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THE PATH TO ELECTRON-POSITRON COLLISIONS
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MAYNETIC PlIScussion

Bruno Touschek and AdA, the first electron-positron collider

Gottingen Glasgow Frascati



CHILDHOOD AND EARLY YOUTH IN VIENNA
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Karl Kraus

The streets of Vienna are paved with culture, the streets of other cities with asphalt
Karl Kraus
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INTELLECTUAL AND FAMILY ROOTS
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Box designed by architect
Josef Margold, Ella’s husband
and Hoffmann’'s collaborator
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Bruno with his mother

Camilla Weltmann
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Doctor Oskar Weltmann

Bruno’s maternal uncle
Self-portrait



LEARNING 10 DRAW BY MASTER PAINTERS

Russian High Command,
Drawing by 6-years old Bruno
Touschek,

March 31, 1927

Bruno Touschek, Self-portrait and examples
of his typical "expressionist” portraits



1938 : "ANSCHLUSS !
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Hitler announces the Anschluss, Heidenplatz, R Nazis ban Jews from the Universityv
Vienna 15 March 1938 of Vienna in 1938
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Marietta Blau e & WMictor Hess Richard von Mises Paul Ehrenfest

Hans Thirring



MOVING 10 GERMANY PROTECTED BY ARNOLD SOMMERFELD

Otto Stern andWoIfgéhg Pauli
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Wolfgang Pauli and Arnold Sommerfeld Paul Harteck, of Austrian origin



IN BERLIN: 1943-1943

¥ .
Heisenberg and Carl Friedrich
von Weizsacker in the 1930s
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S Berlin-Dahlem

Uranverein physicists
Later interned at Farm Hall, UK.
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3 Bombing of Berlin, November 1943
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Drawing from a letter to his father




HITLER'S CONQUEST OF EUROPE
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BUILDING A 15-MEV BETATRON WITH ROLF WIDEROE

oberes Spulenpaar
E ar I y I 94 3 Stellschraube unterer Polschuh  seitliches Joch

Bruno Touschek reads proofs of an article
written by Rolf Widerge submitted to the
journal Archiv fiir Elektrotechnik

R. Widerge, Der Strahlentransformator Elektronen-SE8g

Zahlrohr

This article was never published and the
15-MeV betatron became a secret project
financed by the Luftwaffe

Abb. 2. Photo des 15-MV-DBetatrons.

1945, March 13th : The betatron was moved from Hamburg to Kellinghusen
March 16th : Touschek travels back to Hamburg, as he wrote after the end of the war:
L I Around midnight | reached Hamburg during the alarm and after the alarm...| went back to
X iR sleep to be waken up at 7.30 in the morning by two gentlemen. | was so sleepy that when
WL SRR . : : :
g (4 they said: “Secret state police!” | answered: ""Yes, but at midnight?”...
5 4\,' : Mvt* \_ J
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Entrance to Fuhlsbuttel Prison which also

SURVIVING GESTAPO CAPTIVITY AND DEATH MARCH T0 KIEL
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Unter nationalsozialistischer Herrschaft
1933 -1945 waren im Gefangnis und
Zuchthaus Fuhlsbiittel zahlreiche politische
! Gegner inhaftiert. -

Sie waren wegen antifaschistischer

% ST e - | anderer politischer Vergehen zu langjihrigen
™ e ST R e ey : Hafistrafen verurteilt worden.

} Vom Juli 1943 bis Kriegsende gab es auf
®  dem Geliinde der Strafanstalten auBerdem
b ein AuBenlager des KZ Neuengamme.
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Commemorative plate

served as a concentration camp and initial
point of incarceration for prisoners to be

1945, April 12, March to
Kiel concentration camp

sent on to other camps

Wiibbo Sielmann (1886-1945), A communist from East Friesland:

.

"Every morning the weakest prisoners were shot”

“All prisoners who lag behind or attempted to flee were to be shot “
_/
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1946 - IN GOTTINGEN WITH HEISENBERG AND THE OTHERS

(September 28,1945 B. Touschek to

Sommerfeld from Kellinghusen:

Heisenberg with von Laue and
Hahn, after their release from

... At present | am still making betatron British captivity in Farm Hall,

: : : - early January 1946
calculations, a bit of neutrino theory and 3

bit of radiation damping...

-

\-
v
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BT reports to British Intelligence on the betatron theory in 1945

On the Starting of Electrons in the Betatron

Auf Grund dieser Priifung wird ihm hiermit der akademische Grad ;

' D'iplom-'Physiker

Die magnetische Linsenstrasse und ihre Anwendung auf den Strahlen-Transformator

Zur Frage der Strahlungsdampfung im Betatron

June 1946 : Touschek gets his laurea degree with
a thesis on the theory of the betatron IS




MOVING T0 GLASGOW

This thesis represents a COLLISIONS BETWEEN

review of the work on ELECTRONS AND NUCLEI.
electron excitation carried
out by the author in
collaboration with Dr. I. N. By
Sneddon during the years

1947 to 1949.... B.Touschek.
Dirac, Pauli and L y

Peierls in 1948

FROM A-PLANT

;. THERE will not be the slightest danger to anybody

in the neighbourhood of this machine. | want
to make that clear because | know there are a lot of °
stories going around.”

Thus Professor Philip Dee, leader of the research team which

will probe atom secrets at Glasgow University, yesterday scotched J
alarmist rumours which have sprung up following the announce- |
ment that a giant 300-million volt synchrotron producing 300
million volt X-rays is to be installed there,

The tall, dark, sparely-built Professor added: “Long before
anybody outside would be affected in the slightest degree, those
inside woyld be dying like rats. So people outside are certainly
very safe—we are not going to kill ourselves, and we are going to
be up against the thing.” R G—

The Professor was showing
reporters a model of the new
building which will house
Britain's biggest synchrotron.

The machine will be sunk in
a basement 20ft. below ground
level, with 5ft. concrete slabs
separating it from a main hall
and research rooms above. ‘

More Iimportant 4o the

Prof. Philip Dee (extreme right) pointing out to fellow research physiclsf._s"th_an the synchrotron
workers features on a model of the new synchrotron block to be itself will pe the beam pro-
built at Glasgow University. Others are (left to right) Mr, A. C. duced, * which will travel

Robb, Dr. S. C. Curran and Mr. B. Touschek. through a tube to a beam

)
into which targets will be
through slits to test S I ‘ :S a( :u
r's reaction to 30-million

volt X-rays.
BENEFITS

° )
What are likely to be the
benefits to society and medical
science? His answer:

“It would be a very bold

Glasgow had built a 30 MeV electron ZEgaEed Glasgow 1952

“We physlciéts are not

indifferent to what comes out

synchrotron in view of a 300 MeV machine it

that we direct our efforts to a

specific end.”




IN GLASGOW (1947-1952) THE MAKING OF A THEORETICAL PHYSICIST

|.N. Sneddon and B.Touschek, "Nuclear models” (1948)

B. Touschek, "Note on Peng's treatment of the divergency difficulties in quantized field theories” (1948)

.N. Sneddon and B. Touschek, “A note on the calculation of the spacing of energy levels in a heavy nucleus” (1948)

B. Touschek, "Zur Theorie des doppelten Beta Zerfalls” (1948)

B. Touschek, “Zum analytischen Verhalten Schrodinger’scher Wellenfunktionen” (1948)

.N. Sneddon and B. Touschek, "The excitation of nuclei by electrons” (1948)

I.N. Sneddon and B. Touschek, "The production of mesons by electrons” (1949)

B. Touschek, "Das Synchrotron” (1949)

Max Born

J.C. Gunn, E.A. Power and B. Touschek, "The production of m mesons in proton-proton collisions” (1951)

J.C. Gunn, E.A. Power and B. Touschek, “The production of mesons in proton-proton collisions” (1951)

W.

hirring and B.

ouschek, "A covariant formulation of the Block-Nordsieck method” (1951)



BT to Sommerfeld,
October 5, 1950

In Summer 1951, BT
travels through
Europe with his new
motor cycle and
visits Rome in July.

UNHAPPY IN GLASGOW

(.. | have found that | am more comfortable in A

Germany and Austria than in Scotland, and that [
have learned more in Gottingen in a month than in
Glasgow in a year....

If Professor Heisenberg comes to Munich and
wants me, then | want him too, if it can be done

[N

ksomehow financially.

Bruno Ferretti at the Solvay
conference in 1948 with Felix Bloch,
Homi Bhabha and Wolfgang Pauli

1951, May, submission of
A perturbation treatment of closed states in
quantized field theories (citing Ferretti and Dyson)

| ’ 1951, November 8, BT to his father:
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| have applied for a job in Rome...
' Only masochists can live in England in the long run... )

~




PARTICIPATING IN THE RECONSTRUCTION
AND REVIVAL OF ITALIAN PHYSICS

BT with Occhialini and Dilworth
at the Pisa Conference on
Elementary Particles in 1955

B. Touschek and M. Sands. 1953. Alignment errors in the strong-focusing synchrotron
G. Morpurgo and B. Touschek. 1953. Remarks on the validity of the Tamm-Dancoff method Amaldi and George Placzek
E. Fabri and B. Touschek. 1953. La vita media del mesone Tau

B. Touschek. 1954. A speculation on the capture mechanism for K-mesons

M. Cini, G. Morpurgo, B. Touschek. 1954. A non-perturbation treatment of scattering and the “Wentzel-Example”

E. Amaldi et al. 1954. Report of the committee on Tau-mesons

G. Stoppini and B. Touschek. 1956. Phenomenological description of photo-meson production
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B.

L. Radicati, B. Touschek. 1957. On the equivalence theorem for the massless neutrino
M. Cini, B.

B.

‘ousC
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TOWARD ELECTRON-POSITRON COLLISIONS

¢, L. Radicati. 1954. On time reversal

G. Morpurgo, B.

G. Morpurgo, B. Tousc

‘OuSsC

G. Morpurgo, B.
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1959. A note on the Pauli trasformation

=

=

=

<.

<.

BT with T.D. Lee and Pauli, Padova-Venezia International Conference, 1957

ouschek. 1957. The mass of the neutrino and the non-conservation of parity

ouschek. 1958. The relativistic limit of the theory of spin 1/2 particles
1958. The symmetry properties of Fermi Dirac fields

1955. Remarks on time reversal

1955. Space and time reflection of observable and

non- observable quantities in field theory

G. Morpurgo, B. Touschek. 1956. Space and time reflection in quantum field theory

| ER 957. Parity conservation and the mass of the neutrino

W. Pauli and B. Touschek. 1959 Report and comment on F. Giirsey’s “Group Structure of Elementary Particles”



COLLIDING BEAMS IN THE 1950°5. ..

D. W. Kerst et al. 1956. Attainment of Very High Energy by Means of Intersecting Beams of Particles
O’Neill 1956, Storage-Ring Synchrotron: Device for High-Energy Physics Research

HEACC 1959, Geneva. High-Energy Accelerators and instrumentation
W. Panofsky. 1959. The future of high-energy accelerators in physics

L. W. Jones. 1959. Experimental utilization of colliding beams Gersh Budker's

O’Neill.1959. Experimental methods for colliding beams collider Vep-l

O’Neill. 1959. Storage Rings for Electrons and Protons

Cr T v
,V\
| ' o \'/ % Ql

Yi Princeton-Stanford %

} INARRAY e e- CO"ider
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In the meantime, Budker
and his group in USSR
were planning their own
e-e- experiment

to test QED




i p Fall 1959, Pief Panofsky’s seminar (Rome-Frascati), presenting the US Princeton-

Stanford e-e- project

Nicola Cabibbo: “It was after the seminar that Bruno Touschek came up with the remark

ghat an ete- machine could be realized in a single ring, ‘because of the CTP theorem’” ’

Raoul Gatto: “Bruno kept insisting on CPT invariance, which would grant the same

_orbit for electrons and positrons inside the ring”

At the time | felt rather exhausted from an overdose of work which | had been trying to
perform in the most abstract field of theoretical research: the discussion of symmetries
which had been opened up by the discovery of the breakdown of one of them, parity,
by Lee and Yang. | therefore wanted to get my feet out of the clouds and onto the

ground again, touch things (provided there was no high tension on them) and take them

apart and get back to what | thought | really understood: elementary physics ...




FROM CPT TO ADA

1960, February 17 Meeting in Frascati. Touschek proposed to re-convert the electron-synchrotron and use it for
electron-positron collisions

'Nicola Cabibbo: “Touschek emphasized the creative character of ete- collisions, i.e. the possibility of a complete

transformation of the collision energy in the creation of new particles, and this through a channel with well defined
.quantum numbers, those of a photon...

J

‘Carlo Rubbia: ... in his mind electron-positron collisions were nothing else than the way of realizing in practice the idea’
of symmetry between matter and antimatter, in the deep sense of the Dirac equation... His boundless enthusiasm for
particle-antiparticle collisions was dominated by a sense of perfect and intellectual esthetics...

Giorgio Ghigo suggested to build a small dedicated machine | m’l""’,”’,”'l""

The day after Touschek started a new notebook, SR, for Storage Ring

Director Glorglo Salvini showing the electron synchrotron
and Frascati Labs to Prince Ranieri and Grace of Monaco

et BT with E. Amaldi

JeeererrerrorrrPOrrITIIYTY



THE GARDEN OF EDEN OF ELECTRON-POSITRON A

NNIHILATIONS

-

| prefer to think of it as an
experiment rather than as a
machine...

The first Bruno Touschek, Giorgio Ghigo,
AdAteam: Carlo Bernardini, Gian Franco Corazza

4

1961, February 27, first
electrons accumulated in AdA

Raoul Gatto and Nicola Cabibbo
enter the "Garden of Eden” of
the ete— annihilation channel

AdA as a “circus” : Visitors were able to “see” with
naked eye a single circulating electron (or positron?)



ADA IN ORSAY AT LAL

Measurements of the Rate of Interaction ete- —> ete + g amma

between Stored Electrons and Positrons (*).

C. BERNARDINI and G. F. Corazza

Laboratort Nazionalt - Frascati

G. D1 GrugNoO

The interaction rate ... was

Istituto di Fisica Superiore dell’ Universita - Napoli

J. Musservsxt and P, Manrs found to be in good

Laboratoire de U Accélérateur Linéaire - Orsay

agreement with the

R. QUERZOLI

Istituto di Fisica Superiore dell’ Universita - Napoli h h " h h ;
Laboratori Nazionali - Frascati ypOt eSIS t at t ere IS a

SR e 3
) T e R S
. 3 3 — v
. % T .
g [N N, o =
) ’)—/;
P -y T
B 5
£ 2
3 I
ﬁ

X

B. Tovscmn complete overlap

Istituto Nazionale di IFisica Nucleare - Sezione di Roma

between the two beams...

se to the

(ricevuto il 16 Luglio 1964)

Linear accelerator at LAL

LIFETIME AND BEAM SIZE IN A STORAGE RING

DISCUSSIOHS abOut Wthh Were the C. Bernardini, G. F. Corazza, G. Di Giugno, and G. Ghigo

Laboratori Nazionali del Sincrotrone, Frascati, Roma, Italy

electrons and which were the and
- . . . J. I’{aissinski and-P. .Marin
pOS |trO NS CIrCu |at| N g N AdA. Laboratoire de 1’Accelerateur Lineaire, Orsay, France

and

R. Querzoli

TO U S C h e k CO n S I d e re d S u C h a Laboratori Nazionali del Sincrotrone, Frascati, Roma, Italy

and

MAGNETIC  PISCUSS 10N dilemma definitely irrelevant, as he

B. Touschek
Istituto Nazionale de Fisica Nucleare, Roma, Italy

saw the whole question just as an (Received 1 April 103

bt obvious ‘'manifestation of CPT’ Discovery of the Touschek effect



ADONE

November 1960

Even before AdA had showed the
feasibility of electron-positron
collisions, opening the way to
higher energy and luminosity,

Touschek prepared a draft plan for

a bigger and more powerful
accelerator

January 27, 1961. F. Amman, C. Bernardini, R. Gatto, G. Ghigo
and B. Touschek, Storage ring for electrons and positrons

(ADONE), LNF internal report with the proposal for the
construction of a storage ring with beam energy of 1.5 GeV

ADONE « a Druft Proposal for a
Colliding Beam &xperdment,

B. Touﬂohek.
Rome, 9.FNov.60,.

It 18 proposed to oconstruot a synchrotron
like machine oapable of accelerating similtanecusly
eleotrons and positrons in identical orbits. The sugges-
ted maximum energy is l.5 Gev for tho aleotrons as well
as the positrons, Thie energy allows one to produce pairs
of all the 80 oalled ‘elementary partiocles’ oo far known,
with the exoception of the noutrino, which only beoomes

accensihle via a woak interaotion channel,
p
It 1o assumed that experiments in which there

are only two particles in the final state are most easy
to interprot. There are 16 suah reactions, namalys

(1) 2y . This 18 the only reaction in which
the xmaxXk intermadiate state 1o ‘quagi real’ and in whioh
therefore thero sjould dbe no *radiantive corrections’.
This roeaction ahouldd serve as a 'monitor'. The 0rossg-
pection is 2.6 107> amm *,

(2) e*.o" o This reaction will show strong
angular variations and may require °‘good geometry'., It
would give information on the brakdown of eleoctrodynamios
at distanoces corresponding to adout 1/3 the Comptonwave-
length of the proton.

& -
(3) » »» . Test of alectrodynamiocs An ‘bad
g&oonatry'. May a£lso sexrve as an indication of the funda-
mantal differance betweon aloeoctrons and muons,

(4) x % xreveals the intermotion between
pions in odd parity states.

-~ (5) 2»°1 charge exchange intexaotion for pion-
pion scattexring.

(6) K+K“ $ interacotion of K—meéc;;m in oda4
Parity statos,

(7) X°,K® 3 Charge exchange intermotion between
K-mooons,

(8) p,p 8 intexraction of proton and antiproton
in even parity odd charge parity states,

(9) n,n s same as (8) bBut for tha charge
exchangoe reaoction,

(10)ttmough (15). Interactions simple or
with chnrgo exchange of hyperons.




1960s - 1970s K
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BT with LNF directors
R. Querzoli, I.F Quercia
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1977-1978 AT CERN IN GENEVA

Visiting scientist while SppS
was being put in motion and

LEP was being planned,
but still far in the future...

CERN 79-01
Yolume 2
14 February 1979

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

PROCEEDINGS OF THE LEP SUMMER STUDY

Les Houches and CERN
10-22 September 1978

These Proceedings are dedicated to the
memory of Bruno Touschek, whose name 1is
so closely associated with the early

development of electron storage rings

GENEVA
1979




