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ABSTRACT
An aﬁalysis is givenYOf theicohditions necessary for achieving s
favoreble solid angle at high resolution‘in a w2 beta-spectrometer in the
case where ceftain imperfections in the magnetic field shape are present.
I£ is éhown that one can achieve-satisfactoryVrédial focusiﬁg under field
conditions less nafrowly restricted thanvﬁhose'implied by the theoretical
field. This allows a\fairly»simple wéy to correct for minor imperfections

in a spectrometer field. An application to the Berkeley 50 cm iron-free

N2 beta spectrometer is-described.

- e g S ' ,
This work was perfomed under the auspices of the U. S. Atomic Energy Commission.
fOn leave from the Research Institute for Physics, Stockholm, Sweden. .
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1. Introduction

In any oreCuicar effort to produce the megn 1c field appropriate to
a certaln type of beta soectroneter, one is alwaye,Wef ‘with some imberfections
in the.field shape which, at sufficientry hlgh.resolutlon, reduceithe trans-
mission relative to the value tbat *s tneoretically possible. An accurate
description of these field imperfectlons may reoulre a large number. of nera-
: meters, and, correspondingly, a rather involved correction Drocedure may be
necessary for thelr complete removal.‘ The purpose of this note is to point out
the existence.of field shepe‘conditions more general thet those implied by thev
theoretical.field which, although sligntly deperting from the theoretical
field, retain the essential radial'focueing properties at nigh resolution.
These morevgeneral field shape-conditions~are mucn morereasily arrived at from
algiven imperfect field, and thus they provide e practical means to correct
for minor imperfectione in a spectrometer field.

lThe following discussion nill assume the'well-known ﬁ'Jé t&pe of
magnetic field,-aithough mostrof'the arguments are more generally applicable.
In Sec. 2 the relevant' field conditions for satisfactory performance at high
-: resolution with respect to-radial aberretions and entrance aperture are
analyzed, In Sec. 3 the results of this analysis are applied to a simple

field correction of .an ré = 50 cm iron-free spectrometer.
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2. Basic“Features_of'the ﬁadial.Abérration,Paﬁtern  
. We assume the "tall-aperture" caée‘of:the‘ﬂﬁfé fieldl), i.e., in the

- series expansiqﬁ of the field com?onept B£:in'£he symmetry plane z = O, : -

B, =3B
z 0

ro [r-r\
:!l-l‘/E.‘ 'O;
P *\ro'

c

2

the radial aberration p iS‘in‘seéond order independent of the axial aperturé‘

the second order field coefficiéht. a, 1is choéen_to’be 5/8. In this case
.angle ¢z , and exhibits a parabolic dependencé.on the radial éperture angle
¢r. Figgre 1(a) illustrates the radial aberratiph ih'the case of a perfectly
realized f;eld. The spectrometer performs favorabiyvaﬁ high resolution (i.e.
small values of !p[)because it is possible, for a consideféble range in ¢Z, to
utiiize a relatively lérge-1nte;vélof;¢f‘around the flat‘Veﬁtex‘part of the
aberratibn parabolés. Because of the quadratic.dependence of o on ¢r and
its ihdeﬁendence of.¢z .fhe“solid angle (pfopbrtional to the product. ¢r ¢Z>

.decreases only as JWp[- when the radial aberration width {p[ is reduced.

) When imperfections in thé‘fiqld are present, the aberration patté;ﬁ of
fig. 1(a) isvconverted_to something like that illustrated by the solid lines in
| fié. 1(b). The éberrgtion parabolas.f§r different- ¢, no longer coincide. In
the general case both the ¢ valﬁé gnd'thé ¢r1 value of the vertices vary

with ¢z° The solid éngle at'high'resoiufionvthen‘Suffers.becauéevin order to

select a narrow interval in the aberration p it is necessary, for most ¢Z

values, to select ¢r values that are far from the vertex points. The rapid

P

variation with,cbr of the aberration‘functions at'such”¢f Values'drastically
limits. the possible racdial aperture.

.
A

e ;
B
o
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A full correciion of the imperfections in the field would involve re-
storing the unsymmetric asberration pattern (solid lines in fig. 1(b))to that of

fig. l(a){ In order té do this;‘the ébeffétion pdrabolas would have to be repo-

*sitioned in both the o' and: &, directions. - .

It is possible to make a.partial cbrrectioﬁ of tﬁe field that is es-
sentially equivélent to the_fuil correctionlwith reépecf to. the relation
between éolid angle and radial abérfation, althoughiit contains a residual
asymmetry. This partial.correction consists in moving the aberration parabolas
in the p-direction until the vertices for all ¢Z are located at p = 0 and in
this procedure, allowing the ¢r_pdsitions of the veftices to become whatever
they may. This situation ié illustrated-by the_dotted lines in fig; 1(b). By
suitably designing the entrance apertufeaéo that the ailowed ¢r values vary' a
with ¢z in_theAmanner required by thé residual asymmétry, a favorable situation
is obtained because the flaf vértex regions of the aberration parabolas are
utilized for all ¢Z,valﬁes~and hence thé enfrance aperture can be fairiy wide.

Clearly the latter type of fieldvcorrection is much easier to accomplish

since the controlled repositioning of the aberration parabolas is confined to

one direction only. The residual ésymmetry in the field will manifest itself

primarily in a somewhat larger axial aberration than in the symnetric case,
but in most applications this should not be -disturbing.

It is apparent from the above that‘thé restoration to ¢z - independence

of the radial aberration. from a $lightly distorted field is not necessary for 

~achleving a favorable relationship between solid,angle and radial aberration.

The essential point is that thévvertéx‘pdsitibns'of'the aberration parabolas

should fall at the same radius régardless of the axial aperture angle éz.
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The'Befkéleyvspectrb&eter;is.iﬁ“ité basié-féétures identicai to_the.
Uppsala 50 cﬁ.iron-free ﬂ”Jé iﬁstrument.dgécribéd by Sieébéhp-et al;ejl.
Certain imperfectioﬁs'of the type éhoyn.in fié.l(b)(SOlid lines) in the Tield
of this machine have beenvknown.to exist. A partial compgnsation for this had
been achleved by using.spééial shapes fdr the entrancé apértures, empirically
found from a's#udy of the isp-abérration contours of. the fieldB). |
from the discussion aboversuch é measure can hever fully restoré the essential
features of the theoretical tail-apérture field. Therefore we have attempted
to correct the field in the'limited'but'sufficient manner outlined above.

Fbr probing the features‘of the field shape wé have-placed an électron
gun at the_sourcé po;ition‘énd a fluoréscent screen at the detector position.
The aperture angleé '¢r and .¢z of,thg narrow pencil of elecﬁrons frbm
tﬁe gun weré§0ntinuou51yvariable from oﬁtsidevthé spectrometef. The spectr§~
" meter current and the gun voltage'(ardund 2.5 V) were adjusted such that for
¢z =0 the:vertex'of'the aberration parabola feli at the radiél position of
the detector slit. if the ¢r angle 1is varied'ﬁhe vertex point is easily
. 1dentified as the radially stationary position of the image'point. The
f_fluorescent screen was viéwed'by means of a telescope with an eyeplece ‘scale
that‘allowed'a reading of the p value‘of the vértex point to about 0.1 mm.
Figure EGQshgws the radial pcsition of thé vértex points as a function of the
axial aperture angle ¢z without any correction applied to the field. Within

the interval [¢z[ € 0.15.the radial positions of the vertex points vary by

- about 4.8 mm, or 0.24% in focused momentum.

As is clear’
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nSSL"e tpa+ owo mis 128 to a1 ter. the rddtal v té po itions »p for n
.V
different.values of- ¢ end that this is to be donn by moans of a number, m, of .

auxwliarv correct*on cowls with current I“. Let ap//aL “be the oen51tivity

o . . th .
of the radial vertex positlon for the.v. ¢z values to a change of the current

. . o : _ . .
in the u“h correction coll. Within the‘aCouracyoof the assumption that the

sensitivities aov/élu. are independent of the correction currents Iy Ip eeeens

a8 determination can be mede of the appropriate‘correction currents from the

linear equation system

- m apv' L, ' . | |
- = 1 : . :
° %A 5, fa (Rewstins) )

: If m > n the equations can in principle always be satlsfled If the
cholce o? geometry for the correction coils has been partlcularly unfavorabWe the
solutton may, however,linvolve inconveniently large currents Iu. and may result
in large magnitudes‘of- o] 'for ¢Z' valdes‘betweeo the selected n values. We
tried first a set of five correction coils blaood symmetrically around the

outer tank wall, but it proved to be advantageous to add a sixth coil between

 the central coil and the one below it. The sensitivities apv/azu were deter-

mined by observing the movement of the image épot of the vertex when a given

current was passed through the uth coil. The eq. system (1) (withm =§; n 5;5)_.

was then used to obtain a rough first approximation for the correction cur-

The final current distribution was obtained from this by trial and

error. Figure 2() shows the radial position of the vertex points after correction.

Within the same axial aperture range ]¢Z[ < 0.15 the radial spread is now ~20

times smaller than in fig. Qé)and the radial vertex positions are constant. to

within 0.01% in momentum. -
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Teble I gi#es}someEuafa forTfhe.correcﬁiou eeils. The coile ere circular
| and placed in plenes paraliel with thevsﬁecfrometer midélane. The number of
turns‘in the final coils were,chesen such that‘all sixcoils have the seme cur-
‘rent, which is‘obtained from a separate pbwer supply; controlled by the main‘
spectrometer eurrent reguletor. |

The entrance aéerture shapes‘for;differeﬁt meximum radial aberrations
were obtained by means of a second fluoreecent screen wuich could ‘be moved to
intercept the electron beam in the flane of the enﬁrance aperture (at 5L4L° from
the source). For a giVen' ¢Z, the ¢r -parameter was adjusted until the desired
radial aberration wae observed on the fluorescent screen in the detector plene.
The position of the orbit in the entranee aperture plane was then recorded by
means of the movable fluorescent screen in that nlane "Figure 3 shows entrance
aperture shapes for 0.03% and 0. 12% radial aberration (in Bo) obtained in this
way. The unsymmetric shape of the entrance apertures reveals the unsymmetric

character of the correctedlfield.

In the theoretical tall-aperture case with the second field coefficient

2 ref 2)

8, = 3/8 the radial aberration is in lowest order given by p = - 4/3 ¢,

2
A closer analysis of the abertures shown in.fig. B'for different aberration

magnitudes reveals that the radial aperture permitted in the partly corrected field
is within approximately 15% of that gilven by the expression for the theoretically
ldeal field. Within the axlal aperture !¢z[‘gwo.15 the performance is there-

-fore near to that of the ideal case. Outside this ¢z-range the radial aberraﬁion .
pattern deteriorates rapidly both without.and‘with theicorrection field. |

N

Although, therefore, the usable axial aperture is smaller than in some ﬂ~fé

‘._J

instruments designed with particular emphasis on tall aperture, e.g. the Bartlett
‘iron-core spectrometer ) which allows l¢2[ < 0.6, the possible ¢, range at nigh

resoWutlou is roucnly ecual to e.g. that o- the well-known Cnalk iver spectro-

5).

‘meter
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orrected field, the axial aberration within each aperture was
found to increase rapidlvxtbwards'the extreme values of ¢Z, and the tectal image
"height of a point source is ~ 30 mm. In most applications this is & minor

disadvantage, only necesszitating the use ofia correspondingly high counter slit.

1Acknowledgémehtsv
We wish to'thank D. E. McClﬁre for the design of the current supply for
the correcfion'cqils, and C..J. Butler for assistance in the construction and

testing of the system.



oo e . UCRL-17338

o

“References

]

Siegbenn and M. Svartholm, Nature 157 (1946) 872

=

. r71~- . , . r te - .
Siegbahn, C. Nordiing, S.-E. Kerlsson, S. Hagstrom, A. Fahlman and

Andersson, Nucl. Instr. Methods 27 (1964) 173

4

R. L. Graham, J. Mf Hollaender énd P. Kleinheinz, University of California
Lawrence Ra@;ation Laboratory Report UCRL-lOOéﬁ, January 1962

A. A. éaftlett, R. A. Ristinen and R. P. Bird, Nucl. Instr. Methods 17
(1962) 188 o S | |
R. L. Graham, G. T. Evan and J. 8. Geiger, Nucl. Instr. Methods g

(19560) 245



Teble 1. Some data for the correction coils

Coil position. - Number of turns
(distance in cm
from spectrometer '

midplane)
17 | 2(-)
8.5 1(-).
0 18
4.3 o 48(-)
-8.5. » -6 B
a7 15

The coils have a diameter ofi155.5 cm and are

coaxial with the main colls. The correcting
coil current amounts to 0.022 of the main

spectrometer current. A negative sign in pa-

renthesis means that the particular coil

"gives a field opposite to that of the spectro-

meter field.

oy
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