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Abstract

On this occasion to honour Professor Martin Perl’s 65th birthday, I
present some of the important contributions of Martin to the field of strong

interactions.

I also present my own interest in studying lepton pairs in hadron

collisions and the development of instrumentation to distinguish leptons

from hadrons. These studies eventually led to the development of the idea

and experimentation at ADONE to search for sequential lept~ns.
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Momentum of Beam in GeV/c

Fig.6. he set-up used to obtain the results shown in Fig. 5
Fig. 5. Electron and pion “efficiencies” versus particle momenm. Note

that the “n” efficiency is as low as 5X104 while the “e” efficiency
is as high as 85% [6.b].
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Fig. 7. me set-up used for the study of reactions (3) in the text: ~p ~

e+e-, ~+~-.
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Com!lam Nuionale @ ~Eowgta NUCIee,e

ISTITUTO NtilONALE DI flSl~ NUCLEARE

I
Sezione & BoIo@a

67/ 1

mFNIAE-67/3
20 Marzo 1967

Fig. 12. me first page of the Heavy Lepton proposal at Frascati, dated 20
March 1967 [5].

have heady too many leptons; why should nature be so stupid to have other
leptons?

So to propose a search for [(et, p’) plus missing momenta] in order to
look for another lepton was considered as strange as looking for

“buttefiies.”
h the proposal the key feature was the (e, p) acoplanar pair produced in

(e+e-) annihilation (see Fig. 13a,b) and described by the Feynman diagram

+e–+Ve+v~
with (HL)- + (HL)+ +

+e++v~+~HL

+p-+vv+v~’ +p++vp+cm

yielding as find state

e+e- + (e= p~) + missing (11)

andtherefore an acoplanar (ey) pair.

A large solid-angle set-up, able to detect electrons and muons with the

necessary rejection power against all sorts of background, was needed (see
Fig. 14).

During the construction period and the implementation of the experiment

(before the method was shown to work), the scientific ~ommunity in
Frascati was divided. me majority was very much against tie experiment

and everybody was ~aying that our (ep) acoplanar method was going to be

swamped by background. me experiment was earned out very successfully.

h 1970 we published the first result [11] (see Fig. 15). ~is showed that our

(e~) acoplanar method was working and stimulated other searches at
Frascati (such as Orito, et al. [12]), using exactly the same method.

But, in order to prove that the (ep) acoplanar events Were genuine M

m> it Wasnecessaw to Smdys~dard QEDexpectations:i.e.!acoplanar
radiative corrections. In fact, before we measured the acoplanar radiative

effects [13] everybody was using the so-called “peaking-approximation”

1,
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By studfing the most favoureble mechanisms wtih could pro-
duce the he~vy leptons we reach the fouowing conclusion. U in the procese

e+e-+H++H-
11

w set at an energy E such that the ratio

E
— = 1.2
‘Hl

as can be seen from Fi 6 the cross-section is aroud 10
$

-32 CM2
. More~

Ver, the two produced HI ad Hi are non rel~tifidc d vev Slow in b
~borstory-eyetem, their y = E/M is b fact -1.2. The most favoured
dec~y c-e~, as far ● e we can say now, are probably

+
51+

●5+v+V
e H

U

w

1

FIG. 6 - Total cross-section for production of heavy
leptons versus E/ MH1.

Fig. 13a. Page 7 of Ref. [5] where the seamh for a heavy lepton -g im
own lqtonic number is proposed.

-612-
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e++ e-+ L+ +L

+ e++ve+~HL + e- +~e+vHL
+~++vP+~HL +~- +VP+VHL

+ ~HL+ Hadrons + VHL+ Hadrons

e++ e-+ P + E-

+ Ve + e++Ve +Ve+e-+Te

+ Vp + ~++Ve *vp+~-+Fe

+ Ve + Hadrons + Ve + Hadrons

e++ e-+ M+ + M-

+ Vp + p++vp +Vp+p-+vy

+ Vp + e++Ve +~y+e-+~e

+ VP + Hadrons + Tv + Hadrons

~w the Search Concentrated
on the Reaction

e++ e-+ e* ~~ + An~hing

Fig. 13b. W mctions studied, as repoti in the final Frascati paper, using
the (e~) acoplanarmethod [18].
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Vacuum
Kinematic

Quadruple Reconstruction Heavy Plate

Lenses ., Chamber Spark

~ / Chambers
Spark

,Chambers

1111 Fast ‘ 11/
Trigger 11

Anti- Counters [

II

coincidence /’
Counters Time of Flight,

Pulse Heiaht. and

I
IFast Trigger

and Pulse-Heiaht
Fast Trigge;Counters Analysis Coun&rs

Fig. 14. me experimen~l set-up cons~cted for tie study of tie reaction

quoted in Fig. 13a.

L~M on Ihe Electm~etic Production of Heavy Leptom.

(1) e-e- - HL+E-L, !

11*
1

Fig. 15. me first results obtained using tie (ey) acoplanar metiod, proving
hat it works [1 1],
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whose predictions in terms of acoplanar radiative electrons or muons in the
final state were simply for no effect at all. These acoplanar radiative effects
were measured for electrons [14] (Fig. 16) and also for the muon case [15].

Thus a detailed study of electron and muon QED (where acoplanar radiative
corrections had to be correctly accounted for) was a basic step towards the

search for new physics. This is why QED predictions for (e+e-) [16] (Fig.
17) and (p+~-) (Fig. 18) [17] were checked with great accuracy. My group
was the ordy one doing tiese careful QED studies at Frascati.

The best limit for the heavy lepton mass was published in 1973 [18] (Fig.
19). The fact that a new heavy lepton was not produced with the (e+e-)

Frascati collider whose maximum canonical energy, was ~ = 3.0 GeV,
stimulated me’ to propose an upgrading of ADONE to continue the search
for new physics: essentially heavy leptons and narrow resonances. Here also

the theoretical trend was negative: if a resonance exists in the GeV mass
range its width must be large, i.e., 102 MeV. Why search for narrow
resonances? My continued interest in this field is summarized in a paper

[19] (Fig. 20) written after a seties of reports at various conferences
(Wiesbaden ’72, Batavia ’72, Pavia ’73, Frascati ’73, Bielefeld ‘73). In this
paper- whose purpose was to promote (e+e-) physics- I listed the important
properties of the Heavy Lepton to be measured to ensure that the (ep) pairs

are indeed from Heavy Lepton decays, in order to encourage further

searches. I was convinced that (e+e-) colliders were a potential source of
new physics but the majority of my colleagues were attracted by “hadron”

machines, because in (e+e-) physics only “butterflies” were expected.

For the new generation of physicists it is instructive to see the many

“butterflies” now, 25 years after; our proposal being dated 1967. The

butterflies am shown in Fig. 21. Note that the Frascati nominal energy was

3.0 GeV while at 3.1 GeV there was the Jm and at 3.6 GeV the new lepton
pair production so much searched for. Note also that the Y’s of hderman
were above the SPEAR (maximum) and below PETRA (minimum)

energies.

Phy$i= ktirs

Acoplanar (e+ e-)

9 July 1973

Pairs

and Radiative Corrections

tl i

~eoretiml Predictions ----
250 -

Experimental Result —

200

100

50

I I

10” 30° 50° 70”

I@l

Acoplanari~ distribution for 429 (e+e - ) pairs

with 1$1>5°

Fig. 16. The fit measurements of acoplanar radiative corrections [13, 14].
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~3TA DEL sCOVO cI~NTO VOL. 4. X. ~ Ottobre-Diwrnbm 1974

15

10

5

I I I I I

HL universally
, with ordinary

coupled

Leptons and Hadrons

HL universally couple{
with ordina~ Leptons

\’Gev\145Ge\
\ 9570 confidence \

\ level \----- ----- ----- ----- ----- ----- ----- ---

, ,’”,, :~’1
Results published ;

Nuovo Cimento
17A, 383, (1973)

.6

Fig. 19. me best limits on the search for a Heavy hpton carrying its ow
leptonic number [18].

528 9. vauti~ of 1
629 10.Gdmnm

Fig. 20.
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~e review paper emphasizing the importance to go on searching

for the heavy lepton using the (ep) acoplanar method, above

ADONE energy [19]. T



4- The Concluding Part of my Tribute to Martin Perl
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Fig. 21. The many butterflies as we know them now.

The consequences of the T discovery “~” have been reviewed by Haim
Harari. There is, nevertheless, something which has not been mentioned but
I would like to discuss, also, because it has attracted my interest during tie
last year or so. It has to do with the problem of high precision LEP data: the
goal being if SUSY threshold can be “predicted.” The basis for this new
frontier in physics - i.e., the existence of a Superworld - is the
Renormalization Group Equations (RGEs) which allow to span an energy
range as large as 14 to 17 orders of magnitude. h fact the high precision
LEP data are at 102GeV and we would like to understand what happens all
the way up to EGm (the energy where the three gauge forces SU(3)C, SU(2)~
and U(l) Y- characterized by the three couplings et],~2,~3 - unify). Recently
great confusion has been raised by some authors [20] who claimed that it
was possible to predict the supersymmetry threshold on the basis of a X2-test
on the convergence of the couplings al ,a2,a3 at ~uT.

This paper has many weak points [21 -27], the weakest one being a logical
inconsistency. In fact, if the source of our knowledge about the
supersymmetry threshold is the “convergence” at EGUT, the top priority
problem is to study what happens at EGUT. This means the study of the
threshold effects in the very high energy limit (1015-1017GeV) because what
happens at EGm is supposed to have consequences in the energy range many

orders of magnitude below. Moreover, it is contradictory to work out a x2-
test for the geometrical convergence at EGUTof the three gauge couplings

(al,a2,a3) and then let them diverge again [20], above EG”T. The synthesis
of this logical inconsistency is shown in Fig. 22 (which is the key figure of
the paper quoted above [20]).

The reason for my interest in this paper is because it produced a lot of

discouragement in the physics community, including my young
collaborators engaged in searching for a supersymmetric signal with existing
facilities. We have put order in this field [21-27] and the conclusion is that,
in addition t~ all weak points and logical inconsistencies, the quantity Msusy
is meaningless. We have worked out the spectra expected and found that the
lightest detectable supersymmetric particle could be as light as 50 GeV in

mass, with the Msusy parameter more than one order of magnitude higher.

-617-



Physics is not Euclidean Geometry ,

4dBFo
105 10= 107 109 ld’ Id’ lds ld’

M- [GeVl MW[GeVl

Furthermore, we have pointed out that the evolution of masses needs to be
included. Of special relevance is the evolution of the gaugino masses, the
so-called EGM effect [23]. A great development in our way of thinking [28]

is that, not only the gauge couplings evolve with energy, but the masses as

well. A careful analysis shows [23] how interesting are the consequences of

this conceptual development: the MSIJSY threshold goes from 21 TeV down--. —
to the ,present LEP energy scale range. This is shown in Fig. 23. bt me
emphasize again that MsusY is a parameter while the physically interesting
results are those concerning the spectra of the lightest supersymmetric

particles: charginos (~t1,2), neutralino (~ol ,2,3,4), gluinos, sleptons and
squarks. An example [29] of mass spectra prediction is shown in Fig. 24.

Moreover, to account for the light threshold (ATL), the heavy threshold
(ATH)and the radiative effects due to the evolution of masses is perfectly
possible and it allows the gauge couplings to converge at EGUT, not to
diverge above buT and have the lightest supersymmetric observable signal

in the energy range of present existing facilities (Fig. 25). This brings me to
the last remark: in order to study the convergence of the gauge couplings
with all consequences synthetically reported above [30], we need the

knowledge of the number of families and the ~ lepton has opened the door to
the existence of the 3rd family. Moreover, an input badly needed for the
above quoted studies is a3: and the cleanest source to measure a3 is the ~
lepton, via its hadronic and leptonic decay rates. ~em is an interesting waY

to present the same results in terms of the correlation between the gauge
couplings (al ,~2,~3). This correlation is governed by the three coupled

differential non-linear equations describing their evolution. This is shown in
Fig. 26. Before the discovery of the ~ this three-dimensional graph could
not have ken drawn. If natu~ would have followed the apparently simplest

way (the straight line) we could not be here. Nature has followed the road
illustrated by the sequence of the big dots in Fig. 26 and these predictions

could not be there without the two vital inputs, the number of families
(NF=3) and the value of a3, both linked to the I lepton.

So, 15 years after its discovery, the ~ lepton remains in the forefront of

our physics research. Thank you, Martin, for your great accomplishment.

Fig. 2

Fig. 22. The wrong approach to understand SUSY [20].
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Fig. 25. me correct approach to understand SUSY [21-30].
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Fig. 26.

Su~rgravi~ Model
NF=3
NH=2
M- = 102 GeV

MW = 10’UGeV I
%(91 Ge~ = 0.1 18*0.008

sinzew= 0.2=*0.0008

me evolution of the three gauge couplings (al ,a2,a3) and their

mutual correlation as described by a supergravity model. Note

that the number of families (NF=3) and the knowledge of a3 are
vital inputs.

-620-



1 References

1 [1] S.C.C. Ting, L.W. Jones and M.L. Perl, Phys. Rev. Lett. 9 (1962) 468.

[2] J.T. Dakin, G.J. Feldman, W.L. Lakin, M.L. Perl, E.W. Petraske and
E.T. Toner, Phys. Rev. Lett. 30(1973) 142.

1
[3] B.G. Gibbard, L.W. Jones, M.J. Longo, J. O’Fallen, J. Cox, M.L. Perl,

W.T. Toner and M.N. Kreisler, Phys. Rev. Lett. 24 (1970) 22.

[4] F.E. Low, Phys. Rev. Lett. 14 (1965) 238.

[5] M. Bemardini, D. Bollini, E. Fiorentino, F. Mainardi, T. Massam,

[
L. Monari, F. Palmonari and A. Zichichi, INFN/AE-67-3, 20 March

r 1967.

1 [6a] T. Massam, ~. Muller and A. Zichichi, CERN 63-25,27 June 1963.

[6.b] T. Massam, Th. Muller, M. Schneegans and A. Zichichi, II Nuovo

[7]

[8]

[9]

Cimento 39 (1965) 464.

M. Conversi, T. Massam, Th. Muller and A. Zichichi, Phys. Lett. 5

(1963) 195.

M. Conversi, T. Massam, Th. Muller and A. Zichichi, II Nuovo
Cimento 40 (1965) 690.

D. Bollini, A. Buhler-Broglin, P. Dalpiaz, T. Massam, F. Navach,
F.L. Navarria, M.A. Schneegans and A. Zichichi, II Nuovo Cimento

57A (1968) 404.

[10] A. Zichichi, in “Evolution of Particle Physics,” Academic Press Inc.,
New York, 1970, p. 299.

[11] V. Afles-Borelli, M. Bemardini, D. Bollini, P.L. Brunini, T. Massam,
L. Monari, F. Palmonari and A. Zichichi, bttere al Nuovo Cimento,
vol. 4 (1970) 1156.

[12] S. Orito, R. Visentin, F. Ceradini, M. Conversi, S. d’Angelo, L. Paoluzi
and R. Santonico, Phys. Lett. 48B (1974) 165.

[13] V. Alles-Bomlli, M. Bemardini, D. Bollini, P.L. Brunini, E. Fiomntino,
T. Massarn, L. Monari, F. Palmonari and A. Zichichi, Phys. btt. 36B
(1971) 149.

[14] M. Bemardini, D. Bollini, P.L. Brunini, E. Fiorentino, T. Massam,

L. Monari, F. Pahnonari, F. Rimondi and A. Zichichi, Phys. Lett. 45B

(1973) 169.

[15] D. Bollini, P. Giusti, T. Massam, L. Monari, F. Pahonari, G. Valenti
and A. Zichichi, Lettere al Nuovo Cimento 13 (1975) 380.

[16] M. Bemardini, D. Bollini, P.L. Brunini, E. Fiorentino, T. Massam,
L. Monari, F. Pahnonati, F. Rimondi and A. Zichichi, Phys. Lett. 45B
(1973) 510.

[17] V. Alles-Borelli, M. Bemardini, D. Bollini, P. Giusti, T. Massam,
L. Monari, F. Palmonari, G. Valenti and A. Zichichi, Phys. Lett. 59B

(1975) 201. ,

[18] M. Bemardini, D. Bollini, P.L. Brunini, E. Fiore~tino, T. Massam,
L. Monari, F. Palmonari, F. Rimondi and A. Zichichi, 11 Nuovo

Cimento 17A (1973) 383.

[19] A. Zichichi, Rivista del Nuovo Cimento, 4 (1974) 498

[20] U. A~aldi, W. de Boer, H. Ftirstenau, Phys: Lett. B 260 (1991 ) 447.

[21] F. Anselmo, L. Cifarelli, A. Peterman and A. Zichichi, 11 Nuovo
Cirnento 104A (1991) 1817.

1!

-621- T



(

[22] F. Anselmo, L. Cifarelli, A. Peterrnan and A. Zichichi, 11 Nuovo
Cimento 105A (1992) 1025.

[23] F. Anselmo, L. Cifarelli, A. Peterrnan and A. Zichichi, 11 Nuovo
Cimento 105A (1992) 581.

[24] F. Anselmo, L. Cifarelli, A. Peterman and A. Zichichi, 11 Nuovo
Cimento 105A (1992) 1179.

[25] F. Ansel~o, L. Cifarelli, A. Peterman and A. Zichichi, 11 Nuovo

Cimento 1,05A (1992) 1201.

[26] F. Anselmo, L. Cifarelli and A. Zichichi, 11Nuovo Cimento 105 A
(1992) 1335.

[27] F. Anselmo, L. Cifarelli and A. Zichichi, 11Nuovo Cimento 105 A
(1992) 1357.

[28] For a review see A.B. Lahanas and D.V. Nanopoulos, Phys. Rep. 145
(1987) 1.

[29] J.L. Lopez, D.V. Nanopoulos and A. Zichichi, preprint CERN-
TH.6667/92, CTP-TAMU-68/92, ACT-20/92 (to be published in
Nuclear Physics B).

[30] A. Zichichi, “Understanding Where the Supersymmetry Threshold

Should Be” in “Ten Years of SUSY Confronting Experiments,” CERN-
TH.6707/92-PPE/92- 180, November 1992, p. 94 and “Closing
remarks,” ibidem p. 1209.

-62i-


