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1. INTRGDUCTION

In 1970 the Pisa-Karlsruhe Collaboraticn finished data-taking
on the reaction nfp -+ n + neutrals at 3.8, 6.9, 8.0 and
12,0 GeV/c. An earlier CERN-Karlsruhe experiment was done at
0.57 and 1.77 GeV/c. One of the aims of these experiments
was the study of the nor° system up to 1.7 GeV wm mass. The
possibility to extend the mass range and to look for the

+

. . - + +
existence of resonances in the series 0 , 2 , 4 , ... at

Serpukhov was indicated in the Letter of Intention PH I/COM-70/52.

In a discussion with physicists at Serpukhov, it came out -
.that :a Serpukhov group is considering a high-statistics pre-
cision experiment on the reaction w~p > m°n with an appa-
ratus which could also be used in part (beam, y-detector,
target) for the 70 r° experiment. In particular the y-detector,
which has to be constructed for the charge-exchange experiment,
is a complex and expensive instrument. Therefore it seems rea-
sonable to comhine the experimental programs. The two experi-
ments could run alternately, each group participating in the
experiment of the other. The following reactions will be mea-

. sured

1)_ﬂip + 7% at the range of energies available at Serpukhov.
The aim is to perform a high-statistics measurement of
do/dt. This is a continuation of a present experiment at Ser-
pukhov(la].A digitized Y-detector which makes it possible
to measure the angle and energy of each Y will be construc-
-ted at.Serpukhov and will replace the currently used opti-

cal spark-chambers.

2) T p > m°71% in the energy range from 25 to 45 GeV.

The gammas and the neutron are detected. This reaction



falls under the responsibility of the K-P-V Collaboration.
We propose also to perform a test on the feasibility of

measuring K_p »> k%0 without a magnet .

As the planning of (1) rests with the Serpukhov group, we

will elaborate (2) only.

2. MOTIVATION

The 7n interaction has been studied extensively in bubble
chambers and also using counter-spark chamber techniques. The
series of resonances p(l ), F(2+), g(3 ) is well estiblished.
The mass, width and spin of these =T resonances are well mea-
sured. Also the existence of a wide e(0°) resonance is proved
although its exact mass and width is not well known. Above -
the g meson, no clear information on 77 interaction is avai-
- lable, as no specific experiments for that mm mass range

have ‘been performed. It is still an open question whether

the series of resonances €, p, f, g is continued with sharp:
resonance of spin 4+, 5°,‘6+) «+., or whether w7 interaction
above the g mass will show a more Smooth behaviour. The
resonances above the g meson could also be wide objects.Becau-
se of the high g-values of the decay products, the angular
momentum barrier does not effectively inhibit the 77T decay '
while the presence of many open channels is likely to give

rise to large width.

- To clarify the question of 7T interaction above the g meson,
it is necessary to get quantitative information' by measuring
the mass dependence and to perform an angular ‘momentum ana-

lysis on the 7T system.



The best feasible way of doing this is to measure the reaction
ﬂ“p > ﬁoﬂoﬂ at Serpukhov energies and to use the OPE exchange
model with Dlrr-Pilkuhn or Benecke-Dirr off-shell correction

(1,2)

factors to extract the information on the rmm interac-

tion. The application of their correction factors for the pene-
tration of the angular momentum barrier has allowed a quanti-
tative description [to at least 5% accuracy for [t] <1 fGGV/C]Z
(3’4)]'0F rzactions which can proceed via OPE including, of

course, p, f, g, production, too.

From a quantitative measurement of the above reaction, one can
thus deduce O(ﬂ‘ﬁ+ + 7%%) which gives the mm scattering at

the even angular momenta O+, 2+, 4+, ... This is exactly whet
one wants, becausc the next partial wave after g(3_) is 4 .
Moreover, in ﬂorolonc gets this information without the compli-
cations from odd waves 1 , 3 , 5, ..., which drastically
increases the number of parameters because also all interfe-

rences have to be considered.

Also from the axperihental side, the reaction ﬂ_p > 197%n is
favourable because it allows a selective trigger. A veto sys-
tem against charged particles around the target will select

the reection ﬂ“p *> neutrals + n in which the largest part of
the interactions in the hydrogen target is already rejequgfw
The cross-section for all neutrals is below 100 Ut at Serpukhov
energies. This has to be compared with a cross-section of se-

veral mb if onc cannot veto ageinst charges particles.

All oufgoihg pérticlms, Y's from m° and the neutron, can be
measured. The topology of the events is very characteristic
always two gammas from the same, 70 cldse together and well
separated from the other bair. Purificetion of the svents by
kinematital Fitk(ZC if only Y_direcﬁions ar@vused and 5C using

information on Y energies, too) will work very well and will,



. . oo
give an almost uncontaminated sample of 7 7 n events.

Finally, Serpukhov energies are the best for performing the
experiment, In this set-up, beam momenta of 25 - 45 GeV/c are
just high enocugh to reach the wented mm mass région also at
small t-values. This is important because the OPE reaction is

dominant at small t-values. On the other hand it is not rea-
2
. ab
dependence of the cross-section will make the experiment un-

sonable to go to'higher beam momenta because then the pi
necessarily more difficult.

It is obvious that the main aim of the experiment is this
study of mm interection. But as a by-product, there will be
information on cross-sections of neutral objects. Clearly

a differential cross-section for - production will come out
at all beam momenta and will be used as a Furfher cross-
check of the OPE model with Benecke-Dlrr form factors. Also
r° and n production at large t is in the accépted kinematics
interval. Furthermors, one can hope to get the cross-section
for w production from an analysis of the events where w

goes to moy.

3. EXPERIMENTAL APPARATUS.

The incoming particles will be labelled by three threshold
Cerenkov counters to give T, K, p signals, whereas their
position and dipection will be determined by Charpak chambers.
It is foreseen to have a 40 cm H2 target, where the interac-
tion point can be determined by the pulse-height associated
with the Cerenkov light of the incident particle. This target
has already been used successfully in the Pisa-Karlsruhe |
experiment and has proved.to be able to determine the inter-

action point position within #* 3 cm (5]. Thé target will be



surrounded by a set of anticounters similar to the one used
in the above-quoted experiment.

Neutrons with mcmenta above 200 MeV/c will be detect d in

16 plastic scintillators of dimensions (240 x 16 x 186) Cm3.
The ﬁimé resolution is + 1.5 nsec and the position resolution
is £ 4 com. Owing to space limitations, the neutron counters
will be mounted on the same side in two layers of eight ele-
ments each. One sct of these counters was already used in

the experiment mentioned; the second one is completely equip-

ped and presently under test.

The_y-deteotor will consist of Pb converters interspaced

with scintiliators and, for maximum spatial resolution,

three plénes,oF Charpak chambers. These planeslare positioned
behind 4 'radiétion lengths of Pb and are followed by scin-
tillator hodoscopes (60 elements of 100 x 1.5 x 1 Cmaj alter-
nating with 1 radiation length of Pb. Therc are six hodosco-
pe planes, two in X, two in Y, one in U, and one in V (45O

to Xwand Yi close toc the shower maximum. These will give
ianrmation abéut the energy and the position of the shower
in all three coordinates. The detector is completed by
?urther 20 redlatlon lengths of Pb, interspaced every 1 ra-
diation 1ength with a scintillator plane to get a good over-

all energy resolution.

The pulse height of all scintillators is measured via ADC's
and scalers. The scaler contents, together with the other
electronics information, will be recorded on magnetic tapes
through an on- llne romputer. The CERN IBM 1800 computer
9qu1pped for data- transfer via CAMAC, which is presently at

Serpukhov, is apprnprlate for thl% purpose.



4. RUNNING CONDITIONS.

4,1 Kinematics.

[a)]

It is intended to sfudy the reaction v_p s> 7°7°n ot diffe-
rent beam momenta and, if running tima2 allows, alsc at dif-
ferent angle settings of the neutron detector to creoss-check
the experimental findings and to sce the dependence of the

phenomanea on lab. momentum.

At least in the first runs we want toc have contfol of the
performance of the set-up by cbserving on established reso-
nence. The kinematics for runs at the lowest beam momentum

25 GeV/c and the highest momentum 45 GeV/c are shown in‘Figs. 2
and 3. The necutron detectors aere at a distance of only 5 m

and cover the angular range of 51n te 77O and 55° to 810,

respectively.

As already.outlined in section 2, it is tssential for the
research on 77 interactions to cover also small |t| velues.
We will accept neutfnhs with momenta down to 200 MeV/c, which
corrgsponds to |t| > O.D4(GQV/C)2 and T_ > 20 MeV. This is

i

3

the lowest neutron enzrgy for which we

el

re confident our de-
tectors can be used reliable. There is no such limit at high
|t| values, but the missing-mass resolutibn becomes bad above
p, > 800 MeV/c, ecquivalent to [t] > 0.33 (GeV/c)?. At 25 GeV/o
we cover, for =11 |t| values, the mess range from the £° mess
to 2.2 GéV, and at 45 GeV/c from £° to 2.8 GeV. It is pessible
at both energies to get higher maésés accepted by shifting‘
the‘neutfon detoctors to smaller angles, but then we lose tﬁe
control by"tha 9. The missing-mass resoluticn is typi;ally"
80 MeV FWHM at 25 GeV/c. This is adequate because the known =7
resonances P, f, g arc wider. At 45 GeV/c the reéolutidn;will

be around 110 MeV FWHM, which is still good enocough.



4,2 Angular acceptance.

‘The set-up is designed to allerw angular mementum enalysis

of the nr interaction. As w¢ want to get higher momenta from
the cos @ﬂ” distribution, & large solid-angle acceptance of
‘thc y-detector is rneeded. A Monte Carlo program has been
written to calculetec its performance. The first hodoscope of
the y-detector was placed at 2 m distance, and 1.6 cm spacing
of the hodoscope elements was assumed . At 25 GeV/c this is
sufficient to see even the y's of the fastest s separa-
tely. For 45 GeV/c the y-detector will be placed at a pro-
portionally larger distance. The detection probability for
y's of different cnergy in e set-up with scintillators behind
a 4 radiation length Pb converter has been teken, for the
Monte Carlc calculation, from the. tables cof Messel and
Crawford’(s]. They give the probability that at least one
electron with energy above 10 MeV is present after the con-

verter.

In figs. 4a,b,c, the results of the Monte Carlo calculations
for the mm scattering angular distribution are shown for the
accepted events. The calculations are done for a mrm effec-
tive mass of 2.2 GeV. The curve a corresponds to isctropic
decay and curves b and ¢ to maximum possible polarization

of a 2" and 4" resonance. Events with 0 < |cos Gﬂﬂl < 0.6

are almost uniformly accepted. The different angular momentum

states can be clearly distinguished.



4.3 Rates.

For the established wm mesons p, f, and g, a good descrip-
tion of the dependence of thes production cross-sections on
lab. momentum and momentum transfer is given by the OPE model
with Dlrr-Pilkuhn or Benccke-Diirr penetration factors for

the angular momentum barriers. We use this mndel and known

£ cross-sections for an estimate of the productien creoss-

- N + ) -
section of a 4 77 resonance. For this resonance we use the

symbol h.
For a mom® resonance of spin j preduced in W-p.* nowon,
one has
2 2 2
d~o B ;F_ m”q t ‘ - 0 o
dtdm =~ 7 2 (£ 5> o Fj(t) Gj(ﬂ ToTomo ),
Plap "°7H

Fj(t) is a correction which gives the dependence of the pene-
tration facter of the angular momentum barrier for off-shell
“momenta; f 1s the pion-nucleon ccupling constant, W the picn
mass, t the invariant momentum transfer, m the effective 77

mass, q the momentum of the = in the w1 system, the momen-

~ s oo P1ab
tum of the m beam particle, and Gj(ﬂ m 7 7 ) the wr charge
exchange cross-section at the 7 mass m. In the case of a
rescnance of mass mr;'it is given by

r 2
2 nl

4(mr—m)2+P

-+ 0.0 2 : :
o.(mmo>rm ) = (2 + 1) x = x 47A
J J * 3 2
The cross-section fror £° production is known up tc 16 GeV/c

and follows the piib law well. An extrapclation of the compi-
led data of Ballam ct al.(7)

to 25 GeV/c gives olm p - £7n)=18 ub.



.« For the ratio of the h to +° cross-section, the OPE formula

' gives

o(m p > h nl

_ 2
_ Fo(t) ° 2 "5 ° T, " m ’
o(np » £9) 2 ﬂ¥c f f
27"
o1 o(2m)
where n = — = =-£_ - _ = glasticity of rescnance.
r olall)

Owing to the high g-values in the decay, the factors Fj(t;
are near to 1 if we restrict curselves to t < 0.4(GeV/c),
which already contains most of the cress-saction and is the

" maximum t for which we have reasdnably gond mass resclution
The momentum of the picns is so high that the angular momen-
tum barriers are well penetrated, assuming a standard

interaction radius of 0.6 fermi [See‘hblf (4)].

The elasticity n is essentially 1 for the £° meson, as no
other decays except 2m arc known. The crucial pcint in the
calculations is Ny At this high mass, clearly other channels
~are open. In addition to the clastic one

h - 27 with g = 4 (1)

“the most likely channels should be

h - pp L = 2 - (2)
h - A3ﬂ L =1 (3)
h - fe 2 = 2 but q small (4)

h > KK L =4 (5)



The angular momentum barriers play only a small rele, as is

shown by the penetraticn facters v,(Rg) of Dlrr Pilkuhn (1)

as tebulated in Lax and Feshbach(ag. Therefeocre reacticns (2)
and (3) should nct grn faster than the wanted one h + 27.
Reaction (4) probebly contributﬁs‘cnly a little because of
the small g-value, and the decays intc K’é as ihbféaction (5)
are inhibited bcceuse strange particles are involved. From
these arguments we ceonclude that a good guess is n = 1/3

giving equal weight tn the decays (1) to (3).

This value fits the situation at the ¢ mescn where similar
channels are open and n ~ 0.4 is indicated by the ABC col-

laboration (9).

The cress-sections which we estimate are giVen together with
the expected rates and peak-to-background ratios in table 1.
With the neutron detector at 5 m, the number of events per

hour of useful running-time is

t

maXx
N /=3 x 100 v e xS 49 4¢.
eV Y dt

-

min

€Y is the probfbility that all fcur Y's are detected andp
is 0.36 for a 4 meson of mess 2.2 GeV and 0.39 for the f°
meson. The worst case of full polarizaticon has been assumed.
The range of mecmentum transfer 0.04 < t < 0.4 GOVZ which we
accept includes, for peripherally produced resonances, about
2/3 of the totel cross-secticn. With these values we get

for f and h production the estimete

N v/h x 0.7 x 1030 x @



The formulas arc based on the foellecwing running conditions
40 cm hydrngen target, 20% efficiency for the detection of
" neutrons whidh reach the counter array, 5 x 105 T /pulse,
" and 400 pulse/h.

For the background cstimate, we cbtained useful information
during our visit toXSerpukhov. The group which is measuring
charge exchange nbserved 5 x 1077 interactions per incoming
‘pion.wiﬁh a veto agéihst charged particle in a 20 cm hydrogen
target at 30 GoV/c. This means that the crnss-section feor

ﬂ-p + neutrals is around or below 60 ub at 30 GéV/c, which
corresponds to about 80 pb at 25 CGeV/c assuming a p.o!

“lab
dence; 20 uyb cof this cross-section can be subtracted for

depen-

7 and n productioh. The rest should distribute abcut equally
in the produced massz interval of 0 to 6 GGVQ, which means
that we have to expect only a background of nsutrals triggers
with more than twe y's of about 1 ub/0.1 GeVZ, The peak-te-
background ratics should therefore be quite ccods The esti-

‘mated values arc alsc given in table 1.

In.summary, the conclusicn of the rate and background consi-
dereticns is as follows. If the 71 interaction et high mass
leads tc a 4% resonance of width similar tc p, f, g then this
resonance could be seen cléarly even for an elasticity n = 0.3.
"If, instead, above g the ﬁwiihtefactinn:1ead5’on1y tc a broad
structure, one has still enough events tc measure the
interaction quantitatively including an angular momentum

analysis.



‘5. ORGANIZATIONAL ASPECTS.

The major part of the experiment shculd be installed during
the Summer shutdcwn 1872, and it scems pessible to have the
equipment ready at that time. The bzam most suited is the
-4V beam, whose energy ranges frem 20 to 45 GeV with a very
.good focus and sufficient (~ 108 T /burst) intensity. For
the data-taking, two running periocds (about three weeks
each) at 25 GeV/c plus the same amount at 45 GeV/c is neces-
‘sary. Scme weeks with an inferior beam are also needed for

.running in.

The use of the CERN IBM 1800 with the associated electro-
nics currently installed is needed for the experiment. For
cenvenience, -alsc the Charpak chambers currently installed

in the beam should be taken nver.

‘Morecver, because of a lack of liquid helium at Serpukhov,

the liquid H, target must be adapted to werk with a refrige-

2
rator. The CERN refrigerator already existing at Serpukhov
is needed and CERN support is required in the adaptation

work.
In view of an effective collaboration it is intended theat

part of the participants will stay during the full experi-

ment‘at Serpukhov.

HM/ea
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TABLE 1

Table of expected cross-sections and rates

25 GeV/c 45 GCeV/c

£0
o} for £° - Zﬂo & ub 2 ub
tet
events/pericd 840 events 287 cvents
(200 h effect. running
mm frem rescnance relative 1 :1 1 : 1.5
tc neutral triggers in the
same mass region
h” m. = 2.2 GeV

I = Te

n2 = 0.1

0 e

Otot for h » 2m 2 ub 0.8 ub
events/period 280 cvents 80 =vents
mr relative to triepers 1+ 4 1 : 6
wide object

around 2.2 GgV

nz = (.1

_ 0 0

S ot /100 MeV for 7 7 1.5 ub 0.5 ub
events/period 200 ev./100 MeV 70 ev./100 MeV

trigper

PR )

background in

(before roconstruction)

2
o ../ GeV
neutrals

events/periad

10 Ub/GQVZ

9
1400 ev./GeV”™

4 Ub/GGV2

2

600 av./GeV
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T scattering angular distributions

10000 events generated by Monte Carlo program

25 GeVic, mpy =22 GeVic, detector at 2m,

curves are distributions for 100% acceptance and
full polarisation

a) isotropic
4765 events accepted

events

500

=1 b) 2*resonance
> 2912 events

100

#
1.0 cos O T

—~_

_—

S

N\

i

1.0 cos GQWW

¢) 4tresonance
3774 events




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

