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A phenomenologlcal model is considered where a nucleon is supposed A

'i;to be "pre@19sociated" into a virtual (/\-+ K) or (S: +. K) combinationo‘"
d-fThese components are realized in a "stripping" type c011151on with an
'l_incident plon., Reasonable parameters for the model are obtained from

' Lf;lfitting to n- * p measurements, the value of a correspondlng 11 + p

”5measurement in thls connection is poxnted out The "radius" of the 40\ + K)

lk

.system turns out to be of order 5 x 10 ' The same model can be'
- applled to. K production in 6 Bev protonanucleon bombardment it,yields,."vf*

»"one component Of K'S with an extremely StrONg forward—backward Peaking L

. ’I . . o

- f;in the cenmer—of—momentum system of the two nucleons. -

_Permsnentyaddress;”nPgrdue‘University,'Leﬁayette;élndiana,y
Thls work was performed under the auspices of the U S Atomlc Energy;f
Commi551on. Tdij‘ | | L
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STATIC MODEL FOR MESON PRODUCTION '
.VD.'C. Peaslee

| The present note discosses some numerical celculatione with the
| followihg simplified.model: a‘ndcleoh'is regarded as being to,some- .
extent'"predieeocieted“ into a virtual (A + K): or .(2“_4 ‘K) eombination,
with relatiive amplitudes ‘& and .%? . The A - 2:'4 maeezdifference
is neglected and each combination is associated w1th the. same internal
v'momen;umldlstributlen : lg(k)' . Proddctlo%:of reali'K,-/\;‘ and Z: ls
effecfed by'absorption of a m meson oﬁrodgh.ﬁhree beelc:processesi |
: 7+ K-—> K, 1 +/\ —_— 5 ‘(or -17+2‘_ —-—9/\ s which is the inverse)

and Tr+ § — z; ’ with respective amplitudes ao a and oY The

7
g ' . 1. :
" treatment is entirely phenomenological in oherecter, but the'uSe'of g(k)

The corresponding f1eld theoretical procedure has been described by

Saul Barshay, UCRL—BABZ (1956).

{andethe_relative7emplitudes_ellowe ejslmole end fairly self;consisﬁent._
interpretetion of the followiﬁg data: the relative charged to. neutral
and 'Zflo to /\o production in | 7¥ -nucleon collisions as well as
vthe angular distributions end forward~to—back ratlons, also, the strongly

peaked angular disﬁ;ibution found for ve produced by 6 Bev protoneu? In

Budde, Chretien, Leitner, Samios, Schwartz and'Steinoerger; Nevis Report
R135 (1956); Fowler, Shutt Thorndike and Whibtemore, Phys Rev. E_. 121 (1954).

Osher, Moyer,and Parker, Bull. Am. Phys. Soc. 1, 185 (1956) and private

communication.

terms.of the model, the features of physical interest obtained from

'experimentel comparison are thelfollowing: the preélssociation’into> (£ + K)
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seems only about 1/3 as likely as that into (A + K); the amplitude for

the proc;ss 7+ K=K iavcomparablé with and perhaps samewhat larger
than that for either process of pion absorption by hyperons; a mean "radius®
of the predissociated state is of order 5 x 102 o, The parameters
obtained from T~ + p collisions can be used to estimate the hyperon
produotion from the yet ﬁnobsarved nt + p at comparsbie energieaj the
measurement of this reaction uould_p&ovide-a check on the self-consistency
of the model and alléw a better determination of its parameters.

A1l higher-order processes like 7n + p A+ K+ ntr are
neglected; they are expected to become increasingly prevalent with |
increasing enérgy, 80 thét ﬁhe present simple treatment is limited to
energies not too faf above threshold for N + K or = + K oproduction.
It is thus appropriate to analysis of present -7 + p experiments but
represents only a fraction of the total process initiated by 6 Bev protons.

Ite implications for the latter case are thus only of a qualitative'nature.

I. Relative intensities of final states,

The relative intensities-of thé fuitial states are « 2 -for
(AN+K) and g 2 for (5 + K); for a proton the latter ie 1/3 EK*3 °
and 2/3 K°Z*, for a neutron 1/3 5% and 2/3 K £7. Only the
relative quantities o /4 and ap/a, , a;/a, ‘will be of importance;
since those are all assuued to be real, ﬁo absolute magnitude signs will
be used, Since few interference effects among final states will be
considered, it is not necessary to consider the relative algebr#ic signs
of the amplitude ratios or of the Olebdhh—dordan coefficients.for isotopic
spin, except in one special case: there the ambiguity of sign is explicitly

introduced and determined by comparison with experiment.
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with no reduction factors; and for 77 + £ — = , the int.ensity 8,

~lp= UCRL-3509

_ ‘me.inténsity for 1 + K—> K 4is proportional to 502, with
coefficients for isotopic spin combination of 2/3 for =" + K°—k*
and w s K —5 and 1/3 for T °+ -1, %+ oK.
Por m+A—3 3%, 11+ % — A, the intensity is a12 .for all ca;ea,
has a reduction factor of 1/2 in all cases, erxcept for 'rf + z: ° Zo,
which is rorbidden.

~ The K- absorption results in & "airipping" reaction with
ihé K projected forward in the center-of-mass system; the other
abaorption .p;‘_oceasen strip off the hyperon and leave the K going
backwards in tht center-of-mass system, We thus neglect interferonc?
between K-forward and XK-backward final states » even though the particles
may be identical; this ummption is valid to the extent thaf. the stripping
momentum is large relative to the internal moment.um of the prediasociated
state and seems to be in good accord with observation. With this

" approximation one obtains the relative intensities of final states shown
. in Table I. The corresponding final states for a pion incident on a

neutron follow simply by the substitutions m*—— 1, £ ¢— ¥

pen, EPeort,mt 11°, A°, £°%n°% A°, x°
By assuming |

(B/x )2 = (‘1/“0)2 ~= (az/ao)2 = 13 @

X = +1
one can estimate from Table I the following ratios for 17 T+ pt

K {forward) /X (back) - O Zo/ A = .15
(2)
Eo(back)/K(forvard) =~ .15 2 AL+ A = .2
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for vt + p,
£t (torward) /K (back) =~ .3 ‘ | (3)
and for' the total jields under comparable conditions
K.-('.H.- + p)/K(m* *' P = 3. | (4)

The ratios Eq. (2) are in satisfactory agreement uith.obaemtionz at

.E." = 1.4 Bev, if one takes into account that the estimated efficiency

of :observing A° and/or K° 4is about 50%. The only real disagreement
is the observation of about 158 K' (3 events) in the far forward direction;
and this cannot be int-erpreted on the present simple model for ar)y choice
of paramqters. |

The ratios Egs. (3) and (4) for v+ + p at the same energy have

not been observed; their measurement would provide further infomat.ioix

on the interference _offect for backwards K production. Although the
paramsters Eq. (1) seem reasonable, it has not been established that they
_are unique in fitting observed ratios like Eq. (2). Trial calculations, |
however, h&ve not revesled any parameter assignments substantially different
from -Eq. (1‘). Measurements Eqs. (3) and (4) would therefore be of great
interest, to check the interfal consistency of the model and to provide
more definite values for its parameters. Of course Eqgs. (3) and (4) can
also be obtained from T~ on neutrons in heavy nuclei, but the (KG# £)

produet is harder to diatinguish with certainty.

2, Angular distribution inm 3% + p.

To estimate angular distributions from the simple knock-on model,
wae shall be content with very crude approximations; in particular, certain
relativistic effects are not very precisely treated. After transformation

to the center-of-momentum system of the 'rc + p, the total momentum of the
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p must be apportioned between the X and A (5 ) of the pradxsa§¢1azod
state. Non-relativistically this division would be in proportion to the
ratio of the rest masses of the K amd A (S ); relativist.icauy, this
division cannot be mado without going into details of the A - K forces.
For a phenomenological treatment we therefore take the angular distribution
to be given by  |g( & k)| 2, where '

ok = K- & . (forward K's) |
Ak = K- 1 ¥ | (vackward Kib) .

ﬁare 3& is the K momentm‘in: the center-of-momentum syst;m, }é ie’ tho.
incident pion momentum in the same ayst.ag, and fy + t/\ = 1 Qra
the fractions of the proton momentum (-&) apportioned to the K and
A(S). Honrelativist.icailﬁ, tK :‘.3-, i)\ = .73 when K“ = 1.4 Bev,
the center-of-momentum transformation has 6 = 0.6, Y= 1.25, 80 f,hat
we may allow some deviation from these values for fK ’ 1)\_') . feo
For simplicity in calculation we takke

s 2 ~ ¥ S
‘ This can scarcely be correct for all k but may be a sufficient app.rqximation
over the range of interest. The angular depeixd-ence in the center-;o!.--
‘momentum system is then as i )

t2¢ fKifcos © | | o :
° L o v

b This 'di.s_t.ribntion can be strongly peskdd, since all orbital 'angular
momentum values are taken into account. In the model of Laudovits and
- Leitner, Wuovo cimento 3, 1093 (1956), & severe restrictgon is imposed
that J = 4% for the total system, precluding the posaibility of any
very peaked angular distributions.
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where & is the angle of K relative to X , the + sign and appropriate
£ are chosen for forward and backward .K emission. The variation of - f
betweah forward and backward emission implies that the forward angular
distribution should be more narrowly peaked than the backward distribution.
This is not psculiar to the form Eq. (6) but would occur with any |g(k)| 2
that decreased monotonically with inoreasing k provided ‘A > fx.
Actually, the measurements on 7Y  +p at E, = 1.4 Bev do not
show any apprecisble distinction between the forward and backward (average
of X° and K ) distributions. This makes the determination of ¢
somewhat uncertain; but by weighting most heavily the forward K%, where
the statistics are best, one conoludes that | ‘

EEX ~ 3 . . (8)

fn this case Ky = .32 (Bav/c)z.' The mesn square momentum giw'ven by
Eq. (6) is of order <k2) - _;_ ; and a corresponding "radius® of

, 2€
the predissociated A - K system is
. 2 T
r o~ ﬁ<k>-§~sx.m cm (9)

which seems not unrsasonable.

3. Angular distribution in p 4 p, p +n.

The same model can be applied to describe one co@onent of K,
A ptod_uction in nuclaon—;xncleon collisions at high energy. The nucleon
at rest (it.s notion in a target mucleue may be ignored) is again predissociatal
tntos K and A(S); the dissociation is realised by absorption of a
pion from the cloud surrounding the incident nmucleon. A 6.2 Bev nucleon
hae Y = (1 - 6 2)-} X2 7.73 the energy of a pion moving'with'this

velocity s E__ = 1.1 Bov, which is not far from the conditions considered '

v )
above., We therefore assume the same parameters throughout. In the
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laboratory system, the incident pion transfers a momentum k.” =2 1.1 Bw/c
" to either the K or A (3 ), stripping it oft with th&s mntga and
leaving the other component, about at rest. ]
~ According to Eqs. (6) and (8), the mean transvcrse momentum of the

Av - X esystem 48 ~ ,33 Bev/c, while that pa.rallol to k,“. is ~ 23 Bev/c.
Thia latter is neglected in eompariaon wit.h K gy and t.he mmentmn dutribution
- of the 1y 4in the incident nmucleon is entﬂ.rc],y neglected as small’ rc]_.ativo
to that of the A - K systu If we now transform to the éeﬁher-—of—
momentum system of the two incident rmclaons s the t.rannverse mmatun of
thc stripped particles is unchanged; their 1ongiwd1m§:1 monent.u are
k= o1, =9 Bev/e, R o -6, -2.0 Bev/c, sccording as the particle
was stripped torward or -left bem.nd in the laboratory sysbam. 'I‘ho most
strongly peaknd cmponant.s are thua backwards 1:: the conter-of-nment\m
| Ot course t.hero is a symstrical forward psak, omined by reversing
the pict.ure ‘l‘ranefom to a ayatem whera tho incident nuc}.ecm is at rest,
" and the target nucleon .impinget at 6.2 Bﬂf from the opposite direction.
. Again let the mucleon at rest be predissootated and subject to stripping.
Then a repetition of the argument above shows & atrong'poaﬁ.ngi in the cgﬂtcr»-
of+-momentum system of the two mxﬁleans » this time in the diredt‘ion' of.t.he,
originally incident nucleon.. This is just a lengthy atatément” of the fact
nthat a p—p collision must be symmetric in all r‘nppw‘td in its center-of-
momentum sy&beﬁ. ' s

To estimate t.he degree of peaking of the X meson cmponent in the

cemter-ot-mmnttm system, note that the mean valus of cos ) for the af.r

0. 9" I‘ one t&k'.

pesked component is of order C1+ (.33/19) 2y
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distrihution as  (cos e) p the ‘value cormspondi.ng to (eosz 9)# = 0.94
is m ~ 30 It is perhaps pf rinterest to note that the corteabpondi!is A >
2 - peak should be even sharper than the K peak; this is 'becauae the A

2 carry a larger fract.ion of t.he original 1ogit.udinal moment.nm, uhile

having the same. transverao momentwn distribution as the K'a. There a.ra,

- of ‘course, many additioml camponent.s in the total K productions tha‘o

-&re less strongly peaked such as the higher-order processes

pep->E+A+N+ n™, etc.;'and even the first-order process
considered hers has a aecond component that is much broader.

The aut.hor wighes to t.hank Professor Burton J. Moyer for suggeating
mué problen and for helpful discussions. |
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