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Summary 

The CERN 800 MeV PSB consists of four synchrotrons 
stacked one on top of the other. The injector is the 
present 50 MeV CERN Proton Synchrotron (CPS) linac. Its 
beam is injected sequentially into the four rings via a 
vertical distribution system. Monoturn or multiturn in- 
jection of up to fifteen turns is available. After ac- 
celeration to 800 MeV, the four beams are ejected se- 
quentially and brought to a common level by a recombina- 
tion system. All twenty bunches are then transferred to 
the CPS, 
lOI3 p/p. 

thus potentially increasing its intensity to 
Construction started in 1968, running-in on 

1 May, 1972. Experiments on injection, acceleration, 
and transfer to the CPS were carried out whilst comple- 
ting the installation of beam observation systems, de- 
bugging the interface to the IBM 1800 control computer, 
and bringing the software to operational standard. 
Closed orbit deviations are less than anticipated (only 
a few mm). Linear coupling and sum resonances were 
studied with a beam coasting at injection energy: they 
can be compensated with a small fraction of the avail- 
able correction strength. Multiturn injection, RF trap- 
ping efficiency, acceleration, synchronization, ejec- 
tion, and transfer to the CPS are described in their 
latest stage. At the end of the year the design inten- 
sity of 2.5 x 10" p/p was reached in one ring. 

Introduction 

The PSB and its main systems have already been 
described elsewhere.' 
able,2 

A parameter list is also avail- 
so that we will not give general information 

here. Though five months have elapsed since the last 
accelerator conference in Moscow, not much more pro- 
gress has been made in the PSB running-in owing to poor 
linac performance in November, and to the CPS shutdown 
which started at Christmas. We will try to make this 
report both a comprehensive description of the present 
status, and a complement of the review given earlier.3 

Injection 

PSB studies are made in parallel with normal CPS 
operation. Every second pulse from the linac is sent 
to an injection line where the beam either: i) passes 
through a debuncher and is sent to the PSB, or ii) is 
switched into an emittance measuring line, or iii) into 
a spectrometer. The latter is vital for recognizing 
suitable beam quality, and its analogue signal is con- 
sistently used to tune the linac. Spectrometric meas- 
urements integrating separately over the time of injec- 
tion into each of the four rings will soon be available 
and should be of great help since many pending questions 
are related to the energy spread. A zoom in the energy 
scale will be provided by rotation of the wire array 
out of the focal plane. 

Transporting the beam from the linac to the PSB 
and steering the pulse to the four levels has eventual- 
ly been a success although the operation of this trans- 
fer line suffers from a lack of instrumentation. 

Monoturn injection 

Monoturn injection is used when low intensity 
beams are wanted. Injection is made with a septum mag- 
net (septum 1 mm thick), steering and matching being 
helped by observation of retractable screens. The 
beam is bent onto the closed orbit by a kicker magnet 
(fall time Q 40 nsec). For careful orbit measurements 
with the pick-up electrode system4 the linac beam is 
chopped at the PSB RF frequency (3 MHz). An orbit 

acquisition on two consecutive revolutions enables the 
computer to display frequency, amplitude, and phase of 
the coherent trajectory. Although monoturn injection is 
straight-forward, reducing coherent oscillations down to 
1 mm manually by checking the analogue signals from 
pick-up electrodes is time consuming when eight orbits 
are to be aligned (4 rings x 2 planes). 

A coasting beam at injection field level has been 
extensively used for the study of beam dynamics and in- 
stabilities. 

The magn:t quality was born out not only by field 
measurements, but also by the beam behaviour. At the 
beginning of the running-in, distortions of the un- 
corrected closed orbit did not exceed 3 mm peak-to-peak. 
A more recent and precise measurement is shown in Fig. 1, 
where the analogy between the four orbits speaks for 
itself. Most of these distortions are due to small dis- 
placements of the triplets since the first alignment in 
May 1972. A realignment was made during this shutdown. 
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1 Closed orbit distortions measured in mid- 
October 1972 at 50 MeV for the four rings: 
a) horizontal plane, b) vertical plane. 

Skew quadrupolar fi'eld imperfections in the machine 
have been carefully compensated after observation of 
coupled oscillations excited in one plane with the Q- 
measurement kicker (see Fig. 2). 
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Fig. 2 Coupled oscillations excited by Q-measurement 
kicker with QB - QV % 0.003. Signals from 
pick-up electrodes, upper trace: AH(O.02 V/div), 
lower trace: CV(O.01 V/div), horizontal scale: 
0.1 msec/div. 

To demonstrate the magnet quality5 and accuracy of 
!n ts we give the following example: 
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Compensation Compensation Available 
deduced from from beam compensation 

magnetic observation strength 
measurement 

(A) (A) (A) 

-0.58 -1.0 

-0.47 -0.5 
20 

-0.3: -0.3 

to.11 co.45 

Stop-bands are scarcely felt by the beam. To give 
an example, for the half integral resonance ZQV = 9 the 
stop-band width was measured to be 6Q < 0.01 and it was 
reduced to no visible effect on beam traversal, when 
compensated with only 0.62 A (0.63 A was deduced from 
‘ield measurements). 
;2,3) and 

Lagnetic differences between inner 
outer (l,ii) rings are negligible as far as 

dipole and quadrupole fields are concerned; this fact 
eases the operation since rings can be consldcred equal, 
JS far enerb;y and Q-tune are considered. 

llrltitl;rn Injection 

Fcr nom-in1 ‘>pPr:lt inn, nail titurn injection is per- 
icrmzd up to iiEteen turns. A higher number of turns, 
uy Lo tilirty, c;1n be tried for machine study uincltwe- 
ously in two ricgs. 

For ,-lultitcrn i.nje<.tLont the .zlosed I:rb#it is de- 
i’orr.:ei locally by Eob.~r progrnrrwhle ‘kicker ‘r.n;;ncts whosr? 
tixc .:i,;>: nqicnse 1s ‘tdjllstnble i-n order to I:cdiEy the 
pha:;c-plane d~,nsi ty diatriblltioc. Tn first ;ipproxixa- 
~LG;I t!,c :,:T:,tcm works 1s torttsern, even better than ,I"- 
ticlp,!ted :n t-he scnsc’ ttut a tii;:hcr efficiency results 
Ernr t!kc i.>c.rt.,!:,ed acecpt~r.cc Jae to the r;nall orbit 
di’7tLlrti,:ns. 

:p to 7 .I LO’? protons have been injected in one 
rii:x; the bexn i; ;<er.crdlly coasting without drastic 
Lil:-:,tss lint i 1 it r~.dchis the .r’.lcuiim c!Ismber ~‘.a1 1 (see 
1: i (/ ‘, . , 3 II-Cl L:. ‘The :!!llritlrrn prf,cess “AS oftzn upset 
‘>y lin:i,z energy v.iri,tt i%-ns, botlb within tile burst and 
jitter Erl-m pul:;e to pulse. Even when the process was 
Jrlibcr.~t<,ly limited to eii;ht tilrns per ring, WC could 
r.irhxly ~‘<)llilt i)n ~~r-11I~il fil lir:j; .,i tile rini;:;. ‘i‘hc :?nxi- 
:::wn t 0 t .I 1 L,L:m!i r r 0 f rotons we I?.~naged to inject in the 
Lo 1.1 r . r L I: I: s is 2 c IO ?! , but the erxitt.lnce <occupied !)y 

the beam then is too large. For 3 x 1012 protons in 
ring 4 we measured the follcwing emittances (area/- of 
ellipse including 952 of all particles): 

-H = 180 m mrad, E v = 40 mm srad, 

to be compared with the camins values of 130 and 40, 
respectively. 

We count on significant improvements of these two 
figures, in the course of a careful optimization. Steps 
for this improvement are: i) a better linac stability, 
ii) when necessary a beam chopped for orbit measurement, 
iii) beam size measurement on each cycle by the ioniza- 
tion beam scanner. 

Fig. 3 Build-up of current in multiturn injection 
(twenty turns). Signal from fast beam trans- 
former. Hor. scale: 5 psec/div. Vert. scale: 
80 mA/div. 

Fig. 4 Decay of a coasting multiturn injected beam 
due to rising nal;cetic field. Signal from sIow 
beam transformer. F!or. scale: I maec,ldiv. 
Vcrt. scale: 30 x4,/d iy.7. 

Xccelerntinn 

‘The systems for RF acce!cration and bc.im ccntrol 
are described in detail elsewhere. 7 ) :I 

by proper slwpinp i:i Lhr vu1 i.ig:c Lii.i~.,~:;e frcnj 
0.6 kV to 10 kV in the first SC0 :.sec after injection, 
so-calltd “adi;lbatic” trappini: WAS achieved with ,~n ef- 
ficiency of up to 96% in low-intensity monoturn injec- 
tion. ‘n’ith multiturn injection, tr,lpping efficiency is 
:;maller and Further losses appear, more or less uniform- 
ly distributed over the whale cycle. Typical f igurcs 
;ire listed below. 
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Injected Trapping 
ACCeler- 

efficiency 
ation SO0 MeV 

current losses , PIP 

(A) (2) (%) 

Monoturn 50 96 0 0.5 x lo’? 

Multiturn 400 65 15 2.2 * 10’2 

For high-intensity beams, the trapping efficiency 
could not be improved beyond the present figures despite 
of systematic optimization of phase lock and radial con- 
trol lzops. Khen the trapping efficiency is high, it 
is sensitive to the correct RF frequency; when it is 
low the optitxm is less pronounced and sometimes two 
optima have been observed. It is not yet clear to what 
extent this comes from excessive energy spread or pos- 
sijly even from longitudinal instabilities in the beam. 

Ffi;, 5 Bc,am current during high intensity accelera- 
tion. _. . Trapplng efrrcrency 7O%, acceleration 
lc,sses 15x. Dotted line: ideal (lossless) 
nccelernt icn. Hor. scale : 100 mstcidiv. 

::l.\er’;heless L > in the last r:inutes of the last run 
before the shxtdcwn, nominal intensity xas accelerated 
in rixx j .I:, 2.5 10” protons reached GCS NeV. 
Figure C is typical of such hi211 intensi.ty acceleration. 
n .-I. -2 .^.. ,,._l,,.L1 ,111 dye ,,,: >‘>SiP lad .-~.Ti:::Ll1;luiia iai, ‘UC ,,l’CL, ;ri 
F$. 6. They prcb<ibl:i cc>.::t' iron imperfect beam cortrol ; 
another cause cccltl be beam equipment interaction.’ 

-. 
t I ‘;; . 6 I3un,_:i ::c i 1 l.lti.:n..; a: ;;‘>C ?h,Y. licr. i;s-,III:: 

IN u~;ec,Xiv. Vert. .G,Y’ ill<? : one !iWffp c'rt'ry 
twt!ty rivoluti,:nc (12 mcc). 

In order to avoid dilution of the bunches in the 
twenty buckets of the CPS, synchronization of the PSB 
rings must be accurate to a few RF degrees. This is 
done on the flat top prior to ejection in three steps: 
i) frequency synchronization to an external oscillator, 
ii) coarse, iii) fine phase adjustment, the whole pro- 
cess lasting about 30 msec:. Synchronization is now 
working in four rings, but the process shakes the 
bunches thus inducing bunch displacements. Improvements 
are under way. 

Ejection and transfer to CPS 

Prior to ejection, three dipoles in each ring de- 
form the closed orbit locally in order to bring the 
beam close to the ejection septum. A fast kicker then 
jumps the beam over the septum. Reams are ejected in 
the sequence 3-4-G ?-l and are all recombined on level 3 
rzith the help of three additional kicker magnets. Ejec- 
ted beams which are not brought to the CPS can be deflec- 
ted from the transfer line through a measurement line 
into a dump. Setting up the beam in the transfer line 
is done with the aid of retractable scintillator screens, 
and monitcring can be made via pick-up electrodes, wiiere- 
‘1 s ejecticn and transfer efficiencies are computed fr,.:m 
beam transformer measurements. :I1 I t ,,i s equipment 113s 
been working satisfactorily. 

Refined matching of traj ectorirs, c,i tranevi’rse 
pl>ase-plane 2llipSeS, and nf mea!? cnrrfi~ ii to be 
cht2cbed, after recod~iilatiml, iu LILC n.e.,suri’il‘r~r!? 1 i:le. 
lieQms ejected frEy;m tl>e y2:- L-iiyh I: <‘“‘, ,I i-p,‘!;’ ]>ee!, <,<qli 
to t112 dump throc>;h i.;~e neds ircnznt liile, but tI:c ~'ki:- 
~>lex eqtuipment there was rot :.ct q-perntin::. 

4 tae.m ::;is tc~en c,rct to the CPS ;:1 I;c:.-L~r,ll 011<11- 
:: LG, s . Inj eztioc and accelcrit ion of ;‘ivc b;l:;che; ~itli 
10:~ Intensity xas rur:essfaL, ;;t;L le tr.W:,f,,r, i::.;k>.~.t j yr, 
~ncl accelcr‘rt :r:n of five bxn,:lies ci l:i$: inicnr- it:, 
(I.., \ if!‘: c.15 .I( ~n.n~;.i*:ii~: 1,~ ;i-:i~ol tar.: ;,,:- ;e’5 alue tc 
::I~: :.I:-ve :r.i~i:;vezse er!itt.ir.c~.~s (::e<x “:::jc,-ti~>r“ 1: . D 
Nevertheless, during the l:lst run 8. 5 ‘I LO” protons 

have been accelerated t3 transition,” Aich re,xesents 
the highest inter.sity ever accelerated in five C?S 
‘bunches. 

Collective effects 

X0 transverse instatiiitlfs of the hiinched bran 
h,rve been of ally significance up to the nominal inten- 
sity ~:t 2.5 I IO” p/r-in::. Lsn:;ltudina 1 ‘ouncl;-:;;i.ipe . ,ind bunch-ccntre CSCI 11 atlons are alrznr!~~ 73rtl:; a:~~rcd , 
and 0n2 :ic>cs the ti-.ey, 'iii i d!::app,xr -,:.t!: t:,t inpro- 
-cement c 5 ~:IE’ ‘~e.:m ,co~trol .Lnd :,~~I~:‘:I:-II~z.I~~ >:> .;;‘.->i?~. 

Same f;ltcrcis~t~:lg ~Ei-I‘a~;;oUr ai tii, co‘J.:;t;n: ‘6 CL13 -- 
could be ob,servc.ti' near injecti.x-. 

7 ,. r 1; I ‘,i,], ‘ ” f ” t<:, 1 ‘; 1 : !; , ! r :a ‘,c”‘~~J~ ii! :.I’-~:- 
;Lit‘: -i‘c.il- ivrrItlt:,,iiv .L L.; i1 1.i’ :$1-:-i :li L--- i!,C. ‘,s x-i- 

:L:lL.li pi;??,:;. :,,~.!-,,s ,,.,: j*c-;:i 1. ,i ::.scj or-:, ,-.,:r. i;-, 1,. 
7 tiie ;i.i<-:- 1~1,1~:~’ <II::-1:1; L! + I ir,:t. ?ii I :: CL~\Jl-iJ ,,‘-‘A,I 

i,;j;:ctL-r: ::-ic L‘; _: , ii I I,,! Y;J:,. ?I#5 11~~:61., .i::,! is-< i !- 
. /I : I- I c1 C’ :; : i:: ‘.‘,~rri N’I l w:ij l.i:i ~::’ j It ilk. I ,o !‘i’C i- 
(‘.’ I pri-.,l:r’ti,~-,; jfi>;- ti:: :-,;ri~:-~:~t.~l y,l,:ri’ it 1; :- t 
;,-i~t .t::r.%i,:l iil,~~:I,~.~r I1 /’ IT wt!i :-llri i’.nl i)i. “XYh I .i i :li’ii il c .,. i13t. ? llr’:.C in ;i lh 1 i 11. i \.:; <ire’ <i<‘cl: 1,; 1: i :s,l i;:, ! I L-i,:; 
:.<., ::I ?c :,i:;, .::lil dt 1:l.c ,, u-c t i-:t Cl i:‘,’ ._I</ i’l/!, c,c4 Ii.. 
,i lon;:,i! II:III,.!I i,tri~r’trir~~ v!I~,,II 1. 11i i-,4: :,c’i:.i irt 71. tili ‘,. iL 
I:,ir,d pil.k--llp :.ltlcn <Vi:,;. Y.! *1.111 -1-1. 

l~.‘.fl’n Irlc LC.’ / :<Lit 1 I i.i illc .l,‘I‘l~,!r.l,‘i’i’ r’ ,,~,:.!I i-,.3,.:; 
,I.i~-row (, : i il ,a <’ I. ; klI.,:“L.,i’: ‘7:‘. i-1 t-i:, .:::E::litl,‘ll ‘jr* i’I 
fic,~:::i!.:,‘. ! :’ ‘:‘I (pi.. f: r:.1 o,‘~‘I:~ ‘,0;1~’ xii 1 ic \‘r~.~‘~.‘, I! tcr 
i:ljixf iis- ,!lC. t ,I<. :I;“: 
il c I i I i- . /,:; t i,,),: j,ii!;::( :; ,“ ; ,~l“:;,,~i’;‘~,t;~ j, ;L.t’:;::I<y,::‘: i::-:~: “:’ 
crc.,t-e; (tc .Lb<,ut “o,- t:wd., !.lL icrn) :,:1:1 I :li%i r I:lrl~~~!- ric- 

,‘rt .i:-cs.i i-0 .il J:J At LSi !70 I<>lli- I:,<#<) I’.><. 3). NL ,‘Oi1l, i t:- 

-ii,>; ~:.:i’l.‘r;;lCii,rl LIT Li,e I~~,:l:~illl’~n:.; />.I: y<‘L IYe * Ii :I,ivin. 
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Machine operation 

An appraisal of performances of the different sys- 
tems is given in Ref. 3. Let us comment in more detail 
on some aspects of the operation. 

Difficulties arose from lack of linac stability 
and reproducibility. Moreover, we were not aware be- 
forehand that any retuning of the linac, to improve our 
PUlSfZS, would be detrimental to the CPS, which uses tie 
alternate pulses. Fcr this reason triple pulsing, 
which would enable a continuous recording of the linac 
beam quality, has not been acceptable so far. Also any 
change of the cavity loading which results from creating 
at 500 keV: i) long holes to sharpen the edges of the 
pulse, ii) short holes to have clean switching over 
from ring to ring, or iii) a 3 MHz structure necessary 
for accurate orbit measurement, appears now to perturb 
the beam properties more than expected. 

Experience with the running-in has shown that un- 
derstanding the beam behaviour and improving various 
systems performances was valid for all rings once 
achieved in one of them. But this is not true for the 
day-to-day operation, where all refined tuning must be 
done four times, more or less independently. This is 
of course a very good case for computer assistance, and 
the PSB contrcls had in fact been thcught out with this 
expectation in mind. 14 

From now on, cmittnnce measurements and spectro- 
metry of the linac beam can be required from the PSB 
control position. on any pulse 3rd the results are dLss, 
played on TV screens. 

Systems (such as the injection line which must be 
completely retuned to go from monoturn to multiturn in- 
tg injecticn, ,zcelerati,>n, and ejection and trmsfer, 
respectively, ,Lllcw the operator to change ;my parame- 
ter of the system with the backing of reference values. 

a) vertical oscillations 

b :I horizcntal 

Fig. 7 Euild-up of coherent oscillations of a coast- 
ing beam (2 to 4 * 10”) protons. Upper trace: 

oscillations. 

signal from a position pick-up electrode. 
Lower trace: signal from a wide-band pick-up 
station. Hor . scale: 0.5 msec/div: 

Fig. ? Intensity dcprcr;sions in ii coasting beam of 
$4 “’ iC” protons /I. 5 msec after injection. 
Signal f ram ~3 widcb-band pick-up st.lt ion. Ilor . 
sc‘ll?: 0.5 ~~sec/cm. Vrrt. scale: % 202 modu- 
1 .It ion. 

Elaborate programs are requested from the PSB maxi- 
console to Derform orbit measurements via acauisition 
of pick-up electrodes,4 automatic QE and QIJ measurements 
up to thirty times in a cycle, emittance evolution 
measurements, via seven profile acquisitions per cycle 
by the ionization beam scanner, emittance measurement 
and spectrometry at 800 MeV in the special line,” 
etc. 

Magnet corrections are operated from the maxi-con- 
sole via four knobs which may be connected either di- 
rectly to the wanted power supplies (through keyboard 
designation) , or in a coupled way in order to create, 
for instance, amplitude and phase of harmonic correc- 
tions, etc. Such correcting elements are programmed in 
time, as well as several RF parameters, through il digi- 
tal function ,generstor . ‘I‘he functions ,rre mcdified from 
the maxi-console in ii-very efficient way, which made it 
possible to create the RF frequency pro:zran from srratcil 
i-n two hours. 

The ,<ener;il disp b :.:ivc:s m-line infor-lntisn Ian 
mnry pnr,rnetrrc (direct rwnsurciment ,jr .i m.l:i innml of 
thrime acquisitions ~2:lbined wit:, ii :;il7plc ~11~:~:ritl:c~ , 
‘Whicl: cdn he Fer:a.incntly idispl,x]-ed 0n twenty !;i:iie 
.arrays di istrlbuted iwer the control ~071. 1:x;11-1p les ft-r 
~li,;pl;iyed parantters ..ire: inj c’ci ion t.f : ici ~:n~:y, tr;ii‘~- 
pin:: effici.ency, mo\rirn! ‘!“cr.i,:c ,lf t:;r ni.nb~~r of pro- 
tons trar.:;mi ttrd to tllp CPP ,-l)i‘t;itrciil t.inc,+ QIiit) , 
(&v(t), :,wdn r.*<ii;il poi;it ic>n H(t) , t beiill’ ,lny chil:,ia~: 
ti;nc Idiiri;i;; t:ii b.ye::c, i.tc. 

‘.hr :i-;c :::;J~:-1i;~e~.! iLt::,,, ii-t ii ts --- 1- ,Ji vi t II “l:d, IiL’hL :’ ; ,4- 
tion rnn all work str.~rllt.lne~~:sly c,:trf’pt if they imply 
csntrl,l o; the same p;:.raii:cter. 

In order tl) centralize the contrcls of the acrrle- 
rntors t!le 1’P.R is operated fro:11 the CPS Main Control 
Room . As, however, n lot of naintennnce and calibration 
of the electronics needs to be done in the PSB building 
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itself, a remote and movable computer console is now 
being provided there. 

In conclusion, we are pleased to state that the 
PSB performs as expected. Use of its beam for physics 6 
with the CPS is planned for autumn this year. 
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