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In mid-1963 a new separated K~ beam was brought into 6paration at
the Lawrence Radiation Laboratory, and for the past year a 72-inch hydrogen'

bubble~chamber run, deaignatéd "K-63, " has been carried out atibeam

momenta of 2.5, 2.6, 2.7, and 2.8 GeV/c with an exposure of about 500 000

pictures. (Concurrently an exposure of about 750 000 pictures was made

with »~ beams at various momenta from 2 to 4 GeV/c, using the same beam

-apparatus. )

In overall configuration the beam is a conventional two-stage system,
but the optical design is unique in that a new method was used to eliminate
chromatic aberration which does not require the use of mag:;etl v;ith sextupole
field components. The mass slits, usually perpendicular to the beam direction.»
are tilted severely so that a line along the apex of the slits makes an angle |
in the horizontal plane of only a f?w degrees with respect t; the beam direction,
With this arrangement it was possible to design the beam optics so that

stigmatic foci are formed nearly independent of momentum at the mass slits

. of both the first and second stages. The result is virtual elimination of

chromatic aberration over a momentum interval of 4%. Primarily the purpose

. of this paper will be to elucidate the foregoing technique of achromatization.

_ For this purpose it is unnecessary to delve into all the detailed design of the
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beam and sufficient to consider only the optics in the vicinity of the mass- < |
relolving slits. ' ' _ _ L

A coordinate system will be used in which the Z axis is along the : ’

o

' beam direction and the X and Y axes are vertical and horizontal, reapectlfrely. '
: Angles in the XZ. (vertical). YZ (horizontal), and XY (tranaverle‘) plane will
" be denoted by 4). 8, and |, respectively. In this discussion finite source
size and the corresponding ﬁnite separation of the mass slit jaws will be ignored
and the surfaces of the slit jaws will be represented simply as two intersecting -
planen. viz,:
| FXcoty, + Y&z tan 0 =0 |
or (Y
: X cot 4 +Yeot®, -2=0, |

tan 4:' = - tan ¢B/tan‘ 9..

where 4) . and 0 s arﬁlangles between the Z axis and the li:nes of intersection
of the planes of the slit jaw with the XZ and YZ planes, and ¢ A is the ‘
corresponding angle with respect to the Y axis {n the XY ot transver;e plaixe.
| The + or - sign distinguishes the upper and lower surfaces of the slit jaws.
Suppose the origin of the coordinate system is at the center of the
mass slit and let the optical matrices connegtiné the target and the point >Z in.

the vertical and horizontal planes be given by.

[1 z}_a, 8] [a+2zs p+zy tcal ’
o 1l ls Y 5 . Y | —VC!‘tC? »

1 2 of [a b g atZe b+zd g+2ZH] © . 4
0.1 0} j{e d hi{ = ¢ d . h - - horizontal,
o 0 4/ |0 o 1

0 0 4

where the corresponding ray vectors are



- a and A ia the fractiona.l deviation of momentu.m from the central momentum

" of the matrix elen'_xonts.v Theee are complicated dopendencea related fn .
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i ... vertical,and - ', Oi' horizontal,

A

o Chromatxc aberration can be considered in terms of the momentum dependence

_elements will be expanded in power series in 4, e.g., p =By + 61A boeop

-~ bota A and Z. An expression for the solid angle accepted by the mass slit |
- will now be obtained from which the conditions for achromatization or

. momentum independence of the acceptance will be deduced,

The displacements of rays in the vicinity of the mass slit whlch

originate from a point source (X{ = Y; = 0) with angles $, and 8l at the source -

-

are, from Eq. (2), . . ' ‘v
X=(B+2Zy) 4 - ~ .
= (b+2d)0, + (g+2Zh) A, '

(3)
It will be assumed that for Z = A = 0 there is 2 stigmatic focus so that ,
appropriate lowest-order expansions of the relevant matrix elements will be
. B=fA D=DbA | |
(Bg = by = 0 gives a stigmatic focus at Z = A = 0),
Y=Y, '-'=‘ 1/MV. d=d,= ‘I/MH

g = 8ge

* The ray displacements in the vicinity of the mass slit dre bou_nded 'by the.
- plane surfaces of the slit jaws. The combination of (1) and (3) and use of ‘ '

© the foregoing expansions of the matrix elements yields the following_‘relation-'vft

ship between ¢; and 6;, which defines the boundaries of the reégion in

‘but the only terms retained will be those leadlng to final expressione linear in :

“‘ .
,./,-:;_

: general to details of the entire beam., In the subsequent analysis the matrix

. “.. where My and M,, are the vertical and horizontal nﬁggniﬁoations. reape_ctivoly.'"j._-'“.':*_.-'_.‘
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¢1' 8, space accepted by the mass slit: | '
2 (8, A+ 2/My) cot ¢y "1 | :
+(_b1A+.z/MH)cotGBGi_v”-' - o )
"‘+g0cot98A-Z | =0,
Achromatization results in general when R - o =
By My =b, My = ogycot O, - VI(S)
that is, when the vertical and horizontal foci are atigmatic for all A and
when the apex of the slit Jaws or {nteraection of the plane surfaces of the
glit jaws lies along the locus of the stigmatic focus. In this case (4) reduces
to .' |
(Z - g0 A cot 65) (txpi cot?B/M; + oicot OO/MH -4)=0,
or, in terms of final angles ¢ = ¢1/MV and 6 = ei/MH'

| % ¢ cotdp, -+9cot9‘-i=0. ' . (6) '

An exceptionai case occurc when ﬂi = cot 93. 2 0, Then bi- and in fact bo-#- T
can have any values. -This.ia ti:e situation achicved Qhen u‘xagneta with .
sextupole field components are included in the beam optical system in such |
a way that 8 4 can be forced to equal zero. Equation (6) then becomes
xd cotd, - 1 = 0 and the region of achromatic acceptance is simply a
strip parallel to the 0 axis bounded by ¢ = * tan’ 4’9' A chromatizatioc by
the aexi:upole technique is not always convenient and involves incidental o
optical aberrations which can limit its usefulness.

, _The achromatic acceptance region dcfined by Eq. (6) when
cotf, # 0 is {llustrated in Fig. 1. Typically the acteptance of a aeéarate'd'
beam exclusive of the mass slit will be almost rectangulaé.‘ Such a region . o
is shown as a dashed rcctacgle in Fig, 1 fitted into the acceptance 'region ' .
presented by the mass slit and bounded by % and 6 + the half angles of
. acceptance determined by apertures other than the mass slit, By- inspection v

of Fig. 1 the following relationships are obtained which, together with
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. the condition for achromatizafion. ‘ Eq. (5)s define the geometry df_ the slit.

tan\b ¢o /(tanG Oﬁ).- .
tan¢ = -¢ [tanG /(tane -9 )] -

_Frbm the last one. of the above equationa one can see the priz':cipa'l‘ drawback’ p o
' " in the uge of the tilted-slit method of achromatization; namely, the effective ;’ A
_vertical divergence of the slit is increased by the factor tan8 / (tane -9_ )

'vicompared to the divergenee required for a slit with its apex perpendicular to -

the beam direction. Hence the effective thickness of the slit jaw is

"~ correspondingly red\iced. For small separations inevitably encountered

when a geparated beam is pushed t;a its limit, the reduction in slit-jaw

 thickness can be the limiting factor. In general 6 g mMust be much larger

than Gm

Values of parameters relevant to thé foregoing discussion which -

were determined in the design of the K-63 beam are listed in Ta'.ble I

The slits are severely tilted (small 6 ) and elongated in the beam
direction‘as indicated by the large values of g cot 0 s Measured in a direction
perpéndicula.r_ to the apex,: t‘_he. slit jaws were 1 in, thick ~ é.'mple ‘to realize.

maximum effective rejection for particles {ncident in the beam direction.

" When as in the present inst#nce 6 s is smail. \p. is approximately equaf to

the divergence angle of the slit jaw in a plane perpendicular to the apex of

~ the slit, ﬁrhich is the angle most Eonvepient for specifying the const_rﬁction

of the slit jaw.

’I‘o illustrate the overall beam configuration. a schematic of the

layout of beam apparatus is shown in Fig. 2. The only feature of the -

configuration dictated solely by the requirements of tilted-slit achromatiiation

s the inclusion of a singlet quadrupole element just ahead of each mass slit.
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‘magnet is eseential in order to ensure stigmatiem oi the vertical and

horizontai images. that is. to aatilfy the achromatic condition

The overall optical featurea of the boam are indicated by the ray-trace

\b“iM = byMy

diagrams ehown in Figs. 3 and 4 which were obta.ined by analog computation.

'-"In both -stagee—the beam in the separators is approximately parallel in the -
: e L bk

> ~—..___._._.,.__

h—‘._.._.»

vertical plane with focal iengths of about 350 in. and target height and alit

widths all equal to i/ ‘16 inch. The separators are equipped with glass cathodes

and are operated at about 500 kV with Z-in. gaps. R
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* Work sponsored by the U, S. Atomic Energy Commission.
4. For details of optical design and magnet studies, reference may be made
to Alvarez Physics Memos No. 519, July 1964, and No. 518, July 1964

(Lawrence Radiation Laboratory, unpublished).
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?."Table I Values of varioua parametera pertinent to the "tilted mase slit"«

o method of achromatizat{on used in the K- 63 eeparated K beam.

- -'_Second stage . .

Parameter
T vy

Fir st stage

L3 %107 'df{

8 xio -3y
e '"-_.09'

‘.:,"i. 1 - '}
S in./ %  : . ‘ S
40 in, /%

lf..1 s ‘
5 ln. /%

L 204m: /%

50 'x 10‘3 ad . 25% 107 rac
s, 3 xiO "3 1aa

3

o 4.4% 1031

65 >< 10 rad o 476 % 1073
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FIGURE CAPTIONS
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1. Acceptance diagran; in the space of the vertical and horizontal

' ray angles at the mass slit for a separated beam achromatized by

tilting the apex of the mass slit.

2.
3.
4,

Schematic layout of K-63 beam apparatus.
Ray trace diagrams for first stage of K-63 beam,

Ray trace diagramb for second ;tage of K-63 beam.
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