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RESEARCH PROGRESS

Arri1 22, 1948

Ro Ko W.qkerling

Rmee Me:?surements on 190 Mey f!:E~ero,gE_. ViTo St!pb?n.•

Experiments are being conducted to check the results of theoretical cal-

culations which have been raade usin~ the range ener~y formula

dE
dx

i.t7(e 4 z 2
-~;;p=~-='=. NZ log

where ze ::: charge of incident nArticle

Z == atomic number of the absorber
t'q

N = number of atoms ner ce of absorber

I =average excitation notential~ APproximatelv 11.5 7,.

1;11 the measurements are made rel.':ltive to a1uminur:: as a. atandero. i~-cr'·,his work the

external beam is used.1 with the apparatus located in the cave. ThA beA.m passes
I,

from the cyclotron chamber ,through ;:m evacuated tube into the cave 1'.'here it na<'lses. .

into air through a 1/8n aluminum windo·w. A schematic diagram of the arrangement
,.

is shovn in Figure l.p, The thickness of the Absorber may 'be change.d from outsi'de .
\~ . 't

the cavebymeans·of.the wheel shm"n in the diagram. Alonfr, the periphery of tHe

wheel are mounted a nlimber of absorbers of v&rioufJ thicknesse8 whidl Cc1n be rotated

t,

into nlace electrically. The. ratio of the det€ctor to the monitor current ~ n1otted,

for various thicknesses of absorber to eive a curve of the tvne shown in Fi~ure 2

for aluminum. The best value of the mean range in aluminum~ based on four measure

ments~ is 18.91 grams per cm2~ which is eauivRlent to R. thickness of '2.747 11 , From

the curves calcul?ted by Smith J this corresnonds to An energy of 194 Kev. On the

basis of Smith' 6 curve the straggling is 8,pproximatel:Y'-3 Mev.
:;

There has been some trouble in the storming power measurements due to

an effect which eXhibits itself as p 10 to 15 mil horbantal transl!-ltion of the
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Bragg curye" A thorough search has been TreeCe for sources of this variation in the

instrunlent" A possible explanation is the 10 Kicrosecond variation in the jeflecto~

pUlse position" A difference of 10 rieroseconds corresfonds to about O,,~.2u of

alwdnulTj) whlle a variation of 15 rdcroseconds corresponds to ,,02511 of aluminurL,9

or 1,,25 1\ €lv" No variation in the Bragg curve wa.s found with changes in the deflectcr

voltage up to 20 rerc(mt" 11al1s are undert'IJcW to irTrove the deflector pulse position

circuit ,g,fter whtch the stop] ing power n,easureronts of various fi,a.terials relative

to alurninum will be carried out.

Mass measure~ents of mesons

tions as well as by gra.in counting.

have been made fron Hf

AS illustr~ted in FieL~e

and range observa=

3 the cyclotron beam

striking a target givE's rise to J:.e80n8 ~'Jhi('" arc bent in the magneti.c field through

the paths such as Tn of ladius of cU:FVrt ure r o The angle Q, .at which a particle

enters the };lat.e Lt B, JLa;r also be measured. The energy of the rarticlE:~ is given

in tern,s of If b;r the 1'o1'l111a

In Vrr:.s of the range in the er!:ulsion~ the E:ner'?:t is also given by

J." ,." :. y.l-n un
J ." .L. .~.... J:;...

where R is the range and k and 11 nro determined errpiricallyo Conbining these

eC;i18.tions and Futting in values for the COrlE:ti.~nts, one has

The first n,u[l.surorrent r){~ the nass of negative IT.esons at all angles gave the n,ass

31:: ;!;. 16 t.:lectron n;asses on the basis of 1000 rasan tracks o It was found that the

sf-road of Jrass increases cluite rl.ecidorl.l.;r ,;vit-'} angle o

In addition to the meson tracks that are found near the edge of the r1ate.ll

there are meson tracks which are found at a distance of 2 or :3 ldllir.lcters frow

the edge o The l'esons found at this distance from the edge have a sIT'aller n·ass.
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It is thought that t.hese lighter rceso.t1s corLe from t h" target 9 shH::e tll0Ji would not

have enough energy to get.. so far frorn the (;;dge of tb.e plate if they came 1'r01" the

decay of heavier rneson.s o If CDC takes on12 those mesorwNith '.::
r

a plot of the rlUJr,ber of lliesons ar;ecinst lliaSfJ e:K.hibits two reab3, one D.t Ii>::V,:s 1'/)

An independent re'3-~:H":.J:'er.c':J.t oi' the masE; has heen Ihad(,by J),~;3,n:3 of

counting 0

ship

The number of grains Il: are connected

Ir'oton ti'3.cks found on the SBll,e plates are used as st<.mdards o ?\)r

the

the

mass of the deuterons was found to
I

deterkinecl by grain counting

be 1.950

Hnd

Figure 4 shows the GOLfcLrisun of'

measurenients 0 It :i.e: thus 8(,011

that the '\TEJ.U"': of 310 electron [t,asses obta.ined for the heavy mesons and 209 electron

!'Ulsses for 'the light ones secured by grain counting agree quito well witb. Hr
measureUicnts o 'rho angular distribution is found to be isotropic: up to an angle

of 5CP 0 Figure 5 (Filni Prograxx. 295) CJdtibits a varJ.ation 0'1' the l:lUJI,ber of [;J:'airw

produced by various particles as the function of range o It is seen that the

variation is essentiaJ.ly 1:l.near o

It is obseryed tlmt the lir;hter lliesons do not produce stars as frequentl:v'

as the heavy ones and that the stars vlhieh are formed do not 'hnifC ['$ r,c'ny .~. rl~ni;::'

on the aver.:).ge 0 Figure 6 shows this GOx.:.Pl1'.lSGX1. 0

eX'

of +a and -a with the direction of the be8Jll will strike' the rhotograrhh;

8, transi t tiI.r~e of L4 x d)j.le

of 60 2 x 10-9 S0concts o There Ins been no essential difference i'ollnd 1.n. Lhe
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An arrangement is now being used which allows the detection of both positive

and negative mesons on the sarne photographic plate. This is shown schematically in

Figure 7.

N-F Scat1;:.cring. R. Christian.

Attempts have been made to find a metho<i for the theoretical calcu~ation

of n-p scattering which would agree with the experimental results obtained thus far.

As a start the Yukawa potential ge-r / R /1' was used. From p-p scattering nleasure

menta the range l/R = 1.,18 x 10-13 cm had been determined, which seemed to be a likely

value to start with. This range corresponds to 326 electron masses for the meson.

The necessity for fitting the bound state of the deuteron serves to characterize the

quantity g.

On these assumptions good agreement was obtained with the experimental

observations of n-p scattering and a totoal cross section of .087 barns was calculated.

It was found, however, that when the basic range was reduced to.!. ~ 1.6 x 10-13 em,
R

corresponding to 175 electron masses for the meson, the agreement with high energy

scattering wa~ not good. The total cross section calculated was .14 barns as compared

to the measured value of .085 barns, which would seem to rule out larger values of ~ •

It is also necessary to fit the quadruple moment of the deuteron. This means

adding a non-ceentral .forcej) so that the potential now takes the form ge-r/R(l +~S12 )/1'.

I At the r,ange ~ = l.18 x 10-13 em one cannot fit the experimental data and the ,quadruple

moment both. In t~is case a large range gives a better result 1 but the total cross

section ealeulated is still 50 percent too large. To get around this difficulty a

longer ~ange tor the tensor forces was taken to give the potential the form

g(e~<r/R/r + '(fs12e-r/Rl/r). This potential gives a fairly good agreement with the

Gxperimental scattering results o The total cross section calculated from it is .090 barn~

These calculations ave being continued in an attempt to get a lower total cross section.

HW/RLID
5-.3-48



UCHL-96
-7-

, r- Monitor ohambtu" 1tt deepn ...

~~~ . /~~. Al W.indOW

DbyOG -~... -
//,~Absorber

/-1
1/2" Deteotor ohBIllber

Fig. 1

.'- Extrapolll ted Range

3.0 Alwninum thickness
in inohes.

, .,
____• _._._~....._.,.J.,~ •.~._---l-__~"--...J

2.4

f
~
0

<M 2,00.p
l!$
N 1.60°rl
r.t
0

1-1 1.20
~ 0.80

..-l+)

Lo'

ro
rl 0.40
0

P::4

0
1.5

'J Fig. 2

Beam
I

I

Fig. 5

.. ~o/
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