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ABSTRACT

' The energies of the positronS-ffbm u' meson decay are measured in a
~ Spiral Orbit Spectrometer; The mesons afé'prodﬁced by the 3,0 Mev profons
from the Berkeley 184-inch Cyclotr0q. 'Thg spectrometer employs a particle
orbit 6f 21 inches diameter with magnetiq fields as higﬁ as 20,000 gﬁass.
The_positrons are detected by’scintiliétioh crystals in quadruple>coincidence.
A considerable increasg in the accuracy of the positron.momentum spectrum ié_”

obtained.
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An investigation of the energy of the electfons.resulting from the decay
of p mesons haé been conducted using a relatively new technique. Mesons pro-
duced artifically by protoné from the 18)-inch éycldfron are used as the sourée
of positroﬂs,Aand the énergies of these poéitrOns are measured in a "Spiral
Orbit Spectrometer®,

This type of spectrometer has been.studiéd and developed-in Japanl since
1941. The present experiment‘is the first application of this technique in °
this country. | '

The relaiively high counting rate permits‘a considerable extension in-the
accuracy'of the spectrum as given by previous researchaz’B’A A1l the former

work has been done with cosmic ray mesons as a source. The combination of the

cyclotron beam and the spiral orbit spectrometer has enabled us to conduct a

controlled experiment on the energy spectrum.

The externél deflected beam of 3,0 Mev prqtons-from the cyclotron pro-
duces n'mesons of both plus‘andrﬁinus'variety. We are interested primarily
in the n* meson production. The cross sectioﬁ for n* production by protons
has been investigated by Richman5 and others. The target of the cypldtron
beam is located at the source position of the spectrometer. n* mesons which

stop in the target give rise to p* mesons through nts.p’ +V decay prdcess



C el ' : UCRL-1261 Rev,

with-a mean 1ife of 2.6 x 10fs

secondsqé The. 4 Mev energy_of the pf meson is
absorbed in approximately Ooz_grams/cmz,and_thenefore.abﬁost all of these -
" mesons remain in the target. Théir'décay with a mean life of 2:.15 x 10‘6 sec-

onds7’8

gives rise to the poSit}éﬁé,-aha_thé maghetic field_of the spectrometer
‘is employed to define a particular energy interval of the energy spectrum
present. The positrons are detected by four scintillation crystals and asso-

ciated photomultiplier tubes in qﬁédfﬁplé'éoiﬁéidenceo

' II. APPARATUS
| SpiraliOrbiﬁdsbectfémetér‘

The "Spiral Qrbit"'speétrqmeter has been given this name because of the
manner in which the particles, of a particular momentum; emerging frem the .-
center, spiral outward and ﬂPPPQQCF;tQ.ﬁhe.SO called "stable orbit'. - Particles
of a 1owerzmomentum;will:be,turﬁedfbagk before reaching the orbit, and will re-
_turn to the origin. Particles of a higher momentum ﬁill go Qut; pass through
the orbiﬁ,.and be logt@u'The,rapidity_with which a particle of the correct
momentum:reéqhes the orbit is of course dependent pn»thé particular magnetic
field distribution employed. For a_field,distribption similar“to that - labeled
np in.FiguréAlg,it has been”demonstraped?:that a‘partiéle of a momentum to be
focused in the orbit is already close to the orbit after it has been‘turned
through‘lessqthan lSOwarom‘its,original angle of emission. - And a particle
of momentum bnly 10 percent lower~ﬁill hqveiaAmaximum travel éut.from thg cen-
ter of less than 6/10 of the radius to the orbit, and-is then deflected ‘ba;k )
to the origin. A critiqal.stabilityﬂéxistsffopfpa?ticlés‘in the "stable® or-
bit. Aftef a few trave;sals:ofhthe circylarqupit,_they.are losto

In order to have.a Spirgl,gpbipi:apdgtpencharged-particle_approach to a
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circle of radius r'?/Q, the following conditions should be satisfied at r Va4

dr d?p . : S
- = O and === 0
dt dt2 s | , (1)

Therefore, as indicated by Iwata, Miyamoto, and Katani,l

mv = eé@ , : - ’ o (2)

Hr .=/0,02 = ojﬁl{(rj rdr : ‘ S | | | (3)
are the definition of the stable orbit, and of the momentum of a charged
particle in that erbit. A salient featune of this equation is the faci that
the position of the stable orbit is determined by the shapé of the magnetic
field distribution, and is completely independent of the absolute magnitude
of the field. (This is true as long as the fleld shape does not change when
Hpaxs i-€. the current settlng, is changed.) o

Examples of the fieLd‘distributions employed are given in Figure 1. The
B field distribution (associated with a 3-1/4 inch pole gap) was used in the
early stages of the exneriment,‘ It has the advantage of quite large verticai
focusing, with,a reeultant increase in the detection effieiency. The field
distribution labeled A (associated.with a gap of 2-5/8 inches) has practieelly
no vertlcle focu31ng, as can be seen from the graph, except in the v1c1n1ty of
the orbit, But it has the advant;;e of an H value at the orblt large enough
to cover the upper end of the spectrum (< 50 Mev electrons). The presence of
a homogeneous magnetic fieldﬂin a majon naft of the_gap also'permite the em-
ployment of the proton moﬁenﬁ nuclear fluxmeter for an accureﬁe absolute cali-
bration of the field. The p031tion of the stable orblt is determlned from
Equatlon (B)IV numerical lntegratlone A fleld dlstrlbutlon of the type A
above also 1mproves ‘the accuracy in the calculatlon of/o

A plan view of the cyclotron, deflected beam, and p031tioningjof the
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'spectrometer is'showngin:Figure 2°¢4The'proton beam is‘collimated with a 4 foot
‘long brass collimator of 1/2 inch internal dlametero The targets used were: Be
‘1—1/8 in. diameter x 3-1/4 in. long; C 1 in. diameter x 3°in. long; Al 1 in.
diameter x 3 in. long. One and 1/4 inch holes were located in each of the
‘pole pieces, coincident with the axis of the magnetic field, for the passage
of the beam. -

Flgure 3 is a photograph of the Spectrometer° fhé iron pole pieoes and
the iron bars and plates of the flux return path were added in order to glve
an efflclent shape to the fleld dlstrlbutlon in the gap; as well as- toﬁln—
crease the absolute magnltude of the fleld thus extendlng the upper energy
llmlt of the spectrometero Currents as hlgh as 800 amperes were used w1th

peak fields of about 20,000 gausso The pole pleces are 20 1nches in dlameter,

and the total welght of the spectrometer 1s about 6 tons°

© _ Scintillation Detection'of Particles

For the detectlon of partlcles 1nﬂthe orblt, so;ntlllatlon crystals.and
photomultlpller tubes were usedo Flgure h shows the arrangement of the de=
tecting apparatus in the Spectrometero Qulte clear anthracene crystals.of

dlmen51ons l=l/a in. x 3/4 in. x 3/16 in, were placed on one end of Luc1te
light plpeso Crystal and plpes were enclosed in reflectlng alumlnum foll,l
and the whole was wrapped w1th black tape° The photomultlpller tubes (lP2l)
were encased in a close=f1tt1ng magnetlc shleld of 1/2 1nch 1ron, slotted for
‘1nsertlon of the llght pJ.pe° These shlelds were effectlve in the somewhat
large fleld gradlents present at the flux cross=orer reglono Tests 1nd10ated
that the phototube efflclency varlatlon as a functlon of magnetlc fleld set=
tlng was less than 3 percent over the entlre rangeo The flnal crystal and

phototube mount is shown in the photograph of Figure 5 Four crystal detectors
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were used, with a central‘angle of 15° betweenrcrystalso A particle moving in
a‘stsaight line, will hevunable to traverse the four‘cnystals. c—> electronic
circuits° “The electronic counting_arrangement is presented‘in Figufe 6._ySig-
nals from.the phototube go into a Discriminatof and Pulse Former Circuit (of
resolving time 0.2 u sec. ) At maximum senslt1v1ty a AO mllllvolt or larger
pulse w1ll trlp these 01rcu1ts and the output pulse is a unlform 30 volts.

These pulses&are then fed 1nto a Quadruple 001n01dence circuit (of resolv1ng
tlme 0.2 u sec.). The hlgh voltage on the phototubes was usually in the vi-
-c1n1ty of 1250 volts° ‘ | u

In order to 1dent1fy these quadruple coincidences with the p031trons of

: uf decayg we requlre that their decay have the characterlstlc half-life.- For
.thlS reason the quadruple 001nc1dence s1gnals are again fed 1nto c01nc1dence
w1th 2 98 sec, gates 80 that the counting rate decay over 2 p sec. intervals

may be observed. The cyclotron beam has a repetltlon rate of«~'60 pulses per
second and each pulse of the electrlcally deflected beam has. a duration of
less than 0.3 u sec. The deflector pulse trlggers the gate forming units. The
position of the start of these tandem gates can be varied; and it was usually
found de51rable to delay the counting until about 5 i sec. after the beam pulse.
Wlth a mean llfe of 24 15 u seca, thls obv1ously 1nd1cates a 1arge loss in total
countstobtalnableo But the high singles counting rate durlng and 1mmed1ate1y
after the beam resultedvin a rather high accidentalgquadruple background counting
rate,dwhich could be effectively eliminated only by the insertion of this delay.

:The source‘of this lafge singles counting rate is not'very well under-

stood; A large neutron flux is known to exist in the shlelded cave of the‘
’external beam port° Recoll protons and neutron 1nduced act1v1t1es are undoubtu
edly a maJor factor., Any 1ntense short lived ? act1v1ty of the target 1tself

might contfibute to accldental quadruples. In addition the dlsproportlonately
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large 31gnal due to the actual beam flux is occa31onally capable of renderlng

the electronlc detectlng apparatus 1noperat1ve for as long as 3 mlcroseconds°

Background Determination

>Several.methods of determinatlonvoflthelbackground counting rate were'
: 1nvest1gated and the two most unamblguous methods are sketched in Flgure 7°
lIn the test labeled A a A 1nch thlck plece of lead - large enough to com=
‘pletely cover the crystal was placed in the orbit immedlately above the top
crystalo It did not block the crystals from any radlatlon from the target
>nor in general from any other dlrectlon except that of the orblto The test
labeled B con31sted of remov1ng alternate crystals radlally back out of the
‘orblt l 1ncho The crystals were 3/4 1nch w1de (dlmenSlon along the radlus) ‘80
that thls travel made 1t 1mposs1ble for a partlcle in the orblt to glve a
.quadruplo colncldenceo And yet the exposure of the crystals to all general

PR

background radlatlon was not dlmlnlshedo

Operational Procedure

The 1ntegrat1on of the cyclotron beam was accompllshed.by the use of an
nlon chamber coupled 1nto an 1ntegrat1ng electrometen}oi The 1on chamber was
fllled to lOO cm of argon - 002 mlxture, and was checked for llnearlty w1th
beam 1nten51tyo " T

" Under normal.operatlng'condltlons the magnet‘current settlng corre-
spcndlng to a partlcular momentum 1nterval would be malntalned untll a con-
venlent charge was 1ndlcated on the electrometero' The exposure time would be
,IOf the order of 5 m1nutes°‘ The electrometer was then cleared and a new mo;
mentum 1nterval observed for the same total beam chargeo In this manner the

total momentum spectrum was covered 1n a relatlvely short perlod and then
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the entire process would be repeated, us@ally about four times. Thiérmethod
served to eliminate long term drift effects as well as to permit a constant
check on the reproducibility of tﬁe data. The position of the starﬂ of the
counting and the beam intensity were adjusted ﬁntil'thé background counting
rate, as determined by the above t;sts, was less than 5 percent of thé normal
rate. The cyclotron beam intensity would océasionally be loweredbby a féctor.,
of 1/2 and 1/i and the runs repéated to ascertain that the observed counts

were real eventse.
IIT. EXPERIMENTAL RESULTS

’ Theiresults of the several experimental runs with the cyclotron are em-

bodied in the graphs of Figures 8 and 9. In Figure 8 the experimental data
are plotted as actually observed; - making only the initiél correction of
I =-—EQB§§5159 for a épectromefer; In Figure 9 these data have been corrected
for the energy reéolution peculiar to this instrumehto The shape of the
resolutiqn curve is also included on the graph. A discussion of-thé accuracy
of this correction is incorporated in the following sectioh°

A total of about 4,000 counts were obtained for this spectrum determination.
Some idea of the counting rate can be given by the data froﬁ a recent run whgrein
the counting raﬁe, for a magnetic field settiﬁg corresponding to p = 70 m C,
(momentum phits in electron masses times c¢) was in the vicinity of 7 céunts/mino

Thé agreement of the decay of the observed countihg rate with that for |
p+ meson decay is portrayed in Figure 10, All of the counts for the rﬁniCOnm
sidered are totaled for each successive gate and the counting rate given is
the individual total for the respective gate. The slope of the line is arbi-

7

trarily drawn for’T‘ﬁean = 2,15 u sec. as given by Nereson and Rossi.
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| IV; ACCURACY OF THE MEASUREMENTS

' Magnetic Field and Orbit Det erminations

The measurementé qf the_absolute intensity of the magretic field were
done with a nuclear<f1uxméter which is §ufficiently accufate that the error
in this determination is négligibleo_>The_magnet current was adjusted by the
use of a current regulator attached to the generatoro' Repetition of.the
measurements for the same setting of the magnet current has shown that the

- reproducibility is beﬁter than 1 percent. .The change in field distribution
against radius with different maénet currents was checked to be less than the
‘error of the flip coil measﬁrements‘which;is of the order of % 1 percent'to

2 percent.

Evaluation of Additional Backeround Effects

Other types of errors are éiéoitérbeiconsidefé&z LT e e ;

* 1. Very energetic beta ray activity produced at the target.

2, Electrons from p~ decay. A o

3. Superposition oprositrons produced at the first érystal,due to n' mesons
stopping in the first ¢rystal and giving risé to nf¥9@? decay and yff¢§+
decay.

Lo ?ffect of scattering of the electrons at the crystals and alsé.during
flight in 1 atmosphereé pressure over a path length of 2 feét to 3 feeto

5o Effétﬁ1§f eriergy loss of the electrons going through matter both at thé
target;:and at the crystals.

Fortunéfelyg éli these: errors have been checked: to be small in the region

of the momentum spectrum, i.e. from 4O to 110<meco The method of investigation
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of each effect was as follows:

1.

2.

Since the spectrometer is symmetric.to charged particles of either sign,
it is possible to have quadruple coincidences from negative particles of

the same momentum as that of the positrons under observation. Therefore

" any beta activity in this momentum range would give rise to real counts.

* However, theoretical considerations indicate that beta activity with a

beta energy> 20 Mev is extremely unlikely. Due to the difficulty of

measurement there is not much experimental data on this subject. It is

'apparent though that our experlmental arrangement was simultaneously a

feasible method of maklng such an investigation. The magnitude of such

possible contamination was shown to be quite small by these tests;'

a) by counting with reﬂuced energy of the proton beam. The yield of
n" mesons is supposed to be very.Sensitive to‘the proten energylo

“while the beta ray'activity is expected to be about the same, i.é.

- relatively iqdependent of the proton energy in the region of 300 to

340 Mev. '

' b)-'by‘counting with targets of different elements. The energy spectra

"for Be, C, and Al targets were the same within the statistical error,
".and one would expect that the energies and intensities of any.con-
- taminating beta activities would be quite sensitive to the target

o element.

Again because of the acceptance of the spectrometer of both + and -
charged particles any W~ —s e decay would be included in with the p.aae*
decay. -Of course because of the large capture probability of the n~

" in the target material this -effect was expected to be quite small. This

fact was corroborated by placing aAh<inch'Pb absorber below the bottom

-crystal, (similar to the background test discussed earlier as applied to
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. the’toplérystal)>and theirelatively’small change in the counting rate .
. (Less than-5;percent)~would“b¢ accounted_fbr_by thevslight decrease in
the transmission'solid_angig of the spectrometer. _ n v
3, -Effect of n* stopping and decaying in the first.crystél._.lt shouldwbe
. noted that the;spectfometer focﬁsesvn_mesons of a correépénéing-%p...
. Indeed, this property was anployed.in an‘earlier_experimenplfor a determi-
nation of the ﬂ*»"/'n'= ratio in a single emulsidngllv.fhe‘ﬁ+-éﬁergy corre-
S td any%ﬂfof o) ?‘lOO m.c is appquimately 12 Mev. Approximétely_1°2‘gm/cm2
of Cu will stop these mesons, and suchvanrabsorber;was placed in_thé'orbit

. ~about 8 irches from the first cfystalb< Any_réal counts.dde to tﬁis:source

would drop off_byrapproximately the ratio of the,solid‘an;ie subtended by
. +the crystals for the oldvanarnew-pogitions of thejmesoﬁ.absorﬁer,; The
B counting ratetdhange was slight, so evidently the_qriginél_small solid
,,awangle.kept'thisveffectlsmall;__ | |
ho Scattering of electronéﬁi This.wasvtested‘by putting an additional crystal,
7/8 inch thick in front of the first one. It is calculated.fhat this will
exaggerate the scattering by a factor of ﬁhreeg The countingArate indi-

- .. cated however that even this accentuated effect is less,phan.8 peréent, so
ithat the actual effect of scattering in the4regular crysﬁéls éhould not be
an important factor. The pole gap enclosure~was,not.eyacuated‘so that
the average 2 foét or 3 foot trajectory of the particle was tﬁrough that
amount of normal atmosphere. The long_path.magnifigs theieffect,of the
scattering,-but the small amount of matter travérsed (ﬁlogoﬁ.gm/cmz) té_
gether with the particle energiés invplved_(’“35 MeV) are the baéié for
the estimate that the air:scattering is_léss than that in'bhe.crystals
which was testéd,tévbe small. - |

5. Energy loss in crystals and in target. The energy,Iqss duevﬁo iqnization

per crystal is calculated to be close to 0.8 Mev over the momentum range
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considered. The mainmeffect of this 1oss is the tendency for the particle
to leave the orbit due to the lowered momentum. - However, this momentum
change is relatively small, (for a 40 Mev positron, this corresponds to

a 2 percent momentum change). Moreover, since thls energy 1oss per crystal
is relatively constant for a 30_50 Mev p031tron, the net effect of this
momentum shift will be a sllght decrease in the detectlon eff1c1ency which
will not change thershape or position of the spectrum. The mean radiation
losses over this momentum range for carbon, (main constituent of the scin-
tillation crystals) is less than 1/5 the ionization losses so this effect
vcan be considered as negligible.

Energy losses in the target; though, are‘more important. bThe mean
thickness of target material traversed by the positrons is_calculated by
con31der1ng, 15 the»efficiency of the spiral'orbit spectrometer for

_sources made up of cylindrical shells of varylng radll, and 2) the radial
density dlstrlbut}on of ¥ decay in the target. For the case of a beryllium
target, the.radiation loss compared to the ionization loss is relatively
smalier than for the case of carbon mentioned above. These considerations
lead to an estlmate of 0.25 inch as the mean target thickness traversed
w1th an overall average energy loss of 2 Mev. This correctlon is included
in both spectrum plotso

R Miscellaneous sourceso As for.the electrons due.to the Y rays produced,
bi capture of ﬁ’, or n° decay, these are eliminated by starting the
COunting only after a decay of sereral microeecondso'

The percentage of n* mesons whlch decay dlrectly into positrons is

extremely small, 12 and any such p031tron counts are 51m11arly eliminated

by the use of delay gate c1rcu1tso
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“Resolution Curve of Spectrometer

One of the.most 1mbortant polnts that should be dlscussed here 1s the
resolution curve of the spectrometero There will be a Spread in the resolution
curve due to the effect of the comparatively large dianeter of the‘target and
also added to thls w1ll be the electron contrlbutlon of the pole surfaceso
_Thls latter effect may be appreclable, especlally in the reglon close to the
axis because the den31ty of n mesons absorbed in this reglon is expected to be
rather hlgh° The n mesons thus absorbed may result in a moderate electron
em1531on from the pole surfaceso | bb |

The ratlo of the target radlus to the radius of the crltlcal orblt should
be less than 0. 03, and for maximum energy resolutlon, as 1ow as OoOlo' In order
to obtaln a reasonable countlng rate9 a rather large target was used for which
the: ratlo was O 050 However9 the effectlve ratlo is smaller than thls due to
the colllmatlon whlch results in a hlgher beam dens1ty at the center of the
targeto The ratlo should be close to OoOA, and for the detector system used,

thls corresponds to an energy resolutlon of about 5 percento The resolutlon of

- the spectrometer is rather sensitive to the central angle subtended by the system.

In this apparatus the angle was. 45° R whlch 1s sufflclently large that it helps
offset the spread_due to_the large diameter targeto The ratlo of crystal de=
tector width.to the radius of the orbit is'1/15; The energy resolutlon is
relatively 1nsens:t1ve to the crystal w1dth 1n this reglon (eogo a 50 percent
1ncrease 1n detector w1dth would affect the energy resolutlon less than 10
percent) Slnce an 1ncrease in the crystal w1dth would increase the overall
detectlon efflClencys such a p0331b111ty had been con31deredo But ‘the drop

. in light collection efficiency for such a crystal would‘offset most oflthis

gain.
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In order to study the spread due to electrons from the pole surfaces,ltwo
‘tests were conducted as sketched in Figure llo In the test labeled A, two
Be targets were employed, both of l=l/8 1nch dlametero The first one, l 1nch
long was p051tloned such that it was forward of the gap with 1ts rear surface
flush with the gapo. The second one; 3 inches long; was back of the gap, and
with its front surface flush. With thls arrangement the number of mesons ab-
Hsorbed by the pole piece surfaces in questlon is estlmated to be of the order
_of oneahalf of normal and of course the counts due to electrons from the tar
. get w1ll be completely m1551ngo The test labeled B consisted of taklng data
w1th the target in its normal pos1tlon and w1th removable cones as shown, first
’1n pos1tlon, - and then w1th them completely out of the gapo The electron con-
‘trlbutlon of the pole pleces should be con51derably decreased by the absence
.of these partlcular pole surfaces° The 1nformatlon obtained from these tests
.lls that the background counts due to thls effect of the pole surfaces is less
than 1/10 of the total area of the resolution curve. . | |
| The proton beam den51ty at the target is also an 1mportant factor in the
shape of the resolutlon curve. The»usual beam colllmator employed was A feet
long and l/2 1nch 1nternal dlametera This resulted in a fairly homogeneous
beam of 3/4 1nch at the target and con31derable tlme was always given for the
pre01se adjustment of thls beam on the target center° Thls gives a denser
populatlon of n mesons close to the axis of the l—l/8 1nch dlameter target which
: tends to dlmlnlsh the otherw1se expected resolutlon spreado So from the combined
results of both calculatlons and tests mentloned above the resolutlon curve as
given in Flgure 9 is con51dered to be the most llkely oneo.
The correctlons due to thls resolutlon curve are very small for the momen- |
v'tum spectrum around the 1ntens1ty max1mum, but are large for p01nts close to

the momentum max1mumo So 1t mlght be p01nted out that the error in the est1=
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‘

matlon of the resolutlon curve does not affect the momentum value of I ax overy
l percent to 2 percent - but may affect the momentum value of E about 3 to

- L4 percent.
- Conclusions: .

The'momentum spectrum obtained is shown in Figures g and 9. The momentum
~value for the 1nten31ty max1mumils P =72 % édm ce | | -

The nature of the b meson and 1ts decay products are dlscussed by Tlomno,
Wheeler, and Rau 3, and more recently by Mlchelolh Although the process of u
meson decay yleldlng a neutral meson p~—+e + Ho +rV 5 of small rest mass can-
not be ruled out, the process pL—>e + 21/13 the’ favored reactlono 15 In an
examlnatlon of the experlmental Spectrum as compared to the theoretlcal curves13
for 31mple types of coupllng, the follow1ng conclu31ons can be drawno Of.the
15 theoretlcal 1nteractlons (dlfferent 1nteract10ns occas1onally yleld similar
curves so that the number of dlstlnct spectra is less than 15) all but 4 may be
reJected qulte completelyo16 The four remalnlng are: |

) (l) Tensor Antlsymmetrlc, with Charge Exchange
(2) Tensor, Slmple Charge Exchange |
‘(3) Scalar, Charge Retentlon N
(h) -Pseudoscalar, Charge Ret ention

xThe curves resultlng fromllnteractlons (1), (3), and (h) are 1dent1cal

and in good‘agreement with the_observed spectrum, as shown in Flgure 9° As-

suming the neutrino mass m

Y = 0, the pf meson mass corresponding to this

moment um max1mum is 216 * 8 mgco Due to the breadth of the energy resolution
curve (as shown in Flgure 9)the 1nteractlon (2) above still retalrs a certaln
probabllltyo The agreement of thls theoretlcal curve with the observed spec—

trum is sensitive to the actual u meson mass. That is, calculatlons indicate
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that while for a meson mass of m, = 216 m, interaction (2) has negligible

probability, this probability increases with decreasing meson mass until for

the case of m, = 206 mg its égreement with the data is 0.7 as probable as that

of the other theories (1), (3), and (4). This simultaneously defines the
| probability of a finite upper limit for the spectrum. - That these possibilities

are to be considered is emphasized by a recent determinaticn of the u meson

Motm, =210 2 mge

By combining several of the simple types of coupling, theoretical spectra

mass by Birnbaum, Smith, and Barkas

result which range over wide létitudeso Thérefore if complex combinations of
.mﬁre than one of the interactions are to be considered pOSSible, the experi-
mental curve will still leave a considerable amount of ambiguity in the identi~
fication of the combination. |

For comparison, the various methods used by pefvious'inveStigators are as
: follows: The method of Steinberger2 involved absorption of the positrons, i.e.
a rénge analysis. This is a difficult approach becausevof thé large straggling
of the positrons in this momentum range. Leighton, Anderson, and Seriff,3
employing‘a cloud chamber in a magnetic field, obtained 75 pictures of p decay
particles, both electrons and positrons. This small number of points when
spread out over the energy spectrum reéult in an appreéiable probable error in
the final curve. Another‘investigationg COnducfed.by Davis, Lock, and Muirheada
used the relationship between the ﬁean square scattering angle and the energy .
of'the particles. This method is subject to the'large fluctuation of scattering,
and the difficulties of the measurements in an emulsions

The present wofk.then has resulted in a much more accurate spectrum. More-
over, the technique of the measurementg'the‘emplgyment of the spectrometer and
counter detection methods, is an interesting contribution to the experimental

study of this problem
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