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Recently, Gondolfi et al. reported evidence for the existence of a
bound otate of the £ n oystem. 1 Paio and Treimon had already ouggeoted
thot ouch 2 oyotem might be produced when K~ meoons were captured in
deuterium. 2 They asoumed that the £ n would form a de‘uterén-like
otructure bound in either the l1’5 or 3S ctate and used an impulge-type model
to estimate the relative rates for the processceos

K id- Znta (1)
Kid- Z +n+n (2)
for both odd and even X-X parities. Day and Snow have pointed out that the
otrong S-wave K -nucleon interaction will dominate the capture proceos from
either S or P atomic orbitalc and have extended the calculations of Paio and
Treiman to the latter caoe. 3 Typical valueo calculated for the fraction of all

Z” productiono leading to the formation of the bound otate are summarized in

Table 1.

=1 C s
Work done under 2u vices o o 5 .- o cer T immioaticn
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Takle 1

Probability for formation of a £ n with binding energy £, when a K™ mesgon

is captured in deuterium via the S-wave K-nucleon interaction.

™n S-orbit capture® P-orbit caxpt:m:-eb
K-z Bound
perity otate Ep=0.1Mev £y = 0.5Mev Ep=0.1Mev E, = 0.5Mev
35 0.20 0.37 0.03 0.06
) 15 forbidden 0 0
35 0.13 0.25 . 0.02 0.04
1s 0.07 0.13 0.01 0.02

aRt.efe:rem:e: 2.

bReference 3.
e b s e
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In order to determine the relative rateo for reactiono (1) ond (2).
we ore examining 2100 =" (n) productiono obtained during two exposureo of
the Alvarez 15-in. deuterium chamber to the ceparated 450-Mev/c K~ beam.
Of the =" (n) productionn, 852 5% reoult from K~ aboorptiono at reoct. Thuo
for we have analysed in detail 227 ovents in which the Z°(n) came to reot
and wag captured via the reactions Z"Mm)+d -~ A (or 2‘.0) in-+na{in) 4
For tho three caven giving beot fito when theoe events are interpreted ao
examples of reaction (1), the probabilities for exceeding the observed valueo
of xz were 30%, 10%, and 1%. From thio result it i concluded that the
fraction of T~ productiono leading to formation of the bound ctate is < 19,

Day, Snow, and Sucher have argued that it is extremely likely that
K" meogonn, when otopped in liquid H, or D,, are captured from high-lying
S orbitala. 3 If their prediction io correct and if the exiotence of the Znio
confirmed, the present result can be consintent with the calculationo of _Pnio
and Treiman only if

{2) the binding cnergy of the = ' n io exceedingly omail {(§ 5 kev)
or

{b) the X -X parity is odd oo that reaction (1) io forbidden by
congervation of angular momentum and parity.

In the aboence of any opecial mechaniom, the uoual de-excitation
proceonec for the K™ -D atom {collicional Auger effect and radiation) will lead
to population of the 2P atomic orbital from which 2 large fraction of K™ 'o will
undergo direct nuclear capture. Since the hyperfragment ratec are suppreooed
by a factor ~ 10 {see Tabie I), no strong conclusion could then be drawn from

the precent experiment.
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EXPERIMENTAL

The following conoiderationo lead uo to belisve that the £ (n)
capture evento are more favorable than decay eventn for correct identification
of hyperfragmento:

() Rooc has examined the inte:.ractione of =7 hyperono produced by
oboorption of stopped K~ meoono in hydrogen. 6 He findo that more than 95%
of the £ capturen occur at rest. Therefore, it may be acgsumed that the
precent analyoio io effectively limited to events in which the =™ (n) doeo not
interact {or decay) before traveling itc full range. If reaction (1) io produced
by & otopped K", the £ n will be colinear with the »' and have a range of
2.432.05 mm. Since the diameter of ouch a heavily ionizing otub ioc ~ 0.3 mm,
the ucefulneoo of the colinearity requirement would decrease rapidly if the
shorter path lengths of the decay events wore included in the analyois. '

(b) The diotribution in the = -w" included angle for reaction (2)
peako at 180°, and many evento in which the £~ dectyo within 2.5 mm of the
production vertex would be indictinguichable from thooe of (1). Therefore,
the precent requirement of unique range provides a strong additional criterion
for correct identification. |

(c} No correctiono are necessary for (i) evento in which the I (n)
range io poorly determined becauce of emiosion of 2 decay pion at 2 omall
angle or (ii) colinear £ 's produced by a ;(" abobrption in the hydrogen
contamination of the bubble chamber.

The film coordinateo of all tracko agseciated with the =" -capture
events were punched onto IBM cardo with the LLR1. meaouring projector and
the tracko were opatially reconstructed by meano of puitable IBM programao.
The diotribution in range and included angle for the raconstructed evento
(with included angle grester than 140 deg and 7 arge between 1 and 6 mm)

ic ckhown in Fig, . Thercs ir po avid .~~~z o ‘me. ef cud soncenirotica of
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evonto in the region expected for hyperfragmento. Ao a check on the maochine
meaourementso, all events were re-examined on the scanning projector and
obviously noncolincar events rejected. For the remainder, the < () wao
agoumed to be colinear with the 7' oo that the menoured values of the '
dip and azimuthal anglen {determined to £ 0.5 deg) could be used to calculate
the langtho expected on the fi'm for a range of 2.43 mm. Comparioon of
calculated lengtho with direct meascurements on the film gave resulio conoictent

2 eotimates deduced from the rnachine measurements.

with the ¥

The oignificance of the present measurement depends upon the
probability P_ that a Z"n will come to reot and be captured. Thic quantity
may be written _

P, =exp[-0p(I, ¢ T, + T D), (3)
where I, ic the decay rate for the bound Z7, T, io the proper time from
production to the time the E.'n has clowed down to a velocity v/c = 0.05 (the
approximate lower limit for the validity of the usual range-momentum relaiion).
’I‘z ic the time from v/c = 0.05 to initial capture by o Dz molecule and TcD io
the time from molecular copture to nuclear absorption.

Snow has chown that if charge independence ic valid, the £ n will
probably be bound by less than 0.5 Mev. 7 Dalitz and Liu have argued that for
such loosely bound oyotemo, the major modificationc in decay ratec chould
arise from the change in phaoe space available and from the operation of
the Pauli principle in the final otate. 8 Uoing Eq. (3.3) given in their paper,
we have eotimated the magnitude of theoe effecto. Since the 8- and P-

channel decay amplitudes for the iree £~ are not known, reocuits for L"b are

given in Table Il for the exireme cageo.
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Table 11

= Sl

Decay rate of = 'n relative to the free £°. The Z n wag acsumed to be

bound by 0.5 Mev.

Airplitude for Bound state of £ n
=~ decay into

| 15 3
S and P channelo
SEGP=0 1.28 0.94
S=0; P£0 0.94 1.04

o e e e e e e D



-8- UCRL~-9113
Integration of the range-momentum relation yieldo

Ty = 0.99)(10'10 pec. Wightman bao ectimated T, for particleo of variouo

maoneu;9 a olight extrapolation of his reoulto giveo ‘I'2 = 0.19)(!0'10 cec.
Becauoe of the complexity of the de-excitation proceno, no reliable estimate
ic available for Tc: however, tome orientation may be gained by conoideration
of a related proceos. An equation analogouo to Eg. (3) may be uoed to
colculate the capture rate for T~ hyperono produced by K~ aboorption in
hydrogen. The oboerved capture rate io obtained with

T:l = (D.lO-.t.ZS)XlO'm oec. 10 To relate this result to the precent situntion,
we make the rough acoumption that the maco deperndence io not worse than
that characteriotic of energy looo to electrons by collision, 11 i.e,

D o | -10
Tc > (pD/pH)Tc T {0.2+.5) % 10 pec,

where p (i) io the reduced maso of the Z n-d(Z" ~-p) oyotemo.

Under the above acoumption, Eq. {3) givec Pc = 0.322:1 for the
moot unfavorable cage (K - parity even, X n bound in the lS‘» otate). Uoing
thio value, we eotimate that if the fraction of " productions leading to the
bound otate were 1%, Gig Z"n copture events should hove bzen obgerved.
Since the entire diotribution of evento 18 completely consiotent with all
T o being produced via reaction (2}, and pince at moot, one event can
reagonably be interpreted ac a hyperfragment production, it ic probable that
the broanching ratio for reaction (1) ic cubstantially lons than 1%.

We would' like to thank Profeccors A. Paig and George Snow for
informative discusciono during the cource of thio work; It io a pleasire
to aclmowladge the advice and encouragement of Profeocor Luic Alvares and

the asoicteneo of the bubble~chamber and cecanning s5ta{fo of Lowrence

Reodintion Lakoraotory.
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FIGURE LEGEND
Fig. 1. Meagured range ve E'(n)-w'; included angle for reactions {1) and
(2). The angle and range required for a = n hyperfragment are
deoignated by P. Typical measurement errors are indicated for the

six cloceot evente.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





