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Abstract

The principle of owerntion of a three cavity RP separator using
linearly polarised deflection fields is discussed, The advantages of %wo
contaminent rejection over a two cavity system are indicated and scparation

curves for kaons, plons and antiprotons are given,

The new CilRM separator can separate kaons up to 16 CeV/e, antiprotons

and pions up to the highest momenta that are possible with the CERN PS.

A short description of the general layout, the main parameiers and
some technical aspects are given. Furthermore, the tuning procedure and

experimental results of a 12 GeV/c antiproton run are described,

The extension of this type of separator to higher energies is

discussed.

This paper will be presented by H, Lengeler.

2 On leave from Institute for High Energy Physics, Serpukhov, USSR,

Introduction

T June 1967 the new fhreg-cavitj RF. Separator of CERN successfull&
completed it's-Lixrst test and.produced a beam of‘antiprotons at 12 GeV/e.
ﬂ94y000'piqtures werg tagcn in the 2 m CERN Hydrogen Bubble Chambér,

(1)

The:ﬁeparator was run in congunctlon with a fast-ejoction SJstem
and in a godified version of thé RF separated beam' of CERN(Q)

Already in an‘carly stage of the woik on RF separators at CERY
ideas on a2 three—uav1ty senarator using 11nearly polarlzed deflection fields

_were put forward by Scnnell(s). The layout of the two-cavity separator

(4,5)

realized by B .Y, Hontague and his group was foreseen to be oxtended

at a later ‘stage to a uhree—caV1ty separator,

Tﬁe new layout ovcrcomes a well known drawback of the two-cavity
system, namely ‘that the separatlon of one kind of particles from two other
klnds is only pos51hlo ‘in’somd very narrow momentum regions, This limitation
18 most scrloua Tor anxlprotons where separation practically is only 90931ble
arounﬁ 7 3 GeV/c. The now scparator allows separation of pions, Lkaons and
antlprotons over a nearlj continuous momentum region from 7 to 16 ucV/c.

Tt is of course possible to use it 21s0-as a two cavity scparator allowing

8.8, T + - senaratlon well above 20 GeV/c.

- Principle of operation and separstion momenta

The gemeral layout of a three-cavity separator is given in Fig. 1
A contlnuaus momentuu analysed beam of particles with different rest-mass
passes successively through three linear polarised deflecting fields RF1,
RF2, RF3, . The relative phase of the RF fields is kept constant and can be

adjusted to any value, The centre of the deflectors is imaged to tho centre

of the next one by a lens svstem having, in the seperation plane, a tvansfer

()

The overall dcflecting force on the particles is dependent on
thoir time of flight and thus on their rost-mass. ' One tries to male the
f£inal deflection of unwanted particles zero and stop them with a centrally

matrix

placed Beam Stopper (B.S.) behind RF3. If the deflection of wanted
particles is different from zero, they partly pass the Beam Stopper and

thoreby spatial separation is achleved.

We introduce the following subscripts and parameters to

choracterise this aystem :

a, b, w : subscripis characterising the two kinds of unwanted particles
resp. the wanted particles.

1, 2, 3 : subscripts characterising the deflection fields (or deflectors).

% . b: amplitude of RF deflection field in ith deflector.

DI,D;,D;: deflection amplitude of wanted (unwanted) particles behind i

th

deflcctor,
le : distance between RF1 and RF2.
L13 :+  distance between RF1 and RF3,
f :  frequency of deflection ficlds,
ing of de i fields.
¢12, ¢13 dephasing of deflection fields

In the systemvgiven in Fig. } one has four parametcers to play

with: the dephasings ¢ 107 ¢, and the ratio of amplitudes Al, A2, A3. It

(3) 13

can be shown that by a proper choice of these four parameters the final
deflection of two kinds of unwanted particles can always be made zero and

this indcpendently of their entry phases in the deflecting fields,

The choice of parameters can be most conveniently illustrated by
using a (rotating) vector diagram (Fig. 2). Amplitude and phase of the 3
deflecting ficlds must be adjusted in such a way that their vector sum is
zero for particles a and b, There is obviously only one way of Ycalizing
this cancellation, i.e,,by symmetrizing their deflection in the way shown
in Fig, 2. Onc can show that the deflection'iw then is fixed and gencrally

3
different from zero, but modulated with the frequency f,

° The choice of le, is not very critical and has been influenced

L3
by two considerations, As a three-cavity separator can easily be turned into
a two-cavity scparator with three possible intercavity distances le, L23 and
le, we tried to make L12 different from L23 in order to get mcre possib%}ities
for separation, Unfortunately due to the strength of the quadrupoles we need

at least 22 m for the intorcavity optics. So we chose L12 = 22m, L23 = 28m,

We have computed thb choice of parameters giving Dg.= D; =0
for a large momentun range and for pions, kaons and antiprotons, In Fig. 3
the finsl deflection aﬁgli‘udes of wanted particles D3 are given for
le = 22, L 23 = 28 and the frequency f = 2855.17 MHz. It is convonloat
to normalize D3 by one of the deflectlon amplitudes 4., 4, or A,, whichever
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Taking as a somevhat arbitrary condition for separation that

ono concludos from Fig, 3 that separation is possible in the following

momentum range

for u: i~ T.3 - 16 GoV/e
for X i~ 7.3 - 16 GoV/c
for D : ~ 7.3 - 19 GeV/e

The lowor limit of soparation is given by the beam anisochronisn due to
tho finite momentum bite and by the muon contamination, It lios botucen
T and 8 GeV/e,

2. Tochnical layout

No major changes in the tochnical layout of the CERW two-cavity

(5) have been necessary except for the addition of a third deflection
6)

separator
station and a second phase comparison circuit( .

It was found oxperimentally that the phase comparison circuits
were romarkably stable uvithout temperature stabilization of tho phasc cables

involved.

During the 120 hours antiproton preduction run, the phase
stability was controllod poriodically by counting the number of perticlos
passing the beam stovver (c.f, below) and turned out to be beiier Than ¥ oo,
Only a very small tomporaiure affcct ddy-night was found.

The RF drivo systenm fceding the 20 MV power amplifiers is the
same as for tho two-cavity separator(7). We note the addition of a PIN
modulator bohind tho common RF Genorator (200 mW output), It allowc =
véry prcgi;e éotting of the RF p@lse length in tﬁe three'deflector statioﬂs
(with risc and fall times of 0,1 psce instcnd‘of ~1 usec as before) and

increases the procision of the power me=surements,

Although the modulator for the power klystrons deliver HT pulses
of 8 psec duration, we use drive nulses of only 4 uscc duration, This
cascs the problem of elcetrical brezskdown in the deflectors and is largely
enough to accommodoate for the maximum duration of the fast cjected CPS

beam burst (2 psoc).

During the production run we did not exceed 10 MW for the RF
power in the deflectors in order to keep the mumbur of broakdowns dowm to

a tolerable level (~1 broakdown/hour).

The deflectors are teuperature-stabilized to about O.IOC. As for
a given temperaturc their elcctrical properties are slizhtly difforent,
they arc operated ot differcnt temperatures (2200, 25°C, 26.300). Under
norual conditions tho vacuum inside the deflectors is typically of tho order

-8
of 7+10 = Torr with very small degassings occurring at each RF pulsc,

In Table I sowe important scparator parametors arc listed,

TABLE I

Sone separator and deflcctor parameters

Operating froquency 2855.17 1%z (Az = 10.5 cm)
RF1, BF2 3 n (114 cclls)

Cavity length {
RF3 2 n (76 cells)
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Group velocity v&/c 0.0186
Phase shift/coll /2
Q~value ~ 5200
Cavity spacinrg 22 m, 28 0
Duration of RF pulse 4 pscc.

Tho new RF separated bean (U4-beam) has been derived from the old
U3—beam(2) by changing the intercavity obtics. instead of a double davflot‘
imaging over 50 m the conire of the first deflector in the contre of the
second one, two systous have boen used: a triplet imoging RF1 in RT2 (22 m)
and a double doublet imaging RF2 in R¥3 (28 B). gll other perts of the bean

remained unchanged,

Souo bean parcneters are listed in Teble II,

TABLE IT
Boan paraneturs for tie | _4;~~.-..a.m_

Target : copper 2x1x15 mﬁ2/3
. Production angle . 0°
Collection angle: horizontal- ks 7.5 mrad

vertical 25 mred
Homentum resolution to0.25 %
marimum momenium: scparated 15 GeV/c
X unseparated 20 GeV/c
Total length 165.5 m
Deflector spaciigs 22 m, 28 n
Magnifications from target } horizontal (3.69)
to deflectors : vertical (5.68)
‘Undeflacted imago aize at Beam Stopper 15,5 mm

(without chreuetic aberrations)

3. Experimental Rosults
3.1, Tuning procedure

Before starting the first experiment on 12 GeW¥/c antiprotons we

(8) and the separator(g).

worked out a detailed tuning procedure for the beam
Afteor the tuning of the beam the vertical acceptance was reduced to 1/5 of
the full acceptance (t 5 mrad) and the beam stopper opened coupleiely, The
undeflected image was scanned with a vertical‘finger counter behind the

Leanm stopper (Fig, 4a).

In a first step the phase settings correspondi..g io erual dephasings
of the deflection [iclds with respect to the pions were deteranined, They
were found by equalizing the deflcction amplitudes of two caviiies and
chang,ing the phasing until the image size behind the beam stopper was a
minimum, These settinss uore taken as reference points for our phase

comparison systen,

In a second step the power levels in the three deflectors uere

1

set to the values giving deflection amplitudes in the ratio A1 : A? : A
0,661 : 1 : 0,53 the nower in RF2 being 10 KW.

3



1g2.

This was checked by measuring the half width of the deflected images
(Fig. 4b, c,‘d). Ar acrecment vithin 536 was considered to be good enough
and the’power levels were held constant throughout the following worl:, The

dephasings ¢ were set by means of calibrated phase shifters to the

127 %3
computed values. By applyiug all three deflection fields and slightly
changing the dephasings P00 ®3 the width of the pion image was madc roughly

equal to the width ol the undeflected‘particle image.

In a third step we changed the polarity of the beam to positive
particles (with soue momentum) and checked the deflection of the protons,

An agreement within 2?6 of the computed value was found (Fig, 4e),

In a last step we changed zgain the polarity of the bean to
negative particles and opened the vertical acceptance of the beam to 1/2
of tho maximum, The beam stopper thickness was adjusted to be equal to the
undeflected particle image width (8,75 mm) and the final adjustmont of the

phasings ¢ 153 nade by looking at minimum particle transmission with a

’
scintillatiﬁn counter behind the second momentum analyser. In Fig, 5 some
phase curves obtained this way are given, By doing - with and without
deflection fields - a beam stopper thickness scan, we showed th#t within

v counting statistics tho deflected and undeflected image widths verc oqual.

Yo correctlon for the doflection amplitudes was considered to be nccessary.

Finally the Loam stovper thickness was increased to 2.5 tines the
undeflected image width (22 ma) in order to bring the x contanination down
to some %,. With a p imege width of 35 mm at the beam stoppor, the bean
stopper losscs arc cstimated to be 70%

All countinrs wvere done with sclntlllat;on countors(lo)

integration of the charze on the last dynode of a photouultipller becauvse

the duration of the bean bursts is only 20 x 10 nsec.

3.2. Results

During the production run of antiprotons at 12 GeV/c} ue worked
with the full horizontal accoptance but:oniy with 50?6 of tho vertical
accepténce in ordér v reduce the contamination of thc beam with nuons
and pions, Tho relative momentum bite was choseu to be * 0.2536.
mean intensity of the CPS was 7-1011 protons/burst and was fully availsble
for our target. The fast cjeétion system oxtracted 20vbunches in 2 wsec
with an efficiency of 55%. ‘ o

Unfortunately the primary energy could not be raised above
20,6 GoV/c because of iho ejection systemn. This gave a very unfavourable
péoduction ratio for aniiprotons and pions; at the target wo had © /p = 1450
and the p intonsity at tho bubblo chamber was correspondingly low, IFronm
prelininary scans of 6-prong , 8-prong events in the chamber, we obtainod
;he following results for beam-like particles:.

measured oatinntod

Number of 7 / photo. ‘ 2 4,5
%", K~ contamination 5% % 5% -
/P ratio R 3 : 1.6

Combinihg tho production ratio of m and 5 with the beam stopper
losses ard the ® contanination given above, we conclude that about
100 000 % had to be rejected for one p at the bubble chamber. No

explanation has yet Deen found for the high muon contamination in the

boan,

Finally we wmention that another production run with K+ at
8,25 GeV/c has been done using only two cavities but the intermcdiate
optics of the threc cavivy system. This run can be compared with a sinmilar
one dene in 1966 with the two cavity separator. No significant differences
in intensity and contanination have been found cxcept for the muon
contamination which in the last run was 2 times higher. This is due to

the additional focus in the intercavity optics.

4.  RF Sepgration at highor energies

Ve are currently worling on the detailed layout of a thrce cavity
R Separator for the mew 70 GeV Accelerator at the Institute for High
Energy Physics at Scorpulkthov USSR, It is foreseen to separcte lkaons up to

36 GeV/c. Some paramcters of the separator and the beam(ID are listed in

Table III,
TABLE IIT
Separator and beam characteristics
for 16, 36 and 100 GeV/c separation
: 2
16 GeV/e 36 GeV/c( ) 100 Gev/c(l )
CERN (serpukhov) (300 GeV-project)
Separation range / GeV/c 7-16 17-36 55-100
Wavelength / cm 10.5 10.5 ‘ 3
Total intercavity distance / m 50 265 610
Deflector length / m 3 5 4
Pealt transverse momentum / MeV/c 15 33 © 30
Target size / mm2 2x1 2x1 l1x1
Collection angles/mrad: horiz, ¥ 7.5 z 5.8 ¥ 2
vert. ¥ 5 p 4.4 ¥ 1.5
NMomentum bite Y o5 mev/e T30 mev/e ¥ 100 Mev/c
Total bean length / m 165.5 480 740

In conjunction with the utilization studies for the future 300 GeV
Europ»an Accolerator, studies of RF separated beams and seperators up to
150 GcV/c have been made(12 13)

to these encrgics scons very pronising for combined bubble: chomber ond

‘Phe oxtoension of the throc cavity separator

countor beams clthough for low intemsity, high purity bubblc chorbor hoams an
alternative approach using primory beam modulation could be more intercsting,
From these studics, the nocessity for developing super—conductinc covities

and beam transport clemonts cloarly arises, Some parameters for a 10C GeV/c

separator are lisicd in Table III.

One of the most difficult problems seems to be the phasing of
cavities over th. lon» intcr-cavity distanc.s needed. Ye arc thinking on
a system that checl:s the beam-vidth in front of the Beam Stopper mnd uses

this information to recalibrate periodically the dephsing betwcen deflectors.
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Fig., 1. Generzl layout of a three-cavity RF Separator,
2) unwanted particles (a,b)

b) wanted porticles (w).

FIG. 2

Fig. 2, Vector disgram illustrating the operation of a threc-covity

separator, The deflection vectors correspond to the scparation
of 12 GoV/c antiprovons (2 ; = 3 b:K ; w:p )

. . o
A) = 0.661, A, = 1, 4, = 0.534, D‘; = 1.85, @, = - 29,5,
9., =~ 67.0°

13

3



Fig. 3.

! 1
10 12 14 16

Normalized finel deflcction amplitude for wanted porticles as
a function of particle momentum (separntion curves for three-

cavity separator) AL =Mex (Al, A, A3).
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=15
Experimental beam profiles.
2x 50.mm2 {time integrating) finger counter at 1,68 m behind .
the bean atopperv(and at 9.38 m from the deflection centrc of
RF3).
y H
curvces are arvitrarily normalized
a) undeflccted beam (12 GeV/c negative partiéles)

b)e)d) deflocted with RF1, RF2, RF3 resp., (12 GoV/c negative
particlos)

vertical counter displacement;

o) deflected with all three cavities (12 GeV/c positive particles)
(maximum valuc of deflection during the run = 1,7 narad)
Vertical'ancular accoptonce reduced to 1/5 of maximm valuofp

bedn astopner completoly opened.
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Parameter
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Phase adjustment curves,

1
12°
Fig. 5.
scintillation counter behind the second momentun analyser;
intonsity colibration is arbitrary. Thé curves shew a non-
symmctrical behoviour with ¢13 which is confirmed by thoory.
Vortical angular oponing 1/2 of maximum value;

beam stopper thickness : 8 mm,

Curves are measurcd with a 20 x 150 mm



