
I 

SLAC-PUB-798 
September 1970 
(EXPI) 

MAGNETIC SPECTROMETERS * 

W. K. H. Panofsky 

Stanford Linear Accelerator Center 
Stanford University, Stanford, California 94305 

(Review talk presented at the High Energy Physics 
Instrumentation Conf., Sept. 8-l 2, 1970, Dubna, USSR) 

*Work supported by the U.S. Atomic Energy Commission. 



I. INTIiODUCTION 

In this paper I am to talk on recent progress in magnetic spccLrom!:tcrs 

designed for use at high particle energies. 

We are faced with the problem how to define a high energy magnetic spec- 

trometer. In a certain sense almost all the devices which are the subject of 

this corderence might bc considered to be magnetic spcctr,ometcrs if they ~GC~!=‘C --.~ -. -. - 

magnets at all. If I were to describe all recent developments where a magnet 

is used to determine a particle energy, most of the topics of this conference 

would be included. I will restrict this discussion only to those devices especially 

designed for analysis of particles emanating from a target where emphasis is 

placed on measurin, m the production angles and momenta. This means Iwill emphasize 

those devices where resolution and identification of the process under study is 

achieved primarily through production kinematics and not through time .c&ncidenee 

or decay mechanism. 

Spectrometers naturally fall into two general classes: (1) ‘Y3mall’1 aperture 

spectrometers, usually, but not always, used as “single arm” detectors of 

particles emanating from a target; (2) ‘*Large’* aperture spectrometers dedicated 

to the analysis of multi-body events. 

Spectromctcrs are complex systems; Fig. 1 shows the components of a 

generalized spectrometer arrangement: particles pnss through a mngneto- 

optical system and their path is traced by track detectors and other counters. 

A number of these counters feed :+ “tri gger logic” which initiates a decision 

whether the data relating to a track arc to be stored for rea.d-out by a computer 



II. SMALL APERTURE, SINGLE ARM SPECTRORIETERS 

A. General -- 

Single arm spectrometers can be broadly categorized into those where 

detection takes place after magnetic analysis and those where detection and 

particle identification and magnetic analysis are intimately intertwined. Spec- 

trometers can further be subdivided into focusing and nonfocusing spectrometers. 

In a focusing spectrometer the momentum or the production ang1.e of the particle 

can be identified in a focal plane without detailed ray tracing of each particle 

through the entire magnetic system. Again there is no sharp division between 

a focusing and a nonfocusing spectrometer because, even if the spectrom’eter 

generates its primary information in the focal plane, some coincidence planes 

are generally added which permit some rudimentary ray tracing to derive 

auxiliary quantitites which might be valuable in controlling aberrations. 

B. Focusing Spcctrom,?ters with Particle Detection and Identification after 

Magnetic Analysis 

Several papers have been published discussing in general terms design 

criteria for high resolution focusing spectrom:zters. Sonic of these emphasize 

the formal aspects of beam transport theory such as the work of Brown’ and 

others, while other papers2 arc dedicated to general discussions more speci- 

fically pointed to ex~crimcnts. 

There are a large number of parnmzters which influence the design of a 

spestromctcr; ho\\‘cver, the most importnnt factors are the resolution and the *. 

- :; - 



The focusing action of a spectrometer can either be point-to-point focusing 

or line-to-point focusing. In the vertical plane point-to-point focusing Iccnerally 

assures maximum acceptance, while in the horizontal plane the situation is 

more complex. If maximum target length is to be used, and if the required 

resolution in production angle is a small fraction of the total angular acceptance, 

then line-to-point focusing is advantageous, since the focal point in the hori- 

zontal plane gives a me&sure of the production angle. The problem is that if 

focusing in the horizontal plane is to give a measure of production angle, then 

momentum measurement has to be achieved by vertical dispersion. This means 

that the mechanical problem in designing such spectrometers becomes large as 

the energy is increased. 1 

The spectrometers at SLAC are possibly the largest examples of spec- 

trometers which will be built in which momentum dispersion is vertical and 

angular information is generated by horizontal focusing. These spectrometers 

have been described previously in the literature, both in summary papers 334 

and in the publications describing the experimental work undertaken with these 

instruments. I will therefore only give a brief outline. 

Three spectrometers having maximum momenta of 1.6 GeV/c, 8 GeV/c and 

20 GeV/c, respectively, are rotating about a common pivot; Fig. 2 shows a 

photograph of the installation. Each of these incorporates vertical dispersion 

in momentum and horizontal line-to-point focusing. The spectrometers cover 

angular regions matched to their maximum accepted momenta. Table 1 shows 

the first order focal properties for each of the spectrometers. The optical _ 

propcrtics have been vcrificd by- calibration in the prim:try SLAC electron beam. 

The momentum resolut.ion of thcsc instruments is controlled primarily by 

the rcl:1livc m;lgnitudcs of momcntom dispcrsinn and vertical in3gnificntion; 
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thus the vertical spot size controls the attainable resolution. Table I summarizes 

these basic quantities. The sccolicl and higher order aberrations control the 

resolution in production angle and also ultimately control niomcntum re:;olution 

if the source size is small. The second order effects are discussed separately 

for each spectrometer. 

The 1.6 GeV spectrometer4 consists of a single magnet only, as shown in 

Fig. 3. It is basically a weak-focusing device using a 90’ v&.ical bet14 AIIL! 

using wedge focusing at the exit and entrance pole faces. The pole faces are 

designed to make the production angle and momentum focal planes coincident 

in space. Second order corrections are made in three places along the magnet 

by introduction of pole curvature,which results in making the focal planes 

normal to the central ray. Table II compares the measured and theoretical 

values of some of the first and second order coefficients of the magnet. The 

attainable resolution is * O.W%. If%he instrument is used for the study ol” 

two-body reactions then for each value of center-of-mass energy there is a 

unique kinematic relation between production angle and secondary particle 

momentum. Over the range of ‘acceptance of the instrument this kinematic 

relationship would define a straight line in the focal plane in which production 

angle and momentum are dispersed at right angles. It is therefore possible to 

rotate a simple hodoscope into alignment along the appropriate kinematic curve. 

Thus this type of spectrometer does noi; require compulcr decoding of signals 

in successive l~odoscopc planes and thcrcfore data can be taken at csceedingly 

high rates. 

Unfortunntcl~ 

inznla :1lm7e the 2 

this simple system bccoiii2s infeasible cconomic:Llly if mo- 

GeV range arc to bc ~nnlyzecl. The 8 GeF’ spectromctcr is 
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