they actually meetdseiratio

Me; — Me, 7 2.1)

m|3§ — Mg,
and use the experimental valueg; — mg,)*P = 49.0(1.5). The results are shown in Fig. 1, and
they obtainmg; — mg, = 0.059(6) GeV for the mass splitting [5].

On the baryon side, there have been many lattice resultsrgdibs with one or more bottom
quarks [7, 8, 9, 10, 11]. Of these, there has been some ihterém® last year in the single-bottom
sector, due to an apparent discrepancy between latticksresal experiment.

A summary of some results is shown in Fig. 2, where | compagelattice results to the
experimental results from the DO collaboration [12, 13] #&mel CDF collaboration [14, 15, 16].
The puzzle as of last year was the agreement between thésrsisalvn in red (a calculation using
NRQCD heavy quarks and Clover light quarks by Lewis and Wolas[7]) and DO for all masses
except for theQ,, where there was an unexplained difference between the RBumement and

2Note that only results which use 2+1-flavors of sea quarksshosvn, and all results to date have only been
presented at a single lattice spacing.
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Figure 2: Singly-bottom baryon spectrum from various lattice catiohs and experiment. The data in
red are using NRQCD heavy quarks [7], in blue use static hgaayks [10], and the green data are from
experiment [6, 12, 14, 15, 13, 16]. The measurement of the wlatheQy, differs between DO (black) and
CDF (green). Data from Ref. [9, 11] (also using static heawgrlys) is not shown for clarity, but is consistent
with the other lattice calculations. The vertical scalai$feV.

theory. Later, various results using static heavy quarksl(® 11] confirmed the earlier lattice
results, also shown in Fig.2.

The results from CDF published in May [16] confirm the lattgieture, and thus the dis-
crepancy has shifted from a lattice-experiment discrepémone between differing experiments,
which | will not comment on further, as this is not within theope of this review. What is impor-
tant to note here is that a single lattice calculation whiclagrees with experiment is not evidence
enough for new physics, nor can we use this to claim eitheexberiment or the lattice calculation
is flawed in some way. Rather, only when there are multipteciatalculations (and experimental
measurements) can we claim (dis)agreement between théfdrent sides.

3. B-physics

Moving on to calculations of matrix elements, | begin witle thquark sector. Here, there
have been calculations for tieandBs meson decay constants as well as for the ne@gand
By mixing parameters. Often these calculations are perfoimedncert with each other, because
if one is interested in th&-parameters themselvei,(separated from the decay constants), one
needs the decay constants.

As is well known, the decay constafg governs the leptonic decay rate oBameson to a
lepton-antineutrino pair. ThB-parameter is defined b{By|OL.|By) = %féquqBBq .defined in
this manner so thdg, = 1 in the vacuum saturation approximation, ad is the left-left weak
operator governing this transition. TBg, parameter enters explicitly into the expression for the

3The lattice results are consistent with theoretical urtdaing coming from Heavy Quark Effective Theory and
various quark model pictures.
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2+1 flavor
Group a Mz min q Q fs, fe, Bs Refs
(fm) (MeV)

Fermilab/MILC 0.09, 0.12 230 Asqgtad Fermilab v v [17,18]
HPQCD | 0.09, 0.12 260 Asgtad NRQCD Vv v [19]
HPQCD lI 0.09,0.12,0.15 320 HISQ NRQCD [20]

RBC/UKQCD 0.11 400 DW Static v v [21]

2 flavor
Group a Mz min q Q fs, fe, Bs Refs
(fm) (MeV)
ETMC 0.05, 0.065, 300 ™ Static/TM [22]
0.085, 0.10
Burch et al 0.11,0.16 350 Cl Static v [8]

Table 1: A summary of the various calculations of tBeBs meson decay constants and mixing parameters.
g denotes the light quark action (where DW = Domain-wall, TMwigted Mass Wilson, and ClI = Chirally
Invariant), andQ denotes the heavy quark action used. A checkmark denotgbéguantity (or at least the
ratio of quantities) have been reported before or during¢binference.

oscillation frequency of th&; meson, given by

G2 w12 A
Amg = g—;‘gv [MaVio|”n5So(x)me, 5, Be, , (3.1)
where the left-hand side is determined experimentally,anyl the decay constant arg, on the
right-hand side are needed nonperturbatively. What isrgéipeof most interest phenomenologi-
cally is the CKM matrix elements in Eqg. (3.1), specificall ttatio

Md|  fBs/Be,  [Amyg mgg
’\/ts‘ de \/ BBd ArnS de .

The nice feature of this ratio is that only the quantitiest #u@ directly measured either on the
lattice or experimentally are required to obtain this rafitlle quantity from the lattice is the ratio
of the mixing parameters and decay constants, and is detgtéd= (fz\/Bs,)/(fs,+/Bs,)-
Additionally, as with any ratio, many systematic errorslw#ncel, and as such a more precise
determination o€ can be made compared with any of the quantities individually

In Table 1 | summarize the various collaborations who haveutated either the decay con-
stants or the mixing parameters, or both (or in some casemfiss of them). | list the lattice spac-
ing(s) used, the minimum pion mass, as well as the formuiatfor the light and heavy quark ac-
tions. All simulations use the same valence and sea lighkguexcept for that labelled “HPQCD
I1,” which uses HISQ valence light quarks and AsqTad seakgjand this is the main difference
between the two HPQCD calculations listed. Additionallyile there are preliminary results for
the HPQCD Il calculation, no numbers have yet been preseasedting from this calculation.

The Fermilab/MILC collaboration has not updated their ltssior the B decay constants this
year, however they have for their determinationBgf or more preciselyé. As discussed in the

(3.2)
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2+1 flavor
Group fg (MeV) fBS (MeV) fBS/ fg 3
Fermilab/MILC 195(11) 243(11y 1.24543)* 1.205(50)
HPQCD | 190(13) 231(15) 1.226(26)  1.258(33)
RBC/UKQCD (APE) 1.20(14) 1.187(112)
RBC/UKQCD (HYP2) 1.19(16) 1.18(19)
2 flavor
Group ) fBS st/ ) 13
ETMC 203(17) 247(16) 1.22(6)
Burchet a (0.16 fm) 1.108(29)
Burchet a (0.11 fm) 1.089(41)

Table 2: A summary of results from the various collaborations forBraecay constants and mixing param-
eter. The asterisk on the Fermilab/MILC numbers denotettieste are the results have not been updated
since Lattice 2008. For the Bur@hal calculation, no continuum limit was taken for the 2-flavosuks, so

| list them separately.

parallel session [18], the group has checked their resoltth& perturbative renormalization, and
as such has a more well-defined determination of the sysitemrabrs. For the ratid, this is a
small percentage~( 0.2%), and not the dominant error. Most of the uncertaintiesl t® cancel

in the ratio, and the only two errors that remain dominanttheelight quark discretization and
chiral fits (using staggered light quarks, they implemeatigeredXPT fits [23, 24, 25]), and the
statistical, which are 2.8% and 3.1%, respectively. Onesegnin Table 2 that these two dominate
the total error ing, which is roughly 4.3%.

The RBC/UKQCD calculation, being an initial study, has fedwata than the Fermilab/MILC
group and only a single lattice spacing. However, while tivenulations used are different, both
the central values an sources of the largest systematicsere similar. They use static quarks for
theb quark, using two different smearings (APE and HYP2) to adritre heavy quark discretiza-
tion errors, and domain wall light quarks for both the vakeaad sea. After performing the chiral
fits, their errors too are dominated by statistics, diszatitbn effects, andPT. Of the two smear-
ings, they find smaller systematic errors coming from APEasing, of a combined 5.4%+7.7%
(stat+sys) or€ for the APE smearing compared with 4.0%+15.1% with HYP2 gingaA similar
(although not as great) reduction of errors is seen for thie td fg,/ fg, and both are shown in
Table 2.

As for the 2-flavor simulations, there exist currently onfaulations of the decay constants,
and noté. ETMC performed simulations using both static quarks aridtéd mass Wilson quarks
for the b quark on four lattice spacings, controlling the continuumitl quite well. Their chiral
fits are not using the relevaXPT for tmWilson quarks, but instead are polynomials in thaviye
light mass,myg, and I/myq. As for the calculation of Burclet al, their primary focus was on a
determination of the excited hadron spectrum involvingvigeguarks using a variational approach
with chirally invariant light quarks and static heavy quarKThis allows one to obtain ratios of
the decay constants quite easily, although they have nottlfo dynamical case) performed a
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Figure 3: Preliminary results from the HPQCD collaboration ffy, /Mg, using HISQ valence quarks,
compared to using Asqtad. Figure courtesy of J. Shigenarsd presented in [20].

continuum extrapolation, and as such the systematics eoenjplete. Both of these collaborations’
results are shown in Table 2.

One can see in Table 2 that the results from the differenalootiations are quite consistent
for the various quantities. What is useful here is that tleeevarious caculations of the same
guantities, a couple of which having similarly sized (andlwentrolled) uncertainties. Of course
these quantities are also of tremendous importance to comith experiment and especially to
constrain CKM matrix elements [26].

In addition, HPQCD has repeated their calculatiorBatelated quantities replacing the va-
lence AsqTad quarks with HISQ quarks (still using NRQCD fwelb quark), and have presented
preliminary results at this conference [20]. As there ardimal results yet, | will only show some
indicative results forfg,, in Fig. 3. This plot showdg,/Mg_ as a function of the valence quark
mass for two (three) different lattice spacings for the Aat|{HISQ) calculation, as well as the
continuum extrapolated AsqTad results. One can see veaylglat difference in discretization
errors between the AsqTad and HISQ calculations, whichnagfadws how the HISQ action re-
duces the lattice spacing errors significantly. This isequniportant as we have seen that lattice
discretization errors tend to be one of the more dominantribortions to systematic uncertainties.
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In the charm quark sector, there has been an ongoing “pubatethe last couple of years
with regards to th®g decay constant. This puzzle was introduced when the HPQ@#&booation
published an extremely precise result {.2%) for fp, [27] that disagreed by roughlyc3from
experimental results [28, 29, 30]. This disagreement iseoéd by the fact that all other quantities
calculated using the same methodology [HISQ valence quarkiss,c) on AsqTad sea quarks]
agree quite well with the experimental measurements.

To discuss this possible signal for new physics, | first aetlihe ingredients. The decay rate
for Ds — (v is given by

2

_ GZmZm m2

r(Ds—wv):%D% —#) 3 [Vesl? , 4.1)
Ds

with the lattice being able to provid,, and experimental measurements of the decay rate can
determine only the produdip|Ves| by measuring”. Assuming the CKM matrix is unitary, we
have the relationVyg| = [Ves| + @(A%), whereA® ~ 0.003 and|V q| is known extremely well, so
one can use this substitution with the experimental measemeto extractp..

As of last year’s conference, the discrepancy remainedEségamiz’s review from Lattice
2008 [31]). The results wete

HPQCD : fp, = (2414 3)MeV
CLEO+Belle: fp, = (2704+7.3+3.7)MeV .

Here | do not list the value determined by the Fermilab/MIL@laborations [17], which was
consistent with HPQCD with a factor of three larger total em@inty (and as such, it was also
consistent with experiment).

During the last year, there has been significant progressdiothe theoretical side as well as
experimental. CLEO-c has published new results, which WsimoTable 3. In this table, adapted
from Ref. [30], | show the most recent results from Belle ahdEO-c which determine the absolute
branching ratios fobd — u*v andD — 1+v.°

One can see that the average of the CLEO-c and Belle numbeihge down significantly,
to

fp, =2612+6.9 MeV..

The error here is also reduced some, so the discrepancy dretivis and HPQCD is around Zr5
now, which is reduced but possibly significant.

HPQCD has performed more simulations, adding two lattieeisigs (using the superfine and
ultrafine MILC lattices,a =~ 0.06 fm anda ~ 0.045 fm, respectively). The analysis has not been
complete, but the new data points are shown in Fig. 4(a), thghprevious three lattice spacings

4l listed only the averages of the experimental results whieasure absolute branching ratios for this decay, which
is not what is listed in the Particle Data Book. The reasortliag is to remove the extra (possibly large) systematic
coming from the relative branching ratio measurements.

5Ref. [30] includes results that measure branching ratiasive toDs — @mt. Again, | do not consider these due to
the large systematic uncertainties that plague these mexasunts.
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Table3: Summary of experimental results fa#(DS — p*v), #(Dg — 17v), andfy, taking into account
results from absolute branching fractions only. Resulteleeen updated for the new value of ihdifetime
of 0.5 ps [6]. (This table adapted from Table V of Ref. [30].)

Exp. Mode P fo: (MeV)
Belle [28] utv (6.3840.764+0.52) - 1073 274+ 16412
CLEO-c[29] 1fv (5.3040.4740.22) - 102 25254+11.145.2
CLEO-c[30] utv (5.654+0.454+0.17)-10°3 257.34+10.34+3.9
CLEO-c[30] 1fv (6.424-0.8140.18)- 102 27874+17.14+3.8
CLEO-c combined all CLEO-c results 259 6.64+3.1

Average of CLEO and Belle results above, radiatively caegc 2612+6.9

as well as the 2007 result (which only involves a chiral/canim extrapolation from the heavier
three lattice spacings, not the new data). One can see #hatet points fall right in line with
the other three, and as such at first glance this will not ohdhneg final central value much, only a
reduction of errors will emerge.

However, one thing that has not been included is a new detation of the relative scale,
r,. Sincer; enters the calculation in a highly non-trivial way, it isfaifilt to know how a new
determination will affect the final results. As such, it igdh¢o predict what the updated value for
fp, will be with the new HPQCD data and inclusion of the the mgwalue.

In addition, new preliminary results have been presentdtigiconference from the Fermi-
lab/MILC [32] and xQCD [33] groups, as well as a 2-flavor result from ETMC, whichsvpub-
lished in Ref. [34]. The Fermilab/MILC result is an updatepoévious results using AsqTad light
quarks and Fermilab heavy quarks on three lattice spacirtgsy QCD calculation uses the Over-
lap formulation for both the light and charm valence quarkstee RBC/UKQCD Domain-Wall
Fermion lattices. This calculation is done on two latticadpgs, with only fifty configurations.
The ETMC calculation uses twisted-mass quarks for charmkoamwell as the light quarks and
they have performed the simulation on three lattice spacibgt only have two dynamical quark
flavors.

I show the various 2 and 2+1-flavor results to date in Fig..4{lne latest 2-flavor result from
ETMC [34] agrees with the previous results from several yeao [35, 36], with significantly
improved errors. The two Fermilab/MILC numbers are fromsthoeported at Lattice 2008 [17]
and a newer number presented at this conference [32]. Ong thinote is that except for the
XQCD calculation [33], all numbers shown on the plot haveluded both statistical and systematic
uncertainties (added in quadrature), whil@CD currently only quotes a statistical error. Another
interesting point is that the new Fermilab/MILC number haified upwards, slightly outside (but
not significantly) the errors of the HPQCD calculation.

Before making any conclusions, however, | would like to paint that CKM unitarity plays
a vital role in the experimental determination, and the gaegemains as to whether or not the
relation |Vyq| = |Ves| actually holds, and the lattice can play a part in understanthis. This
involves calculating the semileptonic form factors ¢ — K¢v to determine|Vs|, which has
been done for 2+1-flavors by the Fermilab/MILC group (idi§igoresented in Ref. [37]), with the
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Figure 4: (a)Updated HPQCD results including the superfine and uledflILC lattices. The black point
is the extrapolation including only the three original dptants (filed circles). (b) All results with either 2
(red) or 2+1 (blue) flavors of dynamical quarks fig;, compared with both the PDG value as well as the
most recent CLEO-c result. The larger symbols (for ETMCnhilb/MILC '09, andx QCD) denote lattice
results presented within the last year. The dashed errsrdrathexQCD result indicate that these errors
include only statistical uncertainties.

most recent determination presented last year being
[Ves| = 1.0154+ 0.015+0.106. 4.2)

This is of course consistent with unitarity, but with an 11frog this is not a stringent constraint.
New/updated calculations by ETMC [38], Fermilab/MILC [32Ind the Regensburg group [39]
have been discussed at this conference, but no resultsddCkiM matrix element has yet been
presented.

So the question remains, is there really fan puzzle? There is no conclusive evidence that
there is a discrepancy between the lattice calculationseapdriment as yet. This emphasizes
the need for other determinations fj, to match the precision quoted by HPQCD. As it stands
now, it may be that the HPQCD is an outlier, and this discrepanay slowly disappear (as these
“new physics” indications often do). However, with moreatdhtions improving, this could be an
indication of new physics in the charm quark sector.

5. New Methods for semileptonic decays

As discussed at the end of the previous section, there iscaeasing need for precision in
calculations of semileptonic decays@f— P/v, whereD is either aD* or Dg meson, andP can
be i or K. The difficulty lies in the extraction of the form factors inathe three-point functions
(PVHIK) as a function ofy?. One limiting factor is the cost of the calculation as onehsisto
change the momentum transfgras generally this requires an additional propagator geioerfor

10
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eachg. Thus, to get both the shape and normalization of the forfofa@s a function off? this
can become an expensive calculation.

One solution is to minimize the number of Dirac operator isi@s that are required at the
cost of introducing noise. Such stochastic methods are ewt(for example, see Refs. [40, 41]),
and when implemented can easily save on the cost of the gionuldn particular, this was dis-
cussed and preliminary results were shown for the shapeedbtim factor at this conference [39],
and this is an interesting approach to the problem.

Another approach which can lead to more immediate phenologinal impact has been pre-
sented by H. Na [42] for the HPQCD collaboration at this cosriee. Looking at the expression
for the differential decay rate, we have

dr(D — Kev)  GZlpk/®

d@ = o @V (5.1)

wherepg is the three-momentum of the outgoing kaon. What is thenew&dm the lattice is the
particular form factorf, , which comes from the parametrization

_ mg — m2 mg — ma
(K|sy"c|Ds) = pg + pﬁ - %qu f+(q2) + %qu fO(qz) . (5.2)

However, what is generally extracted from experimentatwdations is the normalization of the
form factors, or more specificallyf . (0)||Ves|. Thus, a lattice determination df (0) is sufficient
to determingVs|.

This can be acheived with two simple ingredients. Firstrahie a kinematic constraint that
states that the two form factors in Eq. (5.2) are equafat 0: f, (0) = fp(0). Second, that the
scalar form factor can be related to the vector form factor by

Qu (K|sy*c|Ds) = (K|sc|Ds) , (5.3)

which leads to the important relation

_ Me—ms
m— e

and the right hand side can be extracted with less noise tithrttve more direct method. Prelim-

inary results, tested by looking BX; — nsfv decays, were presented at this conference [42], and

show a promising method to calculate the form factay?at 0 with few percent precision. This is

an essential goal for any method to calculatg|, or any other CKM matrix element.

£ (0) = fo(0) ((K|scIDs)) oo » (5.4)

6. Nonleptonic decays

When looking at decays of heavy-flavored states on the dattiee primary focus is that of
leptonic or semileptonic decays. The reason for this isithtiiese types of decays, there is either
one or zero hadrons in the final state. One reason for thigriplisity: As you add hadrons in
the final state, the calculation becomes more complicatddhaisy. As suchfp (zero hadrons in
the final state) is much more simple to calculate than the factors forD — /v, which has a
single hadron in the final state. Of course, there is anottesan for not looking at processes with

11
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more than one hadron in the final state, and that is becauseat directly accessible. There is the
Maiani-Testa “no-go” theorem that states that physicalkdimskian amplitudes are not obtainable
from Euclidean correlation functions in a finite box [43].

However, this is an obvious limitation in the field, as thes@iwealth of information hidden
within nonleptonic decays of hadrons. A large amount ofréffor example, has been spent trying
to extract the amplitudes fd¢ — 21T decays (see for example Refs. [44, 45, 46, 47, 48, 49, 50]),
even though it is limited by the no-go theorem. These varieferences apply various tricks and
other techniques to bypass the Maiani-Testa theorem irr dodattempt a lattice calculation of
K — 2m.

In fact, the decay of a kaon to two pions is complicated by rsdvether features besides
the Maiani-Testa theorem. It can occur in two channels Athe- 3/2 channel and thal = 1/2
channel. The former is more straightforward, but the lateomplicated by the addition of dis-
connected diagrams and lower-dimensional operator mi¢@aging to power divergences as the
lattice spacing goes to zero), among other things. Howdvisrsuch an important quantity that
there is an industry trying to circumvent these difficulties as to make any progress on a lattice
determination of th& — 27T amplitudes.

In the same vein, there is a lot to be gained from studyingemiohic decays of heavy-light
mesons. For concreteness, | will focus Br~ D1t or B — DK decays, and what can be gained
from understanding these amplitudes [51]. The reason iidiprimarily one of simplicity: These
amplitudes, as | will discuss shortly, are free from sevdifficulties found in other processes, and
they give essential insight into the CKM unitarity triangle

The effective Hamiltonian which governs these decays isrghw [52]

Hefr = G—\/‘—';J_Z

> MG (Q™ +ViVaCi(1)Q] ™ +hee . (6.2)
2i=d,s

The operators are denoted with- 1, 2 for the color mixed and color unmixed four-quark operators
What is most interesting is the ratio between the amplitfioleB — DK andB — DK (or similarly
with K — m). The ratio [6]

(B~ —D%K)
M (B~ — DOKf)

g =

‘~01—02 (6.2)

allows us to extract the CKM angle[53, 54], if the various matrix elements [from four of the
operators in EqQ. (6.1)] can be determined from lattice satiohs.

These matrix elements are actually much simpler to caletiatn those iK — 2rrdecays. For
one, there are no penguin contributions or disconnectexpidn fact, of the four possible — 21t
diagrams (in thé\l = 1/2 case), only one enters in this analog@us> DK decay. However, this
does not remove the restriction imposed upon us by the Mdiesta theorem, and thus we must
attempt to circumvent this problem.

An initial, if rather crude, approximation is to look to CairPerturbation TheoryXPT), as
has been done in the kaon case [55], and Heavy Quark Effédtisery (HQET) [56]. If one works
out the heavy-lighXPT, it is easy to show that at leading order in bothand I/my:

(6.3)

=0
(re)LoxpT = ‘eZEBSH )

Bs — D9)
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In this relation, | have used the fact that at leading ordddliXPT, both theb andc quarks are
static, and thus the “decays” shown in Eq. (6.3) are allowadhe weak operators in Eq. (6.1). A
similar (and theoretically more accurate) relation candum@l for theB — D7t matrix elements.

While valid at leading order, there could easily be largeextions coming from higher order
effects. The corrections coming from HQET, whasgandm, are not infinite (but still degenerate)
are most likely mild, as these corrections often can be &esbinto redefinitions of the various
couplings [57]. The two corrections that are not likely torb#d are those coming fromy, # m,
and those coming from higher orders in the pion/kaon mass.

For the first correction, where the heavy quarks are not dzgés one can see immediately
where this will be a problem. Setting the heavy quark masst®eir physical values, the outgoing
kaon or pion will carry a large momentum, well above the reginvhereXPT is reliable. In this
case, one would not expect the determinationgah Eq. (6.3) to be trustworthy. However, in the
regime wheramn, ~ m, this is a reasonable approximation.

As for higher orders in the light sector, often correctiongolving one-loop diagrams with
kaons can approach the 15-30% level, depending on the guawthile this is an unacceptable
uncertainty for determinations of CKM matrix elements, aoeld hope that much of this uncer-
tainty is cancelled in the ratio that is desired. Withoutngpthe explicit calculation (both of the
XPT and the lattice calculation), nothing can be ascertaademlit this uncertainty, but it must be
kept in mind before making quantitative claims.

However, | would like to point out that this should not be talaes the ultimate approach to
extracty and be able to make definitive claims with regards to the Stahiflodel. This is meant
as a starting point for this particular set of quantities.alparticular limit (n, = m¢ = 0, My g =
ms = 0), this relation isexact, and allows for an initial approach to this problem from didat
perspective.

Ultimately, of course, methods to tackle the four-pointdiuons themselves foB — DK
and B — D decays must be developed. These could include, but aremibédi to, different
(unphysical) kinematics to bypass the Maiani-Testa thaooe varying the boundary conditions
(both of which have been used in the kaon sector). In addibahis, one must be able to get a
handle on the final state interactions which are likely tomé@mportant ingredient in these decays.

7. Conclusions

While in recent years much progress has been made in heawy [flaysics on the lattice, there
is still quite a bit that needs to be done. As in the light qusektor, there needs to be numerous
cross checks between different calculations using diftelehniques to ensure credibility in lattice
calculations as a whole. At the same time, there have bepn Btade in new methods to better
constrain quantities that have already been determinedall¥i | have proposed initial steps in
lattice calculations of nonleptonic decays of heavy-ligtdtes, which are essential for a complete
lattice picture of the heavy quark sector.
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