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The sixties, the years of QED and leptons
The back-story of the Bologna group

The CERN-Bologna-Strasbourg scientific
program to study the time-like electromagnetic
form factor of the proton

Zichichi became professor at the Bologna
University and formed a second Group BCF
("Bologna —CERN- Frascati)

The vaste program of research of the BCF group
at the Frascati e+e- storage ring ADONE

NOTICE In 20 minutes there is no time to discuss the beautiful theoretical

aspects of such an interesting field as the lepton family, both the QED themes

and the leptonic weak interaction. | prefere to describe the really great experimental
work done in few years (from 1965 to 1972) by enthusiastic people, physicists,
engineers, electronics, mechanics and group technicians.



The back-story of the Bologna group

IL NUOVO CIMENTO

Vor. XXIV, N

Proton-Antiproton Annihilation
into Electrons, Muons and Vector Bosons.

A. Zicuicar and 8. M. BERMAN (*)
CERN - (feneva

N. Casiso and R. Garro

Universita degli Studi - Roma e Cagliari
Laboratori Nazionali di Frascati del CNEN - Roma

(ricevuto il 20 Gennaio 1962)

Summary. — The possibility of achieving relatively high intensity anti-
proton beams has prompted some considerations on the rather rare
annihilation channels of the proton-antiproton system. We propose
i) to study the two-electron mode as a means of investigating the electro-
magnetic structure of the proton for time like momentum transfers;
ii) to study the two-muon mode and compare w1th the two-eleciron
mode to investig ; cavy_electron
for large time like momentum transfers; iii) to mvestxgate the existence
of weak vector bosons by the modes p+-p-~B+B and p+p-—~>B+m

1o Aprile 1962 ‘

Theoretical Discussion of Possible Experiments
with Electron-Positron Colliding Beams.

N. Casisso and R. Garro

Istituti di Fisica delle Universita - Roma e Cagliari
Laboratori Nazionali di Frascati del CNEN - Frascali {Roma)

(ricevuto il 2 Febbraio 1961)

1. - We discussed recently the possible determination of the pion form faetors
from the reactions e*-+~e-—n= ('). There is at present a definite interest, particularly

in Frascati, in the realization of electron-positron colliding beams. In this note
we shall briefly present some !‘um @ 0 considerations on high energy
electron-positron experiments.

2. - High energy e+.e- experiments can test the validity of quantum electro-
dynamics at_small distances. There are two other aspects of such experiments

that we want to siress:

i) The possibility of exploring form factors of strong interacting particles,
These form factors are explored for timelike momentum transfers. Eleotron scat-
tering experiments — whenever possible — can only explore spacelike momentum
tranfera,

ii) The possibility of carrying out consistently a ¢« Panofsky program ¢, i.e, the
exploration of the spectrum of masses of elementary particles through their inter-
action with photons. This program can be extended to include the exploration
of particular classes of unstable states,
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The CERN-Bologna-Strasbourg scientific program to study
the time-like electromagnetic form factor of the proton

IL NUOVO CIMENTO Vor, XXXIX, N. 2 16 Settembre 196

A New Electron Detector
with High Rejection Power against Pions.

T. Massam, TH. MULLER (*), M. ScuNeecANs (") and A. ZIicHiCcHI
CERN - (Geneva

(ricevuto il 21 Maggio 1965)

Summary. — An electron detector, which consists of five elements, each
one being made of a lead layer followed by a plastic scintillation counter
and a two-gap epark chamber, is described. The rejection power of
thig new Eet_octor against pions 1% of the order of F 4 -10-‘} the Eaielen:;
for electron detection varies from 759, to 859, and the enérgy reaolution
can be as good as 109, in the energy range 1.1 GeV to 2.5 GeV,




To my knowledge the Zichichi group was the first to use hadron-hadron collisions
to study e+e- yelds from the proton accelerators. This group was the first to
develop the “Earlier Shower Development Method” so as to greatly increase the
electron / pion rejection. (S.Ting Nobel Lecture, 11 december 1997)
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The neutron detector and the development of the
time-of-flight technique
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a) attenuation length (*): 2 = (385 4 50) em ,
b) refractive index (7): n=1.56-10.03,

¢} density : 0

{1.17 = 0.01) g/em?,

Neutron spectrometer arm of Zichichi's group vector meson
experiment at CERN.



The Time-of-Flight principle

TIME MEASUREMENT IN LARGE-AREA SCINTILLATION COUNTERS

==

let L - distance between PMD and FHU
X = distance of the particie hit from A1
V < "effective’ speed of collected light (2bout IS5 cm/ns)
TO = particie’s hit time relattve to the trigger time
Ti=TstopD - Tstart = TO + X/V + const
T2 =TstopU - Tstat = TO + (L-X)/V + const
- hit position:
X=Vvx(Ti-T2W/2 - coast

- hit time.
TO={T1+T2M/2 * const

Fig- 13: Timc measurement principle in scintillation counters.
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A Measurement of the Branching Ratio « — Neutrals/m — Total.

D. BoLrLiNt, A. BUHLER-BROGLIN, P. DALPIAZ, T. MAssAM, F. NavacH (%),
F. L. NAVARRIA, M. A. SCHNEEGANS and A. ZICHICHI
CERN - Geneva
Istituto di Fisica dell’Universita - Bologna
Istituto Nazionale di Fisica Nucleare - Sezione di Bologna
Centre de Recherches Nucléaires - Strasbourg

_ _ . Observation of the Rare Decay Mode of the p-Meson: o —ete-,
(ricevuto il 29 Aprile 1968)

D. Borrini, A. BunLEr-BroGrIN, P. Davrpeiaz, T. Massay, I'. NAvacH,
F. I.. NAVARRIA, M. A. SCHNEEGANS and A. ZICHICHI
CLRN - Genera
Istituto di Fisica dell’Universila - Bologna
Istituto Nazionale di I'isica Nucleare - Sezione di Bologna
Cenire de Recherches Nucléaires - Strasboury
Evidence for a New Decay Mode of the X°-Meson
(ricevuto il 31 Maggio 1968)
D. BorriNi, A. BUHLER-BROGLIN, P. DaALPraz, T. MASSAM,
F. NavacH, F. L. NAvArria, M. A. SCHNEEGANS and A. ZICHICHI

CERN - Geneva
Istituto di Fisica dell’ Universita - Bologna
Istituto Nazionale di Fisica Nucleare - Sezione di Bologna
Centre de Recherches Nucléaires - Strasbourg

(ricevuto il 13 Settembre 1968) A Measurement of the ¢-Meson Production Cross-Section
in = p Interactions at 2.13 GeVl/e.

D. BoLLINI, A. BUHLER-BROGLIN, P. DALPIAZ, T. MASSAM,
F. NavacH, F. L. NAVARRIA, M. A. SCHNEEGANS and A. ZICHICHI
CERN - Geneva
Istituto di Fisica dell’ Universita - Bologna
Istituto Nazionale di Fisica Nucleare - Sezione di Bologna
Centre de Recherches Nucléaires - Strasbourg

(ricevuto il 23 Novembre 1968)



A New Large-Acceptance and High-Efficiency Neutron Detector
for Missing-Mass Studies.

D. BorLrini, A, BUHLER-BroGgLIN, P. Darpiaz, T. Massay, F. NAVACH,
F. L. NAVARRIA, M. A. SCHNEEGANS, F. ZeTT and A. ZICHICHI

CERN - (lenera
Istituto di Fisica dell' Universila - Bologna
Istituto Nazionale di Fisica Nucleare - Sezione di Bologna
Centre de Recherches Nucléaives - Strashourg

(ricevato il 20 Dicembre 1968)

Summary. — A large-acceptance and high-efficiency nentron  detector
is described, The sensitive surface and volume of the detector are 2.16 m?*
and 0.78 m?, respectively. The detector consists of twenty-four elements
of plastic scintillator, cach having dimensions (100 x 18 x 18) em?®, The
large volume of seintillator, in the partieular geowetrical arcangement
chozen, allows a mean detection efficiency of about 25% in the range
(70--390) MeV neutron kinetie energy for a laboratory solid angle of
0.14 sr at 4 m radial distance, With the techniques adopted, calibrations
with charged particles can be easily performed in a few hours using a low
beam intensity. An interesting feature of this instrument is the aceuracy
achieved in locating ineident particles, which is 4 1.4 em for charged

particles,_and 2.5 em for neutrons. The accuracies achieved for the

time-of-flight measurement are 4-0.35 ns for charged particles and 4 0.7 ns
for neutrons. With these resolutions in the neutron time of flight and

angle, the uncertainty in the missing mass is ~4 MeV" for », + 10 MeV
for ©. and 415 MeV" for ¢ micsons,

Normally the paper treating
the performances of the
experimental set-up

is written after the

physics output papers

of an experiment.

The experimental techniques
used here

were extensively used by the
BCF group in Frascati




The origin of the Frascati Experiment at

AMNNNIT

lNFN/AE-GG/lO
T Novembre 1966

M. Bernardini, P.Dalpiaz, G.Fortunato, T. Massam, G, Petrucci and A,
Zichichi: EXPERIMENTAL INVESTIGATIONS PROPOSED FOR "AMONE! _
(Bologna-CERN-Frascati Collaboration)

(Paper presented by A, Zichichi at the M ectirg on Colliding Beam Ixperi-
ments, Frascati, Italy, 21-22 February, 1958),

Topl view I Cross saclion SPECTROMETER MAGNET
-— 400 | ——et 5 jbdl * 7000 gaussxm
f ¥ J ; i B af ceatre = 3000 gawss
s .é. Lros weight & 50 Loa
i o l . Copper waght = {,5Lon
t T 5 Excilation power = 250Kw
{ _é' Hogaers Pr&t/uml = 200,000 Fr So.
!:‘_ { 3 ‘ - \l_l Foin Solid orgle ceceplance farnts
= '._.!.___ i R ] [zl o P = = O ¥sterad
: i T\ Circnlating
260 , E¢em
'
08 T t
| aife
' ' ) A L
2 e WV ¥ . B oM.
: ' -
-




La proposta finale del gruppo di Bologna

BCF

Istituto Nazionale di Fisica Nucleare
Sezione di Bologna

INFN/AE-67/3

20 Marzo 1967

M, Bernardini, D, Bollini, E. Fiorentino, F, Mainardi, T. Massam, L.
Monari, F. Palmonari and A, Zichichi. (Bologna-CERN-Frascati colla-
boration): A PROPOSAL TO SEARCH FOR LEPTONIC QUARKS AND
HEAVY LEPTONS PRODUCED BY ADONE. -

1. - INTRODUCTION -

The experimental set-up studied in the present proposal takes
into account the financial limitations which have been imposed on our
previous project(l),

The limitations are two-fold:

i) as a magnet cannot be used there will be no magnetic analysis and
S0 our proposal(l) of checking C~invariance must for the moment be
abandoned;

ii) as the money ‘available is very restricted the spatial resolution of
our fast trigger is worse, i,e, A0=100,

We will concentrate on the study of two main topics:

a) Production of leptonic guarks;
b) Production of heavy leptons,

Zichichi had been called
at Bologna University
by prof.Puppi.
Local group leader was
prof. Monari, particle
physics expert grown
in the Bubble chamber
group held by Puppi.
prof.Bollini had already
his training at CERN
in the CBS experiment.
He was brinding the
experience of the new
experimental techniques,
was en electronics and
software and calculus
expert



The ADONE bible: from https://www.sif.it/riviste/sif/sag/ricordo/gatto

Back to Italy, in 1960, Gatto became the director of the newly formed theory group at
Frascati laboratories. He found there, as junior partner, Nicola Cabibbo, (..)

Frascati was busy building an electron-positron collider, a big machine that followed
the pioneering work done by Touschek and collaborators with the accumulation ring
AdA (Anello di Accumulazione). A larger version of AdA, was called Adone (big AdA,
in Italian) and it was the sensation of the moment.

Great expectations were raised about the results to be obtained in what was the first
exploration of Electrodynamics at high energy. Raoul Gatto and Nicola Cabibbo wrote
a long article that summarised the theoretical situation of the high-energy electron-
positron collisions. It was called The Bible by people in Frascati and showed very
clearly the potential for elementary particle physics of future experiments with Adone.
As later recalled by Cabibbo, writing this paper they had the exhilarating experience
of expanding into a vacuum because for a few years the only theoretical papers on
the physics of e+e— annihilations were those coming out of Rome and Frascati. (..)

In 1960, independently of Schwinger and Lee and Yang, Cabibbo and Gatto
formulated the hypothesis that there is a muon neutrino different from the electron
neutrinos, noting that two massless neutrinos with exact muonic and electronic
number conservation would make the amplitude of the decay y — e y to vanish
exactly, as suggested by data.



The e+e- cross sections introduced in the proposal based
on the
Cabibbo and Gatto Bible
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The e+e- cross sections introduced in the proposal based on the
Cabibbo and Gatto Bible
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The new proposal with no magnetic field.
The enhanced performances to separate €, mu and
mesons
took advantage of the two techniques developed at
CERN
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Some picture testing the BCF group work in Frascati




The time-of-flight technique to distinguish cosmic ray
particles coming from outside from those produced at the
interaction vertex of the e+e- collision
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The early shower technique to separate electrons from muons and
pions. Photo were scanned and tracks characterized by 6
parameters.

A for that time advanced BDT was defining three populations on the basis of a
CERN calibration of a copy of the sandwich of spark chambers
an electron a muon




The first two ADONE papers

V. ALLEs-BORELLL, o al.

12 Dicembre 1970

Lretlere @l Nuore Cimento
Serie 1, Vol. 4 pagz. [I56-1159

Limits on the Electromagnetic Production of Heavy Leptons.

V. Aneis-Borriu, M, Berxagpivi, D, Boroisi, 1. L. BRUNINI.
T, Massax, L. Moxarr, F. PacnoNakt sad A, Zicwom

CERYN - Genera
Iatitito Navionale di Fisvica Nuclvare  Seziowe di Bologea
Lstilulo i Fisiea dell’ Cwivervila - Hologna
Lebrralori Nazionali del CNKEN - Fraveati (lome)

(risevuta il 6 Novembre 1970)

A comparison betweea the long Lst of laddronie sliates and the very shorl list of
Jeplonic states exposes one of e most slriking pueeles of parlacke physies. I is there-
fore 1 order (o ask whether heavy leplons could have boen deteclod in previons experi-
montz.  If universality for the eonpling of this new lepton o the known leptons ia
assumed, then the lifetime of & heavy lepton is predieted to be ~ 3- 107 5 at 500 Me\y
and ~ 2-10-" g ot 1000 MeV mwss values, Thus, for mazses in the region of 1 GeV,
they could never have been delected as o decay ing guist =liehle particle, bul only as
# resonancs in the leplon system. Purthermore, it should be noted that the produe.
tion of the heaviest Jepton known so far (the muon) is eopions only beeanse it is the
doeny product of a very commaonly produced partiele, the =, There is no equivalent
mechanism for the produetion of a heavy lepton with a mass of about 1 GeV. In proton
machines they could ouly be produced in pairs vis timelike photons, bul it is known
Lhash nueleons ans very poor sourees of limelike photons (). owing Lo the rapid deerease
of their form factors us the four-momentum transfor inercnses (3).

The most favourable mechanism for the production of a heavy lepton HIL is

{1} o'e -HL+HL,

which, in the one photon approximation. is descnbed by the Fernman diagram

b3 Hi
N
4
v
N,
£y
& R :
HL

(4 T MARSAN wal AL Z3cnirens: Naweo Ciweole, 43 A, SO0 (1966). The derp inclastic effvel dis
covertd at SLAC conld :dler this sdalement. However, xe yef oo Gem experimental results esist an this
poasible enesogqueson of Lhe SLAC nenlie. Thix point will e diseusesd farther in a fortlicoming nole.

(%) M. Cosvessn, To Mageor, T, Mok and AL Zosueni: Nuoes Oimeole. 80 A, 690 (1985).

Validity of the Leptonic Selection Rules
for the (uey) Vertex at High Four-Momentum Transfers.

V. Areks-Bowria, M. Bresanmxsy, 1) Boruasy, PO Ll Bresisg,
T. Mazsan, T.. Moxani, T, Pacsonar: and A, Zricurcin

CERN  Geneva
Istilulo Nazionale di FMisiea Nwucleare - Sezione di Dologna
Tstitwto di Fisiea dell’ Unaversita - Tologua
Laborgtors Nazionali del CNEN - Frascali (Rema)

(ricevuto il 6 Novembre 1870)

Using £he Praseati (¢7e7) eolliding-beam machine (ADONE) (%) we have performed
an experiment to look for the possible existence of the procezs

() wtem »ptel .

————
which, in the one-photon approximation, can take place if at the x ey verlex Lhe
earrentiy known leptonie ewlection rules are violsled. The availabde experimental
information does aol allow i distinedion o be miede Bolweon the twa slternative elasses
of aslection rules (*) which distingmish the < cdeetron world ¢ from the « mmon wordd »;
marnedy = a) bwo additive seleegion males; 5) an additive and a multiplicative selection
rule. Both sets of males wonld be violated by the existence of process (1), For very low ¢
values (¢ ~0.00 (GeV)*) it is known that process (1) 1= sleongly depressed.  Examples
are the unobserved processes

(2) pE—ez=vy,



The two following papers were other QED tests

Experimental Check of Crossing Symmelry in the Electromagnetic Volume JGB, number 2 PHEYSICS LETTERS 23 August 1!

Interaction of Leptons.

V. Aniws Bowwier, M. BreNakpi¥y, D. Bowust. P. L. Bruxini, E. Fromexmixe,
T. Massam, L. Moxanm, . PawvoNaxl snd A, ZICHICHI

CRRN - (fenera

Istitnto Nazionale di fisica Nwolears - Sezione i Bologna
Tatitute di Fisica deil Universila - Bologra

Taboratari Nazionali - Fraseali

(ricevato il 2 Luglio 1971)

A fundamental theorem of guantam field theory is crossing symmetry (‘). QED
being the only working exsmple of field Lheory, it is indeed croesing symumelric.

A straightforward check of QED crosting symmelsy would be posible throwgl:
comparizson between timelike and spacelike lepton.photon procesees. 1n the one-photon
approximation, this is shawn in the disgrums below. where L stands for either eleeiron
or muon.

(b PO B g ly
5 >vuw\.‘v‘-<
[ 1

PEYER

el

T) Timelike diagram. 10 Fgoenlike dingrien.

If we eadl FR270% (he vertex fanction which deseribes the electromagnetio interac-
tion bBetween Lhe lopton and the photon, crossing symmetry says that this vertex fune-
tion is the same analytic function for limelike and spacelike processes, the only change
being the value of the variable ¢7.

The experimental check we propose for Lhi= QED crossing symmetry is based on
comparizon of the following fwo lepfonic proesses:

(1) ote” roieF,

(2) eTeT s utuT,

which bave been studied at Fraseati nsing the colliding-braun lacilily Adone,
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EXPERIMENTAL PROOF OF THE INADEQUACY OF THE PEAKING

APPROXIMATION IN RADIATIVE CORRECTIONS

V. ALLES BORELLI, M. BERNARIDINI, D. BOLLINI,
P.L.DRUNINI, E.FIORENTINO, T.MASSAM, L.MONAII,
F. PALMONARI and A, ZICHICHI
CERN, Geneva, Swilzaviand
Istitato Nazionale df Misice Nuclecre, Hologme, Italy
Istilxdo i Fivica dell'Usisersitd, Boloyna, Italy
Laborator: Neziongls 8 Frescefs, Haly

Reecived G Jaly 1871

4% w'w= noneenllisoar, sos-coplasar events heve boen cbserved in o stedy of 1824 e'e” interactions
at total centre-of-mass wnergies fram 16 GeV ta 2,0 GeV. The irndoguscy of the pesking approximalion
in yodiative corrections iz measored to be (2.5 0.4 %, in these experimental conditives of checrvation,
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In “73 the final limit on the HL Heavy Lepton search

IL NTOVO CIMENTO Vor. 1TA, N. 2

Limits of the Mass of Heavy Leptons.

M, BERNARDINI, T Bonuint, 1% L. BRUNiNG, E. Frokexrtixo,

T, Massam, 1., MONARI, I". PaLmoxaw:, F. anmn and A, Zigricm
CERN - (mwm

Istitulo Nazionale di Pisica Nwdeare Secvione di Rologna

Lslilulo di Tisica dell’ Usisversits « Bologna

Laboratori Nazionale del ONEN . Frascati {Roma)

{ricevnzo il 9 Luglio 1973}

21 Settembre 1973

Summary, — A farther search for heavy loptons sl the ADONE e~
storage ring has revealed no evenis. This eslublishes, with 959, con-
fidence, that, if & heavy leplon exisls and is universally coupled only W
ordinary leptons, is muss must be heavier than 1.4 GeV. If it is also
couplod o the hadrons, its mass must be gream- than 1 GeV, again
with 959%, confidence.
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Fiz. 2. - The expected number of (p!e¥) pairs v2. m o for two types of nniversal wenk
couplings of the heavy leptons. The dashed lines indicate the 959, confidence levels
for .. o) HL universally coupled with ordinary leplons and hadrens, 3) HL

universally eoupled with ordinary leptons.

Tau Lepton mass = 1776.86 + 0.12 MeV

heavy leptons which do not bave their own nentrinos:

E'+v,, E 4%, | these are the heavy leptons wanted by the
M4y, O +5, | geuge theories of weak interaotions (%);

and heavy leptons with their own nentrinos:

the decay properties of these heavy laptons

L' 49 :
iy T v, } have been disoussed by many authors (39),

Figure 1 showy, as a fanction of the colliding-heam energy %, und for
different valnes of the heavy lepton mass M, the production cross-section
obtained following the work of CABIBBO and GATTO ().

[ i 5 R

Fig. 1. — Calenlatod heavy-lopton prod! Mmu-fn-wnunvthemmdmg
wa,hrmmtwdmhﬂww“-‘
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