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Introduction

‘This paper reports some recent intcresting results obtained with the CERN
fi-spectrameter, concerning both traditional and “new" meson spectroscopy.
The experizental programme carried cur at CERN with the Q-gpectrometer it
schematically shown in Table 1. Operations at f! started in June 1973 and
ended on July 2, 1975, somewhat later than scheduled. In fact, shortly
before the West Hall was due to shut down (for the comstruction of the SPS
tunnsl}, an exciting possibility to lock for charmed particles vaa offered
to CERN physicists.

During these thres ysars of operation the Q-spectrometer was given ~ 250
days running time, and about 20 diffevent experiments ware performed using
the sevaral trigger facilicles available. About 5 X 107 avents have bean
ded, needing hing 1ike 5000 hours of CPU on & CBC~7600 for the
first seduction, i.e. to obtain gaowmstric quantities 1ike mowenta and

angles of tha tracks, and some kinsmatic fits. It is not unlikely that the
snalysie of this deta vill take another 3000 houre, and this makea it pretty

- 92 -

obvious why ons cannot expect quick results out of this srormous amount of
magnetic capes, unless huge collaboretions ave set-up (18 labs and 52 names
for the Charm Search axperiment).

So far, no experimentsl result has Bean published. In my opinion, this is
dud to an unde

timation of the difficulty encountarsd in the dats reduet-
ion. Nevartheless, preliminary results have besn presented at London (1974)
and Palerma (1975) Confetances. Thase papers are reviewed hereafter, ta[ltln.t
with othar raceat results not sentioned in previous revievs 1 .

The CERN Omega

o

f=sp coneiste ially of a large aparture magnet

with superconducting coils, yialding a field of 1.8 T over a volune of
11 m3 {Fig. 1). A large hole in the top pole allowa TV cameras of the

plumbicon type™’ to view optical spark chambers ing a vol

P PYing

of 3,2 x 1,5 x 1.2m" in the central region of the magnet. A



80od parametrization of such non-uniform field is possible and, especi- A number of diffcrent trigger facilitics makes it relatively casy to sct-
ally for tracks fastar than 2.5 GeV/c, the tracing need not to be done in P & now experiment at f, although he cemplexity of the system does not
step vith the Runge-Kutta method: a fast program using a polynomial approxi- allow an infinite flexibility. There is a series of four large MWPC vhich

can bec used to require a given multiplicity or to select certain momenta
by a predefincd corrclation matrixs there is a Eereukov counter (isclutane

atmospheric pressure) vhich covers the forward cone and helps to separate

mation for /B.d] works well 3). Anyway, the non-uniformity of the field re-
maing & limitation for on-line momentum analysis of the particles, therefore
rendering fancy triggers difficult to realise. Some of the technical charac-

teristics of OMEGA are given in Table 2. plons fram kaons and protons in the momentum band of 2.7-9.8 Gev/cy there
1s & smaller Sorenkov cxantar {freon at 5 atmospherc) which allows the

The dead time of the plumdbicon readsut which was originslly 18 msec has separation of kaons from protons in the mementum band of 5410 GeV/ey there

® 1 intillati hi
been reduced to 12 msec, therefore allowing a data taking rate of 15/burst ) * an axray of long scin ation counters uhich has been used

te

The resolutioR of the resdout system is 1 cm and the accuracy achieved .+ 4dentify protons, elthex en-line or off-line, by precise mcasurement of
their time-of-flight; thero 18 a ncutron counter which also uses tipe-of-
after off-line correction of the staggering effect is 20.5 mm, Nevertheless,
Elight techniques to select a given band of missing masses to the neutron,
a poor surrounding of the target makes the vertex to be determined only to .
The fact that these davices are constantly available made it possible,
40.5cm. The extrapolation error om angle measurements is responeible for a
K* uideh being L4 HeV in the less favourable case (Fig. 22). The momentun

resolution im 0.72, yielding, for ini

last springtime, to set-up the "Search for charmed particles" experiment

in less than six weeks.

nce, the expected 150 MeV wide

neutron peak for the n*»” missing mass in the veaction #™p =+ s*»™n (Fig.2b). 3. Traditional Meson Spectrascopy

Bome of the results presented at Palermo are summarised in the following.
The trigger names given in Table 1 are used,

An unseparated beam (% 1% X and & 0.3V p) of momentum up to 19 GeV/c
impinges on a 30 {or 60)cm long H2 or D2 target., Beam particles are
identified in three Serenkov countars, their trajoctory is mcasured 3.
(t 0.2 mrad) in four small MWPG, and their momentum can be determined to -
A study of the reaction 7" p + w°n at 12 GeV/c using the Slow Neutron Trigger
2 0.3%, An intensity of 7 X 105particles/burse is svailable, but only less %) .
Iy was pressnted at Palerso ', Fig. 3 shows & bcautifulw® peak which the
than 2 X 107 has bean generally used, because the number of vld besm tracks

EN (n"12)

authors use to mcasure the differontial cross soction in the range
recorded in the spark chambers makes the pattern-recognition efficlency .

0.02 <{t| < 0,65 (Gev/e) 2. They also produce the ¢ decay density matrix
drop to unscceptable valuss, especially for multi-pronged evente. elomonts ard mako comparison with a Regge model. Tho question whether
p' exchange has ta ba added to ¢ and B is not answercd yst.

The program used for pattorn recognition and goomdtry reconstructlon
{NORED) has been developed at CERN for about throe yoars and during the 3.2 YA (v 0

" " . .
PAST year physiciste were given the "last”  version overy Ronth or %o Some preliminary rerults on backward ¥ 890 production in the reaction
Today & typical efficioncy of B0y for 4-prong ovents and 50\ for G-prong l-p > Auk‘ at 8 Gov/e wore prosented at Palermo 5). The data was taken
events ia considered yatisfactory.

o
using & fast 2° trigger. i.c, selecting the proton coming from the &

decay. Fast pions were rejected by the Cerenkov counter placed downatream
=) Typical CERN PS operation has burets of 400 maec every 2 sac.
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3.3

3.4

after the UMEGA magnet. Fig, 4a shows the A° mazs distribution and Fig.ib
the A° lissing mass distribution for cvents having one or two assoclated
charged tracks. The total backward cross section for K.B‘JO
corructions, turns out to be (0.5 & 0.1) b, No restlts are quoted for
the K*

. after scveral

1420°

This exparimont is able to analyze the A° polarization and indecd it is

claimed that the A® is alvays highly polarized, except vhen u'=-0.1 (Gev/e)?
where it is compatible with zero. Correspondingly, there is one point in the
differantial cross-section plot vhich is 4 standard devistion lower than its

neighbours. Mo explanation whatsosver is presented.
FP_(a12)

Preliminary results on the backward reaction w-p - pl‘w—w- at 12 GeV/c
were prasentcd at Palarmo by the Fast Proton Trigger group 6 . Figs. 5a
an b show the v'n” and pn~ mass spactra, respectively, ALl well known
are +and the p
atudied in a2 fortheoming papar.

mechanism will be earefully

The same experimont can study the Jx system in detail. At puunt‘; only
the backward AZ cross ssction has bewn estimated to be (0.34  0.18)ub,
vhera the uncertainty also takes into account an srror in the acceptance
calculation.

FA (k* 12) by=products

The Fast A Trigger salected fast (p > 2.9 GeV/e) forvard ; without any

restriction on the A decay region, to avoid biases. WNoreover, the K were

alsc acccpted because no use wac made of the high presmure Berenkov, which

has & gmaller accoptance., The oxperiment, set-up to study % production,
therefore contains some by-products,

1) Reaction l’ P ;pk'p b is dominated by a p; threshold enhancement
which is about 200 MeV/c2 wide. It seems that in wmost cases the p; systen

is associated vith s backward k', Quantitative analysis is in progress.

3.5

Tha l‘; mass dimtribution shovws a peak at 1520 MeV/c? vhich the authora
identify with a ™ (Fig. 6a). The production angular distribution is strong~

1y in favour of a baryon exchange mechanism.

o)

P =t - ion 3
Reaction Kp * KK Kp allows the K'K mass spectrum te be studied in

-
-
~

detail up to 1.8 Gev/c2, Apart from a strong ¢ signal there is no evidence
for any other K'K remonsnt state in this masa region (Fig. 6b solid line),

One cannct attribute the lack of £' to pt. problems, B

anot«
her O experiment, with a very similar trigger in a similar reaction (K-p -+
K.K‘K'p) at almost the same energy (10 GaV/c instead of 12 GeV/c), does
sse a huge £' signsl (Fig. 6b dashed line) 9).

eE_ochzy

A study of A production in x‘p_tntnncuons at 12 GaV/c wam presunted at :\,
Palermo « Fig. 7a shows the A mass spectrum which allows the selectfon &
of the K‘p + A+ anything channel to be mode, In particular the authors '
focus their attention on the reactions where a A 1'l produced with a proton

and a nucleon sometimes accompanied by a #* or n‘. Ading up the different

chanrels they can produce a total mass spactrum with a peak at 3,1 t:e_\r_/_c2

(rig 7b). The signal remains also after subtraction of A", &t ana P

lv.cnn. Ko interpretation is given for this effect,

$earch for Exotic Merons :

In April 1975 an experiment vas performed to search for exotic Illonllli
produced in the reaction vr-n - pK“ at 12 GeV/c, using the forward Fast
kot;m Trigger and the Slow Proton counter (Fig. B8). The X final state is
in fact |-‘:q:o=l-lv ard it is hoprd to identify the B by comparing the on-line
measured time-of-flight with the one which can be calculated by the off-line
moasured momentum of that track. This cxpariment,called FPSP (v 1 in ’
Table 1, should be able to reach a sensitivity of ~ (0.3-0,1} events/pb in
tho X™~ mass interval (2,5-2.9) GeV/c .

Two other 0 experiments heve carried out some search for exotics:



41 FR(E12) exoric

In the paper already mentioned about 1 production 10) another puzzling
effect is shown. In the reaction K‘p L4 Kpr‘n the mass spectrim of the
exotic combination xpw’ shovs a pesk at 2.5 G-v/cz (Fig. 95, which the
sutho~o do not explain. It could be an interference effect between A"

and ?'. since the scatter plot (pI‘) ve (Kl‘) effective m shove the

sccumulation of avents in the overlap ragion.

4.2 70 (s12)

Using thr forward Fast A Trigger (uct:on !.3).:n experiment has been perform-
ed at 12 GeV/c to study the reaction v p « A X . The results, presented at
Palermo 12) and reported in Fig. 10, are based on the A® missing-masa smooth
spactra. The ahaded area corresponds to events with u' > -0.5 (cevlc)z. a
cut vhich should baryon h haniem. The i d upper

- e
1imits for the production cross ssction of the veaction w p + A®X  are:

© (EXOTICS) < 150 nb in the range (2.5-3.0) Gev/c>
o (EXOTICS) < &0 mb in the range (2,0=1,5) Gt\'/cz

5. lnt.ch for Charm Associated Production .

5.0 FK_(2 16

A'short experiment was p in Noveaber ber 1974 by the so-called

Rare Decays Collshoration triggering on a forward K with some cut on fta
(1] A Pb wall d tha R ivon yokes s0 a» to

provide a vough identification of muora it a MWEC placed bahind it. The

1dea 1 to look at K n o K » maos cosbinations asmociated to & we A

sensitivity of 1000 cv/ub has been roached for the production of charmed
wason pairs having a total mass of 4.5 GeV/cz. Analysia is in progress.

5.2 P (r"19)

A scarch for the production of charmed particles in w_p interactions at

19 GeV/c has been carried out and ‘n preliminary analysis of the 4=

Prong and 6-prong events has been presented at Palermo by the OMEGA groups 13

The trigger required a forward K- or p with transverse momentum greater
than ~ 0.5 GeV/c, to enhance the signal produced by the decay products

of massive charmed particles. A total encrgy of 6 GeV in the n-p center of

BASS aysteo var available for the production of a charmed pair of either two

fesons or & meson and a baryon, Some 3.2 miliion triggers vere recorded and

about 1.3 satisfy the requirements of an interaction vertex in the target vo-

lume and a forward fast K with P_ > 0.5 GeV/c. These events have been analys-

ed in terms of the folloving final atates:

w-p - D-Dop -* (K‘n-n.) + (l(-n‘) +p o< 8% nb
'.p - Bono'-p - (K‘w-) + (K-n.) -n e P o¢ 45 nd '
- -4 4 == - ~
"p+DC +(Knn)+ (Kpr» o< 105nb A
vpa0C® YR o< 65 nb 1
w-p +2°° - (K‘l‘l-l') + (K-p) o< 125nb

Fig. 11 shovs one of the scatter plots which have been studied for the
first of the above reactions. An accumulation of events somewhere
alony the diagonal uould_bu considered as cvidonce for ths assoviated
#roduction of two charmed mesons. The upper limits for the production cross
section of all the considered reactions are calculated in such a way that a
2 standard deviation statistical fluctuation bolow this limit would pro=
duce as many events in sn 80 X 20 (lhv/cz)2 bin as the maximm one actu-

ally observes.

Rmours have spread arcund Palermo about 9 events found in one bin of the
(Kp) va " 'n"n") scatter plot. Now, it ia hard to deny that these
Svents are there, but it is hazardous to interpret them exclusively as
due to charmed meson-haryon production. Thev conld be due to a pure

statirtical fluctuation (£ 1% probability) or Lo traditicnal resenant

+
,
|
!
|




states with or without some interfercnce effects. Anyway, if the events
were due to an assoclated t.‘5° production, the cbserved cross scction
tines the branching ratics of €+ K'p and 5 + K*s ¢'¥” final state
would be & 50nb. The angular distribution of thoss events is not
different from that one which is typical of diffractive dissociation,
1.0. the X p aystes iz slow and the RN system goss cosentially
forvard. This 18 hard to explain in torms of single quark diagrams, like-
wise for the ¥ p + K'I” reaction the forvard K ¥ are forbidden and actu-
ally not obsarved exporimsntally. A last piece of information concerning
the nasses: the 9 cvents all fall in the mass interval of (2.74-2.76)
‘Gwr/c? Fer the (K'p) and (1.78-1.82) Gev/c? for the (K'ss*x"). The
calculated FWiHH resolutions ars 20 l«:‘!ll::2 and 30 unvlcz, renpectivaly,

As it is often the case, the relsvance of this result is tied to the
"pradiceion” made by thaoreticiams. Let us kesp in mind nevertheless
that there is at laast 1% provability that the observed offect be due
to a ststistical fluctuation.

A Concluding Remark

The @ spactrometer, sfter s difficult start in 1972 vhen one eofl
broke down, has worked satisfactory during 3 years. Lass tham 20%
of the bsam time sllocated to 3 was lost for msjor break-downs of
the apparatus. The efficiency of the expsrimental groupe using @
has besn slightly vorse: it can be astinated to be 502 by dividing
the totel wumber of useful triggers which heve been actually record-
od sud the calculated ones. May ¢ I am pessimistic, but ny feeling
is thae using 0 to Tepeat bubdble chamber experiments has not been a

$00d invastment. lat us hopa that the SPS operation will be wmore
fruittul.

1 am grateful to wany colleagues for illuminating discussions and in

particular to P. Sondevegger for his sneouraging suggestions.
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MAGHNET
FIELD
SPARK FHAMBERS

READ-OUT

ACCURACY

TANGET
BEAM

DATA TAKING RATE

TRIGGER FACILYTIES

TYPICAL BIEAKDOWNS

=G

TABLE 11 ~ CEnN OMEGA SPECTROMETER

Suparconducting coils ~ Gap volume 6x6x1.5 -’
1.8 T = Good paramatrization to a few tens of a Causs
Optical - Plumbicon cameras for digitisacion

= 1 us memory time - Not d.adned in beam region -
Poor ctarget surrounding

Plumbicon with 12-18 msec dead time

Rsaclction 1 em = Zero crossing for different brightness
2 0.5 no (Staggerirg corrected off-line)

K*-width = 14 HeV due to bad extrapolation in target region
aplp n 0,72

30 or 50 cm (M2/92)

up to 19 GaV/c unseparated (1T K, 3% p, & fdentification)
Momentum measured to 0.32 (angle 0,2 wrad)
Intensity 7 x 1oslbuu:. but in face <2 x 105 usable

Typically 3500 msec over 2,5 sec (or 400 muec over 2 wac)
13 trigger/burst saturates (v 100ub cross mection and 10%t)

Targat Side Sciotillation counter (avoid plate interaction)
HWPC after target (multiplicity)

Atmoepharic presaurs Tarenkov (v trom K,p 2.7 = 9.8 GeV/e)
Wigh pressure Cerenkov (v, K from p 3-10 GeV/c)

Slow proton counter (<l GeV/e)

Slow msutron counter

Compr or, Data Acquiaition Compute¥, WWPC, Spark Boxas,

Pig. 1~ Liyout of the CERN OMEGA spuctrometer, $ee Table 2 for techalcal decails.
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