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I. INTRODUCTION

We propose here a counter experiment to investigate the spectrum
of heavy neutral mesons (I-spin 0) in the so far rather unexplored mass

region between 1 and 3 GeV. The proposed reaction is

T +P > N+ X° (1)

where the neutral mesons X° are possible higher mass members of the well-
known I-spin 0 sequence 7,,q,f°.

The experimental method to measure X° is based on the proton
"Jacobian peak missing-mass spectrometer” 1’2), i.e. the purpose of this
experiment is to measure the missing mass of the recoil neutron N in
réactioh’(1). The kinematics of reaction (1) are completely analogous

to the reaction

W_+P->P+X_3“2) (2)

therefore, we do not repeat here at large the kinematic question, but discuss

only the more experimental aspects of the problem, i.e. how to detect the
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angular and momentum distribution of the neutrons in reaction_(1). This
can be justified by the fact that with protons the missing-mass method

has recently given the expected results.

ATMS

With the missing-mass method it should be possible to cover the mass

range

0.5 = MX £ 3.0 GeV

using incident pion momenta in the range
5 < py £15 GeV/e

where the momentum transfer ps to the recoil neutron covers the range

0,02 £ A% £ 1,0 (GeV/c)? ,
i.e. the recoil proton momentum is in the limit

O.1b é P3 é 1.0 G’eV/C

Such a low limit in momentum transfer is a peculiar feature of the neutron
missing-mass spectrometer, where the problem of multiple scattering (which
limits the range of a proton missing-mass spectrometer) does not exist.
Therefore, a neutron missing-mass spectrometer is of special interest for
investigations of resonances produced in a peripheral mechanism, i.e. at
very low momentum transfer, as for instance, the neutral p meson, where

the production cross-sections are nigh, especially for neutral meson states.

The reaction rate is expected to be one detected neutron per
1 mb cross~section per burst of the PS (i.e. per 10° pions) using a hydrogen

target of 10 cm length.

The resolution AMX of the meson mass MX is AMX =+ 20 MeV at

MX = 750 eV (= P mass) and AMX = * 30 MeV at MX = 1500 MeV. This

uncertainty in mass is mainly due to the finite angular resolution of the



set-up which could be further improved, by at least a factor of two, in the
second stage of the experiment; for instance, by shifting the hodoscope
by a half-width of one element. In this case we expect to have AM = * 12
and * 181V for My = 750 MeV and 1500 MeV, respectivcly.

The background problem is less serious in the case of neutrons
than in the present proton experiment, becausec all charged background can
be easily removed by shielding with anticounters; y background ocan be
removed with converters. Therefore one is essentially left with neutron

background coming from Nt production.

Further numbers concerning reaction rate, mass resolution and

background will be given below.

It may be of interest to point out, that in the first part of the

N experiment it should be possible to parasite on the present proton missing-

mass experiment, i.e. to usc the same beam and target and, even the same vertex

analyser,

-I. METHOD

In the c=ntre of mass the recoil neutrons of the reaction

7 +P >N+ X° (1)

(1) (@) 3) (&)

have a discrete momentum ps (or corresponding (7 ) and a corresponding
centre of mass angle ®5. Transformetion to the laboratory system (Jacobian

transformation) gives a broad distribution of the neutron momenta

min
5 S

HA

max :
ps £ ps (3)
the minimum and maximum ps values being given by the incident pion momentum
pP1s and the missing mass MX' The corresponding angular distribution in
the laboratory system is

MZ- m{+ 2Eo T3

cos Bs = X (4)
2p1 3
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with Eo = E4+mz2 . If the centre of mass moves faster than the recoil

neutron in centre of mass, i.e. if

. . max - .
there exists a maximum aengle O3 of neutron emission in the laboratory
system

max
cos Os

2m3 o (MX- n{) (4ms Bo - My +m1)/2 (5)

This is the angle of the so-called "Jacobian peak".
A graphical method to construct the transformation is illustrated
in Fig. 1.

The missing mass of the neutron, i.e. thec meson mass MX
= (By+mp= Bs)% = pf=- ps+ 2p1 ps cos Oz (6)

can be found in the laboratory system by measuring simultaneously two
guantities: the neutron angle Os and the neutron momentum ps. For a
given MX’ pairs of corresponding values of ps and Os, populate a curved
line ("mass line") in the cos ®s, ps plane, as shown for cxemple, in Fig. 2.

The aim of the experiment is to find such mass lines in the cos ®;, ps plane.

"Non-resonating" pions produced in m-P collisions in the target

contribute an uncorrelated background.

JACOBIAN PEAK ITETHOD

It is now of great importance that the cexistence of a meson mass

MX

neutron angle ©s (instead of both angle and momentum), if the accepted. ps

can already be established by measuring only one gquantity, namely the

momentum band is experimentally chosen, such that it is narrow enough and,

that it is centred at the maximum anglec @?ax of the mass line (i.e. minima

in Fig. 2). In this case the existence of a discrete meson mass wall

manifest itself as a peak in the angulor distribution of the recoil nceutrons,



9519/p/cm

as is“illustrated in Fig. 3 ("Jacobian peaks").  The percentage of neutrons
going into the Jacobian peak direction depends strongly on the centre of
mass. angular distribution, i.e. on the reaction mechanism, and generally
increases with increased incident pion momentum pq.

TWOeparameterfanalysis, i.e. measuring simultaneously cos ©s and ps, may.however,

in general, be of advantage in view of the fact that it is difficult to
estimate in advance how the cross-section for X° production behaves along
the mass line. If it is smooth or centred at @?ax, the Jacobian peak

method alone is already very effective.

EXPERIMENTAL PROCEDURE

The experimental arrangement to measure the angular and momentum

distribution of the recoil neutrons in reaction (1) is shown in Fig. L.

Incomiﬁg pions 7 interacting with the protons in the H. target
are detected by the fast coincidence (T1, T2, TB) in CO01.  The signature
for X° decay consists of 2n charged pions (n = 1,2,3 ...) emitted in a
forward direction and detected by the vertex counter V, and, in addition,
no charged particle leaving the target sideways, i.e. anticounter A in
anticoincidence. v's from 7° decay are eliminated after conversion in
C by anticounter A, so the complete coincidence requirement in C01 for meson
X° production is (T4 T2 T3 VA).

The neutron detector N consists of 24 slabs of plastic scintillator
(80x 15x 10 cm®), set up as a fence around the target at a distance of four
metres. Each slab is viewed by a small phototube, their outputs going to
a 24 channel pattern unit for encoding the angular positions, i.e. the
pattern unit information gives the neutron angular distribution. The
neutron time-of-flight (TOF) is measured by three large area phototubes,
each viewing one of three batteries of eight scintillator slabs; the long
sides of the scintillators of each battery are open for light, only towards
their common big tube; each TOF unit is contained within a light-tight
housing. - The TOF start signal comes from T2, the stop from the mixed
TOF tube output.
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Fast anticounters A1/, A2’, A3’ shield the neutron-counter N

against general charged background.

Good"™ neutrons correclated with "good" C01 events are finally
selected by the coincidence (C03. The complete requirement is
(T1 T2 T3 V A N). The CO3 output then opens the gates for TOF and for
the pattern unit. Time-of-flight and PU information are fed into an

online computer or into a magnetic tape.

EVENT RATE AND BACKGROUND

We expect one event per PS burst under the following conditions:

cross-section for X° production = 1 mb

target length =10 cm

number of pions per burst = 10° (Ap1/p1 = 2% half width)
neutron-detection efficiency = 25% (at 300 MeV/c) .

The baokgroﬁnd problemn is less serious than in the proton missing-
mass spectrometer due to the possibility of eliminating charged particles
by anticounters. The main contribution to neutron background will probably

come from the reaction

T +P > Ntnm (meﬂ = 8 mb) .
This gives four neutrons per burst into the detection system, so that a
signal to noise ratio of about ¥ is expected. Therefore, the machine
2
time requirement is roughly the same as in the proton proposal ): four
weeks PS time = 76 shifts.

MASS RESOLUTION

The determination of MX is affected by the precision with which the

quantities p1, ps and ©s are measured. Here, we give the separate

influences of errors in pi:, ps and ©s on the missing mass MX :
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P1 ~ P3 COS O3~ B4 Ts
I1exp = MX Aps »(7)

Ps ~ P1 CO0S Oz - f83Eq :
Pexp MX Aps (8)

O3 . pi1pz sin Os
I‘exp MX 465 . (9)

For a fairly monoenergetic incident pion beam (4ps/pi = 1=~ 2% half width)
and neutron nomenta ps in the region of the Jacobian peak, the main con-
tribution to an error Pexp in MX comnes from the angular uncertainty A@s.
In the neutron missing-mass spectrometer A®s is given purely by geometrical
angular resolution, i.e. by the finite size of the target and the neutron

detector elements; this angular resolution is therefore independent of the

.neutron momentum, contrary to the proton missing-mass spectrometer, where

the mass resolution is limited towards low momentum transfer by nmultiple

scattering, as already pointed out above.

Here, we give two representative figures for the mass resolution

‘rexP of the proposed neutron spectrometer:

rexp = * 33 eV for py = 10 GeV/c incident pion momentum
ps = 500 MeV/c neutron recoil momentum
MX = 1.5 GeV meson mass

- + ] -

I‘exp = * 21 MeV for py = 5 GeV/c
ps = 250 MeV/c Ditto
My = 0,750 MeV (=p)

assuming an angular resolution of A®s = * 1° according to the proposed set-up
(Fig. 4), and a momentum spread of the incident pion beam of Ap:/p1 = 2%
(half width).

The sinultaneously covered mass range of the spectrometer is
AMX = 1.5 GeV at p1 = 10 GeV/c, according to a range in neutron angle €3
of A85 = 36°,



Finally, it is of intcrest to note that o more sophisticated vertex

analyser would make the roconstruction of the vertex inside the H» target

possible. In this case even in the ncutron missing-mass spectrometer

a large target (i.e. high cvent rate) could be used.

The 1imits of application of the neutron missing-mass spectrometer
towards low neutron momenta are at about ps = 150 MeV/c, given by the detec-
tion threshold of the neutron counter. The upper ps limit of about 1 GeV/c
is set by time-of-flight uncertaintics. The highest detectable mass MX

should therefore be M, = 3 GeV (at 15 GeV/c incident pion momentum).

X
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