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In this paper we report on the observation of D° and D
mesons produced in nC interactions at 40-70 GecV/c. Our result is
the first direct observation of D mesons in hadronic processes at
such low energies *).

We have already published the results on AZ production detect—
ed via the decay modes /\;—-ol—(°p atn” and /\;—’/\ﬁ+ﬁ+1|'— 7,
Continuing the analysis of the suame data sample we looked for sipgnals
of D/ mesons in the invariant mass spectra M(Kg + meM) with
m = 1,2,3. The channels with decays into K(890), K(1430) and
Q(770) were analysed as well, Significant signals of D mesons were
observed in the mass spectra WM(K'(890)7~) and (KT (890)rn " m7).
No indication of charge conjugated D° and D" mesons was found.
The acceptance of the spectrometer zllows one to detect U mesons in
the kinematical region x>0.5, where x = pt/p;ax is the longitudi-
nal fractional momentum in the center of mass systen.

The experiment was performed with the spectrometer BIS-2

locuted in the neutral beam line 4N of the Serpukhov accelerator.
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Fig.1. Schemetic layout of the

BIé-Z spectrometer: A - anti-

coincidence counter, T - car-

bon target, PC - multiwire

proportional chambers, M -~ mag-

net, H1,2,3 - scintillation

hodoscopes, HCC - lead glass

Cherenkov counters, Mn - neut-

ron beam monitor.
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) Short lived particles pro-
duced in hadronic interactions
at 50-60 GeV/c have been seen
in the emulsion experiment /9/.
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candidates,
9000
The spectrometer is depicted
in figels It consists of multi-
6000r

wire proportional chambers and
JJ‘AV"J,r other detectors in front of
3000f Eﬁu\‘ﬁﬂx and behind the momentum ana-
lyzing magnet. The trigger

COMBINATIONS / 1MeV/c?

conditions required four or
more charged particles detect-
ed behind the magnet. For
three different spectrometer
configuratiuns (target position and length, position of MWPCs, magne-—

— . n

L7 4B 4 50 51 52
MASS (n'm) , GeV/c?

tic field polarity) 11.4 X 10" events wergsrecorded corresponding to

= -2
an integral luminosity of_(1.9 + 0.5) X 10”7 cm ~. The mean beam mo-
mentum for the detected D mesons is about 60 GeV/c. A more detailed

description of the spectrometer BIS-2 and the experimental conditi-
ons is given elsewhere

The spectrometer had no delector for identification of hadrona
and all charged particles were assumed to be pions. The K: wus
identified by the decays into two charged pions. The invarliani mass
spectrum M(TW*¥1UT) of all K? candidates is shown in [ig.2. For a
further analysis 119000 Kg candidates from a mass interval 489
Mevlc2 to 505 MeV/c2 were selected,

First,the production of /D  was searched for in the decay
modes D¥ —'K° ‘R*. Do —»‘RJ" "t 5~ and DF —'go Wt 7 Tft. The
mass spectra M(Kg‘ni) contain only a few events in the /D mass
region because the detection efficiency is small. The mass spectra
M(K;1T+1T") and_ M(Kg ntn” ni) are shown in fig.3. No signals are
seen in the D/D mass region.

Next we analyzed the D/D decay modes into Kt(890) and pions.
The K¥(890) are defined by (Kg1ri) combinations with invariant mass
from 840 HeV/02 to 940 Mevlcz. The mass spectrum M(Kg17+) with a
signal of about 4000 K+{890) is plotted in fig.4. A Bimilar mass
spectrum was obtained for M(Kg11'). The mass spectra M(KT(890)7 ™)
and M(K'(890) T~ T") are shown in fig.5. Clear peaks of (21 % 6)
and (32 ¥ 7) combinations are visible in the D° and D~ mass re-
gions, respectively. The solid lines in fig.5 are the fits parame-
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Fig.3. Invariant mass spectra M(XK¢nwtm™) and M(xentan~m ),
The arrowe show the expected location of th€ D/D
signals,

trizing the mess spectra by an exponential background and a Gaussian.
The central mass values of the peaks, Mﬁo= (1867 £ 7) HeV/c2 and
My = (1871 * 7) leV/cz, are in good agreement with the macpes of the
charmed mesons D° and D~ 3 . The widths of the peaks, PB° =
= (34 ¥ 12) Mev/e® ana [ = (40 % 12) MeV/c®, are compatible
with the expected mass resolution. For mass scale calibration the po-
sition of the K*(B‘x))signal was uscd., The mass values and narrow widths
of the peaks allow one to conclude that the observed signals arise
from weak decays of the charmed mesons D° and D”. The same argu-
ments exclude an interpretation of the signals as a K‘ regonance.
The observed signals of D° and D~ have a statistical significance
of 5 and 7 standard deviations, respectively. The combination-to-event
ratios in the D° and D~ mass intervals are 1.2 and 1.4, respecti-
vely.
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Fig.4. Invariant mass _
spectrum u(xg ). L g .
as [ 0 u 14
MASS (KEx*], Ge¥/ct




- = Fig.5. Invariant mass spectra
L | axe e M(K*(890) 7 -) and M(K*(60)T~ 70)
B showing the signals of D° and
z DT mesons.
~ U
z
=] -
3 \ [ No signals of the char;=
@
§ th conjuzated states of D° and
\iﬂhl D* decaying into K (890) are
L - —i é{‘_‘Ta e obssrved. TEe mass spictra
INVARIANT MASS , GeV/ct M(K (890) ™) and NM(K (890)1T+TT+)

are shown in I'ig.6. /e have also analyzed the D/D decay modes into
K(1430) and @(770) but have not found any indication of a D/D sig-
nal.

The absence of any U signal has to be interpreted by charm
production propertiec. As mentioned above, the same data sumple exhi-
biteastrong ¢ignal of the charmed baryon A;. lieglecting AZ Kz
pair production, the observed /\: baryons heve to be accompanied by
LD mesons. Another argument in favour of themore abundant production
of D in comparigon with D mesons in the beam fragmentation region
is based on the quark structure of these particles. The D mesons
have one valence quark in common: with the beom particle and can be
produced in the forward direction whereus D mesons and the beam
particle have no common valence quark. )

Por an estimation of cross sections the detection efficiency was
determined using Monte~Carlo techniques. The simulation included the
momentum distribution of the neutron beam, geometrical apertures,
trigger conditions, chamber inefficiency, decay of particles in the
spectrometer, multiple scattering, and reconstruction efficiencies.
Two different models were congidered: the diffractive production of
a D A; pystem and the inclusive production of D mesong with the
further assumption that the A: is produced with a mean gap of

l’ K™ {800 )a* KT (890)w's”

)
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Pig.6. Invariant mass spectra
u(K~(890) w ¥)  and
7 18 15 ] B 18 20 M(K—(BEO);N T) in
INVARIANT MASS , GeV/ct the D°/D" mass region.

1.5 rapidity units relative to the D. The diffractive cross section
was agsumed to follow the law: d2 S /dM2dt °s1/M2- exp(-6t), where

M 1is the mass of the D ,A; system and t 1s the squared momentum
transfer. The inclusive D cross section was parametrized as follows:
E/¢§>d2€—/dx dp% D<(1—x)1 exp(—1.5p§). The Monte-Carlo simulation was
performed for each bin of the two—dimensional (pL, pT)—distribution.
The efficiency versus (pL, pT) is nearly model-independent and we used
the average of both models. The integral efficiencies in a region of
30 GeV/c<p <60 GeV/c and p <1 GeV/c are (5.6 * 0.6)+10"" for D° and
(3.4 % 0.4)+ 1074 for D™. In order to minimize the model dependence
of the resulting cross sections the experimentasl momentwn speetra
were taken into account in the calculation of the integral efficiency.

The longitudinal and transverse momentum spectra of detected
D° and D° mesons are shown in fig.7. The background was subtracted
by estimation of the signal in the mass spectrum ol each momentum
bin., The invariant longitudinal momentum spectra corrected 1oT the
acceptance are displayed in fig.u. To determine the dependence of the
invarianit cross section on x, an ansatz F(x) 0<(1—x)N has been
fitted to the momentum spectra. The fit yields Ngo= 1.1 + 0,5 (stat.)z
t O.4(syst.) and ND.=OBiO.4f0.4.The systematic error reflects the un-
certuinty of the beam spectrum shape. The lines drawn in fig.8 correspond
to the fitted functions F(x). Predictions of power law for/Z?e struc-
« The

minimum value of N = 3 1is predicted for D mesons produced by in-

ture functions F(x) are given by the quark counting rules

coming neutrons assuming a gluon exchange mechanism with point-like
gea quark palr production 5 . This value is in disagreement with our
data. Deviation from the counting rule predictions in the very forward
region were also observed in other reactions . The flatter slopes
in the high x region points

to the contribution of diffrac-

tion-like processes. { _
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= Fig.8. Invariant longitudinal
momentum spectra of D° and
w D™ mesons corrected for accep-
—t BRE I tance. Also shown are the fits
~— ?f t?e power law dependence
~ b ' 1-x
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The acceptance-corrected ilransverse momentum spectra over the
range pT<:1 GeV/c ure shown in fig.9. The spectra are compatible
with an exponential decrease. Fitting the function 46 /deocexp(BpT)
to the spectra, one obtains ihe slopes Bgo= (1.4 ¥ 0.7) (Gev/c)™2
and By~ = (1.7 ¥ 0.8) (Gev/c)™@
both spectra is about 0.7 GeV/c ussuming the fitted pT—dependence
>1 GeV/c.

« The mean transverse momentum of

also for P

Taking into account Lhe detection efficiency, the signals in
the kinematical region 30 GeV/c<CpL<160 GeV/c, pp<1 GeV/c corres-—
pond to the cross sections times branching ratio

650 « BR, = (0.9 £ 0.3) pb and 6 - » BR, = (2.1 1 0.7) pb. :

The definition of K*(BSO) candidates includes a large fraclion
of nonresoconant (Kg T *) combinations., For this reason one cannot
exclude all contributions from the nonresonant decay modes
De—+ko n*w™ and D™ —=K° 31 i~ 5~ to the selected sample. The
branching ratios BHI' an have to be values between the ratios of
the decay modes D°—=+K°® n¥x”, 17 —=+K° w¥ v ¢~ and the resonant
subchannels with K+(H90). The branching ratios have been measured‘y
for the decuys D° —=K'(890) w™ (3.4 * 1.4)%, D°—K° 7 ¥ 7w~ (4.2 £ 0.8%
and DT—K° m ¥ nT nT(8.4 £ 3.5)%.

To calculate the cross sections per nucleon we have to know
the atomic weight dependence of ihe cross section., This dependence
is generally described by a factor K‘. where A 1is the atomic
weight number. The parameter oc is unknown for open charm produc-
tion, nnd we have psed o< = 2/3. This value seema to be favoured
for the region x>0.5 if o¢ varies with x as observed for non-

charmed particles

-
Fig.9. Acceptance-corrected trans— 0

verse momentun specira of D° and
U~ mesons. The lines represent fits
of the exponentiel Ifunction

exp(-BpT). ‘% A
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lext we estimate the inclu- .
: " 10 .
sive cross gections per nucleon 0 a4 a8 1.2
in the kinematical region P!, Gav/ct

30 GeV/c<pL< 60 GeV/c and

Pp <1 GeV/c. ior D° production
we obtain values in the interval 2 pb/nucleon<i€50<'rlﬂb/nucleon
uaing the extreme values of the partial cross section

0.6 ub <6 ®Fo * BR,<1.2 ub, and of the branching ratio 2.U.f5<BR1<b.(t/5.
As a consequence of the unknown branching ratio BR(D™ —=x‘(350) ™ 7 7)
only a lower limit of the inclusive D~ cross section can be calcu-
lated. We obtain 65— 2 2f1b/nucleon uging the limits of the partial
cross section gD‘ . BRZ > 1.4 pb and of the branching ratio
BR2< 11%.

As we see the D cross Bection is of the same magnitude as

the A; crogs section obtained in this experiment /1/. Qur results
suggest that charm is more copiously produced in hadronic interacti-
ong even at energies close to the threshold than was so far predicted
on the basis of perturbative QCD calculations /B/. The most likely
interpretation of our results is the associative production of D
mesong and Az baryons by incoming neutrons in diffraction-like
processes,
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