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Physics goals

Test lepton Universality and new physics

The Standard Model predicts the ev:uv:tv ratios for
D (2.3x10°: 1: 2.65) and D, (2.4x10-: 1: 9.7).

Test LQCD predictions

Measuring both f, and f,, and their ratio f,/f,. and CKM
independent quantities such as B(D*—I"v)/ B(D*—1rl*v) provide ever
more stringent tests of LQCD.

Improve precision on CKM matrix elements and B physics
LQCD predicts f;/f;, with a small error so a precision measurement of
f, = Precision Lattice estimate of f; = precision determination of V
Similarly f /f,, checks fp/f; and lattice calculations > V _ and V.

Leptonic decays are just one part of extensive analysis including semi leptonic decays
(See talk of Doris Kim this conference)
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This talk

Leptonic decays of the D™ and D,

»D*—p*v Mark III and BES I1
»D*—p'v CLEO-c

»D*—e'v CLEO-c

»D*—1'v  CLEO-c

»D. j*—p*v BaBar

»D jf—on (importance for fy,)
»B*—1"v Belle

Recent talks on D and D, decays CHARM 2006, FPCP 2006
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Hadronic Tagging

All the analyses use e* e => ¢C and fully reconstruct a hadronic
decay (the tag) and then analyze the recoil decay to isolate the leptonic decay

Run: 202742 1630804-076
Event: 98595
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Mark lll and BES Il D" —pu'v
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Df-u'v, D*—e'v, D" 1"V

« The goal of the CLEO-c program is to provide precision
measurements of charm decays

« 281pb'at the W(3770) taken just above DD threshold
e 200pb-T taken at 4170 MeV to maximize D, production
« 100pb-' scheduled at 4170 MeV July/August, 2006

« 30 million y(2S) decays scheduled August/Sept

e November 2006 — March 2008 increase the 3770 and
4170 data samples to > 0.75fb™"

6/29/2006 BEACH 2006
July 2nd — gth



D Hadronic tags used for D*—pu™v
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Event selection for D*—pu'y

Muon deposited energy Extra shower energy
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Select events with a single track in addition to the tag
> 0 > 39° with respect to the beam

» E <300 MeV deposited by the “py” in the calorimeter
»Veto kaons

»Veto events with a neutral energy cluster > 250 MeV
> M efficiency is 69.4%
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Signal for D"—u™v

50 events
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The same analysis is also done selecting an electron
and no candidates were found
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Results for D*—u*v, D*—ey

Circa 2005
B(D*—p*v)=(4.4£0.7£0.1)x10 o (2264167%) MeV
D lifetime = 1.040% 0.007ps = Wi BT 4.25) NEV
Veq = 0.223810.0029 3 _"_1T::SOR: -—m—.i Lattice Qcp (A01+3£17) MV

- PRL 95, 122002 —+H—+—+—Lattice QCD Exact Chiral Sym.
fD+ - (223i1 713) Mev H—o—-ql—- Quenched Lattice QCD (UKQCD)

H—o—lru Quenched Lattice QCD
|
——— QCD Spectral Sum Rules

FNAL/MILC _
D+ - (201 i3i1 7) MeV —_— : QCD Sum Rules
-;—o—- Relativistic Quark Model
3 Potential Model

————ilsospin Mass Splittings

B(D*—e*v) < 2.3x105 (90% CL)

100 200 300 400

CLEO-c result is statistics limited fyr (MeV)

i ~ -1
Plan is to take ~ 750 pb-1 at W(3770) CLEO-c results
and measure fD+ to ~4.5% Artuso et al PRL. 95, 251801 (2005)
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D*—1fv

Complementary analysis: selection of D*—t*v (t*—n*v) in events with
the same hadronic tags used for D*— p*v.

Sample subdivided based on energy deposit of candidate track:

(a) <300 MeV ( includes muons and K, as a background)

(b) >300 MeV. ( mainly hadronic backgrounds)

1000 T T T T T T T 1\63110\4-116

Signal MC
J This analysis is more complicated

: 1 because there are two neutrinos in
500/ N the final state so the MM? distribution
; : is much broader.
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Results for D*—1'v
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2 ol 0.05 010 0.1 Ty, tt — pty 003040005 01440014002  0.15:+0.014+0.02
= £ =46% rty, T+ s ptuT 002040003 0.27+0.0140.04  0.03(32% C.L.)
S 20l Other D+ modes . 0.08(32% CL.)  0.08(32% C.L.)
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B(D*—1*v)<2.1x10- (90% CL)

SM : B(D*—1*v)=(1.1£0.2)x10-3
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Babar D_,*—p™v
230 fb-1 preliminary results

Reconstruct charm mesons DY, D*, D,

13 tag modes with tag momentum >2.35 GeV
*Search for D,"* — yD.* — yp*vin recoil
(Check using D% — yD%— yK-r* Remove 1r* and treat K- as p-)

% D' Kn', Kna'n®, Kn'n'n

. 1002107
& D"— Knrnt(n), Kdn" ('), éggf_
Kn'n ', KIKnt, KJKY 2 oof
- 0+ - 2 a0k "~
& D** — D'zt D' K n*n(n?) 20F Sideband Signal Region Sideband
) S ’ :
KKK, K '’ 083 185 184 1.85 1.86 187 1.88 189 19

M,,, (GeVic))

Paul D Jackson Charm 2006
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Event selection
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Results

*Fit to Signal, leptonic background D—pv, and fake muon
combinatoric background (shapes from simulation)

2 a00f 489+ 55 signal | *Binned y’-fit
S 250 *Vary: signal and background yield
2 TOE_ *Fix: relative background size
g 0F N, =489 + 55

100[- "

0_ TROI 4'1 M it *v?/d.o.f. = 31/22

R S ER S R F L '0.'3I'_H 035
Am = m(}/,uv)—m ,uv)

Normalized to Ds —on =(4.8120.5210.38)% PRD-RC 71, 091104 (2005)

/

fo, = (279417, £6_, +19, ,, )MeV| |B(D; - x'v,) = (6.5+0.8+0.3+0.9)x10™

sta sys
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Importance of B(D,—¢n)

The PDG value of Ds—om is 3.6 £ 0.9% which has a 25% error. Fits use a
mass cut and line shape (BW + Gaussian) however the presence of
f,nt & other interferences complicates precise measurements.

sCLEO BY(Ds—¢n*) = (3.59 £ 0.77 £ 0.48)% Phys. Lett B378:364-372,1996
sBaBar B#(Ds—>¢n*) = (4.8120.52%0.38)% PRD-RC 71, 091104 (2005)

CLEO-c does not yet have a new measurement but we are accumulating data

From the FPCP talk of Sheldon Stone using 71pb-1 of CLEO-c data.

£10 MeV cut in K*K- mass finds 84/(Ds—>¢n*) = (3.49 £ 0.39)%.
+20 MeV cut in K*K- mass finds 84(Dg—¢n*) = (3.73 £ 0.42)%.
BHADg—>¢n*)=(3.5 £ 0.4)%. (using inclusive production)
BMK*Kn*) 4.54% 0.43+0.25 (PDG =4.3%1.2)
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Summary of D_.*—pu*v measurements

WATS (93)

enormalized to Bt o .
L3 (97)
CLED (98)
'(B(Ds+—><p1T+) = (3.6%0.9)% (PDG) oont o

ALEFH (02)

*BaBar  f;,=248%+35 MeV

Thiis Measuremenm (PDG nocim)
Thus Measurement (BABAR norm)

New average:

MILC guenched (97)

fos = (261 £ 31) MeV MILCAHPACD senched 63 (0
3'1;'!] 300 4|3I(J

*Dominated by B(D,*—@Tr") (12.5% on f;) £y, (MeV)

1 1*l||||l!l

Lattice QCD: fDS =(249+17)MeV

fDaverage /fDCfEO — 1.17

s

Lattice ~ 1.24
6/29/2006 BEACH 2006 18
July 2nd — gth



Future for CLEO-c D,

rm;np,n—mn 788 4 34 miD ). O, - K x* 3344:|:?? 71/pb_1
. E R
Maximum . 3 ?"’“’ ]
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The extra photon in D _*D_is not a real complication.
The cross-section for D_is smaller than for D*D- at the 3770 as is the tag efficiency
but since the D_decay is not Cabibbo suppressed the signal yield (per pb™1) will be at
least as good as for D" so comparable data samples will yield the same precision

CLEO-c ~200 pb-! at E_, =4170 MeV this summer
Plan to take ~750 pb-' at E_, = 4170 MeV by March 2008
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a significance of 4.2
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First observation of B*—ttv

K Ikado [Belle Collaboration],
FPCP 2006 hep-ex/0605068.

Data sample is 414fb-1

5 tau decay

modes are used

Variable is total neutral energy in
calorimeter not associated with the tag

@(B+—>T+V) =

+0.34 +0.18
1.06 155 (stat) 1516

(syst)) x 1074

SM : B(B->1v)=(1.59 + 0.40) X 10

-~
-
-——

Ecc, (GEV)

1B - V| = (7.733 ] 25 (stat) 1900 (syst)) x 107% GeV

B = 0.176f8"822§ (stat)fg"gfg (syst) GeV

fs =0.216 £ 0.022 GeV (HPQCD)
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Summary/Future

FPCP 06

0.5 E =
|t 77— e é sol. w/ cos 2|3f0 E
Q3 2 (excl. at CL>0.95) .
0.2 Theory errors dominate the
o1 =~~_ 1 width of the bands.
0 = ; ; ; ; ; ; . : : : : : : : 2 L4 L4 L4 L4
24, 02 0 02 — 9t o° 0.8 1 Precision QCD and precision
p —
07 f———N— T —————=——————————— charm data theory
E |2 sin2 CAm_& A E
0 sl =8 R ceisz 1 errors of a few % on B system
05 F 2 ; . ; =
L El . 1 decay constants &
LS i g e 1 Semileptonic form factors
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0.1 |Vuchb| -I B —E
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fp and fp

Experiment and LQCD consistent CLEO-c error 8% LQCD error 8%
with 0.75fb' errors ~4.5% BES Illl errors ~2%

CLEO-c, BaBar, Belle, BES lll and advances in LQCD are all required
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