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Abstract 

'The 100 m long injection beamline trans- 
ports anti matches the ion beam of the 45 MeV 

cyclotron JCLIC to the Cooler Synchrotron 
COSY , which is under construction at KFA 
Julich. The optics was laid out for some 
flexibility in different modes of operation, 
to account for the beam properties of the 
cyclotron and for the injection demands of 
COSY. On that basis, we report on the design 
of the beamline with its main components, like 
the magnets, the beam diagnostic instrumenta- 
tion and the computer control system. The 
commissioning of the beamline will be in 
summer 1991. 

Beam Shutter 

Beam Oiagnostics 

Basic Co.n~&t.i.ons for the-layout 

The boundary conditions for the optical 
transport properties are given by the cyclo- 
tron beam properties and the COSY injection 
requirements. 

The cyclotron produces a beam with a 
maximum rigidity of 2 Tm, an emittance of 
e,=3.2 7i mrad mm and E,= 6.4 7i mrad mm, a Dis- 

of D,=-0.12 m and D,'=-3.35 mrad/%, 
ZE~Sko~omentum spread of 6p/p=O.15%. The Twiss 
parameters at the beginning of the beamline 
are R,=7.4 m, a,=-0.79 and R,.=26.0 m, a,=-6.4. 

The different operational modes of the 
COSY storage ring require different injection 
conditions: The beta functions at the end of 
the beamline must be adjustable between the 
characteristic pair values B,=?.O m, 
0,=15.4 m, and 8,=15.4 m, R,=?.O m, with a 
compensated dispersion function. 

As a further boundary condition, the 
beamline has to follow a well defined geome- 
trical path, which passes the experimental 
hall between the cyclotron and COSY very close 
to the wall of the building, in order to leave 
as much space as possible for the experiments. 
This path was predetermined by KFA, together 
with an ion optical reference design [3]. 
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Fig.1 The COSY injection beam line. Two 
different injection sections will be construc- 
ted for H,'- and H--injection, respectively. 

The Cooler Synchrotron COSY [l] will be 
filled with ions coming from the cyclotron 
JULTC , which is operating at KFA successfully 
since 1969 (2;. The injection beam line from 
the JIILIC cyclotron to COSY will transport the 
particles along an approximately 100 m long 
path across the experimental area, and match 
the phase space coordinates of the beam to the 
optical conditions at the injection point of 
COSY. As these conditions vary according to 
different operational modes of the storage 
ring! the injection beamline has to provide 
flexibility in its optical transport proper- 
ties. Interatom in 1989 got the contract for 
the design, construction, and commissioning of 
the beamline and all its subsystems. 

storage iiing 

Cc;SY 

De.scri.ption of-the Sy&eE 

The layout of the beamline is shown in 
Fig. 1. It consists of the following subsec- 
tions: 
line, 

The cyclotron achromat, a PJ;;h;:anSfer 
the transfer achromat, FODO 

line, the injection achromat, and the injec- 
tier: section. 
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The cyclotron achromat is slightly asym- 
metric, it serves for the matching of the beta 
functions and the dispersion. The transfer 
achromat (second order) is symmetric and 
incorporates a FODO unit transfer line. The 
dipole magnets of the injection achromat have 
edge focussing, which is chosen such that only 
one quadrJpole strength is needed in this 
section. The optical functions i3,, l3, and D, 
alonq the beam line are shown in fig. 2. 

The injection section works as a te1e- 
scope with a magnification factor of 1.5. 
Additional dipole magnets with deflections of 
10‘ and 7", respectively allow for 
in the beam path, 

flexibility 
as particles with different 

ratios of Q/A will be injected into COSY. 

First operation of COSY will use Hz'- and 
H--injection. The two corresponding beam paths 
differ in the downstream end of the 
region. Both 

injection 

fig.1). 
lines will be constructed (see 

Only one of them, however, will be in 
place at a time. The left, which uses the two 
small dipoles, serves for H-, the right is for 
HZ‘ and will have a deflecting magnet at its 
end, which is similar to a septum magnet. 

In the injection region, a vertical bear 
bump of =2@ mm will be which 
oscillates at 

generated, 
a period of 330 ps and will 

increase the efficiency of the 
injection in COSY. 

strippinq 

The beamline is designed for 
in its optical properties, 

flexibility 
which is 

achieved 
mainly 

by six quadrupole parameters of the 
cyclotron achromat. The adjusting range of 
possible values for the Dispersion D, and its 
derivative D.', with the other optical func- 
tions being matched, is shown in fiq. 3. 
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Fi9.3 Adjusting range for D, and D,'. 

The .i:. IFiction achromat use? four 
maqnets with a deviation angle of 38.25 

cti?ol.e 
and a 

focussinq edqe of 10.3 . Two maqnets ot the 
same kind, dr:ven at a 
tion, 

slightly hiqher exsita- 
are used for the cyclotron achromat. 'The 

transfer achromat has four dipoles with a 
deflection anqle of ZJ7.5' . 
all dipoles is 60 mm. 

The ga>> hnelqht oL 

The 39 quadrupoles in the 
except the injection section, 

beamline, 
have dn effec- 

t :ve length of 300 mm and an aperture 0 f 7 :' 
mm. The maximum gradient needed is 14.5 T/m. 
In the injection section, G quadrupoles with a 
iarqer aperture of 114 mm are needed due to 
the bake out shirts and the vertical beam 
bump. However, 
required here. 

only a gradient of 8.1 T/n is 

has 
Each quadrupole in this region 

a mirror plate at one side to reduce end 
effects and cross talk with nearby dipoles. 

nets 
For orbit correction, 10 x/y-steerer maq- 

are foreseen along the beam line, each 
consisting of a frame with two pairs of coils. 

Beam _. . . Diagnostics -. 

The beamline is equipped with eiqht 
beam profile monitors, 

x/y- 
located at the starting 

point of the beamline and at the end points of 
the seven subsections (achromats and FODO 
structures, respectively). Wire grids with 0.1 
mm W-Re wires are used in order to get clearly 
detectable siqnals. 
Y) I 

For each direction (x and 
a number of 39 wires are used, 

1.5 mm each, 
resolution 

thus giving a 
spaced by 

good spatial 
of the position (steering) and of 

the intensity profile of the beam. The wires 
are mounted on a frame with an aperture of 60 
X 60 mm', which is moved accross the beam 
remotely inside a vacuum tank, 

The electrical nA signals of 
electronically processed in 

the grids 
are multichannel 
charge amplifiers with FET 
order 

multiplexers. In 
to keep the cable lengths below 50 

meter, two electronic cabinets at different 
places along the beamline are used, where each 
of them handles the signals of four x/y-grids. 

For the definition of the emittance of 
the injected beam, two pairs of x/y-slits will 
be used, one of them 8 m, and the other 12.5 m 
behind the beginning of the first FODO line. 
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The beam current is measured by faraday 
cups. One is positioned at the beginning of 
the beamline, which at the same time serves as 
a security beam shutter. A second cup at this 
place, working as a security shutter 
gives the necessary redundancy. 

only, 
At the end of 

the first FODO line, and at the end of 
injection achromat,' 

the 
respectively, further 

faraday cups are installed to control the beam 
current along the line. 

A phase detection probe at the 
of the line gives information on the 

beginning 

dinal phase space of the cyclotron. 
longitu- 

With its beam optical properties, the 
teamline provides an excellent tool for the 
diagnostics of the beam quality which is 
delivered by the cyclotron and injected into 
COSY 1 The beam emittance will be determined 
with the help of the grids in the downstream 
part of the beam line by variation of quadru- 
pole focussing lengths. 

The implementation of additional diagno- 
stic equipment for the improvement of beam 
definition and emittance measurement is pre- 
sently taken into considerati.on. 

Contr,?.l. System 

The injection beamline has its own compu- 
ter control system, which is shown schemati- 
cally in E'iq. 4. The central part of the 
cc,ntrol system software is running on a work- 
station, where all physical parameters of the 
beamline arc kept in a central database. The 
ro:tware oriqinates from the control system of 
the electron stretcher and accelerator ELSA at 
Bonn University :41 and has been further 
deve 1 operi . A menu system allows to display and 
modify interactively all parameters. Together 
with a mouse, quasi-analog adjusting of the 
parameters, like magnet currents and beam 
positions, is provided. Application programs, 
e.g. for orbit correction or emittance 
measurements, have direct access to all para- 
meters of the beamline. 

The physical setting and reading of the 
devices is carried out by a VME front-end 
system, which communicates with the worksta- 

Fiq.4 Control system of the beamline. 

tion via an Ethernet branch. Control of elec- 
tric drives for diagnostic components, like 
stepper motors for the slits, as well as the 
vacuum control etc. is done directly by VME 
interface cards. Power supplies and multichan- 
nel amplifier electronics of the diagnostic 
grids are collected in subgroups, which are 
adressed via V24 or IEEE488 sub-buses. 

The full status information of the injec- 
tion beamline control system is made available 
for the control system of the COSY storage 
ring and may be inspected or modified via a 
dedicated Ethernet communication process. 

Vacuum S.ystem 

The vacuum system of the beam1 ine is 
fully metal sealed, and zon getter pumps are 
foreseen for pumpinq durinq operation. 

In the first E'ODC section, where the 
beamline passes through the concrete screening 
of the cyclotron hall, a beam shutter inside 
the vacuum system is provided. A 1.4 meter 
long iron bar with a cross section of 60 x 60 
mm* can be moved inside a vacuum tank verti- 
cally into the beam path to stop the primary 
ion beam. Attached to this bar, the iron is 
followed by polyethylene and boron to moderate 
and stop the secondary neutrons. The bar is 
encapsuled in order to meet the vacuum speci- 
flcations. 

Tn the first two thirds of the beamline, 
the vacuum conditions will be similar to the 
vacuum in the cyclotron, i.e. between 10‘" and 
10.‘ mbar. In the downstream end, however, the 
pressure has to be brought down to the UHV of 
the COSY ring, and at the end of the beamline 
a vacuum of better than IO" mbar will be 
maintained. Therefore, all vacuum naterials in 
the injection achromat and in the following 
section are subject to special specifications 
and will be baked out during fabrication. 
Also, the vacuum system in the last part of 
the beamline will be baked out in situ. Two 
beam profile grids and a faraday cup in this 
section are correspondingly laid out for bake 
out. 

status of the project --. - ~. ~. 
All main components for the beamline are 

under construction, or will be ordered 
shortly. The development of the control system 
is in progress. Installation of the magnets 
will start in November 1990, followed by the 
vacuum system early in 1991. Being well within 
the schedule, the beamline will be 
commissioned in summer 1991. 
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