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Summary. — The transverse-momentum distributions of the charm mesons, D% and D+,
have been measured in high-energy (pp) collisions. The best fit to the data expressed
in terms of exp [— bp,] gives for the exponent the value b = 2.35--0.47, in excellent
agreement with theoretical predictions.

Introduction. — Since the discovery of open charm states in high-energy (pp) inter-
actions, the measurement of their production distributions is the new crucial point,
in view of acquiring a deeper understanding of the processes involved. In the present
paper we will report the first measurement of the transverse-momentum distribution
of charm mesons (D® and D), observed at /s = 62 GeV in the reaction pp — De-X.

Data analysis. — The experiment was performed at the: CERN Intersecting Storage
Rings (ISR). The apparatus consisted of the Split-Field Magnet (SFM) spectrometer,
equipped with a single-electron or positron detector in the 90° region. This detector
was made of gas threshold Cerenkov counters and electromagnetic shower counters,
plus an additional « dE/dwx » chamber placed very near to the interaction region. A de-
tailed description of the various elements of such a detector and of the single-electron
-(positron) selection procedure has already been reported elsewhere (18), A time-of-

(1) M. BaSILE, G. CaRA RoMEO, L. CIFARELLI, A. CONTIN, G. D’ALf, P. DI CESARE, B. ESPOSITO,
L. FAVALE, P, Grusti, T. MassaM, F, PALMONARI, G. SARTORELLI, (. VALENTI and A. ZICHICHI:
Nucl. Instrum. Methods, 179, 477 (1981).

(*} H. FrE®SE, F. LAPIQUE, M. PaNTER and ¥. Pruz: Nucl. Instrum. Methods, 156, 87 (1978);
H. FREESE, M. HEIDEN, M. PaNTER and F. Piuz: Nucl. Instrum; Methods, 156, 97 (1978).

() M. BasiLe, G. CARA ROMEO, L. CIFARELLI, A. CONTIN, G. D’A1f, P. DI CESARE, B. ESPOSITO,
P. GiusTi, T. MAssAM, F. PALMONARI, G. SARTORELLY, G. VALENTI and A. ZICHICBI: Nuovo Cimento A,
63, 421 (1981).
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flight (TOF) counter hodoscope was also installed to perform charged-hadron identi-
fication in the low-momentum range (p< 2 GeV/c) over about 109% of the solid
angle (%).

The purpose of the present experiment was to study the associated production of
open charm states. The selection power of the set-up was based on the detection of
a prompt electron produced in the semi-leptonic decay of the anticharm state. The
associated charm state was in turn searched for, via its hadronic decay mode, by applying
an invariant-mass analysis to the events having the «right charge » electron signature.
The events with the « wrong charge» positron signature were used for baeckground
studies.

The charm mesons, D and D*, were observed in the following reactions:

1 pp —D° + (6"K}op) + anything
Lk

and

@ pp —D* 4+ (e7) + anything .

- A+
— Kopn ™

We refer the reader elsewhere for details about the analysis (5-¢). This will be briefly
recalled as follows. For reaction (1):

i) the trigger e~, eoming from D semi-leptonic decay, was required te have a
transverse momentum pr > 500 MeV/es

‘ii) a further trigger condition was imposed, namely the presence of a K*, also

originating from D decay, identified by the TOF system and labelled as Kiors

iit) the (K-w*) final state consisted of any negative track not identified via TOF
a8 & P or a n-, plus any positive track not identified as a p or a K* and having
@, << 0.3 (*) (where o, = 2py/+/s is the longitudinal fractional momentum).

For reaction (2):

i) The D semi-leptonic deeay trigger was based only on the e, again with p,>
> 500. MeV fe.

(*) M. BaSILE, G CARA RoMEO, L. CIFARELLI, A. CONTIN, G. D’Axnf, P. Grusri, T. Massawm, F. PAL
MONARI, G. SARTORELLI, (. VALENTI and A. ZIoHICHI: Nucl. Instrum. Methods, 163, 93 (1979).

(%) M. BASILE, G. CARA RoMEO0, L. CIFARELLI, A. CONTIN, G. D*A1rf, P. D1 CESARE, B. EsPOSITO,
P. Grosti, T. MassaM, R. NaNia, F., PALMONARI, G. SARTORELLI, G. VALENTI and A. ZICHICHI:
Nuovo Cimento 4, 65, 457 (1981).

() M. BASILE, G. CARA RoMEO, L. CIFARELLI, A. CONTIN, G. D’A1rf, P. Dt CEsARE, B. ESPOSITO,
P, GIusTi, T. Massam, R. NaNIA, F. PALMONARI, G. SARTORELLI, G. VALENTI and A. ZICHICHI:
Measurement of (D+*D) charm-meson pair production in (pp) inferactions af V& = 62 GeV, preprint
CERN-EP/81-125 (1981), and Nwuovo Cimento, in press.

) Above this value, the contamination from fast protons cannof Be neglected, owing to the expo~
nential increase with xy of the p/m* ratio.
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ii) The three-body (K-n*n*) system was selected with a K-, identified in the
TOF hodoscope (Krop), and any two positively charged particles, having the same
characteristics as specified for the =+ of reaction (1). Moreover, a high-p, cut,
Pr(Kopntnt) > 0.7 GeV/e, was applied. This cut efficiently reduced the combinatorial
background level in the invariant mass-spectrum.

All the particles in reactions (1) and (2) were required to originate from the
reconstructed event vertex, within -5 cm, and not to be affected by a momentum
error greater than 309, (15% for the electron).

The D° and D+ signals obtained from this analysis are shown in fig. 1 and 2, respec-
tively, after subtraction of the standard «event mixing » normalized background.

. -+
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Fig. 1. — (K~n*) invariant-mass spectrum relative to (e"Koyp)-triggered events. A peak of ~50 mass
combinations, corresponding to a ~ 4 standard-deviation effect, appears in the D® mass range. The
background, derived via the usual ¢« event mixing » technique, is subtracted.

An identical analysis was repeated for events carrying « wrong»s triggers, such as
(6" Kior)» (6" Kgop), or (€ Kiyop) in the case of reaction (1). In the case of reaction (2),
the « wrong » trigger was (e+). These triggers could obviously not be <ue to the decay
of a D-meson. The « wrong » triggers produced no evidence for any DO or D* effect (5-¢).
This proves that the correct selection on the antimeson trigger leads to the observation
of the associated production of (D'D) and (D+D) pairs.
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Fig. 2. - (Kgopntn®) invariant-mass spectrum obtained with the (e-) trigger and the condition
pp(Kipopm ™) = 0.7 GeV/ec, after ¢« event mixing » background subtraction, A DF signal of ~40 mass
combinations (~ 3.5 standard deviations) is observed.

Results. — The (1/po)(AN[/Ap,) distribution, relative to either the D° or the D*
meson, was derived via the «in-out» procedure. This consisted in the definition of
two regions of the invariant-mass spectrum where the D-meson appeared:

i) the «in » region, i.e. the mass interval where the peak itself is observed;

ii) -the «out» region, 4.e. the sum of the region below this peak and the one
above it, each ag wide as 'the «in» region.

The p, distributions of the events falling into the «in» and «out» regions were
determined separately .and corrected for the apparatus acceptance. The «out» region
provided the background distribution. This was normalized to the number of back-
ground events contained under the D-meson peak inside the «in» region. Finally,
the «in-out » difference was worked out. It is worth mentioning that the shapes of
the «in» and «out » distributions were not the same: the « out » distribution fell more
rapidly with increasing pg. -
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Fig. 8. — (1/pp)(AN[Apg) distribution of D° events, derived via the «in-out »- technigue. The D°
peak in the (K~7t) mass spectrum defined the ¢« in » region., The « out » region covered the two mass
intervals below and above the I)® peak, each as wide as the « in » interval. The best fit to this distribu-
tion (for pg > 0.5 GeV/c), is also shown as a dashed line,
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Fig. 4. — (1/pp) AN {Apy) distribution for Dt events having pp > 0.7 GeV/e. This was obtained by
subtracting from the ¢«in» distribution, relative to the (KEOFTE+TE+) invariant-mass interval where
the D+ peak was observed, the «oub» distribution which corresponded to the mass intervals below
and above the D, each as wide as the «in» interval, The best fit to the data {dashed line) is
superimposed.
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The py distributions obtained in this way for D and D+ events are shown in fig. 3
and 4 (7). The best fits to the data, of the form (1/pr)(AN/Apy) oc exp [— bpg], gave
the following results:

b= (2.4+0.5),
for the D° (*), and
b= (2.3+0.8)

for the D*. These fits are superimposed in fig, 3 and 4 (dashed lines). An average slope
parameter was thus computed from the two above measurements: by = (2.354+0.47).
This value is in excellent agreement with the slope measured for the A? baryon,
observed in the same experiment (8).

Hence the results reported show that in high-energy (pp) interactions, the produc-
tion of open charm states, such as D°, D* and A}, oceurs at relatively high pg, as

(]

expected from existing QCD theoretical predictions (?).

(") The average transverse momentum of D-mesons produced in (w~p) interactions at lower energy
has Dbeen recently measured to be (py> =800 MeV/c. The data refer to a bubble chamber experi-
ment (LEBC-EHS) with a 360 GeV/c n~ beam at the CERN SPS, where ~ 20 D decays were observed.
(S. REUCROFT: Charm production and lifetime using bubble chamber technigques, talk given at the Infer-
national Conference on High-Energy Physics (Lisbon, 1981)). This {pp> value is consistent with our
results ({(pp> ~900 MeV/c, as derived from the data in fig. 3), dnce the energy increase is taken
into account.

(*) The fit was applied to the region above Py = 0.5 GeV/e.

(*) M. BasiLg, G. CARA ROMEO, L. CIFARELLI, A. CoNTIN, G. D'A1f, P. DI CESARE, B. EsSPosITO,
P. Grosrr, T. MassaM, F. PALMONARI, G. SARTORELLI, G. VALENTI and A. ZicaicHI: Lelf. Nuovo
Cimento, 30, 481 (1981).

(°) See, for instance, Y. AFEg, C. LEROY and B. MARGOLIS: Phys., Rev. D, 22, 86 (1980).
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