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Total and dlfferentlal cross sectlons of the reactlon K p = An
o “have been determxned for 1nc1dent K lab momenta between i 2 and '1 7
:'.‘,’-""BeV/c No strlkmc resonance formatlon m ‘the d1rect channel is seen;

1n part1cular the Y (2‘100) decays not more than 3% v1a the An channel

,:{,.A promlnent forward peak in the dlfferentlal cross sectlons 1nd1cates '

'._f"_f"some crossed channel meson exchange act1v1ty The branchlna ratxo

v ﬁf}I‘(T) - neutrals /I‘(n—» TT+'IT ks )1s 3 6:0 6
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I. INTRODUCTION

| We have analyzé.d more than 1000 K-p - An évents at fiVe ‘momenta
between 1.2 avnd 1.7 BeV/c. The rea_c_tioﬁ was observed in two different
moédes in the 72-in. h’).rdrogen bubble chamber:
‘(-a) K'p ~ An —~ (pw;)(w+w-rr°), whicﬁ resulted in V + two-prong events, and’
(b) K'p = An - (pr )(neutrals), which resulted in V + zero-prong eirénts.
Section II describes the analysis of the V + two~~prongs; Sec. III describes
the analysis of the V + zéro-prongs, and Sec. IV gives the combined .
vreéults. | |
Our conclusions, set forth Iin Se;:‘. V, ‘may be summarized as
’follQ'ws: |
4. No strii(ing resonance phehomena are_‘évid'ent in the An system
near these momenta; in particular, thé Y,-Z(Z.'lOC‘) decays ‘not‘more t.ha.n'
3% via the An channel. v | |
2. The differential cross sections exhibit a prominent forward peak,
indicating_ihe presence of meson exchanges,

3. The branching ratio I'(n —~ n_e_u’crals)/l"(n - 'rr+1-r-1r°) is 3.6+0.,6,
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II. ANALYSIS OF V + TWO-PRONG EVENTS (K"p — Antn"n0)

0o _,

The method for identifying evernts of the type K p - An+1r-1r

- t - . . L . . . . "
(pr™}w = n°) in our experiment has been given in a previous publication, o

We have approximately 9000 events of this type. The three-pion mass
. spectra show a prominent n peak at each momentum (Fig. 1), In
. _order to estimate the >numbe1j' of n's we assumed a linear background |

over the mass region 505 to 595 MeV, and used the formula -

Nn‘z N3T’r(5-35‘to 5§57 MeV) - 1/2[N31T(505 to 535 MeV) +N3“(565, t?‘_595 Mey)],

“with appropriate error treatment,
The only analysis question that remains involves the n’%‘y decay
' mode of the 1. How much of this decay mode has contaminated our

sample of n - Tf+1r-1r° events? To find an answer we plotted the mass "

squared of the system recoiling against the A_-rr-.l--rf system for our n

events. Background was subtracted for each bin in the manner described = .

in an earlier publication, 2 The resulting graph, Fig. 2, shows no sign
of a peak at the y-ray mass squared, and fits the experimental resolution
function with the center at the n® mass squared. FHowever, Because of
v. poor statistics we canﬁot set a very small upper limit on the 1r+1f-y
" contamination fromvthis figure, |

To do better we used the program FAKE3 to generate |
K'p->Aln - 'rr+n--y and w+n-w°) events with the same production-angle
distribution as that.of the n's in our ekperiment. When our normal |
“selection criteria Qv_ere applied f:o these fake events, 99% of the
ATr+-n-"'-n-.° events ?a'sse'ci;' while only 0._8% of the An+1r-y evénts passedl.

Since the ﬁ+fr-y mode of the n has a rate of about one-fifth that of the

L
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'n'+-n---n'° mode, we conclude that less than 0.2% of our n - w+ﬂ—f° ‘s‘ample
.'consists of miéidenti.ﬁed n - 'n'+w_y events. .
In Table I we give our estimates.of ‘chve number of n's at each
v mo_.m'enturn, and the cross section for K'p —»Aﬁ, .wheré'we have used
" the branching ratio” T'(n - w+nfﬂ¢r°)/r‘(}; - all) = 0.22'4'. _
| _ | We a;lso determined an average cross section over our sé.mpie
for the reaction K p - An - (pTT-V)(TT-'LTT-TTO) of 37+3 uwb. In Sec, IV we
‘combine thls result w1ti‘1 a similar cross section for K'p = An— (PTT )(neufral‘S)
to obtam the branching ratio I‘(n - neutrals /l"(r) - -rr+-n' n%).
We have determined the production-angle distributions for
Kp - An — Aﬂ+ﬂ_j° in the same manner as described in Ref. 2 for
K'p - Aw eveﬁts. Background was subtracted in each angular bin;
“however, we assumed thatvthe_ background for the n's is linear from
505 té 595 MeV, rather than drawing a backg‘round curve by eye as was
done in the ¢ case. Our reéults, cov.rn"bined‘ wifh tlhose of Séc. 11, are
presented in Sec, IV,
We have too few events to determine the polarization state of the
A at all momenta‘...and produétion’ angles. Hox}vever, we can give tw.o
: s"catisvtically significant results, both at 1,51 .,BeV/c. Let PA be the
.'polarization of thé A alo;xg the norrﬁal to the plane of production (fhe
only polafization allowed by parity conserva.tior.i). Then, in the A rest

frame, the distribution of the momentum of the pion from the A decay
is given ‘by the expression [1 - QA ATAC (K™X n)/ .[K % n! Th1s expres- ’

sion prov1des a 31mple experlmental conventlon for aAPA; Our results, for

- K P An —- ATI‘ m -rr° events at 1.51 BeV/c a.re ozAPA = -0.2£0.3 for
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) CQS.GKr) > 0.8 (events in the'forwa?d peak),. and QAPA =ly-_!-(?).'4:l:0.;vfor

CQS 6Kn< 0.8. v

TIL. ANALYS{ISV OF V +52143Rb -le‘?..RONG EVENTS (K™p - A + neutrals)
Figur'e 3 shows the distri’t;ution of events in which the V is a
A - pr  decay, plotted égainst the square of the invériant mass of the
systerﬁ of undetected neutral particles recoiling against the A, Only
events with a. A length greater than 5 mm before decay and with pro~ .
duction and deéay vertices vﬁ’chin inner and outer fiducial volumes 'were:
accepted. There were 13 752 events. When weighted to correct for the
A-length and fiducial cutoffs, the number rose to 15770 events. The
- events of the weighted set are plotted in the figures. The loss of events
due to scanning inefficiency and measuring difficulties was 6%. This
factor is included in cross-section determinations giiren below. A
more detailed presentation of the handling o"f V + zero-prong events
may be found elsewhere, >
The spectrum of Fig. 3 shows conspicuous 7%, 7, and w peaks, ‘
Figure 4 shows the sPectra'in the region of the n peak for each of the
five K~ momenta. Also shown are the spectra for which the system
recoiling agains.t the A 1is produced in the forward direction
(0.8 < .cos eKn < 1.0, where GKn is the center-of-mass scattering' angle) |
‘and in the backward direction (-1.0 <cos eKr) < -Q.S). Quite evident in |
these last panels is the difference in resolution of the n peak. Forward
" n's correspond to A's that are slow in the laboratory system; backward
n's c>orre spond to A's that are fast. .Thé .experimental resolution-function

width for events in the n mass region increases by a factor of about
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four in going from forward n's (v's"low A’s)' to ba.ckwardv n's (fast A's),
The resolution-function width alé:'o ir'xc'reavses, ,although slowly,.' with
increasing incident K~ momenturn., ,Th.é large variation in the width -
n_dust be taken into account in .défvérmining.the number of r)'s’ Iproduced
ata given angle.’ |

The ,ntimb}ers‘ of events 1n al baLn.d~ 31" wide centered at mf) and
in bands 1.5 wide to either side‘6 were obtained, where I' is the ex-
perimen;:al resolﬁtion—function width for events in the N mass region
aﬁd at the givén momentum and angle.i Subtracting the Anumb:er of events
| in the two si.de'Bands from the number in the center band gave the_mim-
ber of n's, Figﬁre 4 shows the ‘r.esults, summed over all angles at each
of the momenta and over all momenta in the forward and backward pro?
ductién-a.ngle bins: the number of events above the solid line _‘i‘n'ea'ch
figure is our best eAstimate for thg number of n'ls, while the da_s]ﬁed
' lines are dr'a.w.nvo‘ne état_istical éfandard deviatién to eithér side, Tablel'
II gives numbers of events and ‘cvross sectiox;ls. The production angular .
distributions are discussed in s.eé., IV. |

The foregoing' procedure -for _determinino'. the bac'kgrdund under
the n peak is’ not entlrely sa.tlsfactory Fldure 4 shows the llmlts
within Wthh the = y 1nva.r1ant mass from the reactlon Kp - Eo-rrO,
=0 Ay can fall, Theoret;cglly, the spectr_um for such events is flat
within the limits, At all but 1..22‘ BeV/é, th.e_ uéper edge of the =°%»°
spe(ctz.'un'vl lies Vsrlightiy above the ';n peak, Therefore the ér‘esence' of
=0q0 event:ts causes the bé.ckgz;ouﬁd ofv'the 77 peak to be hig'h‘e‘vr- fcha.n
estimated'abOVe, a.,ndvthe numbelj of bgvents's:rr:lé.ll.er. An _'l}_p_{i?_l_‘__]:_l;m___lf_

to the systematic error can be found by using only the lower of the two



~6- | ' UCRL-17515

: ba:ckgr_ound bands to o‘btai;l the baékground t§ the peak. This upp.eri
lirhit, at each of the momenta, is included in Table II. The sysfematic
error is maximal onljr when the edge of the =%r% spectrum coincides
With one of the edgeé of the band of width 31" centered at the n peak,
As this is not usually the case, the systematic error should be well
within the upper limits. |

. Our results combined with those of Sec. II are presented in

Sec. IV,

IV. COMPARISON AND COMBINATION OF RESULTS

A, Angular Distributions

The angular distributions obtained at 1.51 BeV/c from the two
~ sets of events are compared in Fig. 5. The distributions have been

normalized so that the area under each is the same. Although there

0 events,

are about foﬁr times as many 7n - neutrals events as n - TT+TT_1T
the angular distribution is obtained to about the same accuracy in each
case. This of course. is because the statistical weight of n - neutrals ]

- .events is diminished considerably by the rela‘tively small '"'signal -fo-
'.noise” ratio.

Agreemelilt between the two det_erminétions is even better than |
 might be ekpected_bn statistical grounds. Since almost 60% of all the |
events are at 1.51 BeV/c, this is good indication that, within our sta-
tistiés, both sets of events lead to accurate determination of the angular
| distributions. We obtained the final angulé.r distribution at 1.51 BeV/c,
| shown in Fig. 6, by using least squares to fold together the distributions
of Fig. 5. Results at the other fnorﬂeﬁ_ta., also shown in Fig. 6, were

obtained in identical fashion,
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The angular distribuﬁions were fitted, by using least squares,

‘to the Legendre polynomial series

where X = f/q is the reduced wavelengfh in the c.m. system (q is the

¢.m. momentum). Integra.tlon glves the relation o = 4x kza.o Un-

fortunately, only at 1.51 BeV/c is the distribution well enough deter— -

mined to fix the values of N ahd the coefficients a, accurately.
There the confidence level that a good fit has been obtained is less than
1% for n < 3, rises to 13% atn <4, to 75% atn =5, and

max max max
thereafter decreases, Figure 6 includes the fitted curve for nox " 5.

The fitted coefficients are

‘a, =0.027£0.002, a, = 0.011£0.004,
a, = 0.029 0,005, a, = 0.026=0.006,
a4=0019i0 007, a5=0020i0 008.

'I‘he errors reflect only the uncertainty in shape, not that in normallza.-
tion, All the coefficients are positive, so all the polynomials add con-

structively to the peak in the forward direction.

B. Cross Sections
‘th_e cross sections obtéiried from the two sets of.events are
.show>nv ih'Fig'..”'?(a).l‘ Agreement is.good e,t 1.51 BeV/c but generally bad
| _elsewhefe.v-, Except at i.?O BeV/c, cross secvtions obtained from the
n - neutrals events are larger than those obtained from the n - -rr+-n'-w°

events, Systematlcs do indeed cause probable OVerestlmatlon of the

number of n —- neutrals events (see Sec IIT.) This effect alone, however,
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is not sufficient to overcome thelérge‘ differences at 1.22, 1.42, "and
1.60 BeV/c; we do not know how t§ account for them except on the basis
of statistics or possible errors in the n branching ratios in Ref. 4.
_vThe comparison of cross sections averaged over all momenta.is dis-
cussed in Sec, V.C in.terms of_‘the branching ratio |
F(n -~ neutrals)/T'(n — 'rr+'rr-'rr'°)_. ,

Figure 7(b) shows the c.ross sections obtained b‘y simply folding
) together the va.}u_es of Fig. 7(a). Table IIIbvsumma‘rizes the experimental
re suits. The cross section shows no largé variation over the range of
this experiment. Results from éther experiments, also shown in Fig,
7(b), indicate that the cross section falls of_f at both higher and lower

momenta, e o x

V. CONCLUSIONS

A. Y:;(ZNO) —~ An Decay

The K~ lab momentum corresponding to total c. m. energy
2400 MeV in the K p system is 1.68 BeV/c, so s-channel formation of

the JP

= 7/27 Y (2100) is possible in this region; see Fig. 8(a). An

' egtreme upper limit for the Y:(Z'J.OO) coupling to the An channel can be

- obtained by assuming tha;c all the cross section near 1.70 BeV/c is due
o this diagram. However, two observations permit setting a more
stringent limit: (a) There is little evidence for a bump in the cross
 section near -'1;70 BeV/c; (b) the angular distributionslare‘ ﬁot symmetric
about 6 = 90°, as they must be if the rea'cj:ion proceeds entirely through

a single partial wave. A somewhat arbitrary but reasonable estimate

. N :
is that no more than half the cross section is due to YO(2100) formation
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and decay. Then the branching fractions XZN and XAT) of the Y':; are

‘related to the cross section (at 1,70 BeV/c) by

| 24
oK~ any _ TR U xpa Xy,
2 - 2 ,

¢

" The factor 2 in the denominator on the right side occurs because the
K p system is only one half (in ihtensity_) in the I = 0 channel. ’Taking
.xKN = 0.29, 7‘we obtain

“An 47 RZ(J’ +—%—) Xz N

?

= 0,03.

. <029
- TAn T 8.68X4X0.29

The Yg(2'100) decays not more than 3% via the AT). channel, =

" B. Peripheral Production

The most conspicuous feature of the angular distributioné is the
peak in the forward direction. This indicates the presence and probable
dominance of the reaction by t-channel meson-exchange amplitudes; |
see Fig. 8(b). Conservation laws at the vertices restrict the pa.rticles
| that can be exchanged to I = 1/2 K™1s having spin-parity JP in the series
07,17, 2%, ... The K'(890) and K*(1420) satisfy these restr‘ictions.v'
[They are SU(3) companions of the p and A2 mesons, the~pa}rticles that
can be exchanged in the reaction K-p -~ K%n, ‘Whichvis related by SU(S)A |
“to the.rea.ction K-p —- An. ] |
Isotopic Qspin 1/2 N*’s (Iincluding the nucieon) can be exchanged

- in the :u channel; see Fig. 8(c). . There is no evidence that such exchanges’

are important here,
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C. The Branching Ratio I'in—~ neutrals)/I‘(n - -rr+-rr-1r°)

The cross section for K p - An — (p'.r—)('rr+1r_1r°), averaged over

the momentum distribution of the data, is 27+3 yb. The corresponding
© cross section with n — neutrals is 148+ 44 1b, but a systematic over-
estimation of the n — neutrals of as much as 16% may have been madbev'
(see Sec. III). Thus, using all the data, we find that the branching B

. ratio is betwéen 3.2 and 3.8, with a statistical error of 0.4. However, ,
we can substantially reduce the systematic uncertainty in this resgit

: ‘by re;tricting our analysis to events in the forward peak (cos eKn > 0.6),“"'
where the effective resolution-function width in the neutral masé-squéred
» ‘'spectra is much narrower than for the entire sample. We find, by the
same technique é.s above, that the branching ratio is between 3.5 and

B 3..7 with a statistical error of 0.5, Our best estimate of the bi‘anching

. ‘ratio, where we have inclﬁded both systematic and s;atistical error, is

I'(n -~ neutrals) _ 3.640.6

l"(‘n - 'rr+1r—'rr°)
This value is consistent with the latest compiled value4 of 3.25+0.4,

It should be remembered that I'(n - neutrals) is slightly smaller

0_0 c

 than the sum of the n%n%x?, yy, and =®yv modes because Dalitz decays

(electron-positron pairs at the decay vertex) can occur in all these modes.

The

m
[0}

same events have been used to set an upper limit for the

branching ratio I'(n — TT+‘TT-T.'O'Y)/F(?’} - T.'+'.T_'n'c) of 7%. 8
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T'Table . ’I‘ota.l cross sectxons for K p - -An deduced from events

for whlcn the A decays to pTr ' a.nd the n decays to 1T+'n' ki1

OVF

“Momentum

GA3w'

'(a)f

N(3m)

N(n - 31) o

oy

220

S g2
o460

as;ﬁ7QﬁiW'

(pb)

680250

12100:*:60‘ -
.'{2260&80

S 140 150

2820 i 170

'7jv5$40j.:
L esa

i3.'3’6 -

147 %15

3g w7

. 33)5% 8.5 -

15.5% 5.5

10 = 4.5

-'.,(:&b) _ -

235460

185465

255.£25

150465

36070

E u(a) See Ref 2.

(b) The branchlnd ratlo I‘(n - 1T+‘n' -n- /I‘(n - all) = O 224 ha.s _

been used
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Table II, Total cross sections for K.-p - An deduced from events

for which the A decays to pr_ and the n decays to neutrals.

Momentum Numbezr ‘v Cross section™
(BeV/c) of events’ {.b)
122 - 149226 (21)° 140570
1.42 117423 (11) 360470
1;51 © 561x57(93) 28030
160 441222 (20) 395280,
470 104228 (17) 235468

a.” Using branching ratios (A pr )/T (A~ all) = 0.664 and
IT'(n - r’xeutra,ls)/I’(7’7 —> all) = 0.729. See Ref. 4,
b. The number in parentheses is the maximum Systematic'

overestimation of the number of events, See the text,
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¢
'

Table III. Cross sections for the reaction K p — An.
" The differential cross sections are in pb/sr; their uncertainties
are based on the statistics of the angular distributions alone,

and do not reflect uncertainties in normalization.

Momentum * (Be V/c)

cos § - 1.22 142 _4.51 1,60 1.70
20.9  40x15 4818 216 3417 613
-0.7 29£16 22410 2545 27210 13 %14
0.5 34%15 10+ 12 1624 4314 14+ 114
-0.3 | 414" 8x12 1354 -2514 17+ 11
-0.4 . 20x9 . 10x£140 : 14 4 6+11 4*111
C 0.1 0x41 | 612 - 194 0x10 40£13
0.3 24=14 4+ 10 104 11£10 19+41 °
0.5 15;9 128 13+4 15+ 8 25 =8
0.7 20811 28212 17 x4 11 £ 10 21414
0.9 62x15"  87x18 437V 7417 41T
| | 79:&11}‘

o (ub) 340245  255%45  265=20 240%50  290%50

a. Bin split; cos 6 = 0.85 and 0.95.
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FIGURE CAPTIONS

1. Three-pion mass spectra around the n region for various

incident K~ laboratory momenta. See Table I for our estimates of

Fig.

the number of n's.

2. Mass squared of the system recoiling against the Awr+1r- system

in our K p = An - ATT+1T-1TO

. . + - . .
- No contamination from Anm n y events is seen. The curve is the

- Fig.

experimental resolution function for these events, centered on the

m° mass squared.

3. Distribution of K'p - A'+ neutrals events, weighted for fiducial- .

 volume and A-length cutoffs, versus the square of the invariant mass

Fig.

Fig.

of the system of undetected neutrals recoiling against the A. There
are 13 752 events before weighting, aﬁd 15 770 after.

4, Spectra in the region of the 7n peak for K p = A + neutrals
events. Solid lines cutting off the peak delimit our estimates of

the number of 7 "events; dashed lines are 1 standard deviation tc;
either side. See the text for how the numbers were obtained.

5. Comparison of angular distributions obtained at 1.51 BeV/c .~

“from the two sets of events. The distributions have been normalized

to the same area.

Fig.

Fi-g;

6. Differential cross sections for the reaction K_.p - An. The
curve at 1.51 BeV/c is taken from a fit to a Legendre polynomial
series including -terﬁs through P5 (cos 6).v | |
7. (a) Compari_son. of K p - Al cross sections obtained from the
two sets of évents in ou.r experiment. (b) Cross sections obtained

by foldingvtogether the results in (a), shown with results of other

events. Background has been subtracted.
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F.vig.v 8. FeynmAan diagrams repfesentiﬁg exchanges in the three channels
_ that affect k-p —~ An: (a) s-channel exchange; (b) t-channel exchange;

(c) u-channel exchange.
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This- report was prepared as an account of Government
. . W . -
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 1in 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.








