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Abstract 

The proton storage ring, which is under 

construction in the Moscow Meson Factory, differs from 

known magnetic lattice by operation close to transition 

energy. Therefore it is important to study particle 

motion in condition of high circulating current which 

i5 equal to 11.5 A. During the injection the space 

charge effects predominate and result to the essential 

evolution of momentum distribution. In order to 

ascertain the stability conditions the dispersion 

integral are investigated both 1 ongi tudi nal and 

transverse motion. Some results of the numerical 

simulation of the longitudinal motion are presented. 

Introduction 

The general functions and basic parameters of the 

tlascow lleson Factory Proton Storage Ring (PSR) have 

been presented elsewhere Cl]. There are two modes in 

order to transform the linac beam time structure : 

1. Fast extraction mode (FEM) converses of every 

linac macropulse into a single short bunch of SO-350 ns 

duration. 

2. Slow extraction mode (SEM) provides the stretching 

of linac macropulse with duty factor up to 100% . 

Special feature of the PSR is a isochronous mode of 

operation in order to keep the bunch structure in FEM. 

It means that the parameter n=l/y2-l/y: is relatively 

close to iero. There is a number of effects disturbing 

the isochronaus beam circulation. Particularly, the 

nonlinear effects have been studied in detail C2,31. In 

both modes of storage ring operation the high stored 

current ( I -11.3 A) and relatively low energy result 

in a strong space charge influence which have been 

studied recently for transverse motion C31. 

In the following we will report on some features 

of inJection a5 well as longitudinal and transverse 

instability problems. 

b iection 

The H-+ H+ charge exchange injection is planed to 

use in PSR. As target the carbon foil nith 300 /Jg/ClD2 

thickness is considered. 99% charge exchange efficiency 

is expected. Main problem of azimuthal painting is a 

formation of uniform longitudinal distribution along 

the ring for SEM. To do it the following relation is 

realized: T = no + AT, where T is the circulating 

period, T = 5.045 ns is rf period, AT is a small 

addition, AT << T, n=69 is integer part of ratio T/T. 

In order to study of longitudinal painting under strong 

space charge influence the computer code has been 

developed. Space charge forces are calculated in one 

dimensional model. Mainly the space charge forces 

change of momentum distribution of circulating beam. In 

more detail this effect is discussed in other paper of 

this conference C41. 

The beam chopper located on 750 KeV transport 

channel will be used to create according pulse 

macrostructure for FEM. hgain, space charge essentially 

effects on particle momentum especially on bunch edges 

that can excite transverse betatron oscillations. To 

avoid it the smooth bunch density distribution on the 

bunch edges must be realized during the injection. 

Proper azimuthal particle distribution can be created 

by chopper. 

Uniform distribution of the circulating beam on 

the transverse phase space is important on a lot of 

reasons. Therefore the field in the injection bump 

magnets is changed in according with the law shown in 

Fig. 1. Vertical phase space is painted by the 

displacement of beam on the injection transport line by 

using of bump - magnets with the changing of field c fi 

(t is an injection time). In Fig. 2 the location of 

phase ellipse centres of the injected beam and the 

contour of the circulating beam phase area are shown. 

Averaye number of foil passages per proton during the 

injection is * 30 for both nodes. The calculations show 

that both transverse emittances and momentum 

distribution do not destroy essentially. 

Lonai tudinal instabi Ii tv 

In order to estimate an increment of longitudinal 

instability in FEM ne consider continuous beam in the 
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hydrodynamical approach of this problem. If IIm Zl 1 >> 

IRe ZiI the instability g:ztr,th time is detL.imined by 

4n r m. Y R2 
1;: 

I I’m z, /J I!‘2 

To= y- 1 ij-N e2jgl 1 - (1) 
Re Z1/” 

Where mo, e are the rest mass and charge of proton, 0 

is the revolution frequency, N is number of particles, 

R is the ring radius. In our ca5e the imaginary part of 

impedance is capacitive and determined by space charge 

mainly. The real part of impedance is caused by 

broadband impedance of vacuum chamber components. For 

estimation goal5 we consider the impedance at the 

cut-off frequency wc= n 6 fn=280): ZI/n = (5-j.37@)C3. 

Then from 11) one follcws razz 1.9 ms which is 

eeeentially larger thai, circulating time * 0.1 m5. In 

order tc study the longitudinal painting and stability 

in condition of space charge effect and beam - 

environment interaction the computer code was 

developed. The simulation shows there 1s no instability 

in FEM with the real part of broadband impedance up to 

Re ZI /n = 500. 

In the SEM the beam is stored up to 10 ms (but the 

current drops linearly with time). Therefore LandaL 

damping of longitudinal coherent oscillations must be 

provided by momentum spread. By dising the oni 

dimensional computer simulation of l:iJi-ctian process 

the final momentrlm dlstl ibution of circulating bea,n wa5 

found (fig. 3). The iritial Gaussian - like momentum 

distribution cutted on 30 level and with 0.065% rm5 

value has been took. For momentum distribution 

presented in Fig.3 the dispersion equation has been 

solved numerically. In Fig. 4 the curve corresponding 

to the growth time of 25 ms is shown on the plane (Re 

Zl/n, Im 71/n). The operating point of storage ring ir 

inside of this curve. Because of the momentum aperture 

of PSR i5 50.7% there is a big spare to real ice mwe 

wider momentum distribution in SEM if it is necessary. 

The adju5tment of momentum distribution of coming bear 

can be done by debuncher which will be installed 

downstream linac. For PSR conditions the longitudinal 

stability is provided by low energy tail of energ, 

distribution. Therefore the beam extraction can be done 

by the movement of high energy tail into the internal 

target C51. 

Transverse instability 

The slow extraction in PSR is created by asing the 

interaction of small fraction of circulating beam with 

thin internal target C!51 therefore the coharent 

transverse osci 11 at i on5 can result to intensity 

modulation of extracted beam. The transverse impedance 

is created mainly by kicker-magnets, beam space charge 

and resistive walls. In the SEtl the fast ferrite 

kicker-oagr,et, which i5 u5ed in FEN oniy, can be 

removed and electr-ically shielded. By using the known 

e::pression t6,71 it is possible to calculate the 

impedance of PSR. In Fig. 5 the total real part of 

impedance vs mode number is shown. Rrqulred threshold 

impedance for the instability avoiding 15 determined by 

n KLoC’~ & 

1’4th 5 
e I 7i -i- [ 

(n-y)s){ VT 
I 

(2) 

where v is a tetatron tune, 

average value of o-function.FFg: ~‘S?b~~::t:~::’ E :;,I 

<< IZ,,I s theref or e there are transverse . . 
i.lz.ttibillties fur a lot number of modes. Landau camping 

doe5 not change increments ee5er,ti 31 ly if n_(lO. To 

sL,ppress the t:- iiir ,,erse instabi 1 i ti e5 L f 5edbacl. damper 

- : cinder derelopment now. %a maximum value of inserted 

iccrenwnt will be r 
-1 = 104 c-1 and the frequency 

bandwidth is 0.1 - 25 MHz to 5uppre55 the instability 

on modes a5 high as n=15. 
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F:g. 1. Sean. deviatinn angle created by InjectIon 

bump-flagnets V5 InJection time. 
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Fig. 2. The locatlcn of phase ellipse centres 

of injected beam just after injection 

cmpletior; !fI) and after the bump-magnets 

sw:tching off (8). Solid line is a beam 

contour. The target image is shaded. 
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Fig. 4. Stablilty diagram. 
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Fig. 5. The change of Re ZL and growth time vs 

mode number-. 

Fig. 3. The change of momentum distribution 

during injection. 


