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CONTENT OF LECTURES

COVERED PERIOD - 40 YEARS:
FROM DISCOVERY OF COSMIC RAYS (1912)

TO DISCOVERY OF HYPEZRFRAGMENTS (1953)

ONLY APPROXIMATELY MISTORIC PRESERTATION OF
MAIN IDEAS AND EVENTS THAT PRECEEZDED THE

DEVELOPMENT OF LARCE ACCELERATORS

ENPHASIS ON ITEMS NOST RELEVANT POR IRE

DEVELOPMENT OF pPARTICLE PAYSICS

DETAILS ONLY OCCASIONAL (PERSONAL RECOLLECTIONS)
RETEZRENCES:

&) The Birth of pareqele Phystce, basad en' a Permilabd
Symposium, Edited by L.M.Brovn sad L.Acddeson {Cawbridge
Univarsity Press, 1983).

b) International Collogquium on the Ristory of Particle
Phystics, is Journal de Physlque, Colloque C8, Supplement
su 0* 12, décembre 1932. Specificallys Ch. Peyrou talk
from pege C8-7: The Role of Cosmtc Rays in the

Davalopment of Particie Physics.
1486

<) fu«d-‘..,s of At W.h.};f,'u.d Confer.® om' 50 yeary of weax
Anlerachiong it Specipreacs, | %&;i‘u"s Tepert om The
Diftavery of e Vparlicty,

DISCOYERY OF COSMIC RAYS etc.

fRentsto Ry
lzggl STUDY OF CONDUCTIVITY OF AINL BY ELECTROSCOPES
(J+ELSTER, H.CEITEL, C.T.R. WILSON, ..,)
RESIDUAL CONDUCTIVITY PRESENT EVEN AFTER 10 cm Pb SAIELDING.
RYPOTRESTS OF PENETRATING RADIATION OF UNENOWN EXTRATERRESTR,

ORIGIN FINST ADVANCED AS A POSSIBILITY

1909; HAYPOTRESIS SOMEWRAT REINFOARCED BY TRE FPACT THAT
| . ATiTipe
ELECTROSCOPES IN BALLOON AT 4000 A DISCRARGE MORE

/i QUICKLY THAN AT SEA LEVEL (A.SQIKIEL_-..)

1911-12: V.F.HESS AND SHORTLY AP TERWARDS W.KOLRORSTER
DEMONSTRATE TRAT IONIZATION FPIRST DECREASES FRON

GROUDD TO - 700 =, THAN INCREASES BSTEADTLY WITH ALTITODE.

RESS SROWS ABSERCE OF DIURNAL EFFECTS AND PUT FORTH

HYPOTHESIS OF EXTRENELY PENETRATING “COSMIC™ RADIATION, ror

MANY TYEARS BELIEVED TO CONSIST OF HR.E. GAMMAS (GCAMMAS PROM

RADICACTIVE SUBSTANCES ENOWUN TO BE FAR KORE PENETRATING THAN

“conruscoLar pavs™). Pemelraling power demonsFareddy
measuremonli wnslse 10 m ot waler -Pn'fsr, 10 m Tl Caler

INTEARVPTEY Dupwé wiardp whia T
HOlirhOT RESUNED AFYTER TRE WAR UNTIL - 1922

Mitlikan propesas M wame of COS mc.Ytay:
1927. DISCOVERY LATITUDE EFPFECT {i-cyi!)

« 10X MEASURED EFFECT AT SEA LEVEL (A.N.CONPTON 4t
al. , 1933)

BENCE: PRIMARY C.R. ARE CHARGED

THEORY OF AURORA BOREALIS (C.g!qglﬂ!!}
~ 5pee Aowry of calenlaling And many kﬂ' o;)m’ﬂ-
for 120 Tea JesBiries

-

-
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THE LATITUDE EFFECT

[OMENTUM THRESHOLD AT LATITUDE L FOR
'RIMARY PARTICLE OF CHARGE q=z-e:

t = 300-(M}/4R2).cosl'L = 15-z-cosl‘L GeV /z

EING M l‘ﬁl = .8.1x102? gaussxcm3

D R=6.37x108 cm

ISPECTIVELY THE MAGNETIC MOMENT AND THE
TERAGE RADIUS OF THE EARTH.

Bowen, Milikan + Nehor, 1434
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HARD AND SOPT COMPONENTS OP COSMIC RATS NEAR SEA LEYVEL

1920 FIRST INVESTIGATIONS OF C.R. WITH CLOUD CRANBER
FIRST EVIDENCE POR SHOWER (D.SKOBELZYR, 1928-29)

1928; DEVELOPNENT OF GEIGER=MULLER COUNTER

USING GM COUNTERE ARD PRIMNTIVE Timg comiepanNcrt
1929: BOTHE AND KOLNOESTER DEMONSTRATE THAY -751 OF C.AR.

NEAR SEA LEVEL AXE CHARGED PARTICLES CAPABLE oOF
TRAVERSING & cm THICK GOLD BLOCK (HARD COMPONENT OF

C.R.)

Neg,
1%30: DEVELOPNENT OF "ROSS! ELECTRONMGNMSSC COINCIDEINCES®
APPLICATION TO PROVE THAT 60T OF C.R. FILTERED AT

SEA LEVEL WITR 23 cam PO FENETRATE AN ADDITIONAL
THICKNESS OF 1 a Pb

1932, OBSEAVATION OF “ROSS] TRANSITION conve® WwITH
“"TRIANGDLAR™ ARRANGEMENT OF CM=COUNTERS.
SOFT AND RARD COMPONENTS OF C.X.

1932: COUNTER CONTROLLED CLOUD CRANBER (P.M.S.BLACKRYT
ARD G.P.S.NCCRIALINI)

1932 ... “THE LUCKY TYEAR®: DISCOYERY OF THE NEUTRON; PIRSY
ARTIFICIAL NUCLEAR REACTION and

DISCOYERY OF TNE POSITRON

COMNURICATED IN “SCIENCE", SKPTENBER 1932, BY C.D. ANDERSON,
A3 TAE OBSERVATION OF "4 POSITIVELY CHARGED PARTICLE
CONPARABLE IN MASS AND MACNITUDE OF CHARGE WITH AN ELEGTROR"

1933: PROMPT CONFIANATION 3Y BLACKETT AND OCCHRIALINI WHO
OBSERYE SHOVFRS é:gfllf!b BY NEUTRALS IN THE MIDDLE
A

AL,
PLATE OF THEIR,COUNTER CONTROLLED CLOUD CHAMBER, AAsg
OF e~ axp g*

Fig: 1 The pesitive slectron. The porticle cones frem tha bettem, loaing sneargy
in tha lead plate. This direction sed the sas of the magnetic field shows -
that the sign (s pesicive. The ionization is much tee wesk for 8 protem.

ParticLe Comes From BoTTon As 4T CAN GiLY
LOSE” ENERGY N TRAVERNING TRE Pb PLATE

£
TARTICLE IS THREFORE PosiTive

TS 1oNIATioN IS Mved “Too WEAK FOR A ProTo A
ITS MASS IS < 20m,

CONCLUSIvE Eune»ce For A

NEW PARTICLE (') Fron 4 EVENT

e awalt senlnd the d.c'.'j'coij 0( e _Q.-)
whiel wey Lxpachedl however Frm SU.?)




shover eeming firet esounter triggered cloud chanbey.
Pe- 2 :h overall uu::-b':-.:tl': r- mgative particles (eloctroms) ond
eltive (positrens) ghalr fenisstice 1s tee small for pretens.

St mamolic akpoci o( + Qnd —
lonialios, Tor Lol Por Prvf;;v

PropucTioN oOF e*e™ paiRs could pave Rern
HICOVERED WITH T~ RAYS Eron RADIGACTIVE
founrces....

i)
THE DECADE PRECEDING THE DISCOVERY OF THE MESOTRON

1927:  First C.R. investigations with cloud chambers
First observation of “showers" (Skobeltzin 1928-29)

1928: Development of Geiger Milller counter
» 1929: Bothe + Kolhorster discover charged Penetrating C.R,
using GM counters and Bothe's "time coincidences"

1932:  Anderson discovers the positron
1933:  Blackett + Occhialini discover e*e- pairs
1932-3: Rossi's transition curve
* 1934:  Bethe + Heitler develop theory of QED
(bremsstrahlung + pair production)
Doubts for its validity at high energies (> 300 MeV)
B. Rosge
« 1935; / Auger clarifigs cxistex_lce of two distinct components in
C.R.'S ! "soft" 4 “hard"

1935:  Yukawa's theory of nuclear forces
* 1937: Bhabha + Heitler and Carlson + Oppenheimer develop
theory of cascade showers.

"Soft” component of C.R. well understood

¢ What about the nature of the "hard" penetrating
component?

-



2)
DISCOVERY OF THE MESOTRON (I)
NOT SUDDEN + UNEXPECTED AS THAT OF THE et

I (Anderson + Neddermeyer 1934-37) Observations of
C.R. particles, at sea level and at 4500 m a.s.l., in
counter controlled cl.chamber in strong magnetic field,
with a plate across the middle to allow measurements of
p and -dp/dx. Plot p ys dp/dx. —

Striking different behaviour of "shower-particles” and
"single-particles" '

d increases ~ linearly for shower-particles
-3 {

~ constant for single particles

yes for shower particles

b) shower production {no for single particles

c) altitude variation: much greater for shower particles

Conclusjons: Shower-particles are et (soft component of
C.R.) Single-particles (hard component) have a mass P>>me;
but they cannot be protons because: 1) energy distribution of
knock-on e-; 2) many single-particles with p < 1 GeV/c are
minimum ionizing; 3) ionization-curvature relations; 4) there
should be many negative protons. They are therefore

particles of intermedijate mass, 100 mg< p< 300 me.
Name "mesotron” proposed.

{Mev/) em™
F 3
a
400} °
a
a
00} : .
200}
L ]
100 |- .
[
[ ]
[ ]
1 a
0 400 Mev/Al
..
dp
—dr -100 2
e

e "single-particles"
A,0,A "shower-particles"

(From Neddermeyer + Anderson, 1937)

3)




4)

DISCOVERY OF THE MESOTRON (I1 + I1D)

Il Work of Nishima, Takeuki + Ichimiya (August 28, 1937)

III

Similar technique - Similar conclusions

Mp/10 < p < Mp/7

Very strong evidence but of a "negative nature"

(observations not to be explained except by assuming

such new particles).

More direct evidence from observation of tracks of
momentum and ionization providing a value of p
incompatible with mg and Mp.

Photo of Street + Stevenson (October 8, 1937)
Counter controll. cluod ch. with 1s delayed expansion

J=6Jmin; Hp = 9.6 104 G cm. Hence ju = ~ 125 m, (¢
25%).
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5)

The double chamber system of Street and Stevenson: at the
. top the magnetic chamber, at the bottom the multiplate -
chamber. G.M. counters for triggering

T
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7
YUKAWA AGENT OF NUCLEAR FORCES,
THE MESON

1935: Yukawa Proposes that short range nuclear forces
involve exchange of “heavy Quanta” (mesons, y) not
observed in nuclear reactions because energy required
for their creation (~ 100 MeV) not available.

Mass b ~ 200 mg (uc2 ~ 100 MeV) from relation

lCompton ~ Ruel,

Virtual process N —»N + y (+, - or 0)
in times T ~i/uc2 over distances ~ ot = ACompton

Discovery of Y (= ™) made at Bristol in 1947,
Mesotron erroneously identified with meson, as
Proposed by Yukawa himself in 1937,

To explain 8 decay y has to be unstable, with meanlife
T~ 1 us (first estimate by Yukawa et al. 1938).

8)

WORK OF TOMONAGA AND ARAKI (1940)

Material lead aluminium  ajr

Capture probability of
neg. mesons per sec 2.5 1012 1.2 101 3107

Probability of spontaneous decay, 4.5 107 s-1 <<

Experimental investigation of behaviour of ut and p- at rest
needed to check assumed identity of mesotron and meson




9)

MASS OF MESOTRON, p

For several years not clear whether experimental data
interpretable in terms of a unique mass value, j1.

In 1946 Bethe points out importance of scattering in
cloud-chamber gas. When this is taken into account, all
existing data compatible with p. ~ 200 me.

By momentum-range method applied to large number of
cloud-chamber photos Fretter (1946) finds

L=(202+5) m,

Today value

it = 206.77 me

10)

ANOMALOUS ABSORPTION OF HARD
COMPONENT_OF CR.INAIR

1937 (Ehmert: Auger et al.):

Nr. of benetrating particles at sea level smaller than that
measured at high altitude with compensating “"equivalent”
absorber of dense materia] ("anomalous" absorption in air),

1938: Kulenkampf, and Euler + Heisenberg, suggest that the
penetrating particles are Yukawa unstable particles and that
anomaly is a relativistic effect due to the decay of mesotrons
in flight: a mesotron of mass |, meanlife T (at rest) and

momentum p = Bepry (y= IN1-82) has %)

a decay mean free path

A= Beyt = p(wp)

Hence the nr. of mesotrons of momentum p travelling over a
length h is attenuated by the mwasumhie factor

exp(-h/A) = exp (-l/p) (/1)
and the ratio T/h can be derived from attenuation

measurements if the momentum Spectrum of the penetrating
particles is known.




11) 12)

ANOMALOUS ABSORPT TON OF C.R. MESOTRONS DIRECT MEASURE OF MESOTRON ME ANLIFE

Lot.

First unsuccessfull attempts (Montgomery et al. 1939)
indicated the problems to overcome

23 \, , .
_ S First successfull measure
LN (Rasetti 1941): 1= 1.5 £ 0.3 ps
N" based on the assumption of
exponential decay (t derived
from logarithmic decrease
relative to two points of decay
curve),
Excellent geometry at the price
of low counting rate.
"Decay counters" out of | beam.
Three prompt coincidences with
résolving times of .95, 1.95, 15
"Hs.
Since ~ all'y's decay before 15us
_ o 900 gem? one finds 1/t = In (D1/D7) ps-1
P —— if D1 = rate (15ps)-rate (0.95us)
D3 = rate (15us)-rate (1.95us)

23

22

20{——r—0.

19

——mam— ) et &

[ ]
1?7

Spurious delays of counter pulses responsible for small
value of t found in this and subsequent experiment of

Meson intensity (I) vs atmospheric depth (x) Auger et al. (1941) who reported T = 1.3 pis + 50%.

Dashed lines: results of absorption measurements in a
graphite absorber (From Rossi et al. 1940),

T22p i o 200em,
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13)

v EXPONENTIAL CURVES FROM MESOTRON DECAY
(Nereson + Rossi 1943)

Debays of Single p-decays measyred by TR C.

R\J
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T n mcroseconds

T=2.15+0.07 us
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than & From N. Nerean and B. Romsi (NXG43).
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M. C. + O.Ficciony (1943) 0 |

Six counlers defeet an incoming muon. Jf the muon S0P it the ab-
sorber (5 om of iron in the figure) and emits an slectron at a later
time, a delaved coincidence i counted. The A counters veto » count
if the muon crosses them. The thin lead stab prevents the decay
elecirons fiom vetoing themselves, From M. Conversi and O. Picci-
oni in Phys. Rev. 20 (1946), 861, Fig. 1.

frest :

T, = 2.3 us :'6.9;"{

{rm a best -fl‘b' ﬂ\roaqh 4 measuredd z
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(Convinced T be B first T record e ,
cxpon . dicey curve of a frc.e, parlicde , |
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Next : Test of predicTions of Tomondte |
* RBrak 5 0.6 em thick Fe abs. » ok |
Next : Put on ma’nggc‘ lemses ... ‘




14)
WORK WITH "MAGNETIC LENSES"

Early attempts to deflect cosmic rays by means of
magnetized iron bars:

Skobeltzyn 1929; Rossi 1931; Mott-Smith 1932

¢ Large effect expected assuming an “interior field" Hj=B
since charged C.R. were believed to be all e-. @ No effect
observed

Hence the question Hj ~H or Hj ~ B ?

Answer in favour of B on theoretical ground
(Weizsicker 1933)

Answer apparently against Hi=B from specific experiments:
Alvarez 1934 (H; < B/3); Danford + Swann ( 1936)

N

o=

_Rossi-Puccianti
Magnetic lenses
used by Rossi
in 1931

mleTIINHIIIHHIII!H

B

Figure 13.5. Rotsi-Puccianti ienses." The side view {at lop) shows
the trajectory of a “wanted™ charge sign (sofid linc} and of an =un-
wanicd™ one. The lop view shows the direction of the magnetic Beld
and the position of the top Geiger-Moller counter. From B. Rowsi,
in Neture 128 (1931), 300.
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Q

AA; A
- Q)‘

Bla B ¢

o

"Doublet" of magnetic lenses used in 1940 (Bernardini +
Conversi 1940) to demonstrate the effect of the magnetic
field on the penetrating cosmic rays. 1, 2, 3 are GM
counters. The number, N, of threefold coincidences (1 2 3)
was recorded in two configurations:

a) magnetic field parallel in lenses A and B
b) field antiparallel in lenses A and B

A 35% effect was recorded for (N3-Np)/(Ng+Np) showing

that the "Interior field" acting on the charged penetrating
particles has a value close to B.

.
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SOME RELEVANT EVENTS IN -THE RECENT
HisTory OF LTALY

10 Jun€ 13601 Declaralion of war 2oy France + Gryland
13 Juiy 1943 : Rome bombed by Ametican aircrafe
25 Jory 1943: Fall of fascist (oveemment

Tcalion ‘scpv.ml'i armislce : sTare
o‘ Gorman om.pafu.

B Sepl. 1943:

5 JuNE 1966 1 Altied Ttvur: Cbeale Rome

26 April 1945 : LiberaTin of Nocfhirm Itat,

- -
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16)
RECOLLECTION OF WORK AT THE "VIRGILIO"

FOUR CONSECUTIVE EXPERIMENTS:

1 - Direct measurement of © .,
C. + Piccioni (1944
2 - Measure of 0 = p-decays/jt-stops } foni (149

and, with magnetic lenses:

3 - Test of T-A theory in iron

4 - Test of T-A theory in carbon
Eirst Experiment (prepared at the University but carried-out
at the ' Vlrglho" after Rome bombing of July 19, 1943)
provided the basis of all subsequent work. Four points of
the decay curve of cosmic-ray u's were obtained giving

} C.+ Pancin + Piccioni (1945-6)

T=23Us+6.5%
for the mesotron meanlife

sSecond Experiment aimed at testing T-A predictions.
If only u+ decay (- being captured) then one expects:
1 = p-decays/p-stops = 0.55 takmg into account a 20%
excess of ut
We found 1 = 0.49 £ 0.07, with an upper limit of
n = 0.56 £ 0.08

well consistent with T-A predictions

~— 3 -




17)

Layout of Geiger-Miiller counters and absorbers for
experiments 1 and 2. From top, the first and second sets of
six counters detect an incoming muon, If the muon stops in
the absorber (5 cm of iron in the figure) and emits an
electron at a later time, a delayed coincidence is counted.
The A counters veto a count if the muon crosses them. The
thin lead slab prevents the decay electrons from vetoing
themselves.(From M.Conversi and O.Piccioni, 194f). {4

OPPORToN(Ty OF 3" EXPERINENT With MAGKETIC LensEs
PrRojECTED AT Thg " VIRGILIO"; eARRIE) oUT In T Phys. Inst.

— 33~

18)

Magnelized A @\D—-.._._-.-.—_.,

. 7 i !
tron Plates ‘\\ | _Mognetized |
. Pa Iron Plates |

0 5 10
 EE T

cm

== =)=

Apparatus used in experiments 3 and 4. Result of 3¢ expelim :
0.33 £ 0,04 ke ageinst 0.07 0,02 wihe (3em Fe absorb.)

Results of measurements on decay rates for positive and
-negative mesons at rest in various absorbers (4™ experim.)

Sign’ Absorber i v Hours M/100 hr

a) + 5cmFe 213 106 155.00° 67 x 6.5

b) — 5 cm Fe . 172 158. 206.00r (= 2.5). - .
c) — None T 69 107.45° -1

d) + 4em C 170 101 179.200 6= 4.5 B
e) - 4cmC+ S5cm Fe 218 146 243.00° 2735 -
f) - 6.2 cm Fe 128 120 240.00 0(+4 -2

® 5 cm Fe on top of 4 cm C (row €) to guard against very
low energy p- which might destroy magnetic selection

® 6.2 cm Fe "equivalent" to 4 cm C + 5 cm Fe

® Unexpected effect (non capture in C) from last two rows

.(t_-,_qndf)
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MEANING + CONLEQUENCES af EXPERIMENT
‘.D.'uropsucy 01, 102 wifh Theorerl, ,-nr-cdic.s
(Ferm , Teller + Weisskopf , 4943)

+ Inoue, (94§

Two-m eLom h:,roﬂ.uck G‘l:’:-:rak-r 86”-4,1)94'})
Z% "Wheeler faw" (Wlucc&r, 1?4?)

1943
Tolea of Univ. Fermi ImTeraclion (fonTecorvey
Tiomno+Wheeter 1948; Fappi ;, Kleim, 1948 ........) 5 Ocatibis

Starl o{ new Feld o‘ " mesie aloms”

- ndl e
C.R.mefon as "’\awy e (2 dwrggi &—’bwﬂ:\ .i

e g e
LT ¥
iy N N, T

di;umjv o{ > (Pcre et 4€.) |

High energy w smil'u"m? (es E. Amald, G F:'M,c&'.)
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19)

INTERPRETATION + MAIN CONSEQUENCES OF
ROME EXPERIMENT

Fermi seminar in December 1946 at University of Chicago

Factor 1012 discrepancy (Fermi, Teller + Weisskopf 1947)
Slowing down and atomic capture times << t=2.2 ys
The mesotron cannot be the Yukawa particle

What is the mesotron? Where is the Yukawa particle?

Before answer came from Bristol, following steps were
made

(i) Two-meson hypothesis: Marshak + Bethe (1947).
Sakata + Inoue ( 1946), before result of Rome experim.

(i) Idea of universal Fermi interaction [Pontecorvo, 1947
and, from 1948: Klein; Lee,Rosenbluth + Yang; Puppi,
especially Tiomno + Wheeler]

(ifi) Z4 Law (Wheeler 1947) of - capture

Other consequences of Rome experiment

(iv) Concept of mesic atom

(v) Lepton concept

-3 -

GENTS)S o‘l concepr of Universal Tecms InTeme.

l““..-..c a7 (chou P-'rh Il-'f.luvu-y_);
Pomniccorve Pw'oof.'( oul that becaswse 91
Tha fesundt of he Rome Cxphaliment :
- myul{‘w. Mﬁ" of ﬁ % ~S
mmTenalle
- A decay 4 & be oleseriled as Ofl'a,c"
May ‘ e ol 5’ ‘F¢M (4—-f¢fﬂwh mte—uch'n)
r?: andl Muon caplate have ~ fhe
Seme sﬁn‘}ﬂv of adlowance A5 made dfor phase

- bl't‘- .
P and Size of Bohr or . bod
" The amuon has ipin 1-/2. and 45 sksor

willh fha emifrion of ons meuddme (W p > me)
- f’“—l...f, p> e+ Y (a process Laler
Scardad for TigqeTet wih Himcks )

T is o T prsectifi. of e cmcr

Uriiversnd Foron Dnfirachion aliberaisd will

. ¢ Tromume o
Mleniribeions from gKeein ; Puppi, T

Whesler, s7c(Lee , Rosenbluth and M -

Whet abonl amuen oltcay ?

- 19—
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20)

Z. DEPENDENCE OF p- CAPTURE

"Mesic atom" from yt- capture in K orbit around nucleus
(Z, A) has radius
r = W/ZHe o sy = = 250/Z fermi
T}

3 .
In light elements always 1y >> Iy =~ 1.75 VZ fermi
so that v (at nucleus) = y(0) ~ Z3/2

Hence the capture probability
2 3,8
Az }L =~V ~ZZ=Z (Wheeler)

[

" can be written as

4
1.1 (2) withz, empirically =~ 11
. 7T Zo
c
Tl
(mwon lifetime)

The probability of disappearence of [ at rest is then

: 4
A =—1-=-—l---|---1-=l [ 1+(Z’Zo) ]
- T 1:'l T, Tu
(competing probabilities) (Ticho, Rossi + Valley)
Fraction of spontaneous decays
92% in C (Z = 6)
T
171 - 1 _
“/H=?" 3% in Fe (Z = 26)

in agreement with experiments

. 3 -

22)

- After the Bristol discovery of the £ mesrn + TV decay

the best interpretation of the Rome experiment was that n's
are strongly interacting particles decaying into weakly
interacting p's.

Every difficulty seeméd to be solved, but ...
a) The x could not be the mediator of B decay
b) What was the role of the pn?

Nan(lire was much more complex than believed in those

ays:

(i) The problem of nuclear forces was not solved by the n
discovery

(ii) The = has a q§ structure and is only the ligthest of many
similar structures .

(iii) What about the muon? A "heavy electron”, as slowly
clarified, ~ 200 times more "costly" than the e-,

¢ So from the Rome experiment slowly arose the concept
of a "lepton world": the family of structureless
elementary particles immune from the strong interaction

® The identification of the it as a lepton represents the
discovery of the second charged lepton after the
electron,

¢ ~ 30 years elapsed before the discovery of a third
charged lepton, t (Perl et al. 1975) at Stanford.

To complete this early story of the u, what about its decay
mode? p—se vy searched for, with negative result, since
1948.

Indications in favour of three-body decay from Anderson et
al. (1947) and Fowler et al. (1948). First evidence from
Steinberger ( 1948-49),

- Qo -
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21)

Z=42

Z=40.4

22)

fte Bri iscovery of the ® meson + UV decay

the best interpretation of the Rome experiment was that '

are strongly interacting particles decaying into weakly
interacting p's,

Every difficulty seemed to be solved, but ...
a} The x could not be the mediator of B decay
b) What was the role of the H?

Nature was much more complex than believed in those
days:

(i) The problem of nuclear forces was not solved by the nt
discovery

(i) The = has a qg structure and is only the ligthest of many

similar structures

(iii) What about the muon? A "heavy electron", as slowly
clarified, ~ 200 times more "costly” than the e-,

® So from the Rome experiment slowly arose the concept
of a "lepton world": the family of structureless
clementary particles immune from the strong interaction

¢ The identification of the M as a lepton represents the

discovery of the second charged lepton after the
electron,

® ~ 30 years elapsed before -the discovery of a third
charged lepton, (Per] et al. 1975) at Stanford.

To complete this early story of the 1, what about its decay

mode? u-se v searched for, with negative result, since
1948,

Indications in favour of three-body decay from Anderson et
al. (1947) and Fowler et al. (1948). First evidence from
Steinberger ( 1948-49),
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On the Range of the Electrons in Meson Decay
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STeffer » [ _ tny
OCEOCIDCQZ(.Y‘.OCG”.O: CC mwe [
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IMRGY OF PLECTRON N MEY
Q‘Hc tenliad
Srtnﬁnnu

Frc. 8. The experimental ints represent the data obtsined in Chi H

ror is the wtandard dévia tp:n.."l'h full curves | and 2 ll-prml o ?bl.:’;m:d':t E"!" mﬂfmud::u;
d 25 Mev, respectively, Curve.li-lhnbmniuﬂmulmhud {or ek itod in 2 ji
ectrom. The spectrem s aalculated from Eg. (2}, taking uct= 100 Mev.

~Ly -

23}

20 25 30 35 40 45 50 55 60
E{Mev)

0 S 10 15§

‘The first spectrum of the slectron energy in u, ¢ decay obtained in a
¢loud chamber. (As we know oW the Curve dips much too much tovards tere

at-the high energy end, but the measured points demonstrate clearly the
existence of a spectrum).
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24)
CONCLUSIONS AS A SUMMARY OF THE

"TANGLED TALE" OF THE MUON

First observed as constituent of the hard component of
cosmic rays

Then as an unstable particle of intermediate mass

For long erroneously identified with the Yukawa carrier of
the strong nuclear force

Subsequently recognized as a "heavy electron” (the first
heavy lepton is today's words)

Subject to the weak processes of spontaneous decay and
nuclear capture similar to B8 decay (U.F.1.)

Then found at Bristol as daughter particle of the strongly
interacting T meson

Finally identified as a fermion subject to the three-body
decay process i — evv'

ConcEﬂu’Mﬁst Kucienr Enw.rwm

developed by Demers in Conade and

especiadly 5‘,7 the I€lord Co. 4, 5.,’5%,(
/@v&ee{ + Woorly) in. cooperalion Witk @it
(

G

TR R B T T T T T e T T T WM™ T T T T T P T Y P YT T eI T T

Powel2 , Dechiatome , ete)

1944 {mrmt’ {or the special Trealoment
of ‘Conconfed Naskiot Boondtyons * provelesecd

Thore emulyiony confain @u Qmotent of
| w"pua m%,.mg . Trein Mc&.’t{vm&nf
geeally amplfed fhe Tanmge of appblica
b;wj of (e WEW"_“C emulfion
lcthmigue Lo the expetimmint iTd,
of slememtinry MZI‘;Z,.
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WORK AT ARIfToL WITH
NUCLERR EMVLIIDK

) “"""'““““’)’ irtaloped by Ttaed o vin, Powel + Dol
r.f‘:r .uvw.}:oﬂanvf werk., puhLished L

LATTES, MVIRHEAD, OCCHIALNL, FowELL

(NoTarz M}")
Soom affer obiervalion (Lg ?or'cuy asol
by Occhialins+ Poweer ) ﬂur/ Cosmic oy

mmefons " casy evdes nucles " Of mué..n.
e-xleul al L,IL aliilede "o d fprpdc;ce
dtawfofra/roa.s Wil e emiihroy 01_
Ivcm)g f.arrfc&q"

qf-q,w u,a/'r,.-w:( a/u( ressq {f :

lagy o; tlow a‘-“rcﬂ' a-’ﬁh;t‘f ﬂ(‘m

4“9\ W(,-, Fonn

Mefhod
wtz,arvtu’ will, ,ﬁwr(m,m @ﬂ:}mla
. T eeopniye & " mifin ", whee
Corr i of wilh ..o

2

J‘econa»rj mefon

VL, JOMT_M«W

Ol 0‘7 65 7 g f\fnw tay &Mé[h

(‘n rch L 'Zue- Es0n Tkt 0; a

L - l — __.,-

13 10
29 fIRST Twe ExARPLES oF K= p PECAY/

(Hay 1943

Fige 11 e sacond v, decey. The n quits jwst befory stepping but is
elearly st the and of icy TaARgE. .
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2 dondainial werk pebbiced by goroper e LaTres, occHiAUN + Powew (4 947) N
LATTES, OCCHIALINY + Powste (1947) »
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Occhialini, Powell.Tt shows that the secondary y,

This table reproduces table I of n:n.oumnmanp publication of Lattes,

have a unique range in the T,

13

u decay.
Range in emulsion in microns of .
Event Fo. Primary meson Secondary meson
1 133 613
11 84 565
111 1040 621
Iv 133 591 ;
v 117 638 A
’ VI 49 : 595 s
Vil 460 616 !
VIIiI 900 610
IX 239 666
b 4 256 637
X1 81 390
Mean range 614 * 8 y. Straggling coefficient \nuw\n = 4.3 per cent, vhere
a; = ww - R, um being the range of a secondary meson, and R the mean value for n
particles of this type.
w
-
;. 1 —
1 28 t 8
= .mm v a I™
p € +
£ £ ~ v
1z .5 3 £ ad 4
i O S 'S ,
i . Sl SN &
wm i o/— ul
¥ g L %) ,
MM I \_,
. : «w T
m y .mm +fw
! Ot
: RNy~ 3 P
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Latres, occhALIm + Poweert (19647
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Fig. 495 MW‘MNMMHHWM-‘-

(s) D. K. INord B2
p ey Perkine, ewulslon (PDH47). (b) Pv-vll, Thoed CZ swmulsion

f1asT OBSERVATIONS OF NVCLEAR 3:.!7#1‘!!’
GRATIONS ROR &~ MBIORPTION N EmruuN
CeserRvED By Ferkins 1n 1947

- B3~

3

21

3
e

P

]-‘.' l

/
| SN & it
T X L/‘; ‘”/ \1

Fig. 1.1 Exaptes of the decay sequince x = g — 4 o0 nuCles smulsion  Note thai .
conmpncy of ranga of the Muon HCk Imphey KAt The [eon Gecays 1 rest nto two pericles ol
unique masset &~ + 1. Thy eslectron emitied i the S decay nI m. uon,
B @ v s - i wEs NOL Obsrved 1 the eerly Sxp which .

muluon  (Countesy, Unveraty of Bristol.)

Four e.xanr:{u' o{ the odecay fequenct

’R.'-),u--*ea
as Obterved <iv eliclron Sembslive-

maccloor enmutlsoanys

-~ Sy~
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CONCLUSIONS from "EMuLSION worw"
at frrisfof

1) There are Twe ‘metons + 1 and »

3 T > F.-n-v becante R"-: cost.

3) BesT inTarprel. of Rome exp. s Lo asrume
hat” X is the "Yukawe parEete

4) Jf e ®mo o decey is-(qf’emu,l. the buek ol
P"" C-R. are f‘"

5) Mesons preducing sfars (&) are &~

6) Magens s‘ron.‘m? an smaliion Mc.Vuyfw (ﬂ
are p¥ or p= (seeny clichrons 2Ta a-~_
obrervaits )

SO c-\%ﬁ'.z'ﬂ-.'n-.a 0.k. ‘.’ "ﬂ-&- ylf‘ken‘-
ra.r&' 274 hag beee W-JJ ) evem thouyl
wilh ofher t.r.,.«-ﬂ;'u [ 99 expesiod (,4:&‘ “ﬂqs idy
R fa, NOT a5 om £ ) Yukawa fheery dow mol enplaie,
J!J ooy V),

What abownr fle | ?
Whid cole plage it i posds ole physe ?
"Whe ordsred ot 2"
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DISCOYERY OF ¥-PARTICLES

POBITIVE PARTICLE OF MASS 990 w, &+ 12% AS DERIVED rion
THE COLLISIOR, SUPPOSED ELASTIC, WITH AN o“ OF TRE CAS OF A

cLoty ClAlll! (LEPRINCE RINGUET, LWERITIER, 1944),

VY-PARTICLE WORK AT MANCHNESTER caEv OUT OF AN EXPERINENT
DESICNED TO INVESTIGATE CRRATION or P.P. 38Y countER
TECANIQUE (JANOSST And INGLERY, 1939).

CLOUD CHAMMER INCORPORATED ALLOWED T0 CONCLUDE IN 1943
(IR ACREERNENT WITR scCaxin’'s CONCLUSTONS, -~ 1940) THAT THE
"PENETRATING BROVERS™ VERR ORICINATED BY PRINARY PROTONS +
NZUTRONS,

Ili OF THE WAR = BLACKETT BACK 1IN NANCERSTER SUPPORTS
INPROVENERTS OF CLOUD-CHAMBER SYSTEN.

ROCREITER AND BUTLER UTILIZE BIC "BLACKETT MNAGNET® AND
NEW CLOUD CHAMOER WITH 3 ca Pb PLATE ACROSS.

1%% ¥* EYENT ODSERYED IN OCTOBER 1946 (X* DECAY)
1%t v* gyany . * MAY 1947 (x* pRCAY)

BOTE APPEAR A8 DECAY IN FLIGHT OF SNORT LIVED PARTICLES
OF ESTINATED MNASS -~ 1000 mg (IF NO WEUTRALS ENITTED IN ¥°*
DECATY)
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Fist V°Erent OPSERVED AT MANCHESTER By
RocwesTer Ano BuTLER (OCTostR 1946)

Fig. 1. - Prima fotografia &l svento V¥ gfseunts da Rocwmsrex o Boroen, nel IN7,
con camers di Wikon immerss in camps magnotico di 3500 gaunes. Pochi miflimetrl
al disotto della lastra contenuts Bally sawers wna particells neutrs decads in volo In
duo partieells cariche cbs pred Jo dus traccie a V s visibili nells parts deatrs, infe-
tiore delis fots. [Fotogratia ripredatia per gentils concessione del prof. G. D. Rocuraten)

No blb of vecoil muclus ot verfex of ¥
Howevet small The mass of M scoomelary p- 4 assumed

FIRST ExameLe of X° > x*sx"

be ) tha mes of fhe primary 44 > 800 m,

I Ba steomdary ). are mesons thom ’mp'hz 1000

42

FirsT "2

Reson® (K3

{ BriTol yeonp, 1949

K —»: 3 s S s A
IR IR =, "l ¥ "g‘"" vy P Y
PO TR Gl e a5 "t‘rﬁ“- 5 N -?
e -ﬂﬁe""!"."*ﬁ*!’“""ﬂ .i-"‘" L} o
A T e A B g0, g
v e T e ., 0 AT -

A T -1 Vi i R T g
Wl

Fag. 16 The ﬂu; L (l'-..i the primery fuq-n- tuilnd' . the phe
conss from laft to right gad stopd. A alew o~ u-:a.:u- -::‘::: 'S

twer-preag star.

Liret atepping

R REAvy PARTICLE (X)), BUT LIGNTER THAN A PRoTON,

F:: sthers lightly ionising pertisle are emittad fren ﬁ.‘
: he

5ToPs N EMVLIION (M ~ 4000 m, from imnize
Kona ra.mr + Su.fm'nua- rwu,-c,) . Three ccpc«ulr
tracks arife from the sTop : one div & & sCow ™
whish sﬁrs 'yﬂuludua a ‘s‘l"'a.r"; the ofher due L
mesons  (p's or T'S) as sem frem Mmoaswreminil of

<omigalion amd
fre P-'ﬂ-j thawn

:q:-\i'c'u-'«a . It the three Jocondery

‘D\-szq‘gﬂ‘
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 pistivcTiod SeTween A° AN K (1)

ACAIVED THROVEU WORK CAZRIED VT W TNE EMLY 14T0's
WiTH LARCE HAGNETIC CLOW) CHAMBERS Ay

.. MancuEsTee 6Rove (AXMENTEASS ot ad) AT Tic BV MID]

 MosTLy REPORTED AT THE  BAGNERE DE B160RRE  CONFERENCE

CAtTEcH GRovP  (LEIGHTON ot al.)

INANA Grovr_( ThomPsos ot ol.)
peaceey Geow? (FRETTER eal)
MAT. Grovp ((BROEE st al,)

.

i caTeck Grevp (ANPERRDA CRovE) wAS THE FIRIT, Te cONFIRM

“THE DIICOYERY OF RothpsTeR AN) B8vTLeR REPoRTIRG 34 SipicAR

_events. (V. PafTieLes)

TRE NANCHESTER GROUf MOVED ~THE APPARATUS oN THE PT\¢ DU haby ___

I¥ 1950 AND IN. WARCH 1951 REFPETED ThE _OSTERYATION OF.
36 V° + IVE, IV 4 of THE 36 V" Tue  PolTive_ TRACK

Arreaerd o BE VERY LKgly Bw THAT Of A ProToN ; TRE
NeGATIVE ONE TuaT oF A PMETON (NexrT  TRANSPARENCIES)

IV Sone CALES , powdbR, THE PSITWE MARTICLE WRS CLERELY _

LIENTER THAN # PROTON, HERE WERE THE FirRST INDICATIONS
- - . ™

Foe The DeCAy MOdES V> pa”  V'—> atu owyy

LATER ECTASULITHED ﬂFfﬂllr’qu')‘_

— ‘5‘1’

A | e A — A b e Al Bn e e i S et e -

- Frest evaprie oF V, pECAy (l\“-,: p+ )

WAL e et b SRR VR came oy i A

Tig. 17 The tiret ¥}, the hetvy foniestion of the positive 1 clearly sne.

From ExPosuee AT PTlc by MIDI
(PemenTecny et al. 1q54)
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EXARPLE OF V'+ pex™ OBSERVED AT cALTECH
By CErcHTen ot at. (1953)

Fig. 3. — Esempio dl events V! ottenuto da Lrianron o al. con eamers di Wikiow In

€ampo miagnetico di 5000 gaum. La
un protone; Ia mases di quells neg:
[Fotografia riprodotta per

partieslls positiva (a destra) b identiflcats per
ativa (s sinlstra) § compress tra 130 ¢ 430 m, (21}

gentlis concemions del prof. €. D, Anozrson],

- byv-

“7

P e e

-

- . .
]

EXARPLE oF V] = m*w x” oBSERVD AT NPLAEA

BY THoMPse A 2t of. (1951) .

Pig. 4. - Esomplo di sveuts che non pud smere inlorpretate con lo schema (1) porchd

0 secondario positive ha xns mass quasl osrtamments sos superiors & quells del ploce.

Cib ol deduce dalle misure delln ionissasions ¢ della curvaturs dells treocis. La foto-

grafia & stata oltemuta da Twourson o ol in camirs di Wikon immens in campe

magtetins di 3100 gassm [39) [Fotograba riprod po gentid d dsl
prof. R. W. Tuoursou)

The poslive secomdarn cammot be o prolbn ; from
Corrivalone gud -V'OuMm Imu‘g.rg.-..”ﬂ €5 Al <y
~ My providiny evidimce for fe slecsy thrtrens .
vV (X)) »> xta

- b~

o 4w e e YT = = = Y W TR e e o
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PITINC TioN BETWEEN A° anp K° (1)

a) Use of parameTer = (P:- ';4)/”:&* F:)

nltoduced by Acmenteres -!-'Fod»fmuty To “TesC
&.v:e 0( sqm”&ﬁﬂ Fre d&ﬂby
_ﬂ_-—> m +m

( 2 ne
m2 2 p* cose? ah
Simce =t 2 RN &
Mm? B n o h

K20 only if m=m,
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