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ABSTRACT

We report a measurement of the inclusive D/D production cross section
in 800 GeV/c proton-proton interactions. The experiment used the high
resolution bubble chamber LEBC exposed to an 800 GeV/c proton beam at the

Fermilab MPS. Compariscon with 400 GeV/c pp data obtained with LEBC at
+0.6

CERN shows a D/D cross section increase by a factor of 1.7 o5

This is in good agreement with fusion model calculations.



Charm hadroproduction cross sections have been determined in many
experiments at many different energies [1]. Unfortunately most
experiments operate with either low acceptance spectrometers and/or heavy
material targets; most cross section determinations suffer from very large
corrections. Hydrogen as target material has two noteworthy advantages.
There is no atomic number correction needed to obtain the pp cross section
and decays can be unambiguously distinguished from secondary interactions
since the total number of charged particles leaving the secondary vertex
can be reliably determined. The experiments with the smallest correction
factor used the hydrogen bubble chamber LEBC and the CERN multiparticle
spectrometer EHS in 360 and 400 GeV/c proton beams at CERN [2,3].
Comparison of the LEBC-EHS data at v's ~ 26-27 GeV with ISR data at

/s ~ 50-60 GeV [4] indicates a cross section increase by at least a

factor of 10.

In this paper we present the first charm results from Fermilab
experiment E743. This experiment also used LEBC but with the Fermilab
multiparticle spectrometer (MPS) in an 800 GeV/c proton beam. With
vs = 39 GeV, E743 falls half way in energy between the LEBC-EHS and ISR
experiments and constitutes an important check of the rising charm cross
section noted above. The results presented here are based on the scanning
of about 25% of the total data sample. A previous publication [5]

contains results on the charged particle multiplicity distribution at this

energy.

The bubble chamber LEBC was specially designed for the study of charm
particle properties in the fixed target environment [2,3,5). The two view
conventional optical system of LEBC provides a resolved bubble diameter of
20 uym. Thus the two track resolution is ~ 20 ym and the single
measurement precision ~ 2 ym. This high resolution yields a high

efficiency for the detection of charm decay vertices.

The camera flash system and MPS readout were activated by an
interaction trigger which used scintillators to define a good beam
particle and two high resolution (500 pm pitch) multiwire proportional
chambers to define a secondary multiplicity greater than 2. The same
trigger was used in the CERN experiments. A total of 1 180 000 good
triggers were recorded between May and August 1985 containing 500 000

hydrogen events.
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The results presented here are based on a double scan of 275 000 LEBC
photographs. The analysis does not use any information from the MPS.
Detailed characteristics of the MPS, as configured for this experiment,

will be described in a future publication.

Each of the independent scans is guided by an upstream measurement of
the beam track producing the trigger. After locating the predicted
interaction in the hydrogen fiducial volume the overall multiplicity is
recorded and a careful search made for secondary vertex candidates.
Secondary vertices are classified as ejther Cn {(charged) or Vn (neutral)
where n is the number of charged particles leaving the vertex. Charm
candidates have n = 1, 3, 5 for charged and n = 2, 4, 6 for neutral
decays. Since the Cl and V2 decay samples suffer from large strange
particle background and the C5 and V6 samples from small statistics, we
base the present analysis only on C3 and V4 decays. Events with a decay
vertex are retained for further analysis only if the decay vertex lies
inside a space cylinder 4 mm in diameter centred on the interacting beam
track and with a length extending through the whole bubble chamber.
Confining the data to this region reduces the strange particle background
without affecting the charm sample, since a decaying particle transverse
track length is £ ct, where t is the particle proper lifetime and c the
speed of light. 1In particular we estimate that, after this charm box cut,
the K » 37 background in the C3 sample is less than 0.2 events. Any
remaining contamination in the C3 sample from Z+ Dalitz decays is
removed by requiring an opening angle greater than 2 mr for all pairs of
decay tracks. A summary of the C3 and V4 charm candidates is given in
table 1.

The multiplicity distribution for a sample of interaction trigger
events is given in fig. 1. Also given is the multiplicity distribution
for the beam trigger data reported elsewhere [5]. The interaction trigger
introduces a bias against low multiplicity events. This is seen in fig. 1
where we also plot the interaction trigger efficiency versus multiplicity.
This efficiency is taken into account in calculating the sensitivity of
the experiment and hence the charm cross section. It is important to
emphasise that the trigger bias against low multiplicity events results in
a negligible charm bias; a Monte-Carlo simulation shows that the

interaction trigger loses < 1% of charm events. This is mainly because a
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pair of charm decays adds, on average, an extra four charged particles to
the overall multiplicity count. The total sensitivity of the experiment
is 15.2 * 0.4 events/ub; the sensitivity of the subsample discussed
here is 4.0 * 0.1 events/ub. 1In order to calculate the charm cross

section we use the following formula

N (D}.W
obs ne

S . BR . €
s

o(D) =

where N obs (D) is the number of observed D decays and w is a
Monte-Carlo computed weight which accounts for the decay selection
eriteria described below. 3 is the sensitivity of the data sample and BR
the branching ratio for the particular D decay mode under consideration.
The scanning efficiency, Egr computed from a comparison of the two

independent scans is 0.90 * 0. 05.

The decay selection criteria are designed to restrict the data to a
pure sample of D events for which the overall detection probability is
high. The charm box and opening angle selection described earlier reduces
the strange particle background to a minimum. We now describe cuts made
on the decaying particle track length and on the decay track jmpact
parameters and angles. We define the impact parameter for each decay
track as L tan®, where L is the decay length and @ the decay track
angle relative to the decaying particle direction. The decay track impact
parameter distributions for the V4 and C3 samples are shown in figs 2(a)
and 2(b). The curves show the expected distributions for pure D and
Dt samples with lifetimes and production characteristics as given
below. It is important to notice that even before the following decay
cuts the non-D contamination is small. For the cross section
computations, a decay was included into Nobs if its decay length was
2 2 mm, its minimum impact parameter 2 20 ym, its maximum impact
parameter 2 50 ym (100 um) and £ 1 mm (2 mm) for V4 (C3). These
cuts are intended to remove topologically amb1guous decays and to minimise
Ac and D (formerly the F) contamination in the D sample. In
add1t1on, to ensure good spectrometer acceptance for future momentum
analygis, decays were excluded from Nobs if more than one of the decay
tracks had either space angle 2 150 mr. The effects on the C3 and V4
statistics of these cuts are presented in table 1. The C3 and V4 samples,
after all cuts, are pure D samples containing, at most, a few per cent of

contamination.
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As noted already, a Monte-Carlo technique was used to compute Wﬁc.
Identical impact parameter, length and angle cuts were used in computing

wmc and No Phase space D decays were generated with the following

bg’

assumed X and Py behaviour:
a°n 2 -
— o~ (1 -x)"e®r; n -5 anda=1.0 (gevsec) 2

ddep; F

As was pointed cut in [6], the inclusive pT dependence of charm
production appears to be independent of beam, target or energy. The mean
value of pT is always ~ 1 GeV/c; this corresponds to a = 1.0 (GeV/c) 2. 1n
general, the Xe dependence goes like (luxF)n with different experiments
finding n anywhere between 1 and 7 [6]. The value of n we choose here is
that measured for charm production in 400 GeV/c pp interactions [3]. Mean
p° and Di lifetimes were assumed to be -43ps and .92ps, respectively [7].
The sensitivity of the cross section determinations to all these assumed

values is discussed below. Averaged over all x_ the mean value of wmc

F
+
is 4.0 for the D° sample and 2.5 for the D" sample.

The assumed branching ratios were extracted {2] from SPEAR results
[8]:

BR(C3) 0.43

I+

0.10

BR(V4) G.17 £ 0.04.

+
The resulting p° and D” inclusive cross sections (for sll xF),
based on the data of teble 1, are:

a(p®/0%y = 26 *** b
=13

-',.
o(D7) =33 ¢ 7 ub

Giving a total inclusive D/D cross section of

+22
=15

o(D/D) = 59 ub.

All the quoted cross section errors are statistical in nature.

We have investigated the sensitivity of these cross section
determinations to our assumed lifetimes, branching ratios and production

+
characteristics (xF and P, behaviour). The D° and D~ lifetimes
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are known with an uncertainty of ~ 10% [7]. Varying the lifetimes in

the Monte—Carlo within + 10% changes the D cross section results by

~ %+ 5%: a negligible systematic uncertainty. The branching ratio
uncertainties are more serious. A 25% branching ratio uncertainty causes
a systematic 25% cross section uncertainty. The values used here [2] have
been confirmed independently [9). However, more precise values are needed
before accurate absolute cross sections can be quoted. The cross section
values are very insensitive to the assumed Py and Xp behaviour.

Variations of ~ 50% in the parameters a and n cause changes in cross

section of less than 10%.

Using an identical technique the NA27 collaboration [3] obtains the
x
following cross sections (for all xF) in 400 GeV/c pp interactions(

{(vs = 27.4 GeV):

a(p°/D°%) = 21.9 + 4.0 ub

n

_‘.
a{D™) 12.5

I+

1.4 ub.

Giving a total inclusive D/D cross section for all xy of:

o(D/D) = 34.4 + 4.2 ub.

Again, all the cross section errors are statistical.

These cross section values give the following ratios of cross sections

+
c(D+ at vs = 38.8 GeV) _ 2.6 + 0.6
o(D” at vs = 27.4 GeV)
0,=0
g{D /D at vs = 38.8 GeV) 1. p *t-0
T 0.8

o(D°/D° at vs = 27.4 GeV)

If we make the assumption that the increase in cross section with
v¥s is the same for neutral and charged D, we can use both ratios as

independent measurements to compute the following weighted average:

o(D/D at Vs
a(D/D at vs

38.8 GeV)
27.4 GeV)

+0.5
—~0. 4

= 2.1

(*) The NAlé collaboratiom [2], using a prototype LEBC-EHS obtained
o(D2/D%) = 20.4 t:sés pub and o(D=) = 10.6 t;': ub at vs = 26.0 GeV.
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On the other hand, if we simply add both cross sections to obtain

this ratio, we get:

o(D/D at vs
o(D/D at vs

38.8 GeY) = 1.7 +0.6
27.4 GeV)

-0.5

These two ratio determinations are in good agreement. The latter
value does not need to assume identical energy behaviour of the Dt and
D° cross sections and fig. 3 shows the value of this cross section
ratio along with the results of fusion model calculations [10]. We choose
to plot the ratio of cross sections rather than the absolute cross section
values since in this way systematic branching ratio uncertainties are
unimportant. As noted above, our cross section determinations are
insensitive to the assumptions incorporated into the Monte-Carlo weight
calculation. The cross section ratio is even less sensitive since the

effects of these assumptions tend to cancel out.

The fusion model results also benefit from this method of presenting
cross section versus vs. The fusion model cross section estimates
depend sensitively on assumed values of different parameters {charm

quark mass L effective threshold s and scale parameter A). However,

th
the vs dependence of the cross section ratio is less sensitive to the

values of these parameters.

The hatched band on fig. 3 shows the fusion model results. The range
of values at each energy comes from using a variety of structure functions
[11] and varying the charm quark mass between plausible limits (1.2 to

1.4 GeV/el).

At the present level of statisticg, the ratio of the eross sections
at vs = 27.4 GeV and vs = 38.8B GeV is in very good agreement with the
result of a fusion model calculation. The cross section values obtained
at the ISR (vs = 52.5 GeV and vg = 63 GeV) are typically a factor
~ 10 higher than those at vs = 27.4 GeV [4]. As can be seen from
fig. 3, the fusion model calculations do not support such a rapid increase

in cross section.
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TABLE CAPTION

Table 1 Summary of the charm decay sample used in the cross section
determinations and the effects upon them of the selection
criteria (cuts) described in the text. The numbers given are of
those decays removed by the corresponding cut. The cuts are

defined in the following way.

(a) Length cut: decaying particle track length greater than

2 mm.

(b) Angle cut: no more than one decay track with either space

angle greater than 150 mr.

{(¢c) Maximum impact parameter cut: maximum decay track impact
parameter greater than 50 um (100 ym) and less than
1 mm (2 mm) for V4 (C3).

(d) Minimum impact parameter cut: minimum decay track impact

parameter greater than 20 um.
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TABLE 1

Topology

Total number of decays
Length cut

Angle cut

Maximum impact parameter cut
Minimum impact parameter cut

Total after cuts

C3

34

21

V4

14
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FIGURE CAPTIONS

Fig. 1 Charged particle multiplicity distribution for a subsample of
the interaction trigger data described in this paper (closed
cireles) and for the beam trigger data described in [5] (open
circles). The distributions are normalised for LI 2z 1o0.

The crosses show the interaction trigger efficiency computed by
dividing the interaction trigger data by the beam trigger data.

A few typical error bars are shown.

Fig. 2 Impact parameter distribution for:
(a) the V4 gsample (14 decays);

(b) the C3 sample (34 decays}.

The curves show the expected impact parameter distributions for

+
pure p° and D samples. See text for details.

Fig. 3 Total D/D cross section normalised to the value at vs = 27.4 GeV
versus c.m. energy. The hatched band shows the results of fusion
model calculations. As discussed in the text, the width of the

band expresses the uncertainty in the fusion model parameters.
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