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Prospects for Studying the (—, K°) Reaction at PILAC

J. C. Peng

Los Alamos National Laboratory
Los Alamos, New Mexico 87545
USA

ABSTRACT

The (7~, K°) reaction, which complements the (7+, K*) reaction,
offers another means to study A-hypernulei at PILAC. The physics mo-
tivation for measuring the (w~, K °) reaction is discussed. The feasibility
for detecting K° at PILAC using the LAMPF Neutral Meson Spectrom-
eter and a simple dipole spectrometer is studied with Monte-Carlo simu-
lations. We conclude that the (v—, K°) reaction can be well pursued at
PILAC.

I. INTRODUCTION

The recent finding' that the (%, K*) associate production reaction can
populate deep-bound A single-particle states in heavy hypernuclei has opened up
an entirely new approach to the study of hypernuclei. In this workshop, the oppor-
tunity offerd by the proposed high intensity pion beam facility, PILAC?, to study
the (w+, K*) reaction has been discussed by several speakers. The (7, K°) reac-
tion, which in many ways complements the (r+, K*) reaction, provides another
means to produce hypernuclei. In this paper, the feasibility to study the (=, K°)
reaction at PILAC is examined. Some of the physics motivation for measuring
the (w~, K°) reaction are first discussed, followed by consideration on the K°
detection. Finally, results from Monte-Carlo simulation of K° detection with a

simple magnetic spectrometer and the LAMPF Neutral Meson Spectrometer are
presented.

II. PHYSICS MOTIVATIONS

1. The p(m~,K°)A Reaction

The elementary process for A(nrt, K*)s 4 is the n(n*, K)A reaction. This
reaction, however, is not readily accessible experimentally. Isospin invariance im-
plies that the p(w~, K°)A and the n(m*, K*)A reactions have identical cross sec-
tions. Figure 1 shows the existing data® on the p(w~, K°)A total cross sections.
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We mention three energy regions where more precise data on the p(m—,K°)A
reaction are of interest. First, precise measurements of the p(w~, K°)A differen-
tial cross sections and polarization data around P4, = 1050 MeV/c will allow
us to choose the most optimal beam energy for measuring the A(w*, K+)s 4
reaction, and to provide inputs to theoretical calculations describing the cross
sections, energy dependence, and selectivity of the A(r*, K+)s 4 reaction. This
is especially important since the existing measurements® of the p(w~, K°)A cross
sections around 1050 MeV/c differ by ~ 50%.
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Fig. 1. #~p — K°A total cross sections® as a function of pion momentum.

Another interesting energy region is around 900 MeV/c, near the threshold
of the p(w~, K°)A reaction. A recent LEAR experiment* meusuring the pp — AA
cross sections near threshold energy showed that the observed energy dependence
is in agreement with a P-wave production. The #~p — K°A reaction is closely
related to the pp — AA reaction. In both reactions, a pair of u,% quarks are
annihilated and a pair of s,3 quarks created. A good measurement of the threshold
behavior of the 7~p — K°A cross sections, poorly known at present, would allow
an interesting comparison between these two reactions and shed more li‘ght on the
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mechanism of s,3 threshold production.

The (7~, K°) reaction near the p(w~, K°)E° threshold is also of some in-
terest. Previous data® on the p(7—, K°)A cross sections showed a threshold-cusp
eflect due to the opening of the p(r~, K°)X° channel. It would be interesting
to measure accurately both the p(r~, K°)A and the p(n~, K°)Z° reactions near
this energy region for a good determination of the threshold-cusp effect and also
to deduce the coupling between the AN and £N channels.

2. A- Hypernuclei with the (r—, X°) Reaction |

Table I lists some elementary processes which could produce A- hypernuclei.
Only the (K~,7~) and the (z*, K*) reactions have so far been explored exper-
imentally. These two reactions are similar, because they both convert a neutron
into a lambda and the resulting hypernuclei have the configurations of a lambda
particle coupled to a neutron hole. The (7~, K°) reaction, on the other hand,
converté a proton into a lambda particle. This is similar to the (K~ ,m°) reaction
which can be measured at future KAON facility®. It is interesting to compare
the (x—,K°) with the (v, K*) reaction which will be pursued” at the CEBAF
facility, since the (7, K°) reaction excites natural-parity states while the (v, K+)
reaction populates unnatural parity states.

Table I. Elementary Processes for A- Hypernuclei Production

Reaction Q- value (MeV)
n(K—,nm7)A 178.0
n(xt, KT)A -530.1
p(K~,m°)A 181.3
o(7, K*)A -671.0
p(p, KTp)A - -6710
p(r~,K°)A -535.5

What are the interesting topics in A-hypernuclei that can be addressed in
the (w~, K°) reaction? First of all, on a zero isospin (T=0) target, the (v, K°)
reaction, together with the (n+, K*) reaction, excite mirror-hypernuclear pairs.

Table I compares the binding energies of several mirror hypernuclear pairs. These
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binding energies are determined from emulsion data® and are limited to hyper-
nuclear ground states. The observed binding energy difference in AH -4 He pair
was interpreted® as evidence of Charge-Symmetry-Breaking (CSB). The (7—, K°)
reaction offers the opportunity to produce mirror hypernuclei for excited states.
This can be accomplished by comparing the v- ray energies from the (v, Kty)
and the (7v~, K°v) reactions. Of particular interest are the transitions in which ¢
A changes its single-particle orbitals, for example, from p-shell to s-shell ground
state. Good energy resolution of the y-ray detection allows a sensitive measure-
ment of the presumably very small CSB effects.

Table II. A Binding Energies for Mirror Hypernuclei

Hypernucieus By (MeV)
‘H 2.04 + 0.04
1He 2.39 £ 0.03
8 Li 6.68 & 0.03
! Be 6.84 & 0.05
10pe 9.11 + 0.22
B - 8.89 £+ 0.12
A’B 11.37+ 0.06
2o 10.76+ 0.19

On a neutron rich (T > 0) target, the (x~, K°) reaction will selectively ex-
cite hypernuclear states with isospin T + 1/2. In contrast, the (xt, K*) reaction
will populate both the T 4 1/2 and T — 1/2 hypernuclear states. A compari-
son between the (v~, K°) and the (n*, K*) spectra will therefore determine the
isospin of the hypernuclear states.

It is clear that the (7™, K°) reaction can lead to very neutron-rich hyper-
nuclei, such as in the reaction 4C(7~, K°)}*B. Certain light A- hypernuclei can
also be produced by the (7~, K°) reaction. In particular, Barnes discussed!® in
this workshop that some interesting decay properties of the 3 H and KH can be
studied via the *He(r~, K°)} H and the *He(nr~, K°)4 H reactions.



3. The d(n—, K°) Reaction °

The d(K~,n")Ap and the d(n*,K+)Ap reactions have been studied in
several experiments!?~1% at a number of beam energies. In these experiments a
striking peak in the Ap mass spectrum was observed. The location of this peak!?
(M = 2129.0 + 0.4 MeV) coincides with the thresholds of £+ n (2128.9 MeV) and
¥ (2130.7 MeV). This suggests the presence of a threshold-cusp effect. However, -
there is also the possibility that this peak corresponds to an § = —1 dibaryon
resonance!4. The d(7~, K°)An reaction can shed some light on the origin of this
peak. We note that the thresholds for X%n and £~p, the two channels which
can couple to An, are located at 2132.0 and 2135.6 MeV, respectively. These
threshold energies are at least 3 MeV higher than the mass of the peak observed
in the d(K~,n~)Ap reaction. An accurate measurement of the masses of peaks
observed in the d(r~, K°)An reaction could disentangle the threshold-cusp from
‘the S = —1 dibaryon resonance effect.

4. X- Hypernuclei with the (#*, K°) Reaction

‘The (v*, K*) and the (v, K°) reactions are not suitable for studymg z-
hypernuclei because of the large background from A quasi-free production?®. The
p(r~, K*)Z~ and n(rt,K°)ES+ reactions are free from the A quasi-free back-
ground and can be stndied at PILAC. The energy dependence of the n(rxt,K°)o+
cross sections has a broad peak centered around 1200 MeV/c. The (nt,K°) re-
action has some advantage since the more intense 7+ beam can be used.

III. MONTE-CARLO SIMULATION OF THE K° DETECTION

In this section we present results from Monte-Carlo simulation of the K°
detection at PILAC. In particular, we discuss the detection of Ks — w7~ and
Ks — w°x°, respectively, with a magnetic spectrometer and the LAMPF Neutral
Meson Spectrometer (NMS)® currently under construction. As a specific exam-
ple, we consider the reaction '2C(w~, K°)}* B(g.s.). The cross section and angular
distribution of the analogous reaction, 2C(n+, K+)12C(g.s.), have already been
measured!”. |

With 1050 MeV /c 7~ beam, the K° emitted from the 120(#“,K°)}‘2}3(g.a.)
reaction at forward angles has a momentum around 720 MeV/c. Half of the
time, K° will decay as K, which has an average decay length of ~ 4cm at this
momentum. Ks decays into #tx~ with ~ 68% probability, and into m°7° with
~ 31% probability. This implies that only ~ 34% of K° will emerge as 7+ 7™, and
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~ 16% as w°x°. This loss of efficiency is, in fact, not as large as in the (7+, K+)
reaction, in which only ~ 10% of K+ will survive a spectrometer of ~ 12-meter
length.

The cross section of the ?C(wnt+, K*)}2C reaction is known to peak at
forward angles. In the (7, K°) reaction one can readily measure the cross section
at forward angles, since the pions from the Kg — nt7~ decays are emitted at
large angles. The minimal opening angles, fmin, between the 7+x~ is given by
the expression

sin(min2) = (m, = 4m)/(Ble, —4md) ()

where Eg, is the Kg total energy. Nmiyn is ~ 60° foi: Ks of 720 MeV /c.

1. Ks — 7wt~ Detection

We simulate the performance of a simple spectrometer shown schematically
in Flgurc 2. The goal of this simulation is to study the solid angle acceptance
and energy resolution of this rather modest detection system. This spectrometer
consists of an existing LAMPF dipole magnet of 119 cm(length) x 213 cm(width)
with an adjustable vertical gap. The mdgnetic field is 10 KG at a vertical gap of
63 cm. This magnet was also considered by Ransome in his simulation!® of the
Ap scattering at PILAC. Fig. 2 shows that the =+, 7~ tracks will be measured
by four sets of drift chambers, two of them located upstream and the other two
downstream of the magnet. A scintillator hodoscope placed downstream of the
drift chambers provides the fast trigger. An aerogel Cherenkov detector is used
for particle identification. A 10-cm gap in each detector plane will allow the beam
to pass through, at the expense of solid angle acceptance.

To obtain good missing-mass resolution, dispersed beam from PILAC is
required. The beam profile on the target is 40 cm(vertical) x 4 cm(horizontal)
with a vertical dispersion? of 25 cm/%. By reconstructing the momenta of the
ntx~ pair, the K° decay vertex, the interaction point in target, and the beam
momentum can be deduced.

The target thickness sets an important limitation on the achievable energy
resolution in the (7, K°) reaction, since the K°, unlike the 7~ beam, does not
lose energy in the target. With a 1 gm/cm? carbon target, the uncertainty of the
distance traversed by the pion beam in target corresponds to an uncertainty of
the effective beam energy of + 0.9 MeV.
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Fig. 2. Top view of a magnetic spectrometer for detecting x+x~ from the
(7=, K°) reaction.

To calculate the acceptance and missing-mass resolution of this spectrom-
eter, we assume that the drift chambers are located at 17.5, 35, 162.5, 187.5 cm
downstream of the target with a position resolution of 100 um(o). The magnet
entrance is 40 cm from the target. Multiple scattering in the detectors is taken
into account. Since the (w~, K°) cross section is forward peaked, the spectrometer
acceptance is calculated by throwing K° events uniformly in the anguler range
0° < fem < 15°.

Figure 3 shows the solid angle of the spectrometer for detecting Ks — wtn~
as a function of the magnetic field for two different values of the vertical gap. Also
shown in Fig. 3 is the spectrometer acceptance corresponding to no hole in each
detector plane. This hole clearly reduces the acceptance significantly.

Figure 4 shows the missing-mass resolutiou as a function of the magnetic
field for target thickness of 1 gm/cm? and 0.1 gm/cm?. At low magnetic field,
the missing-mass resolution is dominated by the chamber resolution and multiple
scattering. At high magnetic field, the target thickness contributes significantly
to the resolution. We have not yet explored all the options to arrive at the
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Fig. 3. Solid angle of the magnetic spectromeicr for detecting Kg — ntnr—.
Curves a and b correspond to a vertical gap in tke mnagnet of 65 cm and 130
cm, respectively. Curve ¢ corresponds to 130 cm gap with no beam holes in each
detector plane.

most optimal configuration. Nevertheless, Figs. 3,4 show that a missing-mass
resolution of 2 MeV (FWHM) and an acceptance of 5 msr can be readily achieved.

Table III compares the charateristics of detecting the 12C(nt, K+)}2C(g.s.)
and the >C(n~, K°)}?B(g.s.) reactions at PILAC. The decay-loss factor refers
to the K+ decay loss, or the K° — 7t 7~ decay branching ratio. The count rate
is calculated assuming a 1 gm/cm? carbon target and a cross section of 10 ub/sr.
Table III shows that the count rate for (=—, K°) detection is ~ 4 times smaller
than the (x+, K*), mainly due to the smaller 7~ beam intensity. Nevertheless,

the expected (7, K°) count rate is already several times greater than in the
previous (v, Kt) experiments!?7 at AGS.

2. Kg — n°m° Detection |

The LAMPF NMS consists of two 6 x 10 arrays of CSI crystals. The
dimension of each CSI crystal is 10 cm x 10 cm x 30 cm. Two layers of active
BGO converters are followed by drift chambers to detect the 4- ray conversion
point. The design goal of NMS is to achieve 2 %(FWHM) in energy resolution
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Fig. 4. Missing-mass resolution (¢) as a function of the magnetic field. The
solid and dashed curves correspond to a carbon target thickness of 0.1 gm/cm?
and 1.0 gm/cm?, respectively. '

TABLE IIi. Comparison between the (7*,K*) and the (=~, K°) Reac-
tions at PILAC ‘

20(nt, K*)2C(g.0)  MC(rt, K)C(g.0.

beam intensity | 10°/sec  1.7x10° /sec
decay-loss factor 0.1 o 0.34

solid angle - 10 msr 5 msr
missing-mass resolution 200 KeV 2 MeV

count rate 1800/hr 510/hr

for 100 MeV ~- ray, and 250 um(FWHM) conversion point resolution.
To simulate the Ks — w°7° detection, we require that the four - rays from
the Ks decay hit within the fiducial area of the NMS. Events with two - rays
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hitting the same CSI crystal are rejected. To determine the K's decay vertex, we
require the four vy- rays to originate from the same vertex point and vary the vertex
location until a best fit to the 7° and Ks masses is found. There are three mass
contraints, given by the two #° and the Kg, which determine the three coordinates
of the decay vertex. The accuracy in the vertex determination depends on the
accuracy in measuring the conversion points and the - ray energies.

Figure 5 shows the solid angle acceptance of NMS as a function of the
distance from the target to the converter plane. The acceptance falls rapidly as
a function of distance. Also shown in Fig. 5 is the acceptance with a larger
detection system éonsiistinlg of 10 x 12 CSI arrays. With the spectrometer set at
a distance of 50 cm, the acceptance is 2 msr for NMS and 7 msr for the larger
spectrometer. This is very comparable to the acceptance discussed earlier for the
K° — wtx~ detection. '
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Fig. 5. Solid angle of NMS for detecting the Ks — 7°7° as a function of the
distance from the target to the converter plane. The dashed curve corresponds
to an upgraded NMS with a 10 x 12 CSI array.

The uiissing-mass resolution of the NMS for detecting Ks is found to be
~ 3 MeV (¢), mainly due to the uncertainty in the decay vertex and +- ray
energy. It appears difficult to do high-resolution study with the Ks — n°=°
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detection. However, in coincidence experiments such as (»~, K°y), this missing-
mass resolution is adequate for tagging. In fact, the NMS would be ideal for the

(=, K°v) measurements since the 4 ray can also be detected in NMS with good
acceptance.

IV. SUMMARY

The (n~, K°) reaction is complementary to the (v, K) reaction and offers
‘another means to study A-hypernulei at PILAC. From tie Monte-Carlo simulation
of the Ks — ntn— detection with a simple magnatic specirometer, and the Kg —
7n° detection with the LAMPF Neutral Meson Spectrometer, We conclude that
the (v—, K°) reaction can be well pursued at PILAC.
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