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INTRODUCTION

The expected antiproton beams at LEAR offer the possibility
to study the antiproton charge exchange reaction pPp = nn at
low energy with high precision. The threshold for this reaction
is at 98.7 MeV/ec. At present total charge exchange cross section
measurements are only available down to 270 MeV/c. Below 600 MeV/c
the differential cross section is measured only at two energies.
With p-beams of LEAR the measurements can be extended practically
to the reaction threshold, A considerable improvement in resolutien
and a high level of precision can be achieved for energies where

data already exist.

The study of the charge exchange reaction is attractive for
vdrious reasons and had been pionted out elsewherei). Besides
the interest in the process itself, this reaction is the most
poweriul source for the production of antineutrons. The inter-
action of antineutrons with nucleons at low energies is experi-

mentally hardly knowsn.

ARINGMATICS

The reaction is characterized by its simple two body final
state, wnich differs from the elastic scattering kinematics oniy

because of the antiproton~antineutron mass difference. This



cereates however an ambiguity in the relation between the momentum
of the antineutron and its production angle in the laboratory frame.
Moreover the conservation of the CM-momentum leads to a confinement
of the antineutron production to small forward angles near the
threshold (Fig.1). This is of great interest for the investigation

of the threshold behaviour of the reaction cross section.

Measurements can be done on an external hydrogen target or
on an internal gas jet target depending on the experimental goal

and the required accuracy.

INTERNAL JET TAAGRT

High precision can prac;icaily only be achieved with an .
internal target. Furthermore the piont-like tarzet and the omissicn
of secondary interactions in the target renders the reconstruction
of the interaction vertex and scattering corrections unnscessary
which facilitates differential cross section measurements considerably.
Eigh energy resolution is required to resolve fine=structures of
eventual narrow resonances (e.g. S-meson) and to improve the
peak-to-background ratio of weak signals in cross section measurements.
A high momentum resclution is also needed to approach the charge
exchange threshold. The behavior of the cross section close to
threshold reveals basic information onn the n n interaction. For
instance a production of the T n system in a s=state would strongly
suppress the cross section owing to the rapid annihilation of the .
antineutron with neutron. The study of the fthreshold behavior
profits very much from the particular kinematics since the full
CM=sclid angle is confined to a forward solid angle of 0.8 %
in the laboratory frame below 100 MeV/c., The. transformation from
the Cll— to the laboratory system and the exchange of pions in
the te-channel enhance the forward production alsec at higher energies.
This necessitates the access to forward angles, which is possibile
if a jet target is installed in the center of a bending magnetg)

where the antineutrons can be extracted tangentially.

Already the operation of LEAR at 100 MeV/c without intermal
target requires a good vacuum and an efrective cooling, if a long
extraction time is needed. The installiation of a jet target imposes

even pore stringent condiltiens for the cooling system To prevent
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a rapid blow up and loss of the beam and to conserve its momentum
resolution. Below the transfer energy electron ceoling can be
applied. A stochastic precooling at the transfer energy would

speed up the cooling even more.

The admissible jet target density is conditioned by the fact
that the beam blow up time should be much smaller than the transverssa
electron cooling time. In this case beam losses can be reduced to
single scatterings with angles larger than the acceptance at the
position of the jet target. At low emnergies Coulomb scattiering
dominates and a gain of 9 and 36 in lifetime can be achieved if
the acceptance angle is increased from 2.5 mrad to 7.5 mrad and
15 mrad respectively. The optimal count rates are achieved when
the beam losses equal the accumulation rate of the antiprotons
in the A4 and the single scattering lifetime 1is longer than

the time between refilling.

The following estimation of the tolerable targetl thickness,
beam properties and count rates are based on the experience from
electron cooling experiments in ICEB). At 300 MeV/c transverse
cooling times between 2 - 3 sec were achieved and the single
scattering limit was reached with a vacuum of ‘IO_10 Torr (NQ).

The equilibrium beam diameter and momentum spread was 1 — 2 mm and

' ., .
6110—4'for IOb stored particles. The ratio of single to maltiple

scattering lifetime was slightly below 10,

A similar performance for an electron cooling system in LEAR
can be expected and in the following a transverse cooling time
of 2 sec at 300 HeV/c,a ratioc of ten between two lifetimes and a
rest vacuum of 10_11 Torr (Ng) is assumed, Under these assumptions
a save estimate vields an admissible jet density of @%et (300 MeV) =
2'10-10 g/cm2 resulting in a single scattering lifetime of about
TUC seec Tor an acceptance of 2.5 mrad, During this time 7-108 anti-
protons can be accumulated, The total strong interaction rate can be
calculated with
‘ Nyt number of stored 5 = 7-198
. 1 Avogadro's nunber = 6-1()'23

s f - . ..
Ly TEV o : total p~cross section = 240mb(300e
r

6-“'11

i ie revolution frequency = 1,2 10«4



The rates and allcowed target densities can be estimated for other

. X 2 .. .
momenta using the known scaling for lifetimes t‘~83; (1 e, scaling
3,2,
/ /Je'.!
c¢ress section ~1/83 and revolution frequency fré:.ﬁ.'the charge

for target thickness}, transverse cooaling times T ~ Gy T

exchange rate RE is about 6.3% of the total strong interaction rate
for most of the momenta below 640 MeV/c. Using these relations the
allowved target densities and reaction rates are estimated for a
Sy g1 R
and a single scattering beam l1ife time of about 700 secfé}e given in
the following table (7'108 stored P).

constant perveance gun (}-vﬁ )}an acceptance of 2,5mrad

Tabvle I
o> (rieV/c) %h(g/cm2) R {sec™ ) Rﬁ'(sec_1) Vs (Kev)
100 g-10712 102 10% 1
300 2.1671¢ | 2.5.90" 1600 5
500 | 1077 1.2-10° §L00 20

N J — o, i
+:1 0,/ & = 1% assumed
The number of stored antiprotons and the tarTet thiciness is comfortabie

for ecooling. Equivilibrium beam diameters of a few mm and a2 momentum

seread close to 1677 can be expected,

Although the count rates at 100 dMeV/c are rather low, it should .
be remembered that the full ClM-solid angle is confined to a forward
cone in the lab, Trame with an opening angle of less than 110 The
expected Cil=en2rgy resclution demonstrates that this technique is
perfectly suited to study narrow resonances and threshold effects.
The latter can be investigated with a simple set-up consisting
essentially of a small forward antineutron counter. The threshold
is scanned by changing the momentum of the stored antiprotons within
a few percent ( range of LIslR acceptance; which caﬁvaone very precisely
by changing the high voltage of the electron gun, A relative accuracy
-3

around 11U could be achiewved.,

It should be noted that the numbers in table 1 can be increased Ly

a factor of 30 for an acceptance of 15 mracd at the position of the

jet target.



Although experiments at an internal target can be done with
high resclution short survey measurements of the total charge
exchange cross section on an external target with & modest set-up may
prepare more detaliled studies, With a segmented hydrogen target
the degradation of the resolution due to the unknown energy loss
of the antiproton prior to the charge exchange reaction can be
minimized and a V§ = resoclution of a few }MeV can be achievesd.

For total cross section measurements no positive identification

of the 5 is needed, With a hydrogen target covered by a wveto box
for charged and neutral particles the charge exchange reaction
can be detected by the disappearance of the antiproton in a target
segment and no signal in the veto counters. Below 800 MeV/c only
annihilation and elastic scattéring are the allowed reaction modes
beside the charire exchange. The expected count rates and energy
resolutions for a target with a total density of 1g/cm2 and slice
thickness of 130 mgfcmg are given in table II for 10  extracted

P per sec.

Table II

momentum of coverad momentum resclut, injtotal useful
excract. beam]momentual region resolut.fbin Ch—energy count £§te

HeV/c MeV/c Ly MeV sec

360 oc - O 5 =13 2 =5 12000

370 370 « 300 2 2 oG00o

420G 420 = 37U 2 1.5 84C0O

450 4o = 420 145 1 8100

490 490 - 40 1 1 8000

310 510 = 450 <1 <1 7800

Owing to the fact that in principle every charge exchange reaction
can be detected,the count rates are high, It should be noted that
with this experimental set-up the annihilation cross sectiom can

be determined simultanously.



The possibility of tagzing the charge exchange rcaction allows for
the application of a particular method to measure the low energy

antineutron annihilation cross sections

The absorpticen length of an antineutron in hydrogen is

] L : Avegadro's number
/L = ¢ : density of hydrogen
L o.% 6,.; antineutron annihil. x-section

Hence the average time until annihilation cccurs is

1
t = =< =- 1 Bc 3 velocity of the antineutron
8-c Lgc-86,,

Owing to the 1/v behaviour of the cross section the product G- & is
approximately constant at low energies, The corresponding value for .
the antiproton aunihilation is B.6;340 nb. llence by measuring the
annihilation time,the annihilation cross section can be determined.

With the above cross section an amnnihilation time of 96 ns is

reckoned which is easily measured.

Low energy antineutrons could be produced through charge exchange
at the entrance of a liquid hyvdrogen target. The range of 100 MeV/c
antiprotons is 5 mm in liguid hydrogen., Adjusting the range curve
to this value would select practically moncenergetic antineuirons
of an energy around 1,3 eV, They are produced in a small forward
cone (Fig,1) and follow the direction of the beam, Having a wvelocity
of B = 0,05 they would travel in average 1.5 m before they annihilate,
The annihilation time can be measured from the time difference .
between the entrance of the antiproton and the appearance of the
annihilation detected through the annihilation products, With an
estimated charge exchange cross sectiom of 10 mb at 100 MeV/c and
an annihilatioen detection efficiency of 10 % a count rate of about
100 sec can be expected. The experimental set-up could be exiremely
modest consisting essentially of a beam scintillator,a long liguid
hydrogen target and an annihilation-counter. Electronics would be
unsophisticated, a TAC and ultichannel analyzer would be sufficient.
The described experiments are preferentially done on a external tTarget
because they require the tagging of the antiproton charge exchange

roeaction.
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CONCLUSIOR

it has been pointed out that the_operation of an internal target,
is a necessaryv prerequisite for high resolution measurements of the
antiproton charge exchange cross section close to thresheld and in
resonance regions. The operation of an internal target below the
transfer energy is enabled by the application of electron cooling.
flectron cooling can work continuosly at all desired energies below
6G0 MeV/c and provide fast enough cooling times to tolerate a
reasonably thick internal target. Tiwe admissible target densities
are well in the range of the present technology# .and count rates
are comfortably high., The internal target has to be installed din
the center of a bending magnet as proposed earlier2) to enable
access to the forward angles and Te increase the antiproton beam
acceptance, It has been emphasized that with modest experimental
means the threshold behaviour of the charge exchange c¢ross section
can be investigated with high resolution. Count rates are still
acceptable owing to the particular kinematies. It has been out-
lined that a survey measur-ment of the total charge exhange cross
section and a deftermination of the low energy antineutron annihi;ation

cross section can be made with a simple exnrerimental set-up.

4 collaboration with the PS and £7 Division Tor the developement
of an electron gun has been set up some time ago and a first concept
has been worked out. ror the construction of an internal target
contacts have been established and discussions are underway.
Moreover we intend a further extension of our engazgement in both

activities in the near future.

The aim of this letter is furthermore to point out some experimental
possibilities opened by such installations and to state the interest
in experiments as described above. However no firm commitments

concerning the performance of these experiments can be made at present.
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ANTINEUTRON ANCULAR DISTRIBUTION FOR THE CMARGE ENCHANCE REACTION
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