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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 /1/,
/2/. Time structure of the initial beam
(100 s s macropulse duration, 100 Hz repeti-
tion rate) will be transformed. The most
egsential 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
beai.

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. « . « 600 MeV
Kacropulse duration. « « . « . 100 ms
Peak beam current. « + « « o« o 50 mA
Macropulse repetition rate . . 100 Hz
Micropulse repetition rate . . 200 NHz
Micropulse duration at injec-
tion azimuth « o ¢ ¢ ¢ ¢ o » =« 1,2 ns
Beam emittance « « o o o o o o 0,3 cn.mrad
Relative momentum spread . . . 12.10-3

b) storage ring:
Orbit circumference. « « « « « 104,6 m
Circulation pericd « « « « » 440 ngs
Stored tUTNS « o o & o » ¢ o » 226 4
ilax., particle linear demsity . 3-1017 m”
Stored bunch length. . . . . . 10-80 m

Stored beam emittance. « « « 3 cm.mrad

Iscchronous storage

Time compression of the linac macropul-
se is achieved by multi-turn charge-changing
injection and single-turn ejection as soon
as Tilling process is terminated. One has to
provide an azimuthal voild to exclude beam
loss during the rise time of kicker magnet
field. Beam structure needed will be carved
by the chopper, installed in an initial part
of the linac.

It is reasonable to use an isochronous
magnetic ring. We intend to tune it so that
transition energy of the ring will be equal
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to linac output energy Circulation time
does not depend on particle momenta. The
storage ring lattice with the required cir-
cunference may be of isochronous design a?
rather low price, and short storage time
(100 ms) tolerates small deviations from the
exact isochronism without considerable bunch
lengthening during storage. RF bunching sys-
tem is absent in an isochronous storage ring
The ring of this type (IKOR) was studied by
K.H.Reich /3/, and at the CERN PS experi-
ments on long-term bunch ccenfinement 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
-2

sT/=n(e%p) N ¥ (1)
where 7> is the relative energy, oL is the
momentum compaction factor.
Thus, the isochronous storage is possible in
the ring with

-2

Yo (2)

The proton storage ring lattice of Noscow
meson facility consisting of two achromatic
periods has a variable momentum compaction
factor of 0,32 <d < 0,42; o = 0,372 cor-
responding to Eq.(2).

A plan view of the storage ring lattice
is given in Fig.1, and Fig.2 shows dynamical
functions on half of its circumference. More
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 dispeTsion
function Y and the factor <L .

o

Fig.1. Plan view of proton storage ring
at Moscow meson facility:
D - dipoles; K1,K2,K3 - guadrupcles;
S1,82,83 - gextupdles
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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 mnonlinear longitudinal effects result-
ing in systematic bunch lengthening (propor-
tional to the circulation time) do  not
depend directly on intensity. Bunch lengthe-
ning averaged for a circulation period A6
is

34:6' Y b 2
= 6**1‘ 2€2+i‘££5-ﬁ..
(3)

where Ex 162 are Courant-Snyder invariants
of radial and axial betatron oscillations,
and &==2¢/7p, -

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

1A6_0T7n& Bagzrﬁbvb
R, '35 &2 %, (4)

where W , Vé are the betatron numbers, ﬁ)ls
the dispersion function.
Hence, the compengation of the natural chroma-
ticity eliminates emitfance dependence of
bunch lengthening. - dependence of bunch
lengthening can be eliminated by sextupole
correction as well.

Inn the proton storage ring of koscow
meson facility ( &x= &z= 3 cm.mrad,

V5 lmax = 2¢10-3) with the natural chroma-
ticity the total bunch lengthening amounts
to &8 = 6,7-10=4m per turn. If ejection is
performed immediatel' after terminating the
storage process,f a6 K= 0,15 m,which may be
rieglected., But correction is necessary,when
the ejection 1s performed later or conside-

rable sextupole nonlinearity in the lattice
components takes place. That is why a gset of
sextupoles S1-o is provided (Fig.1).

Incoherent” Coulomb shift of betatron
oscillation frequencies limits the azimuthal
proton density. At [ &Y%,2 ) waex = =0,10
and transverse emittanceo Ex y= 3 cme mrad
the anear dens X should not exceed

425 = 3+10 proton/m. Besides that

the 1nooherent shift will be shown to result
indirectly in deviations from isochronism.

It is necessary to point out, that in
our case the incoherent Coulomb shift is

874

rather important in spite of the storage is
accompanied by 10-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 gzimuthal charge
density. So different particles have their
own acl , if the azimuthal charge density
is not uniform within the bunch. In particu-
lar, &dl= 0 in bunch edges.

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

z
4 o ?o
Y+ go) By -

where

4%}[&)\y (5)

AN R
TAN a(a)pty?

takes into account space charge forces in
the bunch. N is the number of protons in
the bunch; Tp= € /wpc?> ; A is the
bunch-factor; a, are half-dimensions of
the beam cross-section; [’ is the coeffici-
ent taking into account the effect of beam
surroundings).

The solution of Eq.(6) is represented

as follows
\.]»:\Po—ﬁé\f’ . (6)

ig the dispersion function at

A\y4¥ e\ ) is

29(9)

where %
low intensity and a¢ (
expressed by the relatlon

Ro vz . aQle (g
NAOE fymerey &gs (e (8) g(%,)ﬂ%mx

X Gos [ (8-8)+K8)-X(9)+ Y A ET
()

9o is the azimuthal length of the lattice
cell.
A correction to the momentum compaction fac-
tor o i

Do
o aq/ua)
B L R(®)

Calculations referrinv to the Moscow
meson facility Storage ring resul%

Ad= 1,8¢10" ds =3-10 1proton/m
and uniform charge filling of the beam
crogs—section.

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

al = Lot |ap| K (9)

™~y )

oY (8)
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resulting in al = 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
lengthening. The latter is less because of

Aol = O in the bunch tails. The most
gsignificant 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 circuletion mode the bunch
length remains the same,but the bunch 1s 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
density 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

— r Ne
ts(@): -‘—Z— X—,L—S*g* 5 (10)
mag

where N - is the number of particles;
- is the bunch half-length;

S -~ is the distance from the bunch
centre;
~ is the factor 1n the specific
case of the circular beam crosg-section
with <@ radius propagating along the axis
of the circular transport channel with radi-

us © , equal to 142 Anlb/al 12
, , Assuning 5=10 m, S=5;,,, ¥=3¢10 and
22 /y“ = 1,one can find Egm = 0,65 V/cm.

At the beglnnlng of the storage sm = 0, so0
with the linear intensity _growth it is ne-
cessary to consider, that bEgom = Csm/Z‘ on
the average. During the storage the energy
of boundary particles in the bunch ohanpeo
by 0,78 eV correspondlng to relatiye momen
tum spread ( zﬂ? = %0,8.10"°2, this
being comparable gg momentum spread of the
linac beam and this is to be taken into con-
sideration in some cases.

As follows from £g.(10), at the fixed
linear charge density in the middle of the
bunch the field strength on 1ts edge depends
on the length as ESSW\AJ 3 , 80 the most

sufficient disturbances of energy distribu-
tion occur in short bunches.

Longitudinal RF-instability

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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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 local current I, in the bunch should
not exceed the value

2.2
T2 MeCpVnf ey (1)

° € \21—//“1 ?0/ )
where ‘zL/Y1 is the longitudinal impe~

dance divided by a number of the excited in-
stabllity mode; FP=1 is the factor depending
on particle momentum distribution.

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

| 3

| 2o/l £ 085000 ] @ (12)

_ 2

At ]Q\ A 10 it may be unreal to main-
tain impedance providing btability. But rise
time for instability turns out to be compa-
rable to or exceeding the storage time and
it is the longer, the less lq{ is.

Cornclusion

The investigation carried out shows,
that the linac pulse may be compressed hund-
redfold using an isochronous storage ring
without a R.F. bunching system. There is no
need to maintain strlctly 1sochronlsm condi-
tions. For example at %- % 0,02 the
bunch lengthening during the storage period
of 100 ms will not exceed 2,5 m, that seers
qulte tolerable,unless the goal 1s to obtain
short bunches of several meters long.
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