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ABSTRACT

 Total croes eect:icms of K~ mesons in hydrogen anci éeixtérium were
measured over the momentum range 630 Mev/c to 1100 Mev/c. The K~
total crdsa sections were obtainéd from deuterium and hydrogen data.. A
well-defined resonance .appea.réd in the K' ;p i_:om& cross section at about
1600 Mev/c. Two high-resolution velocity-selgceing Cerenkov cdunwfswere .

used to select ¥~ mesons. The momentum resolution was within 1% to 2%,

and the mowmentum intervale chosen were very closely spaced.
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I. INTRODUCTION

In.a recent experiment Cook et al. have made an extensive study of the

behavior of the K™ - meson cross gections on pfotons (d;; } and neutrons (Gn)

in the momentum region 1 to 4 Bczw/c.1 They have shown the existence of
str_uctm‘é in 0_ and, in particular, evidence for variai.:ions. in the behavior of
the isotopic spin corhponents I=1land I=0. Atlow energies, measurements
of tptak crose sections from emulsion and bubble ch’amBe: workz show that foi'.
momenta belqv} a few hundred Mev/c, S, roughly follows a 1 /v law. This
dependence has been decribe& clegantly and in detail by Dalitz and Tuan, 3 whd
assumed a dominantly S-wave interaction. Aithoﬁgh there are some ’daté onv the
ab'so'x‘ption process of K~ meﬁéns on neutrons, there is no informatién on G
at these low energies. The object of this experiment was to measure -ap and -

0  nearl Bev/c, at the lower end of the region studied by Cook et al., b bt

with considerably higher momentum resolution and at more closely spaced interva.‘ls;‘ :

‘and aleo to explore further the hiatus between the highfenergy counter and the low-

energy bubble chamber and emulsion observations. | Thus, between the momenta

630 Mev/c and 1100 Mev/c, ,Gp was measured at nine and 0 at five values of

. incﬁ.’demvmomemum. The momentum width chosen (between ] and 2%) was about

one-fifth as large ae that in the experiment of Cook et al., ! and although the

i
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counting rate was correspondingly srhaller. it wags possible thereby to study finer

details of the structure in the cross sections.

1l. BEAM AND EXPERIMENTAL EQUIPMENT
~A. The K" Beam

Figure 1l shows the arrangement of countere and magnéts' used to obtain a

| Qariabﬁ@-enex;gy K™ -meson beam of narrow momentum width. The primary target
wad of stainless st'eél '6>< 1/2% 1/4 in. located in the magnet gap of the Bevatron.
. Negative particlea. produced within a few degrees of the direction of the circulatiag
"‘;‘-pvaton beam, entered the channel aitm- pa.ssmg through a 0. OZO -im. alummum

- window in the vacuum tank Q.t the beginning of the west atraight section. .The first

bending magnet M,; was used to correct for variation in the apparent target position
with selected momentum. For particles at the center of the moementum interval

accepted, a horizontal image of the Bevatron target was formed by the quadrupole

doublét Q at the ceti.tgar of the quédrupohe-ainglet field lena 8. A vertical image of

the target was formed at the counters Tlr. T, , and T; by the combination of O and

5.. The operating momentum of the éystem was defined primérily by M, . The main

""fu'ﬂcéion of M3 was to remove degraded particﬁes '.!from the beam A-caiibration of

the op@rating mcmentum was obtained by use of the floating ~wire techmque with all

1(; R

.8

a?_ +

three bendmg magneta in their final locatione. A more precise va.!ue of the momentum ~
and in additton, the mementunp spr_eadmww obtained by using a 29X 36-in, deflecting
magnet downstream of the apparatus (see Section II C). The measured momenturm

spread was between 1 and 2% for all momenta.

Two velocity-selecmng coincidence-anticoincxdence Cerenkov coun&ers with the

two scintillation-counter pairss 31-83 and Ba ~B% were used to sekect the K~ mesones
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in the beam and to reject %~ mesons, meson.r:é, electrong, and antiprotons.
The time delayes between B, ami B, and between BZ and B, were mdjuated

so that some velocity discnmimtxon betv:.een K~ mesons azad T MEesons was

'posSible. This was more effective at the lower momeata than at the higher. At

all momenta antiprotons were re_}ectcd by th‘s means.

" The target ﬂaek made £rom 0.010-in. Mylar, was 24 in. long and 6 in. in
diameter. it was of the staﬁdmd vacuum-insulated type with a e 002 -in. ‘aluminized-
Mylar heae shield. The vacuum jacket was made of akuminum with & 0.035-in.

Mylar entrance window and a 0.032-in. aluminum exit dome The fiask could be

filled with either éeuterium or hydrogen.

B. Cerenkov Counters for Selecting K~ Mesons

The Cerenkov cgpﬁter-a are similar to the narrow-band velacity-selecting

type described by Wiﬁeg‘andé.(‘see‘b‘ig. 2). Note that these counters not ohly provide

.a ''yes" signal when a K meson passes through, but also provide a "no"' signal

w’!ign a lighter particlettraverses the radiator. Counter {;1 is located after the

primary' momentumn -gelacting magnet M, , whereas C, is placed after Mg .

"The radiators are right-circular cylinders with axes parallel to the beam direction.

"‘;" ai"or momenta from 600 to 800 Mev/c a Lucite radiator was employed, at higher

C gt

momenta the radxatcr was liquid Fluorochemical (FC 75). A particle of velocity
p traveling parallel to the axis produces a cone of Cerenkov light of half angle

Sc . given by oos 0 = -5-15- ’ nger.e n is the refractive index of the radiator.
The light produced by the K ineaona of the correct momentum leaves the down--
stream end of fhé radiator and is refracted at this suri_'ace- to a wider angle 6 g
This light is then transmitted by specular reflection down an aluminum light pipe

to the photocathode of an RCA 7046 photomultiplier tube. Light leaving the radiator



73

-4~ ' UCK L-9762

a‘"t '&ngles greater than U, is prevented from entering this light pipe by a C’-rcular

bafﬂe. There 4re, at this angle, six such light pi@ﬁ&s and photomultipliers placed

in a ring abuxt the beam axis. 'I"Mae siz channels are divided into two groups of

three cach, A coincidence bet ween the signals from the twe groups must be formed
in order that a K weson be courted Lxghter partncles produce Cerenkov light at
a larger angle than doeg a K meason of the same momentum. For momenta above

800 Mev/e this light leaves the end window of the radiator at an angle greater than

4 that for the K light, and is collected by light pipés similar to those used to collect
Athe K light. Agein there are six light pipes and photomultipliers placed in a ring
| abgut the ﬁenm' axis. The entrance apertures of these light pipes are positioned
in such 2 way that they intercept light leaving the radmtor at angles larger than
" those correspondmg to &hé b’ light. For the a,nta»emnmdence mgna.l.- the pulses frpm
~ the photomultipliers are added together. In this way a aignal from any one of the
3 six photomultipliem in a single counter unit can give an anticoincidence pulse that

will reject the unwanted light particles [see Fig. 2(a)]. For the momentum range

from'600 to 800 Mev/c, the angle of the Cerenkov light {rom the light particles is:

‘s'uc’h that it a,iways strikes the &nd face of the Lucite radiator at an ahgle greater than

the critical angle, and 'hem:é is trapped in the radiator. Thie light e collected by
a single lig$€ pipe in optical contact with one of the side walle of the radiator, and
is transport@d to the photeca;tﬁode of an RCA 6810-A photomultiplier. The signal
from this tube theon provides the anticoincidence signal [see Fig. 2 (b)}f,.

Figure 3 ghow)s 2 delay curve obtained when the delays of sci'nti.lmt'ars B 3
and Eé were i'ar'ied with regpect to all other counters in the systemn. The ¥
mesons are counted with a2 time-reéoluﬁiom curve, indicated by the central peak.
This rate corresponds tc about 2 X 1!0"3 of the w-meson rate, and the full width

at half maximum of the timing curve ie 19 mpsec. If the timing ie off by a large
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amount, say 50 musec, then thé K wmesons selected by the Cerenkov counters are
ﬁevex counted by the scintillators. However, there ie a steady background, at
about 1% of the K rate, that is du@ to accidental coincidences of light mesons in
the beam. When the delay is only about # 10 to £20 musec, the anticoincidence
pulse produced by the off-time particle in the Cerenkov counters resules‘ in a

. reduction of the accidental rate by more than an order of magnithde. Thus, .
very fast time resolution is not required for the transmission~counter coincidence
eircuit, because the background accidental rate is less by réughly three orders of
» magn;ituda ‘than the K rate for delay times of 20 mpuaeec about the arrival time

of the K meson, B
C. Beam Purity and Momentum Measurements

To confirm the method of identification damcribea previqmly, the time of
flight of thése particles identified as K mesané was compared v;itﬁ the w-meson
time of flight. This was done by displaying on a recording oscilloscope the pulse
from the first counter in the beam, B; , and the pulse from a counter, T , placed
a known distance downstream. The mecil‘&osc.ape was triggered, during one geries
of runs, by the "'K" signal obtained by using the Cerenkov counters and then, during
another series, Ey a % signal generated by Bl ’ B'z . BS' and Bé, with the Ceren-
kov counters turned off. Thus the difference in time of flight between 7 mesons
and the 'presumed K~ mesons was determined at several representative momenta.
The resulte not only indicated that the K mesons were being correctly identified
but also that the w contamination in the K signal to the trangmiaaiem_—cem&_@r
coincidence circuit was less than 0.5%. | |

A precise and independent measurement of the beam momentum &t the

location of the hydrogen target was made (see Fig. 4) by using a telescope of tweo
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-"vertzcal strip scintina.tion counters Pl and Pz to deﬁne the direction of anzrance

mtc the 29 X 36-in. bending magnet. a.nd a aimxlar ccuntex Py behind the magnet

to determine the angle of deflection. 'I'hese three defming counters were each

| 6)(1/2)(1/8 in. ; Pl wag ptaced upatream of the hydroge—m target, P cloae to the

gaet. and P, about 10 ft behmd the bendmg point. The centrat momentum ‘and

the spread in momentum were determined by studymg the threefold coinc1dence

rate as a function of the, magnet curvent. The magnet was calxbrated in mttiﬁ_by R

using the ‘ﬂoating-wu"e‘method. ‘Possible syétematiq asymmetries dne; for ex-

""':"'i"%iizple'. to the Bevatron stray field or to hyaterésis éffects were eliminated by

reversed-fteld meaeurements by using P3 » the image counter of Py . in the

»ibeam line. In. all cases the central momentum wasg determined to within 1%.

" IN. RESULTS

" The total cross sections in hydrogen and deuterium were measured by

;making tranemisaion measuremem‘é on the full and empty target. - At each momentum :

B saveral runs were made with the target alternately full and empty; 8 total of about

':, 105 mcident K measons was recorded. To measure the transmission, thzee

,scintinaexon counters of different sizes were placed about. 40 in, behind the target '

| ,a.‘nd comzial with it, The twa emallet cxrcular tranemisaion counters were 7 in,

and 9 in. in d.iameter. reepecewely. the third was & square 13)(*13-1:1 mtﬁ“te‘:; Thus

ach comter subtended different selid anglea at the target.
It t:F and tE are the transmiasien Eacters for the fu.ll and empty target
respectwe!y. then the crosa section is given by @ = (1/aL) ln (tE/t ), where

L is the tength of the earget. and n is the dxfference between the atomic con-

centrations of the liquid in the full target and the gas in the empty target. The
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vghw of ty, was abowt 0.70 at the lowest momentum and 0.85 at the higheét,
whereas the ratio tE/tF was typically about 1.15 for hydrogen and 1.19 fo;'
deuterium,

The subtraction of full and empty tatjet data does rot exactly cancel all
background «‘éffects;.,. therefore the .c@rrections listed bélw were appligd to
the measured numbers before the final resuits liéted in Table I were thaineé.

(s) Forward scattering. In the absence of any data on the real part of

" the forward scattering amplitude the differential-scattering cross séccibfa per unit
sclid angle in the forward direction was assumed to be equal to the Iowez’ &im%

(ko /4 w) given by the optical theorem. where k is the wave number c@rmspondmg
to the momentum considereﬂ In the worst case the correction ior hydrogen was
‘less than ! wb for the emallest counter and less than 4 wb for the largest. This
correction would havé to be revised if the real phrt of the forward scattering
amplitude ﬂvew found to be"c@mparame with the imaginary part in thia energy
region. This correction was multiplied by a factor of approxnimately 1.1 to take |
acoount of double scatiering in the hydrogen and in the aluminum facket of the

target, -
| (b) Decays in flight. At the moments studied, a cqnsideraﬁle fraction of

tvhe K™ mesong undergo decay in flight between the last Cerenkov counter and the
transwoigsion counters. In the lowest order the effect is removed by taking the

| target-full and target-empty difference, but three higher-order corrections need

to be applied. The largest of thease arisés from the energy degradation in the full
target.' which enhances slightly the rate of decay hetween the target and transmission
counters. The other two corrgctions involve the small fraction of decay products

that strike the counters and simulate a K" - meson count; those occurking ahead
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. of or within the target suffer aome attenuat&hn in the futl target, whereas those .

.' oc:urring later héve a .alight'ly iacreaééd chmice~_ of counting because the. K- meson

has been slowed down in the liqmd hydxogen Since all 'the pertinent pa.fametem" :

- are well know, thm correctwn can be calculated exactly, it varies from about

3.5 mb for the lewest momentum to about 0.3 mb at the highese momentum

(c) Accxdental counts and rate senaitivxty The delay curve ahown in

Fig 3 ilustrates the effect of the Cerenkov-caunter anticoineidence countmg in

suppressing off -time accidental -counts that could arrive thhin the resolunon

time of the transmission: countez-s Another aource of accidental backgtound

arose from particles that passed outaide the Cerenkov coumers. and 80 did not

~ have this protection. The:_origin and mespf accidental counts ware fully studwé

by using various counie'r'cembina'tions and different beam levels; this accidental rate

" was monitored continuously. The averaga correction was 2 mb for the largest :

counter and l mb for the smaller cotmters

(d) Beam’ divue:nce. Beam -profile measummemé_ were made at each

momentum setting. When the target is full, Coulomb scattering in the hy&mgen or

deuterium increases the size of the focal spot; at the lowest momentum for{‘the -
smallest counter this results in a correction of-about 1 mb. For the larger counters

and higher momenta the correction is negligihte The above correcti,cﬁs were’

' applied for both the hydrogen and deuterium data..

In arrxving at the cross section appropriate to free neutrons the followmg
cdrrectmn was applied. _ |
(e) Screenmg effect in the deuteron. Gia\ibers has ehown that the cross _

aectmn on the neuﬁron. ¢_, may be obtamed frowm the cross secti@ns 04 and O

b 1.3 P .

on the deuteron end proton, respectively. from the relation
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g, -G
o a__P

n & ] . 2 '_
1 - (‘?p/4“’</’a> :

where the mean im}féree-pqua.ré radius of the deuteron, <l/x-‘dz> » io taken

to be (1 / l.?)zf'a. Typicaily, this correction amounted tc 10% of the difference

g, ~0

d P’ , , . : -
" The errors quoted in Table I iqclude the statistical erram' for the x_mmb@rd
| counted and the estimated errors for the cérrectiou {(b) and {c) above. Corrections-
(a) Aamd (d) are assumed to}ﬁﬁiaghe best estitﬁates one can apply at present and their -
uncertainty is unknown. 'Tfie étﬁcéuation among subgroups of the data was uéed to
estimate. the statistical part of the error, and generally gﬁ‘ée an answer abau;é |

30% higher than that eatimated by using the total numbers and ageuming random
covmt distributions. |

However, ap&rt irom the random errors deacribed in the preceding pars-

'gre,ph. a 'further systematic error of 1 mb must be included. The cross sections
deduced from the three counters T, , T, , and T, oystematically disagreed by
ab@ut this amount, the values decreasmg with increasmg size of counter. This
effece is not completely underatood. though part is certainly attributable to the
fact that correction (b) for forward scattering, which {s proportional to the -

countey siég.. ie know‘u to have been understimated. Thus, in deeétmiaing the

shape of the cross-section bebavior from the results of ’I'Aablehil.‘ the errore

given .may be legitimately used, butifit should be borné in mind that the absqluge

normalization .o_'fj--@hemcurve‘ is uncertain by about 2 to 3% .
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The cmsa-aéction results deacribed‘in the preceding section arc{p!otted
in Fig. 9 tag&tﬁ@;ﬁ;@i&h other data at high energies from Cock et al., 1 and at
lower energies from bubble chamber measurements. 6
ww e The new data clearly show a large peak in o, ot about 1000 Mev/c,

that ie approximately £100 Mev/c in width. If a emooth curve is interpolated
w.between the regions from 600 to 700 Mev/c and from 1200 to 1300 Mev/c, the
| pesk appears to extend some 15 mb above thie "background" vealué: For '
convenience, this sharp enhancement at 1000 Mev/c will be léosely r'e'ferwci to -
belew .aa a regonance.
| if one assumes charge iné&éendence for the K-nucleon interaction, i.e. ’
that the interaction is completely specified by the t\';vca cross sections Oy and Gy ’
' corresponding to the I = 0 énd I=1 states, it follows that g,=0) and |
o, = (1/2) (99 + 0 ) . Thus any structure in the 1= 1 state should be twice
as evident in the XK -n as in the K~ -p interaction, whereas interactions in .
the ‘I = 0 state should reveal themeelves énly in the' K™ -p system. Although
the data could indicate 2 broad peaking: of %, in.thé ‘heighborhoodof 1 Bev/c,
it sféms very un_iiﬁely that there could be:?eak some 30 mb above a smooth
,,béckgr@und, which would be necessary if the ‘resonance in op ware wholly in
the I=1 state. Thue, the data are consistent with the interpretation of the .
resonance as Ibeing largely in the I = 0 state.
The simplest explanation of the peak is in terms of & resonancé in a
single state of well-defined angular m@-mmmm. parity, and isotopic spin, Ex-

amining the maximum effect from different partial wavés at 1 Bev/c¢, one finds

that the moesta J = 1/2 state can contribute to % or 0, is 18 mb. If this is
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- confined to just a singte xsetOpxcaspm ntaxe; then the ma.ximum contribution to
' .0 becomee“) mb ‘I’hua it aeeme necessary to attribute the resonance to a state -
. of J >3/ 2. In éiscnssing the possibzlity of a amgle-ntaee 1= 0 resonaace at
: 1 Bev/e, it should be kept in wind that this would sf.iu describe only pg:t of
‘ thél» interaction a‘t.thie energy, siﬁce there is éléarly a;ﬁ;hrge nfenz:eso?mrit back- -
:_gr'mixiﬁm (abfoux. 35 mb). Almo. only a sudden change in oo is cona:dered here : |
- : because it is clear from a comparwen oﬁ ap and 0 that @) and 0, vary

| ‘,‘,.diiferently with’ energy. ‘The dxfierance in the energy dependence of aa and 81
| ; . ‘at higher energies has been deacribed by Cook et al, i '

Apart frow these tentative conaideratmna of the quantum numbers assocxated

thh the peak. it ia pxoba.bly more mtereating. and heunstxcally more. useful. to

K

'dzscuaa the signiiicance of the energy value at which the resonance @ccurs. There

e " .

' (_rare two reaeans. of cun:ent interest. for believing that etructure in cp could o o s
‘occur at sbout 1000 to 1050 Mev/c: | ) |
(a) Gioﬁul symmetry implies that resonances should emst in the 17-A and

-5 syatems analegoue tc those in the ©w-N system. In pawng:ular. 'ehe th;rd
. ,--;u' . « . . - . . . !v "

o regsonance in the w° ~ p system in the' 1=1 /2 state (tatal e‘nergjy' in c-'m.'

\

"v:;‘syatem equal to 16?5 Mev) leada to a predmtxon of two resonamces in the v \

'hygaeron and hence the K - N system: one withI=0 at pK = 1140 Mev/c. \\\
N the other with [ = 1 at pl{ = 1310 Mev/c. The ixrat of these les at higher energy
and should be narrawer than the obaerved resonance, 7 but such dxscrepancies :S«.

- .need not imyly digagreement with the idea of gkobal eymmetry, in view of the - "q\

T

. appra,:imate nature of *he schewme. Howeve:. 0o ewldence for the bwader

N

T Is=d n.omponent: was found in the work of caok et al. : E R A
. ; \-\‘:’*::
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: (b) It ’may be that the structure .i‘r}z % is associatéd wiih the o.peni'ng of new
absorption channels, Several threehalds for new production processes occur in
éﬁé reg&ép of 1040 Mev/c. . The reactmn K+ N-) K+ Z . is known ‘to haye a cross -
section much léss than 'a' millibarn at 13.,15' Bev/c. and seeme very u_alikeiy to
ﬁave' any- ‘app'mcigb!e effect at '10:40 Mev‘/c’.' - One récent& diecovéx;ed geac&ioﬁb .

R+N-K +N,7 nhasa threshold aim"ost'ewcact"l;r at the resonant energy; the ex-

‘:'cztatien £unction for thise process m not imown. but R# producttota at 1.15 Bev/c
‘amountn to a few milhbarne. Other posmbly strong reactiona at about this energy ’

" can be wriaten whxch mvolve production of two and three pions. or hxgher exmted-

& 4
hyperon reaonances analogoue to the Y . 10 Recently ﬁatl and }? rameru have

sh@vm by a diapermon-theoreﬂ; approach how a rapid nee in inelastic absorptwn

. in a given state (e.2., close to a thres}mw) can generate a large and temporary _

increase in the elaenc acattermg arwmg fmm the -same state. From their

dxspersion re latum between the real and imaginary pa.rte of the phase shif.‘t ina

_given state. they show that even for am %’nelastic croas section of onily a few

i llibarns the elastic cross sectwnin_ the same state can be induced to rise to

the unitarity limit. The peak in-the éat‘al crose section should accurvclosb to the

\ .
. ir‘xel’astic threshold. If this is the . mec,nam.arr\ mvolved in the present case it i8

\
sua‘.epuble to a d;rect exper:mental test. because the elasstv.c and melast:c channel 3

«could be clearly asaocw.tea ‘as occurring with tne same quantucr numbers. ' ,"\ o

\
\
-

For the specxﬁc assumpt!ona of J=1 and I'= 1/2 for the 'K* Ball k-

and ¥ razer“ calculate from their model that the peaking in the crpss section
v

in the K -p system should be abo.zt fwe times ags great/‘m the ¥~ -n sys%em. Ay

AN

.Tne Fermi mementum of the neutrcm in the deuteron causes a broadening of the .

peak, zi one assumes projected deumron momenta oi the order of 50 Mev/c, the

" half-wid_th should be increased by about 20%. The present data on O are not

of sufficient 'stafietiéal accuracy to allow us to decide whether such a reduced and

) btoadenéd peak exists in G , but they are certainly consistent with the prediction .

of Balil and Frazer. lll
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Fig. 1,

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

FIGURE CAPTIONS

Arrangement of the 's‘eécmada‘ry K~ beam. Ml . Mz » and M, are bending .

magnets defining tﬁ;e momentum, Q is a quadrupole doublet lens, and

6 is & quadrupole singlet iens. The scintillation counters B,.B,,

By, an& B, deiine the beam end Ty . Ty, and Ty measure the trans-

* mission of the hydrogen target.

Operation of the velocity-aélect’ing" FCerenkov counters. ¥ig. 2 (a) sﬁowa
the mode of operation in Whichbbeth the K light and w light leave thé
exit face of the radiater and are collected by identicél phoetomultiplier
rings, each compooed of six RCA 7046 eﬁbea. Fig. 2 (b} éimwa the ,
tmode in which the K lightvleavee the exit face and the trapped « iight is
collected through a iucite light pipe in optical contact 'wiﬁﬁ the ciréular
edge of the radiator. ‘ |

Qelay curve obtained by delaying 33 and B 4 in the main,K-«aele.cting

coincidence circuits. This illu&trates-‘the affectiveneas of the anti-

coincidence signals from the Cerenkov ¢ouniers in suppressing accidental

coimcidences that occﬁr within about & Zﬁrmba'ﬁ of the passage of a &
meson. ‘ . 3 | |

Arrangement of bendiz;g ‘thagaét and counters placed downstream from'-
the experiment to ‘measﬁre the beaws @Qmeﬁtum. 2y, 152 ’ Pa and P%
are vertical etrip scintillation coumeés ‘;ea'ch"éi in. X 1/2 in. X 1/8 in.
Goinci&encéa Py Py, and 93' ‘m’*e treasured for one eign of the ff;‘eld
in the magnet-and caincidencéé Py , B, , and Py fosr the reverced
fiela. |

The total cross agctionei On .and‘ Gp . 5{a) gives ¢p apd 3(b) gives .
g, - Experimenf‘i refers to the experiment of Cook et al. ! and Ex-

periment II refers to the experiment of Bastien et al. ¢ Points from

the present experiment are plotted together with the errors as given
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in Table I and discussed in the text. In addition, systematic errors of
less than 1 mb may be present, which could shift the central values of

all ppinté together; (See Section III).
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Photomultiplier tubes
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_Iron magnetic
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tubes not used in this
mode of operation
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