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Outline

® Semileptonic D decays [hep-ph/0408306 — PRL]
® Prototype for semileptonic B decay & |Vl

® Leptonic D Decay [hep-1at/0410030 « Lat ’04]
® Prototype for B-B mixing & |Vl

® Mass of the B Meson [hep-1at/0411027 — PRL]

® Test of heavy-quark discretization effects



Preliminaries
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® Recent progress looks dramatic, and the
goals are bold.

® This talk: the first steps.



Unquenched Calculations

® Results assume (and suggest!?)
o [det, M]'* = det, (I +m)
® staggered (partially quenched) chiral PT

o cffective field theories for heavy quarks

® Predictive tests of these assumptions
valuable.

® Even without “issues,’ outsiders like tests of
inscrutable black boxes.
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Dots at 0.04 are PDG.
Error bars are lattice QCD.
Linear extrap (by eye).

Gasser-Leutwyler log gets
closer (solid).

Sharpe-Shoresh ylog even
closer (dashed).

Aubin-Bernard ylog has
better CL.



Tests

calculation | light sea xPT heavy

semileptonic| k% * *
leptonic * 1. 8. 8 *
B mass * X * %k k




Semileptonic D Decay
Dn(q) & f2N (g



Semileptonic Decay
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Polology

® For E <0, there are poles and cuts, and so
on, from real states in Bn (D) scattering.

® vector mesons for f; at £~ — A%/mp,— A ...

® scalar mesons for foat E~— A ...

® Their effects spill into physical region E > 0.

® For fi,the B* (D) is nearby.



BK Ansatz

® With this in mind Becirevic and Kaidalov
proposed the parametrization

F

(1-¢*)(1—-ag’)’

Fp 2. 2 2
:B_qz, g° = q"/my,.

® Builds in kinematic constraint, the closest
pole in fi, and has parameters for the slop.

f+(6]2):

fo(q)



® Advantages

® builds in pole, & also heavy-quark scaling laws

® fit to BK is most sensitive to low energy, yet fo
influences f; through F = fo(0) = £1(0).

® Disadvantages

® parametrization deteriorates with E

o fit to BK is sensitive mostly to low energy, and
fo determines F = fp(0).






® An alternative is to avoid BK altogether, and
use ¥PT to extrapolate jointly in (m,, E):

BK-based analysis (black) vs. alternative analysis (red)
1.5

o1
o1, |
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| D—>n
R A
q*(GeV?)
® Consistent, but no-BK has larger error in
low ¢? (high E) region.




hep-ph/0408306

e D — Klv:
P=K(0) = 0.73(3)(7)
D=K(0) = 0.78(5) [BES, hep-ex/0406028]

® D — mlv:
P77(0) = 0.64(3)(6)
P77(0) = 0.87(3)(9)f K
£7m(0) = 0.86(9) f£* [CLEO, hep-ex/0407035]
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All of CKM

® Okamoto has combined our (i.e., his)
calculations of D = wand D — K with

preliminary calculations of B = D to obtain
the middle row of the CKM matrix.

® add B — mw, K = i to get 5/9, and unitarity to
fill out the top row, the right column, and [Vl.

® add sin(2p) to get the last element, |Vl

hep-1at/0412044



Leptonic D Decay
fo & fp



fo, & fp

® D meson decay constants either

® determine |V, and |V 4l

® check QCD (with V¢l and V¢4l from CKM
unitarity).

® CLEO-c is measuring them.

® A test of light quarks and (staggered) PQyPT.



0.05 | | | | | | | | | | | | | | | | | | | | | | |
- MILC coarse -
: sea amg = 0.05 |
0.04 — -
. 0.03
£ - _
o B |
o B -
':1.] B —
“0.02 -
0.01 -
DE}G H/I | | [ | [ | | | | I | |

Chiral Extrapolation fp

0.00 0.01 0.02 0.03

valence am,

0.04

0.05

® Extrapolate in sea m,
and valence m, to get
down to real m..

® Single fit to all data
constrains ¥PT better.



Staggered PQyPT

® |n the case of decay constants, chiral logs
are important.

® |n staggered PQyPT, Aubin & Bernard find

2 2
m™m mim
2 { UU average

qq 2 2 .
T YT gt singlet

2
m;., Inm

so singularity of PQyPT softened.
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of stagPQyPT fit (dotted)
with O(a?) bits turned off (solid)

O‘OO ¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05




Chiral Extrapolation fp_
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® |nterpolate in
valence m, to get
down to real ms;.

® Extrapolate in sea
my, to get down to
real my.
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Preliminary Results

® | . Simone et al, hep-lat/0410030 (Lattice '04)

m
ffsrﬂs —  1.20+ 0.06 + 0.06 ,
D+/TD
fp. = 26375424 MeV,
fp = 22575+£21 MeV.

fD = 202+41 £ 17 MeV
CLEO-c, hep-ex/0411050

discretization uncertainty as in form factors.



Soft pion theorem




Outlook

We will combine form factors and decay
constants to obtain combinations that can

be compared directly to experiment, with
no CKM input:

1 dFD—>7‘(‘lV ~ —E (q2)
I'p_ip,  dg? /D
_ 2
1 dFD—>KlV ~ —ll? K(qZ)
I'p. 1 dg? ID.







B

® Meson composed of a beautiful anti-quark
and a charmed quark.

® Unusual beast
® contrast with Bs & D, & Y:v. = 0.7.

® no annihilation to gluons

® Prediction: oy, myp, m. taken from
bottomonium and charmonium



Heavy Quarks

® With heavy quarks in lattice QCD there
are two short distances: a, 1/mg

® Use effective field theories to control
them: short-distance coefficients Ci(moa).

® Eichten; Lepage et al; EI-Khadra, ASK, PBM
® Use [atNRQCD for b and Fermilab for c.



Lattice NRQCD

Lqco
|
LHQ
|

L1.aT

|
LHQ(a)
|
Lo

l
LocD

Fermilab Method

Locp
|

L1.aT

!
LHQ(a)
!
LHQ

l
LqcD



Essentials

® Ve calculate two mass splittings

Ayy = mp, — 5(My +my) quarkonium baseline
Ap.p., = mp, — (mp_ +mp_) heavy-light baseline
® Everything is , in the sense that

the mesons are all stable, and far from
threshold.

® Chiral extrapolations mild.



Error Analysis

® Statistical error is straightforward & small.

® Uncertainty from a1, my, m. easy to
propagate: latter two are =10, £5 MeV.

® Main problem is to estimate the
discretization effect for the heavy quarks



Discretization Effects

(short distance mismatch) ¢ (matrix element)

® Use calculations of tree-level mismatches
® Wave hands for one-loop mismatches

® Estimate matrix elements in potential
models

® Check framework with other calculations



Results

® Splittings:
A¢T = 39.8 £ 3.8=L 1:_.21_13 MeV,
Ap.p, = —[1238+30+117,2] MeV,

® Meson mass:

mp
mp

C

6304 £ 4+ 1175 MeV,
6243 + 30 £ 1175 MeV,

C

® More checks on quarkonium baseline, so it
is our main result.



Comparison

6600
my = 63869+ 1598 MeV o lattce OCD, Nov. 2004
Phys. Lett. B 453, 289 (1999)] esool. * CDF. Dec. 2004 _‘
A~ B T |
ND |
~ I
my ' =6304+4+117)° MeV RPN -
‘hep-lat/0411027 — PRL] 2 i
S |
_ | i
_— I —
Mo = 6287 +5 MeV o ; ________ T
CDF, W&C seminar, 12/3/2004]

hep-ex/0505076 6200



Summary



Achievements

® Results for leptonic and semi-leptonic D
decays and the mass of the B. meson.

® Agreement with BES, CLEO, FOCUS, and
CDF with similar time-scale and error,
including predictions.

® Tests heavy-quark methods (B.), light
valence quarks (fp), and light sea quarks (/).

® Methods now in use for B physics.



Junior Collaborators

Masataka Okamoto, semi-leptonic decays
Chris Aubin, staggered chiral PT
Matthew Nobes, pQCD matching

lan Allison, B mass



Big Shots

® Thanks to MILC for making its ensembles
freely available.

® Thanks to SciDAC and Fermilab for funding
the clusters used for the analysis.

® Thanks to USQCD (i.e,, you) for granting
time on the cluster.



