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ABSTRACT: We present preliminary measurements of D°, D and D} lifetimes, and the
D-mixing parameter ycp, based on 23.4fb~! of ete™ data from Belle.

1. D°-D° mixing and charm lifetimes

Results on Do—ﬁo mixing are a valuable tool in the c dsb u

search for “new physics”, since D-mixing is suppressed in
the Standard Model (SM). The contribution of box dia-
grams such as figure i, important in K- and B-mixing, is

negligible due to GIM suppression: higher-order processes o 455 -

dominate. The mixing parameters * = AM/I',, and

y = AT'/2T,, are expected to have values x,y ~ O(1073), Figure 1: A box diagram for D-

below the current experimental sensitivity [iJ. mixing in the Standard Model.
In many models of physics beyond the SM, exotic particles participate in new box
diagrams and contribute to = (but not y), so the observation of z > y ~ O(1073) has

long been considered a signal of new physics. Searches for *

‘wrong-sign” (WS) semileptonic
DY decays [2], a mixing contribution to WS hadronic decays [3], and lifetime differences

between D® decay modes [4, 5, 6], have been performed. The FOCUS measurement [5] of
I'(CP even) —T'(CP odd) _T'(D? — K KT)
['(CP even) + I'(CP odd) = I'(DY — K—7+)
(3.4241.394+0.74)%,has created interest due to its size and apparent tension with CLEO [:3],
although comparison of different types of measurement is difficult (figure 2).

ycp = - 1’

Here, we present preliminary results from Belle on D, D and D{ lifetimes, themselves
of some interest, and on ycp, based on the lifetime difference of D — KKt and K7™

*Speaker.
I would like to thank Jun-ichi Tanaka for his help in preparing this talk, and the Japan Society for the
Promotion of Science for financial assistance.


mailto:yabsley@bmail.kek.jp

International Europhysics Conference on HEP Bruce Yabsley

“wrong-sign” semileptonic decay
D°— K'I"y, etc.

“wrong-sign” hadronic decay Rux =5 (0 +y?)

D° — K'm etc.

decay-time analysis CP eigenstate lifetime difference

X'=  x.Coy, + y.sind,, iy Yep = F(CPH) - T(CP-)
Y = = XSINd+ V.COBy, N T r(CP+) + T(CP-)
L \ R ‘ycp = y.co® + XA.sing ‘
strong phase difference of ////’
D’ — K'm & K \ L
_ > /6 Km A-
Km cf. K I \
K K R / oP
+ 0 . (. ) i in mixing/decay
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jT? 7n+ D° D°—~ K'K" time-dep't asymmetry
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Figure 2: Quantities observed by various D-mixing experiments, and their relation to the param-
eters describing the mixing rate (z and y), CP-violating effects (A and ¢), and the strong phase
difference dk . Preliminary D? — K9 70 results from Belle [:Z:] promise new information on dk .

2. The Belle experiment

Belle is a general-purpose detector (fig-
ure 3) operating at the KEKB asymmetric cbC

energy e"e” collider. A 3-layer silicon ver- | WW Acc
Il erc 17

tex detector (SVD), 50-layer drift chamber 1)
(CDC), CsI(T1) electromagnetic calorimeter 8. 35 Ge-l\_/
(ECL) and particle-ID devices (time-of-flight
[TOF] and aerogel Cerenkov counters [ACC]),
are located within a 1.5T solenoid; the flux
return (KLM) is instrumented with RPCs to
identify K9 and k.

The analyses presented here rely on the
good tracking (op,./pr = (0.19p7 @ 0.3)%),
impact parameter resolution (O(50 ym)) and
particle-ID of Belle. Cuts on a likelihood ra-
tio, combining dE/dz (CDC), TOF and ACC information, identify K* with e ~ 85% up
to 3.5GeV /c, with a 7 fake-rate of ~ 10%. Kaon (and pion) ID allows low-background
D-meson reconstruction using inclusive samples, taking advantage of the large available
dataset: 11.1fb~! (lifetimes) and 23.4fb™! (ycp), collected near the Y (4S) resonance.

Figure 3: The Belle detector [8].

DY Dt Dt

S

K7t KKt K ntrt ot onT KK+

11.1fb~1 90925 +352 7447 + 134 6960 =100 11354+ 39 3752 £57 2205 £ 68

23.4fb~1 214220 + 558 18297 + 189 — — - -

Table 1: Fitted D-meson yields from 11.1fb™~! and 23.4fb™! of Belle data.
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3. Charm meson reconstruction

We reconstruct the decays D — K~7T and
K K*, Dt - K 77" and ¢n', DI — ¢t and
K*OK+; charge-conjugate modes are included. We
use CDC tracks with associated SVD hits, and track
fits satisying x2/n.d.f < 5; particle-ID cuts are ap-
plied as noted above. D*-tagging is required only
for DT — K~n 7. The vector mesons ¢, K are
recovered using ¢ — K~K* and JEQR K7, with
an helicity angle cut |cos | > 0.4 applied.

We require pp > 2.5GeV/c to eliminate B-

daughters and suppress the combinatoric background.

Decay angle cuts (e.g. cosfp > —0.85 for D° —

K~ 7") are imposed to suppress random pions. Tracks

are fit to a common vertex, and a cut x2/n.d.f < 3 is
applied, rejecting poorly-measured candidates. The
fitted momentum pp is used to extrapolate the D to
the interaction region and obtain the flight length.

The resulting D-meson samples are remarkably
clean: examples are shown in figures 4 through i,
and the yields are listed in table 1.
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Figure 6: Mass-difference M (Krrr®) —
M (Krr) for D** — D70,

4. Charm lifetime measurement
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Figure 7: Mass distribution M(Knm) for
Dt — K 7wtz after D* cuts.

To exploit the event-by-event errors o? on the proper times ¢* of D-decays, we measure the

D-lifetime 7g7¢ using an unbinned maximum likelihood fit, with a likelihood function
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where ffg 7¢; 1s the signal probability, based on the D-mass distribution. A double-Gaussian
signal resolution function is used, with tail fraction f;,;;, and scaling factors S and Sy, for
ot. The background is modelled as a fraction f,,. with lifetime (e.g. charm daughters) and
a fraction (1 — fr,.) without, with a common “resolution”. The fit includes D-candidates
within +40 MeV /c? (= 60) of the mean D-mass. For each of D™ and D a single fit is
performed, using a combined likelihood (for D) £ = Lz - Lyr, with a common lifetime
7s1G. The D7 fit result is shown, together with D¥ — K~ 77 data, in figures § and 9.
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Figure 8: DT fit: the DT — K~ nTxt sig-  Figure 9: DV fit: the D* — K-aTrnt
nal region |[AM| < 3op;. The dashed line  background-dominated region 3op <
shows the background component. [AM| < 6o

The lifetimes of the three species are (D) fs (D7) 15 7(Dy) 5

1.9 +5 +7.9+2.9
414.6 = 1.7775 1037 =127, 48547575

listed in table ¥, including corrections

for biasses, estimated from the Monte
Carlo simulation. Systematic error con- Table 2: Lifetime fits: summary of results.
tributions are shown in table 8: uncer-

tainties in the effect of the vertexing cuts, and the bias corrections, are dominant. Note
that the resolution on D-lifetime ratios from this experiment alone has reached the percent
level: 7(D)/7(D°) = 2.50 + 0.0310:53, and 7(DF)/7(D%) = 1.17 £ 0.02 £ 0.01.

5. The ycp analysis

We measure ycp using the larger (23.4 fb1)
data sample, fitting D — K~7* and K"Kt with a
combined likelihood function £ = L+ - Lx-k+,

Events / 100fs
5

where we set Tg-x+ = Tk-n+/(1 + ycp). The fit
result is compared to the D° — K~K* data in
the |[AM| < 3o0ps region in figure 10. We find  *
yop = 0.5+ 1.0Jj8:g, corresponding to a 95% con- WL il
fidence interval —2.1% < ycp < 3.1%. The result -6000 74000 2000 0 5000 4000 ~ §000

Proper time

I
o
m

includes a correction for fit bias, which dominates
Figure 10: ycp fit: the D° — K-K¥

the systematic error (table B): many other sources
signal region.

of error, which are similar for the two decay modes,
cancel.
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Source error (fs) error (fraction of %)
D - K7t Dt Df ycp
IP size, position +0.2 J_rgé fg:é Jjg:é
vertexing cuts o e Ton ot
decay length bias +1.1 8418 +0.01
PDG D mass £0.1 +0.3 =£0.1 +0.05
mass-time correlation +o-02 e o020
error on fsrg 0 S £05 +0.06
D mass sideband o o8 oz 009
fit bias +1.1 +4.3 =£2.1 +0.71
TOTAL i 8o i 088

Table 3: Lifetime and ycp fits: systematic errors.

6. Conclusion

Belle preliminary results on D-lifetimes and ycp are competitive with the current world
averages (table 4). Our ycp measurement is consistent with zero. These results will be
finalized and published soon, when the ongoing study of systematic effects is complete.

Experiment 7(DY) fs (DY) fs 7(Ds) fs ycp (%)
E687 413+4+4  1048+£15+11 475+2047 -
E791 413 +£3+4 - 518 £14+7  08+29+1.0
CLEO  4085+4.173% 1034 +22%10 486+15+5 —1.1+25+14
PDG 412.6 £ 2.8 1051 + 13 4967 ° -
FOCUS 409.2 + 1.3 - 506 £8  3.42+1.39+0.74
Belle 4146 +1.7719 1037 +127% 4854779129 0.5+ 1.07035

Table 4: Current D-lifetime and ycp measurements: Belle results are preliminary.
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