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ON THE RATIO OF v TO 7~ MESONS -PRODUCED BY GAMMA RAYS

James Edward Carothers

ABSTRACT -
The minus to plus producfion ratio for pi mesons produced in the
320 Msv photon beam of the Berkeléy synchrotron has been measured at .
' 6009 900, and 1500-to the beam for beryllium‘and'at 90° for carbon..
Idgntification of the mesons was made by using a magnet to select a
desired momentum interval, and measuring the velocity of the particles

delivered by the magnet. The results were

, "Be c
602 1,93 = 0,12 o
90, 1,96 = 0,10 1,27 £ 0,06
150 1.92 £ 0,11 L

The relative production of positive and'negative mesons at 900, per
proton for positives and per neutron for negatives, from béryllium and
carbon was s

nBe - =1, + ar”_Be - +

-:’-TT—C— 1024 b 0009 " C 101]-4— 0008

The limits shown are in terms of standard deviation,



ON THE RATIO OF 7r+TO 7T~ MESONS PRODUCED BY GAMMA RAYS

James.Edward Carothers

I INTRODUCTION
The first experiments oh the prqduction of'charged mesons by pho-
't,ons]"'2 indiéated that the negative to positive ratio wasvgreater than
one for mesons produced from a carbon target. Calculations made by |
Brueckner and GoldbergerB, and by Bruéckher4 for free nucleons show
that»this result cgﬂ‘be predicted whether the interaétion of the elec-
tromagnetic field of the photon is with the currents produced by the
moving charged particles (proton and mesons) or with the magnetic mo-
ment of the'interaétiné nucleon. The two interactions lead, however,
to a different dependence of the ratib on emission angle and ehergyo
.vlf the electric dipole interactions predominate, the expression

obtained by Brueckner for the ratio is

. . _ B
| ﬁ?t— T1l1-q, (1-V/ccos®o) . (1)
M2 o
vwhere B S is the total meson energy.

M is the nucleon mass
v is the meson velocity
'Gwis‘thg angle between the meson and nucleon velocity

vectors.

’

The solid curves in Fig. 1 show the dependence on meson'energy and

emission angle of this expressibn° The ratio rises rapidly at large

.. angles, and the variation with energy at large angles is also rapide

Sy
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If, on the-othgr hand, the interaction is primarily between the
electromagnetic field and the magnetic moﬁent of the nucleons, the ex=-

_pression for the ratio is

T =|1 . % -¥n | 2 :
= l-=——0" %._( e ;
o : » x-p,4_ T, M@z {1 - V/c ‘cos 8)| : | (2) A

i

where_xn and 3; ére the magnitudes of the magnetic moments. of the neu-
tron. and proton and other symbols have the.séme meaning as in.(1).
This expressiqn is the same as that for the electric dipole interaction,

. except that the effect of the term giving fhefenergy and angle ‘depend-

. .ence is-lessened by the ratio . L S

If the. values of the nucleon moments observed in a static field are

put into this expression, the ratio is given by .

T | 2 |
S ~ 0.2 9q - 4
= : ‘[% _i@z_g_ (1 V/c,cos”%ﬂ ‘ (3)

The values of thié expression are given by the dotted curves in Fig. 1.
A ratio close to unity; with very little débendenée on energy and angle,
is shown, | | |
Measurements»of the minus to‘plus ratiésAhave beeg made fp? sev-
grélfé}éﬁents by'vérious experiménters, The values thus far obtained ®
are summarized in Table 1. The.only measurement of the angﬁlar vari-
ation of the ratio' over at least 90° is that of Petéréon, Gilbert, and
" White® for carbon at’ 45°, 9009 and 135°, No variatioﬁ’witﬁ angle was
observed, ‘to within the statistics obtainedliﬁ the ‘experiment, While

‘the data indicated that a mégnepic interaction was to be expected, no
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| TABLE 1 |
" Element Angle - Ratio Detection . Réferencé

D 45° . 0,96 % 0,11  Plates 5
90° .0,98 £ 0.14 Plates 5
D 26° 0,90 £ 0.23  Plates 10
D 90° - 0.5 % 0.5 Plates ‘ 10
D 1359 1,19 £ 0,12  Double magnet 8
He 45° 0,99 £ 0.15  Flates 13
Be 90° 2,2 0.2  Flates 11
Be 135° 2,40 £ 0.2  Double magnet 12
Be 135° 2,25 £ 0,11 Double magnet 8
c 45° 1.29 £ 0.22 Plates 2
c 90° 1,30 £ 0,12 . Plates 2.
C 135° 1.34 £ 0.20 Plates 2
¢ 135° 1.12 £ 0.07. Double magnet - 12
C 1359 1,04 + 0.05 Double magnet 8
¢ 26°. 1,03 £ 0,25  Plates : 10
c 90° 1.43 £ 0,13 . Plates 10
0 1350 1,02t 0,1  Double magnet 8
" F 135° 1.41 = 0.1 Double magnet 8
a 135 1,20t 0.1  Double magnet 8

s 135° 0.82% 0,08  Double magnet g
Ca 135° 0.58 £ 0,06  Double magnet . 8
Bi 135° 1.32£ 0,12  Double magnet )



conclusions regarding the values of the magnetic moments to be used ini

equation two couldvbevmadeo

A better megsurepent Qf the‘gngular variation_of the raﬁio ﬁould
dgcide more definitely bgtween a predgmipately electric and predominately
magnetic interactiono If, as seemed»indiéated by‘themwork of-Peterson,
Gilbertp and Whitegvthe interaction were primarily magnetic in nature,
it would also be p0831b1e to check the valldlty of u51ng the values of
the static nucleon moments in equation two. This, however, would re-'
quire the assumption that the angqlar variation of'ﬁﬁé ratio from a
complex>nucleus is the same as that from free nucleons. It would further
" require statistics thgt could detect a ten to twenty per cent change in
the ratio, v | |

The electronic detection scheme described in the following paper
seemed to offer é mééns of obtaining sufficieﬁt data with a good degreé
of freedom from éystematic errors in the determinatioh of the ratio.
Measurement of the_fatio was therefore undertaken at angles of 1509,
the largest angle that could be physically achieved, 90°, and 600, which

was the farthest forward that background conditions permitted measure-

ments,

II EXPERIMENTAL PROCEDURE

The Detection Scheme ,
It is desiraﬁle that the measurement of the minus to plus ratio
be carried out in a manner that satisfies the fol;owing criteria:
1) The positive and negative meson production should be measured
at the same time with identical apparatus. This assures that idenfical

beam conditions are obtained for both types of production,_and elimi-

nates difficulties connected with monitoring the primary beam.
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It is, of course, virtually impossible to construct sets of counting
' apparatns,_channeling, etco.that have identic_al;ei‘ficiencieso However;
it‘is possible to use two cdﬁnting channels in such a way that'the.deu
tection efficiencies do not affect the value of the ratio obtained. If
a magnet is used to separate.the mesons of one chafge, and to deliver them
to the'ﬁwo deﬁectors, when the magnetic field is reversed only .the sign‘
of the mesons in the detectors is changed. If the efficiencies of the
detectors are the same_for bofh positive and negative mesens, they cancel °
in a'measuremenﬁ of the ratiqq | |

é) The'detectionvand identification ef tne mesens'should be in-
“denendent cf-ﬁhe‘Special properties of the bositive and negative pi
.mesons, i.es the’n ——9/4-—->é"decay scheme and the star formation by
the1~ .o This allOWS_tne efficiencies of the detectors to be the same
for the two narticleso | :

At the time this experiment was undertaken, no electronic count-
ing.apparatus satisfyingythis conditionvexistedo An.electronic method
'fof positive-ni'deﬁection had been developed by Steinberge: andBishop6
using a delayed comcidence between therr and@ in the 'n*'__.) /é{+—-> /8+
v decay as the_ldentiflcation° This method was extended by Jakobson9
Schulz, and Steinberger7 to include the’ﬁ-——e/u decayo No possibility
‘of counting-negative'pi mesons by such a method exists however, since
xthe ones thaf are brought to resf in_mafter'are absorbed in,a time much
shorter than the decay time,: |

Littauer and Walker8 have developed an dpparatus’ u51ng double focusm
ing magnets which is capable of. selecting mesons emitted at 135° and
elimznating»almost all electron background° Theyrhave measured the ratios
for’seﬁeral elements, but their work, to the preSenﬂ time, has been at .

a single angle,
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;

Photographic emulsions offered the first means of measﬁring both’
positive and negative mesons and several ratios have been obtained in
this way by the authors cited in Table 1. This method does notlsatisfy
the second condition above in.that it requireé'ﬁhe'bbsérver.to.detect
and identify different tYpeé.of track endings Wifh ihe same efficiency.

The quantities common te both the positive and negative pi mesons,
which are most susceptible to measurement;-are the momentﬁm,‘thé total
kinetic energy;lfhe rate of energy losé per unit distaﬁcé.in“an absorber,
“the vel§city, and the total range, Measﬁrément of two of these quan-
tities is sufficient to identify the particle being cohsidefed_(with
théiexception of the combination of the velocity aﬁd the rate of energy
' 19559 singe goth depend 6nly on’ the velocity) . -

A magnetic field is ﬁecéssary to achieve cﬁérge separaiicn of the
mesons. This gives cne identification perameter also, since the chan-
nel that separaﬁesithé positive and negative ﬁésoné éan also select |
a desired momentum interval, Thé'charged pérticle baekground at the
synéhrotron isg of course, almostvéntirely-pﬁsitive and hegati#e elec-

_ tfonss.With energies up to BCOVMevo This means that:the magn;tic chan;
nel wiii'pass some eléctrdhsg since Hp'values for 20 to 100 Mev mesons
lare the same aé for 75 to 195 Mev electrons. The second idenﬁifieation
paraméter should thus be chosen to distinguiSh'beét.betwéen these high
energy electrons and the mesons. | —

For electrons with energies of many Mevg the range, energy loss
pef uhit distance, and'iﬁé'tbtal:energy.1ost in a giﬁen absorber thick-
ness are quantities"whicﬁ éanjbe quite different for fwoveiectrons with
the same momentum due to tﬁe'different ways in which they can shower

and scatter in the Qbso?bero '
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In contrast to these quantities, the vyloélty of an electron of
a few Mev or over varies over a very small range9 8sg. from a 6 of O, 96
for a 5 Mev electron to a § of 0099 for a 320 Mev electron.. Consequently,
if a velocity determination is made, all of the primary backgrounid will
occﬁr.very close to'§ of 1.0, Since the meSén produéﬁion for a 320
Mev photon beam is largely below 100 Mev, the? of the mesons will fall
between 0 and 0.8, In particular, 40 to 50 Mev pi mesons have a f be-
tween 0,63 and 0:68, Thus, if we work with 45 Mev mesoﬁsg the require=
ment on a velocity selecter‘is that it have good discrimination between
a g of 1 and a § of 0,66,

' The primary objection to the use of a velocity measurement as a
means of particle identification is that it requires timing the flight
6f the particle over a distance which is relatively-large éampar@d to
- normal targethQUnter'distances; vThis makes the solid:angle intercepfed
by the counters quite small, Thg disfan@e~used‘depends on the time
"resolution possible and the accuracy necessary in the time measurement,
‘and it.is obviously desirable to use the féstest resolution circuit
available in order to minimize the loss in solid angle.’

The erystal diode bridge circult developed by Mr, Lelend Neher of
~ “this laboratory is capable of & time resolution of about 10~? seconds
' withrgoéd-counting:efficiencyqv1It seemed that it would be possible‘
"~ to use thiSicircuit:aS"a suitabié’velocity selector, since the time-
difference between a high energy electron and ‘a 45 Mev meson traveling
over 150 centimeters is 2.5 x iO"g"secondso Calculations usingvcross
sections as'détérmine&“hy:Pétersong Gilbert, and Wiite® indicated that
a counting rate of abcutféo-to‘iZO'meéonsfper hour migh% be expected

- at normal synchrotron operating intensities. This is a feasible rate
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if the background is low, and it seemed reasonable to expect a very low

background using good velocity discrimination.

The Detection Apparatus

Arrangement of the Apparatus Before a detailed description of the
apparatus is given, the physical arrangement will be described. Figﬁre
‘2 shows a schematic diagram of the appératus at 900 to‘the-beam, together
with the electronic components that are located in the magnet room during
a run,

Two magnetic channels are used with each utilizing thrge stilbegg—
photomultiplier counters to make two doﬁble coincidences. The first
coincidence circuit has a resolution ofv;boui 10“"’9 seconds and is used
as the velocity selector. The second‘circuit.has a resolution of about
5 x l()"9 Secondé and is mixed Qith thé first (see Fig. 7) in a slow
mixer to reducé the statistical accidentals,

The small magne£ shqwn had pole faces 4 in, by 13 in., and was ca~
pable of about six kilogauss over a two inch gap. This arrangement al-
lowed a 30° deflection which was sufficient to eliminate any straight
line paths betwéen the front ané rear counters. |

Shielding was used primarily to reduce the singles counting rates
due to particles coming from the‘synchrotron itself and from the beam
collimator. The front counters could not be shielded from the target
7 and the rear counters received'very few particles from the target, since
they were nearly eight feet away,

The Counters In order to make a coincidence:circuit with é resolv-
ing time of.the order of 10“9 seéonds, pulses of this duration must
be available. Tt isﬁfurther desirable that the amplitude of all pulses

be the same,
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' Measurements by Post and Shiren9 havé shown that the pulses from
a 1P21 photomultiplier tube viewing a stilbene crystal phosphor have
9

a decay time of 6.6‘i.10- ISeconds, with a risé time of about a tenth
of this. 'Such pﬁlses, fed to the limiter whose circuit diagram is given
iﬁ Fig. 3 and then clipped by a 10 centimeter shorted line (RG 8U),
givé pﬁlsés fhat havé the desired uniform amplitude and short duration,
o The counters used in the time of flight telescope were all stil-
l'bene crystalé'viewed Ey 1p21 phqtcmultiplier tubes. The front phosphor
was a stilbene crystal 2 1/2 inches square ty 1/ inch thick. Since
a crystal this thiﬁ is very fragile, it was enclosed in a lucite box
with 1/16 inch windows and 1/4 inch walls. Thé space between the CTyS=
tal énd the lucite was filled with mineral oil to minimize reflections
at the ihterfaces. This phosphor was viewed by £w0 phototubes situated
c;n opposite sides of the cryétal, in oxjdef that the two channels should
see the same pérticles entering the magnet. Such an arrangement proved
toiberecessary when it was found that the siénal from one tube,.when
.éflif and used for Eoth channels, was.too small in amplitude to trigger
£hé bridge circuits.

Since the rear counteré aré at about 200 centimeters from the target,
a 1afge counting area is needed to obtain sufficient soiid angle to make
the experiment feasiﬁle. The size of a Single\counter is limited to
about 5x 8 céntimetérs, however, due to the time féquired for the light
from the scintillation to travel from the point of origin fo the photo- "
cathode. Figure 4 illustrates this effect., The time différence between
pafﬂs 1 aﬁd 2_cr 3 and 2 is very small, compared to 10"9 secondé. How=-
evér; the tiﬁe required for the iight to travel from A to the photocathode

vK‘adds directiy to. the time required to travel path 1. In stilbene,
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- which has an index of refraction of ebout 105, the time required to
travel this extra 7 centlmeters (in a5x8 centlmeter crystal) is

-10

‘305 x 107 seconds. A sim;lar situatlon.obtalns for path 3, wlth the

difference that here the extra time appears in the front counter signal,

10 seconds in-

. There is thereforeg a t1me uncertalnty of 3 to L X lO
troduced by the crystals whlch were usedo This uncertalnty increases
} w1th crystal size, and would nece381tate s further 1ncrease in counter
.separatlon to obtaln the same relatlve dlscrlminatlon hetween different
velocltles were the phosphors to be made larger than 5 x 8 centimeterso
. It was thls 1nherent 11m1tatlon whlch prevented the use of considerably
_'larger counterso ‘ R
: . The alternatlve to.lsrge slngle counterslls the.use of many small
crystals, each w1th its own phototube and llmlters.w1th all the 'signals
| g01ng to a 51ngle brldge Junctiono Four crystals with as5001ated photo=
Jubes and llmlters can be used suoccssfully in thls wayg but the use of
a_more tubes that this presents cons1derable dlfflcultyo It is difficult
. %o place more than four tubes together in such a way that the erystals
'effectlvely cover the de31red area. The reflectlon of the 31gnals at
, the Junctlon where the cables come together acts to dimlnlsh the ampli-
tude of the 51gnals to the brldge and also to 1ncrease the effective
singles rates seen by the brldge circuit. In most of the runs two
.crystals were used and no dlfflculty was encountered from the 51gna1
‘-Mtho , . C : .
| Ass001ated w1th each photomultlpller was the pulse amplltude limiter,
This was constructed a8 close to the phototube as was phy31cally possible
, in order to reduce the loss of hlgh frequency 51gnal components due to
_ the stray capaclty present in long leadso Operatlon of the photomul-

tiplier at voltages of from 1500 to 1700 volts was necessary to obtaln

~
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“pulses large ¢nough to provide efficient limiting actionm,
These limiters‘Were capable of about a one megacyele'repetition rate,
" and it was this limitation which prescribed the allowable singles rates
in the counters., The electron background in the front counter rises
' Véry rapidly at the forward angles, and it was not possible to observe
'at angles sméller than 60° if no more thén 10 percent dead -time due to
‘targetibaékgrdund was allowed. A decrease in beam ihtensity to decrease
" the singles"raﬁe would not have bgen practiéal ‘due to the low counting
rate obtained even at full beam.
The stilbene crystals used in the experiment were grown by Mr. Calvin

'André and the author.

- Ihe CCincidencé:Circﬂit and Asscciate@:Eléctronicg A diagram of
the bridge circuit and pre-amplifier developed‘by Mr, Leland Neher is
" shown in Fig. 5, The‘responsé of the circuit to electrons coming from
a'tafget in the synéhrotroh beam is shown in Figo.éo As previously
discussed, these electrons all have éssentiallyfthe'samé velocity;
The.cﬁafacteristiés”of the resolution curve that are important for
the éxperimeni are the change in counting rate as a functidn of time
difference from the éoincidenge time and the degree:of symmetry about
thelcoiqcidence time. The responseg'in terms of percent of peak count—
ing rate at a givén time differehceg'has been found to be‘quite reprom‘
ducible from run to rﬁng'With valﬁes as given in Fig; 6o At 1 x 1077
seconds delay the counting rate is about 50 percent; at 2 x 10=9‘seconds,
about 10 peféént; and at>3'x410m9 seconds about 3 percent, As would be
Z”ekpected for;aﬁy'éircuit.whibh involves the overlap of two similar pulses,

: thé’fesponse is symmetric about the peak; and it is this which enables
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us to measure the electron background to be found at the meson counting
time delay. This is discussed in Section III,

The outputs of the fast and slow coincidence bridge units were sent
th;ough standard UCRL linear amplifiers and then into gate making units
.which produced one microseéond gates, These were mixed in a slow co-
incidence unit and the output, giving triple coincidences, was scaled.
As shown on the block diagramiof the electronics»(F‘igo 7), the output
of the fast coincidenée bridge was sent from the linear amplifier to |
tﬂree gaté making units. The diécriminators of these three units were
set at three levels (e.go 15, 25, 35 volts) and each output was mixed
separately with the pulses from the slow coincidence bridge. These
three gates wére operated in this manner sinée it‘is gquite difficult to‘
obtain sufficient numbers to determine voltage and bias plateaus when
mesons are beiﬁg cour_ljbedn Running three discriminators in parallel
gave a'éheck on the_plateau characteristics for mesons while data was
being taken, and at the same time a check on the consistency of the.gate
making-slow mixer combinations was available.

Each of the gafe making units had output to a scaler as well as to
the final mixer, and this gave a check on the operation of the bridge,
linear amplifier, and gate combinations, :The double coincidences in fhe
10~7 second channel were about twice'the triples rate. The 5 x 10~9
second chanﬁel doubles rate was two to three times the'ﬁriples rate,

Due to the large amount of electrical background from the operation
of the synchrotron, the scalers were gated off except for a time of about
5000 microseconds during which the beam pulse.occufredq

Magnet The choice of a magnet for the experiment was influenced

By the fact that the operation of the synchrotron is affected by very
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5sm§li stray magnetic fields, Injectioﬁ of the electrons occurs when the
ﬁagnetié‘field'in the orbit is ébout‘eight gauss, and stray‘fields of
the order of oﬁe'gauss can disturb the injection efficiéncy to such an
-égfent'that no beam can be obtained. For this reason, a small magnet
with low leakage was constructed from parts previously used in bevatron
model tests. This magnet had four by thirteen inch pole faces and gave
'-,fields of the order of six kilogauss over a two inch gap.. With this
magnet in position for a run, no effect on the synchrotron operation could
be detected with the full field in either difectioho

‘A magnet with a low leakage field also simplifies the shielding
of the phétomultiplier tubes., 'The front counter was located only six

: inéhes‘from'the edge 6f the gap, but a one-eighth inch thick piece of
- soft iron sheet, with a two by three inch hole to‘permit passége of
the'particles, reduced the field at the phiotomultiplier position to less
‘than two gauss.

'The rear counters were positioned by using‘a curfent carfying wire
to give the meson traJectorles° Checks with the wire showad that revers-
’”1ng the magnetlc field delivered particles of the opposite sign and the
.,same momentum to the same pos1t10n on the rear counterso_

- Resolution in Energy and Angle The momentum interval selected by

the magnet and’ the velocity interval selected By the time of flight
apparatus both act to determine the energy rangé bf:the particles ac-
ceptedai Hewever, #he‘separat;on'éf_counters used in'this_experiment gives
a very poor energy resolution of partiéles with a e over 0.6, The mo-
mentﬁm of particles delivered to the rear counters by the magnepk?overs

a meson energy range of 36 to 54 Mev. ° These energies qorfespond to

@'s between 0.61 and 0.69, and this gives a source of particles with
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a time_spreadvof about 10”9lsecqnds in tbe time,rquired:tq t:gygrse
theidistapce separating_the cou_nterso ,Tpis timedsbregd liggwwithin
the resolutiog of which the bridge circuit is capéb1e,,an§Athe%§’is thus
_little velocity selection pbssiblgrfor the mesons. fCogvgrsgly,}almost
all of the mesons delivered by the magnet gre_gountedvby the Yelbcity
selectéro |

v‘The target:thickness gives a maximum energy ;qss;suffiqiept tp
reduce 70 Mev mesons;to 54 Mev, so the‘total enefgyzrange iévfrom 36
to 70 Mev,

The large separation o?_the rear qoun@ers from thevtarget makes the
angular resolutionfofrthe cpunting‘system itself qqiﬁe gong The ten
centimeter spread Qf cQunte?suin the réar_have‘an angular acgeptance
of_abput three degrees. _ihe uncertainty in angle due to_sqattering within
the pargetviﬁ larger than tbis and largely determinesvthg spread in angle
that is seen. |

Ag estimate of tge scatterinngithinrthe tgrget can be made.using
the usual multiple scattering f’orm@aso For 55 Mev mesons, the mean
.1 scattering ghgle in the carbon target is about five Qeggees, and.iﬁ the
beryllium target about two degrees. Combined with'the:aqgglar'acceptance
of the rear counters, the target scattering gives ag.apgular_spread of |
abqut plus'or minus eightﬁdegrees’fof.fh¢ car5on targe£ énd plus or minus

- four degrees for the berylliumoA

IIT RESULTS

Corrections to the Data

Spurious Gounts Evenis which wduld’be confused with a meson pas-
sing through the apparatus can originate from accidental coincidences

due to the high singles rates in the counters, from electrons counted
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because of the finite velocity resolution of the fime of flight apparatus,
and from electrons which scétter sufficiently fo take the same time
between counters as does a meson. A good measurement of the number of
counts due to the first two causes can be obtained in one measurement
by.using ﬂhe symmetry of the resolution curve. The experimentally ob-
tained resolution curve shown in Fig. 6 shows that with a delay of

2.5 x 10',"9 seconds from the true coincidence time, some counts are still
obtained, Or, in terms of the particular experiment considered here,

at a delay of 150 centimeters of RG 80U cable, corresponding to a e of

0.66, some counts due to electrons which should require only 100 centi-

meters of cable (Q = 1,0) appear on the scalers. However, the same

number 6f counts due to the electrons occur at a delay of 50 centimeters,
which is the position symmetric to 150 centimeters on the resolution
curve, Accidental counts will be the same forfany delay, and so a mease
urement at 50 centimeters gives -a good value for both the accidental -

counts and the electron counts due to the finite velocity resolution

-of the apparatus. 'The background found in this way was less than 1 per-

cent at 150°, about 5 percent at 90°, and about 10 percent at 60°

No such direct method exists for measuring the number of electrons

- which scatter enough to take the same time as a meson. -However, the

extra path.difference-réquired would be 75 centimeters, and from the
géémetryfof thevcounters‘and magnet, it does not seem:pOSSible for this
to_occur'for any single scattering event. Mnlﬁiple scatters should be
rare enough to make this type of béckground”very small.

Nuclear Absorption The targets used had a total thickness of 8,0

: gm/bmz (Be) amd 7al'gm/bm2 (C) in the direction of observation and if

the nuclear absorption were different fof positive and negative mesons,
}
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the observed ratio would be different from the true ratio. * Recent meas-
urementsl4s19 indicate that for. the light elements the absorption cross
sections for plus and minus pi mesons are in the.ratiO'of-about-O°7 to
1.0 with an absolute value close to the geometrical area, Using values
of 265 millibarns for beryllium and 320 millibarns for c¢arbon as the pi
minus absorption cross sections, and 0.7 times theSe'values‘for'the pi
plus cross sections, the corrections to the observed ratios would be 1
percent for:beryllium and 2 percent for carbon. These corrections are
not included in the values given in Table 2 or plotted in Fig. 8.

" Procedure Six synchrotron runs were -made to colleét*the data used
to obtain the ratios given in Table 2, Five of these were two day ruﬁs,
with two runs at 60°, two at 150°, and one at 90°, with a beryllium
target in each case., The remainder of the beryllium data at 900,'and
-all of the carbon data was taken during one. five déy'run, using the beam
after it had passed through a high pressure gas target of another ex-
perimenter, -This target placed a maxiﬁum of 107/emz grams.per_square
centimeter of stainless steel and 5.2 grams/cm2 of_deuterium in the beam,
The attenuation produced by this target was unnoticable in the ‘meson
counting rates,

Lérge targets were used in order to utilize as muchiof the synchro-
tron beam as possible. The beryllium and carbon: blocks used were
4ol x 7.6 x 10,2 centimeters and were oriented so thevbafge face was
parallel to the front counter at each angle, This kept the energy loss
of the mesons the same at each angle, but placed varying amounts of the
target in the beamo,:The variation in amount}of-targeﬁ{is.immaterial
in the determination of the ratio. The change in‘targetﬁthickqess in
the beam direction was from 0,07 to 0.04 shower lengths, so no correction -

was made for change in beam composition due to target orientation.
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Even with the§e large targets, thé counting rate per*ghannel was
only about one half count per nunah° The synchrotron ét this tige wag
delivering a maximum beam of one nunan per minute,’ with an average over
a day of about a half this., The counting rate per channel was thus be-
tween fifteen and thirty counts per hour, | .

During thé{course of a run, the magnetic field'ﬁas réveréed at
intervals of about an hour. Background runs were made by periodically
changing the delay cable length from 150 centimeters to 50 centimeters,
as discussed in the previous section, -

The data for carbon at 90° were obtained iﬁmediately after a beryl-
lium ruh; No changes in the apparatus other than a éhange of target
were made, -Since the portion of the target seen by the magnet chaumnels
. was not known exactly, the carbon and beryllium targets were made to
have_the saﬁe physical dimensions. This giveé a different effeétive
amoun£ of target in the two cases, due to the different densities of the
carbon and the beryllium, but the effective extent is unchanged.. |

- Values Obtained The minus to plus ratio was meaéured at 6009 9009
and 150° to the beam for beryllium, and at 90° for “carbon. -The'values
" obtained, uncorrected for nuclear absorption in the target, are listed
in Table 2 and are”élotted in Fig. 8. Figure & also gives the values
measufed by Littauer and Walker at 135° for beryllium and carbon and
those obtained by Peterson, Gilbert, and White at 45%, 90°, and 135°
for carbon,- Table 2 also gives the relative yield per proton and per
neutron of the mesons from beryllium and carbon, |

The lack of variation with angle of the ratio agrees well with
the angular variation predicted assuming a magnetic interaction beiween

the photon and nucleon., It is not possible, however, with the statistics
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that were obtained to judge the yalidity of using the values of the
| static nucleon moments,

The curves obtained by. Brueckner were for free nucleons and the
- absolute values of the beryllium ratios do not agree with the values
predicted in that case, although the_ratio for carbon, where the:e are
an‘equal number of neutrons and protons, is not greatly different,

If we assume that.the_beryllium nucleus acts és a group of four prétons
and four neutrons closely bound, plus an almost free neutron, and further
assume that the minus to plus fatio from the eight closely bound nucleons
is the same as that fof the twelve nucleons in carbon, the prodﬁction
of negative mesons from the almost free neutron can be found relative
to one of the bound neutrons in beryllium, In this way, using the values
of the minus to plus ratios for beryllium and carbon at 90° as measured
.in,this experimént, a valué of 2.2 % 0,4 for the ratio of production

- from loosely and tightly bound neutrons in beryllium is obtained. The

" value found by Mozley16

for the production ratio between a free proton
and one bound in beryllium was 2.3 £ O.4. The agreement between this
number and that for the negative meson ratio as determined above is

probably largely fortuitous, but it suggests one way in which the large

value of the beryllium ratio might be produced.
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 TABLE 2

Angle = Beryllium .. Carbon :
60° . 193to0.2 L
90° L9t 0.0 . 1.27E0,06

S150° . 1L.92%ton

~ Ratio of beryllium to. carbon positive meson- yield per proton.
1,24 £ 0,09 (9°)

‘Ratio of beryllium to c¢arbon negative meson yield per neutron ..

| Luto.08 (09

The 1limits shown are in terms of standard d?V??ti°n°.i
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