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SUMMARY OF THE RESEARCH PROGRESS MEETING, FEBRUARY 8, 1951
\ 'Bonﬂie E. Cushman
March 8, 1951 . - . : ,

Measurement of decay electron spectrum from u mesons by means of the
Splral orbit  spectrometer focu31ng = R, Saganeo

Previous studies of the decay electron spectrum have not peen accurate
.enoﬁgﬂ to determinevwhieh'ceupling £heonyrhoids, Tiomno, Wheeler,endyRau
have reviewed the work done on this problem up to 1949 (see Revieﬁs of Iiodern .
Physics 21, 144-52 (1949)), assuming that the decay is a three particle pro-
cess: P-yilo *v—*+ e, or in a special case; p-»>2v"+ e, They conclude
tbat some new experimenta% technique ie neededlto discriminate between the
theories; it is hoped that the development of the spiral speétrometer will
satisfy this need, . V ‘ . . -

The idea for the instrument was suggested in 1941 b& Dr, Sagane's student,
—Miyamotoo The opefating principle involves an asymmetric heterogeeeous mag-
netic field, érovided in tﬁe present‘exﬁerimental errangement by putting to-
gether a Mozely magnet and a horizontal cloud-chamber magnet, One can then
measure the energy spectrum of the electrons by varylng the magnetlc fleld

Electrons Wlth very hlgh energy will splral out while low energy electrons

will -circle back: to the starting pqint; , -~Ca1culations were
' ' Energy high

- Energy low

checked experimentally using ﬁhefmionic electrons, Fig, 1_illus§rates the
experimental arrangemeht'and'Fig; 2 the trajectories, The dimensions of the
detectors must be such as to encompass the entlre energy Spectrum, at

- present four crystals in c01nc;dence arelused° Figs. 3 and 4 give the in= -

ﬁensity distributions--the number of mesons as functlons‘of dlstance-frpm
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the axis'and from the mediaﬁ plane. The particles are‘counted in seven
separate gates and theﬁ totaled,

| The mesons are preduced'by a proton beam incident on a target one.inch
in diameter, hamy ‘of the u particles are absofbed 1n the target, while

' others move back to 1t after leav1ng (F:Lg° 5). Most of the electrons

Particles moving back into target Curves
o estimated

Particles agbsorbed in target , - .

come out of the target., The maximum of the experimental curve concurs

with the theory of Tiomno and Wheeler (Fig. 6),
E L0 : - _
Counts __’///f_ﬁ\\\n_—-
20 S
' 70,me 55 Mev _
Fig, 6 4x10"14  g8x310~% . gauss cm -
- H
' Among the problems yet to be colved are (1) compenSating-for counts caused

by 6 act1v1ty preduced 1n51de the target and by the background. from Ty U
 which have the same He factor, and (2) scatterlng of the electrons by the -
.cr;ystalso Crystals of varying thi ckness have been used with a difference
5: oﬁ%y 10 percent found in the number of counts, but more Work w1ll be

done regarding this source of error,

Experiments on Proton-Froton Scattering from 120 tpe345 ey =jQ,Chamberlain°

lr, Chamberlain reviewed the work recently compieted,by Segrés Wiegand
and himself on the differential cross section of protoneproton-scatteringo
The.resulte.are presentedAin full in’_UCRL~llO9o '

The.fuli strength of tﬂe external beaﬁ of the 184=inch cyclotron was
used as the proton source in the first part of the experiments, The beam
current was callbrated with an drﬁonwfllled 1on1zatlon chamber and a Faraday

cup as & prlmary,standard, The beam was monoenergetlc to one percent The
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, proton'hif a polyethylene or liquid hydrogen target and scgtteied wifh‘an—angle
of approximately 90° between them, They were counted either singly or in co-

3 . a . : i . /. -
incidence using stilbene crystal counters; the arrangements are shown in

Figs, 7, 8, and 9, The number of counts is given by

Counts = nN S,t®), . . -

where n is the number of protons, N the number of hydrogen atoms per cm2 in
‘the target, Sl the solid angle subtended b& the counter and g-(#) the dif-
ferentiai cross section (& is the angle between the diéection of the primery
beam and ‘2 line froﬁ the target to the counter), Results are‘shoﬁﬁ'in Figs.
10, 11, 12?u13 and 14, Lower energy protons are obtained by'ﬁassing the
beam through lithium absorbers and then collimating it (sée Figs, 15 and.16),
Larger counting crystals are necessary since the beam is more diffuse,

&aqy investigators attempt to interpret scatteriﬁg experihents with-
velocity indepgndenf forces, with reasénable success in fitting the calcﬁlated'
curves with the experimental ones,‘but work has also been done in which tﬂis

-~restrictioh has been ignored, Evidence in any case is not yet éoncluéive

regarding the charge reiationship of nuclear. forces, -

Information-Division
3/8/51 nw



Fige 1

~- CRYSTALS

MUI5i6

(&}



b»n W 5-

.ﬁlPLATE

| - | SGALEll] ll
SGHEMATIO mAGRAM OF mmzcromss |

M.H5l7

Figo 2 AP




'NUMBER OF MESONS / immxSmm

' 100y

809"
SQ'
40
20!

I b e
GENTER ~ ORBIT .
DISTANGE FROM THE AXIS

| MUISIS

Fig. 3




‘NUMBROF MESONSZ ImmxISmm

] . l/zn . . ln -. . ..
- MEDIAN PLANE o
i ~  DISTANGCE FROM THE MQE;QI“AN PLAN_E

 MUISK4

!

Fige 4



n()-
t .

“ORBIT OF _MAGNETIC
DEFLECTED ION ‘ [JEFL_ECTOR

VACUUM /

CHAMBER \
MAGNETIC _
. POLE CARBON
: SCATTERER
CONCRETE
SHIELDING
: : SNOUT
: COLLIMATOR
L]

Figo 7 '



Fig,. 8

INCHES

. MUI24s

| .



B | LIQUID HYDROGEN
e o / VACUUM/, :
© STILBENE o BEAM '

AIONIZATION

CHAMBER

. ' . R R

. S 0 . 6 12’

MUipe3

Fige 9



COUNTS PER SECOND (AT AVERAGE BEAM LEVEL)

Lo

1

©
*x

e POLYETHYLENE TARGET
* x GARBON TARGET

ix..xx'%xvx §

§ ] S ] |

80

82 84 8 88 90

~ ANGLE BETWEEN COUNTERS

- IN  DEGREES

wul24e

Fig. 10




-13-

3

{

i

-

ot

O

TABLE HEIGHT IN GM.

- MUI29i

Fig, 11

© § © N -

TIATT WV3E FOVHIAY LV
NOD3S ¥3d SINNOD



COUNTS PER SECOND
AT AVERAGE BEAM LEVEL

N Do

O

~

I
1000
850

Fige 12

L
I200VOLTS B

1050 VOLTS A

MU 1292



Ty T T T T 1 ,
L x 1027 cM* /STERAD, GM. . -

[ 345 MEV.

P

oL
0

5_\
-4"' v]' {{ 111 l  I _g
T, 7 LI *L}"{i""‘__{“ -
S S D e
{ g :
3. | -
— -
T S SN N TR SRR SRR R B
i0 20. 30 40 50 60:»70, 80 90

C.M. ANGLE

MU 12%0

. Fig, 13



0 (©=90°) IN 10° CMF/STERADIAN

. e

‘Fige U

T T I
4t P .
P
o 3 ’ —
2 —
' ——d
(j‘. 1 L L : '
0 {00 - 200 300 400
Mev e



AUCARRNNARR Y

L J . . .
0 6 - 12 _‘ wiges

Fige- 15 |



- =18e

z‘l l‘l "=! ",

ST e T
~|#10"" cM~ /STERAD., C.M.

i19 MEV

1 i1 L1 T | L g -

-0 10 20 30 40 S50 60 .70 80 S0
| C.M. ANGLE | X
_ . MU 1518
/
Fig, 16



