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Hallo to everybody!

Thanks to the Photon 2015 Organizers and

Apologies for missing the party...



Outline

 The birth of e+e- colliders in Italy:

— Bruno Touschek and the AdA proposal

e What Touschek wanted

ete” — oy
A monitor for the interaction
— Touschek’s life
1943-44 Learning about betatrons in Germany
1952-59 Rome and Frascati synchrotron
1960-64 AdA from Frascati to Orsay
e 1960 = Proposal and construction of ADONE
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Mid 1950’s

STORAGE
RING

SYNCHROTRON
13.8 KGAUSS MAX,
AV. DIA.BOFT.

20 CYCLE PULSE RATE

The idea of colliding particles had
been in the air already at the

1956 CERN symposium Gerard O’Neill,
Phys. Rev. 1956

STORAGE
RING

STEERING MAGNET

Colliders for electrons against I0CYCLE PULSE RATE A
electrons were planned

Electrons against positrons was
more difficult and a design for
proper set-up was not put
forward

The difficulty, wrote TouscheK VEPP1

later, was to produce and store

enough antimatter in a
laboratory.
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1959: accelerators starting in Europe

The Frascati
Synchrotron

The Linear Accelerator
In Orsay

The CERN
protosynchrotron



Bruno Touschek and the AdA proposal

October 1959:

-Pief Panosksy comes to Italy, and
gives seminars in Rome and
Frascati on the Stanford linear
collider and on the e- e- project

-After the seminar, a discussion
starts about physics: Cabibbo,
Gatto, Touschek, among others are
present

-Cabibbo remembered that
Touschek started the discussion
with the question: “ Why not do
electrons against positrons?”

November 1959-January 1960

-Between Rome and Frascati
discussions and exchanges took
place
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1959-60

ELENCO DEI SEMINARI TENUTI PRESSO I LABORATORI NAZIONALI DI FRASCATI
DEL C.N.E.N, DAL 1°/7/1959 AL 30/6/1960. -

31/1/1955 « Prof. Jobn DE WIEE

asA e ETENAYN
737 - ZEGA S WALDARRG L

@BELULI,.

22/10/1959 = Dre DIAMBRINI
26/10/1959 «~ Fref. W. PANOFSKY

= "LAVORT IN CORSO A CORNELL CON L'E

LETTROSINCROTRONE" .

WSULLA ESPERIENZA SPETTEO SD:.
2 -"

RSULLYACCELERATORE LINEARE
GLIA™,

|-

26/10/1959 : On the two miles linear accelerator
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Touschek’s notes : february-March

6/16/2015

1960

avLL bus uw e piujecit, A L ULLIIK L WLllLL De gble TO demonstra
the project is closer to an experiment than to a machine in
two imporiant respects: in cost and in the limited range of
applicability of the ironware. Talking of it as an axpériment
I propose to study the regctions

ey 2y (A)
(1) e +Q Kt ™ (B

wtn” (Ln®) (c) "

and I admit that I think that there is nothing elfse of impor-
tance, which can be studied with the same set up.

The first of the processes listed is two gquantum anni-
hilation. The process is predomlnantly backward-forward in
the C.M. system and in these preferred directions no *'radistive
corrections' are to be expected. The ceross section for this
process is

;- -30
(2) G(4a)= 6.3.10 om -
at 250 Mev and it diminishes a little less than quadratically

with rising energy.
I propose to use (lA) as a monitoring process. This w a
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Rome-Frascati : february —march 1960

February 1960:

-17%: A paper by Gatto and Cabibbo is submitted to Physical Review Letters on measuring the
pion form factor at electron-positron collisions

-17%: In a meeting about the future of the Laboratory, Bruno Touschek launches the proposal to
use the synchrotron to make electrons collide against positrons: no way! But the idea of a
prototype is put forward

-18% : Touschek starts preparing detailed plans for constructing a small ring in which to store
electrons and positrons together

March 1960:

-7 : Touschek presents to the Laboratory the actual AJA proposal, which is accepted
-Funding for 8 million lire is asked and approved

-Construction of the AJA magnet starts



Ada 1961-62: from Frascati

to Orsay

February 1961

-Ada is working, electrons circulate,
synchrotron light emitted by the
electrons is observed

-Summer : the injection process is not
very good, it is hard to prove that
collisions are taking place

-July-August Pierre Marin (from LAL)
arrives to Frascati together with
George Charpak to see the “intriguing
little machine” scientists are talking
about

-Fall-december 1961

French and italian scientists exchange
letters to bring AdA to Orsay

- July 4t 1962
AdA leaves Frascati for Orsay
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June 28th, 1962
2015/8
Prof, F, PERRIN
Haute Commiesaire A
l'Energle Atomique
69, rue de Varenne
PARIGS

June 28t 1962: Touschek to F. Perrin

Dear Professor Perrin,

I enclose a list of materidl for the second
eonvoy Frascati-Orsay, which will presumably leave
Rome on the 4th of July and should arrive in Paris
on the Tth.

We very much hope that there will no difficult-
ies at the sustoms but, in case of emergency, we would
mach appreciate the help 8o kindly offered by you
to Prof. E, Amaldi.

The present operation is most critical since
it contains the vacuum chamber at 5x1 0="mm, The
ideal solution would be if some competent officlal
at the Modane customs office could be informed before

hand.,
I will take the liberty of wiring you the exact

(as near as possible) time at which the convoy can
be expected to pass the frontier.

With best thanks for your

Bl:pp



AdA in Orsay
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AdA in Orsay: 1962-64

March 1963:

-Touschek effect is discovered

and published in PRL

1963-64

-Measurements are taken of

el

e — 6+6_’}/

-Data are compared with theoretical
calculations by Altarelli and Buccella

( thesis work with Raul Gatto)

-The rate is in agreement with th

[P A | H e

theoretical calculations an
effect: collisions are proved.
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Il. NUOVO CIMENTO Voo, XXXIV, N. 6

Measurements of the Rate of Interaction
between Stored Electrons and Positrons ().

(. BERNARDINI and G. F. COrRAZZA

Laboratori Nazionali - Froscati

. D1 GrugnNo

Istituto di Fisica Superiore dell’ Universita - Napoli

J. TAISSINSKT and P. MARIN

Laboratoive de I’ Accélérateur Linéaire - Orsay

R. QurrzoLr

Istituto di Fisica Superiore dell’ Universitd - Napoli
Laboratori Nazionali - Frascati

B. ToUSCHEK

Istituto Nazionale di Fisica Nucleare - Sezione i Roma

(ricavuto il 16 Luglio 1964)

Summary. — The paper describes a series of experiments carried out
with the purpose of observing the +-rays produced in the collision between
stored beams of electrons and positrons. The interaction rate has heen
measured and was found to be in good agreement with the hypothesis
that there is a complete overlap between the two beams and that the
dimensions of the heams are those caleculated from tha lifatime affact
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Who was B

runo Touschek?

e Where did he come from ?
How

 had he learnt to build
particle accelerators?
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Bruno Touschek’s life told through some of his drawings
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A short summary of events in Touschek’s life : from Vienna to
Germany: 1939-1942

« TIn Spring 1939, having finished his high school
years, BT visits Rome, where his maternal aunt
Adele, nicknamed Ada, lived

« He attends some engineering course at the
University of Rome

« BT tries, without success, to get a visa to go to Manchester
and study physics

e In the summer he returns to Vienna

e In Septembre 1939: WWII starts
« In autumn 1939: BT enrolls in University of Vienna

« At end of the academic year he is told that he cannot
continue his studies, because of his Jewish origin from
the maternal side. Kl

e 1941-42 . Arnold Sommerfeld admires and likes this young brilliant student and
helps him go o Germany to complete his studies, and

BT moves to Germany, first via Monaco, then to Hamburg and Berlin
6/16/2015 Novosibirsk, PHOTON 2015 15



Drawing by Bruno Touschek from (unpublished) letters to
his father, from Hamburg and Berlin: 1942-1944

Jﬁg /L"“'—"“':Ill
&
e el
gﬂ;@ i * Hamburg 3rd April,
i~ s 7 EE-: i pFE‘:;.H
L5 Bl i ax s 194
= }?I P
SN ; Dl
PRI = ...Bruno and his desires
Al S S . -
\ | & i ...desiderabilia sua..
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In 1943, something
crucial happened for
the history of particle
accelerators in
Europe. A series of
unrelated events,
which had started in
1941 in different
parts of Europe,
brought together in
Germany, Touschek
and Rolf Widerge, in
Berlin and then
Hamburg, where the
Widerge betatron
was built in 1943-44.

..11\1 ITALY |\ Adriafs™
MHome N

6/16/2015
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* In Germany Touschek attended classes at Universities of Hamburg and Berlin, and in
november 1942 found a job at the journal Archiv fur Elektrotechnik.

« Touschek thus came in contact with Widerge, a Norwegian engineer, who was Europe’s
most prominent expert on betatrons, having written the betatron equation in 1928, in his
PhD thesis, and had attempted to build a betatron himself.

* In September 1942, after Kerst's article on the betatron, Widerge had submitted to the
Archiv a paper suggesting the construction of a 15 MeV betatron.

« Touschek saw the paper and spoke of the project to his boss, k. Egerer, who knew
people at the Aviation Ministry

During the war, in Germany there had
been a number of projects for
building betatrons,to be placed on
airplanes and used to emit powerful
X-rays to destroy enemy’s engines,
the so called death rays

In 1943, after Widerge had submitted his
paper to the Archiv, alerted by Egerer,
the Aviation Ministry of the Third Reich

QCIIDI‘I \Alldaerﬁ ‘|'ﬁ come (Garmanv ﬁhf‘l
AONCTWU VVIUuCTI XY LU LUITIT JTillidiily daiiu

build his betatron. Widerge accepted,
since his brother was imprisoned in
Germany, and he wanted to help him.

[Pedro Waloshek in RW’s biography] ‘ﬁllg year10|d Rolf Widerge

6/16/2015 Novosibirsk, PHOTON 2015 18




June 1943, Touschek and Widerge meet In
Berlin

Widerge’s project for a betatron was approved and
became a secret project.

Widerge’s article was classified and was never published
(as L. Bonolis and G.P. discovered).

Touschek, who had been corresponding with Widerge
about his article and some relatvistic corrections to the
electron’s orbits, met him in person in Berlin, and
joined the collaboration for construction of a betatron.

6/16/2015 Novosibirsk, PHOTON 2015 19



W T i T T RTIETR

During a holiday, in late summer 1943, RW watches clouds
colliding in the sky and imagines what could happen if
particles would collide one against the other:

Back in Hamburg, he mentions his idea to Touschek

From Touschek’s notes on the birth of AdA and Adone

'k, rarticuilarly whﬂn Feﬂ Wiu” elﬂt*rnns ﬂﬂd PO

e war from Widerge, the obvions reazom for =hinking about
Ehem being, ksl ofebres$ed 2 consideroibls gmount of ko
slng 1sliving' targets — most of she energy bLeing wegg
R che mobion of thc centrz of mazz, IF

ko tudy AR R e i & purTlclaa,'
which imberact weallly E}rﬁpt clo Durﬂmaﬂnatlﬂfllg. Thie auta-
matically cuts ons dovn o0 eleotrons (and positrons) siance
Je- —megons ara negrd o coms by dn lsrss sambera. Tao uas g
grogged beom conarabing of electrons 2 n d wosifrona has
The further sgdvanlage thet in 211 interaating nrooegges the
periicies of the initisl stete (i,e. the alzotpons and the
posiirons] disappear: Liperiments made in this way ean omly

. depend on two Dareweters (the ensrey snd the angle, . the First

belng given by the machine). Yhis means +hoat wick more infor

metion cgil: Lo -gained -by-mach Tewer-evarto,
6/16/2015 Novosibirsk, PHOTON 2015
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18 january 1944 : Touschek sends a “virtual gift” to his father: a
drawing of food and wine... but his pockets are empty
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Traveling between Vienna and Berlin: 11
september 1944

$48

- ’( s g g

M/\Lf g

So— \'\7\ p&‘vuvt A A o) \M*"" """""L

4l

“I did not write from Berlin, mail was not working anyway. The trip was ok, with my typing
machine, the small suitcase and the big trunk, | built for myself a decent arrangement...”
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1945

In March 1945, the Allied troops were approaching Hamburg, where Wideroe’s group had
finished building the betatron, and the German military command ordered to take it to
safety. Touschek and Widerge bring it to a Kellinghuse, 30 km from Amburgo in a
deserted farm building.

Back to Hamburg on March 14 night, Touschek is arrested by the Gestapo who arrives at
his home at 7 in the morning and takes him to jail. From there, three weeks later, he is
made to march towards the Kiel concentration camp, while the Allied troops enter
Hamburg.

During the march, he is sick and falls to the ground, a soldier shoots at him and he is left
for dead. He is saved, as the wound is superficial. He wanders from prisons to hospital, but
the war is winding down and he joins the occupation command as an interpreter.

Finally in 1946 he can go back to his studies, in Gottingen, where he receives his diploma.

After this, he goes to Glasgow where he will obtain his doctorate.



Traveling South

In 1952 Edoardo Amaldi offered
Touschek a position as an INFN
researcher at Istituto di Fisica
dell’'Universita’ di Roma Guglielmo
Marconi

He buys himself a motocycle, a
PUK model, and goes to Rome

In december he writes to his family
full of enthusiasm for the Institute,
the colleagues, the weather, the
food , the wine...

6/16/2015 Novosibirsk, PHOTON 2015
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1952-1960 During these years in Rome, Touschek mostly works on theoretical papers,
neutrino physics, chiral transformations, has some exceptional student, Nicola Cabibbo was
his first laurea student, and follows the latest physics developments such as parity non
conservation, discovered by T.D.Lee e C.N Yangin 1956

birsk, PHON'GI gldite a mirrore image of ... TD Lee..””




When AdA started working in
february 1961

ADONE had already been
envisioned

Touschek proposed to build
ADONE as soon as he saw that his
iIdea of how to store positrons and
electrons in a single ring was
working

NOVEMBER 1960
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Iln:lﬂﬂuuﬂil:tﬂEII
Roma, 9,FRov.60,

ADONE « a Druft Proposal for a
Oolliding Beam Experdment,

6/16/2015
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ADONE « a Druft Proposal for a
Oolliding Beam Experdmant.

B-Tﬂuﬂﬂhﬁkg
Romea, Q.H-DT.IE-U-

The choice of maximum cm
energy of 3 GeV followed
Touschek’s 1960 proposal

We now know that this would be
too low to observe the J/Psi, |,e,
charm, 14 year later.

At the time, 1960, it was difficult
to Imagine that anything more
interesting would be present
above the nucleon-antinucleon
threshold

But although ADONE missed the

discovery of the J/psi. it saw
UivuwuU Vo ] Ul Lliv v PUI 1L JCAVY

multihadronic production and
gamma gamma interactions

6/16/2015

It 1o assuned that axperiments in which thers
are only two particles in the final state are most easy
to interprot. There are 16 suoh reactions, namely:

(1) 2¢ . This 18 the only rosction in which
the xmxX intermadiate state 1o 'quasi reasl'’ and in which
therefore thero sjould be no *radiative correoctions',
This reaction shouldd serve as a 'monitor'. The 0ross-
section is 2.6 10” ' am *,

(2) e 4o~ . This reaction will show strong
angular variations and may require 'good geometry'. It
would give information on the brakdown of eleotrodynamios
at distances corresponding to adbout 1/3 the Comptonwave-
length of the proton,

(3) Ky ) . Test of eloctrodynamios An ‘bad
geonotry'. May elso serve as an indication of the funda-
mantal difference betwean aelectrons and muons,

(4) x ® reveals the interaotion between
pions in odd parity states.

- (5) 2x°s charge exchange interaction for pion-
pion scattering.

(6) K'E™ s interaction of K-mesons in odd
parity statas,

(7) X°,K* 1 Charge exchange interaction between
K-mooons.

(8) p,P s interaction of proton and antiproton
in even parity odd charge parity states.

(9) n,n 1+ same as (8) but for the charge
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Two photon interactions at ADONE

e The explored energies per
beam were
E-i Ei
— 950 MeV > —— forward
— 970 MeV 1972 Ei
— 1050 MeV > fnrwurd

— 1400-1500 MeV w.*'de angle

 Hard photon propagatV§
w;de angle

events were observed

e Electrons/positrons but
also non showering tracks
were observed




Two photon physics at ADONE

LETTERE AL NUOVO CIMENTO voL. 3, N. 18 29 Aprile 1972

Gamma-Gamma Interaction Processes at Adone ete- Storage Ring.
Measurement of the Reaction c¢+Je-—>ette-4-ette-.

C. Baccr, G. PENso and G. SALVINI

Istituto di Fisica dell’ Universitd - Roma
Istiluto Nazionale di Fisica Nucleare - Sezione di Roma

R. BavpinNi-Cerio, G. Capon, C. MENCUCCINI,
G. P. Mtrras, A. REaLE and M. SPINETTI

Laboratori Nazionali del OCNEN - Frascati

B. StELLA (%)

Istituto Tecnico Imdustriale « Enrico Fermi» - Frascali

(ricevuto il 16 Marzo 1972)



et

Two groups

e Bacci et al.

* ADONE energy per
beam

1400-1500 MeV

 August 1973 preprint-
unpublished

e — e*cfw — €

LNF-73/50

23 Agosto 1973

AX . .
accx( ), R. Baldini-Celio, G. Capon, R. Del Fabbro, C, Mencuccini,

C.B
G.P. Murtas, G. Penso(¥), ¢ Salvini(¥), M. Spinetti, B. Stella(®) and
A, Z

- allo: FURTHER RESULTS ON REACTIONS ete-~» ete- ete- AND
e

e”—ete” p* p- WITH ADONE STORAGE RING AT 1400-1500 MeV. -
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Barbiellini et al.

ADONE cm energy 2.7
GeV

PRL received December
1973
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VOLUME 32, NUMBER 7 PHYSICAL REVIEW LETTERS 18 FEBRUARY 1974

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

. Barbiellini, S. Orito, T. Tsuru, and R. Visentin

Labaoratori Nasfonali del Comitato Nasionale peyr I"Enevgia Nucleare, Frascalf,

F. Ceradini, M. Conversi, S. d Angelo,

Rome, Ralvy

and

M. L.. Ferrer, L. Paocluzi, and R. Santonico

Istituto @i Fisica dell’ lniversitd df Rowma and Sezione &f Rowa dell Istituto Nazionale di Fisica Nucleare,

Rowme, Faly

(Received 10 December 1973)

The photon-photon interaction has been investigated by €% and ¢~ collisions at about 2.7-
GeV total energy. Ewvidence based on 34 well-identified events has been obtained for the
process € e~ — e*e ptuT , 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“ete” are also reported.

Electron colliding beams provide a means,
present unigue, for investigating the photon-pho-
ton interaction at high energy, as pointed out by

where X is a system with C =41, In our experi
ment X is a pair of WA particles present in the
final state as a result of one of the annihilation
processes:

yyr—uty, {
yy—e'e’, {
yy—mn'm, {

These particles, emitted at angles #,, 9., with
momenta p,,p,, are detected by a system of tw
WA telescopes as sketched in Fig. 1.

ML scesc o -l a el Lo Laae ac—celad accd o fdl LL -~

many authors.' In the present experiment the out-
going ¢ "7 are detected at very small angles with
respect to their incident directions, in coinci-

XTERNAL WIDE ANGLE
TELESCOPE

SHOWER

TER
BENDING %lfﬂ.DHUPUlES COUNTEF

MAGNET BM

Im
—

FIG. 1. Schematic view of the general setup. The “shower counters,” S, were used to veto events involving pho-
tons from real bremsstrahlung, A and A are WA particles.

Novosibirsk, PHOTON 2015 32



In conclusion : Bruno Touschek’s
scientific legacy

In Italy

1960-1964 proposing AdA, observing collisions in Orsay

1968-1993: commissioning and operation in Frascati of the electron-positron collider
ADONE a Frascati, proposed by Touschek in November 1960, even before AdA started.
From ADONE there came

+ - + .-+

+ 19717273 oteT s eTeTyy s eteTeTe”
ete” — e+e_,u+,u_
» the discovery of multiple particle production in 1972,

* The confirmation of the discovery of the J/Psi in 1974,

» synchrotron light experiments

1957-> training of a generation of theoretical particle physicists in Frascati and at Univer_sity
of Rome Nlcola Cablbbo and Francesco Calogero among the first ones, Paolo d| Vecchia,
N~ MNran~ Rian~aarla DAccol in CvracA~nt A A f onft nlh A on

Mario Greco, Giancarlo Rossi in Frascati, and mai )% others. Importance of soft photor
resummation

1990-> the phi-factory DAFNE in Frascati is an electron-positron collider following
Touschek’s idea of particle-antiparticle annihilation



Thanks

e To my collaborator Luisa Bonolis for work on Touschek and Wideroe
e To Frederic Kapusta for hospitality in Paris

e To the Touschek Family for family photoes and letters

e To Valery Telnov for help with two photon interaction bibliography
 To Simon Eydelman and other Novosibirsk friend for support

The story of AdA in Orsay is told in a documentary by GP and Luisa Bonolis, INFN 2013

Fin




