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Abstract 

A RFQ which is designed for the deceleration of 
antiprotons extracted fi-om LEAR (C’ER\J) at 2.0 
r\;leV down to 0.2MeV is being built by groups of 
CSNSbl Orsay and IAP Frankfurt and C’ERN. The 
design of this RFQ system, which should improve 
the counting rate by a factor of up to IO” in 
con~parison with the energy degr~:tdatioJ~ technique 
nnrl the status of the project will be reportctl. 

Introduction 

KFQs have been built for various application? 
namely high current proto injectors fo1 
synchJ-otroIls, accelerators for polarized ions, fo1 
heavy ions, and also industrial use. RFQs are 
unique for low energy acceleration because of the 
strong elec‘tric. facusiI:g with rf (~~Jaclrupole fields’,‘. 
Even the design is somewhat complicated the RFQ 
ii a c‘ompa:~~ structure which is simple to operate. 
Thti input and output energies are fixed and 
emIttance growth can be mode very small 
Tllf low injection energy at relatively high 
t1pcrating frequency is very important. The ion 
source can be close to ground potential. thus 
rillo~~~ing the use of bulky and complex ion sources 
ivhich lvould be difficult to operate on a high 
\soltc~ge pl:ttijrm concerning the space needed and 
the power consumption. These are sources foJ 
h?avJ ions, for high charge state5 or high currents 
as well as for polarized beam: and clusters. They 
:frc especially diffJcult for a higher duty cycle.. 
‘l‘he same is true for post 
deceleration of heavy ion beams 3 

ame l-y;;en be ,“I: 

L 
stripped at high energies or for antiprotons which 
h;lVC been stored and cooled in ;J ~ynchrotron 
ring’,“. In this context the heavy ion prestripper 
;IrceleJ-:JtoI- and LEAR are bulky ion LotJrces which 
have to he on ground potential foJ. which RI;Qs 
ri1 I1 provide efficient post acceleration 01 
deceleration with strong focussing and little 
emittance growth. 
Several proposals to provide 0.2 MeV Antiprotons 
to the C’SNSM Orsay experiment: “Antiproton - 
Proton mass comparison with n radio - frequency 
!n;lss-spectl-ometer “(RS189) 6,7 by deceleration weI-e 
:lot realized because of complexity and the costs 
involved”~8. In a new effort work wxs concentrated 
on the reduction of costs e.g. by a pulsed mode 

RFQ deceleration with R less complex RI-Q 
structure and simpler bunching schemes. 
Other important points were the change of the 
data taking mode at the cxperimrn? and success of 
the LEAR team in decelerating the i? beam from 
6.0 to 2.0 MeV with an ejection lasting 0.5 msec. A 
layout of experiment PSI89 is shown in I’ig.1. 
The aim of the experiment is the reduction of the 
prerent upper limit on a hypothetical C’PT theorem 
violation in baryon-antibaryon pairs. The 
experimental set-up is a specially designed 
radiofrequency mass spectrometer of L.G.Smith type. 
It has been installed at C’ERN at the LEAR (low 
energy antiproton ring) experinicntal arca in order 

to make a comparison of the charge to mass ratio 
of an antiproton and ;I proton by measuring the 
cq’clotron frequcncics of ~\lltijjl‘Ot0l~S :inrl I I- i0nK 

rotating in the same very Iiomogenous magnetic 
field ‘Ihe physical pnrameters are fitted to reach :I 
ma5 resolving power- of S:<105, enabling ;I ni:155 
compai’ison accuracy of’ 5~10~~~. 
‘I he acceptance of the spectrometer ix extreml: 
ion: 101 1 = 12 mm mrad. xxi= 3: mm mratl 
(not normalized) , a?-/T =? 6 eV and the kinetic. 
energy of the particle is not allowed to exceed 0.2 
MeV. The deceleration with the RFQ has to be 
optimized for the tr;lnsmisYioI? to the spectrometeJ-. 
The overall transmission is planned to be 1O-5 to 
gain at least IO* in comparison with an cilerg: 
degJ.ading process using a foil coupled with 
a bunc.hing-debunching technique. 

Design considerations 

A KFQ decelerating system has to match the 
spectrometer and has to be compact nJld relntive:~ 
simple. A short RFQ requires R high electrode 
voltage and therefore ;I large aperture. The rf 
power- requirement is no problem for the CIERN 
I.in;Jc frequency of 202.5 MHz, because a Linac 
transmitter can be provided. The large aperture 
would be advantageous for a standard RFQ but the 
spectrometer accepts only the core of the phase 
space of the beam. 
That means that usual RFQ design procedure> 
aiming at high transmission linve to be revised8 
Adiabatic bunching for a decelerating RFQ would 
requlrc a RFQ of appr. 2Om length and ivould not 
increase the transmission of the spectrometer. 



A sm:lll emittance gropvth is always important but 
an optimized transmission of the RFQ may even 
dilute pt1SX space. The orientation of the 
longitudinal output ellipse will be fine tuned with 
the help of a debuncher cnvity attached directly to 
the low energy end of the KFQ. There are RFQs 
which incorporate a debuncher but this is rathei 
uncritic:il for the high energy end of n etructure’o. 
In case of the decelerator the orientation of‘ the 
output ellipse is sensitive to the electrode voltage, 
the hunches voltage and possible energy variations 
of the be:lm. So the additional degrees of freedom 
allow bol.1~ :i precise orientation of the output 
ellipse antI an energy variation. 
‘lhc match!~lg of the beam from IEAR and the 
energy sljrcad of the RFQ be:1m are better- for ;t 
small buncher voltage e.g. the drift space beween 
the bunchei and the Rl’Q should be as long 3s 
pos4hle. Iiut simplicity of the system restricts the 
length of the drift to about 3.5m because a buncher 
infront of the last bending magnet would introduce 
chronlxtic errors. ‘Ike same argument works 
against a scllclllE with ;I prebunching at ;I 
frecpency of 202SMHz in LEAR”. The gain in 
tr;tnsmi5siorl doeq not p:ly off‘ because the phare 
space dilution. 
‘l‘hc q-Rod RI’Q resonator design is based on the 
!aruclure operated successfully at DrsY12.13. It ,L 
ix)ilsists of an array of flat stems on a common 
hxc plate supporting the four electrodes which 
have :I pcriodicnlly changing diameter. Fig. 2 shows 
.:I scheme of the 4-Rod RFQ structure. Changes 
h:!ve been m:idc for the improvement of alignment. 
‘i’a(:uum and i-f-cfficicncy. 
The resonant q-Rod insert will be cooled efficiently 
by water tubes in the base plate. The structure has 
been operxted already with much higher duty 
cycles e.g. rf-losses ll[j to 20kW/m and electrode 
voltages 1~11 to 150 kV. These values are clearly 
higher than the design values for the decelerator 
which are summarized in Table I. 
The bunchers will bc spiral loaded cavities which 
a rc efftcient and compact. They have $een 
devclopcd for application in poit:tccelerators ancl 
have been built e.g. for CiSI and DESY for use as 
linzlc bunc.i- ers”. 
T1-i; l&m dynamics design of the RFQ which 
determines the variation of modulation, aperture 
and cell length along the structure is characterized 
in fig. 3 Fig, 4 shows results of simulations with 
PARMTEQ for the deceleration of‘ a D beam with 
L,lIAK parameters. 

Beam transport ---_ 

The small acceptance of the PSI89 spectrometer 
requires a careful design of the antiproton beam 
transport in order to optimize the particle 
transmission through the system. 
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The beam transport is divided into the high- and 
the low energy beam lines. The high energy beam 
line with a length of 30m transports the p beam 
from L.E,AR to the entrance of the RFQ. Practical 
aspects like sharing the first part of the beam line 
with other experiments restrict changes to the part 
after the bending magnet. A design for :t line able 
to match different RFQ input ronditions is shown 
in Fig. 5 
The low energy beam line is about four meters 
long. The beam from the RFQ-Debuncher system 
has H large divergenre whir-h can bc matched to 
the spectrometer with a set of two quadrupoles 
close to the RFQ and ;I central triplet The design 
01‘ the IOLV Energy beam line is more difficult 
because of the transverse (absolute) emittance 

increase of’ about ;I factor three caused by 
deceleration. This corresponds to ;I 10% increase in 
norm:lli/ed emittancc only, the final energy spread 
being rougly 4% including the debunchel-. The 
orientation of‘ the longitudinal ~,k- AT ellipse can be 

changed by the dehuncher. placed ;I‘; close 3s 
possible to the RFQ. 
The present design of the lines is consistent with 
an estimated transmission of 1~10-” for- the 0ver:tll 
system. faillill optimisation of the tr:msport be:lITI 

lines and the whole system is in progress. 

Status 

The preparation of the experiment is now neal- 
completion. The RI’Q delivery should take place by 
the end Of’ the year ii1 order to tc.st the equipment 

during next spring and to ru!l data taking in 1991 
:1nd loo? 
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Table I Parameter> of the decelerating RFQ 

Frequency 202.5 .Ml42, Electrode voltngc 115 kV 
Input energy 2.OMeV, Output energy 0.2MeV 
Length 145 111. number of‘ cells 47 
Phase -160 - -I?hO. Aperture 4.55m m 
h?odulntion 2.1-1.6, I\4aximum field35 MV/m 
Impedance R, b(?kil, Rf-power 220 kW 
normalized transverse acceptance 5 0 rrmmmr:ld 
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