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In questa breve presentazione ci proponiamo di ricordare 1 primi
anni della lunga carriera scientifica di Filippo Ceradini,

Quegli anni, condivisi con lul, si inquadrano in una fase
entusiasmante della ricerca italiana in Fisica di Particelle,
caratterizzata da una grande vitalita e da una rapida evoluzione
di eventl, idee e risultati scientifici

Questa felice circostanza ci offre il privilegio ripercorrere,
Insieme con Filippo, quegli avvenimenti.



Un grande maestro

Un altro privilegio che abbiamo condiviso
con Filippo e quello di essere cresciuti alla
scuola di Marcello Conversi, un maestro di
grande spessore scientifico e umano

Insieme a Pancini e Piccioni dimostro nel
1945 che 1l muone recentemente scoperto
nella radiazione cosmica, non era la
particella prevista da Yukawa, sebbene ne
avesse la massa

Conversi fu 1n quei tempi 1l nostro “big boss”. Senza di
lui sarebbe iImpossibile raccontare questa storia



ADA, ADONE...
Inizio dell’era del COLLIDER

La ricerca che abbiamo condiviso con Filippo all’inizio delle
nostre carriere, s1 inquadra nel contest dello studio dell’interazione

ete ad Adone, che ¢ anche 1’1n1z10 della storia de1 “colliders”

Verso la meta degli anni 60 fu realizzato, nei LNF 1l primo
collisore della storia, un anello di qualche metro di diametro, dove

si accumulavano fasci di e ed e circolanti in versi opposti, per
poi farli collidere tra loro

S1 trattava ancora di un dimostratore, a cui fu dato 1l nome di
ADA= anello d1 accumulazione, un acronimo che era anche 1l
nome della zia di Bruno Touschek, un altro personaggio
fondamentale di questa storia che, con una intuizione
straordinariamente lungimirante, creo 1l collisore



Un altro grande maestro

Bruno Touschek fu una
delle piu brillanti menti
scientifiche di quel tempo

Fu 1l caposcuola di un
gruppo di fisici teorici di
grandissima eccellenza




Ada grande =>Adone

La storia in comune tra Filippo e no1 comincia ad Adone, 1l primo collisore
costruito con un chiaro mtento di fare fisica a 3 GeV (!!) nel centro di massa

del sistema eTe™

[’1dea miziale era di studiare I’elettrodinamica quantistica al piu alto momento
trasferito mai ragguto prima

[ processi a cui si pensava erano principalmente a due corpi:
ete” mete ;ete" s putu;efe” o™, efe™ -y
La Natura c1 presento una realta pru complessa € molto piu interessate. ..

[1 primo problema su cui Filippo ed io ci trovammo a collaborare fu la misura
di un parametro di macchina fondamentale: la luminosita
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Fisica. — A monitoring system to measure the absolute luminosity
of a machine operating with e¢* , e colliding beams. Nota di Guipo
BaArBIELLINI, BrRuno BorGia, MArcerLLo ConNvERsi e RinaLDO
SanTonico, presentata @ dal Corrisp. M. CONVERSI.

RIASSUNTO. — Si descrive un dispositivo sperimentale, da installare presso una macchina
acceleratrice a fasci collidenti di elettroni (e%, ™), per misurarne la « luminosita » assoluta
utilizzando come « monitor » il processo e* ¢~—e® ¢~ («scattering » di Bhabha o di Moller).
Sulla base di misure eseguite sulle varie parti di cui il dispositivo & composto, si conclude
che questo pud consentire di determinare con una precisione del 29, circa, la luminosita asso-
luta (mediata su ~1 hr di misura) di una macchina del tipo dell’anello di accumulazione
«Adone » in costruzione nei Laboratori Nazionali del CNEN a Frascati (Roma).

1. — For any process produced by two colliding beams, the rate, 7, of
the events detected with efficiency » by a given apparatus, can be expressed

as [1]
(M

where ¢ is the cross-section of the process integrated over the solid angle of
the detector and L is a parameter, the Zuminosity, which is characteristic of
the machine only. For some experiments, such as those requiring the deter-
mination of the cross section ¢ of an unknown process, detected with a known
efficiency v, a knowledge of the effective value of L over the duration of the
experiment is essential. Such knowledge can be achieved through Eq. (1), by
measuring with known efficiency the rate 7 of events due to a “ monitoring
process ”’ for which the cross section is known without ambiguity.

We describe in this note a monitoring system based on Bhabha or Moller
scattering (e* e~ — e* ¢7). It has been developed in view of an experimental
investigation to be carried out with the Frascati storage ring ‘ Adone ™ [2],
on the reaction ¢t e~ — ut p~. Since it is planned [3] to measure the cross
section for this reaction, in the GeV region, with an accuracy of ~ 5 9%, the
monitoring system must have an accuracy in the neighbourhood of 2%, or
better. Thus the system (details of which have been reported elsewhere [4] [5])
is of a rather general interest, being accurate and applicable to any machine
operating with e¢* , ¢= colliding beams.

n = Lno
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2. — A cross sectional view of the monitoring system is given in fig. 1,
which refers to the installation planned for Adone. The source S of the
scattering events is a small region [6], near the center O of the special straight
section (fig. 1). O is the point where the e, e~ beams should ideally meet.
The scattered particles (¢* or ¢-) are recorded if they produce any of the
four electronic coincidences (P1C1S1C3S3), (P2C2S2CaSa), (P3CsS3CiSy), (PaCaSaCaSs)
among the counters P;,C;,S;,(z=1,2,3,4) described below.
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Fig. 1. — Vertical cross-sectional view of the monitoring system, as it will be installed on a
special straight section of ““ Adone ”, provided with 1 mm steel exit windows, perpendicular
to the donough axis. The monitoring events are produced by e+ , e— scattered at small angle
(3,52 to 6,1°) in the interaction regions, S, around the ideal beam intersecting point O.

P, are plastic scintillators .1 c¢m thick (3 cm and 9 cm are their other
dimensions) used to define the solid angle of acceptance of the scattered
particles. The scattering angle has then to be from 3.5° to 6.1°; small enough
to insure that the scattering cross section can be described by standard electro-
dynamics, using unit form factors and unmodified propagators. If the
center of the beam intersecting region undergoes a little displacement A from
the ideal point O, this causes an increase of the flux of scattered particles
through a given counter, say P1, and correspondingly a decrease of the flux
through the opposite counter, P3. Thus, the sum of the counting rates for
any pair of coincidences (P;C,S;C;19S,19) corresponding to counters on opposite
sides of O, turns out to be [4] independent of first order terms in A, provided
that the solid angle from O to P; is always covered (as it is apparent from
fig. 1) by the counters C ,S;.
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We present a counter system designed to measure the luminosity
of Adone, the Frascati ee~ storage ring, by detecting electron—
positron pairs scattered at small forward angles. Characteristics
and performances of the apparatus are discussed on the basis

1. Apparatus

The luminosity monitor here described is a slightly
improved version of a previous one, already pre-
sented'*?). It is designed to measure the absolute
luminosity of Adone with an accuracy of 5% by means
of the Bhabha scattering

ete” m-ete, (D)
in a small forward solid angle: 3.3°< 0<6.0°. The
space-like momentum transfers, g? = —4E? sin? 10 ~
— E?0%, where E is the beam energy, involved in this

process are limited to small values so that the meas-
urement of the cross section

2\ 2
do =4r5<mc> _l_,
de E Ja*
would be unaffected by a possible breakdown of
quantum eledtrodynamics. The counting rate for the
average luminosity of Adone is about 10° events per

hour.
The apparatus is made up of four symmetrical counter

of the results collected during several months of measurements at
energies of 600 to 1500 MeV per beam. The results are found to
be in agreement, within the quoted systematic errors, with
those obtained by a single bremsstrahlung luminosity monitor.

telescopes named 1 to 4 in fig. 1. Each telescope consists
of three scintillation counters:

1) a small counter, P, which defines the solid angle;

2) a counter, G, placed behind counter P;

3) a shower counter, S, which discriminates against

low energy electrons (positrons).

Counters P have transverse dimensions of 3 x 9 cm?2
and thickness 0.1 cm; they are viewed by a single
photomultiplier through an air light pipe in order to
correctly define the accepted solid angle. Their dis-
tance from the median plane of the machine is known
within an uncertainty of 0.05 mm by means of an
optical system. In order to reduce the effects due to the
interaction of electrons (positrons) in the vacuum cham-
ber walls, counters P are placed behind a small steel
window 0.1 mm thick.

Counters G have transverse dimensions of 5.6 x
11.6 cm? and thickness 2 cm; they are viewed each by
a single photomultiplier through a plexiglass light pipe.
Each pipe is connected to the end of the scintillator
away from the beam line in order to equalize the lengths
of the light paths.
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Fig. 1. Cross sectional view of the monitoring system. Counters P;, G; are plastic scintillators. Counters S; are *“*sandwiches” (0.5 cm
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2. Detection system
The events originated from process (1) are charac-

terized by the following properties:
1) the scattered particles are collinear;
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Fig. 2.’Pulsefheight distributions, normalized to the same area,

of one of the shower detectors, S;, for electrons of the indicated
energies. Zero pulse height corresponds to channel no. 8.
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Muon Pair Production by Electron-Positron Collisions in the GeV Region.

B. BorGia, F. CERADINI, M. CONVERSI, L. Paoruzr and R. SANTONICO

Istituto di Fisica dell’ Universita - Roma
Istituto Nazionale di Fisica Nucleare - Sezione di Roma

G. BARBIELLINI, M. GRILLI, P. SPILLANTINI and R. VISENTIN
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F. GRIANTI

Istituto Nazionale di Fisica Nucleare - Sezione di Genova

(ricevuto il 30 Settembre 1971)

Electron-positron annihilation into muon pairs

(1) ete™ - wtp-
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Fig. 1. — Vertical cross-section of the apparatus. €, are thin-foil spark chambers employed for space
reconstruction of the events. C,, C; are thick-plate chambers, in which e+ and e~ from process (2) develop
electromagnetic showers. (, are thick-plate chambers in which muons from process (1) are stopped.
C are (Cerenkov counters giving information on events not considered in this paper. Sparks from a real
e*e- —p*tu- event are shown.
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Measurements of the total cross-section for the reaction
ete— — h"fh_ S

where h is either a pion or a kaon, are reported here for center-of-mass energies
(B, + E_= 2F) ranging from 1.2 to 2.4 GeV. The experiment was conducted at Adone,
the Frascati ete— colliding-beam machine. These (*) and other results recently obtained
by another group (2) at Adone, extend those from Orsay (®)) and Novosibirsk (*) to




Osservazione di eventl a molte tracce

Nel controllo giornaliero degli eventi (=
fotogrammi) raccolti, il nostro super-tecnico
Giovanni Nicoletti (1’altro era Mario Bertino)
fu il primo a notare che, con una certa
frequenza, comparivano eventi che di trace ne
avevano piu di due

Era la prima osservazione di eventi a molti
corpi che furono subito identificati come adroni

Nella ricerca degli eventi multiadronici il
nostro riferimento sul campo fu Luciano
Paoluzi, una mente vivacisima capace di gestire
quasi da solo un apparato per quei tempi di
grande complessita




Osservazione di eventl a molte tracce

Volume 42B, number 4 PHYSICS LETTERS 25 Decembe

MULTIPLICITY IN HADRON PRODUCTION BY e* e~ COLLIDING BEAMS

F. CERADINI and R. SANTONICO
Istituto di Fisica dell’Universita di Roma; Roma, Italy

M. CONVERSI and L. PAOLUZI
Istituto di Fisica dell’Universita di Roma and Sezione di Roma dell’INFN; Roma, Italy

M. GRILLI, E. IAROCCI, P. SPILLANTINI, V. VALENTE and R. VISENTIN
Laboratori Nazionali del CNEN; Frascati (Roma), Italy

M. NIGRO
Istituto di Fisica dell’Universita di Padova and Sezione di Padova dell’INFN; Padova, Italy

Receiv_ed_ 26 October 1972

The average multiplicities (n) and (n), of charged and charged-plus-neutral pions produced in e’ e” collisions,

have been determined for total center-of-mass energies ranging from 1.2 to 2.4 GeV. No appreciable multiplicity

variation is observed over this energy range, where the mean values (n ) = 3.3:3:32 and (n) = 4.4:8:; are found.
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after the last plastic scintillators, were only used to observe the stop of muons

“main” apparatus (MA). The e* and e~ bunches travel perpendicularly to the figure plane. The

flash-tube and spark chambers placed externally,

Fig. 1. Cross sectional view of the
from process (2).



Eventl a moltl adroni osservati ad
Adone

La produzione multiadronica nell’interazione e e ™,
scoperta ad Adone, fu I’evento piu importante di quel
periodo e apri le porte a una fisica del tutto nuova

S1 racconta che M. Gellman, non appena ne fu informato,
capi immediatamente che quella era la prima dimostrazione
del modello a quark

La scoperta della J/\Y, fatta da S. Ting, confermata a
SPEAR e una settimana dopo ad Adone, va inquadrata in
questo contesto

La spettacolarita della J/'¥Y fini purtroppo per mettere un po
1m ombra la sconerta fatta ad Adone
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ANALYSIS OF THE DECAY MODES OF THE 5'(1600) MESON

F. CERADINI, M. CONVERSI, S.D’ANGELO, L. PAOLUZI, R. SANTONICO,

Istituto di Fisica dell’Universita di Roma and Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Italy

K. EKSTRAND, M. GRILLI, E. IAROCCI, P. SPILLANTINI, V. VALENTE, R. VISENTIN,
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and

M. NIGRO

Istituto di Fisica dell’Universita di Padova and Instituto Nazionale di Fisica Nucleare, Sezione di Padova, [taly

Received 28 December 1972

An analysis of a'n"n"n” events from e*e” annihilation yields preliminary evidence for the decay scheme
0'(1600) = p°(760) + €°(800). Assuming this decay scheme the coupling constant of the o' meson to the photon is

evaluated.
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MULTIHADRON PRODUCTION IN ete— COLLISIONS
UP TO 3 GeV TOTAL C.M. ENERGY

F. CERADINI, M. CONVERSI, S.D’ANGELO,
L. PAOLUZI and R. SANTONICO

Istituto di Fisica dell’Universita di Roma, Italy
and Sezione di Roma dell’INFN, Rome, Italy

R. VISENTIN
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Received 7 August 1973

New results on the multihadron production by electron and positron beams colliding with a total energy of
up to 3 GeV are reported. Disregarding possible kaon final states, the ratio °mh/°uy of the total multihadron
cross-section to the point-like cross section for process e*e™ — u*u™ has an average value of 1.58 + 0.25 in the
energy interval 2.6 —3.0 GeV. The average charged multiplicity over this energy range is (n) = 2.9 + 0.3.

The investigation of the electron-positron annihila-
tion into multihadron final states has provided some
of the most interesting results achieved with e*e—
colliding beams. The final state hadrons are believed
to be mostly pions [1] and a first result of great in-
terest, also for its possible connections to the results
on the deep e-p inelastic scattering, is the compara-
tively large value of the total cross section, 0.}, ob-
served at c.m. energies £, +E_ = 2E =+/s 2 1.5 GeV
for the multihadron reactions

ete” > dn nt +4n " +n n° . @))
These involve n_ (= 2;4;6...) charged pions and

ngy (=1;2;3...) neutral pions, with the condition
(since we want to exclude all two-body processes)
n.+ngy = 3. With reference to the point-like cross

section, 0,,,(0,,,, = 21 nb/Eéev), of the annihilation
process
ete” > utuT )
values as large as 1.5 — 4 have been reported for the
ratio o,/ 0, by various groups [1-3].

The average charged multiplicity, (n, and total
multiplicity, (n + n,), have been also determined
at various energies [2—4].

We report in this letter new data on the total cross-

section of processes (1) obtained at+/s = 2.6, 2.8 and
3.0 GeV. When corrected for a small contribution due

to the two photon annihilation reaction

ete” >ete Yy > ete X (3)
(in which the two y*’s are ““quasi real”” photons and
X represents a lepton pair or any hadron final state
with C' = +1) the average value of o, in the energy
interval 2.6 — 3.0 GeV is found to be o, =
(1.58£0.25) 0,

The ““main apparatus’ (MA) employed in the
measurements reported here consists of two wide-
angle counter-chamber telescopes (fig. 1) and can
be regarded as an improved version of one previously
described [1]. In particular thick concrete absorbers
and huge hodoscope chambers (of 2m X 4m sensitive
area) were added to the previous apparatus in order
to observe the muon stop from process (2), which
however, like all other two-body reactions, will be
disregarded in the present paper. The effective solid
angle of the MA for the hadronic events discussed in
this paper was about 1/4 of 47 from the center of
the ete— interaction region.

Events were analyzed and identified starting
from the chamber photographs of the MA. In addition
to the MA, however, two auxiliary pieces of apparatus
were also installed over the same straight section of
Adone: 1) A monytoring system [5] yielding with an
estimated * 5% accuracy the machine luminosity
from the measured rate of Bhabda scattering events



Gli eventi a 2 fotoni

VOLUME 32, NUMBER 7 PHYSICAL REVIEW LETTERS 18 FEBRUARY 1974

Muon Pair Production by Photon-Photon Interactions in e¢*e” Storage Rings

G. Barbiellini, S. Orito, T. Tsuru, and R. Visentin
Laboratori Nazionali del Comitato Nazionale per I’Enevgia Nucleave, Frascati, Rome, Faly

and

F. Ceradini, M. Conversi, S. d’Angelo, M. L. Ferrer, L. Paoluzi, and R. Santonico
Istituto di Fisica dell’ Univevsita di Roma and Sezione di Roma dell’Istituto Nazionale di Fisica Nucleave,
Rome, Haly
(Received 10 December 1973)

The photon-photon interaction has been investigated by e* and e” collisions at about 2,7-
GeV total energy. Evidence based on 34 well-identified events has been obtained for the
process e*e” —e*e"u*u”, hitherto unobserved. Such a process is found to occur in agree-
ment with theoretical predictions based on the equivalent-photon approximation. Results
on 74 events from the process e*e” —e*e"e*e” are also reported.
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INTERNAL WIDE COUNTERS (T_)

ANGLE TELESCOPE
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FIG. 1. Schematic view of the general setup. The ‘“shower counters,” S, were used to veto events involving pho-
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TWO-PHOTON ANNIHILATION INTO PION PAIR

S. ORITO
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and

M.L. FERRER, L. PAOLUZI and R. SANTONICO

Istituto di Fisica dell'Universita di Roma and
Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Roma, [taly

Received 20 December 1973

The first e\penmental study of the interaction yy — n*n~ has been carried out in the region of ¢(660) through the
reaction e’e”— e*e n*n". Based on two observed events, the vy w1dth of €(660) is obtained to be L eyy *9: 6_8 0 > keV.

Apphed on this, theory of P.C. D C. anomaly predicts R _ = 5. 8_3 s for the asymptotic value of
o(e*e” - hadrons)/o(ete™ — u*u ).
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Fig. 2. — Cross-sectional view of the wide angle telescopes.



Ricerca di leptoni pesanti
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A SEARCH FOR HEAVY LEPTONS WITH ete™ COLLIDING BEAMS™

S. ORITO, R. VISENTIN
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Received 15 October 1973
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A search for heavy leptons has been carried out with the Frascati e’e™ storage ring by looking for (ue) pairs. A
lower mass limit of 1.15 GeV, with 95% confidence level, is obtained for various types of heavy leptons.

The puzzling question of the muon-electron uni-
versality has stimulated the idea that a sequence of
leptons heavier than the muon may exist with their
own neutrino partners. Some of the recent attempts
to develop a unified renormalizable theory of weak
and electromagnetic interactions [1] have also intro-
duced heavy leptons, E* and M*, which have the
same lepton number as e¥ and u¥, respectively. A low-
er mass limit of 490 MeV is claimed for these hypo-
thetical particles, based on the fact that they have
never been observed in K-meson decay. Various exper-
iments have been performed to improve this lower
limit [2, 3].

In this paper we report a search for heavy leptons

performed with the Frascati e*e~ storage ring, Adone.

We consider the production process
ete” >H'H™
through the one photon channel, where H* represent
the heavy leptons in general. The final states searched

for are generally non-collinear (ue) pairs coming from

the following H-decay modes;
HY — FH e+ve or FHu+V“
(1)

H S e or VHM_V“.

improved version of the one previously described [4]
and consists of two movable counter-spark-chamber
telescopes (total weight 80 tons) placed on opposite
sides of Adone’s vacuum chamber. The thin-foil spark
chambers C; closest to the beam line are used for the
precise reconstruction of particle trajectories. Typical
accuracy is = 2 mm in space and * 20 mrad in angle.
The other track chambers are thick plate chambers, in
which high energy electrons develop clearly observable
electromagnetic showers and muons are identified by
their penetration and by the absence of nuclear inter-
actions. The perpendicular thickness is 125 g cm—2
(9.2 radiation lengths mainly in iron) from the beam
line to the end of spark chamber Cg, and 290 g cm—2
in iron to the scintillation counter Sg or to the spark
chamber Cg. The angular acceptance of the telescope
is @ = 90° £ 40° and ¢ = 90° + 40°, where 6 is the an-
gle from the incident beam, and ¢ the azimuthal angle
around the beam (¢ = O at the normal to the beam or-
bit plane).

The colliding section was also equipped with a for-
ward-electron tagging system [6] by which we could
reject a potential source of background from the pho-
ton-photon process ete~ —ete— utu—, by detecting
the forward-scattered et or e—.

Data were taken at incident e* energies of 1.5, 1.4
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INVESTIGATION OF PHOTON-PHOTON INTERACTIONS
BY e e BEAMS COLLIDING WITH 2.7 GeV TOTAL ENERGY
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Résumé. — Linteraction photon-photon a été étudiée dans les collisions e* e~ a une énergie
totale d’environ 2,7 GeV. Le processus et e~ —»e* e u* x-, qui n"avait pas été observé jusque-la,
a été mis en évidence par 34 événements bien identifiés. On a constaté, pour ce processus, un bon
accord entre le résultat expérimental trouvé et les prédictions théoriques basées sur 'approximation
des photons équivalents. Par ailleurs, nous donnons également des résultats concernant 76 évé-
nements du type ete— —>etreerer.

Abstract. — The photon-photon interaction has been investigated by e* and e~ collisions at
about 2.7 GeV total energy. Evidence based on 34 well identified events has been obtained for
process et e et e ut u, hitherto unobserved. Such a process is found to occur in agreement
with theoretical predictions based on the equivalent photon approximation. Results on 76 events

Collogque C2, supplément au n® 3, Tome 35, Mars 1974, page C2-9

from process et e » etiemretic

1. Introduction. — Electron colliding beams pro-
vide a means at present unique for investigating the
photon-photon interaction at high energy. The
appropriate e* e~ collisions are those in which the
outgoing e* and e~ are detected at very small angles
with respect to their incident directions, in coincidence
with other particles produced at large angle. Thus
one selects events in which two « quasi-real » pho-
tons, y*, are emitted and annihilate according to
the reaction

=+ = =i

efem s> ete pry*x 5 et e” X

into a system, X, which may be a lepton pair or a
hadronic system with C = -+ 1.

We report in this paper the results of an experiment
carried out with the Frascati e” e~ storage ring,
Adone, in runs performed at an average total energy
(E, + E_ = 2 E = \/s) of 2.7 GeV, for an integrated
luminosity

j Ldt = 290nb~ ' (™).

(*) Runs were carried out, more precisely, at £ = 1.3 GeV
for J L dr 160 nb ! and at £ 1.4 GeV for 130 nb '. Other
results, obtained at £ — 0.8 GeV with essentially the same

apparatus, were recently reported elsewhere [1].

are also reported.

The results refer to 76 events corresponding to the
process

PP e e (1
34 well identified events coiresponding to

PR AU £ 2
and 2 candidate events for the reaction

yy > nt nT . 3)

The experimental results on process (2) agree with
the theoretical predictions based on the equivalent
photon approximation (EPA). The same is true for
process (1) with the exception of a well identified
class of events (~ 20 %)) where one of the intermediate
photons is out of the mass shell and the EPA cannot
be applied (see Section 5).

2. Data recording. — Figure 1 defines the relevant
kinematical quantities. After the e’ e~ collision, a
final state e e~ P, P, is produced, in which two
particles, P, and P,., are present as a result of one of
the annihilation processes (1), (2), (3). These particles,
emitted at angles 0,, 0, and with momenta p,, p,,
are detected by a system of two wide angle (WA)
telescopes as sketched in figure 2, and will be called
« WA particles » in what follows.
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The reaction ete——>ete~X, where X is a hadronic system, provides a powerful
method of studying the coupling of the C = -+ 1 mesonic states with two photons.
In particular, if the hadronic system is a resonance R of mass M and spin J, its decay
width in two gammas /'y _,., can be obtained by measuring the cross-section o of the
process ete-—>ete R that, in the equivalent-photon approximation (%-3), is given
by the equation

8(2J + 1)
o= ——

(1) o

o2 I'g s [(HD) .

In this relationship « is the fine-structure constant and the function f(#) takes into
account the virtual-photon energy spectrum at the energy F# of the colliding beams.
In this paper we study the interaction ~vy-—>multihadrons through the process

ete— — ete— multihadrons .

The experiment was performed with Adone, the Frascati et, e~ storage ring. The experi-
mental set-up is shown schematically in Fig. 1. It consists of two tagging systems (%)
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In a study of neutrino interactions occurring in nuclear emulsion, an event has been found that is most readily
interpreted as the decay of a charmed particle with lifetime a fcw times 10713 .
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Fig. 1. Lateral view of experimental set-up indicating spark chamber triggering logic. The event vertex is determined within a small
fiducial volume by tracing back into the emulsion stack the tracks observed in the wide-gap chamber. The shower detector al-
lowed us to “see™ particle tracks and to determine the energy £ of a primary electron or photon for approximatively 0.5 < £

<10 GeV.
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Fig. 2 a) Microphotograph showing a neutrino interaction in the_ wide gap chamber. The dete.ctlon efﬁcicncy ot
(Vertex A) involving the emission of a charged particle (track the wide gap chamber becomes quite low for oblique
4) which undergoes a secondary process (nuclear interaction tracks making angles greater than 20° with the axis of
or decay) aftor 182 um (Vertex B)‘tn';fc m?;‘ti'zurm i°"BiZi1'_“‘ the system. Taking this into account and also the ef-
- 9 . . . . > Q . . > & w’ A o 5
particles with negative dip are seen to o am 2 fect of the multiple scattering suffered by the particles

further tracks ot minimurm lonizing particles (tracks 2 and 3
with positive dip) are not shown in the photograph. The blob

along their path in the emulsion, the correlaticon he.
to the left ot B is unassociated with the event. (i’ L0 il 4



CERN
SERVICE D'INFORMATION
SCIENTIFIQUE

Volume 84B, number 1 PHYSICS LETTERS 4 June 1979

ON THE LIFETIME OF CHARGED CHARMED PARTICLES
FIRST DIRECT OBSERVATION OF A CHARMED BARYON DECAY
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Two new examples of production by neutrinos and subsequent decay of charged charmed hadrons are reported. To-
gether with two similar events reported previously they show that the lifetime of charged charmed particles is in the neigh-
bourhood of § x 10~3 s, as expected from current theorstical models. One of the new events is identified as a baryon
Ayg of mass 2.295 + 0.015 GeV/c? which undergoes the decay process Ag - pr*K ™ with a proper decay time (7.3 £ 0.1)
X107 s,



