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We report the first observation of diffractively produced open charm in 800 GeV/c pp collisions of

the type pp — pD*X. We measure cross sections of ogig(D*") = (0.185 % 0.044 £ 0.054)ub and
oaig(D*7) = (0.174 £ 0.034 £ 0.029)pb. Our measurements are based on 4.3 x 10° events recorded
by FNAL E690 in the fixed target run of 1991. We compare our results with previous fixed target
charm experiments and with diffractive hard scattering results from HERA and the Tevatron.

PACS numbers: 12.38.Qk, 12.40.Nn

Diffractive charm hadroproduction received much at-
tention over two decades ago when it was thought to
account for the large A. cross sections at forward zp
reported at the CERN ISR [1]. Subsequent agreement
between data from higher statistics experiments and
improved NLO calculations of perturbative QCD pre-
dictions for charm production, however, indicated that
diffraction did not play a significant role in hadronic
charm production [2]. In 1991, FNAL E653 reported
no evidence for diffractively produced charm in 800
GeV/c proton-Si interactions and set an upper limit of
odifr (¢€) < 26 pb/Si nucleus [3].

More recently, there has been renewed interest in
diffractive heavy flavor production as a means to inves-
tigate properties of the pomeron based on the model of
Ingelman and Schlein [4]. Recent results from HERA
and the Tevatron suggest that the factorization proposed
by this model breaks down, and that the pomeron does
not possess the simple and universal nature expected.
In this paper, we report the first observation of diffrac-
tively produced open charm in hadron-hadron collisions.
We present a cross section measurement for diffractive
charm production in 800 GeV pp collisions and compare
our results with the diffractive hard scattering data from
experiments at HERA and the Tevatron.

Our measurements are based on data acquired by
FNAL E690 during the fixed target run of 1991. E690
was designed to measure beam diffraction reactions of the
type pp — PrastX . The experiment used an 800 GeV/c
proton beam and a liquid hydrogen target. The appa-
ratus (Fig. 1) consisted of a multiparticle spectrometer
and a beam spectrometer. The beam spectrometer mea-
sured the trajectory of incoming beam particles and the
momentum of scattered beam particles with momentum
> 540 GeV/c. The multiparticle spectrometer had an an-
gular coverage of £580 mrad in the horizontal (bend) di-

rection, and 410 mrad in the vertical direction. Particle
identification was provided by 102 time-of-flight scintil-
lation counters and a 96 cell Cerenkov counter (7 thresh-
old = 2.57 GeV/c). The E690 apparatus is described in
greater detail elsewhere [6].

Events selected for the cross section measurement are
single diffractive dissociation reactions:

pp — p(D*+ — (D0 — K*7r+)7r+)X (1)
p— p(D* = (D’ - K+r )n )X (2)

Candidates for reaction (2) are selected from the 4.3 x 10°
events collected by E690, and 3.2 x 10° of these (the sub-
set for which useful time-of-flight information exists) are
used for selecting candidates for reaction (1). The fol-
lowing cuts are used: A primary interaction vertex is
required within a 13.84 cm long fiducial region of the
LH, target. The vertex is required to have at least three
charged tracks (not counting the scattered beam proton)
assigned to it, and the tracks are required to have the
correct charges to form a K Frtat invariant mass com-
bination. The calculated value of the invariant mass is
required to be |M (K7r) —2.010 GeV/c?| < 0.2 GeV/c2.
The two tracks from the D° decay are required to be iden-
tified by the Cerenkov counter as a K and a 7. The Q of
the D* decay (where QQ = M(Knr) — M(Kx) — M())
is required to be |@Q — 5.83] < 0.5 MeV/c?. To facilitate
comparisons with other analyses, we impose the coher-
ence condition requiring the fractional momentum of the
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FIG. 1. E690 Spectrometer.
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FIG. 2. Histograms in the left column show K7 invari-
ant mass distributions for events of reactions (1) and (2). Q
distributions for these events are shown on the right.

scattered beam proton in the c.m. frame of the initial
state protons to be zp > 0.85 [7]. Time-of-flight identifi-
cation is required on the slow 7+ from D*T decay. This
requirement is not imposed on the D*~ since background

for the slow 7~ consists mostly of other 7~ ’s.

Events meeting these requirements are histogrammed
in 10 MeV/c? bins of the invariant K7m mass. Fit-
ting the resulting distributions (Fig. 2, left column)
to a Gaussian plus a linear background yields 44 + 11
events for reaction (1) and 169 + 32 events for reac-
tion (2). The M (Krr) invariant masses obtained from
these fits are M (K—7T7T) = 2.007 £ .004 GeV/c? and
M(K*m—7) = 2.007 + .003 GeV/c? for events of reac-
tions (1) and (2) with Gaussian widths of o = .013+.003
GeV/c? for both cases.

@ distributions for these events are shown on the right
of Fig. 2 with the @ cut replaced with a cut on the
D* mass, |[M (Krr) —2.010 GeV/c?| < 0.03 GeV/c? and
|M(Knr) —2.010 GeV/c?| < 0.01 GeV/c? for events for
reactions (1) and (2), respectively. Fitting these @ distri-
butions to a Gaussian plus an exponential (4(1 —e~5@))
yields Q@ = 5.74 £ 0.1 MeV/c? and @ = 5.91 + 0.08
MeV/c? for the two reactions with Gaussian widths of
o =.34.06 MeV/c? in both cases.

The p2 distributions of the scattered beam pro-
ton pragy for events in the signal region (|M(Knm) —
2.010 GeV/c?| < 0.05) are shown in Fig. 3. These distri-
butions exhibit pronounced forward peaking with slope
parameters of b ~ 8 — 11 (GeV/c)™2 characteristic of
hadronic diffraction. They clearly show that the events
in this sample are the result of diffractive production. As
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FIG. 3. pZ distributions of the scattered beam proton for
events with |M(Knr) — 2.010 GeV/c?| < 0.05

shown in Fig. 4 for the D**, the D* signal is not strongly
correlated to the zp of the scattered proton.

The diffractive D* production cross section is calcu-
lated with the formula:

A Nobs(pD*=£
Udiﬁ'(D*i) — ( > dlff( ) (3)
Napl) €4B1B2Npeam
with the constants A = 1.00794 gm/mole, Ny =

6.0221367 x 10?3 /mole, p = 0.07492 gm/cm? [8,9], and
[ = 13.84 cm. Ng%(D**) is the number of observed D*’s
€4 the D* acceptance, and Npeam the number of beam
particles. B; and B, are the D* — D% and D° = Kr
branching ratios [10].

Npeam is determined indirectly from the number of
reconstructed Z7’s. Counting = ’s instead of directly
counting beam particles avoids problems associated with
trigger inefficiencies and with undercounting beam par-
ticles in events with multiple beam protons. Z=7’s are
identified by their cascade decay to A°7~. They are re-
quired to be associated with a primary vertex in the LH>
target and to have a proper lifetime greater than 10% of
the mean =~ lifetime of 1.639 x 1071% sec [10]. A to-
tal of 446,232 = ’s are selected by these requirements,
corresponding to 1.25 x 10'! incident beam protons.

Acceptance for events of reactions (1) and (2) are
calculated using Monte Carlo events generated with
POMPYT [11]. In our simulation, the pomeron flux fac-
tor is taken to be fp,(zp,t) = ;J(Pp) 2. (6. 388t +
0.424€3) [12] in agreement with our observed p2. distri-
butions in Fig. 3. We use a pomeron made up only of
quarks, antiquarks, and gluons, with a structure func-
tion f, 4/ p(2) = (1 — Ry)fy/p(2) + Ryfy/p(2). We use
a gluon fraction of R, = 0.54 determined by CDF from
their diffractive W, dijet, and b-quark data [13] and a flat
parton density of f, ,/p(2) = 1/2 favored by the HERA
results [14].

Event generation is followed by a full detector simula-
tion using code specifically written for experiment E690.
The output of the detector simulation, which is written
in a format identical to that of a real data tape, is sub-
jected to the same track finding, vertex reconstruction,
and analysis stages as the real data. €4, the D* accep-
tance, is given by the ratio of reconstructed to generated
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FIG. 4. K~ nt7T invariant mass versus z r of the scattered
beam proton.

D*’s
The resulting diffractive D** cross sections are:

oag(D*T) = [0.185 £ 0.044(stat) £ 0.054(syst)]ub
oaie (D*7) = [0.174 £ 0.034(stat) = 0.029(syst)|ub  (
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where the systematic errors include contributions from
uncertainties in the LH» target density (~ 2%), the tar-
get length (~ 0.5%), the total number of beam par-
ticles (~ 5%), and the model dependence of the D*
acceptance correction. This model dependence is esti-
mated [15] by calculating the D* acceptance using a wide
range of POMPYT input parameters. In addition to the
pomeron structure function described above, we use soft
(fq,g/P(Z) = 6(1 - Z)S/Z)v flat (fq,g/P(Z) = 1/2)7 and
hard (f,,4/p(2) = 6(1 — 2)) parton density functions in
a pomeron consisting only of quarks (R,=0) or gluons
(Ry=1).

To reduce the model dependence of our results and
to facilitate comparisons with future measurements, we
also compute the D* production cross section in a nar-
row region of D* zp and pr in which our spectrome-
ter acceptance is good and reasonably uniform. We re-
strict the range of these variables to —0.3 < zp < —0.1
and (0 < pr < 1.5)GeV/c. Within these limited
ranges, the D* acceptances, €4, calculated using the dif-
ferent pomeron structure functions in POMPYT differ
by < 10%. We calculate the D* cross sections within
these limited ranges using the acceptance determined
from POMPYT with the exponentially damped pomeron
flux and flat pomeron structure consisting of quarks and
gluons (R, = 0.54) described above. For a recoil beam
proton with zr > 0.85, we find:

oaig(D*T) = [0.066 £ 0.018(stat) + .006(syst)]ub  (6)
oair(D*7) = [0.066 £ 0.015(stat) £ .007(syst)|jub  (7)

where the systematic errors are determined in the same
way as in results (4) and (5) but with the uncertainty in
the model dependent acceptance determined only within
this limited region.

Using the diffractive D** to total diffractive c¢ pro-
duction rates determined from POMPYT with R, =
0.54 and the flat pomeron structure function described
above, we find total diffractive charm cross sections
of oaig(ce) = [0.69 £ 0.17(stat) £ 0.28(syst)]ub and
oa(cc) = [0.61 £ 0.12(stat) + 0.11(syst)]ub, respec-
tively, from results (4) and (5) above. The upper limit of
odifr (€€) < 26 ub/Sinucleus reported by E653 [3] is equiv-
alent to ogir(cc) < 2.8 ub and oaig(ce) < 0.93 ub in pp at
Vs = 40 GeV if the cross section is assumed to scale with
atomic weight as A%/® and A, respectively. Our measure-
ments are below these upper limits and hence consistent
with their results.

Fig. 5 compares the E690 results with those from CDF
and ZEUS. This plot shows the discrepancy between the
measured and predicted diffractive results as a function
of the gluon fraction in the pomeron. The CDF and
ZEUS curves are taken from Ref. [13]. The shaded band
labeled E690(a) represents the E690 results including sta-
tistical errors determined from events of both reactions
(1) and (2) with D = o35*(ce)/ahie(ce). oag(cT) is
defined as the production cross section for all charm ac-
companied by a final state proton with momentum frac-
tion zr > 0.85. For ofi§**(cc) we use the estimates
based on our measurements for ogig(D*). o2<%(ce) is
the sum of the POMPYT diffractive charm cross section
and the PYTHIA [16] non-diffractive charm background
for zp > 0.85. At R, = 0.54, we find D = 0.339 +0.075
and D = 0.295 £ 0.061 for the two respective reactions
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which are roughly a factor of 2 lower than those of ZEUS
and the same factor higher than those of CDF.

The shaded band in Fig. 5 labeled E690(b) repre-
sents the E690 results with the discrepancy factor de-
fined as D = R;’%e”/nged, the ratio of the measured to
predicted diffractive fraction in charm production [17].
R = oaig(c€) /oot (cC) is the diffractive to total charm
production ratio. For RZ¢** gy (ct) = (41.5 & 7.6)ub
is determined by multiplying the DD results from E653
and E743 by 1.5 to account for A, and D, production
[18]. For R%ed, 0ot (€C) is the sum of the PYTHIA total
charm cross section and the POMPYT diffractive charm
cross section. This band overlaps those of CDF but are
roughly a factor of 6 lower than those of ZEUS.

The disagreement between the CDF and ZEUS results
is interpreted as signalling the breakdown of factoriza-
tion in Ingelman and Schlein’s model of diffraction. The
E690 results in Fig. 5 provide further evidence to sup-
port this view. However, these results do not support the
flux renormalization scheme proposed in Ref. [19] which
predicts D at our c.m. energy of /s = 40 GeV to be
about a factor of 7 larger than the CDF value.

In conclusion, we report the first observation of diffrac-
tively produced open charm in pp collisions at /s =
40 GeV. We measure diffractive D** cross sections of
oqiff (D*T) = (0.185 £ 0.044 4 0.054) ub and oqig(D*~) =
(0.174 £+ 0.034 £ 0.029) ud for events of the type pp —
p(D* — (D° — Kn)m)X with a scattered beam proton
having zrp > 0.85. Our measurements are consistent with
the cross section upper limits set by FNAL E653 but in-
compatible with predictions of the pomeron based model
of Ingelman and Schlein as calculated by POMPYT.
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