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Summary. — The associated production of charm-meson pairs (DD)

has been studied in pp interactions at 4/s = 62 GeV. Total cross-section
estimates are given for different hypotheses on the production distribu-
tions. The lowest cross-section estimate corresponds to a « central»
production model, for both the D® and the D.

1. — Introduction.

The purpose of the present paper is to report evidence for the associated
production of «open charm » mesons in pp interactions at v/s = 62 GeV and
to give cross-section estimates.

The reaction studied was

1) Pp — D + D° 4+ anything
with the D° observed in the decay mode

(@) DO — K-t

(*) Contributed paper to the EPS International Conference on High-Energy Physics,
Lisbon, Portugal, 9-15 July 1981.
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and the associated D meson, used as a «ftrigger », via the decay mode
(3) D — e - K+ 4 anything .

So far, the production of D'D pairs has been observed in w, v, or y beam
experiments (*) at lower energy.

2. — Experimental set-up.

The experimental apparatus was a large-volume magnetic field, the Split-
Field Magnet (SFM) at the CERN Intersecting Storage Rings (ISR), with its
powerful system of multiwire proportional chambers (MWPCs) to allow track
recongtruction and momentum measurement. A hodoscope of time-of-flight
counters (TOF) (*) was also used, providing particle identification up to
about 2 GeV/c momentum. In addition, a system of electromagnetie-shower
detectors (EMSDs) (%), gas threshold Cerenkov counters and a « dE/dx » cham-
ber (%) (a small MWPC with analog read-out placed very cloge to the interaction
region) was used for electron/positron detection at 90°.

A schematic view of the set-up is shown in fig. 1. Details of detector per-
formances and data-taking conditions have already been reported elsewhere (52).

(*) LEBC-EHS CoirABORATION (B. ADEVA et al.): preprint CERN-EP/81-28 (1981),
and references therein.

(3) M. BasiLe, G. Cara Romro, L. Crrarrrii, A, Contin, G. D’ALf, P. D1 CESARE,
B. Esrosito, L. Favaie, P. Grusri, T. Massam, F. Parmownari, G. SARTORELLI,
G. Varent and A. Zrcmicui: Nucl. Instrum. Methods, 179, 477 (1981).

(®) M. Basme, G. Cara RomEro, L. Cirarerii, A. Coxtin, G. D’Axni, P. Grusti,
T. MassaMm, F. PALMONARI, G. SARTORELLI, G. VALENTI and A. Zicmicui: Nucl.
Instrum. Methods, 163, 93 (1979).

() H. Freusg, F. LariQue, M. PaxtER and F. Pruz: Nucl. Instrum. Methods, 156,
87 (1978); H. Frensk, M. HeipEN, M. PANTER and F. Pruz: Nucl. Instrum. Methods,
156, 97 (1978).

(®) M. BasiLe, G. Cara RomEo, L. CIFARELLI, A. ConTIN, G. D’ALi, P. D1 CESARE,
B. Esrostro, P. Grusti, T. Massam, F, PALMONARI, . SARTORELLI, (. VALENTI and
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The key points of the experiment were

i) the detection of a single electron e~ or of a single pogitron et (via
EMSD, Cerenkov and. « dH/dz »),

ii) the identification of a negative or a positive K-meson (via TOF),

iii) the momentum meagurement of ail charged tracks, no matter whether
they are identified as «e» or « K ».

3. — Data analysis.

The logic of the experiment, in order to study reaction (1), was as follows.

The D-meson could be either a negatively charged D~ or a neutral D°. How-
ever, its decay mode had to follow the pattern illustrated below, in terms of
antiquark transition states:

e

In terms of physical particles, reaction (4) produces the final state of reac-
tion (3), ¢.e. an e~ and a K+. These particles were used as a «trigger ». This
means that the semi-leptonic decay mode of the D state was taken ag a « signa-
ture » for the production of an anticharm particle.

The identification of the e~ was done via the study of the energy release in
the EMSDs, of the Cerenkov counters’ response and of the pulse height in the
« dE#/dx » chamber (). Furthermore, the reconstructed e~ track was required
to have a transverse momentum p,>0.5 GeV/e and a momentum uncertainty
Ap/p<189%,,. The residual charged-hadron contamination in the e- sample
was ~ 29, whilst the background from neutral-hadron conversion amounted
to < 509%,.

The K* identification was done by the TOF system with better than 90 %,
C.L. (%). The momenfum cuts were p<<1.53 GeV/e and Ap/p<309%,. The w+
and proton contamination in the K+t sample was about 109,.

The charmed meson D® was searched for via its decay mode (2). For this
purpose, the K™+ invariant mass was studied, where the X~ was any negative
track not identified by TOF as a P or a =, and the =+ was any positive track
not identified by TOF as a p or a K*. In addition, the =+ had to satisfy the
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condition |, | < 0.3 (where @, = 2p_//s), since above this value the «leading »
proton contamination was not negligible (°).

In order to enter the K n+ mass plot, a track had to have a momentum
error Ap/p<309,.

Finally, all e-, K+, K~ and w* tracks were required to fit the event vertex
within 4- 5 cm.
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Fig. 2. — K™=+ invariant-mass spectrum obtained with (6"Ki,y) trigger. The circles
and the dashed curve superimposed show the « event mixing» background spectrum
and fit, respectively.

(19 P. Capruprr, G. GiacomerLi, A. M. Rosst, G. VANNINI, A. BERTIN, A. BUSSIERE
and E. J. Exxxs: Nucl. Phys. B, 79, 189 (1974).
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4. — Results.

4'1. The mass spectrum. — We have studied the K n* mass speetrum in
two ways.

The first is shown in fig. 2, where the D° enhancement is present with
47 - 13 mass combinations and about 4 standard-deviation significance. This
result is obtained by means of the (e-XK[ ) trigger described above, without
any further condition on the K™=+ system.
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Fig. 3. — Same as fig. 2 with the further high-p; requirement p4(K™x+)> 0.7 GeV/e.
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The second way is illustrated in fig. 3, where a transverse-momentum cut is
applied to the K =t system, ¢.e. p (K n+)>0.7 GeV/e. The number of com-
binations is reduced to 34 4 7. However, the statistical significance increasges:
it is now at the 5 standard-deviation level.

The D° is observed in the mass interval

(1.825 <my» << 1.975) GeV/e?,

and its width is compatible with the expected mass resolution. The events/com-
binations ratio in the D°® peak is ~ 759%,.

The background shape in fig. 2 and 3 is obtained by using the « event mix-
ing» technique: take an (e"K} )-triggered event and combine the K~ from this
event with the w+ from the next one. The background shape follows quite well
the natural background of the K n+ mass spectrum.

Now comes a crucial test to check the validity of our starting hypothesis:
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Fig. 4a. — K™t mass spectrum obtained when pp (K =nt)> 0.7 GeV/c with the trig-
ger (e"Kiop). The dashed curve is a fit to this spectrum.
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Is the (e"K} ) trigger the signature of an anticharm semi-leptonic decay? In
order to verify this point, we have studied the K™n+ masgs plot using data with
the following triggers:
i)y (KL, i) (etKi,), iii) (e*Kg,,) -
Trigger i) has the « correct » e~ but the « wrong» K., trigger ii) has the
«correct » K}t but the « wrong» e*, and trigger iii) has both the e¢* and the
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Fig. 4b. — Same as fig. 4a, but for the trigger (e*Ki,p).

K or ¢ wrong». The results are shown in fig. 4a-4¢, where there is clearly no
evidence for any effect in the K™n+ invariant-mass speetrum. Figure 44 is
the sum of all the triggers.

4°2. Cross-section estimates. — In order to evaluate the production cross-
section for reaction (1), the following quantities are needed:
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@) the branching ratio

D — e"K* -+ anything

(5) B(D -» e"K* - anything) = — ,
D —all
b) the branching ratio
D — Kt
0 b} o )
(6) B(D* - K nt) Do S all

¢) the production distributions for the D° and the D,
d) the acceptances and the efficiencies of the experimental apparatus,
¢) the total luminosity.

The branching ratios are known, although with large uncertainties. In
order to derive the semi-leptonic decay of the D(= 3D° - 1D7), we have
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Fig. 4c. — Same as fig. 4a, but for the trigger (e*Kior).
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Fig. 4d. — Same as fig. 4a, but for the sum of the triggers (e"Kgop), (67Kjup) and
(6" Kior) .

taken (11.12)

D — e~ + anything

i = = (8.5 + 1.5)
) 5 (8:5 £ 1.5) %,

D — Ke-3y

ii) =
) D — e~ 4 anything

= (60 4 15)9%, (where K = {K° 4 1 K+),

(11} J. M. Fer1ER, A. M. LITKE, R. J. MADARAS, M. T. Ronawn, A. BARBARO-GFALTIERI,
J. M. Dorrax, R. Evy, G. J. FELDMAN, A. Fong, B. GoBBI, G. HANsSON, J. A. JaROS,
B. P. Kwan, P. Lecomts, D. Lijks, J. F. Marrin, D. H. MILLER, 8. I. PARKER, M. L.
PERy, I. PERUZZI, M. P1ccoro, T. P. Pux, P. A. Rarrpis, R. R. Ross, D. L. SCHARRE,
T. G. TripPE, V. VurLLEMIN and D. E. YouNT: Phys. Bev. Lett., 40, 1677 (1978).

(**) W. Bacino, R. Burns, P. Conpon, P. COWELL, A. DiaMANT-BERGER, G. DONALD-
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= .
i) Y (40 115)%
D — e~ - anything

K*o » K~ 2 K*+ —» K+t 1
ith K* == LK% L 10*+ = T = =T ==
(wﬂ; K 1K*0 | L R*, K% = all 3 an Ko 5 all 3)

The above values produce, for the branching ratio (5), the result
B(D — e"K* -+ anything) = (4.3 +1.2)% .
For the D° decay, the branching ratio (6) is (%)
B(D - Krt) = (3.0 4-0.6)% .

The inclusive charm production cross-gsection was agsumed. to follow the law

3

d3g
E i F(Y[Ymax) €XP [— P21,

where b~ = 0.5 GeV/c, and the function f(y/y,..) gives the longitudinal-mo-
mentum dependence. For this, the following three cases were considered "

model I («central » production): ¥ % oc (1 — Jwg))®s
L

. do

model 1T (« flat-y » production): am = const ;

model ITT (« flat-2y, » production): == consb .

o
dfas]

A K -like matrix was used to simulate the D decay (3).

soN, M. Duro, T. FeraUsoN, A. Harr, G. Irwix, J. Kirksy, J. Kirz, F. MERRITT,
L. NopuLMaN, W. St.aTeR, H. TicH0 and 8. Woscicki: Phys. Rev. Leit., 43, 1073 (1979),
and references therein.

(1) R. H. SCHINDLER, M. 8. Aram, A. M. BoYArskr, M. BREIDENBACH, D. L. BURKE,
J. DorexsoscH, J. M. Dorrax, G. J. FELoman, M. E. B. FRANKLIN, G. HANSON,
K. G. Haygs, T. Himer, D. G. Hituiv, R. J. HorreBeek, W. R. INNES, J. A. JARos,
P. JExni, R. R. Larsew, V. Lite, M. L. Perr, B. RicuTER, A. RoUSsarIE, D. L.
SCHARRE, R. F. ScuwrrTers, J. L. Sieerist, H. TavrEe, M. TonurrI, R. A. ViparL,
J. M. Werss, H. ZacconE, G. ABrAMS, C. A. BLoCKER, A. BLONDEL, W. C. CARITHERS,
W. Cmivowsky, M. W. Cores, S. CooPER, W. E. DieTerLE, J. B. Dirron, M. w.
EaroN, G. GIpaL, G. GorpHEABER, A, D. Jomnsow, J. A. Kap¥x, A. J. LANKFORD,
R. E. MirLikaN, M. E. NeLsox, C. Y. Pang, J. F. Parrick, J. 8traIT, G. H. TRILLING,
E. N. Verra and I. VipEAU: preprints TL.BL-10905 (1980) and SLAC-PUB-2507 (1980)
(submitted to Phys. Rev. D), and references therein.

(*) @n=2py/Vvs and y=}In[(E+ pJ)/(F—py)l.
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The cross-section for associated D°D production was then computed for
different combinations of D and D models, with the further assumption that
the two mesons were produced in an uncorrelated way. More precisely, the
production cross-sections were estimated in the following five hypotheses:

1) both D° and D are produced in a « central » way;
2) both D° and D are produced «flat» in the rapidity variable y;

3) both D° and D are produced «flat» in the longitudinal fractional
momentum variable x_;

4) the D°is produced «flat » in «, whilst the D is produced in a « central »
way;

5) the D°is produced « centrally », whilst the D is produced «flat » in 2y,

The efficiencies for ¢~ and K detection, ~ 459, and ~ 70 %, respectively,
and the acceptances of the apparatus corresponding to the various production
mechanisms listed above were calculated by Monte Carlo simulation.

The total integrated luminosity, relative to an initial sample of about
3+10% collected events, was 4.4-10% cm-2,

Table I contains the cross-section estimates for DD pair production. The
overall uncertainty is ~ 509,.

TaBLE I. ~ Production cross-sections for DD in pp interactions at /s = 62 GeV vs.
different models.

DO production distribution D production distribution Gpoy (D)
1 B(do/d]xg|) c (1—]wg])® (1) E{do/d|z]) o (1 — 2] )® (1) 575
2 do/d|y| = const (IT) do/d]y| = const (IT) 1290
3 do/d|zg,| = const (I1T) do/d|ey | = const (I1I) > 5000
4 do/d|z. | = const (I1T) E(do/d|eg]) oc (1 —Jog|)® (1) 1000
5 B(do/d|w)) o (1—Jag[)® (1) do/d|wy] = const (IIT) 3610

5. — Conclusion,

We have observed the pair production of D and D charmed mesons. The
D® was detected via the hadronic decay mode K™n+; the associated anticharm
meson, D® or D™, was identified via its semi-leptonic decay into an e~ and a X+,
Even though the total cross-section estimates are affected by large errors,
the case in which both the D° and the D are produced « centrally » provides
the lowest cross-section value. This, even if higher, is the closest to present theo-
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retical predictions (*¢). However, as previously observed for the Ajf) 880~
ciated production study (%), charm cross-sections, as measured at the ISR,
tend to be larger then any theoretical expectation.

The hypothesis of a «central» charm-meson production is supported by
the experimental x; distribution of the D measured in the same experiment.
This will be reported elsewhere ().

Our present results on D°D pair production are further evidence for asso-
ciated charm production at the ISR and provide a deeper knowledge of this
phenomenon in high-energy proton-proton interactions.

(1) See, for instance, B. L. CoMBRIDGE: Nuel. Phys. B, 151, 429 (1979); C. E. CARLSON
and R. Svava: Phys. Lett. B, 81, 329 (1979); H. Fritzscm and K. H. STRENG: Phys.
Lett. B, 78, 447 (1978).

(3%) M. BasiLE, G. Cara RomEeo, L. CirareLLI, A. ConTIN, G. D’Airf, P. D1 CESARE,
B. Esrosito, P. Grustr, T. Massam, R. Nania, F. PALuoNaRI, G. SARTORELLI, G. Va-
LENTI and A. ZicmicHI: The longitudinal-momentum distribution of charm mesons pro-
duced in pp interactions at +/s = 62 GeV, to be submitted to Nuovo Cimenio (1981).

® RIASSUNTO

£ studiata la produzione associata di coppie di mesoni con. « charm » (D'D) in intera-
zioni pp a +/5 = 62 GeV. La sezione d’urto totale & valutata usando differenti ipotesi
sui modelli di produzione. I1 valore pil basso per la sezione d'urto si valuta con un
modello di produzione « centrale », sia per il mesone D° che per ’antimesone D.

Vismepeunss acCOMARPOBAHKOrO POMKACHH DD B pp B3auMOZeHcTBURX HpH 4/s = 62 I'3B.

Pestome (*). — B pp B3amMozneiicTBrAX TIPH 4/s=62 I'3B mccnenoBano acconMAPOBAHHOE
POKICHAE 1ap OIaPOBAHHLIX Me30HOB (DD). IIPUBOAATCS OLEHKH HOJNHOTO HONEPEIHOTrO
CeYeH s, MCIOMb3YS PA3iIMYHBIE THIOTE3bl IS pacupeneiennit poxaenus. Haumenbias
BENIMMHEE UL HOMEPSIHOTO CEYCHUs COOTBETCTBYET MOZKENH « UEHTPAIIBHOTO » POXKICHUA
mwig D® u g D.

(*) IHepesedeno pedaxyueil.
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