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This paper reports some recent interesting results obtained with the CERN

fl-spectrometcr, concerning both traditional and "new* meson spectroacopy.

The experimental programs carried out at CERN with th* ft-spectroaetcr i t

schematically ihovn in Table 1. Operation at fl started in June 1973 and

ended on July 2, 1975, somewhat later than scheduled. In fact, shortly

before chc West Hall was due Co shut down (for the construction of the SPS

tunnsl), an exciting possibility to look for chermed psrticles vis offered

Co CERN physicists.

During these three years of operation ths n-epectrometsr vas given i 250

days running time, and about 20 different experiments war* performed using

the several trigger faci l i t ies available. About 5 X 10? events have bctn

recorded, needing something like 500C hours of CPU on a CDC-76OO for the

first reduction* i . e . to obtain geometric quantities like momenta And

angles of the tracks, and some kinematic f i t s . It is not unlikely thet the

analyais of this data v i l l take another 3000 hours, and this makes i t pretty

obvious why one cannot expect quick results out of this enormous amount of

magnetic tapes* unless huge collaborations ate «ct-up (16 labs and 52 names

for the Charm Search experiment).

So far, no experimental result has b«an published. In my opinion, this is

due to an underestimation of th* difficulty encountered in the data reduct-

ion, Ksvertheless, preliminary results have been presented at London (1974)

and Palermo (1975) Conferences* These papers are reviewed hereafter, together

with othsr recent results not mentioned in previous reviews 1)

2. The CERH Omsia

The tl-spectrometer consists essentially of a large aperture magnet

vith superconducting coils, yielding a field of 1.6 T over a volume of

11 m3 (Fig. 1). A large hole in the top pole allows TV cameras of the

plumbicon type ' to view optical spark chambers occupying a volume

of 3.2 x 1. 5 x 1.2 m in the central region of the magnet. A



good parametrization of such non-uniform field is possible and, especi-

ally for track* faster than 2.5 GeV/c, the tracing need not to be done in

•tcp with the Runge-Kiitta method: a fast program uting a polynomial approxi-

mation for /B.dl works well ' . Anyway, the non-uniformity of the field re-

main* a limitation for on-line momentum analysis of the particles, therefore

rendering fancy trigger* difficult to realise. Some of the technical charac-

t«ri*tica of OMEGA are given in Table 2.

The dead time of the plumbicon readout which was originally 18 msec hat

been reduced to 12 mice, therefore allowing a data taking rate of 15/burst .

The resolution of the readout system it I cm and the accuracy achieved

after off-line correction of the staggering effect is ±0.5 mm. Nevertheless,

a poor surrounding of the target sake* the vertex to be determined only to

±0.5 era. The extrapolation error on angle measurement* is responsible for a

K* width being 14 HeV in the le*a favourable cace (Fig. 2a). The momentum

resolution is 0.7Z, yielding, for instance, the expected ISO KeV wide

neutron peak for the irV missing mass in the reaction »~p * wS~n (Fig.2b).

An unteparated beam (\ 1% K and * 0.3% p)of momentum up to 19 GeV/c

impinges on a 30 (or 60) era long H2 or D2 target. Beam particles are

identified in three fierenkov counters* their trajectory i t measured

(i 0.2 mrad} in four mall MWPC, and their momentum can be determined to

S 0.3X. An intensity of 7 X 105particle*/bur*t i s available, but only leas

than 2 X 10s ha* bean generally used, because the number of old beam tracks

recorded in the spark chamber* makes the pattern-recognition efficiency

drop to unacceptable values, especially for multi-pronged events.

The program used for pattern recognition and geometry reconstruction

(NOKEO) has been developed *t CBRN for about three year* and during the

past year physicist:* Here given the "last" version every month or *D.

Today a typical efficiency of 80% for 4-prong events and 50% for O-prong

events la considered satisfactory.

«) Typical CERN PS operation hat burst* of 400 msec every 2 tec.

A number of different trigger f a c i l i t i e s makes i t relatively easy to set-

up a new experiment at fl, although the complexity of the system does not

allow an infinite f lexibil ity. There is a series of four large MWPC which

can be used to require a given multiplicity or to select certain mcraonta

by a predefinc-d correlation matrix? there i s a fierenkov countex (isokutane

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

pions from kaons and protons in the oomentum band cf 2.7-9,6 Guv/cj tiivro

i s a smaller £crcnkov cauntor {freon at 5 atmosphere?) which allows the

separation of kaons from protons in the momentum band of 5-10 GeV/ej ttierc

i s an array of long scintillation counters which hat been used to

• identify protons, cither on-line or off-l ine, by precise measurement of

their time-of-flight; there i s a neutron counter which also uses tirae-of-

£ light techniques to select a given band of tnissjn? masses to the neutron.

The fact that these devices are constantly available made it possible,

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

in less than six week*.

9. Traditional Meson Spectroscopy

Some of the results presented at Palermo are sunmarisod in the following.

The trigger names given in Table 1 are used.

3.1 Stt (ff-J.2)

A study of Che reaction t'p * u"n at 12 GeV/c using the Slow Neutron Trigger

was presented at Palermo . Tig. 3 shows a beautiful u* peak which the

authors use to measure the differential cross section in the rango

0.02 < | t | < 0.C5 (GcV/c)2. They also produce the u decay density matrix

elementi »TA make companion with a Regcj? model. The question whether

p exchange has to bo added to p and B i s not answered yet.

3.2 r_A <ir"0)

Some preliminary results on backward K flg0 production in tho reaction

«~p * A°K* at 8 GeV/c «°ro presented at Palermo . The data was taken

usiny a fast A° trigger» i . e . selecting tho proton coming from the A

decay. Fast pions were rejected by the Ccrcnkov counter placed down*tream



after the OMEGA magnet. Fig. 4a shown ttic A masu distribution and Fig.-1b

the A missing tnass distribution for rvotit* having one or two associated

corrections, turns out to he (0.5 ft 0.1) lib. Ho results nro quoted fo;

the K» 1420'

Thli experiment i s able to analyze the A polarization and indeed i t is

claimed that tt» A* i t alvayi highly polarized, except when u1—0.1 (C<V/c)2

when it i t compatible with zero. Correspondingly, there is one point in the

differential crois-icction plot which i i 4 standard deviation lower than i t i

neighbours. No explanation vhatioevcr it preicntcd.

Preliminary rauuit? on the backward reaction w"p •* pw w " at 12 GeV/c

were presented at Palermo by th* Fait Proton Trigger group . Figs. Sa

•M Sb ehow the w *** and pw~ *aa> spectra, respectively. All well known

resonances arc observed,and the production mechanism will be carefully

studied in * forthcoming paper.

The same experinont can study the 3w system in detai l . At present* only

the backward A* cross section has been estimetcd to b* (0.34 t O.lOub,

where the uncertainty also teHvs into account an error in the acceptance

calculation.

3.4 FA (K* 12) byproduct I

The Fast A Trigger selected fast (p > 2.9 GeV/c) forward p without any

restriction on the A* decay region, to avoid biases. Moreover, the K* wore

also accepted because no use wac made of the high pressure fierenkcv, which

has a mailer acceptance. The experiment, set-up to study A production*

therefore contains IOM by-products.

i) Reaction K p -» ppK*p i s dominated by a pp threshold enhancement

which is about 200 MtV/c2 wide. It ictms that in most cases the pp system

i« essociatcd with a backward K . Quantitative analysis i s in progress.

The K*p mass distribution shows a peak at 1520 MeV/c2 which the authors

identify with a Y* (Fig. (a) . The production angular distribution is strong-

ly in favour of a baryon exchange nechaniim.

i i ) Reaction K p -* K K K p allows the K K mass spectrum to be studied in

detail up to 1.8 GeV/c2. Apart from a strong * signal there is no evidence

for any other K K resonint state in this m*ss region (Fig. fib solid l ine).

One cannot attribute the lack of f to acceptance problem, because anot-

her (1 experiment* with a very similer trigger in a similar reaction (Kp-»

I t W p ) at almost the swc energy (10 GeV/c instead of 12 GeV/c), does

see a huge f' signal (Fig. 6b dashed line) 9 ) .

3.5 fK (K+12)

h study of A production in K p interactions at 12 GeV/c was presvnted at

Palerao . Fig. 7a shows the A nass spectrua which allows the selection

of the K p •* A+ anything channel to be node. Xn particular the authors

focus their attention on the reactions where a S i s produced with a proton

and a nucleon tone tines accompanied by a n* or * . Adding up the different

Channels they can produce A total mass spectrum with a peak at 3.1 CeV/c

(Tig 7b). The signal rwaiot also after subtraction of &**, A+ and Y*+

events. No interpretation is given for this effect.

4. Iearch for Exotic Hccons

In April 1975 an experiment was performed to search for exot ic mesons^^

produced in the reaction if n * pX. at 12 GeV/c, using the forward Fast

Proton Trigger and the Slow Proton counter (Fig. 8). The X final state is

In fact pV~TT >fri i t i s hoped to identify the p by comparing the on-line

measured tlme-of-flight with the one which can be calculated by the off-l ine

measured momentum of that track. This experiment,called FPSP («~l*i in

Table 1, should bo able to reach a sensitivity of ^ (0.3-0.1) cvents/yb in

tho Jt"~ ness interval (2.5-2.9) GcV/c2.

Two other 0 experiaents have carried out lotnt seerch for exotics;



In the paper already mentioned about A production another puzzling

effect i s shown. In the reaction K p » ftpn n the mass spectrum of the

exotic combination Ap* ihows a peak at 2.5 GeV/c2 (Fig. 9',, which the

author do not explain. It could be an interference effect between fi

and Y**, ftince the scatter plot (pw ) vs (A**) effective mssses shows the

accumulation of events in the overlap region.

4.2 FA («*12)

Using thr forward Fast A Trigger (section 3.2) an experiment has been perform-

ed at 12 CeV/c to study the reaction i p * A X . The results, presented at

Palermo and reported in Fig, 10, arc based on the A* misiing-masi smooth

spectra. The shaded ires corresponds to events with u' » ~0.5 (CeV/c) , a

cvt which should enhance baryon exchange mechanism. The estimated upper

limits for the production cross section of the resctton «~p * A*X are:

o (EXOTICS) < 150 nb In the range (2.5-3.0) Gev/c2

o (EXOTICS) < 60 nb In the range (3.0-3.5) GeV/c2

S. Search for Charw Associated Production

5.1 FK" (W"U)

V short experiment was performed in November-December 1974 by the so-called

Rare Decays Collaboration triggering on a forward K" with some cut an i ts

transverse momentum. A Pb wall extended the Cl iron yokes so ss to

•rovide a rough identification of SWOPS it> a MWPC placed behind i t . The

Idea i s to look at K~n or K"W mans combinations osnociatcd to a \\* A

sensitivity of 1000 cv/ub has been reached for the production of charmed

pairs having a total mass of 4tS GcV/c . Analysis i s in progretir..

A search for the production of charmed particles in *~p interactions at

19 CeV/c his been carried out and a preliminary analysis of the • -

prong and 6-prong eventi has been presented at Palermo by the OMEGA groups 1 3 J .

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 energy of 6 GeV in the n'p center of

mass systeo war available for the production of a charned pair of either two

mesons or s meson and a baryon. Some 3.2 ml.ion triggers vere recorded and

about 1.3 satisfy the represents 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 terns of the following final states:

» p + D~D°p

» D°C°

• (K n n ) + (K pn*)

* <K*i~) + (K~p)

•» <K%*«~ir"> + <K~p)

55 nb

45 nb

105 nb

65 nb

125 nb

Fig. 11 shows one of the scatter plots which have been studied for the

first of the above r e a c t i o n s . An accumulation of event* lonewhere

along the diagonal would bo considered as evidence for the associated

production of two churned mesons. The upper limits for the production cross

section of all the considered reactions are calculated in luch s way that a

2 standard deviation statist ical fluctuation below this limit would pro-

duce ss many events in an 80 X 80 (MeV/cV bin as the maximum one actu-

ally obiervta.

irs have spread around Palermo about 9 events found in one bin of the

events are there, but i t is hazardous to interpret thum exclusively as

due to charmed ncson-haryon production. They could be due to a pur*

stat ist ical fluctuation <<_ H probability) or to traditional resonant



states with or without soae interference ef fects . Anyway, if the events

were due to an associated CD° production, the observed cross section

time, the branching ratios of C° • ic"p and D° * r . W * ~ final stata

would be t 50nb. The angular distribution of those events i s not

different from that one which i s typical of dif tractive di.sociacion,

i . e . the K~p system is slow and the «.*•"» V system goee essentially

forward. This i s hard to explain in t m i of single quark diagrame, like-

wise for the n't * «*£" reaction the forward K * are forbidden and actu-

ally not observed experimentally. A last piece of Information concerning

the Basses! the 9 events a l l f a l l in the Haas Interval of (2.74-2.78)

'Oev/c2 for the (n"p) and (1.76-1.82) GeV/c* for the «%"»**"). The

calculated FWHH resolutions are 20 NeV/c2 and 30 HeV/c2, respectively.

As It i s often the eaia, the relevance of this result 1. tied to the

"prediction" made ay tJMoreticim. let us keep in mind nevertheless

that there i s at Halt 1Z probability that the observed effect be due

to a stat ist ical fluctuation.

«. A Cencludini Remark

The 0 spectrometer, after a difficult start in 1*72 nhn one coi l

broke down, haa worked satisfactory during 3 year.. U « taaa 20X

of the keeai t iM allocated to a vat lost for major break-downs of

the apparatus. The efficiency of the experimental sroupi using Q

ka. keen slightly weru: i t can be estimate*' to be SOI by dividing

the total lumber of useful t r i n a r ( wklch hsve been actually record-

ed and the calculated ones. Nay be I am pessimistic, but my f s e l i s i

i s that u.ini n to repeat bubble chamber experiment, ha. not been a

|ood investment. Lac us hops that the SPS operation will be more

fruitful.

I - grateful to . .ay colleague, for illuminstin, d i .cu . . i .n . and in

particuur to , . Son«.r.,«.r for h i . encouraging . u , , . . t i . n . .
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TABLE I I - CEKW OHEGA SfECTKOMrTEB

MAGNET Superconducting c o i l a - Cap voluae 6x6x1.5 a

FIELD 1.8 T - Good p i T H i C i i n t l o n to • few tens of * Caus*

SPARK CHAMBERS Optical - Pluabicon c i i t r n for digitisation

Poor target surrounding

READ-OUT Plumbicon with 12-18 asec dead t i l l
KiidutioD 1 CM * Zero crossing for different brightness

ACCURACY I 0.5 DID ( S t a r r i n g corrected off-Una)
K*-vidth - 14 H«V due to bad extrapolation in target region
ip/p n, 0.7S

TAS.GE7 30 or 60 ca (H2/32)

BEAM up t o 19 G e V / c u n s e p a r a t e d ( I t K, 3X. p , IF i d e n t i f i c a t i o n )
Hoaentua aeaaured to O.3Z (ang le 0 .2 ar«d)

DATA TAKING RATS Typica l ly 500 s i e c over 2.S HC (or 400 I K E over 2 aac)
15 t r i g g e r / b u n t tatutatti (-. lOOub croat u c t i o n and 10st)

TRIGGEK FACILITIES Target Side Scintillation counter (avoid plate interaction)
KHFC a f t e r target ( • u l t i p l i c i t y >
Atioapheric pressure ferenkov (n froa E,p 2.7 - 9.1 C»V/e)
Righ p r e t t u r e J<r«ckov ( « , K f r o . , 5 -10 GaV/c)
How proton counter (<1 CcV/c)

TYPICAL BREAKDOWNS Coapretior, Data Acquiaition Coapute^, HlffC, Spark loxea.

Fig. 1 - Uyout of the CERM OHEGA spactroMtcr, Sae Tabl. 2 for technical d e t a i n ,

CtfHsi (lull)

A.
A

A
A
A

A,
X

A
A

M» CM M l H*T CiO M l OAf OM a ) | o«r U > ON

M l r v l Otv/e1

Fig. 2 a - Plots of K* aaaa for different claaaea of events together with the corre-
sponding calculated distributions. Full lines at* Breit-Wignar functions
fitted within the aaaa t i a i t i ahown by arrows, (turn the internal report
HT/OH/601).

Kg- 2 b - Hi , t in , • , ( . to i V

in the reaction • p * * t n

ac 12 GeV/c. (Fcon the

internal report W/OM/S30).



si I
O I

•s. mz -

M2 |pn-] (GsV/c!)s

Fig. 4 a - Distribution of the (pit") effective naas squared in the
V* topologies found by the analysint program ROMTIO.

reaction for all

2.90

Hi. 3 a - mvirlnt •••• dlitrlhitlon (uncorr.ct.d for iccipuno) of tin <•*•"•*)-
rit for tlrt rcaetioa t p * u'n. (Raf. 4>.

looo.-

000 20 .40
-t GlV*

!
IT

gu
,t)

.'2
;;
&

i n

100

n

• 2412 EVENTS

}j,
f-

•

+
M* IX'

Ha. 5 k - » • «'P - « diff.r.Mi.l cra.a ..cclot. >..i~lii.« c. 23.t «b. " « • * b " M i " i n e •»•» "!«•£«•' » ' •» .* ' « cventi with both K and
with either the K or the n missing. (Ref. 5).

mcaaured or



30,

20'

* Sn

F i | . I t - t f fact iva a a » distribution for It p «C-f It avanta in t i n raactlon
K*p - I t ' J p p . (»af. 7>.

MlK'lO

Fig. 6 b - Effactiva aaaa diatribution (without aecaptanca corraction) for K K
coabinationa in tin raaction R*p * C ' l t V p , (Rat. » ) . Tha daahad Una
ahova tha aaaa plot (or tha a i i i l a r raaction X*p » lt"K*lt"p at alacit
cha aaw incidant anaxntua (10 CaV/c inataad of 12 CaV/c), (K.f. 5) ,



1

MASS Or(!«T)-ro3 0 K W

TBACKS rS0M V-2EBO

VnIVi — n..
MOO • M2Q

(pTf )HASS

for all V* topolofits tb« tri$|tr.

.A 1
1
1 v

J \

F i | . 7 b - Coabincd AN • • • • ipictrw for tht final at*ua App, Appn** Apnit . Thr
dashvd aria corrtipondt to unmithttd •vnntt. (Kef. 10),



i\) ' f>> ' i'-S 3-2 3l> 4-6 4:4

3;2

z

jj

10

20
A
24

M(75A")

28 37

M(V"p) •

Oev/c2

3̂ 6

GeV/c2

4-0

A,
and Vs*

fi
2 5 "if* ^:G 3-2 ""3^6^*" i-0 <*•£

MWpTT) GeV/c2

Fig. 9 - Effectivt mass distribution* Apff*. At *, 7"*p in the ruction K*p*Ap* n.
(R*f. 10), The peak at 2.5 G«V/c2 for tht "exotic" conbimtion i t not
fully understood yet.

200

100

l 200

100

I

200

100

b) «2 PRCiiGS

O6003 Events

a 2220 Events

O 3040 Events

a 1306 Events

Fig. 10 - Mitlin, „ . , . , u « r « d c o t h t A l B t h . r . . c t i m , • . A .
oorr.,pond to u1 > -0.5 (teWe*)*. (Rcf. 12).



- 247 -

MASS

3.0-

2 0 -

PLOT"

• • •

*t • *
• •

t • • • • *

#» 2» •
• • • •

- • - -
•

• t

• • • • • •
ttti • • •

* • •
>t «• * • » • * • t

t* • f M — •• •

• • •*•<
• «»• •

»•*»> f t •
t t • ••«

>• • •
• * • • *

• • <
> • * • *

. . . -

•
i *
• f • -

I L> tC V

*»«t<2< 1 « » * I • • • • • • • »

« M l l f l • . ' !«•« I I »• • * • • • • • •
•«•• *J?/ 2*l l?l • • • • f» • ft • • • - . . . •

* • lW/*/ lf J'l » 2 ! • ! • t • « • t
f ft2*»2Sl*« * •»*••• W*» 1 • • • , • • - -

• «z M»i.* • • ^ ^ ^ • t • •

} l 2 t f

• j «••*• • /?/•••* * * ! • • • • • * si* • » * • • *«s •

•4•**•!•/•«./••» «|f* t • «••• 22* • •

• i ftOftt *M%4?I *•?•» Jif*** • * **2 *S • • * *ft • ! * % •
S«SV*M f2**JI**4S Jl •!•{* * • • * 2*2 * • • • • • • • - - —

• • ( » • • t » •
* • t * • t • • • • -

O.0-
mi.
<UUCt '

EFFGCTNE

0.0 JO

Fig. 11 - Scatter flot_of the_e|fective mass K+w~ir" veraus K % + for the reaction
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