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A new axial injection system for the 88-inch 
cyclotron Ihas been constructed. It transports 
beams from ex?ernel ion sources axially through the 
magnet yoke to the median plane of the cyclotron. 
The optical elements include a bending magnet, elec- 
tric quadrupoles, and the magnetic field of the cy- 
clotron. Beam monitoring is done with scanning 
wires, phosphor plates and Faraday cups. 

Introduction ----- 

The old axial line1 of 1966 used an ion source 
mounted directly on the line axis, and had electric 
quadrupcle dcublet lenses with a 3.C cm aperture. 
The new line, Fig:. 1, accepts beam from either a 
polarized ion source on axis, or a duoplasmatron 
source used with a qO" bending magnet. The aper- 
tcre has b'een increased to 7.3 cm and quadrupole 
triplets are used for greater matching flexibility. 
This paper describes the system down to the median 
plane. The new inflector and center region elec- 
trodes will be the subject of a future paper. 

Desi&-zsiderations 

Since the polarized source is a complex struc- 
cure it was placed above the 'j' ft thick concrete 
roof of the cyclotron vault, to allow construction 
and :e;ting during cyclotron cperation. The injec- 
tion line is required to transport the beam about 
15 feet from the sources to the median plane. 

The requirements for the injection energy are 
determined by the center rc-gion orbits and geometry 
2s follows : 

1) The Injescted beam must clear the inflector 
.2lectrotl2 (Fig. 1) on the first turn in the cyclo- 
tron median plane, inflected into the 
dummy dee 

after being 
as at Birmingham. This means having a 

large ensugh intection voltage, Vi,min, at t:he 
particular cyclotron magnetic field, B, being used, 
anl Vi min ~ B2. 

2) The beam must be nearly centered in the cy- 
clotron after several tilrns of acceleration. This 
requires the injection voltage to be proportional 
t0 dee voltage, Vi'KVD. In the present case of a 
single dee, on-axis injection and narrow accelera- 
ting gaps, K - .18. 
is about 05 k:J, 

Our normal maximum dee voltage 
so the maximu;n injection voltage is 

12 kV. 

-__-_ * 
Work performed under the auspices of the U.S. Atom- 

ic Energy Commission. 

'On leave of absence from University of Milan, 
Milano, Italy. 

Ion Sources 

The polarized ion source3 is of the usual a- 
tomic beam type, using a dissociator, sextupole, 
RF transitions and strong-field ionizer. We ex- 
pect that it will produce polarized beam for ex- 
periments of 100-1000 times the intensity and nuch 
better quality than that available with the a-p 
scattered beam used during the past several years. 

The duoplasmatron source4 produces intensities 
of over 500 i.lA of protons, H2+, H3+ and similar 
deuteron beams. It is being used to test the 
transport line performance for efficiency under low 
and high intensity conditions. 

Transport System 

The 90 degree bending magnet bring %he duo- 
plasmatron beam into the axial line. It gives 
equal focusing in both planes with a flat field 
and edges cut at 36 degrees to the beam normal. 
Edge clamps are used to define the fringing field. 
Einzel lenses are used just before the magnet on 
both source lines to produce a waist about 40 cm 
before the first triplet. 

Three quadrupole triplet lenses were chosen to 
transport the beam efficiently down the column to 
the median plane.5 Space between :riplets is used 
for steering plates, scanning wires,phosphor plates 
and Faraday cups. The scanning wires are motor- 
driven X-Y double scanners used for recording of 
beam shape on a storage oscilloscope. The Faraday 
cups and phosphor plates are remotely controlled by 
air cylinders. For phosphors we use either quartz 
or aluminum oxide. A future buncher will be placed 
in the space between the last two triplets. At 
present a sine-wave buncher is being planned, 
rather than the more ideal but more difficult saw- 
tooth buncher suggested previously.6 

The mechanical structure consists of 6 inch 
diameter tubes containing the lenses, insid* a 12 
inch square cross-section evacuated column, ,s.s 
shown in Fig. 1. 

The Hole Ler.s 

Che beam entering the strong magnetic field of 
the cyclotron is focused to periodLc waists b:i 
this half solenoid or "hole lens". Calculations 
were made on particle trajectories for various 
phase space shapes and waist pcsitions.'T T:hey 
showed that several discrete operating modes pro- 
duce the desired beam size in the median plane of 
2 - 3 mm diameter. 

For high energy beams the dotted lice in Fig. 
2 must be used, so we are between mcdes. A point 
on this line was checked on a test of the injection 
line. Figure 3 shows this 'case for 10 kV protons 
going into a 10 kg field with over 50% transmission 
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through the line. The spot diameter is about 2 mm 
FWHM which is quite acceptable. This shows that 
one can operate efficiently some distance off the 
mode lines if necessary. 

References 

1. R. Burger, et al. -- Machine Development at the 
Berkeley 88-Inch Cyclotron. IEEE Trans. Nucl. 
Sci. Vol. NS-13, No. 4, pg. 365 (1966). 

2. A. J. Cox, et al. -- Operation of a LO-Inch Rad- 
iai Ridge Cyclotron. 
pg. 29 (1962). 

Nucl. Instr. Methods l8, 

3. A. Luccio et al ) -__. A Polarized Ion Source for 
the Berkeley 88-Inch Cyclotron. Paper present- 
ed at this conference. 

4. C. D. Moak et al 3 --* Duo Plasmatron Ion Source 
' for Use in Accelerators. R.S.I. Vol. 30, No. 

8, pg. 694 (1959) and drawings supplied by 
C.'D. Moak. 

5. F. G. Resmini and D. J. Clark. Beam Optics and 
Space Charge Effects in the Axial Injection 
Line for the 88-Inch Cyclotron. Paper present- 
ed at this conference. 

6. F. Resmini and D. J. Clark. A Proposed Saw- 
tooth Buncher for the 88-Inch Cyclotron Axial 
Injection System, University of California 
Lawrence Radiation Laboratory Report UCRL- 
18125 (1968). 

7. A. U. Luccio. Axial Injection Studies on the 
68-Inch Cyclotron "Hole Lens", University of 
California Lawrence Radiation Laboratory Re- 
port ~~~~-18016 (1968). 

PW#~” 

BEAM 
SENDING 

” MAGNET 

Fig. 1. Schematic drawing of axial injection line 
for 88-Inch Cyclotron. An additional quadru- 
pole triplet is located in the omitted section 
above the magnet. 
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i'ii;. ?. Ch:*rt of or>raratin% parameters for ir.jec- 
tion 1j.r.e. Forbidden regions are shaded: at 
the rignt because of tl-.e -1earance reqluirement 
for inflec:ed beam in the first turn, and at 
the top because of t:?e orbit centering 
requirerlent. 

Fig. 3. Photo of scanning wire sweep of beam at 
the median plane after passing from duoplas- 
matron source through injection line. Beam 
was 10 kV protons injected into a cyclotron 
field of 10 kG, corresponding to a 55 I&V 
proton cyclotron energy. Horizontal scale is 
2 mm per large division. 
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