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This publication is of a preliminary character, 

To facilitate the rapid appearance of Reports, they 

are printed in the form as presented by Rapporteurs, 



Separated Beams 

Both the 1962 CERN conference1) and the 1963 Dubna conferen­

ce2) on accelerator instrumentation heard a considerable number of 

reports on separated particle beams. This has been a year of con­

solidation and I.do not have any important developments to ~eport. 

A number of new beams are described in communications to this con­

ference and I shall try presently to summarise their most important 

features as examples of the current state of the .art. 

Operating Experience 

01:. the several CERN be8JD.s described previously, the latest 

one, the so-called 02 beam (ref •. 2, p~ 782) was put into operation 

in February of this year, using the electrostatic separating system 

for 6 GeV/c K- particles. Since. the British National Bubble Oham­

ber_ for which it was designed is not yet in operation it was used 

with some modification during June to obtain 260.000 pictures in 

the French chamber. It follows closely the expected performance. 

An illus.tration of the utilization of separated beams is. pro­

vided by the history of the CERN 1!2 beam, which was operated.durine 

the year 1963tx> obtain 1 million bubble chamber pictures with K+ 

and K- particles of 3.0 and 3.5 UeV/c, about 300.000 pi_ctures 

of 7.2 GeV/c antiprotons and 200.000 pictures of ,;t- in deuterium; 

In addition it was used in a counter experiment on antiproton annim 
,- 11 · lation, giving about 1.000 p per 10 particles at 2.5 GeV/c. 

This beam has now been a.ismantled and is to be replac·eci in 

April 1965 by a new short K-· beam consisting of a single stage of 
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separation, using considerably higher electric field strength 

· than used. 

During a comparable period a similar beam produced ~00.000 

p~ctures as the K- particles and 750.000 pictures with fi-par­

ticles in the Berkeley 72 inch hydrogen bubble chamber. 

Electrostatic Separators 

Most electrostatic separators operate with field strengths 

of 50-70 kv/cm. 

Experience in Berkeley has shown that glass-covered electro­

des permit stable operation up to 100 kv/cm or even higher. Very 

recently it has been found at CERN that equ.ally good or even 

better results can be obtained with aluminium covered with an 

insulating oxide layer by an ordinary anodizing procedure. A mo­

del gap has been tested for several weeks with a cathode of this 

construction and a stainless- steel anode with very satisfactory 

results. 

Radiofreguency Separators 

The tow-cavity r.f. separator for the CERN 02 beam mentioned 

previously has undergone some initial tests; one cavity has been 

powered to about 10 MW and beam deflection has been observed. 

~he radiofrequency separator for the 5 GeV/c Dubna antipro-

ton beam (ref. 2 p. 788) is at approximately the saine stage of 

development. 

i'here have been no other reports of progress in radiofrequ­

e:icy systems but Valdner et al -from Moscow3) have submitted a ca­

reful analysis of various types of wave-guide separators. 

0ome New Se£arated Beams 

Two new beams, recently put into operation·at the Berkeley 
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Bevatron are described in communications to this conference. The 

first of these, described by MurraJ et al 4 ) has been used for 

2.5 T 2.8 BeV/c I(" particles with the 72 inch hydrogen bubble 

chamber. It has as its main feature a particularly through com­

pensation of chromatic aberration, permitting acceptance of a 

momentum interval APIP - 0~04, with good separation. This 

achromatisation-is achieved by producing a simultaneous stigmatic 

focus at the center line of the mass slit for all momenta 1n the 

accepted interval. The mass slit is oriented in the horizontal pla­

ne at a small angle with the optic axis (Z-direction) determined 

essentially by the ratio of the lateral momentum dispersion to 

the longitudinal chromatic aberration. 

Table I. shows the pertinent parameters for the beam des­

cribed. The angles between the coordinate a:x:es and the intersec­

tions of the slit jaws with the coordinate planes are denoted by. 

c9,r (horizontal angle with z-axis), ¢s (vertical angle with 

z-axis), · 'I--;, (angle with x-axis in x-y plane). Z is the 

beam direction and x is vertical, 3-
0 

is the horizontal dis­

persion, in lowest order, 0M t/JM are the acceptance angles. 
I 

Note that the mass $lits are almost parallel to the z-direc-

tion. The angle Ys is very nearly the angle of the slit jaw 

face. This is necessarily much smaller than in t;he case of a 

perpendicular slit orientation making the effective thickness of 

the jaws near the aperture correspondingly smaller. 

Fig. 1 shows the beam transport system. It is representati­

ve of a current two:--stage electrostatic_ separation system except 

for the singlet quadrupole lenses 06 and 011 which are required 

to assure stigmatism of the vertical and horizontal images, over 

the entire .momentum band. The second separated beam at Berkeley 

5 



~ 

bevatron which has been described5.) makes use of the extracted 

proton beam. This has several obvious advantages. The secondary 

particles can be produced at any desired ang1e·with respect to 

the proton beam, including o0
, as is done in this particular 

arrangement. Since the particles'do not traverse the fringe field 

of the accelerator, .either positive or negativ~ beams can b~ used 

and there is no dii'ficulty in selecting any momentum band in a 

wide range, 800 .: p <. 1600 MeV/c in this case. ll'inally,. the tar­

get is very accessible so that, in principle, a large solid angle 

may be achieved with moderately sized magnets provided sufficient_ 

care is taken to reduce aberrations. The,beam lay-out is illustra- -

ted in Fig. 2. The position of the principal planes of the objec­

tive triplet ~ Q.~ Q3 can be changed by reversing the field 

in the two quadrupoles ~ and Q3, thus charging the magnifica­

tion of the first stage of the system. For low moment~, large mag­

nification is used, yielding larger acceptance and less favourable 

geometric resolution. For high momenta, the reverse.condition is 
' 

chosen..Ray diagrams for two modes of operation are shown., respec­

tively in Fig. 3. 

Ghromatic aberration is compensated to some. exten~ in the 

first stage by arranging the jaws of slit 1 to follow a line 

inclined at 20° with the beam direction which is the focus of ver­

tical foci .. In the second stage chromatic aberration is partly 

compensated by a sextupole component in M3 so that 82 is nor­

mal to the b~am. This is important since there is no horizontal 

focus at this point. 

The optical characteristics of this beam are summarised in· 

Table II. .111g. 4 shows the yields of various particles per mste­

rad for 1011 extracted proton for 1% ~omentum spread. 
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The external t~get only intercepts 60 percent of the ex­

.tracted beam. The separation obtained at ,1600 MeV/c is illustra­

ted in Fig. 5. The pion contamination of the K+ beam varies 

_:ti-om about l~ at 860 MeV/o to about 2~ at 1.6 GeV/o. 

• • One of two electrostatically separated beams of the Dubna 

.synchrophasotron has been put into operation and has ·been des­

cribed by Vovenko et al ( 6 ) in a ·communication to:.this conferen­

ce~ It is designed for positive particles up to 2~4 GeV/c and 

negative was up to 2.7 GeV/c,impl:'inging on th~ 55 liter. hydrogen 

bubble chamber. located just outside the. shielding wall, 43 m 

from the internal" machine .target, as illustrated in .l!'ig. 6. The 

very restricted space ·available imposed special limitations on 

the design. •or example the first deflection magnet, which im­

parts only 4.5° deflection has· to be pulsed at the end of the 

acceleration. cycle to prevent ·interference with.machine opera­

tion. 

T,wo electrostatic separators of 11 m. length are used with 

.a field of 55 kv/cm. Positive particles are taken at about 19° 

from· the primary beam, negative particles near o0
• At 2 GeV/c 

the K+ separation is about 12·mm with a full width at half-

.. intensity of the target image of about 7 mm. Under these condi­

tions 8 K+ particles and 1.5 relativistic background particles 

are obtained per' 1011 protons. Vertical and· horisontal beam 

traces are illustrated in Fig. 7. · 'l'he objective lens triplet 

can-~e adjusted to change the acceptance and separation charac­

teristics of the system by changing·· the magnil-ication. The lens 

JI~ located near the vertical focus of the objective provides 

compensation for horisontal Q.ispersion in the deflection magnet 
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M2. The doublet JT
5

, /1
6 

forms the slowly converging beam pas­

sing through the separators. A sextupole is placed at the momen­

tum slit to provide a chromatization but little improvement is 

obta_ined since the momentum dispersion in horizontal plane is not 

much grater than the target image size. A smail vertically defo­

cusing lens after the mass slit spreads the beam into a more des­

irable shape for the bubble chamber. 

A new 6 GeV/c mass-separated beam at the. ZGS in the Argolllle 

laboratory has been.described by Ammar et al7). The main featu­

res of this system are the very symmetric arrangement of the op­

tical elements and the use of an octupole corrector between the 

elements of each quadrupole doublet to correct fring-field aber­

rations. 

The horizontal field of -the octupQle is of the form 

B,x: = k(12h - 4y3). On the other hand the aberrational vertical 

momentum imparted by the fringe field is of the form PT" k 1:x2y. 
Compensation by an octupole is thus useful provided the vertical 

spread of the beam is much smaller than the horizontal spread, so. 

that the i3 term can be neglected. Chromatic compensation is 

achieved by sextttpole magnets. We have no description of the ac­

tual effectiveness of these higher multipole compensating magnets 
• 

in a beam of small aperture. 

The optical system is %llustrated in Fig. 8. The first quad­

rupole pair produces a vertically parallel beam while forming a 

horizontal image of the source at the momentum slit. The second 

pair pro~uces a vertical image of the target and a horizontal ima­

ge of the momentum. source point at the mass slit. 

One new CERN beam which has been presented to this conference 
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achieves even higher acceptance without.using an extracted beam. 

It is somewhat different in conception from.• the. other beams 

described. lt is intended'- and, in fact,has been used - for coun­

ter spark chamber experiments rather than a bubbLe chamber. The 

experimental detection provides resolution in time as well as in 

space. Very large numbers of' particle per machine•• pulse . can the­

refore be used, provided the spill time can be made long enough. 

Af the same time the entire burden of' the separation need·not be 

carried by the spatial separation provided by the electromagnetic 

separator since .the transmitted particle can be further identified 

b7 usual counter techniques. The beam, as presently constituted, 

is more properly characterised as an enriched rather than a se­

parated beam, since the background of pions is' still 3.5 times 

as high as the. transmitted ·antiproton.beam. On the other hand the 
d •3 aperture at •the entrance to. the beam transport system is ,..O,o .f(J 

steradian and particles are accepted at an angle of only 6.3° from 

the direction of the circulating proton beam hitting an interna1 

target. This is achieved by a special design of the initial ele­

ments of' the beam optics (see Fig. 9). The first bending magnet 

is located with its gap inside the accelerator chamber. The beam 
I 

is carried through a beam pipe connected directly .with the a?celer1 

tor vacuum through the objective doublet Q.,, Q2 • These quadrupo­

les are of' special construction, utilizing iron only in the re­

turn yoke and are designed for particularly large acceptance. The 

ability to design an accurate field shape is bought at the exp·ense 

of a very high power consumption. Each quadrupole -cypically con­

sumes 250 kw for a gradient of 700 Gause/oil over 1 meter. The 

rest of the beam optics is rather conventional. The electrostatic 
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• separator is 10 meters long and operates normally with about 

50 kv/cm. Provision is made for two experimental stations, a 

very short ](" beam transport and a longer p channel. The op­

tics of the K beam is shown schematically in fig. 12. The doub-

le.t ~' ~ acts as field lens, imaging the source on tha 

experimental target over the entire accepted momentum.range. No 

se:x:tupole compensation for chromatic aberation is provided. 

In the p channel, about 105 p per machine pulse of 1012 

protons are obtained at 2.5 GeV/c (:!:2%) with a 250 msec machine 

spill with a ?T"background which is about 3. 5 times as high. This 

peak intensity still permits easy identification of each particle 

by electronic detection with negligible accidental rates. If this 

beam were allowed to traverse a spark chamber .directly one could 

obtain about 1 or 2 background tracks per picture for typical 

operating regimes. The K channel yields about 4 x 104 K- ·bumt 

with a pion background comparable in absolute DULlber to that 

in the' antiproton channel. 

It is probable that high intensity beams will be of im­

portance in the future as more compliai.ted processes are studied 

in detail. 

Very High Intensity Beams 

We have had no communications concerning the operation of 

very high intensity meson beams of interest for neutrino experi­

ments. A magnetic horn of imprl ·ed design is approaching comple­

tion at the Z.G.S. Argonne laboratory. An interesting suggestion 

has been made by Vladimirsky and Tarasovl9). It is illustrated in 

Fig. 10. A magnetic mirror forming part of an ellipsoid o! revolu­

tion focuses mesons originating at the target onto the neutrino 

detector. This system would have the advantage that the detector· 

would not be in the direct line of the high intensity beam of 
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unwanted energetic-. neutrinos and ~amma. ray quanta. The f!Uthors 

estimate that. a magnetic field of' 15 it..?e(l5 m long; l m wide and 

less than J0cm,deep would be sufficient to focus mesons up to 

10 GeV/c in a detector 100 m from the target. 
. ,. 

Magnetic Analysis 

Two papers included in our session dealt with magnetic 

analysis f'or secondary particles~ which are more properly part of' 

detection rathe~ than beam transport systems. Panofsky et al(lO) 

propose an ingenious scheme to simplify the problem ~f analysing 

simul taneously''the production angle and momentum of particles 

originating from a lirie target. Conventionaliy this is done by 

displaying the angular information horizontally and deflecting' 

the partibles vertically for momentum analysis. In the proposed 

device the momentum dispersion is horizontal simplyfying the 
,., 

construction. The horizo~tal production angle is displayed vertic­

ally, while the horizontal.deflection depends both on angle and 

momentum. An example of this accept is shown in 'Fig. 11. The line 

target is focused horizontally on the quadrupole Q2 • This inter-­

·mediate image is then focused by Q3 on the image plane as well 

as by the bending magnets M1 and_M2• The horizontal positions of· 

the focus in Q2 depend on the production angle. Hence the 

final position xf depends both on G and ,4p/p
0

• Q2 does not affect 

the horizontal optic~ in first order,_but if Q2 is rotated around 

the beam direction, where will be a vertical deflection propor­

tional to the horizontal displacement at Q2 and hence to the· 

production angle Q. The position Qf the imag'e point (xf, Yr) thus 

uniquely determines both momentum and production angle. Note that 

only the rotated quadrupole is characteristic of this device. 

The rest of the optics may take many forms. For comparison we sho1 
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the optics of a spectrometer with vertical deflection 1 ig. 12 

of comparable performance. Table III is an illustration of the 

kind of system contemplated by Panofsk:y and coworkers. 

Monoenergetic Bamina ra:y Beams 

More or less monoenergetic gamma ra::,s have been produced 

from high-energy electron accelerators by three methods: 

1. Coherent production from crystals. 

2. Annihilation of secondiµ-y monoenergetic positrons. 

J. Electronic selection of the gamma ra::, energy by measu-

ring the energy remaining with the electron. (Tagging). 

Only one paper submitted to this meeting deals with these 

problems. 
(11) 

Ballam & Guiragossian have calculated conditions for pro-

ducing a highly monoenergetic beam ( A k/k ~ 0.01) of intensity 

suitable for bubble chamber operation from the SLAC electron ac­

celerator. 

It is proposed to produce positrons from a target after the 

first third of· the accelerator and to accelerate these to about 

15 GeV in the remaining sections. The annihilation quanta should 

then be accepted at an angle of about 10 mrad in a.narrow angular 

range. This angle is determined by noting that-the intensity of 

annihilation radiation drops linearly with angle while the most 

serious-competing process, bremsstrahlung, drops as the cube of 

the angle. One therefore wants to operate at the largest angle 

consistent with acceptable energy and intensity. Very sharp col­

limation and a very thin target would be needed. 

A contribution by K.D. Tolstov<12> addresses itself to the 

question of a hydrogen target inside the accelerator chamber. He 
1 
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analyses the possibility of injecting a jet of liquid or solid 

hydrog~n into the beam at the end of the acceleration cycle. 

Such a target would have the advantage of very low density, per­

mitting multiple traversals but it would pose problems of sta­

bility and of absolute calibration. 

It may be of interest in this connection, that the electron 

scattering group at the Cambridge Electron Accelerator has recent-­

ly found very satisfactory solutions for the construction of in­

ternal liquid hydrogen targets made of thin plastic bags. 

A communication by L.W. Jone5'13) calls attention to the 

fact that useful focusing effects can be obtained by suitable ar­

rangements of diffuse scatterers, especially in the case of neut­

ral particles for which no convenient coherent focusing methods 

are available. The phenomenon used is the well known "scattering­

ib" which causes difficulty in absorption experiments: Any scat:.. 

tering material located in a part of the beam which would nor­

mally not reach the detector increases the flux. In the case of 

multiple coulomb scattering a simple, approximate analysis shows 

that, for cylindrical geometry, the scatterer should always have 

the-thickness which places the detector at the root~mean-square 

scattering angle. Since the latter is proportional to the square 

of the thickness of the scatterer, a_ "scattering-in" lens should 

have paral:olic cross-section, as illustrated in fig. 13. The lens 

radius is limited by the ma:ximum thickness permissible without 

affecting the characteristics of the scattered particles too much. 

For example, with proton of 12.1 GeV/c a 1 cm "focal spot" can 

be obtained, 4.3 m from a lead "lens" of 10 cm radius with an en­

hancement of p = 2.45 ¢
0 

Fig. 14 illustrates this focusing ef-
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feet. This scheme may be useful for ft meson beams in which 

large amounts of absorbing material are used. 

The conditions for neutral particles are of course different· 

and no detailed evaluation of the possibilities have yet been 

made. 

Tab 1 e I_. 

Values of various param~ters pertinen_t to the 

"tilted mass slit" method of achromatizatio:::i used in the 

K-63 separated IC beam 

===================================-- ---------------
Parameter 

¢,.. 
0,., 
Mv 
M1-1 
9-o 
~01!.o-t 6j' 
~ f)s . 

¢s 
'f's 

First stage 

2. 7 • 10-3 rad. 
-3 9 • 10 rad. 

-0.9 
-1.1 
0.5 in/% 
10 in/% 

50.10-3 rad 
3.3. 10-3rad 

65.10-3 rad. 

Second stage 

3.10-3 rad. 
a.10-3 rad. 
-0.9 
-1.1 
0.5 in/% 
20 in/% 

-3 25.10 rad. 
4.4.10-3 rad 

176.10-3 rad 

--==============~========-============= - -----============= 
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Table II 

Optical characteristics 'of the be~ 

============================================================ 

Momentum (MeV/c) · 
Solid Angle (msr) 
Length (target to chamber, in­
ches) 

Mode I 

800-1200 
0.89 

1115 
Horisontal Acceptance Angle 
(mrad) 130 · 
Vertical Acceptanee Angle (mrad) 6.8 
Total Momentum Bite 2% 
.Vertical Magnification, First 
Stage . 0.59 
Horisontal Magnification, 
First St11ge 
Vertical Magnification, Second 
St~e 
Vertical Magnification, Second 

8.66 

1.0 

Stage 0.09 

Mode II 

1200-1600 
0.36 

1115 

96 
3.8 
1.5% 

0.33 

8.80 

1.0 

0.06 
· I(- n Separation · at Slit 1 · 
'(inches) 

/( - n Separation . at Slit 2 
(inches) 

0.25(1200MeV/c) 0~11 (1600 MeV/c: 

~ 1. 

0. 'I. 
V 

0.28(1200MeV/c) 0.12 (1600MeV/c) 

T ab l e III 

Physical Parameters of 20 BeV Spectrometer with a 

100 microsteradian Solid Angle and :!:2% 

Momentum Bite 

Field gradient Field ·Length Aperture 
(KI' /cm) (g) (meters) (approximate) 

0-38~ 2 :!:5 cm 

0.466 2. :!:12 cm 

4 • 1 14.600 6 14 cm gap; · 

~3 0.410 2 
+ . 
-20 cm· 

'·'l 14.600 6 18 cm Gap •• 2 
40 cm width, 

-----------------====================·========================= 
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Fig.l. Schematic layout of K-6~ beam apparatus. 

Fig.2. Plan view of layout of variable momentum K± beam. 
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Fig.,3 •. Ray diagrams in the horizontal and vertical plane for Mode I 

and Mode Ir operation of the beam. 
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Fig.5. Separation curve at 1600 MeV/c beam momentum taken with the 

solid angle state counter at the second slit (Mede II). 
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Fig.9. Schematic layout of high intensity enriched beam at CERN. 
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Figuret4. Polaroid films exposed to 7x109 protons. a) "Para­
llel" beam with no lens . b) Image 35 inches beyond lead lens. 
c ) I mage 119 inches beyond lead lens {at the focus). 


