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The SELEX experiment (E781) is 3-stage magnetic spectrometer for a high statistics study of hadroproduction
of charm baryons out to large zr using 650 Gev £~ 7~ and p beams. The main features of the spectrometer
are: a high precision silicon vertex system ,powerful particle identification provided by TRD and RICH , forward
A decay spectrometer and 3-stage lead glass photon detector. An experiment overview and description of
spectrometer features are shown . Preliminary reconstructed charm states and results on A. , D* particles and
antiparticles produced by ¥~ 77 and p beams at zr > 0.3 are presented. Asymmetry for A. production is also

discussed .

1. Introduction

Charm physics explores QCD phenomenol-
ogy in both perturbative and nonperturbative
regimes. Production dynamics studies test lead-
ing order (LO) and next to leading order (NLO)
perturbative QCD. Charm lifetime measurements
test models based on MLQ QCD expansions. The
present fixed target experiments have consider-
ably improved the statistics but many problems
remain. All experimental results are in qualita-
tive agreement with perturbative QCD calcula-
tions but quantitative deviations from QCD are
observed [1]. More experimental data, using dif-
ferent incident hadrons (7,p and £7), help to dis-
criminate possible different scenarios: dragging
effects, fragmentation effects as well as intrinsic
kt.

2. The Selex spectrometer

The SELEX experiment at Fermilab is a 3-
stage magnetic spectrometer. The 600 Gev/c Hy-
peron beam of negative polarity contains equal
fraction of ¥ and 7 . The positive beam is com-
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posed of 92% of protons and the rest 7’s. Beam
particles are identified by a Transition Radia-
tion detector (BTRD). The spectrometer was de-
signed to study charm production in the forward
hemisphere with good mass and decay vertex res-
olution for charm momentum in a range of 100-
500 Gev/c. Fig. 1 shows the spectrometer lay-
out. The vertex region is composed of 5 targets
(2 Cu and 3 C ). The total target thickess is 5%
of Ain: for protons and the targets are separated
by 1.5 cm. Downstream of the targets there are
20 silicon planes with a strip pitch of 20-25 um
disposed in X,Y,U and V views. The M1 and M2
magnets affect a momentum cut off of 2.5 Gev/c
and 15 Gev/c respectively. A RICH detector,
filled with Neon at room temperature and pres-
sure, provides a single track ring radius resolution
of 1.4% and 20 K/ separation up to about 185
Gev/c. A computational filter uses tracks identi-
fied by the RICH and linked to the vertex silicon
by the PWCs to make a full reconstruction of the
secondary vertex. Events consistent with only a
primary vertex are rejected. A Transition Radi-
ation Detector (TRD) provides electron identifi-
cation. The M3 spectrometer level is designed to
aid in the reconstruction of very large momentum
As,.
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Figure 1. Spectrometer layout

3. Data set and charm selection

The data sample is described in table I. The
charm trigger is very loose. It requires a valid
beam track, two of opposite charge tracks to the
beam with momentum > 15 Gev/c, two high mo-
mentum tracks linked to the Silicon vertex detec-
tor, and unconnected to all other tracks from the
primary vertex. We triggered on about 1/3 of all
the inelastic interactions. About 1/7 of them are
written on the tape for a final sample of about
0.9B events. In the analysis secondary vertices
were reconstructed if the x2 of all tracks was in-
consistent with single primary vertex. The RICH
detector labelled all particles above 25 Gev/c.

All data reported here resulted from a pre-
liminary pass through the data, using a produc-
tion code optimized for speed and not for efhi-
ciency. The simulated reconstruction efficiency
of any charmed state is constant at about 40%
for zp > 0.3.

3.1. Charm performance

The requirements to study charm physics and
to reduce the background are:

good decay vertex resolution and mass resolu-
tion and particle identification.

The vertex algorithm provides an average lon-

gitudinal error, o, on the primary and secondary
vertex of 170 um and 600um respectively. Their
combination, o is equal to 650 pm. In the A. sam-
ple, the average momentum is 220 Gev/c, corre-
sponding to a time resolution of 20 fs.

To reduce the background we only keep charm
candidates that decay over a longitudinal distance
greater than at least 2z, = 8¢

The RICH detector gives, as shown in fig. 2,
a good separation % for track momentum of 100
Gev/c corresponding to the average momentum
of decay tracks (p,K).
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Figure 2. K and 7 ring radius from 95-105 Gev/c
tracks

The mass resolutionA is constant versus the mo-
mentum. Fig. 3 shows the D° -+ K~ + 7+ mass
resolution is < 10 Mev/c at all momenta.

4. Charm and anticharm asymmetry

To lowest order QCD, charm and anticharm
quarks are produced symmetrically inr-hadropro-:
duction. Next to Leading Order (NLO) intro-
duces small (1%) asymmetries in quark momenta
due to interference between contributing am-
plidutes. In this connection the ACCMOR exper-
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beam type p (Gev/c) | interactions 10° | events 108

L /7~ 50%-50% 600 4.2 182

/7~ 93%-7% 600 9.6 | 566 |
(p/7* 92%-8% 550 2.4 [ 99 |
| Total | [ 16.2 | 847 |

D° Mass resolution vs D° Momentum
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Figure 3. D°® - n* + K~ mass resolution

iment does not find distinction between leading
and nonleading charm meson and charm baryons
produced in a 200 Gev/c pion beam and a 250
Gev/c proton beam [2].

However E769 has observed a A, asymmetry
integrated over xr > 0 for a 250 Gev/c proton
beam and in the same experiment has mesured D
meson asymmetry for a 250 Gev/c pion beam [3].

The WA89 experiment has studied charm par-
ticles produced by a £~ 340 Gev/c beam. Con-
siderable production asymmetry between D—,
Dt and A.* ,A.” was observed]4].

Recently the WA92 and E791 experiment show
charm meson asymmetry in a 350 Gev/c pion
beam [5] and a 500 Gev/c pion beam [7] respec-
tively.

These experiments show a modest asymmetry

for D mesons produced by pion beam that grows
with zrp . Baryon studies with small statistics
suggest large A, asymmetry.

The observed asymmetry can be explained by
a recombination of charm quark antiquarks with
the beam valence quarks or by different processes
like in the intrinsic charm and in the quark-gluon
string model [6).

In the SELEX experiment the negative beam
particles have a valence quark in common with
A*t,D7,D,” (d or s quark) or with D° (u
quark).

The proton beam has two valence quarks in
common with A.* (u and d quarks) and one
quark with D~ (d quark). The 7 data show com-
parable particle-antiparticle yields both for charm
mesons and charm baryons. The observed D me-
son asymmetry is consistent with previous exper-
iment.

For both baryon beams (£, p) there is a differ-
ence in leading-nonleading production integrated
over zr > 0.3 , of charm mesons and charm
baryons. In particular they show asymmetric
particle-antiparticle yields for A, and symmetric
yields for D mesons. Fig. 4 shows these results
consistent with the WA89 experiment, using a £~
340 Gev/c beam and E769.

Fig. 5 shows the A} zp dependence for differ-
ent beams. There is a clear evidence that more
leading A} are produced at high zr in &, p beams
than in the 7 beam.

5. SUMMARY

The SELEX experiment explores the large z ¢
region using different beams. The present re-
sults show new features in charm production that
complement the experiments using a lower energy
beam (200-350 Gev/c). Futher analysis will ex-
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Figure 5. Charm baryon and meson asymmetry integrated over zg > 0.3 for different beams
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Figure 4. A.™ zr dependence for different beams

tend the xr coverage down to about 0.1. Also
other charm baryon states are being analyzed and
all these results will be reported later.
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