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INTRODUCTION -

: ~We propose. to study the decay modes of 1~ (vector) mesons pro
‘duced by e*e- annihilation in the ADONE storage ring and the produc-
tuion‘ of meson resonance pairs which give a final state of bosons and-
photons, This program, which yields, .important: general information
about the dynamics of the ete”—» bosons interaction, is particularly
well suited for“the first experiments at’ADONE with the planned ma-
gnetic analyser(l). Here we describe only the physics of this program,
as the experimental details of measurement, accuracy etc. have been
treated in a prev1ous report(l)

(x) - Princeton University,
(o) - INFN, Gruppo di Pavia,
(+) - INFN, Sezione di Padova.



1) - PRESENT DESCRIPTION OF THE ete- —» BOSON PRODUCTION
MECHANISM, - :

Boson production by ete” annihilation is currently considered
as being dominated by one photon exchange,

Given the quantum numbers of the photon 17~ (JFC), its helici
ty states of + 1, and the antisymmetry of the initial wave function, o-
ne can show that of the four possible helicity states of the incident e-
lectrons, only the one combination below illustrated can contribute
to the process(2):

— — + 7 T

In calculating a cross section, several additional assumptions
are made,

1) The vector dominance model (VDM) is used(3). "This model
assumes that the electromagnetic current couples to the hadronic cur
rent only through the exchange of the appropriate combination of the
vector mesons p°, W, ¥ . Inthe approximationthat m =m, =mg¢g,
the vector meson current belongs to the octet representation of SU(3)
and has zero U-spin 3, 4), The product of -V vertex and meson pro-
pagatoxsare written as

2 2 = T 2 7
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where the physical W and $ have been expressed through the pure oc
tet and singlet SU(3) states, i.e. % = -cos® Wg+ sin® Nl and W =
= sin@Wg+cos@W,. The conventional propagator is recovered using
the mixing angle: cos @ = 2/3 = cos 35°, In the calculations, the physi-
cal masses and widths are used,

Vector dominance and one photon exchange are assumed in draw
ing the following graph:

e” bosons
e } and
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The subsequent reactions invonving the vector meson require
further hypotheses for descriptions.

2) Various symmetry schemes such as SU(3), SU(6) and SU(6),
with appropriate symmetry breaking terms(5, 8) are used to describe
the interactions: '

where P indicates pseudoscalar meson, and, as before, V stands for
vector meson,

3) In describing the more complicated reaction

o
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one may use crossing symmetric Regge trajectories, which involve
the w-m and w-V interactions according to a model developed rec ently(7).

4) Finally, C conservation is assumed, in each reaction, in par
ticular in the electromagnetic decays as

.
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2) - HADRONIC BRANCHING RATIOS OF VECTOR MESONS -

2.1, - ¢ wta~mo, wte-y, wtm-n, KgK]O_‘ etc,

Recent experimental results from ACo(8) on the branching ra-
tios of the ¢ decay show a discrepancy from previously accepted va-
lues,



ACO Rosenfeld(?) 1968
Bngi .308 + . 016 .389 + . 031
- + +.032
Bty L 486 + . 024 473 +.0
By . 206 + . 040 .138 + . 043

Although this discrepancy will probably be resolved by other
experiments before the magnet is ready for use, an experiment with
magnetic analysis is essential for further investigation of the ¢ de-
cay in several particulars,

1) Final state correlations as revealed in Dalitz plots yield
information, for example, on w-w and m-& interactions,

2) The presence of any p®n® decay indicate a breaking of
SU(6)y, symmetry if the @ -<$ mixing angle is given by cos@ = Va7s,

3) A production of wtn~y is predicted in a small percent of de-
cays(5),

4) If C is not conserved in the electromagnetic interaction, the
existence of the decay mode & —> pO + 4 is possible. With an assump-
tion of maximal C violation, one expects a branching ratio of 2. 4%,
or equivalently $ —> pOy/cb —» wtm-m0 2t 16%(10),

5) Having measured the branching ratio P 'TI‘+TI'—’VZ ., a search
for ® -=> p%% , among these decays, would serve as a test of isospin
conservation,

6) Finally, a study of the decay of the K produced by the %
decay serves as a useful investigation of weak interaction physics, This
possibility is further discussed in paragraph 9,

2.2, =~ W= gTg-70, whrr-y, etc, -

The branching ratio w —» ete™ has been measured at ACO{(11)
as (.79 +,147) x 10-4, in disagreement with the value obtained by o-
ther methods(12), (0.40 + 0. 15) x 104,

» Although this discrepancy will probably also be resolved before
the first operation of the magnet, a more accurate measurement of the
production cross section and branching ratios than can be obtained wi-
thout magnetic analysis, will still be needed,

Furthermore, with the magnet one can decrease the upper li-
mit on the branching ratio @ =» wtn"y (predicted to be 10-3 - 10‘4)(5),
which is now set at ~ 5% with conventional techniques, Analogously to

the case of the ¥, Dalitz plot analysis on & -» nTn" 70 yields informa-
tion on the w-m and n- W interactions(7),



3) - MESON RESONANCE PAIR PRODUCTION -

Using the assumptions previously discussed, cross sections
for the productions of vector and pseudoscalar resonance pairs de~
scribed by a diagram

N p,V,P

Y v
+ P,V,V
e
have been calculated{13), In table I are given the predicted cross sec
tions for an energy W(ete-) %2 . GeV, an energy at which a large num
ber of resonance pairs should be produced with reasonable values of
cross section, Although the cross sections are quite small in any ca-
se, it should still be possible to measure well those with larger cross
section (~ 10-33 cmz) and set a rather small upper limit on the rest,
Hence the theory will be tested at high energy regarding 1) the assump
tion of conventional propagators for the vector mesons and energy in-
dependent form factors(3) and 2) the necessity of introducing appropria
te symmetry breaking terms into the interaction,

As examples of these points, we may take the reaction ete-—
—» & 70 and ete~ —> KOXKO% The first is forbidden by SU(6),, assu
ming the conventional @ - ¢ mixing angle, the second by the conser-
vation of Gy-parity (15). This last reaction is not forbidden but only
strongly depressed with respect to the reaction ete™ —> KETRE" (see
table I), if the physical masses and widths are used in the vector me-
son propagator,

4) - NEW VECTOR MESONS -

The experimental results achieved so far, do not rule out-and
may even indicate-the possibility that the e, m. current must include,
beside, a proper combination of p©, w ,< currents, some other vec
tor meson current of presumably higher mass(14),

Furthermore, the quark model predicts a 17 quark - antiquark
3D1 state not yet observed, and the mechanism of Regge daughter trajec
tories, e.g. for the p, implies the existence of many other 1~ boson sta
tes.

If the first data from ADONE, indicate new 1~ mesons, the cur
rent description of the mechanism for ete- — v —> PP,PV, VV will
be substantially modified, presumably giving an increase in the predic
ted cross sections for these reactions, For this reason it would be ex-



tremely interesting to study not only the decays of these new states,
but also their influence on the production of the known bosons,

5) - EXPERIMENTAL APPARATUS -

The experimental detection apparatus, described in detail in(1)
is illustrated in Figs. la, 1b,

External to the magnet are a series of cylindrical narrow gap
chambers inter-leaved with thick plates to give y-ray detection, ran-
ge analysis, and electron-muon discrimination,

The trigger system, shown in Fig. lc, is composed of three la
yers of counters, the first two between the interaction point and the
spark chambers, the last outside the analysing magnet, The counter
disposition and the electronic logic are chosen to allow a flexible choi
ce of the kinds of events on which to trigger (e.g. 2 colinear charged par
ticles, or 2 non colinear charged +1 y-ray etc.). The charged particle
trajectories are measured by a system of wide and narrow gap cylin-
drical and conventional spark chambers which cover ~ 60% of the solid
angle inside the magnetic field volume,

6) - BACKGROUND -

6.1. -Cosmic rays, -

Taking a cosmic ray flux of about 1 per cm?2 per minute per
steradiant, we obtain ~ 1200 counts/minute for the trigger system
porposed, This number is reduced by two standard techniques,

1) Coincidence with the RF of the machine taking advantage of
the fact that there are interacting particles in the interaction region
only ~10% of the time because of beam bunching, This gives a factor
of ~ 10 reduction,

2) The difference in arrival time in any two diametrically op-
posite external counters of a cosmic ray is sufficiently different from
that of an event originating from the interaction region, that the reso
lution of the electronic coincidence may be used to reject the cosmic
rays. This time of flight technique has been tested for a geometry less
ideal than ours(16) yielding a rejection factor of 20 which for our ar-
rangement implies a rejection by ~ 100, Together, than we have a re-
Jection of ~ 1000, giving ~ 72 counts/hour as cosmic ray background
simulating collinear events,

Cosmic ray showers which give counts even in adjacent counters,
between which there is practically no time difference, act as a back-
ground when the apparatus is being triggered for non collinear events,
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This background, however, can be largely reduced by employing as
anti-coincidence extra counters which cover solid angle not presen-
tly being used,

6.2, - Machine Backg‘rou.ndﬁ -

Scattering of the beam from residual gas, or vacuum pipe walls
constitutes a non trivial source of counts which simulate events, Du-
ring early tests of ADONE, several measurements were made of this
process for varying geometries, counter logic, and vacuum(17), From
these measurements we have extracted rough estimates of the back-
ground for our apparatus,

An apparatus with a similar trigger arrangement in the horizon
tal plane gives ~ 15 triggers per milliampere of beam current lost,

A typical mean beam loss of ~ 10 mA per hour per beam gives
~ 300 counts per hour, :

A second test indicated that the background decreases away
from the median plane, This effect and a correction for solid angle
reduce the expected rate for our apparatus by a factor 1,5,

We expect a further reduction caused by rejection of low ener
gy particles by action of the magnetic field, This effect is estimated
at about 5 by comparing test data with different coincidence levels, In
all we expect ~ 40 triggers/hour from the machine, This could be fur
ther reduced by ~ 10 introducing shielding, already provided in part
by the bulk of the compensators and magnet coil, to avoid background
originating outside the interaction region,

7) - PRODUCTION AND DECAY OF THE fil’ -

7.1. - ete-—> & — gtg-70, pTp-y.
a) Detection Efficiency and Resolution,

In order to study the efficiency and resolution of the apparatus
we simulated events of the following kind with a Monte Carlo pro-
gram(18)

+

e e” -—>'Tr+

Ty (A)
— pw > =m0  (B)
- gtrTay (D)

The events of type (A) and (D) were created assuming a pha-
se-space distribution, The events of type (B) were created, instead,
assuming the mechanism ete~ = ptn~+p° 70 +p=nt - nFr-70, Howe
ver the conclusions do not change appreciably if a phase-~space me-



10,

chanism is assumed,

The program assumed values for precision of measurements
which have been previously calculated for this apparatus(l). For the
nTx~ pairs, account was further taken of the loss at the low momenta
due to nuclear interaction in the magnet coil, as well as of the dyna-
mics of production(2),

The results are summarized in table II, In particular we no-
te that the detection. efficiencies for events in which a photon of ener
gy K., greater then 100 MeV is detected in addition to the #t and w-
(in the case of a w0, the photon is one of the decay v's) are

(A) £ J(wFny) = 0.08
(B) E.(n"w-n%) = 0.052

The missing mass distribution of the nTn- system for these two
cases is given in Fig, 2, Fig. 3 gives the same distribution for the ca
se without v detection,

Although there is a small advantage in detecting also the vy in
reaction (B), a clear distinction between (A) and (B) is not possible
on this basis alone as the reaction rate of (A) is expected to be only
a few percent that of (B)(5),

Selecting only events with MM?2 < 0, the two detection effi-
ciencies become (see table II):

(A) ?,Y(ﬂ+1r"'y) = 0.04
(B) Z!(r*w mO) = 0. 0065

The apparatus in this case is six times more sensitive to (A)
than (B).

b) Angular Distribution of the Detected Photon. -

A further separation of events of type (A) from those of (B) can
be made by measuring the angle 0 N between the photon and the missing
neutral, For reaction (A), one must have a distribution with a maxi-
mum for 6, ™~ 0° whereas in the case of (B) Q'yN will be characteristic
of the n° decay.

These distributions, also obtained from the Monte Carlo pro-
gram are shown in Fig., 4 assuming a ratio ¢ - mtr-y/ & > pw = 7w wO
of .02, and 109 events of type (B). The cut at Q'yN ~ 409 for case (B)
is caused by the cut assumed for the photon energy, Ky ™ 100 MeV,
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25° 30° 35°

FIG. 4 - Distribution of the angle 8,y between the vy and the missing
neutral (events with ntn~ and only one v of energy > 0.1 GeV, with
the further condition MM2 < 0.0, are considered),

After the previous conditions, 81 events survive from the 2, 103 ini-
tial ete- —» & -» Tr~y produced reactions, and 650 events survive
from the 105 initial ete~—» & —s pm ~> win~w° produced reactions,

Selecting now events with 0,y between 0° and 20, MM?2 < 0,
and assuming that reaction (A) is 2% as frequent as (B), we obtain
(see table II):

number of (A) events ~ 0. 02x.16x 10-1 ~ g
number of (B) events .03g810-3

i. e, a contamination of 12%.
c) Running Time, -

Using the same assumptions as above, we have for the number
of detected events of type (A) and (B) (see table II):
= -5
NA 16 x 10 ,7'rr'n"yN
N, =3.8x10"° N

B
NT = Np + NB

where N equals the total number of events of type (B) produced and

P> atg=y .
7 Ty & -apm -> 7 w0 (in %)
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By taking only those events with 6,N = 49, and the predicted
Monte Carlo distribution it is possible to extrapolate the pw background
into the region of interest (Q’YN < 29) and extract the value of Np.

We define a parameter K = (N,f - NB)/‘INT as the number of
standard deviations by which the measured number of events of type
(A) exceed the contamination from those of (B).

This is plotted as a function of N in Fig. 5a, The requirement
that K exceed 36 implies a total number of events equal to 4. 104 if
the branching ratio ( > o~y /$ « pw =i nTr"7°) = . 02,

We may now calculate the expected event rate and the required
running time to yield the above number of 40,000 ete™ = & = ytn~ 70
events,

Using the nominal ADONE 1uminosity(19) at the<i> energy, L =

=, 375 x 1033 ¢cm~2 hr-1, and the peak cross-section value measured
at ACO(8) we have

N = L&& (xtr") = 0, 375-10%2. 0, 74-10 30 x 0, 16 = 44(ntn") /hour

Working at seven different energy values to measure the ¢ pro
duction without ambiguity and to extract the 4) width, one arrives at a
required running time of 220 hours, as reported in table IV, Assuming
instead ¢ = nmy/$ —> pm > Tr~w0 = 0,01 the events collected in 330
hours correspond to K = 2, 7 standard deviations,

7.2, —ete" = & —> p% (reaction (C)).

In studying this decay, one selects those events in which the
invariant mass of the two charged particles lies in the range (mp— Pp)z:ﬁ
< MZTH_W_ .<..(mp + )2. Using the Monte Carlo program, we have esti
mated the contamination from events of (A) and (B). With a total num-
ber of interactions of type ete~ —» pm —> wtn~w0 equal to 4x104, we

have (tables II and III):

Z1
Il

AT L6 (events nTw~y of wTw™y reaction)

with (m, - 1“'9)2 < M2 (wtn=) £ (m) + T2

P
= .6 (events wTn~y of pw0 reaction)

i - 2 £ M2(sta7) < + 1 )2
with (mp Fp) M (" ") (mp .Pp)

2
w
i

assuming a ratio Yy = (P => 7my/ $=> pr > rr"w®) = 0.01 and
the mass range mentioned above,

It =% = py/® ~» pm = wian® = 0,01, the number of ge
nuine events is NC = 6, 3 (events wtw-y of pOy reaction) with (mp - Pp)-z_ﬁ



14.

"$01°% = N 104

ob-tyt e 40 &= 4

J
(%ul) — g = ¥

[4

O.FIL.._...FQI .FQ 4'6 _ X\F.FN\
Aot v &

Jo uomouny € se (g°L § ‘1%9) 998) o UOTIETA
-9p PJEPUES JO SITUN UT AL L e & <« -949
PUB -yl € L0 & & < -0 WOIJ 40 <—

& $€~_9,d UOT}OBAI JO uvorjeaedsg - q¢ "HIA

Te &z . o
Ay

ml

<r=2 01+
9e=M
14
9z=3
/

.O.F,l.F+._.r & L0 & & e

>...=.+.=. — & = N\

(% ut)

JO senfeA JUAJISIIIP JOF ‘(oll-Lid <€ 00 &= ¢ «—
<-_-9,9 ‘N sjuess paodnpouad o3} Jo uordUNy ® ST (I °L g
‘1X93 995).9 UOI}BTASD pJepuE}s JO slIun ut (ot-L4t €—
«— L0 «- & <« 9,0 UOI}OEDI JO uorjeaedag - G "DIA

(1

OLxss* oIxg®  OIXST

N




15,

< M%(xtn7) < (m, + F'p)z.

In order to separate '1—\TC from T\TA + EB’ we extrapolate the
Np + Np background into the region of interest ((m, - T )2 £ M2(wtn-)
< (m_+ I )2), using a method indicated to be satisfactory by the Mon
te Carlo results,

The parameter _ _
N, - (N

= T
K - =,

I,

analogous to K, gives the number of standard deviations by which the
measured events in this mass range stand above the extrapolated back
ground from (A) and (B). In Fig. 5b are shown the values of the bran-
ching ratios 7, and 2 gy for which K =2, 3 and 4 standard devia-
tions, assuming a total number of pw produced reactions equal to 4x107%

+ N
NA)

7.3, -ete” —> b —> 1r+1r""2, Reaction (D).

a) The separation of these events from those of (B) is possible on
ly on the basis of a measurement of missing mass of the charged parti-
cles,

In Fig. 6, we give the two distributions in MM? for reactions (B)
and (D) in which the only requirement is the detection of the w~n' pair,

B) ete~-e f-vyn-w"rr"w" D) ete-= f—-w*'rr"'vl
i
100 i 100
i
) b £
= : z
: i ‘. 3 e
: i Mz (Ml .02)Gev? | MM (‘m,l:-.ms)xe\erv
> . o
< p
«
Elso Elso
o «
% <
,  eev’ ! , cev?
04 ° 12 04 08" MM’ .25 .30 35 Mmé
mre  (empt) m%L

FIG. 6 - Missing mass of the charged particles (vwF, =~ are detected
but vy detection is not required).

In table V is given the detection efficiency of the n™n~ pair ob-
tained by the Monte Carlo program assuming a total number of ¢ —> pw
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events of 4 x 10%. From this, it appears that one ought to be able to
measure the ratio ¢ = ntn™m /% —> nFr-n° to below 1 percent,

b) if all the products .of this reaction are observed, i.e. also
the v's from 7 decay, a further separation of (B) from (D) can be ma_
de on the basis of the y's opening angle In Fig, 7 is shown the d1str1
bution in opening angle of the decay v's from reaction (B); comblmng
this information with the opening angle of v decay from the *2 (6, % 92 0),

4N
d8yy

200

150

ARBITRARY URNITS

MINIMUM  ANGLE OF 2 35 FROM TKRE
'LDECAY IN THE REACTION:

ete" -ouﬁ—o'n"’"ﬂ’ n

100

50

’L--.- "j—r] == I k (2]

18° 36° 54° 72° 90° 108°

£

FIG 7 - Distribution of the 6y, angle between the two ¥ 's: from the 7°
decay, for events efe™ — ¢ —> o —> ptp-7w0 (events with ntr= and
both vy's with energy > 0.1 GeV are considered),

the separation seems quite well defined, The detection efficiency in
this case has been evaluated and is shown in table V,

7.4, -Dalitz Plot.

With the 6400 events in which the charged particles are detected
one can accurately study the Dalitz plot ete- = % -» ¢tg=1°, in parti
cular determining the ratio ¢ ~» pr/e -» wtr~7° to high precision, In
order to make an accurate analysis of this plot, however, one must
know how reliable are the corrections due to the geometrical and kine-
matical cuts introduced by the apparatus, In Fig, 8 is given the distri-
bution in the angle @ between the normal of the production plane with
the beam direction as predicted by the Monte Carlo program, From a
theoretical point of view, one predicts a distribution in s,inz(-)(z) on ge-
neral grounds, The exact knowledge of the distribution in 0, then, shall
permit to estimate the reliability of the Monte Carlo calculations. In
fact, the experimental distribution in @ must equal that predicted by the
program, if the calculations are to be trusted in further analysis,
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A: theoretical distribution, B: expected experimental distribution
(vt and v~ are detected but y detection is not required),

8) - W PRODUCTION AND DECAY -

The cross section of the process ete” —> w —» 7t 70 is
at least a factor 2 greater than that of ete™=» & —» 1r+1]""‘170(8), whi
le the luminosity of the machine at the @ energy is about 30% less
than that of the ¢ . In 120 hours, than, one should be able to obtain
information analogous to that already discussed for the (;L) by analy-
sing the Dalitz plot of W =» #"w~n°, Further, one can set a limit of
1-2% on the branching ratio ( w -» wta™y)/( w - ot r=n0),

9) -etem = V+V, V+P, P+P, -

For certain reactions of table I, we have evaluated the counting
rate as given in table VI, While in the ¢ and W reactions previously
discussed, the full available solid angle of the magnet (i, e. including the
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axial spark chambers Cg of Fig. 1) is not necessary and has not been

assumed, the multibody cross sections are suificiently low to demand
the use of the extra chambers. The efficiencies of table VI include this
modification,

In 300 hours, it should be possible to measure the cross sec-
tions of reaction 1, 2,4 and 5 of table VI, and to put a reasonable upper
limit on the cross section for K¥TK%*~ production.

The detection efficiencies for the various decay channels of the
se reactions are currently being studied using Monte Carlo techniques.

10) - STUDY OF THE K{ DECAY -

The Ki Kg decay of the ® in the experimental apparatus offers
unique advantages in studying the Ki decay.modes 20), The ntw~ decay
of the K2 serves as an unambiguous measure of the flux of KP, produ-
ced, The requirement of extrapolating the tracks of the decay products
of the KE to a point outside the interaction region but in a plane defined
by the Kg decay results in negligible background for this process.

Consequently, one can measure the absolute branching ratios

of the Ki to a higher precision than yet obtained, eliminating the am-
biguity that exists to date on the 3n° branching ratio. Furthermore, an
accurate measure of the momentum spectra in the leptonic decays would
provide information necessary for an evaluation of the coupling involved
in this reaction and of the form factors, Finally, given above nominal
luminosity for ADONE, there would be enough 2w decays of the K% to
give strong conclusions about the unresolved CP violation mechanism,

The expect yield, of a 400 hour run, in the various decay mo-
des has been calculated assuming conservative detection efficiencies,
the peak ¥ cross section measured at ACO (accounting for radiation
effects), and the design luminosity of ADONE, with results tabulated
below (table VII). Calculations of background and of the precision of
‘momentum spectra measurements obtainable given the resolution of the
magnet and its =, p, e discrimination are in progress,



19,

REFERENCES -

(1)

(2) -

(3) -
(4) -

(5) -
(6) -

(7) -
(8) -

(9) -
(10) -

(11) -

(12) -

(13) -
(14) -

(15) -
(16) -
(17) -
(18) -

(19) -

(20) -

- W, Ash, D, Grossman,. G, Matthiae, G, P, Murtas, M, Nigro, G.

K.O'Neill, G.Sacerdoti, R.Santangelo, D, Scannicchio and E. -
Schiavuta, A magnetic analyzer to be used for Adone colliding
beam experiments, LNF-69/2 (1969). , ’

S. De Gennaro, E. Celeghini, G. Longhi and R, Gatto, Nuovo-Ci
mento 47, 113 (1967); N. Cabibbo and R, Gatto, Phys. Rev, 124,
1577 (1961).

N. M. Kroll, T.D. Lee and B. Zumlno, Phys. Rev. 157, 1876
(1967).

H. Joos, Vector mesons and the electromagnetic 1nteract10ns of
hadrons, DESY 67/13 (1967). :

J. Yellin, Phys, Rev, 147, 1080 (1966).

L. M. Brown, H. Munczek and P. Singer, Phys. Rev. Letter 21
707 (1968).

G. Veneziano, Nuovo Cimento 57A, 190 (1968).

J.E. Augustin, J.C. Bizot, J, Buon, B. Delcourt, J. Haissinski,
J. Jeanjean, D. Lalanue, P,C., Marin, H. Nguyen Ngoc, J. Perez-
-Jorba, F. Richard, E. Rumpf and D, Treille; Comunlcatlon at
XIV International Conference on High Energy Physics (Vienna, 1968).
A.H. Rosenfeld et al., Tables U.C. R, L. (Agosto, 1968).

J. Bernstein, G. Femberg and T.D. Lee, Phys Rev, 139, B 1650
(1965). ‘

J. E. Augustin, D. Benaksas, J. Buon, V. Gracco, J. Halssmskl
D. Lalanue, F. Laplanche, J. Lefrancois, P. Lehmann, P. Marin,
F..Rumpf and E, Silva, Communication at XIV International Confe
rence on High Energy Physics (Vienna, 1968). ‘

D. Bollini, A. Buhler, P. Dalpiaz, T. Massam, F, Navach, F.L.

' Navarria, N, A, Schneegaus and A, Zlchlchl, Nuovo Cimento 57,

A 404 (1968) .

Shui-Yin-Lo, Phys. Rev, 148, 1431 (19686).

E. Celeghini, R, Gatto, Meson resonances from Electron-Posi-
tron Colliding Beams, Internal Report TH 68-2, Istituto di Fisica,
Firenze,

R. Santangelo, Nuovo Cimento 56, A 1129 (1968).

L.. Paoluzi, R. Visentin, Nuclear Instr. and Meth, 63, 345.(1968).
F. Palmonari, Nota Interna of LLNF to be published,

Programming work was performed by M. Locci and M, A, Mencuc
cini Spano. A detailed description of the program will be publlshed
F. Amman, Dimensioni dei fasci, vite medie, luminositd e caratte
ristiche della zona di interazione di Adone, LNF-66/6 (19686).

G.K. O'Neill, The study of the K° meson decays by colliding beams
LNF-68/43 ( 1968)



20.

e+e_+y+V+V

ete T sy+P+P

efe sysV+P!

TABLE T
. 2
Reaction o(cm?) Decay ‘channels
o 1o-33 o
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7% in K7 Ke(m m D
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3 Kn Kn
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KrK~ 10”34
K X 1078°
1 2
0070 g.10 3%
0°n 10733
wn 10-34
K™*rg” 10736 '% K*roK™, 5 in Ko(n*nT)ntK”
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assumed to be 35°,
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TABLE II

Reactions: (A): ete” —» wfry; (B): ete s pm =2 wha~ O

Event

type Detection efficiency (A) (B)

1 Percentage of detected ntn” € .2 .16
(a), (b) :

2 Percentage of detected n¥m’
with only one y of energy € .1 .065
>0.1 GeV (a), (b) Y

3 Percentage of events of type
2 with the further condition: 05 008
MM2<0.0 (see text) Yoo )

@), (b)

L Percentage of events of type
23 v detection efficiency as | € .08 .052
in (¢) '

5 Percentage of events of type | ._
"33 vy detection efficiency €
as in (c)

.0oL .0065

6 Percentage of events of type]|g lleO_l
5, having ¢ (angle y-miss | ¢ :
ing‘neutralggetween Q¢ =-2¢°

.038x10”3

7 Percentage of events of type ~
63 with the condition (0.42g|- -1
¢ m2(xt7r~)<0.76) i.e. in thel|®p +0lix10

(mpirp) interval

.013x103

(a) efficiency of the experimental apparatus (counters and spark
chambers) assumed to be 1l; .

(b) the losses due to nuclear interactions and range in the coil,
are included;

(¢) v detection efficiency in the external chambers is assumed to be
0.8 (1) (shower electrons are visible at least in 3 bigaps).



TABLE III

Number of events e'e +prm produced 40.000

Number of events efe +pm with ntn”~
detected (e(pm)=-16) 6.400

Number of events (n',n  and only one y
of energy >0.1 GeV are detected)

EY = 0.052 | 2.080
TABLE TV

Energy c(E)/o(m¢) Events/hr Events Hours

m¢ 1 43.6 3400 77.8
1.0215 0.64 27.9 1000 35.8
1.0185 T4 32.3 1000 30.95
1.0175 .46 20 400 20
1.023 41 17.9 400 22.35
1.015 .15 6.5 100 15.4
1.025 .23 10 100 10

6400 2220 hours
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TABLE V

Reaction (B): ete=—» pm — 7 7-70; (D): e+é"-—-r"rr1rq

Event

Detection efficiency (B) (D)
type

1 Percentage of detected ntn
(a), (b)

2 Percentage of detected m' 71 ,
with both y's of energy >0.1
GeV (a) (b) 0.013, 0.03

3 Percentage of events of type 2
with y detection efficiency as
in (ec) '~ 0.008] 0.019

Number of detected events if a total
of 4.10% reactions ete™+¢>pm are

produced

4 Number of detected events of
type 1 from the reaction B 6400

5 Number. of detected events of
type 1 from reaction D assum-
ing (¢>nmn)/(¢>pmw) = 0.01 32

6 ‘Number of detected events of
type 3 from the reaction B 320

7 Number of detected events of ty|
pe 3 from the reaction D assum-
ing (¢+ﬂﬂn)/(¢+?ﬂ) = 0.01 8

(a) Efficiency of the experimental apparatus (counters
and spark chambers) assumed to be 1.

(b) The losses due to nuclear interactions and range
in the coil, are included

(c) y detection efficiency in the external chambers is
assumed to be 0.8 (1) (Shower electrons are visible
at least in 3 bigaps)
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TABLE A

Decay channels

Ki—wie;\)
"iu;\)
w+ﬂ—ﬂ°

( .nO WO -"O

awta”

moq°

VII

Events in 400 hr

3060
2360
1020
1930)
14

7 (assuming
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