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ABSTRACT
p*%, p*, D°, and D' production has been observed in T Be interactions at
120, 175, and 200 GeV. The dependence of the D cross-section on tramsverse and
longitudinal momentum is presented. The ratio of D* to D and charged to meutral
D production is determined. Leading particle effects in D productiom are in-

vestigated. Relative branching ratios for several D decay modes are evaluated.

A limit on D°-D° mixing is given.
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INTRODUCTION

In an accompanying letter [1] we have discussed the observation of D* and
D meson production in T Be interactioms at 120, 175, and 200 GeV. 1In this con-
tribution we present results on properties of charmed meson production -- in-
cluding differential cross-sections of longitudinal and transverse momentum,
ratio of D®* to D production, and possible evidence for leading particle effects.
We also give results on relative branching ratics for several decay channels and
on a limit om D°-DY mixing.

Tor this study we use only the 175 and 200 GeV data. The 120 GeV data do
not allow a meaningful analysis of the preduction characteristics by themselves
because of their small statistics; they are, however, checked for consistency

with the high-energy data.

PRODUCTION CHARACTERISTICS

The production characteristics of D mesons in T Be interactioms at 175 and
200 GeV/c have been investigated. Significant signals are only seen in the data
sample with best invariant mass resolution (all particles passing through both
spectrometer magnets, see ref. [1] and for Xp > 0.2. We use those signals to
determine the p; and Xy dependence.

2.1 Transverse momentum dependence of the cross—sectiomn

For the determination of the differential cross—section dG/dp; of inclusive
D production, the inclusive (5)0 + Km signal has been used. The mass spectra,
grouped in Ap; bins of 0.8 GeV®, have been fitted by a polynomial background and
a Gaussian for the D signal. The result, corrected for acceptance, is shown in
fig. 1. Parametrizing the experimental distributions by dO/dp; < exp (—bpé)
yields b = 1.1 + 0.5 GeV ~.

2.2 Longitudinal momentum dependence of the cross-section

The differential cross—section dU/dXF has been determined for the two pro-

duction processes: (i) D* » DO(RT) + 7 for x. > 0.2, and (ii) inclusive Do, 50,

13

and DT production for xp > 0.2, We can add the D° + Kn and DT + K7 channels,

since their acceptance is very similar. The differential cross—section dO’/dxF
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has been parametrized by do/dxF a« (1 - xF)n and fitted to the acceptance-corrected
and background-subtracted data. The fits yield for the two processes:

(1) » = 3.2 = 1.5, the rather large error being due to low statistics, and

(ii) n = 0.8 # 0.4 (fig. 2).

Assuming the Xp distribution in the interval 0 < Xp < 0.2 to be the same as
the one measured above Xp = 0.2, we can explain that we see no charm signal at
low Xp. Most of the events in the X5 region below Xp = 0.2 are of the type where
T's pass only through the first magnet. This data sample has lower acceptance,

a three times higher combinatorial background, and about two times worse mass
resolution. Hence the signal-to-background ratio is too small to allow observa—
tion of a charm signal.

We have also investigated possible leading particle effects in the dif-
ferential cross-section dU/dxF. Some quark-partom models, for example that of
Gunion [2], predict a higher cross-section and a flatter g distribution for out-
going particles containing a common valence quark with the beam particle. For
incoming T~ one might therefore expect more D*” than D** and more directly pro-
duced D~ and D’ than D' and D° at high Xpe We do not observe a difference for D*
production [(15 + 5)D”‘+ compared to (13 % S)D*‘], but we do find an excess of in-
clusive D™ and D over D* and D° at higher Xpe The integrated Xp distributions
for D~ and D, and D* and DY, for Xp > 0.3 are shown in fig. 3. The shapes of
the two x. distributions are similar: for the ratio of events we find

F
N@™ + DY) /N + DY)

2.0 £ 1.0.

2.3 Ratio of D* to D production

The ratio o of D* to D production can be determined from the measured number
of D* > DY(KW) + 7 events and inclusive D° -+ K events, and the known branching
ratio D** » ()02 [3] of 44%. Since we do mot measure DX° production we have

to assume that charged and neutral D*'s are produced at the same rate, We then

+ 3,1

determine o = 0.9 -0 6"

The ratio of (p)° to D* is found to be 1.4 * 0.8, using the measured D° + Ku
and D* - Kn7 branching ratios [4] and relative acceptances. This ratio is in

agreement with o = 0.9,



DECAY PROPERTIES

. . =
3.1 Branching ratios of the D ° and D¥

We have observed, in various decay chamnels, ™ 60 D**'s and v 320 D's with a
signal-to-background ratio of 1/1 and 1/4, respectively. This allows us to de-
termine ratios of relative decay widths.

From the signals in the decay chain p* + D°7, with the D° decaying into Km
and KnmT, we obtain

I‘{B)o —+ Kxﬂtﬂxﬂi)

r{® » kFt)

= (2.0 £ 1.0

compared with the value of 1.9 £ 0.6 from e*e” experiments [4].

=), . .
Both the p** » DO (Kimim) + mE channel and the inclusive KT spectra show

. eos L SN e e . . .
significant D° signals when k*r¥ and 177 combinations in the K’:g0 (0.84 < Wy <

< 0.94 GeV) and the p regiom (0.61 < m < 0.93 GeV) are selected. 1In the case
. . . =3 =
of the D*% chammel (fig. 4) we determine the fractions of‘D0 -+ K*Upo,(D0 - Krp®,

and‘ﬁ)0 + K*11 decays of all D - Knmr decays:

0 *0 0 0 ¢ 0 *
BRI’ > K*°0%) _ 54, , BROTKW) _ 4540, BO_2KTD (645 ooz c.L.).

BR(D? + Kmmm) BR(D® + Kmmm). BR(D? » Kmmm)

. . . ¥_4 3 : .
No signal is observed in the pt » KrrinFadnt decay channel. We obtain

t o pFpEo Tt
Il 8. S A ) ¢ 0.16 with 90% C.L.
T(D* ~+ K+ﬂiﬂi)

compared with the limit of 0.65 with 907 C.L. obtained by the Mark IT experiment

[5].

. . . * &} .
No signal is observed in the D™ =+ K *0n% channel. We obtain

rp* » ‘R)* 0ty

T(D* + K¥rint)

< 0.22 with 90% C.L.

compared with the limit of 0.39 with 90% C.L. from the MARK II experiment [5].
3.2 D"-D° mixing

As with the K’-K° system, transition between p? and DY can oceur via common
Cabibbo suppressed decay modes. Within the standard models of the 3 % 3 mixing

matrix, the effect is expected to be very small (10™4%-10"") [6]. The present
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best upper limit of 4.47 on D°-p° mixing comes from a hadromic beam dump experi-
ment comparing the rate of u pairs with equal and oppesite charges [7].

This experiment can detect D°-D° mixing either via the decay chains
D** > D%(+ K*1=)7* and D*~ + D(> K *)1™ or by observing D° -+ K™t or B + ktn~
decays in which the kaon has the opposite charge to the trigger electron. No
significant signal has been found, thus resulting in an upper limit for the tramsi-
tion probability D°-DP:

T(d® > D% < 77 at 907 C.L. .
}

DISCUSSION OF THE RESULTS

Production of D* and D mesons has been observed in a counter experiment in
T Be interactions at 120, 175, and 200 GeV. The following conclusions can be
drawmn.

i) The differential cross—section dU/dp; for(ﬁ)0 production can be parametrized
by PP with b = 1.1 * 0.5 GeV %, The differential eross-section do/dx;,
for D production for x> 0.2 can be described by (1 - xF)U'StO'“, which
rules out gluon—gluon fusion or quark-antiquark amnnihilation [8] as the
dominant process in this kinematic range. Models including the charm ex-
citation process‘[Q] are able to explain qualitatively the shape of do/dx.

The data do not support the prediction that charm mesons containing a

e
e
St

valence quark of the beam particle (e.g. m° -+ D*" or D™ or D) are produced
with a flatter Xp distribution than charm particles which do not contain a
common valence quark with the beam particle [2], but they seem to be produced
more abundantly,

iii) The following production ratios have been determined:

+ 3.1

*p
DD = 0.9 7 o

St = 1.4+ 0.8 .



iv) The following
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relative decay widths of D's have been measured:

.

-

+

-

Krwm) /T(Y »~ Kr) = 2.0 £ 1.0
K*p")/T(D" » Kmm) = 0.5 ¢ 0.2
Knp®Yy/T(@°% + Knmm) = 0.2 + 0.2

k*%rmy/T(®° - Krrm) < 0.18 with 90% C.L.
FrinFaindy /T (0F > ¥rinrt) < 0.16 with 90% C.L.

(R *%4%) /T (p* » KFrnt) < 0.22 with 90% C.L.

v) An upper limit for the transitiom probability p®-D? is given:

T(® > D% < 7% at 90% C.L. .
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Figure captiomns

Fig, 1

Fig. 2

Fig. 3

Fig. 4

(=)
dG/dp; for inclusive D ° productiom at 175/200 GeV, The line is a

2
fit of an e bpy distribution, yvielding b = 1.1 * Q.5.

. . =) .
dO’/dxF for inclusive D ° + DY production at 175/200 GeV. The
abscissa is logarithmic in (1 - xF). The straight line is a fit of

a (1 ~ xF)n distribution with n = 6.8 +* 0.4,

Integrated xg distribution for inclusive D production. The black

0

dots are the data for D™ + D° production; the solid line is a fit

T, .
of (1 - xF)n+ with n = 1. The open triangles are the data for

n+l

D* + DY production; the dotted line is a fit to (1 - x with

F)
n=1x.

Projections of bands in a seatter plot of mass m(Kiw:wiﬁ;) versus
mass difference Am = m(KImTFrin*r® - m(KEnFrin® with xF(Kﬂﬂnw) > 0,5,

The bands selected are 143 £ Am = 148 MeV and 1.84 = Mt £ 1.88GeV.

nrrEnF
The fits parametrize the data with a Gaussian plus a peolynomial. In
{(c) and (4} the Kiﬂ$ﬁiwicombination is congidered only if it fulfils
the K*'p? criteria defined as 0.84 < L £ 0.94 GeV and

0.61 S m_.

4ox S 0.93 GeV.
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