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CUMMARY

& rather thin proton telescope at a given angle has been
employed to obzerve the possible existence of neutral mesons
like the so called ¢ ° meson, & straightforward argument based
on the inspection of fig. 4 gives an upper limit %o ﬁhe or oSy
section/st@radianﬁ for production of such a particle:
cﬂéyéiil <6 x thEﬁ om®/aterad, If we take into account the pos

gible contribute of the pair production in fig. 45 this upper

. e . . = —1
limit may be reduced, for instance to ;fé"i 2=-3 x 10 E cm2/sterad=

g 1~ Introduction

The method we describe is applicable to the search for any
neutral meson of real (or almost real) existence (1). Tn particular
it has been applied here to the scarch of a possible neutral meson
(for instance the ¢° meson) of a mass between 1.5 and 3.5 7 massos.

Let's consider all possible processes of the %ype

1) ) F P = o sasen
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Some of them will end in & two body rcaction, some in a 3 body
etc. In the region of 3/ energy between 500 and 1000 MeV the main

known processes ares
2) l/+/'v —-97/_"+7u

Ny s 7+ po
o 7o T2+ o

Let!s assume now the experimental disposition indicated in

principle in fig, 1
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The telescope indicated by counters 1, 2, 3 and abssorbers T, AT
(the experimental details are given in fig. 3) detects only the
protons in the energy range EiﬁﬁE: emitted in an angle interval
g ad. )

Protons of energy E at the angle & arising from any two

body reaction are produced by é/erays of a definite energy whereas

for a reaction with more than two bodies in the final state, the
protong can be produced by any (k—ray of an energy above a certain
minimum. If how we measure the yield of protons per "equivalent
Quanta' as a function of the peak energy of the Bremsstrahlung

beam, we should obtain curves of type of fig. 2.
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In fig. 2 we plot the number of the protons counted in
the telescope versus the maximum encrgy of the A”;ray beam (to be
exact: a point on the abscissa indicates the maximum energy of the

bremsstrahlung beam)
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A +two body process shall then appear in fig. 2 as a vertical
stap (apart from the resolving power of the proton telescope), sin
ce the protons are produced by Afurays of a unique cnergy. & typical
one is tho step due to the process 3*¢-7& — ETO#‘;A/ , indicated
with ZTO in figs 2. The thrse and mony body processges of type (2)
shal™l give a smooth curve indicated in fig. 2 by the full line of
curve T,

The posgible existence of a new meson (i,e, of another two
bodies process) Should be put in evidence by another step (indicg
ted Dby 30 in ocurve TII) which adds to the smooth many body curve,
giving rise to curve I1lI.

The flat curve II, parallel to the abscissa, is what we

should have in case only process 2) exists.



A few commenis on the method:

- the proton counts on the ordinates of fig. 2 are given at ocach
absc}ssa for ecqual numbers of sguivalent quantals of the E{ﬁray
beam: this means that the number of kf—rays in any cnergy in-
terval romaine constant while we change the boam maximum onorgys

~ the steps in the curve could indicatc not only the existence
of & mew meson of & dofinite mass (& roal particle) but also
some pariicular correlation among the degrees of freedom of the
piong in processes {3). In general we could say that a step in

the curve of fige. 2 shall appear when in a rcacticn of the type

4) }/.% /u — fi:—% WL, My o orre Plp

I

the relation in the c.m. systom holds:

o

2
— L e 2 z
5) 2.: y/“_ﬁ;'z:) *-'/I/ = M = COI”?Sf‘

i

with Mg constant on a ccriain enorgy interval of the &’—ray
energy. In relation (5)/45 is the velocity of the particls of
mASS . w1,/ in the c.m. system and 7%' is the momentuwm of the
proton (in the c.m. sysiem); M is the mass of the equivalen%
two body process.

~ the 1imit of the mothod in fearching for now neutral mesons
(§°meson) is duc to the limit of the statistics, to the error
in the mecasuremont of the f}/wray beam calibration and in the
rogsolving power of the apparatus. The ngstep divided by the
maximum step which onc can be able to observe in fig, IT and
multiplicd by the zratio of solid angle in c.m. system will give
the higher limit to the cross section for the §° production.

~ a complete exploration sheould consider morce than onc value of

& s to avold the possibility of being in & minimum of the

differential cross section.
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8 2- The cxperimental disposition

The preliminary result we report here has been obtained
with the disposition of fig. 3.
The protons were counted in the telescope by +the coin-

cidennos

The counters were plastic sgcintilliators of maximum dimen

gilons 12.5 x 25 cmgg the angle of the protons rcanect o the
3/mray beam was fﬁ = 42° + 1,5% the energy of thc counted pro-

tons was E = 150 + 10 MeVy the solid angle of the tclescope was
3.75 x ﬁOmB ster. The protons were separated from tha??é by
discriminating the size of the pulse in counter 3.

An ovident feature of the points in Ffig. 4 is the step duse
to the Zzé « fo other gimilar step avpear at other a/—ray energies,

We have colenldatcd the curve (dotted line"in fig. 4) which
should represent the single ZTOProduction contribution. The calcu
lation has boen done taking into account the angular and momentum
sproad of our tclosoopu. The plateau of the curve was fitted with
cxpmrlmcntal oountos It is a geood indication of the correctness
of our mcagurcments the fact that the plateau lovel corresponds
to & corroct value of the single 7§ differential cross section.

In fact the number of observed protons NO is given bys

2 — _ a’é\\ q{ﬂ¢ﬁ?) -
(6) W, =By N (o) 472, :

2

with HH = number of H2 atoms por om

Ak, s
1\3, = 62 -7<—- = himber a/ /Jéaz‘ims

in the proper encrgy interval (the cnergy of the %’—rays produc



ing our protons in process (2) is in our case k = 575 MeV),
The dotted curve agrees with +he cxperimental points when

a value of the differential crosg sootion of process (2)

= 3!:11 :lt 10‘”

s om?/storad.
e A

is assumod; and corrcction is made for nuclear interaciion in the

absorbers of the counter telescopes

- + o ) T o . A ! - e . - - P i
hs Table © indicates, this wvalue agrecs with “the valucs
3k

. 4 .
given in tho literaturc by d3fferent authors, 4 ig the anglc

o,
of the 7/ 7in the c.m. system.

TABLE T

The exporimental values of (kié?éij?)zro from different authors

E
26 .
?%M IE)ZJT’O k Author

-30
50° 3.3 4+ 0.4 x 10 3 cm?/storad. 600 MoV DeWire & cont.
o] 2 L. (3.)
90 3.27 o 0.25 579 Vetto
8g0 3.11 + 0.22 580 our rosult
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Discugsion of tho resulis

A) The curve of fig. 4 docs not secm to show any eovident step

beyond tho 7 step. The width of our vortical 7 ° stop is

~ T0 MeV. We consider that an upper limit to the hoavwy
nevtral meson cross section can be put safely, assuming

that the increoasing of the curve of fig. 3 bhotween two points
70 MoV apart is due to tho g”’productiono The mpximum incroag
ing in 70 MoV is of the order of 23% of the 7 stop. Making

)

limit o the ¢ cross scetion

(8) 51—2-— < 5,107 om? /ster.

at the angle determincd from our particular geometry. Tho
argument is so elomentary that tho roader dan derive his pox

sonal -gonclusions just by inspection of Ffig. 3. R

The slepe of the curve of fig, 4 botwoen 692 and 1000 MoV 4s
probably nostly dus to the Zrnpairs productiion (proc@sses
(3)). We develop hero a morc sophisticated argumont which
tonds to reduce the limit on tho possiblo Sﬁjoross scection
givon in {8).

Thorc is not at prosont sufficiont oxporimental in-
Jormation which may allow a good calculation of thoe contri
butc of the pairs in tho ocurve of fig, 4

Our ost;mato has boon donc on the basis of the follqﬂ

ing hypothosis:

a) tho throo particlcs (2 pions and the proton) are cmidted

isotroplcally in the oc.m. systomg

b) the total cross scction for pair production é}v varics

with tho cnorgy and in the intorval 700 - 1000 MoV is



givon by

Q;, = (2,55 = 2,22 x 10 %) 6Y

29

whore Xk is the photon cnergy in MoV 63 = hH x 10" cme e

Hypothesis b) indicates a croes scetion not incompatibloe

(4}

Tor instancce with the results of Cocconi onn the charged
pion pairs, but gonerally lowor.
The number of protons por cquivalent Quantum duc %o pair

production and dotceted in our tolescope is given bys

&
ey A E A7)
= A & A Zzeem
Mo =8y T 2A/6}V7[@)ﬁd_ﬁ£
672 -

WhoTOo ¢
- HEEy is tho photon spcotrum

=y
- 7£(:%v/ is the porcont of phasc space por momentum

°
unit of the proton in tho c.m. aystom
.- AI;%/ is tho momentum interval of the proton in the

Cele SYStOm

d’“fzcﬂ?‘

- is the solid angle transformation from the
7

c.me to the Faboratory, for our protons {whose

dircetion and cnergy in the laboratory is constant)

(°)
The phaso spaco ovaluation may be found in Franzinetti o
Morpurge = Supplomento a "Il Nuove Cimonto! - VI - 576 — 1957
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The result of the caleulation is reported in fige 4. The
s0lid 1linc is tho addition of the pair yiold plus the # °
contribution.

This rosult (which of course is not so cloar an argumcnt
ag that of point A) fendes to leavo much loss room %o the
possible cxistence of the §°. On its basis we should conclude
that the produc*{;ic;n cross section por steradian of the §°

should be not larger than =77 = 2-3 x 10 cm~. As a

possible romark on tho solid ocurve of fig. 4 we observe that
the rosult of our caleculation is a 1ittle puzzling. In fact,
in ordor %o gob an agrooment of the montioncd caloulated

urve with the oxperimental points, we had tc agsume a charged
wion pair total cross-—scction strongly decroasing with the

4 -ray cnergy and a nogligidlc contribution from the mIrye
procoass. It has to bo undorlined, of course, that these coneln
sions might bo dependent on the assumcd isotropic angular
distribution of the pions in the c.m. systom. This hypothesis,
somchow suggostod by the Cocconi's rosults, should bo chocked

with similar moasurcmonts at diffcrent anglos. -
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Y ray beam Hy target |
Pb
0 10 56 100 om

PIG,.3 - Experimental dispositiont the coincidences

14+2+3+4-5 were counted,~

Thickness of the absorberss Ay=A,=4mm Cuj
A3=%mm Cuj A4=4mm Cu.

Counter n® 3 biagsed +to discriminate plons
by protons,.-—~
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