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Abstract 

Some peculiarities of the 76-GeV accelerator operation 
at intensities up to 2.5 x lOI protons/pulse are being re- 
ported. Possible causes for increase of particle losses with 
beam intensity are discussed; besides the data on correction 
of some betatron oscillation resonances are presented. 

The masimum intensity of the beam at the $6~GeV accel- 
erator is 2.5 x lOI protons/pulse at the present moment. In 
1971 it was 2 x lOI protons/pulse. I The intensity has main- 
ly been increased due to multiturn injection, correction of 
some resonances of betatron oscillations, and suppression of 
transverse coherent instabilities of the beam. Further in- 
crease of the intensity is made difficult because of fast growth 
of particle losses at the initial stage of acceleration. 

Particle Losses during Acceleration ______- 
To increase the beam intensity from 2 x lOI protons] 

pulse up to 2.5 x 1012 protons/pulse it is necessary todouble 
the circulating current, i.e., to increase the number of cir- 
culating particles from = 5 x 1Ol2 up to 1013. In Fig . 1 the 
dependence of the acceleration efficiency upon the increase 
of the beam intensity is shown (curve 1). The larger the 
number of injected particles, the lower the value of synchro- 
nous capturing (curve 2). However, the basic increase of 
beam losses &es place during the initial stage of accelera-. 
tion, i.e., during the very first 30 msec (curve 3). These 
losses are not accompanied by any evident coherent effects 
in the case where the damping system for transverse coher- 
ent oscillations is on. To detect coherent effects, use was 
made of electrostatic induction electrodes which measured 
the position of the beam center-of-gravity and longitudinal 
dimensions of particle bunches, as well as of profile monitor. 
U’hen the beam intensity is close to 2 x 1012, it is necessary 
to damp oscillations in the horizontal direction as well as in 
the vertical one. Particle losses at the initial stage of ac- 
celeration depend on the pressure of residual gas in the ac- 
celcrator chamber. The eyperimental data. a& presented in 
Fig. 2. (Operational vacuum in the chamber is 1 x 10-6 torr: 
in the experiments the vacuum became worse as some of the’ 
high vacuum titanium pumps were out.) It should be noted 
that at low intensity the dcpndenre of hr:lm lnsscs nn the 
vacuum is less distinct. 

At lhe l~egifming ctf acceleration the role of non-coherent 
shift of bctatron frequency is very great. From calculations 
it is clear that its value may be almost 0.5 or even mo 5 e 
rlliring The first milliseconds of the :tccclcrntion cycle. This 
rt,sulls in the fact that particles pass different resonances of 
bet:itron oscillationti. 

Ucl:ttron Oscillation Rc>sonanccs 

Correction of resonances is cJf ;~rcat importance \\hen 
the nccc~lcr:~tor operates at high intensity. Earlier we rc- 
ported on the c-sperimcnts on correction of parametric KS- 
;)yce; 1 ,Wk z = 19, 3 and diff erence coupling reson~ance, 

correction si stem for summctl coupling rcso- 
nancc, Qr - (1, -= 19, has been crcatcd. 

.I!! ill<’ correction s~stct:1s for l~:l:*tr~,n ~‘rion.:?ncc.+ f!:rc- 
!jCC c~rf*atiOtl Of IOcXl pcrturlxtli:~ns !)f thf’ corresponding pa- 
rautetcrs of th(> :~ccelf~r:ltr>r mngnotic liclci. Thr? pcrturb:l- 
t ions 32 t:i-e2ktl in such ;? Way tk:lt the r(‘(luirc~l harlnonics 
:\~oLiltl Ix cwated and no iln\v:tntcd hrmonics in the qwrn- 

tioml qi.itl or lif~1:itr~jll ohf~il::ition:i \~uultl xrisc. In Fig. 3 

there is presented a diagram of the accelerator stability, 
which was obtained when correcting resonances 2QZ = 19 and 
Qr + Q7 = 19. (The position of the oDerational ooint was 
variedby means of dc in the gradient correction system of 
the magnetic field; the intensity was measured at the end of 
the accelerating cycle; resonance 2Q, = 19 was not cor- 
rected.) From the diagram it follows that correction of the 
indicated resonances was realized well enough. Their nat- 
ural width is equal to: IP. = 2Q, 19 1 z 2 x 10e2, 

IPQr+(&z= 19) = o.tsx 10-2. The influence of resonances of 

higher order and quadratic resonances, in particular 3Q,= 23, 
3Q = 29, 2Q, + Q, = 29, as well as of cubic ones, is illustrated 
in gig. 3 where circles mean betatron oscillations at which 
decrease of the intensity as compared with the adjacent ex- 
perimental points is observed. Resonances of high order 
near the accelerator point were studied particularly. The re- 
sults are given in Fig. 4 for two cases. In the first case 
(solid line), resonance 3Q 
ural width is IP3Qz = 2g1 L 

= 29 was not corrected (its nat- 
1 x low2 at the amplitude of 

bctatron oscillations of 4 cm). In the second case (broken 
line), the indicated resonance was corrected with the help of 
a special system*. An approximate position of different res- 
onances up to fourth order have also been shown. As is seen, 
practically each oi them influences the beam dimensions and 
ieads to particle losses. 

Conclusion 

The main directi0n.s of the investigations which could 
lead to decrease of particle losses during capturing and ac- 
celeration are as follows: 

a. 

b. 

C. 

d. 

e. 

Investigation of the role of residual gas and improvement 
of the vacuum in the accelerator chamber. 

Further correction of betatron oscillation resonances. 

Investigation of coherent effects and development of the 
methods to suppres;; them. 

Improvement of fill.ing the longitudinal phase space of the 
accelerator. 

Investigation 01 inlluence and correction of nonresonsnce 
parameters of the magnetic field. 
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FIG. l--Acceleration process efficiency depending on the 
accelerated beam intensity. 

FIG. ?--Dependence of particle losses at the initial stage of 
acceleration on the residual pressure. 

FIG. 3--The diagram of the accelerator stability when cor- 
recting resonances 2Q, = 19 and Qr + Q8,= 19; the 
intensity within the contours has been in mated m 
relative units. 
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FIG. b--The dependence of intensity- on the position of the 
accelerator working point. (Along the abscissa 
axis there is plotted the current in the gradient cor- 
rection system.) 

267 


