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Abstract

The (K ~,n°) reaction, which complements the (K, x~) and the (%, K) reac-
Lions, offers another means to study hypernuclear physics. The physics motivation for
measuring the (K, #°) reaction is discussed. The feasibility for detecting 7° using
the LAMPF Neutral Meson Spectrometer is studied with Monte-Carlo simulations.
We conc 1de that the (K ~,n°) reaction can be well imeasured at existing kaon beam
lines.

I. ITntroduction

The (K ,77) and the (x%, K1) reactic.s hn.e been the major experimental tools for studying
A-hypernuclei. In these reactions, a neutron in the target nucleus is converted into a lambda
hyperon and hypernuclear states with a neutron-hole coupled to a lambda-particle are populated
predominantly. Other elementary processes, including p(y, K ')A, p(p, K tp)A, p(x , K°)A, and
p(K ,x%)A, have been considered! 4
these reactions share a common feature that a proton, rather than n neatron, is changed into a

as complementary methods to produce hypernueiei. All of

lunbdu particle. None of these reactions has been used as a tool for hypernuclear studies yet,
although there are plans to study the (v, K') and the (p, K1) reactions at the CEBAF' and
COSY? facilities. In this paper, we examine the physics motivations and experimental feasibility
for studying the (K, 2"} reaction. The absence of n high-resolution, large-acceptance detector
for 7 has been a major hindrance for pursiing this study.  Nevertheless, with the succenssful
operation of the a”-spectrometer® and the recent construction of a high-performance Neutral Meson
Spectrometer (NMS)? at LAMPE, the prospect for studying the (10, a") reaction ab existing
factlities deserves serious conmideration:,

Il. Physien Motivations
1. A-Hypernuclei with the (K, 17) Reaction

What are the intereating isaues in A hypernaclet that can be addressed in the (K0 2") reaction?
Fieat of all, on n zero isoapin (' 0) target, the (K a") reaction topether with the (K n )
reaction, excite mirror hypernuelear pans Table T hats the binding energies of adl the known
mirtor-hypernnelear pairs, These hinding, energies were determmmned from emulnon l-\|u-ri|||t-||l.:l1
and they were limited to hypernuclear pronnd states The hinding enerpy difterence XH Al
pair wan interpreted ns evidence of Charge Symmetey Breaking (CSB) effect reanlting trom M7 A
mixing™ A high vexolution study of the (A 2"} and the (K0 ) reactions oller the opportumly
to produce mirror hypernnclear parn not only Tor pround states, batoaleo for exeted ataten A
precigion mensirement. of the y ey energies lrom the (K0 0 ) and the (o " 1) rendtions
allown o sensitive test ol Lhe presumably very b COR eflects OF paaticnla anterest are the

tranenboones in which o A changes teanple paoc b le onbatals o example . oo pochell tacshell

On a netntron nch (1 -0) target, the (A n7) teas tion will selectively exate hypeoe lear state
with imoapin T U /2 Do contanat, the (0 ) veaction wall populate both the 70122 ol the



Table 1. A Binding Fnergies for Mirror-Hypernuclear Pairs

Hypernucieus B, (MeV)
iH 2.04 + 0.04
1He 2.39 + 0.03
SL: 6.80 + 0.03
% Be 6.84 + 0.05
ALt 8.50 % 0.12
B 8.29 1 0.18
1" Be 9.1 4 022
VB £.89 I 0.12
2B 11.37 1 0.06
e 10.76 4 0.19

I' -1/2 hypernuclear states. A compurison between the (K, 7°) and the (K, ) spectra will
therefore help to determine fthe isospin of the hypernuclear ctates,

It is clear that the (K, 2°) reaction can lead to neutron-rich hypernuclei not reachable by the
(K ,n ) reaction. Certain light A-hypernuelei can only be produced by the (K, #°) reaction.
Bxamples are the *He(K,7°) 31 and the *He(K [ a°)} H reactions, which provide means to
study interesting decay properties of the 3 H and § H ground states®.

2. The d(K ,2") Reaction

The (K
number of beam enerpgies'™ '20 1u these experiments a peak in the Ap mass spectrum was clearly
ohserved. The loention of this peak (M 2129.0 10.4 MeV) i near the thresholds of Y tn (2128.9
MeV) and YX"p (2130.8 Me V), suggesting, the presence of athreshold-cuap effect. However, this peak
corld also correapond to an 8 -1 dibaryon resonance, ‘The d(K 2 ")An renction could shed some
light. on the nature of this peak. We note that the thresholds for 3%n and ¥ p, the two channels
which can couple 1o An, are 213210 and 21357 MeV, respectively, These threshold energies are at
leasit. 3 MeV hipher than the mass of the peak observed in the (K 2 )Ap reaction. An necurate
measurement. of the mnaaca of any penks in the d(K | a")An reaction will help to disentangle the
threshold-coup from the 8 -1 dibaryon resonance efleets,

1 )Ap and the d(a ', K V)Ap reactions have been siudied in several experiments at o
1

1. M Hypernuclei with the (K a") Reaction

Despite mich experimental effort:, evidences for the existence of Y hypernnelear staten are not,
cone brive Nevertheless, norecert atudy "™ at KEK on the *He(atopped K n ') reactions found a
teah mothe (A 0 ) spectrumy, correnponding to a3 e bound atate with a binding enerpy ol 2.2
MeV ot intapuaing, however that, no evidence ol Y hyperniclear states was neen in the (K 2 ')
apes tim Quinditatively similar enndts were alo obtamed mea vecent *He(K  n b evpenment at
oA Jand the (B 0 ')

teaclon, we note et the YHe(F 0 ) teaction can excte bath eavipi 17 and voegpn 370N

A wenng knones o flight '™ To wnderstand the difference hetween the (I

'l\‘|"‘l'l|||1'|1'.’|l atates, while Lhe 1 ”r( h | n ') tesw bion can anly reach ionpn :‘/'.'. ate Thereline,

the nbrence of peakain the (K a0 D) apesctiom sugpests thal the Y hy pernactean state olmerved g



the *He(K —,n ") reaction has isospin 1/2. It should be noted that Dalitz et al.'® have presented
a different interpretation of these data.

The (K ~,x") reaction will provide valuable information to clarify the nature of the peuk observed
in the *He(K ~,n~) reaction. Since both isospin 3/2 and isospin 1/2 £-hypernuclear states can
be excited in the * He(K ~,x°) reaction, one expects observing a peak corresponding to 4 H with
isospin 1/2 in this reaction.

4. H-dibaryon Scarch with 2° Detection

An experiment is currently underway al AGS to search for the S = -2 H-dibaryon!®. In this
experiment a two-step process, K" p - K12 followed by E d -+ nli, is used. Evidence cf 1
would show up as a peak in the neutron energy spectruni. It is conceivable that one can also search
for H-dibaryon via another two-step process, namely, K p -+ K¥*Z" followed by E p -» x°1I.
The signature of H-dibaryon would be a peak in the #° energy spectrum. The advantage of this
approach is the simplification of target design, since the same liquid hydrogen target is used in
hoth reactions. However, only tightly bound H-dibaryon can be reached in this method.

11, Monte-Carlo Simulation of the (K, n") Reaction

To evaluate the techpical feasibility to detect the (K, 2Y) reaction, several important issues, such
as the expected energy resolution, solid-angle acceptance, and estimated count rate, need to be
addressed. In this section, we present resulta from a Monte-Carlo study on the performance of the
NMS at existing kion beamn lines at AGS,

. Neutral Meson Spectrometor

The design principles for the NMSE are very similar to those for the LAMPF r°-spectrometer.
The NMS consists of two identical arms, each of which containg a 6 x 10 array of (' I erystals and
four plunes of active BGO converters, The thicknes: of each BGO converter plane is 06 eme (0.5
vicdintion length), Fach BGO converter plane s followed by wire chiunbers to measure electrons
and positrons originaing from the converston pomt ‘The total enerpy of the pliotons from the
o 2 decay wmeatured by summing the enerpies depoaited in the active DGO converters and
the /g1 counter array. Mach Cel commter g 30 cm long, with o 7.5 em o x 10 e crom section
tapered (o 10 em x 10 e The denign poals Tor Cthe NMS are to achieve an enerpgy resolution of
370 (FWHM) for 106 MeV oy and o conversion point renclubion of - -250um (1° WHM).

From the meanired conversion point and energy of each photon, one must asmme acertain in
teraction point v the targel to reconstruct the 2" enerpy  ‘The a” snerpy resolution theretore
depends on the uneertaintien of the interaction point and the photon canversion point, an:d the
enerpy resolution of photon All of these uncertaimties, an well ag the heam momeatum resolntion
and Lhe enerpy loss of kaon heanoin the targel, contribite Lo Che miseang, masa resolution o e
duce the uncertiintien of the interaction pomt, a thin Lapet topether with a poation measurement
ol the knon hewm ave needed The uncertunty i the mteraction pomt hae fesss ellect on the o
energy resolubion an the dintunce () between the tacpet and the spectiometer 1someceaned How
ever the nolul nnele acceptance dropseapadly at Lupe BOA carelul Monte Carlo stady ieovegquned
Lo i o netting, of the spectiometer Lhat optimees solid anple acceptanee and enerpgy resolinton

amnltancoaaly

We hiave cot pdered o teactions oo Aoante Canlo stady The Bt e the Vo (k0 ).I\"“
tesv o at 100 NMeV /o a typieal beany momentom o atidyomg A by pernncder Another peadction 1

the YHe(h ")) 1 wang stopped knon beam s hogued *He Garpet These two tea Lonsoreprenent



quite different conditions in beam energy, target configuration, n°-energy, and the background
situation. In the firat reaction, the energy of #x° emitted at 0 is ~530 MeV with the minimal
opening angle, n, ~ 23.5°. For the second reaction, the n° energy is ~80 MeV with n ~ 75°.

2. Detection of the "*C(K ~,x°)i? B Reaction

For simulating the performance of NMS, we use a madified version of the code PIANG? originally
written for the LAMPF #x°-spectrometer. We assume a beam momentum uncertainty of 1.5 MeV/c
(FWHM) at 700 MeV/c and a 1 em-thick carbon target. The spectrometer is sct at an opening
angle of 35°, and the distance between the target and the mean location of the convertera is 100 cm.
Figure 1 shows the missing-mass resolution as a function of Xcut for two different assumptions for
the y-ray energy resolution and the conversion point, resolution of NMS. The solid curve is obtained
by using the design specifications of the NMS, whereas the dashed curve assumes resolutions three
Limes worse than the designed values. Xcutl represents a cut on the y-ray energy asymmetry
parameter X, deflined as

X E(n) E())/ () b E(y)

Figure [ shows that a missing-mass resolution of ~1.5-2.0 MeV can be readily achieved in the
(K, reaction at existing kaon beam line using the NMS. This missing-mass resolution is very
similar to what has been obtained in the (K [ n ) and the (s ', K1) experiments. Figure 1 also
demonstrates the importance of achieving the hest posaible enerpy and position resolution for NMS,
since oue could thew cut on alarper value of X (which gives larger solid-angle acceptance) without
deteriorating the missing - mass resolution sipnifieantly.

'||||

Fiege b Mante Carlo sipanlation ol the mpssing neees cesolutions o the NMS detecting the
o, "")lA‘I” teaction at 700 MeV /e The solid carve wnes the dempned vatacs of the NMS
poartion and enerpy rewlationa The dashed covee acmomes reramtions Chiree tomes worse Lhan the
devipned valuer "The spectiane’er veset o R 1o, g A"

".l"‘“ll' '.'(.") chows the ~olnl .|||,'_||' A ept i of NN a0 o e o ol the l"”,, il the n" We
accinne he tallovany ettt oo the NAMS R 100 i, Nout O 4, and openy, angle e

The inteprated aolid anple nongle acoeprance v 30 mea, whch e e than the Gopeeal acceplane e



of ~15 msr for charged-particle spectrometer. Since the angular distributions of the (K ,x°)
reaction are expected to be forward-peaked, we will only consider the solid-angle acceptance for
0° < G145 < 10°. In Figure 2(b) we plot the NMS solid-angle acceptance as a function of Xcut for
various values of R and 1. Even at a setting of R = 200 cm, which gives excellent missing-mass
resolution, the solid-angle acceptance, ~10 msr, is still quite adequate.

We are now ready to make a count-rate estimate for this reaction. Assuming 108 K~ /spill, a 1
cm-long carbon target, an average cross section do /d(} := 0.5 mb for 8;4 < 10°, a 20 msr solid-angle
acceptance for NMS, and a 50% overall efficiency for x° conversion probability and other detector

efficiencies, we cstimate ~70 events/hour. This count rate is very favorable when compared with
the (K , 7 ) reaction.
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3. Detectlon of the Yle(stopped K 2" )11 Reaction

There are several important differences between thin reaction and the reaction juat connidered
Firat, the a” enerpy vorelatavely low (00 MeV) oand the mmummal opommg anple w0707 Second
the henmy meanentum spread and the enerpy Toecm the taapet wall no lonper continbae to the
mecang, maces tenolition Phad, the e donencnon of the tarpet aupless a by nncertas by o the
e acton pont, which pives the oegor contobution to Lhe openmg, anple vesolution Foalty, the
anpubivg chatedbaton ol the enubted 7 e ratiopn

Torunmlate the peddeviance of the MM for detes Gig Ui cean Gon, we eeane Lepurd PHe g

of Che dumenson 10 cme s 10 Gy 10 cmy wath Joaonn stoppred adormidy along, the beam divecton



We also assume that the position of the stopped kaons in the direction transverse to the beam axis
can be determined to an accuracy of 1 cm (FWHM), ,'resumably via chambers placed near the front
surface of the ‘He target. Since the dominant contribution to the n° energy resolution comes from
the uncertainty in the interaction point, it is important to set the spectrometer at a configuration
which minimizes this contribution. This is illustrated in Figure 3(a). The solid curve corresponds
to the setting for 61,5 = 0°, namely, the bisector of the two arins of the NMS is along the beam
axis. The dashed curve was obtained with the NMS centered at 614, == 90°. The missing-mass
resolution is much improved in the latter setting, since the opening angle determination is less
sensitive to the uncertainty of the interaction point in this case. Figure 3(b) shows the solid-angle

acceplance as a function of R. A missing-mass resolution of ~1 MeV and a solid-angle acceptance
of ~20 msr can be achieved.

As for the expected count rate for the *He(K ,n°)3. H reaction, we assume 500 stopped K per
beam spill at the AGS beam line, a 6 x 10 °* probability for each stopped K to form the L1/
bound state, n 20 msr solid angle acceptance, and a 50% overall efficiency for #° conversion and
detector elficiencies. We estimate n total of ~1450 events for 500 hours of running tume. This rate
ts comparable to that in the *He(K ,a )} He reaction.
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reaction. Based on the results of Monte-Carlo simulations for the performance of the NMS to
detect the '3C(K ~,x°)}?B and * He(stopped K —, x°)4 H reactions, we conclude that the (K —,x°)
reaction can be well puraued at existing kaon beam facilities.
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