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1.- Many authors(l) have pointed out that processes such as:
+ - 4+ - =

(1) ee =e e AA (Ase,p,nx)

(2) ete = e+e"A§AK

occur within the present energy range for single beams of Adone, E, =
=E_=700-1200 MeV, and with cross sections which are "sizable'" when
compared with the common one-photon exchange process:

(3) e+e_ =AA

The same is also true if cross sections of processes (1) or (2) are com
pared with that of multihadron production (see ref. (2)), i.e. of process

o(n>1, me.0

(4) e+e"——m ni+m.n:
n=1 m21

)

It is well known that processes (1) and (2) can be interpreted as due to
the emission of a quasi-real photon by each incoming electron, followed



by a photon-photon annihilation with the creation of an AA pair (or an
AA+ AA double pair). In the discussion which follows processes (1) and
(2) will be referred to as '"yyprocesses'' and processes (3) and (4) will
be called a ''one-photon processes''

Due to the fact that the cross sections for y y processes in-
crease logarithmically with energy, 1nE, while those for the_gne pho
ton exchange vary inversely with the square of the energy, E ~, the
contributions due toy y processes are expected to increase in relative
importance at the higher e e energies of future storage rings (CEA,
Novosibirsk, DORIS, SPEAR, etc.).

In this paper events observed in the experimental arrangement
of the our group at Adone are analysed in a search for those that could
come from y y processes, mainly in order to evaluate possible contami
nations due to this mechanism to the one-photon processes. In the fol-
lowing we will test the reliability of this evaluation by comparing at a
given total energy (2E_,_ ~2GeV), the expected and measured number
of events due to y y procéss. After this test the contaminations at diffe-
rent energias have been calculated, see Appendix II.

A drawing of one view of the apparatus is shown in Fig. 1. The
trigger logic used in the seach for yy processes is also indicated. A
detailed description of the apparatus can be found in Reference 2.

The Monte-Carlo program used to estimate the efficiencies
of the apparatus for the one photon processes *) has been modified to
calculate the efficiency foryy processes, ¢ TRIGGER- and to integrate
their differential cross sections in order to obtain the total cross sec
tions Giote These, along with the effective cross sections that result
from them, 0 opf, are listed in Table I for several center-of-mass ener

gies (ECM= E,+E_). A description of the calculations appears in the Ap
pendix I,

It is noteworthly the fact that, due the severe cuts introduced
by our wide angle apparatus in the angular or energy distributions of
produced y y processes events (see one example in Fig. 3), 0 opf results
to be strongly lower (by many order of magnitude) than Oiote

Photon-photon annihilation events which are most likely to be
detected are those with two charged secondaries appearing as two tracks
in the spark chambers of the apparatus. In that secondary electrons in
these processes predominantly are emitted at small angles relative
to the beam directions, the registered tracks will be close to coplanar

{+) - This Monte-Carlo program has been extensively used to determine
the efficiencies of the apparatus of Fig, 1, It is described in Ref, (2).
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FIG. 1 - View of the main apparatus along the beam direc
tion., C_ (C') are thin foil spark chambers used for space
reconstruc%ion of the events produced at the source, S,
where the e’ e” bunches collide, CQ,C .. (CL,CLL L)
are thick plate spark chambers uséd to observe the
development of electromagnetic shower and/or the stop
of charged particles. S, +S (S' +-S') are scintillation coun
ters and C(C') are H,O Ceérenkov counter, The trigger
logic used is also indzlcated.
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TABLE I
B o L o]
t trigger eff
Process CM ;g 9 g% 35 9
(GeV) | (10729cm?) (10°7) (107°2cm?)
A)eter—y ete utu- 1.4 | 12 +.1 3.8 +.4 4.55+.5
2.0 | 18.7+ 2 3.9 +.4 7.3 +.7
3.0 | 29 + 3 3.2 +.3 9.3 +.9
B) ete s ete-atm- 1.4 .75+, 08 1.35+.1 .10+.01
2.0 1.37+.1 2.4 +.2 .33+.03
3.0 2.2 +.2 1.7 +.2 . 37+. 04
C) ete"—yeteete” 2.0 | (7.3+0.7)100 | (5.7+1)1076| 4.2+1.0

(%)

with the beam but non-collinear' ’, Thus, viewed along the beam direc
tion, the tracks in the first spark chambers will form an angle of non

coplanarity, 4 ¢, which is near zero, and viewed perpendicular to the
beams they will form an angle of non-coplanarity, 4 8, which is grea-
ter than zero,

Of the three processes indicated by A), B) and C) in Table I
only the first two, in fact, are to be considered. The latter, C), al-
though produced with a substantial cross section is not reliably distin
guishable, in the present experimental arrangement, from e e —sete~y
which has an effective cross section more than fifty times larger.
These processes with only electrons is the final state have been sup
pressed by the requirements that neither secondary particle produce
either electromagnetic showers in succeding spark chambers C, and
C3, or a pulse height in counters 2 and 3 greater than a particle having
twice the minimum ionization, The events of processes A and B in ge
neral may not be distinguished from each other and, in this analysis,
their sum will be considered,

(¥) - Notice that in our calculations (App. I) we have effectively used
the equivalent photon approximation, which gives events exactly
coplanar. The validity of this approximation, for process B) in
Table I, has been discussed by Brodsky et al. (1)



The events due to the processes ee-geeupand ee—3eemw @ are
not observed without considerable background. The contamination due
to unidentified electrons from ee—3 eeee and ee—seey has been estima
ted to be £2%, In addition, the contribution from other processes re-
sembling them also have been estimated., Table II gives the efficien-
cies and the total and effective cross sections for processes D), ec-—
—~3 07 (Ref. 3), and E), ee—yupuy(Ref, 4), for various center-of-mass ener
gies, The cross section for process E) integrated over the apparatus
is seen to decrease papidly with increasing energy Ecny- This results.
from the fact that events with muons having kinetic energies above
~600 MeV do not produce acceptable triggers and therefore are not
considered if either muon traverses counter 5. In order to detect the
se events, a larger radiation energy loss is required as Eopy increa-
ses, but this results in an increasing large non-collinearity angle, 40,
which eventually reduces the effective solid angle for the apparatus to
zero, Thus, in order to reduce the contamination due to process E),
only data from runs at Ecnm > 1.8 GeV were utilized in this study,

TABLE IT

Eem Otot Strigger Oeff

Process
(GeV) [ (10733cm?2) (10°3) | (10-35cm?2)

D) ete—0% | 1.4 | 5.6+.6 2.5+.3 | 1.4+ .1
SR 90 | 4.6%5 1.5+, 2 LT+ L 07
E) ete—ptuy | 1.4 45 t10
1.5 25 + 5
1.8 1.4+ 3
2.0 0

Additional background comes also from processe. (4), quoted
before, and from the process

+ + + +
) e—Z -y e—+27; e—Z-—de—+ 7'+

Process (4) or multi-hadron production can result in two charged par
ticles which trigger the apparatus and which lie within the angular in
terval of 46> 10° and 4¢ £10°. Processes F) due to electron-nucleus



interaction on residual gas nuclei have been studied in separate expe-
rimental runs when events produced by single beams or spatially se-
parated ete” beams in Adone were detected. The predicted number
of background events due to process F) within the selected angular in
tervals and having two non-electron-like secondaries was £(3+2)%.

As indicated in the previous discussion, the rejection of events
from process E) requires that only energies, Eons greater than 1.8
GeV be used, As the majority of the experimental observations above
1.8 GeV were made at 1.9 and 2.1 GeV, the analysis has been restric
ted to these energies,

In order to estimate the number of events due to processes
A)+B), the observed two-track events have been analysed in the follo
wing way. The angular distribution in 4§ for events with two charged
particles appearing in the apparatus (in opposite telescopes) was deter
mined by selecting those events with 40> 10°. Due to the geometry
of the apparatus ard for beams which are unpolarized, this distribution
in A¢ should follow a straight line. This has been demonstrated by Mon
te-Carlo calculations for multi-hadron events, processes F), The re-
sulting experimental frequency distribution for 4§ along with a best-
-fit straight line based on events with 4¢ > 10° is shown in Fig. 2. The
observed number of events appearing above the extrapolated best-fit
line for A¢ £10° is 11 +6.7. For the purposes of normalization, it is
noted that these events were observed contemporarily with 5527 ete™—
— ete” or Bhabha scattering events,

The predicted number of events due to yy processes A) and B)
that should have been observed in this experimental sample with the
time integrated luminosity of 1. 33x10%% cm~2 is 9+ 1, The predicted
number of events within 4@ £ 10° and 40 > 10° due to processes D) and
E) is 1 and due to process F) is% (2+1). Thus the number of events due
to yy processes (A)+(B) (TableI) is consisted with that predicted by the
theoretical calculations(l). This result clearly is not statistically signi
ficant and is presén’ced only as a status report on the analysis being
carried out by this group at Adone. Moreover these results have been
used to evaluate the contamination due to everts coming from -~y pro-
cesses on the multihadronic 2C-events (see Appendix II). Tagging at
least one of the forward going electrons will certainly improve the
signal to noise ratio and will permit more quantative observations to
be made on these processes(5),

Data on events observed with tagging is now being collected
by the pw and ~yygroups and will be published in the near future.

(

A preliminar?r paper also has recently been published on tagged
events by vy group 6



, X | Y+AY | Y
504 exp
5 |45+6.7 | 31.0
15 | 28+5.3 | 26.0
h&t 25 |24+4.3 | 20.9
" ‘ 35 [16+4 | 15.9
“ 45 | 8+2.8 | 10.8
© 30+ 55 | 5+2.2 | 5.7
ke 65 | 1+1 7
- reduced. yx 2 .46
o .
_ 207
L
Q‘
£
5 104
Z

e NE
@ 20° 40° @@&\ Ay

Y-Y
FFT}- _45-31,0 14 _,
X=5

a4Y 6.7 6.7

FIG. 2 - Experimental frequency distribution for A .
Included are events with only two visible charged-
-particle tracks.



APPENDIX 1. -

A.1.- eTe—pete puu(mwm) effective cross sections. -

The effective cross section for processes

+ -
(1) e e —ete utpu

(2) ete e e a w”

in a description based on equivélent real photons approximation is gi
ven byfl):

4E2 +1

2
24 9 . 9 4E" /s
et ) [lg('ﬂ")} jz P (s,7)Pyls,7) x

4p s/4E2 -
(1.3)

x(d(cosg))y},ﬂ(s,}'”g) s Ty d(cosB)

where @ is the mass of the muon (pion), 8is the production angle in the
.C.ML. system forpu(smwm) pairs in the reaction y+ y—p u(waw), s is the
square of the four-momentum in the y -y system, y= 1+ 8 /1-8_, 8,

is the velocity of the center-of-mass of the y -y system, E is -the ener
gy of each incoming electron, xg = s,/4E2, Pils,y)= 1/2(2—2-‘\/‘)7’5?84— ?X,),
and Py(s,y)=1/2(2-2 VS::-? +x /7). The differential cross section for
YY—ppis:

_do . ___ 2B
(1.4) (dcosg)‘f}'"zgm -

2
4 : 2
{lwﬂ cos4@+8[: B sin29
(1- Bzcoszg)2 }

and fory y.amwmwis:

do _ma B 8 s 5
(deose ry™ 8 ?{16*‘1)1“["2—«4# +S(1-BX)]+
(1.5)

=5 [16ut-8u”s (1-px+s”01- Bx)z] -+ (s-4u2)2__1_}
D 1



where ﬁ is the welocity of the muon (pion) in the center-of-mass of the
yysystem, D1 =-s/2(1- Bx), x=cos0, and 7(s, y,0) is the detection effi
ciencylfor the experimental apparatus. The integration has been done
by means of a Monte-Carlo calculation over the variables s, 8, and Y.
Nuclear interactions of pions also were taken into account. The effec-
tive cross sections have been calculated by defining the function 5 as
follows: =0 if an event with its particular values for s, y,9, is not ac
cepted by the apparatus; =1 .if it is accepted, i.e. results in a "good"
trigger. To calculate the total cross sections 9 has been taken to be one.
The resulting frequency distributions in the process A) for s, x, B, and
Ey,are shown in Fig, 3a, 3b, 3c and 3d. Separate distributions are shown
for all events as well as for those detected by the apparatus.

The same formulas (1.3) and (1., 4) have been used to calculate
the integrated cross section for process ete"—3ete~ete™. An additional
factor 1/4 has to be added to take into account the undistinguishibility
of the incoming electrons after the bremsstrahlung, from those produced
by the annihilation processyy—yete~. To define the function 7 in this ca
se we have used the probability for an electron to trigger the apparatus
as a function of its energy. These probabilities have been estimated
from measurements at various electron energies carried out at the Fra
scati Electrosynchrotron(®),

A.2,- eter—5 pOyeffective cross section, -

Consider the following process:

(2.1) ete” —3 0%y
L__;n T

where the photon is produced in a bremsstrahlung process by one of the
incoming electrons and the ¢© meson is created by annihilation of this
electron, e', with the other electron,

(2.2) e'+ e— 0.
Assuming an equivalent real-photon distribution, the effective cross sec

tion for process (2.1) may be written as 4)

Sz ;
(2.3) O oe 16E j P(K)Gv(s)(sin29)7)(s,Q)CLI-S{—,dcosQ

(x) - These results have been reported and discussed in ref, (2).
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where s is the square of the four-momentum of the ¢©, E is the energy

of the incoming electron, K =(E-s/4E) is the energy of the radiated pho
ton, 6 is the angle of decay of themmpair in the reference system in which
the ¢© is at rest, P(K)=(4a/n)[(E*+(E-K)2)/(2E2)]log (E/m), a factor de-
pending on the photon energy distribution, 6,(s) is the total cross section
for process (2.2) and g(s, 8) is a function describing the experimental ap
paratus efficiency. The term (3/4 sin2 Q) takes into account the angular
distribution of the pion pair in the g center-of-mass system.

For 6.,(s), a Breit-Wigner formula for the QO, with a peak at
s =mg =0.55 GeV2 has been assumed, These may be written as follows:

2 mg Fg
ov(s)= GV(mQ ) ( 5 )2 N 5 Fz
s-m, my Iy
and
2. 12a I'(0-—>ee) iwa’ 4w
o (m )~' = ( ):

Ve 2 T m I 2
mg Y 00 gQ

where I’Q is the total g—m @ width and gZQ /47w=2,0+0.1. The integra-

tion over s in (2.3) was taken from s_=0.16 GeV2 to So = 1.2GeV~,

The integration was performed by the same method described in (A, 1),
in which 7 (s, 8) was defined as a function which takes into account the
geometry of the apparatus and the range and nuclear interactions of pions
in it,

APPENDIX II. - Contamination from yyprocesses on hadronic production
events, -

In order to evaluate the cross section for multihadronic pro-
duction, process (4), from the 2C-events (see Ref, 2), (i.e. events in
which only two non collinear tracks, 4 8> 100, have been detected) the
events due to processes A) to E) must be regarded as background events
and thus must be subtracted. As it has been said previously, the e-
vents from these processes are mostly coplanar, i, e, most of the two
tracks appear with 4 £10° in the front view of the apparatus.

In the Table III are summarized the numbers of events
for quoted processes, predicted by means of the calculations reported
in the present work.

The corresponding total numbers of 2C-events are ?;3, 42 and
83, respectively (see Ref, 2),
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TABLE III
2E Integrated N° of events
(GeV) | luminosity ‘
1033cm-2 ete-zete ptp| ete-=ete atm- | ete =0% | ete =ptu-y| Total
1.5 29.8 1+.1 « 1 .3 4+ 1 5+ 1
1.9 43.5 3+.3 &1 .3 .5 3+. 4
2.1 90 T+, 7 .3 .6 0 8+ 1

Moreover, from the calculations carried out on reactions A) and B),
contamination from these processes to the collinear (within 10°) events
due to two body hadronic process e"e” =s@tmw- has also been estimated.

This contamination is ~2% for 2E | =1,4 and ~ 20% for 2E =
=2 GeV, We recall that all these calculations have been made in the
equivalent photon approximation (see footnote (x) of pag, 4).

Details concerning the contaminations in two body hadronic pro
cess will be reported in a paper in preparation.
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