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THE PS AS A PHYSICS TOOL AND AS AN INJECTOR
By the PS5 Stafi, presented by G.1. Munday

CERN, Geneva, Switzerland

1, INTRODUCTION

There are at present four experimen{ul arcas serving '"25 GeV phy-
sics which are supplied with primary and secondary beams directly from
the CPS, High encrgy protons are also delivered to the Intersecting Sto-
rage Rings (I8R), in which there are six colliding-beam experimental zones,
From 1976, the CPS will also act as injector to the 400 GeV SPS, currently
under censtruction nearby. The problems involved in supplyivng the various
different users with beams of adequate quality, intensity, and stability,
and the technigues developed to resolve most of them, are briefly discussed

in this paper.
2. "25 GeV PHYSTCS' ATl THE CPS

With the completion of the Booster Synchrotron (rsBY!, the CPS can
now provide higher intensities (up to 6 x 107 protons per pulse at the
time of writing). The PSB accelerates from 50 MeV to 800 MeV, and the pre-
bunched beam ig injected into the CPS during a single revolution. After
further acceleration, the protons are distributed between several experi~
ments running simultaneously, using fast and slow extraction and internal
targets, Different values of momentum can be supplied to individual users
within the same cycle; the usual range 1s between 19 and 26 GeV/c - hence
the term "25 GeV physics". Fast extraction? of one or more of the twenty
circulating bunches is used for the bubble chambers {(at present, three are
operational at CERN); slow extraction is shared with an internal target?’3
for the other experiments, An example of a typical cycle in current use is
shown in Figure 2,

The performance achieved up to the present is summarized in



Table 1. Improvemsnts under way should bring these figures c¢loser ta the
values aimed at., Charvacteristics of the extracted primary beams are also
shown in Table 1. A spilli-time of 400 ms is usual for slow ejection, and
this can be increased if the number of successive beam-consuming operations
in the cycle is reduced. New models of extraction (septum) magnetst, on
the way, will allow improvements in duty cycle. The "effective spill-time"
is 90~99% of the overall burst duration if only low-frequency struciure is
taken into account, and still exceeds 80% if high frequencies arc included;
1t ig dependent upon the number of bunches previously extractoed, Inten—
ity is not at present limited by the extraction process or equipment, but
by the experimental area layout and shielding; after reconstruction {sece
below), it is plamned to use up to 4 x 102 protens/pulse in the East Hall”,
There are four experimental areas {see Figure 1) for "25 GeV phy-
sics". The South Hall has seven secondary beams devived from two internal
targets, One of these targets operates in each alternate runming period,
sharing with a slow extraction and using abeout 207 of the accelerated beam,

Three of the beams are essentially used as test facilities. The |

has two extractoed beams, one fast and one slow. In the fivst of these, one
of three pessible target positions supplies either a beam with RF separa-
tors, or an electrostatically scparated beam at medium or low energy. This
secondary beam feeds the Zm Hydrogen Bubble Chamber (HBC 200), which can

be expanded twice during a single PS cyele, using frowm 2 to & bunches. The
slow-extracted beam is divided inte three branches by two splitting magnets
{steel septum type), with a target in cach branch. Sharing between thesc
targets is adjusted by varying the magnet gan size and by altering the
optical characteristics of the beam. A feedback steering system corvects
for movements due tc momentum variation and low~{requency ripple. Secondary
beams derived from the targets at present include high energy proton, neu-
tral and - , and special types such as hyperon and stopped~K., The West
Ball is supplied with protons via a beam transfer line some 800 metres
long, from an extraction system which can operate in both fast and slow
modes during the same PS cycle. A fast kicker magnet directs the proton
bunches down one channel te a target which produces the secondarv (RP-
separated) beam for the 3.5m Big PBuropean Bubble Chamber (BEEC); the slow-
extracted beam goes down a second channel to a tavget giving sccondary

particles of various momenta for the "Omega' magnetic spectrometer.



Finally, the Scuth-Fast Area houses the neutrino facility (using the heavy-

liquid bubble chamber "Gargamelle'") and the "g-2" experiment. These ope-
rate alternately in successive running periods, hoth using fast extraction,
The West Hall will become the first experimental area for 200/400

GeV physics with the SPS, and will therefore no longer be available for

"25 GeV'" experiments after mid-1975. Moreover, it is planned to vse reduned
intensities on the South llall targets and employ the beams there mainly as
equipment test facilities. Therefore the East Hall beams are in Lhe coursc
of maior reconstruction, to allow & more intensive exploitation of this
avea at higher intensitics and with greater flexibility in the secondary

beam layout®,
3. CPS AS AN INJECTOR

This mode of cperation, first tried in 1970 for the ISR and planned
from 1976 onwards for the SPS, highlights the importance of beam quality

and stability both in the longitudinal and in the transverse phase planes,

3.1, ISR

The projected 1SR luminocsity (4.10%% em 7,571 |, corresponding to
20 A stacked in both rings with a Ap/p of 2%) was based upon an extra-
polated value for longitudinal density of 8.5 x 10° provons/(eV/c).RI' rad,
in the bunches to be delivered from the CPSP. in 1969 this figure was only
2.6 x 10% p/(eV/c) . RFrad. with 10'% p/p. A strong blow-up effect, due (o
space charge and negative mass instability, was taking place at transition
energy’. This was cured by the "Q-jump" method® for rapid passage through
transition. However, other lomgitudinal instabilities developed later in
the cycle, during acceleration to higher energies, limiting the density to
5 x 10% p/(eV/c) .RFrad., and further measures had to be taken. Firstly,
the coherent bunch ecscillations were suppressed by a feedback loop in the
RF phase~lock?. Then the remaining longitudinal instabilities were checked
by Landau damping; the RF non-linearity required was achieved by a program-
med reduction of RF voltage, adjusted so that longitudinal acceptance con-
tinuously matched the bunch emittance®., The adjustment was very critical
in the early days, but became easier after the reduction of some coupling
impedances and with the increased acceleration rate due te the new RP

system", It was thus possible to reach and even exceed the ISR luminosity



design value.

The increased intensity and density resulting from Booster injec-
tion breought new problems. Strong lengitudinal oscillations appearing in
the Booster itself were suppressed by a controlled lengitudinal dilution
produced by, injecting a signal at the synchrotron frequency into the RY
phase loop!?. New longitudinal oscillations appearing shortly after injec-
ticn into the CPS were controlled by a further pregrammad veduction of RF
voltage {Landau damping). The "Q-jump'" could not cope with the increased
density and the "gamma-transition jump" technique’! was introduced. This
produces a rapid Ytr—change an order of magnitude larger, without any modi-
fication of the betatron tune. As a result of these measures, 1t 1s now
possible to accelerate a 6 x 102 p/p beam to 26 GeV/ec with 14 mrad longi-
tudinal emittance (in Ap/p x R¥ radian units), corresponding to a density
of 23 x 103 protons/{eV/c).RF radians,

The ISR luminosity cbiained is inversely proportional to the ver-
tical dimension of the beam injected, whilst horizontal size has te remain
small enough to avoid losses at extraction from the CPS. Transversce emit-
tance 1s therefore also 4 critical parvameter.

During PSE running-in, one of the most intractable problems encoun-
tered was the large increase in normalized vertical emittance between 50
and 800 MeV. This has been reduced by separating the betatron frequencies
by an integer and avoiding 3rd and 4th order stop-bands'. Corrections to
narrow the stop-bands are also applied at low energy in the CPS to prevent
the emittance from increasing'?.

Transverse instabilitics of the head-tall type have been cbserved
in both the PSB and the CPS!3, and they have been cured in both machines
by using zero-harmonic octupoles to spread betatvon frequencies within the
bunch. Present emittance values are summarized in Table 2.

At the same time, varicus machine structures which could provoke
these instabilities have been investigated., Whilst resistive wall effects
seem to account for this in the PSB, it has been concluded that in the CPS
ceramic vacuum chambers and ferrite structures are the responsible ele-

mentslu.

3.2, SFS

Whilst the same fast extraction technique already developed for



25 GeV physics" experiments cculd be used for the TS8R, a new beawm cransier
scheme had to be developed to fill the S§PS, which has a radiug eleven times
larger than the CPS, in a single shot. This schems, called "continuous
transfer", has been successfully tested up to 2 x 102 p/p and it is descri-
5

"peeling' the beam over 11 consecutive

bed e¢lscwhere! The technique of
revolutions allows uniform filling of the 8PS and results in a reduction

by a factor 2 to 3 of the horizontal emittance cobtainable, It is compatible
with any beam structure, bunched, debunched, or even rebunched inside the
CPS at the SPS RF frequency of 200 Miz,

In order to prescrve longitudinal phase-space density in the SPS,
and more specifically to avoid an excessive momentum spread which could be
troublesome at SPS transition, it is intended to debunch the beam adiaba-
tically within the CPS. Whilst this process has been tested suvccessfully
up to 2 x 107 p/p, at higher intensities it is made more difficult by
strong lengitudinal instabilities due to beam interaction with surrounding
equipment. An active search for potentially harmful structures is being
conducted. It has recently been found that vacuum chamber flanges and pump

manifolds are likely culprits!® and it is intended to imstall RF short~cir~

cuits and damping resistors on all these elements.

4. OPERATIONAL ASPECTS

The implications of the muitiple use of the CPS have led to the
concept of interleaved supercycles. Their duration will vary from 3.5 to
about 10 seconds according to the SPS maximum energy and the experimental
areas in use., A possibleg example is given in Fig. 3. The main magnet power
supply regulation is being medified te suit this type of operaticn, aiming
at the same field reproducibility as with single identical consecutive
cyeles, '

In order to minimize induced radio—~activity and component damage,
it is intended to accelerate only the intensity needed by each usert®,
Pulse—to-pulse intensity modulation will be achieved by changing the number
of turns injected into the Booster at 50 MeV (operational tests have already
been successfully conducted). Complementary means such as longitudinal
acceptance reduction and wvertical beam shaving at injection and attenuation by
"sieves' are also envisaged.

Another area of permanent concern 1s the maintenance of a high

degree of reliability (i.e. availability). TIrradiation of the main magnet
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has rvecently become a serious problem; several units have failed and hove
had to be replaced, and many others show signs of serious damage. A detailed
survey of the present status (Fig. 4) and its probable evolution has been
made, and preservation measures arc under way!’. Induced activity is another
problem &, and stringent operational procedures have been adopted to
stabilize its level in spite of the rise in intensity!®. With all these
measures, 1t has been possible to keep the overall CPS failure rate down to

between 8 and 9% since 196940,
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TABLE 1

C P S PERFORMANCE

Theoretical Intensity
C ok Measured 12 ,
or design P {x 10'¢ protons/pulse)
I tem Efficie Efficiency
‘1c3cncy (%) Design | Present! Best
(%)

Linac beam (50 MeV) 60 28 50
PSB Multiturn Injection| 37-43(60 ) 34=40 24 9 15
PSB RF Trapping 90-95 90-95 19 8.5
Acceleration to 800 100 95 ' 17 8 12

MeV
PSB Ejection and 95 90 15 6.5 11

Recombination
Injection and acce- 99 90-97 10 6.0 n.34-

leration in CPS
Fast extraction from 100 93-98 6.0 8f5¢+

CP5
Slow extraction from i Sk

oPs 98 93 1 6
Transfer to ISR 100 98 1.8
Transfer to SPS (test) 95-97 91 10
* Design efficiencies based on design emittances in the 3 phase planes.

k% Close to coupling resonances and using skew quadrupoles.
*%%  With 307 of the beam shared with an internal target.
+ At transition

++ At 10 GeV/e
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PROPERTLIES

ABLE

2

“

(Typical Values)

* ™ - s
Item Linac | Booster | Before SPS Before ISR
) Transfer Transfer
Energy 50 MeV | 800 MeV 10 GeV/c 26 GeV/c
CPS Injection energy 50 MeV) 800 MeV| 50 MeV|800 MeV
Intensity (10%% p/p) | (55 ma) 6.5 2 b 2 6
Transverse emittance
(95% of beam H 32 30 1.5 5.5 0.65 2.5
.].Ow6 it rad.xn) v 32 14 2.0 3.3 0.9 2.2
Normalised transverse ‘
emittance H 10.5 47 16 60 18 70
(10 © v rad.m) V| 10.5 22 21 35 24 60
Normalised transverse
density H 2.1 1.4 1,25 1.0 1.1 0.85
(10 7p/ (v rad.m))V 2.1 3.0 1.0 1.7 0.8 1.0
Lengitudinal emittance
—(Ap/moc x RF radians - 0.01 0.01 0.014 | 0.01 0.014
~{eVs) - 0.16 0.16 0.22 0.16 0.22
Longitudinal density
-(10t? p/eVs) 10.0 2.5 - - 0.65 1.4
~(10% p/(eVs)*RF rad) |160.0 40.0 - - 10.0 3.0
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PS cyecle for "2% GeV" physics

SE62+target 1

FES &

ISR injection

Maximum momentum

26.7% GeV/c

'Plat top! momentum 24 GevV/o
PE74 'PFlat top! length 540 mg
Repetition time 2.6 sec,
Target 8 Cycie 1/cycie 2 11
Cycle 1 Cycle 2
- in sequence with -
Operation GeV/c Area Users Remarks
Target 8 16 South Counter toests 5 ms bhurst with
(paragitic) P structure
<45 Y% intensity
Ifast ejection 19 South-Fast | g~2 experiment | 1-2 bunches
. 5S4
v FPagst ejection 24 | Fast 2m HRC 2 ghotg with
il 8858 1-% bunches
9
) Slow ejection 24 | Bast 6 counter 30-40 % of protons
& 5862 experiment s ~ 400 mg
+ tests
Target 1 24 | South 2 counter 15-20 % of protons
experiments ~ 400 ms
+ tests
2 Injection to |10-26 | ISR Gounter 20 bunches
v I3R vari - experiments
[
> able
O

FlG. 2 A Typical CP3 Cycle Seguence
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USER SPS . 25 GeV" PHYSICS | SPS ISR | 725 Gev " PHYSICS ISR !
! ; [ E !
OPERATION ANDy CT | FET4 5% | FET 5% i cr FEI6 100% i J01 1% | FE16 100% |
FRACTION OF 1 100% ' SE62 75% | SE6275% | 100% l2x FE58 20% |
BEAM USED | T08 20% |08 20% | z L ose62 &4 !
! ; f l ;708 5% !
TOTAL i ! i ! ; i I !
INTENSITY(PIR) | 10731 41072 I A XU 2107 Losao” ! 3107 !
KEY : CT = CONTINUOUS TRANSFER T08 = INTERNAL TARGET STRAIGHT SECIION 8
FEn = FAST EJECTION STRAIGHT SECTION n T01 = (NTERNAL TARGET STRAIGHT SECTION 1
SE62 = SLOW EJECTION STRAIGHT SECTION 62 P/P = PROTONS PER PULSE

Fig.3 ' EXAMPLE OF A POSS/IBLE SUPERCYCLE
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