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Summary 

Some details of particle storage in an 
isochronous magnetic ring with the goal of 
linac pulse compression are outlined. Bun- 
ched beam structure is maintained without RF 
bunching system. The distortions of isochro- 
nous circulation are studied. The numerical 
calculations refer to the Moscow meson faci- 
lity storage ring. 

Introduction 

The general functions and principal pa- 
rameters of the Moscow meson facility sto- 
rage ring have been discussed elsewhere /A/, 
/2/. Time structure of the initial beam 
(100 tins macropulse duration, 100 Hz repeti- 
tion rate) will be transformed. The most 
essential operating modes are as follows: 

a) conversion of every linac macropul- 
se into a single narrow bunch of 50-350 ns 
duration; 

b) each linac macropulse stretching up 
to 10 ms, providing an almost continuous 
beam. 

This paper deals with several features 
of pulse compression procedure. 

The design parameters of the linac and 
storage ring, essential for our aim in view 
are listed below. 

a) linac: 
H- ion kinetic energy. . . . . 
Macropulse duration. . . . . . 
I-'eak beam current. . . . . . . 
i5iacropulse repetition rate . . 
Micropulse repetition rate . . 
Micropulse duration at injec- 
tion azimuth . . . . . . . . . 
Beam emittance . . . . . . . . 
Relative momentum spread . . . 

b) storage ring: 
Orbit circumference. . . . . . 
Circulation period . . . . . . 
Stored turns . . . . . . . . . 
Max. particle linear density . 
Stored bunch length. . . . . . 
Stored beam emittance. . . . . 

Isochronous storage 

600 11IeV 
100 pls 
50 mA 
100 Hz 
200 !JHz 

I,2 ns 
0,3 cm.mrad 
-+2.10-3 

104,6 m 
LAO n- L ,- .-J 
226 
2.3nll --I ,- I” . 11, 

IO-80 m 
3 cm.mrad 

?in:e compression of the linac macrooul- 
se is achieved by multi-turn charge-changing 
injection and single-turn ejection as soon 
as"filling process is terminated. One has to 
provide an azimuthal void to exclude beam 
loss during the rise time of kicker magnet 
field. Beam stricture needed will be carved 
3y the chopper, installed in an initial part 
of the linac. 

It is reasonable to use an isochronous 
magnetic ring. i/e intend to tune it so that 
transition energy of the ring will be eq~el 

to linac output energy Circulation time 
does not depend on particle momenta. The 
storage ring lattice with the required cir- 
cumference ma,y be of isochronous desirn a: 
rather low price, and short storage time 
(100 YS) tolerates small deviations from the 
exact'isochronism without considerable bunch 
lengthening during storage. RF bunching sys- 
tem is absent in an isochronous storage rin& 
The ring of this type (IKOH) was studied by 
K.H.Reich /j/, and at the CERN PS experi- 
ments on long-term bunch confinement near 
the transition point were carried out /4/. 
They confirmed the possibility of isochro- 
nous ring realization. In a linear approxi- 
mation the revolution period depends on the 
particle momentum as 

AT/x -t-$+o) , 7 = d-6’ 1 

where yo is the relative energy, OZ Is the 
momentum compaction faci;or. 
Thus, the isochronous storage is possible in 
the ring with 

-2 
d = yo (2) 

lhe proton storage ring lattice of IP.oscow 
meson facility consisting of t%;Jo achromatic 
periods has a variable momentum compaction 
factor of 0,32 cd (0,42; ti = 0,372 cor- 
responding to Eq.(2). 

A plan view of the storage ring lattice 
is given in Pig.1, and Fig.2 shows dynamical 
functions on half of its circumference. &:Ore 
detailed view of the lattice, the descripti- 
on of its components operation and the ar- 
rangement of the rest of the equipment may 
be found elsewhere /1,2/. Quadrupoles K3 
(Fig.1) regulate the value of the dispersion 
function -f- and the factor 4. 

Fig. 1 . Plan view of proton storage ring 
at ~~loscow meson facility: 
1) - dipoles; K1,K2,:13 - quadrupoles; 
Sl,S2,S3 - sextupoles 
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Fig.2. Dynamic functions for a lattice cell 

Deviations from isochronism 

There is a number of effects disturbing 
the isochronous circulation. Seve- 
ral nonlinear longitudinal effects result- 
ing in systematic bunch lengthening (propor- 
tional to the circulation time) do not 
depend directly on intensity. aunch lengthe- 
ning averaged for a circulation period a6 
is 

a6 ==z 3_t6E 
-6 ?L i+& tjq a”b66:.. 

il 
(3) 

where 6% , &t are Courant-Snyder invariants 
of radial and axial betatron oscillations, 
arid S=ag/yO 

xxpansion coefficients (3) correspond- 
ing to our lattice properties are related to 
transverse motion characteristics as follows: 

-ilAG 3 $6 

c,, = QT > 

any = ‘i; aJI, 

%Et ai-- > (4) 

where 4 $ are the betatron numbers, yiis 
the dispe&ion function. 
Hence,the compensation of the natural chroma- 
ticity eliminates emitzance dependence of 
bunch lengthening. - dependence of bunch 
iengthening can be eliminated by sextupole 
correction as well. 

In the proton storage ring of 1.1oscow 
meson facility ( &K= &p= 3 cm.mrad, 

\SL,, = 2-10-3) with the natural chroma- 
ticity the total bunch lengthening amounts 
t0 AG = 6,7.10-4-m per turn. If ejection is 

the ejection is performed later or conside- 
rable sextupole nonlinearity in the lattice 
components takes place. That is why a set of 

is provided (Fig.1). 
Coulomb shift of betatron 

oscillation frequencies limits the azimuthal 
proton density. At [AL)<,2 ) L-4x = -0,lO 
and transverse emittances 
the linear densit should noEt*'~~c~e~*mrad 

dF.i// SS = 3.10 T 1 proton/m. Besides that 
the incoherent shift will be shown to result 
indirectly in deviations from isochronism. 

It is necessary to point out,that In 
our case the incoherent Coulomb shi.ft is 

rather important in spite of the storage is 
accompanied by IO-fold emittance growth. 
A flexible injection system /5/ facilitates 
nearly uniform filling of the beam cross- 
section during the storage. The azimuthal 
charge density should be also approximately 
uniform and the initial RF microstructure of 
an injected beam should be eliminated during 
the storage. To do it the orbit circumferen- 
ce is chosen so that it should not be divi- 
ded exactly on the distance between the 
centres of adjacent microbunches. 

Transverse electromagnetic forces insi- 
de the bunch modify external magnetic forces 
of the ring, It may be interpreted as the 
increase of the momentum compaction factor 
by L=& depending on the azimuthal charge 
density. &o different particles have their 
own A& if the azimuthal charge density 
is not uniform within the bunch. In particu- 
lar, &= 0 in bunch edges. 

The equation for the dispersion functi- 
on 9 is written as follows 1 

q+- 9 (q $9 1 FZ- &p)\y , (5) 

where 
D$S) = - 

.br\lr, RJ 
rib ap+qqp 

takes into account space charge forces in 
the bunch. N is the number of protons in 
the bunch; rp = eti&?pCL) 
bunch-factor; q , 6 

; A is the 
are half4imensions of 

the beam cross-section; f is the coeffici- 
ent taking into account the effect of beam 
surroundings). 

The solution of Eq.(6) is represented 
as follows 

q=%+q I (6) 

where q0 is the dispersion function at 
low intensity and a9 ( ~YY~cL\ ) is 
expressed by the relation 

A, o-tao I 
b P (0) = Lsih$87L 6 pw;@~ $)%@‘j 7Q 

a0 is the azimuthal length of the lattice 
cell. 
A correction to the momentum compaction fac- 
tor o&is 

&& z / 
podwe, & (8) 

80 $ RC0) 

Calculations referring to the MOSCOW 
meson facility 

5 
torage r'ng resul 

AA= l,i3*10' at d*l)ds =3*lC~I$oton/m 
and uniform charge filling of the beam 
cross-section. 

Azimuthal particle shift for K revolu- 
tions will reach the value 

d- zz L -+$fd*,*.K , 

074 
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resulting in Ak = 0,84 m at the final mo- 
ment of the storage. 

It is worth noting,that inside the 
bunch tails the charge density is practical- 
ly less than near its centre, thus,the azi- 
muthal shift (9) is not in general bunch 
l~~t~;~ng. The latter is less because of 

in the bunch tails. The most 
significant azimuthal particle shifts occur 
in the middle part of the bunch. 

Longitudinal particle repulsing 

In a bunch with uniform azimuthal char- 
ge density the longitudinal Coulomb forces 
occur only on its edges. At nonuniform den- 
sity they act along the whole bunch length, 
resulting in proton energy change. In the 
isochronous circulation mode the bunch 
length remains the ssme,but the bunch is ra- 
dially deformed. With a bell-shaped distribu- 
tion of charge density a head part of the 
bunch is accelerated and a tail one is dece- 
lerated. 

Let's estimate energy change during the 
circulation. Assume,that the linear charge 
densitg decreases from the centre up to its 
edges according to the parabolic law. In 
this case,the longitudinal electric field 
increases linearly with a distance from the 
bunch centre 

(IO) 

where rJ - is the number of particles; 
S mcx - is the bunch half-length; 
5 - is the distance from the bunch 

centre; 
Lx - is the factor in the specific 

case of the circular beam cross-section 
with 4. radius propagating along the axis 
of the circular trans art 
us -?5 equal to I+2 

AAsuming S=lO m, 
AL 

channel with radi- 
db /a!. 

aqg" = 1 ,o 
s=s max, X=3*1O12 and 

ne can find Es,,, = 0,65 V/cm. 
At the beginning of the storage FSm = 0, so 
inrith the linear intensity_growthjt is ne- 
cessary to consider,that ESW = tsh,/Z on 
the average. During the storage the energy 
of boundary particles in the bunch changes 

e momen- 

linac beam and this is to be taken into con- 
sideration in some cases. 

As follows from Xq.(lO), at the fixed 
linear charge density in the middle of the 
bunch the field strength on its edge depends 
on the length as EShhi s-' , so the most 
s>Jfficient disturbances of znergy distribu- 
tion occur in short bunches. 

Longitudinal iiEl-instability 

section, will result in betatron oscillation 
frequency modulation, which is unfavourable 
in our storage ring. 

The instability threshold is rather low 
due to neighbourhood to the transition 
point. According to Keil-Schnell criterion 
/6/ the iocal current I, in the bunch should 
not exceed the value " 

(11) 

where ZL./~ - the longitudinal impe- 
dance divided by aL&mber of the excited in- 
stability mode; 1"=1 is the factor depending 
on particle momentum distribution. 

Prom Eq.(12) one derives for this case 
the impedance limitation at maxlrnum stored 
current 

\ Z‘;:GL 1, 5 ..3s,,o:'; j x-2 (12) 

-2 
At I$, G' 10 it may be unreal to main- 

tain impedance providing stability. But rise 
time for instability turns out to be compa- 
rable to or exceeding the storage time and 
it is the longer, the less 111 \ is. 

Conclusion 

'The investigation carried out shows, 
that the linac pulse may be compressed hund- 
redfold using an isochronous storage ring 
without a R.P. bunching system. There is no 
need to maintain strictly isochronism condi- 
tions. For example at 

'11, 
S 0,02 the 

bunch lengthening during t e storage period 
of 100 rs will not exceed 2,5 m, that seems 
quite tolerable,unless the goal is to obtain 
short bunches of several meters long. 
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The longitudinal beam instability may 
result from bunch interaction with vacuum 
chamber walls and equipment, surrounding the 
beam, giving rise to momentum spread increa- 
se and azimuthal charge density modulation. 
Density fluctuations, whose wave length is 
comparable to or exceeds the beam cross- 
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