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INTRODUCTION

It is proposed to measure and determine the dependence
of the differential cross-section jiji on the four-momentum t
ot

in the reaction

x> e+ T JUT

at an initial 9t":meson momentum of 40 GeV/c; +the t range is
(0,04-0,40) (GeV/c)z; the value of the invariant mass M_ in the

a+ Jr‘ system is

0,28 & M_ £ 3,0 Gev/c®
The neutrons are recorded by a hodoscope system con-
gsisting of 8 scintillation counters, situated at (60-80)° to the
direction of the incident I =meson in the laboratory system. The
neutron's time of flight is measured over L=3 m and the number of the
counter triggered is fixed, i.e. @ of the lab. neutron. A
momentum analysis of the Jﬁr-mesons is performed in a MAGIK-6

spectrometer,

A diagram of the apparatus and the trigger's electronic
logic are shown in Fig. 1.

We should point out that the device can be used to study

not only the reaction
JCT4+p » o+ Jhe T
but also the processes
e?l"-c»f)-'n-bm(&-l*ﬁ‘/ + Kk %°
—n m.(k-"’k:'} + K W
—-—n +m.(r:'r7} + gu?

. m;o,l(»a
m>0 [ ¥zp



and 3"+p-—->n+Mo

where Mo is the neutron's missing mass.

l, Existing data on the dynamics of the reaction
JC e D+t & I

X
A study of C‘:x, 4 1in the reaction

(1.1) J+p —= n+ Tt e
. J.O".\'
and also of the partial cross-sections Q-.\’:k' ’ ""IE' in

the reaction

(1.11) G- +'P — n+ L; where
.I.', is the neutral component of the meson resonance, is
interesting from the point of view of the theory of complex

momenta.
If the reaction JI + p follows the diagram
(1.2) . —=
N R
o
- L .
P o n

then the energy dependence of the cross-section may be described
by the formula ( .1/)

(1.3) o p, 24V

Pi is the primary momentum of the Ur—-meson in the laboratory

system, and

s where

(1.4) D((O) =~ 0 for a 3’ pole exchange
X () = 0,5 tor a P » A, pole exchange



Clearly, for (1l.1) reactions the (1.2) diagram is only
possible for 37‘ and A2 charged poles and for (l.l), moreover, a
f—pole exchange is possible if the resonance's g parity is

negative,

In paper /2/, reaction (1l.1) was studied at a primary
momentum P, = 11 GeV/c. The following cross-section was obtained

i
(1.5) eax = (0,7 2 0,1) mb, . .
l.,1) channels were also separated for and .
(1.1) $ 8’
(1.6) G ot {fgfl) = (110 £ 14) microbarn.
Ot [a‘”fl)._ = (75 % 14) microbarn.
Cip (gd:'ﬁ) = (55 £ 14) microbarn.

Paper /2/ also presents a table of cross-sections for
reaction (1.1) where P, = (1,23 - 16,0) GeV/ec. From this table,
and using the data in paper /3/, at P, = 16 GeV/c, it is possible
to do the same as the authors of paper /3/ and deduce the energy
dependence of Sy L@ -"’LJH"R')

3

(1.7) 6‘;\‘_ ~ p“'

This dependence may be expected to continue into the
higher energies, or the decay may slow down as theafpole dies out.

Paper /3/ gives the cross-sections

(1.8) Ope (S}'/;»ni*‘;~j= (0,4020,08) mb.
the partial cross-sections of reaction (1.1) with the production

of a f‘ -meson

1+

13) microbarn.

(1.9) G (%p—=ng®) = (52

1+

of a #° meson G’(-’J?‘P—»ni") = (38 = 9) microbarn.



and the upper limit to the cross-section for the production of a

ao -meson

(1.9) G"(ﬁi"lo—-s-n,goj < (25 z 6) microbarn.

r
The dependence on \tl Aa of reaction (1.1) and
also of reaction (1l.1') with the production of a f° and an F°
is in good agreement with the predictions of the OPE and OPEA

models.,

We note that both in paper /2/ and in paper /3/ the
- L -
dependence of %G-E-‘ e = n 3+ Je ) on /t/ is satisfactorily
described by the formula

de -hH v
(1.10) el , 4=do (5:66)™"

and A does not decrease as Pi inereases. Drawing on previously
published data, the authors of /3/ conclude that G‘LSC'PQ‘“K‘&. ,

(X~ P > np') and o (T-p 2w £°)  depend on P,

Gt (‘Tl'P -—»m’)‘s*ﬁ")fvp;-f’s

(1.11) & (Jp — np°) "'Pfi

o (Ip — ni°) ~ ID:'Z'

The statisties in paper /3/ are based on 573 reaction
(1.1) events.



II. The kinematic possibilities of the device

Fig. 2 shows the kinematic curves of the reaction
3T"+ P —_— N 4 X°

The curves corresponding to the different masses of Xo
are shown in the above figure by elliptical arcs. The kinematic
curves were plotted in the same way as in paper /4/. The
momentum (the region between the arcs centred on point "O" and
with radii of % = 0,20 GeV/c and Ry = 0,75 GeV/c) and angular
(the radial lines drawn from point "O") captures of the Xo mass
spectrum provided by the neutron detector are plotted in the above
diagram. The s0lid curves and hatched curves correspond to the
different masses of X° at P, = 40,0 GeV/c and P, = 41,20 GeV/c

i
(i.e. P, + 0,03 P,) respectively.
4 i

i
i

Thus, by plotting these curves, it is possible to
determine the range of magses recorded by the neutron detector in
various positions. In particular, with the detector in the
position shown in Pig. 1: +the range of & angles = (60-80°) and
the range of x° masses defined by the neutron detector is
(0=3) Gev/c2.

We should point out that, with the introduetion of a
kinematic matrix into the neutron detector's electronic system, it
is possible to define a specific region of momentum capture for
each neutron counter within the general allowed momentum capture of
the device, i.e, isolate sections where there are no mass curves in
the ( @, pn) plane (for example, the hatched section in Fig., 2
between (80-82,5°),

Fig, 3 shows the geometrical efficiency in terms of ]
with which different masses from the range (0-3) GeV/c are recorded
when the detector is in the position shown in Figure 1.



The expected accuracy with which the time of flight of
the neutron over L = 3 m is measured is U‘(A"() =
= 0,5 nsec; therefore, the device's momentum range may be divided
intoe 30 regions:

(11.1) from pn = 750 MeV/c —3 T 16 ns. to

pn = 200 MeV/c —p 48 ns ;

]

the angular accuracy with which the neutron's emission direction is
determined (when an interaction point is re-established in the H

target) Q'LAG) = % 0,60,

2



ITI Estimates of possible values for the effect and

contribution of background reactions. Accuraciese.
Pcssibilities for data acquisition,

On the basis of (1.5), (1.6), (1.7), (1.8), and (1.11), the
following conclusions may be drawn concerning the values of cross-
sections at Pi = 40 GeV/c (table 1).

Table I
G:ot (ﬁff)»n?d‘ﬂj_fv 6‘(%9") ‘\JP‘:.L‘ G(n ﬁ‘*)..f)‘:‘“ r:((rzg");é‘i—
"’"3

Pi(GeV/c) ~Pe (mb) (microbarn) | (microbarn) | (microbarn)
I U,7 1 G,10 1ICx 14 75+ L4 55 + I4
16 0,4 £ 0,08 52+ 13 38x 9 25+ 6
40 0, + 0,02 8+ 1,6 6+ I,2 4 + 0,8

Considering that

(T11.2) (%—p W7 )= 0, 1 mb

tot
and assuming that (as in (1.10))
ds . ‘- 1clt)
dt '

we obtain

o~ paE N2 A =382
(e AT (86 s ey (229
and

MO

-—

(II1.3) 6—/*’; 01(6'{0“‘,

i 3
4.

64@##) ~



that, if J\e‘\‘ = 0.9 GV, hcail = Ol GeV/c

PRy

{ rru_z,_k: 0,75 Bas,” -em (T-I) gives
t,=-00 -, .
G’, ~ ~ § LoS -
4, =2-0,04

Considering that diagrams like

. ’r/‘\’/,.—-—/ J{
(111.4) 3

\

|

most likely at .P. 2 L (Q"V ,Q)z do not contribute much to the
cross-section /5/, it may be expected that

(111.5) (g €5 S€L ) = 0,06 mb

(We note that, as was shown in II, this range of /t/ momentum

transfers and (Mo) missing masses is recorded by the device).

At a primary beam intensity of No = 105/cycle, a distance
to the neutron spectrometer of I == 3m, a mean angle é n = 700,
with counters measuring 10 x 10 x 25 cm’ (i.e. d¥ = 5,172, mean
efficiency g = 3.10-1), and using a hydrogen terget of
£ =50 com. (ey = 3.6 g/ch of matter), the effect may be

expecied to be recorded as follows



(III.G) QM‘"VO‘S‘:i'(jg)'i’S)‘ﬂ;l:

3

29,3,1071 5,1072,3,6.6.10%0 = 2.10"%/cycle

r -
= 10106‘10

We note that clearly, with the neutron counteres in the
position given in II, all :V-mesons from 2-, 3= and 4- particle
decays of Mo will hit the magnetic spectrometer.

Before estimating the background, we shall indicate the
accuracy of the apperatus aund how this contribute:s to the accuracy
with which Mo and /t/ are measured.

The accuracy with which the neutron's time of flight is

ne.sured is

(II1.7) G (AY)~ 0,5 ns

The accuracy with which the neutron's coordinates (in terms
of 6 ) are determined when an interaction point is re-established in
the target is

(111.7%) Gy ~ 3cu

It may be shom: that there is little contribution from
the dimensions of the targetand counter 1 the accuracy with which
pn (o_‘r }n) is measured at a momentum of 200 MeV/c & Pn$750 MeV/c
and at Op~ 70°,

We shall assess the contribution to A}‘»9 of the
IN-¥
accurate measurements of 4" and A® at & —5'5) ~0,5% and

at mean values of My, pr and 6n (hence = Pl)-
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The neutron's missing mass in the reesction 71"+P—)'l -\-J‘o

(111.8) ) Ttp - MU

Jl(o ZM <+ QP Pq C«'J.SQ .2[_)1 [m',,\tEn,) '~a</-r.'7/,. /1(7‘
where pn ,Mn ,E., and Gn are the momentum, mass, energy and
emission angle of the neutron relative to the direction of thre

primery beam and Py is the momentum of the inecident meson in
the laboratory symtem, (mp = mP)

From (III.8) it is easy to obtain

(111.9) E%‘": Ky dp.,/;}a + ¥ df%{-f e_;,c/é;_
where Wz P e i
s HE (L W/z [p,,aﬁ ‘[F'”""} o i

Y, = MVL*PHCQSQ!@-E.K -

(111.9) e " p

]

oy .
Hs %ﬁ; SlﬂQﬂ-

We put into (IIT.9) and (IIT.9Y) p, = 40 GeV/c, Op = 70°
end M_ = 2,0 GeV/c ;

then
pr = 0,470 GeV/c, Ppn = 0,454, E = 1,036 GeV and

(111, 10) a[«% /J( ~ 10,5% at the above accuracies of (III.7) and
(111.7Y) i.e.

(111.10) Jd A ~ 210 MeV/c?

We note that the mean accuracy for measuring Pwn =< 1-&'
in our range from 200 to 750 MeV/c
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(117.11) P _ dpe { . 2.1072) i,e.
P B (1-3EP%
(111.11%) odp, 22 10 MeV/c, and

1 —
(111.11 1) df ~ 0,01 {Gev/e)?
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Tackground reactions

The main background reaction for (1.1), foilowing or from

the diagram with a charged pole exchange, is the reaction
34“+P —— N

(I11.13)
Lo S
which is described by the following diagram
[y -
(111.14) N Ji
2
!
: -~ at
[ _
P We o TSa

The cross-section of this process is

with a vacuum pole exchange.
n* tae order of tens of millibarns /6/, /7/, yet its contribution

must be small as the N ' from the decay of N® are soft.

The contribution from the reccticn

1I1.15 —— ~ -~
( ) U7+p —— s St TT+T°

in analysis of the momentum balance at

o desgeel dpszadh  Ape_ dp gy
Pc 4 pr P+ -

shows that there is a background contribution of reaction (III.15)
) M
at F’.,(o '€ 500 *eV/c.

If reaction (III.15) follows the diagram

—

(111.15%)
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with a crossgs-section ~v one order greater than that
investigated, the background contribution (‘?ﬂ, = 0,5 GeV/c) may be
expected to be (1-2)%. If reaction (III,15) follows the diagrams
for charged-pole exchange

, - -7
(111.15) W T 3= -
{ A ~
i? ) ) %ﬂ o =Te
el
P the P ”E N,
then {f_g Y f_’-l;)__g

1) its cross-section is a decreasing function of erergy and should
have the same rder of magnitude as

2) 1% background conttibution may be expected from the left-hand
diagram when there is an isotropic distribution of 97 - megons in
the c.m.s. of the 3 &' system.

3) background from the right-hand diagram may be suppressed by a
fautor of e 3.5 using [ -quanta anticoincidence counters on
three gides of te target. Moreover, the accuracy with which the
missing mass of the J¥*J"  gsystem is re-established should be
cufficient to suppress the background from this process.

We note that the reactions

and 3+ P-»'”-—'-z"mf
W p > npp

are well defined when the :.omentum and masgs balances are calculated

with the accuracy shown in (%),

In order to make a clearer division between the reactions

‘Jz‘+P —_— e St
and )
Srap —n gtes
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it 1s essential to increase the accuracy of the fl_E_E measurement s

*
to ~ (0.3 to 0.5)%; this is within the capabilitie’s of the MAGIK-6,.
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Data acquisition rate.

Trigger efficiency.

As cen be seen from (III.6), at N, 105/cycle, the
(n,JT* 51"") effect will be recorded at the rate of 1/50 cycles.
However, using the electronic logie shown in fig.l, triggering will
also give the reactions

9"*[3 ~=n+ e (35 +x0°

(111.16) Y 4p ==+ m(KHK) +x5O m&;b:,\a
’ m > -0
LI™p —n +m(pp) + Kn° )7

Tharefore, the number of triggers may be expected to be 1/1 to
1/5 cycles (assuming that the cross-sections of the (III.16) reactions

are of the order of tens of microbarm.).

In this case, ¥l -mesons from the reacti ons

(111.17) n+ 3T

N {.n. + 5 3T

also hit the MAGIK-6 and these processes may be analysed.

In order to obtain ~ 10° n ¥ “events (573 events in
paper /3/ at pg = 16 GeV/c) -~ 100 hours of machine time are
required.

The number of photographs may be estimated at 10-50
thousand, of which about 5 thousand showing +two charged particles

are being mersured,
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Fuarther development of the device.

1. If the total number of triggers is going io be 1/5 cycles, then

the luminosity of the neutron detector snould be increased,

This mmy be done in one of the following ways:

1) increase the size of each detector to 12 x 50 x 25 cm’,

2) increase the number of channels to 16.

Alternative 1) requires no additional electronic equipment,
whilst alternative 2, calls for ~ 20% more., To increase th~ gize
of the counters, it is esgential to have time photomultipliers with
large photocathodes of the RT X P 1041 (1040, 58 AVP) type,
block seintillation plastic 13 x 52 x 26 cm3 and also block optical
plastic (light guides) 17 x 51 x 51 em>.

I, The data~processing rate may be increased by adding a Facit=4070
tape punch (made in Sweden). The data can also be fed on-line t¢ a
digital computer.

All the members of the MAGIK-6 group will also take part
in the various gstages of this experiment.
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Fig. 2. ZXinematic curves of the reaction .Tf'-i-F — n + Mo

40 GeV/c

Solid ellipses P
41,2 GeV/c

Hatched ellipses Pi

non



Fige 3. Geometrical efficiency in terms of the angle of the
neutton spectrometer agairst the missing mass Mx'



