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Summary

The time structurs of the accelerated H”

beam of Woscow meson factory is defined by
+tarhni,ral Ffeatiireg of 1inear acceleration and
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inadequate to the demands of a considerable
part of the physics program envisaged. A new
type of a magnetic ring for ion pulse time
structure transformation is proposed. The most
essential operating modes are as follows:

1) the compression of every stored pulse up
to the hundreds times; 2) slow ejection of
every pulse over 10 ms. Multiturn charge-
changing H™—» HY injection will be used for
the effective storage. The magnetic ring is
an isochronous one = ¥¢r ) for the pulse
compression mode. Bunch beam siructure ls
maintained without RF bunching system. The
beam will be slowly ejected by the modified
Piccioni method. The 99% ejection efficiency
can be achieved, but the special azimutal
distribution of a dispersion function is ne-
eded. The main beam dynamics features gre
shown together with the magnet ring configu-
ration.

Introduction

The acceleration of H ions is a main
operating mode of loscow linear meson facto-
ry now under construction {1}. So it will be
pessible to store each linac macropulse in a
magnetic ring by multiturn charge-changing
injection {2,3). The beam phase space densi-
%y can be increased many times. The design
parameters of the meson factory beam essenti-
al for our aim in view are listed below

H™ ion kinetic energy. « » « - 600 KeV
Peak beal currente « « « « « » 50 mA

Pulse duration « « o « o o « o 100 ms
Repetition rate. « « « « « « o 100 Hy,

Beam emittance . « « ¢ « » ¢ o 0.3 cyemrad
Relative momentum spread . . . £2.107

Beam storage

Bach accelerated H  ion macropulse will
be injected into the magnetic ring by ion
stripping (H-—» H*) while crossing through a
thin carbon foil (200 wg/cm Yo It will be in-
stalled inside the ring vacuum chamber at the
gtraight section with zero dispersion. The
local distortion of the closed orbit will be
used during injection. H™ beam does not cross
the nonlinear magnetic fields at injection
area, so no significant beam emittance dilu-
tion can be expected.

The H~ beam emittance is smaller by a
factor of ten than that of the stored one.

So it is possible to adjust the stored beanm
phase space distribution by time-dependent
variation of incoming beam transverse posi-
tion as well as that of the beam emittance
shape parameters at injection azimuth. Besi~-
deg one can choose different betatron num-
bers and thus additionally control the den-
gity distribution in four—-dimentional phase
space. .t is reasonable to achileve homogenious
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charge distribution within the beam cross
gection.

The essential characteristics of the
beam storage process are as follows:

Orbit circumference. « « « « « 102.8m
Circulation period « . . . « « 430 ns
Stored tUTNS « « & o ¢ s o o o 240

Max. intensity per pulse . . . 3.1013
Max. particle linear density . 3-1011 m=

Stored bean emittance. « « « « 377cm.mrad
Kax. incoherent tune shif't
(Smooth approx.) - « « « « « » =0.09

Macropulse compression

Time compression of the linac macropul-
se is achieved by the particle storage and
one-turn ejection as soon as filling process
ig terminated. One has to provide an azimu-
tal void to exclude beam loss during the ri-
se time of kiker-magnet field. Ring magnet
gtructure is an isochronous one l.e.

— L
0(- ‘( ] (1)

where o ig a momentum compaction factor,

is beam energy. There is no RF system to
keep the bunch structure. Similer storage
idea has been proposed and experimentally
studied by K.Reich [4). The condition (1)
might be mainftained in our case only appro-
wimately. For example 10% deviation of &4
from the precise value gives 4 m bunch
lenzthening in 1OOVMS period of macropulse
storage. The transverse electromagnetic self-
field of the stored beam distorts the iso-
chronism. Different particles have their own
ol -values and ok ~deviation depends on the
local charge density. In our case

A= 0.018,

It is essential to eliminate the initi-
al RF beam microstructure during storage. SO
charge density is smooihing along she burnche
The smoothing occurs naturally if the ring
circumference L, is.not divided exactiy by

B ( is 2 particle velocity, A is a li-
nac RF wave length).

Specific beam dynamics point in iso-
chronous system is a low threshold for mic-
rowave instability. Fortunately rise tiues
become very long near transitien, especially
for low mode numbers r , responsible for
beam mgcrodeformation. In the real situation
(r =102, - y=% =1-1072, 2/ =301 ),
instability growth times exdeed consideravly
the storage time.

The main parameters of macropulse com-
pression mode are as follows:

Sunch length in the ring up to 75 m 13
Max.intensitye o« o o o o o o » 2,3+10
Peak circulating current . . . 11 A
Momentum compaciion factor . . 0.371
Kiker-magnet strength. . « « » 0.02 T.m
Kiker-magnet rise time . . . . 100 ns

Macropulse stretching

This operating mode includes azimuthal-
ly homogeneous storage of particle macropul-
se and Turther slow ejection of the stored
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beam within time interval between the succes-
sive linac pulses. The wide-spread methods of
iresonant slow ejection ig difficult to utili-
z€ 1in our case. Nonlinear intense beam self-
Tield prevents particle excitation at a rea-
sonable rate and reduces the sjection effici-
ency.

We have studied present-day possibiliti-
es of the old~fashioned slow ejection method.
The main point here is the excitation of ra-
dial betatron oscillations while the beam is
gradually shifting onto the thin target due
to the local radial disfortion of the closed
orbit. This method was realized for slow be-
am ejection from weak-focusing proton syn-
carotrons [5,6].

The particle momentum decreases by AF
due to ionization losses while crossing the
condenged target. The radial position of the
particle closed orbit shifts abruptly by the

T e PP, @)

va.Lue
where is a dispersion function. The am-
plitude of additionally excited betatron os-—
cillation is equal to |AF} . The first maxi-
mum inward excursion of the particle occurs
at half a betatron wavelength downstream
where 1t can be separated from the rest cir-
culating beam and emerged away.

The maximum tolerable operational losses
at slow ejection are assumed to be near 1%.
The source of residual activity must be iden-
tified and rather well localized. Nuclear
interaction and large angle scattering of the
particles crossing the target and hitting the
septum are the main processes responsible for
activation. So the target thickness must be
extremely amall but sufficient enough to sepa-
rate the ejected particles from the rest cir-
culating beam. Taking intoc account the men-
tioned above it is reasonable to construct
the magnet lattice so that W -function
skould be extremely large at the target azi-
muth and equal to zero at half a betatron
wave length down stream (septum azimuth). In
accordance with (2) the betatron oscillations
are excited the most effectively. The radial
distance between the ring principal orbit and
the septum does not depend on circulating
beam energy spread but on the radial betatron
emittance only.

The approximate condition of the ejected
particle separation from the circulating beam

is Va
20/, ’/C?ﬂzi)/{’f , (3)

where ﬁc, \Yt are structure functions at

the target azimuth, § is radial emittance.
The main characteristics of alow ejec-

tion are as follows:

Max.beam intensity. « « « o o o & 3'1013
Relative loss of particle momen-~ -3
L 2+10
Target thickness (carbon) . . . . 4 rm
R.m.s. multiple scattering angle 24103
Mean depth of proton penetration

into target . . . . 4 . 4 . . . . 100 mm
Max.target heat deposition. . . . 1 kwn
Intensity loss in the target. . . 0.8%
Intensity loss in the septum. . . 0.2%
¥ -function value at the target

azimuth . . . . . . . 12 m

-function value at the target
azimuth o + & o v 4 4 ¢ v o 4 .o W 8 m

Magnet lattice is a nonisochronous one at
slow ejection operating mode. It will be
necessary to cure the instabilities of the
intense circulating beam. Those ones connec-—
ted with residual gas interaction will be
eliminated by ma%ntaining gas pressure at
the level of 1077 Torr. The ring vacuum
chamber and the equipment in.side it ought
to be manufactured so as to provide the
adequate electromagnetic properiies of the
beam surroundings. The transverse feed-back
damping system is needed.

Magnet lattice

The ring magnet lattice (Fig.1) cosists
of two cells. Zach cell is an achromatic one
with almost independent tuning of transverse
and longitudinal dynamics parameters. Wide-
spread tuning of the betatron numbers is
well provided by the guadrupoles 1-Q instal-
led in zero dispersion straight sections.
The deflecting system of each cell has two-
fold mirror symmetry, i.e. it is zymmetrical
against the plane A-A and besides that each
its half is symmetrical against B-3. Disper-
sion function maximum value occurs at the
azimuth A-A. It is possible to adjust the
dispersion at this point by tuning quadrupo~
les 1-K without an achromaticity distortion.

Fig.2 represents the cell main functi-
ons for different values of & . The hetatron
numbers are Q_ = 2,4; 2 = 2,3.

Secogd—o§der aberrdtions depending on
( &P/p,)¢ and emittance &, zhave negligible
influence on the bunch lengfhening at iso-
chronous operation mode (less than 1 m for
100 Fs).

Compressed and stretched beams are
emerged away into the common transporting
channel 3-L. Septum-magnets 3-S5 are used
for deflection of both beams mentioned.
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Fig.1. Plan view of storage ring.
1. Ring magnet: 1-D - dipole; 1-Q - quadru-
pole; 1-X - guadrupole for correctionel.
2. Injection system: 2-T - gtripping foil;
2-3 - septum-magnet; 2-B - bump-magnet.
3. Ejection system: 3-S5 -~ septum-magnet;
3-T - external beam channel; 3-K - kiker-
magnet; 3-T - slow ejection target;
3-B - bump-magnet for beam gpilling

Pig.2. The cell functions for macropulse
compression operating mode:

x\E ;- - =

Curves I, II I1T correspond to diffe-

rent ok—value : o~ Y = 0Q0; 0,044,

-0.044
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