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Summary. — The charm meson D* is observed in (pp) interactions at
62 GeV centre-of-mass energy, in association with its antimeson, D~ or DS,
The cross-section for (D*D) pair production is evaluated according to
various hypotheses on the production mechanisms. The value of the
cross-section is found to be ~ 300 pb when both the D™ and the D are
assumed to be ¢« centrally » produced.

1. - Introduction.

The associated production of charm-meson pairs (D*D) in high-energy
(pp) interactions is reported.
The D* was detected via its hadronic-decay mode

1) Dt — K wtn™,

whilst the presence of the associated antimeson, either D™ or DY, was signalled
by the identification of its semi-leptonic decay, which follows the Cabibbo-
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dominant antiquark transition
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Hence the. reactions studied were
(3) ' pp —D*4e” + anything,
and
(4) pp — D (¢"K*) + anything.

The ¢ or the (6" K*) system in the final state were used as « signatures » of the
anticharm semi-leptonic decay.

The results of the observation of a D signal in reactions (3) and (4) are
given in seet. 2 and 3, respectively. In sect. 4, the cross-section for (D*D)
pair production is estimated, according to various hypotheses on the produc-
tion mechanismg. The conclusions are presented in sect. 5.

2. — Analysis with the e trigger of the (Krgn'n*) mass spectrum.

The experimental apparatus was installed at the Split-Field Magnet (SFM)
intersection of the CERN Intersecting Storage Rings (ISR). It consisted of a
multiwire proportional chamber (MWPC) system for track reconstruction and
momentum measurement, and of auxiliary detectors

i) to select electrons or positrons at 90° (electromagnetic-shower detectors,
gas threghold Cerenkov counters and a « d¥/dz» chamber),

ii) to achieve some hadron identification up to ~ 2 GeV/c momentum
(time-of- flight counters TOF).

We refer the reader elsewhere (*4) for details on the various parts of the

(1) M. BasiLe, G. Cara Romro, L. Cirarerri, A. CoNTIN, G. D’Arf, P. D1 CESARE,
B. Esrosito, L. FavaLe, P. Giusti, T. MassaMm, F. PALMONARI, G. SARTORELLI,
G. Varenti and A, ZicmicHi: Nucl. Instrum. Methods, 179, 477 (1981).

(® H. Fresse, F. LApIQUE, M. PanTER and F. Pruz: Nucl. Instrum. Methods, 156,
87 (1978); H. Frersk, M. HxipEN, M. PANTER and F. P1uz: Nucl. Instrum. Methods,
156, 97-(1978).

“(3) M.-BasiLe, G. Cara Romreo, L. Crrarkrri, A. ContiN, G. D’Anf, P. Giusti,
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apparatus, including the electron (positron) filter and the hadron identification
procedure.

The data were collected at v/s = 62 GeV, by triggering on a minimum
energy release (E_ >500 MeV) in the electromagnetic-shower counters. The
number. of triggered events was ~ 3:10° and corresponded to an integrated
luminosity % ~4.4-10% ¢m—2,

In order to study reaction (3), the (K™w™n") invariant-mass spectrum was
analysed for those events in which an e~ wag detected.

The selection criteria were the following:

i) the identification of an e~ with a trangverse momentum P.>0.5 GeV/e;

ii) the identification of a K~ wvia the time-of-flight technique (K,.),
which implied the K momentum to be below 1.5iGeV/c;

iii) the presence of two positive pions defined as any two particles having
l#,| < 0.8 (Where == 2p_[Vs is the longitudinal fractional momentum) (*), and
not identified by TOF as positive kaons or protons (the latter was a loose
condition since the TOF hodoscope covered only~109, of the solid angle).

Each of the above tracks was required to originate from the reconstructed
event vertex within 45 ecm and to have a momentum meagured with less than
30 % wuncertainty. The uncertainty in the e~ case was required to be less
than 159,

The (K7 ") mass spectrum, obtained in coincidence with an e—, is shown
in fig. 1. A small enhancement is observed, in the D mass range, of (29 4- 15)
mass combinations.

The background mass distribution was derived by the « event mixing »
method. This consisted in taking a K, from one e -friggered event, and com-
bining this K . with a (z'n*) pair from the next event. The open circles in
fig. 1 are the results of this « event mixing » method.

Following the expectation of a rather-high-p, production for the heavy

T. Massam, F. PALMONARI, G. SARTORELLI, G. VALENTI and A. Zrcurcur: Nucl, Instrum.
Methods, 163, 93 (1979).

(*) M. Basite, G. Cara Romeo, L. CirarerLi, A, CoNTiN, G. D’Arf, P. D1 CESARE,
B. Esrosito, P. Grugty, T. Massam, F. PALMONARI, C. $ARTORELLI, G. VALENTI and
A. ZrcuicEr: Nuovo Cimento A4, 65, 421 (1981).

(*) Below |z|=0.3, the contamination from «leading» protons can be neglected (5).
(®) P. CariLuppi, G. G1AcOMELLI, A. M. RossI, &. VANNINI, A. BERTIN, A. BUsstire
and E. J. Exris: Nucl. Phys. B, 79, 189 (1974).
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Fig. 1. — (Kgopn'nt) invariant-mass distribution with the e~ trigger. The circles and

the dashed-line curve superimposed show the normalized « event mixing » background
distribution and fit, respectively.

D*-meson (*), we have applied to the data the condition

oKy ™ ) >0.7 GeV/e.

(*) We have measured the pp-dependence of the D* to be exp [— 2.3p,], as will. be
reported elsewhere (°).

.(8) M. Basite, G. Cara RomEo, L. CirarELLI, A. ContiN, G. D’ALf, P. D1 CESARE,
B. Esrosito, P. Grustr, {T. Massam, R. Naxia, F. PALMONARI, G. SARTORELLI,
G. Varent: and A, Zicuroui: Left. Nuovo Cimento, 33, 17 (1982).
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Fig. 2. — Bame as fig. 1, with the additional condition py(Kropn'n)>0.7 GeV/e.

The resulting invariant-mass plot is shown in fig. 2. Here a more significant D*
peaks shows up, with (39 411) mass combinations corresponding to about 3.5
standard deviations. The ratio events/combinations in the peak is 0.6.

The «event mixing » background (open circles) is reported in fig. 2: its
shape agrees well with that of the spectrum where the D+ peak emerges. Notice
the improvement in the «signal-to-background » ratio .between the data of
fig. 1 and 2.

The D peak is not present in e*-triggered events (see fig. 3). In fact, as
specified earlier, the associated production of (D*D) pairs can only occur when,
an e, not an e*, appears in the final state,
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Fig. 3. — (Kpopm'nt) invariant-mass spectrum oblained with the « wrong» e+ trigger
and pp(Kiopntnt) > 0.7 GeV/je. The «event mixing » background fit, shown in fig. 2,
is superimposed (dashed line).

The events selected with the e~ trigger and with the condition p,>0.7 GeV/e
have been analysed in terms of a possible resonant contribution to the D
decay:

(5) Dt — Krogt
e A
In the (K mtwt) mass spectrum, we defined an «in» region (i.e. where the

D+ iy observed) and two «out» regions (i.e. below and above the DT peak,
each ag wide as the «in» region). For the events falling into the «in» and
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Fig. 4. — (Kjopr?) invariant mass obtained with the e- trigger for the events falling
a) «in» the D* peak of the (Kgopm'n®) spectrum shown in fig. 2, b) «below» and
¢ above» the D+ peak. The dashed-line background histograms are obtained with
the e* trigger. The full-line curves are fits to the latter.
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Flg 5. — (Kpopm’ Tl7+) invariant . mass for e~-triggered events, obtained when m(KTorn‘r)
is in the K% mass range and the condition Po(Kpopntnt) > 0.7 GeV/c is applied. The
dashed curve is a fit to the same distribution obtained with the et trigger.
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«out » regions, respectively, we have plotted the (K, ,=") invariant-mass
spectra. The results are shown in fig. 4a) and b). In these figures the data
with the e~ frigger are compared with those obtained with the « wrong » trigger,
et. A small excess of (11--5) combinations is found in the K*® mass range,
for the «in» case only (fig. 4a)).

By doing the reverse, i.e. by requiring the (K ,m") mass to be in the K*°
region, the D* peak in the (K m*tnt) mass distribution (shown in fig. 5) is in
turn reduced to (124-5) mass combinations. The «signal-to-background »
ratio is, however, improved with respect to that of fig. 2. Notice that the back-
ground distribution guperimposed in fig. 5 is obtained by repeating the same
analysis on et-triggered events, i.e. using the « wrong» trigger.

With the above data we obtain the branching ratio value

D* — K*ont

—DT:W - 0.31 :{:0.16 )

in agreement with existingimeasurements ().

3. — Analysis with the (e Kiy) trigger of the (K™n*n*) mass spectrum.

A more selective trigger for the antimeson decay was the requirement of
both an e~ and a K, in the final state, according to diagram (2). Such a re-
quirement had already been successfully applied in the same experiment to

(") D, Drwsarp, H. G. Fiscuer, W. Geist, R. Goxieri, P. G. INNocENTI, V. KORBEL,
A. MinTEN, A. NorToN, R. SosNowskl, S, 8tEIN, O. UrLLALaND, H. D. Wanw, P. Bur-
1AND, M. DELLA NEGRA, G. FoNTAINE, P. FzZENKIEL, C. GHESQUIERE, D. LINGLIN,
G. Sasor, H. FrEnsE, E. E. Kvvge, M. HEIDEN, A. PUTzER, J. STIEWE, P. HANKE,
W, Horman, M. PanTEr, K., RAvuscENABEL, J. SPENGLER and D. WEGENER: Phys,
Lett., B, 81, 250 (1979); A. PurzEr: Report given at the Discussion Meeting between
Experimentalists and Theorists on ISR and Collider Physics, edited by M. G. ALBrROW
and M. JAcos, Series 2, No. 4 (April 1981), p. 5.

(®) R. H. ScCHINDLER, M. 8. Aram, A. M Boyarski, M. BeerpENBACH, D. L. BURKE,
J. DorENBOSCH, J. M. DorrAN, G. J. FELpmaN, M. E. B. FrankriN, G. HaNSON,
K. G. Haves, T. Himer, D. G. Hitrin, R. J. HorueBEER, W. R. INNEs, J. A. JArOS,
P. Jexxi, R. R. Larsen, V. Ltvta, M. L. PErL, B. RicuTERr, A. Roussarie, D. L.
ScuArRE, R. F. Scawitrers, J. L. Steerist, H. Tavree, M. Toxurri, R. A, Vipaz,
J.'M. Weiss, H. Zaccong, G. ABrAMS, C. A. BLOCKER, A. BLoNDEL, W. C. CARITHERS,
W. Caivowsky, M. W. Cores, S. CoorEr, W. E. DierErLE, J. B, DirLon, M. W,
EAToN, G. GIDAL, G. GOLDHABER, A. D. Jounson, J. A. Kapyx, A, J., LANKFORD,
R. E. MirLikaN, M. E. NELsoN, C. Y. Pang, J. F. PaTrICK, J. STRAIT, G. H. TRILLING,
E. N, VELLA and I, ViDEAU: Phys. Rev, D, 24, 78 (1981), and references therein.
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search for the neutral D° charmed meson, decaying into (K =™), produced in
association with its antimeson (%),

Reaction (4) was studied, with the following conditions:

i) for the «trigger » to consist of an e~ (selected as in sect. 2) plus a K7,
identified by the TOF system, i.e. Kf .;

ii) for the (K™n'rn") final state to consist of any negative particle not
identified as =~ or P in the TOF hodoseope, and of twoi positive particles having
the same characteristics as in sect. 2.

The (K =*x*) invariant-mass system was then derived for the (67K .)-

triggered events. However, further requirements were imposed in order to
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Fig. 6. — (K-n*n+) invariant-mass spectrum obtained when an (e"Kifop) trigger. is
present in the final state. The dashed line, showing the flat background shape, is derived
by «event mixing ».

(") M. Basite, G. Cara RomEeo, L, CirareLri, A, Contin, G. D’ALf, P, D1 CESARE,
B. Esposito, P. Grusti, T. Massam, R. Nanxia, F. ParmoNari, G. SARTORELLI,
G. Varentr and A. ZicuicHI: Nuove Cimento A, 65, 457 (1981).
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reduce the combinatorial background, which was obviously hlgher than in the
(Kfoprtnt) case. These conditions are listed below:

i) py(Kn* ™) >0.4.GeV/e,
ii) [y(Kn™n")| < 1.5 (where y = % In{(# -+ p,)/(E— p,)] is the rapidity),

iii) |Ag(e~, Kt )| <90° (where ¢ is the azimuthal angle around the
beam axis and Ag is the angular difference between the e~ and the K ).

Conditions i) and ii) were suggested by the fact that a high-p, (°) and a

« central » (*°) production 'mechanism are expected for a charm megon; con-

- ok
NRIGGER. (e KTOF)

60

Combinations / 50 Mev/c2

20

T T T T T

1.4 1.6 1.8 2. 22

m(Kan ) [Gev/c?]

Fig. 7. - (K=*r*) invariant-mass spectrum obtained with the «wrong» (6*Ki,p)
trigger. A fit to this spectrum is superimposed as a dashed. line.

(*%) M. BasitE, G. CarA RomEeo, L. Cirarerrr, A, ContiN, G D’Azf, P. D1 CESARE,
B. Esrosiro, P. Giusti, T. Massam, R. Nawia, F. PALMONARI, -G. SARTORELLI,
G. Varentr and A, Zicricui: Lett. Nuovo Oimento, 33, 33 (1082).
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dition iii) implied a «same-side » angular correlation between the decay prod-
uets of the antimeson (*).

The (Kw'wh) invariant-mass distribution ensuing from this analysis is
plotted in fig. 6. A DT signal with (33--9) mass combinations, corresponding
to about 3.5 standard deviations, is again observed.

To verify that the (e"K},,) trigger was indeed due to the anticharm semi-
leptonic decay, we have used data with a «wrong» anticharm trigger, <.e.
(6"K},.), where the et has the wrong charge. The result is shown in fig. 7,
where there is no evidence for any effect in the (K n'nt) mass spectrum.

It should be mentioned that the two sets of events selected in sect. 2 and 3,
respectively, are independent. In fact sect. 2 required K., whilst sect. 3

required K7 ., and the number of events containing a (K}, Kr.,) pair was
negligible.

4. — Cross-section estimates.

In order to evaluate the (D™D) pair cross-section, some assumptions are.
needed. The inclusive production mechanisms of the D¥ and the D mesons
can be described according to models. We have chosen, for consistency, those.
formerly used for the agsociated eharm production of (A}D) and (D'D), ob-
served in the same experiment ().

These models are based on the following production distributions:

i) « central » production: H(d*c/dp®) ~ (1 — |z, |)* exp [— bp.];
ii) « flat-y » production: E(d%c/dp?) ~ exp [— bp,] (i.e. dojdly| = const);

iii) « flat-@; » production: dc/dp® ~ exp [— bp,] (i.e. do/d|x,| = const);
where a = 3, b = 2 (GeV/c)™%, and y and x, are the already quoted rapidity
and longitudinal fractional momentum, respectively.

The associated (D*D) production was assumed to occur via different com-
binations of the above three distributions. Moreover, the two mesons were
supposed to be produced in an uncorrelated way. The semi-leptonic decay
of the antimeson was. described by a Ky,-like matrix element. The acceptance
of the apparatus, corresponding to each production model, was calculated by
Monte Carlo simulation.

(*) Such a correlation had already been observed in the D° case. For the (e Kiom)-
triggered events giving at least one (K™n*) combination in the D° peak, the ratio
(€™ K for) same siae/ (6 Kifor)oppositesiae] Was measured to be (L5 0.2). For those falling
below and above the peak, the ratio was (1.1 +£ 0.1).

(1Y) M. Basie, 6. Cara RomEo, L. Crrarerri, A. CoNTiN, G. D’Ari, P. D1 CESARE,
B. Esrosrro, P. Grustr, T. Massam, F. PALMONARI, G. SARTORELLI, (. VALENTI and
A. Zicuicui: Nuovo Cimento A, 63, 230 (1981).



MEASUREMENT OF (D+D) CHARM MESON PAIR PRODUCTION ETC. 5l

For the cross-section estimates, we have limited our Monte Carlo simulations
to reaction (3). The results relative to reaction (4) will be reported in a sub-
sequent paper (12).

The detection efficiencies for the ¢~ and the K. in reaction (3), obtained
via Monte Carlo, turned out to be ~ 45 % and ~ 63 %, respectively.

The decay branching ratios were taken to be (3:18)

i) for decay (1)

Dt - Krntrt

ii) for decay (2)

D — ¢ -+ anything
D —all

= 0.085 40.015 .

The results are summarized in table I, in which the cross-section estimates
have an overall error of ~ 50 9.

TaBLe 1. — Oross-section estimates for (D*D) pair production (see sect. 4). The uncer-
tainty on the values reported is ~ 509,.

D+ production distribution D production distribution Oyt (D)
B(d0/dfay]) cc (1— [P B(doflar]) oo (1— |y )? 305
do/d|y] = const do/d|y] = const 730
do/d|e| = const ‘ do/d|wy| = const > 5000
do/d|wy| = const E(do/dag]|) oc (1— |a))® 2035
E(do/d|wy]) oc (1 — |wg))? do/d|wy| = const 1080

(?) M. BasiLe, G. Cara Romro, L. CIraReLLI, A. ContIN, G. D’ALf, P. D1 CESARE,
B. Espostto, P. Grustr, T. Massam, R. Nanra, F. Parmoxari, G. SARTORELLI,
G. Varentr and A. Zicmicui: OCross-section estimales for pp—(D+—K ntnt) +
+ (D —eK+X) + anything at v/s = 62 GeV and (z, Pq) distributions, in preparation.
(**) J. M. FELLER, A. M. LitkE, R. J. MADARAS, M. T. Rowan, A. BARBARO-GIALTIERI,
J. M. Dorrax, R. Ery, G. J. FELDMAN, A. Fong, B. GossI, G. HaxsoN, J. A. Jaros,
B. P. Kwax, P. Lecout, D. LiksE, J. F. Marmin, D. H. MiLLER, 8. I. PARKER, M. L.
PErL, I. PERUZZI, M. P1ccoro, T. P. Pun, P. A. Raripis, R. R. Ross, D. L. SCHARRE,
T. G. TrirPE, V. VuiLrEmMiN and.-D. E. YounT: Phys. Eev. Leit., 40, 1677 (1978);
W. Bacino, R. Burns, P. Conpon, P. CowsxrL, A. DiaMANT-BERGER, G. DONALDSON,
M. Duro, T. FErGUsoN, A, HarL, G. Irwix, J. Kirgry, J. Kirz, F. MeRrRITT, 1.. NoO-

DULMAN, W. Srarter, H. Ticgo and S. WoJCICKI: Phys. Rev. Lett., 43, 1073 (1979),
and references therein.
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5. — Conclusions.

The production of (D*'D) charmed-meson pairs in high-energy (pp) inter-
actions at v/s = 62 GeV in the (pp) centre-of-mass system has been reported.
The presence of the antimeson was guaranteed by the identification of
either an e~ or both an e~ and a K* from its semi-leptonic decay. The asso-
ciated D*-meson was detected by means of the hadronie three-body decay

D* - K-ntn*.

The resonant decay DT — K*ont+ —» K-ntnt has been observed.

The total cross-section estimates agree, within large errors, with those
relative to (D'D) pair production, measured in the same experiment (°). The
hypothesis according to which both the D and the D mesons are produced
« centrally» corresponds to the smallest cross-section value, as was the case for
(D°D) pairs.

However, the value of o, (D'D)~ 300 ub suggests, once again, that
charm- is more copiously produced in high-energy hadronic interactions than
was 8o far theoretically expected in the framework of perturbative QCD (%4),

(*) For a review of experimental results and theoretical predictions see, for instance,
. MuLLeRr: Hadroproduction of charmed particles, to be published in the Proceedings of
the IV Warsaw Symposiwin on Hlementary Particle Physics, Kazimierz, Poland, May
1981, and references quoted therein.

® RIASSTUNTO

8i studia la produzione in coppia del mesone con « charm» (D+) e dell’antimesone asso-
ciato (D~ o D9, in interazioni (pp) all’energia di 62 GeV mel centro di massa. Si stima
la sezione d™urto tofale del processo in esame per vari possibili modelli di produzione
delle coppie (D+D). La sezione d*urto stimata & di ~ 300 b, nell’ipotesi di un mecca-
nismo di produzione centrale per ambedue i mesoni (D+ e D).

Pesiome He IIOIYYEHO.
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