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The extension of magnetic spectrometer technigues to high energies iﬁ—
volves several new problems. The principal factors, aside from minimizing
cost for a given_mpmentuﬁ acpeptancer(é@/p)max, solid angle (Aﬁ), and(moﬁen,
tum resolution (Ap/p) . ére: A
‘ . min |

(1) At nigh energies, cross sections are rapidly varying functions
of production angle 6, and therefore, information on 6 within the solid
gngle accépted must be preserved.

(2) Liguid or gas tafgeﬁs are in general hofizontal line sources of
small wvertical height,

. (3). The spectrometer must permit reliable particlé idenéification con-
siSuenf with large ratioé of rejected to accepfed'farticle fluxes.
'AAﬁ'these high energies physical dimensions of beam transport equipment

are large and therefore it is highly preferable to confine the plane of

bend‘of romentum-dispersive elements to the horizontal plane. In this paper

we will compare the properties of a magnetic_ahalyzing sysfem of novel de-
sign neeting these requirementé with those of & more conventional design
_kin which‘ 6 informaéion is displéyéd in thekhorizontal plane while the mo- .
mentum dispersion plane is vertical.

A pfoposed spectrometer which illustrates the principle operates as
follows (Fig. 1): Iﬂ the horizontal plane é qﬁadrupole Q, focuses a
horizontai lire source to avpoiﬁt; thus gi?ing dispersion in the focal plane
correszondirg to the production.angle 6. A defocusing quadrupole Q2 is
placed aﬁ this intermsdiaté focus but has no effect on the Tinal image in
the horizontal plané. ‘The reméining»bért of'the spectrometér, two bending

the intermediate

6]

s M. and M, and a focusing quadrupole Q,, imag

v

focel point et the final foczl plane. This final image (in the norizontal

)

vlane) is displaced from the central trajectory by a distance which is
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linearly proportic o both production angle and momentum. In the verti-
cal plane, the poiv.-to-point focal properties are determined by the cuadru-

poles, Ql, Qe’ ant ”3 respectively.

fu

Now if the s quadrupole, Qz’ is rotated about ﬁhe beam axis through
an angle &, the nroduction angle 6 in the horizontal plane will be dis-
persed in the verticel plane. Since Q, is at a"horizontal focug, the rota-
tion will have:no effect on the first-ord.. iorizontal optics. Thus the
;produ&tion angle 6 1is determined by the_Vtrfical position of the image and
'vthe particlé momentum is found from the horizontal pogition.

It should be emphasized that the rotated quadrupole is the only novel
--concept in the example Just presented. Any other combination of magnetic
‘elements preceding or following the rotated guadrupole will function in a
similar.manner provided that

-

(a) an intermediate focus of the line source exists at the principal
plane of the rotated quadrupole
(b). point~toc-point focusing exists from this intermediate focus to the
final image point in the horizontal plane
-'(6)‘ point-to-point focusing exists in the vertical piane from the
target to the final image point
(dj all momentum di§persion occurs in the horizontal plane;
Briefly, the principal of operating the proposed system is as follows:

Iet x and X, be the horizontal coordinate at the target and the final

hif
focal plane respectively, y and N the vertical coordinates and 6, Qf
and O, @f be the corresponding angular variables. Iet B = Ap/p be the
deviation from the central momentum. To first-order in these varisables it

follows from the above discussion that

= , v 2 !H-" ‘ i
X (xf‘Q)O + (xf,o)o (1)
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are the only non-vanishing coefficients determining the focal coordinates

Xa and Yoo We thus find that constant values of & .and constant 6 are =

ently focused in the focal plane, but the lines of constant 6 and

o

indep
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constant ¥ in general are not orthogonal in the focal plane. From the

abcve equaetion:
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Hence, neglecting second-order effects, the attainable momenium resolution

is limited by the source height y through the last term of Eg. (3):

;‘(xfle) (yfiy)

(xgl8) (v,10)

(5)

The matrix (yfle) is proportional to sin 2¢, where « is the rotation angle
G QE.

If thevertical beam height y = #0.3 cm, then for the spectrometer ar-
rangement shown in Fig. 1 (with perameters listed below) the minimum momen-

tum resolution is limited to about 0.1%.

Second-order coefficients (aberrations) for the system have been evalu-

eted. In general terms the dominant aberrations are of two categories:
(1) coefficients which are equivalent to tilting the normal to the focal”
plane from the beam direction, ard (2) chromatic aderrations in the produc-

e, l.e., coefficients which relate xf and Yo tO the products of
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Depending on the arrangement of counters, a tilt of the focal plane
may be acceptable; if not the tilt cean be controlled by the introduction

of appropriste sextupcle correction lenses ghead of and following the dis-

Y

versive magnets. The "chromatic-angular" aberrations are basic properties

of sirong focusing (quadrupole) lens-systems; they can be reduced but not

eliminated by replacing the single input quadrupole Ql by a doublet or

triplet.
Since production angle and momentum are focused independently, a two-

4.

“dimensional arrs f of counters can gate any subsequent detector over a pre-

determined range of Xinematic production variables. Such a detector can

then carry out a particle ;denulfncat¢on funct;on with a minimunm bacxgro nd
from accidental coincidences arising Tfrom particles falling outside the

4~
Ve

range o kinematic interest

It is of further advantage to replace the guadrupoles ahead of the
[ Py

£

rotated guadrupole by a system of alternating gradient bending magnets.
3 3 y g g

This subsgtitution does nov chang the principle of operation of the systen,
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but permits re'ection of low energy-charged particle fluxes at a DO it far
g

-~ 0

Trom he detector and also makes it possible to operate the instrument at

or near a production angle of zero degrees.

(D

If dispersion in the vertical plane is not mechanically objectionable,

-

then a system such as the one shown in Fig. 2 produces not only independent
but also orthogonal separation in <the variadbles 6 and &. In this case

the first-order resolution is given by the expression

(7.1v) -
B = - ! (6)
(y-13)
v 1s the vertical source heignht. The second-order aberrations of
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this syostom ave of

a similar nature to the previous

case, but they are in

- . R Mo,
general somowhat sualler than the comparable "flat’ system.
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Table I

the expansion of x

b

following parameters:

max
AQ

Bend angle

(04

i

1l

1

ves the computed values Tor the first-order coefficients in
and yf as a function of the source variables x, y,

8, ¢, and ©@. These are tabulated for the system shown in Fig. 1 with the

20 GeV/c

~&
S

*2
0.1 millisteradian

2x 7.5% = 15°
10° , A (1)

Table Il gives the physical parameters of this system.

. The assistence of Sam Howry in making the computations is gretefully

ackncwledged.



TABLE I

Transfer Matrix Fram Target Coordinates x, 9, y, ® and
. Deviation in Momentum (dp/p) in percent to Focal Plane Coordinates

and @f

6
Xer Ppr Yy

Dimensions are in cm and angles in milliradians

x 6 y e | T
X, o | -0.85 0 0 3.17
ef 1.18 -2.76 -1.06 -1.09 | 1.97
Ve 0 2.92 | -3.16 0 o
'cpf 0 1.37 | -1.79 -0.317]  ©

with a 100 microsteradian Solid Angle and #2% Momentum Band

Field Gradient Field Length Aperture
(kg/cm) (g) (meters) (approximate)
Q, 0.385 - 2 5 om
Qs } 0.466 - 2 t12 cm
M, \ - 1k, 600 6 1t cm gap;
4O cm width
Q. 0.410 - 2 £20 cm
M - 1k, 600 6 18 cm gav;
LO em widtn




e I S S L L o . P

- -

[ w\.»f:(

¥ i/

- o
—— e -
- -

03LvI0N <P
‘0% § HLIM SLIGYO —-----
O=g HLIM SLIg40 ———

0




Q=0 HLA SHOHO --=----

0= HLR SLISYO ——— /

B e . § Y S N




