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The photen-photon interaction has been investigated by e and e
collisions at about 2,7 GeV.total energy. Evidence based on 34 well
; : 1 ' e T
identified events has been obtained for the process e e -» ¢ € f& o
hitherto unobserved. Such a process is found to occur in agreement
with theoretical predictions based on the equivalent photon approxi
+ - + -

mation. Results on 74 events from process e e —> e e ¢ e are al-

s0 reported.

Electron colliding beam provide a means, at present unique, for investi
gating the photon-photon interaction at high energy, as pointed out by ma-
ny authors.

In the present experiment the outgoing e 277 are detected at very
small angles with respect to their incident directions, in coincidence with
other particles produced at wide angles (WA partiﬁles). This arrangement se
lects events in which two “'quasi-real” photons, * are emitted and annihi

late according to the reaction



é+e_ — é+e-a~‘¥' o .é%eix (1)
where X is a system with C=t1l. In our experiment X is a pair of WA particles
present in the final state as a result of one of the annihilation processes:

Yy - ptes | | (2)

qr}v —- ee ' ' (3

v - A (4)

These particles, emitted at angles 91, 92, with momenta pl, pz, are detect
ed by a system of two wide angle telescopes (WA) as sketched in Fige. 1.
. . . s .t -
The experiment has been carried out witn the Frascati e e storage
[ 2 (3 ra
ring, Adome, in runs performed at an average total energy (E+ + E =2E=vg)
: | | .
of 2.7 GeV, for an integrated machine luminesity ,rLdthGO nb . The results
consist of 34 well identified events corresponding to process (2), 76 cvents
corresponding to process (3) and 2 candidates for process (4).
The experimental results on processes (2) and (3) agree with the theo
retical predictions based on the equivalent photon approximation (EPA).
The forward emitted electron and/or positron are recorded by '"tagging
r L] . . . '3 3 > '3
counters’™, as also shown in Fig. 1., The tagging technique adopted utilizes
the machine bending magnet as a momentum analyzer, The momentum of the e
and/or e 1is determined with a typical accuracy of +5% by measuring the pfg
pagatien time of the scintillation light. The tagging counter system accepts

+,-)

( _ .
scattered e of ‘energy (0.2 » 0.85)E, with approximately 50% efficiency,
as calculated assuming EPA,

) 4 |
In the wide angle apparatus (WA) two thin foil spark chambers placed



A 3J€ Y pue Y ‘Sun[yesissuiwsag [eaa wody suojoyd SUTATOAUT SIUSAD

‘garonyaed v
ayy, ‘dn-3es Tedeuss oy} JO MOTA OLRUISYDS S OId

039A 0} pasn 8134 ‘S “__m.HwEsom. Jamoys,

140083131 31907/

(FLSELNNEY O

(71) SY31NNOIT
| aNiggvL

aNIgsYL

H3LNN0D - $3704NEAVNT

HIMOHS -/ T19NY 30 .Ezmmbﬁ.




6.

near the machine’vacuum ;hamber are used for kipematical reconstruction of
the evcnfs. All other tréck detectdrs‘(thick pléte chambers) are used to
observe ﬁ;rticlé stops, or nuclear interactions;'or the development of elec
tromagnetic showers,

The.basic requirements for the selection of the events are: (i) Presen
ce of two single track%, one in each of the two kiﬁematical chambers, conver
ging.in the e+e_ interaction region; (ii) Time coincidence, within aboutiﬁlo.
nsec, with the instant of beam-beam collision; (iii) Coincident pulse in at
least one of the two tagging counters; (iv) Penetration of the WA particles
in tie WA telescopes as specified in Table I.

TABLE 1

Minimum particle penetration required in the WA telescopes (expreg

) 2
sed in g/cm  of iron equivalent) for various types of events.

Event type Penetration in one Penetration in othér
telescope t.elescope
DT - p 40 10
ST - w 40 40
DE -~ e 40 10
ST - e 40 22

The selected events are subdivided into two categories: 1) Singly tagg
ed (ST) events; 2) Doubly tagged (DT) events. The T = FL+;Lf events (be
low called jL-events for briefness) are searched for among those events which

show no shower or nuclear interaction in the thick plate chambers. The

7% ~> ete” events (e-events) are searched for among those which do exhibit



an electromagnetic shower in at least one of the two WA telescopes.

We have recordedrlﬁ T ‘PL—evéﬁts;‘qg whichllo had atrleast one track
stopping in the WA telescoepes. Identification of these 10 events as fb-events
is based’primarily'dﬁ‘thé:distribution of the quantity

A=K =X
rec wRas

where Kmeas is thg phbton momentum as derived. from the tagging counter infor
mation and Kreé is the vélué éf tﬁe same éuanpity oﬁtai?ed from ‘a kinemati
cal recomstruction. The latter is based on angle and range measurements of
the WA particles, assumed to be muons. The st'diétribution reported in
Fig. 2a) indeed sho%s a peak about AK=0 as exﬁectgd.if the events were cox
rectly 1dentified.i

Further evideﬁce of ﬁhe correct iden#ificétion comes from the AK di
stribution of tﬁe ST - ;Luevents reported in fig. 2b) . For these events we
require that both WA‘tracks stbp in the WA telescopes, so that we have ome
constraint events, It is seen from Fig. 2b) thaf 20 out of the 56 recorded
ST j~events cover essentially the same region of the ﬁT ﬁg-evénts disﬁri
bution. They are interpreted as 'good" M ~events (3‘3“-%>f&+}t—)- The re
maining 36 eyents,"on the other hand,.exhibit a rather flat distribution in
AK, clearly sepaxéted.from the former one, These.36 events are intexrpreted
as "background"'egeﬁts whicﬁ originated in beam-gas collisions. This inter
pretation is supported-by the results of Ehe background runs;‘cafried out
with separated é+'and e beams, in whicﬁ 7 events were recorded, These last

events have“in&eéd-théu'£XK_distrib&tionlshdwn in Fig. 2¢) and their number
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FIG., 2 - Ak = (Kpoe - Kmegag) distribution: a) For 10 DT p-events ;
b) For 56 ST p-events; c) For 7 ST background p-events obtained with
separated et and e~ beams. 36 of the 56 ST events (hystogram b) can
be interpreted as background events. Of course each doubly tagged
event contributed two points to the Ak distribution,
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(7) is consistent with the previous 36 background events, if allowance is
made for a normalization factor of ~ 4.5,

The momentum distribution of the quasi-real photons relative to the
DT pm -events is shown in Fig. 3a) (full line).

Simultancov:ly with the ft-events we have collected also the e-events,

, R S _ ,
first observed at Novocibirsk. No event of the e~type was observed during
the background runs. Within the energy error -_I-S.K(+ ) the 12 DT e-events are
y -

found to fullfil the relationship

].(_ - K+ Sln(Ql + .92)
B = TE T Sineseind )
W Ty THIETEERE
where 8 is the C.M. velocity and K(+ ) the energy of the photon emitted
5
e olTe™) . _ .
by the e scattered into the tagging counter,

Eq.(5) holds for any event involving WA particles of rest energy much
smaller than their kinetic energy. For the ST e-events we use then Eq.(5)
to derive the energy Kx of the photon associated with the undetected elec
tron, with an uncertainty of -{_-51{_{. For 43 out of the 64 ST e-events we
found that, as expected, Os_Kx iSKxéE. These 43 events are interpreted as
. + - |
TV — e e events with two "quasi real' photons. Another 8 events do not
fullfil the above inequalities, yielding K+ SK> E. They arc interpreted as

" . . ) (+:"')
due to bremsstrahlung of one of the primary electrons, e , followed by
conversion into a pair, a member of which undergoes an elastic scattering

()

with the other primary, e « For this process one of the photons is deep

ly virtual, 'I‘Hese_ events, first observed at Adone by thle ._"3'?” groupb and
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FIG, 3 - a) Photon momentum distribution relative to the DT
p-events, The dotted hystogram is derived from a Monte Carlo
calculation based on the equivalent photon approximation,

b} Acoplanarity angle distribution for all recorded DT events,
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interpreted as above by Cabibbo and‘Parisi,7;ogcur;in a kinematical configu '
rationrwith'beth'the,forward-emitted;partidigs;scattered,tawards the same
tagging counter,

The remaining 12 events cannot be;c1assified;unambigUQusly since,gdue
to the egperimental errer-jjgﬁ;~We‘cannot-eﬁtabiish'whEther-the~quaﬁtity
E Q(K:fSIé) .is:poéitdwe‘or;negative,‘givigg“a-systematiqal error that adds
to the smatisticaikane. | |

‘The angular acceptance of xhehtaggingégeunters sets an upper limit of

(=)

nearly‘io.MeVyc for the transverse moﬁentumvof the‘recérﬁed,e ~« This im
plies that for DT events of any type'it;is.not pbssible to have acoplanari-
ty angles A ltarger than~3°. Thg ‘llﬂ:disﬁﬁibutien of all recorded DT .events
is réproduced in Fig,., 3b) and it is.seen to be essentially within_the expect
ed limit,

By a Monte Carlo simulation of”the_experiment,based_on the EPA, we
have deduced the expected numbers of DT .and ST g -~ and e-events reported in
Table 1L, For the ST e-events with a deeply virtual photon, al"hand" calcula
tion gives the results reported in the last line of the Table.

We conclude that the experimental observations of the processes (2)
and (3) are in good agreement with those expeqted.on the basis of EPA and
that thefrwyfimmgracﬁion can be efficiently studied Wiﬁh clectron storage

rings.
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CTABLE IT

Comparison between numbers of observed and expected events. The

numbers in brackets indicate systematic errors.

Type of.event Expected number . Observed number
DT - 10.9 + 1 14+ 4
5T - m 27.9 + 2.6 20+ 5

(ST+DT)—)L _ 38.8 + 3 _ . 34+ 6.

DT ~ e 8,0 + 1 12 + 4

5T - e 41 + 5 49 + (6) + 7
(ST+DT)~e 49 +5 61 + (6) i‘"s
(ST - e)* 18 +9 15+ (6) + 4

: 6
(ST - )™ are e-events involving a deeply virtual photon. °

We wish to thank the Adone group for the efficient collaboration during

the running time,
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