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* Not only
i photon-photon
but since 1997
Photon + interactions
etc.

* Notin only e+e-
but in pp, pA etc.



On The Storage Ring.

The following is a very sketchy proposal for the
construction of a storage ring in Frascati. No litersture

At this stage it appears necessa- 2‘&‘. define the project

a little beiter: I prefer to think of llqg Xperiment rather
than as a machine - a fact which may Qn, " bly our
attitude to the project. As I think Cg) » g onstrate
the project is closer to an experim e
two important respects: in cost and in . 'ILQQI
applicability of the ironware. Talking of . 1208 X
I propose to study the reactions L 2 t,}r
PR 2y A) X N Z 5
) $rd St ®), N oS et
oy "G e =~
and I admit that I think that there is nothing elfse of impor- 7 7{\, s 4
tance, which can be studied with the same set up. ,‘\C\ .
The first of the processes listed is two guantum anni- ﬂ?

hilation. The process is predominantly backward-forward in

the C.M. system and in these preferred directions no 'radiative
corrections' are to be expected. The cross section for this
process is

(2) )= 6.3:10 e

at 250 Mev and 1t diminishes a little less than quadratically
with rising energy. _ g
I propose to use (lA) as a monitoring process. This w a

B. Touschek Rome-Frascati february 1960 )



B.Touschek,

Rome, 9.Fov.60.
X ADONE « a Duft Proposal £0r a
t 10 proposed to construot a synohrotron Colliding Boan .

like machine capable of accslerating aimli:nmaly IS SRR

aleotrons and positrons in identical orbits. The sugges-

ted maximum energy is 1.5 Gev for tho electrons as well

as the positrons. Thie energy allows one to0 produce pairs

of all the 80 oalled 'elementary particles' oo far known,

with the exoeption of the neutrino, which only beoomes

accensible via a woak interaotion channel,

/

It 10 assuned that experiments in which thers
are only two particles in the final state are most easy
to intexrprot. There are 16 suoh reactions, namaly:

(1) 2¢ . This 18 the only roaction in which
the xmaX intermadiato state ic 'quasi real’ and in whioh
therefore thero sfould be no 'radiative corrections',
This reaction should serve as a 'monitor', The Cross-
section 18 2,6 107 m *,

(2) e',e” + This reaotion will show strong
angular variations and may require 'good geometry', It
would give information on the brakdown of elcotrodynamios
at distanoces corresponding to about 1/3 the Comptonwave-
length of the proton.

& “
(3) » y» . Test of eloctrodynamios An 'bad
geonatry'., May elso serve as an indication of the funda-
mantal differsnce bstwean aelectrons and muons,

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

~ (5) 2»°:1 charge exchange interaction for pion-
pion scattering.

(6) KK~ s interaotion of K-mesons in odd
parity statas,

(7) f",K‘ $ Charge exchange interaction between

AYNETIC PIScussioN

;
i
F
8

K=-maoons, _
(8) p,p s interaction of proton and antiproton

in even parity odd oharge parity states,

6/2/19 (9) n,n 3 same as (8) wut 207 St'ab'%xegeOTON 2015 3



Il NUOVO CIMENTO Vor. XXXIV, N. 6 16 Dicembre 1964

AdA in Frascati and
Orsay: 1960-64
March 1963:

-Touschek effect is discovered
and published in PRL

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

C. BERNARDINI and G. F. CORAZZA
Laboratori Nazionali - Frascati

1963-64

G. D1 GrugNo
-Measurements are taken of

Istituto di Fisica Superiore dell’ Universita - Napoli

J. HAISSINSKTI and P. MARIN

ete” — e+e_7

Laboratoire de U Accélératewr Linéaire - Orsay

R. QuERrzoLI

. . Istituto di Fisica Swperiore dell’ Universitd - Napoli
-Data are compared with theoretical Laboratori Nazionali - Frascati

calculations by Altarelli and Buccella
( thesis work with Raul Gatto) B. TouscrEK

Istituto Nazionale di Fisica Nucleare - Sezione (i Roma

.. . icevuto il 16 Luglio 1964
-The rate is in agreement with the (rloovuto 1 16 Luglo 1564)
theoretical calculations and Touschek’s
effect: collisions are pI’OVGd. Summary. — The paper describes a series of experiments carried out
with the purpose of observing the y-rays produced in the collision between
stored beams of electrons and positrons. The interaction rate has been
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 caleulated from tha lifatima affact

6/2/19 Novosibirsk, PHOTON 2015



In 1971 experimental evidence for photon-photon collisions was found at ADONE and VEPP2

LNF-71/63
23 Settembre 1971

C. Bernardini: RESULTS ON ete” REACTIONS AT ADONE (1.4 -2.4 GeV),

(Presented at the 1971 International Symposium on Electron and Photon Interactions at
High Energies - Cornell, Ithaca),

TABLE I - Group Labels, Names of Authors, Analyzed final states,

i
Group L ete | Wy e (K'K) | pp | 23 had
BCF(l) X X X X
Boson(z) X X
77(3) X X X
mr.(4) X X ' (x) X ” X
p-ﬁ(s) <




From Photon 2015 in Novosibirsk, by Elena Pakhtusova

Evidence for two-photon production of e*e- pairs at VEPP-2

1 — One of our colleagues Vladimir Balakin suggested that the observed
events are from the e*e- — e*e- e*e process , which was first discussed by

Landau and Lifshitz in 1934.

2 — Vladimir Baier and Victor Fadin obtained the differential cross section for
this process (Phys. Lett. 35B, 156, 1971 ).

3 - Good agreement between their calculation and experimental results
validated the hypothesis on the process nature.

4 — In particular, the experimental and calculated distribution of the asimuthal
discollinearity angle Ag for | A6 | <40 is shown in the figure. It is seen that
observed distribution well agrees with calculation, taking into account the
multiple scattering and geometry of experiment.

For comparison the dashed line corresponds to independent and isotropic
particle distribution.

5 — The article with the results of this experiment was published in journal
Physics Letters in 1971.

Evidence for electron-positron pair electroproduction
V.E. Balakin, A.D. Bukin, E.V. Pakhtusova, V.A. Sidorov, A.G. Khabakhpashev,
Phys.Lett. B34 (1971) 663-664



LETTERE AL NUOVO CIMENTO VOL. 3, N. I8 29 Aprile 1972

Gamma-Gamma Interaction Processes at Adone ete- Storage Ring.
Measurement of the Reaction ct-+e-—e+tte-+et4e-.

C. Baccl, G. PENsO and G. SALVINI

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

R. BArpini-Cerio, G. Caron, C. MENCUCCINI,
G. P. Mtrras, A. REaLE and M. SPINETTI

Laboratori Nazionali del CNEN - Frascati

B. Srervra (%)

Istituto Tecnico Indusiriale « Enrico Fermi» - I'rascali

(ricevuto il 16 Marzo 1972)



Gamma gamma at ADONE

* The explored energies

per beam were + +
S e
_ 950 MeV > »—— forwanrd
T
— 970 MeV re_ forward
— 1050 MeV &7 wide angle
> .
* Hard photon propagator > ~— wide angle
events were observed € €

C)
 Some non showering
tracks also observed ->

ete” — e+e_fw — e+e_,u+u_



ete” — 6+6_,u+,u_

VoLume 32, Numasa 7 PHYSICAL REVIEW LETTERS 18 Fearvany 1974

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

G, Barbiellini, S. Orito, T. Tsuru, and R, Visentin
Laderatori Naziowali de! Comitato Naziovale pev I"Evergia Nucleave, Frageati, Rome, Baly

and

F, Ceradini, M. Conversi, S, d'Angelo, M, L, Ferrer, L. Paoluzi, and R. Santonico
Istituto df Fisioa dell twivervsitd df Roma and Sezione 40 Roma deil' Tetituto Neriowtle di Pisica Mvcleare,
Rowee, Raoly
(Hecetved 10 December 1873)

The photon-photon intersctios has been lavestigsted by ¢ and ¢ colllsions at abow 2.7«
GeV total energy. Evidence based ca 34 well-ideatified events has been obtalned for the
process e'e” = ee"p ", hitherto wmobserved. Sach a process §s found to oocur in agree-
ment with theoretical predictions based ca the equivalent-photon approximatios, Results

on 74 events from the process €'e” —e%e“e'e” are also reported.

1974

Electron colliding beams provide a means, at many authors,' In the present experiment the out-

presemt unique, for investigating the photon-pho- going ¢ ™" are detected at very small angles with

ton interaction at high energy, as pointed out by respect to their incident directions, in coinci-

385



From Frederic Kapusta, Photon 2013 in Paris

1973-2013 : a bit of history

Colloque international sur les collisions photon-photon
dans les anneaux de stockage électron-positron
3-4 sept. 1973, Collége de France (Paris)

Journal de Physique
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Lisie es revues dEDP Sciences
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1872-1962
J- Phys. Théor. appl. Numéro precédent Sormmaire Numero suivant

Radium (Paric)
I. Phys. Radium

sy T Le Journal de Physique Colloques

Vol. 35 No. C2 (Mar= 1974)
1963-1390

J- Phys.

T. Physique Lett.

J- Phys. Collogues
J« Phys. Phys. Appl.
Rew. Phys. Appl.
(Paris)

Collogue international cur lac collicionc photon-photon danc lec anneaux de ctockage dlactron-pocitron | International colloquium on
photon-photon collicions in electron-pocitron ctorage rings

1. EXPERIENCES PASSEES ET FUTURES / I. PAST AND FUTURE EXPERIMENTS

RESEARCHES IN FRASCATI ON THE REACTIONS ¢* ¢ 2 ¢* ¢ + X. THE RESULTS OF THE “yy GROUP* p C2-1
G. SALVINI

Abstract | FOF file (479.3 KB)

1991-2006
J- Phys. I Framce

J. Phys. 11 France

J. Phys. 11T France INVESTIGATION OF PHOTON-PHOTOPN INTERACTIONS BY ¢” ¢ BEAMS COLLIDING WITH 2.7 GeV TOTAL ENERGY p. C29
J. Bhys. IV Erance F. CERADINI, M. CONVERSI, 5. D'ANGELD, M. L. FERRER, L. PADLUZI, R. SANTONICO, G. EARBIELLINI, 5. ORITO, T. TSURU and R. VISENTIN
N Abstract | FOF file (171.0 KB)

.

Current journals

The Eurepean EXPERIMENTS ON ELECTROPRODUCTION OF ' ¢ PAIRS WITH COLLIDING BEAMS AT NOVOSIBIRSK  p. C2-15
Physical Journal V. A SIDOROV
Abstract | POF file (337.7 KB)

Pour les lecteurs

Mon coempte EDPS Il. EXPERIENCES PASSEES ET FUTURES / II. PAST AND FUTURE EXPERIMENTS

Accés par vol./page ELECTRON-POSITRON INTERACTIONS AT 5 GeV IN THE CENTER-OF-MASS : BHABHA SCATTERING AND MULTIHADRON PRODUCTION
. - n 221




F.Kapusta Photon 2915
|The 1973 Conference

P.WALOSCHEK
DOL: http:idx.dolargs/10.1051 4 phrscol: 1974 206
Résumé |PDF (1458 MB)

EXPERIMENTAL EVIDENCE OF VIRTUAL COMPTON SCATTERING OUTLOOK OF
T STUDYING py PROCESSES WITH DCE o G245
A. COURAU
Le Journal de Physique Collogues DOL: bittp:dx.doi.ang/10.1051 phrscol: 1974207
Yol. 35, No. €2 (Mars 1974) Résumé |PDF (257.8 KB)

Collogque international sur les collislons photon-photon dans les anneaux de stockage électron. SOME BACKGROUND FROBLEMS IN PHOTON-PHOTON COLLISIONS IN ELECTRON-
positron [ Intermational collguium en photon-pheton collislons in ek ctron-positron storage © POSITRON STORAGE RINGS j C2-51
rings J PARISI
DOL: Bttpdx doiang/1 0. 1051 phrscol: 1974208
Fesumé |:"I)F (372 K8)

1. EXPERIENCES PASSEES ET FUTURES / L. PAST AND FUTURE LTHEORIE / THEORYCURRENT ALGERRA, PCAC, ITS ANOMALY. AND THE TWO-PFHOTON

- 2 UCTT TWO PHOTO ~
" EXPERIMENTSRESEARCHES IN FRASCATI ON THE RFACTIONS ¢ * ¢~ = 0% o~ + X. THE l:'l! s‘aon.rlo.\ PROD ON BY F NE) p.C251

RESULTS OF THE *yy GROUP* p 2.1 DOL: bpidx.dularg/10.1001 Jphirscol: 1974209

G SALVINI Résumé |PDF (401.8 KB)

DOL: hitpyidx dolocg/10.1051 {physcal- 1974201

Résumé | PDE (479.5 KB () THE MADKONIC FHYSICS OF FHOTON-FHOTON COLLISIONS p C2-00
§.). BROPSKY

INVESTIGATION OF PHOTON-PHOTOPN INTERACTIONS BY % o° BEAMS COLLIDING ::?,l.,:,‘,'p|"f:;r1:'%:-'g}l:;‘maph'vml' e

~ WITH 2.7 GeV TOTAL ENFRGY p 2.5

F. CERADINI, M. CONVERSI, S. D'ANGELO, M. L. FERRER L. PAOLUZI, R SANTONICO, G. _n THEORIE / THEORYyy ~ HADRONS 1 ASYMPTOTIC BEHAVIOR AND DEEP INELASTIC
BARBIELLINI S. ORITO T TSURL et R. VISENTIN SCATTERING p C2.77
DOL: hitpyidx dolocg/10.1051 {physcal- 1974202 TE WALSH

DOL: http:idx.dolarg/10.1051 ipharscol: 1974211

Résumé | PDF (171.0 KBJ Résumé |PDF (551.7 KB)

EXPERIMENTS ON ELECTROPRODUCTION OF o™ o~ PAIRS WITH COLLIDING BEAMS AT | . THEORIE | THEORYCOULOMEB AND PHOTON EFFECTS AT HIGH ENERGY p 287
 NOVOSIBIRSK p.C215 - LSTODOLEKY

V. A. SIDOROV DOL: http:dx.dolarg/10.1051 Y plarscol: 1974212

DOL: hittpyidx dol.ocg(10.1051 {jphyscal: 1974202 Roumé |POF (38.0 KB

Résumé | PDE (337.7 KB) I THEORIE / THEORYTHE EQUIVALENT PHOTON APPROXIMATION IN ONE- AND

T AWO-PHOTON EXCHANGE PROGESSES P C2-97

1L EXPERIEN CES PASSEES ET FUTURES / II. PAST AND FUTURE P.KESSLER
T EXPERIMENTSELECTRON-POSITRON INTERACTIONS AT 5 GeV IN THE CENTER-OF-MASS DOL: bittp:dx.doiarg/10.1051 jphrscol: 1974213

: BHABHA SCATTERING AND MULTIHADRON PRODUCTION p (22-21 Resumé |FDF (643.5 KH)

e NE“: MAN - g FORMUIATION AND VALIDITY OF AN EQUIVALENT PHOTON APPROXIMATION IN THE

D(')l: hlllp;M\.dm,lxu.'l,ﬂ,](I S1lphyscol: 1974204 " TWO-PHOTON EXCHANGE MECHANEBM p. 2 108

Résumé | PDF (519.9 KBJ G BONNEAU. M, GOURDIN st F. MARTIN

DOL httpusdx dolarg/1 0. 1051 hphrscol: 1974214

PHOTON-PHOTON COLLISION EXPERIMENTS AT SPEAR p.C229 Résumé |PDF (13,7 KB)

~ G.). FELDMAN

THE FOUIVALENT PHOTON APPROXIMATION o CI-113
TTDOHINTH

DOL: Bltp:dx.doiarg/10.1051 plsrscol: 1974215

Ricumd |PDF (1007 KR)

DOL httpyidxdonocy/10.1051 jphyscol 1974205
Résumé | PDF (338.8 KB|

BEYOND THE EQUIVALENT-PHOTON APPROXIMATION p C2-115
K. SUBRAMAO
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