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In order to improve the performance of the
CERN-PS, the development of the DP ion source and
associated high gradien® column was undertaken.

This paper describes the conception, construction of
the DP and the results obtained during the firat few
wonths of operation.

Design Conception

Requirements for a proton source for the PS
Linac were as followst
a) proton current of the ordar of 0.5 A;
b) low emittance, <0.S5 ca mrad nore;

c) stability and reliability.

a) The high beam intensity does not present a
great problem. It can be obtained by more effi-
cient operation (greator arc current, higher H,
preasure, better plasma transport to the emitting
surface) and by scaling up the source.

b) The magnitude of emittance depends upon

ion temperature (transversai momentum
of pmtxms),

form of the extraction surface
avsrration in beam optics.

The ion temperature is deteimined by the
nature of discharge itself and the type of the

Switserland

In order to avoid aberrations due to subse—
quent matching lenses, a high gradismt column is
used, but one finds that there exist som) regions
(extraction grid meshes, anode scresn, output hole)
which have a lens action. Lens action of the
openings in the extraction grid is :mall if the
electrical field intensity is aimilar on both
aides of the grid. Aberration of the other two
can be minimized by making the lens seve:ral times
bigger than the beam diameter so that on.y the
central linesr part of the luns is used. At the
beginning of the DP and shor: colummn project, the
alternative was to use either a Pierce accelerating
structure or %o use a simple parallel gaj struc-
ture, It was decided in favour of the .atter, for
several reasons: easier fabrication beciuse of the
smaller pumber of intermediate electrodes, and the
fact that & Pierce structure, once chosen, gives
the right field shape for ono selected current
only, This second point appeared to lead to a
too rigid desigr.. If the curreat coaing from the
source is too =small, aberrations occur; if too
big, intermediate electrodes can be atruck by
protons disturbing the potential distribution,
aince the current in the potential divider resis-
tor chain is usually much mmaller than the proton
current, High voltage breakdown problems are also
more severe 1f the Pierce solution is adopted.

This can be illustrated by the following example:
supposing the beam diameter to be 20 mm (which is
required by the existing beam transport asystem to
the Linac), the proton current 0.6 A and the accele-
rating potential 540 kV, one gets the necessary
length of the Pierce structure

source, and one carnot do much about it, 4€o, /29 1"
1= s Ji 60 m
The form of the plasms surface from which
d by tne f f th
jons are extracted is governed by the form o e vhers permeability of va

plaama extraction cup, the extrection electrode
and extraction voltage, on the ome hand, and by
the plasma denaity diatribution on the other,

Distorted plasms surfaces which give rise to
warped emittances have to be avoided. The exact
form (plane or spboric) depends upon the subse-
quent optical requiruments of the colum. For a
parallel beaxz and constant plasma denzity, Piarce
coometry (67.5°) would be indicated, but as the
plasme density usually falls off towards bigger
radii, a steeper cone in the plasma cup is neces-
sary. Some means of governing the plasma denaity
dletridution (e.g. axial magnetic field) would be
helpful in adjusting the source for minimm
omi ttance,
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The maximm field streugth would be 120 x¥/om.
It would be rather difficult to maintain this field
strength in the column withcut sparking under mor-
mal conditions of operation.

A constant gradient oolumm chosen has not the
rectilinear flow qualities and freedom of aberre-
tions of a Pierce structure, but does permit acoe—
lerstion of proton besms of various intemsities,

At the same time it features lower electrical field



strength, 45.5 kV/om in the case of the CERN col-
umn, vhich facilitates its practical realisation.

c) Stability of a source is affected by the sta-
bility of powersupplies, stability of the cathode
emission and of plasme oscillations.

A source should peed nc servicing, at least
during a2 norsal run which, in the case of the CERN
PS, is about two weeks. Cathode life appeared to
be the moat sericus difficulty at the beginning
of the project,

Desoription of the Source

A duoplasmatron source was chosen in order to
satisfy the requirements of high curreat output
(Ref. 1). Plasma exparsion cup (Refs. 2,3,4,5)
allows lower extractiou voltages to be used, Cylin-
drical plasms expanaion cup (PEC) (Refs. 6,8) does
not permit the formation of a smooth plasma surface
and the emittance of the beam obtained was rather bdig
and (Fg. 1). Pollowing the idea of Rose
(Ref, 7), a cone was fitted to the expansion cup, in
order to shape the extraction field so that a smooth
plasms boundary could be formed. Different inclina-
tions of the conical part of the cup were tried (10°,
15° and 45° between the axris and the cona), Bigger
angles have not yet been tried.

The best inclination of the cone should be
calculated from the plasma demsity distribution at
the supposed plasma boundary. The lack of measure-
ments on plasma density distribution in duoplasmatrons
(fow measirements have been published on other types
of sources, Refs, 3,9,10,11) necessitated the instal-
lation of an axial magnetic field which could influ-
ance the plasma density and its distribution. It
was felt that it would be possible to "match®, in
this way, the plasma density disiribution to an
otherwise not perfect cone, Measurements have shown
that for a given extraction geometry and extraction
field intensity, keeping cther parameters of the
source constant, a magnetic field intensity and pola-
rity can be found for which the emittance is minimum
(Ret, 13, Pig. 2). The mame set of measurements
corroborated the results of different authors that
the magnetic field acis adversely on the plasma
boundary snd gives rise to a contorted emittance
(Refe. 8,9,11,12). This was trus even for that mag-
netsic field for which the emitiance hed a ainimal
value. 4 shielded coil aituasted near the anode of
the duoplasmetron vas therefore chosen., Its mag-
netic field falls off very rapidly towards the plasma
boundary snd apparently does not distort it (Ref. 13,
Fig. 3). A cone with the 45° angle (between arxis and
the cone ¢dge) was installed, 1In spite of the over-
all satisfactory emittance of the CERN PS ion sourca,
it is impossible to suppress completely the “secon-
dary spectrux” (part of the beam which branches off
the main portion of the beam in the phase plmo) over
all radii. Perfect overlapping of the two "spectra®
is possible either at the aris or towards the peri-

phery of the beam (Fig. 4). Those measurements in-
dicate that a steeper (45%¢y <67.5°) 1ia needed for a
better initial foousing of the beam (Ref. 12),

The extraction electrode is fitted with a
grid in order to avoid a beam spread-out before em—
tering into the acceleraving gap. A oompromise be—
tween the transparency, heat resistance and "scatter-
ing" (aberrations on the tiny electrostatic lenses
formed by the grid meshes) leads to the choice of
O.l mm diameter molybderum wire grid, sith a mesh
sigse of 1 x 1 mm. The distance between the plasms
boundary and the extraction slectrvde is 18 mm,

Because of the danger of sparking between the
extraction electrode and the negative electrode of
the column, the extraction electrode is recessed by
16 mm in respect of the positive HTI' electrode (Mg. 5),
The pulse transformer supplying the extraction woltage
is protected by a spark gsp.

The mechanical design of the scurce was
governed by mquirement for easy servicing and suf-
ficient flexibility so that differemt electrode shapes
can be ITitted,

Parts which form the magnetic path are fab-
ricated from Armco steel, High voltage electrodes
(expansion cup, ertraction grid holder, etc.) are
made of titanium for its excellent woltage-holding
propertiesa {Refa. 15,16).

The arout and main magnet coil are oil-cooled,
The heat is removed by an oil-air heat exchanger
placaed on earth potential. Kylon reinforced PVC
tubing 18 used for oil tranafer (540 kV across 1.5 m),
A modified Frlich storage type cathode is used be-
cause of itas long life and resistance tc accidental
eir exposures (Ref. 17)., Manufacture procedure is
given in the Appendirx, The width of the cathode is
15 mm and the length 115 mm. Heater curremt is 65 A,
voltage 3,8 V for 950° C and 1 Torr of hydrogen.

Power Supplies

The arc pulser is a power amplifier witk
current feedback, drivem by 2 square wave gemerstor.
Because of the current feedback, the puiser is capable
of maintaining a constant arc current in spite of
variations of source impedance., The arc impedance
dependa on the hydrogen pressure, arc current and the
magnetic field, supposing that the cathods emission is
space tharge limited (Fig. 6). The puiser is cape-
ble of delivering 1600 V, which are necessary to start
quickly the arc (t ionisation < lua, Mg, 7). T™he
maximum gqurrent is 80 A.

Because of the high current on the extraction
grid ( tolA) the extraction voltage supply must
have a low internal impedance, Therefore, = hard
valve amplifier with voltage feedback was designed,
The pulser features low stored energy {1 Joule) sc
that the damege of electrodes in case of sparking is
neglig.ble,



The zulser can deliver up to 75 kV during
S0 us. The main magnet as well as the magnet in the
experaion are fed from ionnmicl (ltpn:o) current
eiabilisers (stability ~107").

It is necessary to maintain the cathode tem-
peraturs at a prescribed value in spite of maina
variations and the cooling effect of the hydrogen in
the source, because the cathode life depends strongly
on the cathode temperature. The cathode heater cur-
reut is supplid by a magnetic stabiliser with two
feedback loops, one which stabiliszes against mains
variations and another which gets its signal from a
thermocouple vsouum gauge. The heater current is
corrected in this way for the hydrogen pressure
variations in the source.

Bydrogen pressure is regulated by a commercial
needls valve servo, Unpurified 99.9% hydrogen is
1sed,

Measuring Technique

For current measurement toroidal current
transformer:s are used, Their indication was often
checked against calorimetric measurements.

During the setting-up procedure for best
brightnses, two methods were employed: pulsed emit-
tance analyser and the slnited-plate quarts plate
method. The alit images on the gquartz fluorescent
plate were photographed and used as records.

An emittance analyser with a pulased magnet
was developed which can measure the angular spread,
the proton percentsge and ths variation of angular
spread during the pulse. A pulsed magnet is mounted
on a movable chariot between two O.1 mm slit diaph-
ragms. A sample of the beam coming through the
first slit is deflected by the growing magnetic field
and swept over the second diaphragm. The angular
lensity distribution of the fan-shaped beam (after
:he first diaphragm) is transformed into a time—depen-
dent voltage, which is displayed on the oscilloscope.
Moving the chariot across the beam, the device ex-
plores it at all radii. By suitable connection of
the signsls (Paraday cup current, magnetic field in-
tenxity and chariot position) it is possible to ob-
tain either the usual r,r' plot or otker measure-
ments indicated above (Mig. 8),

The sdjustment of the source was made by
variation of the five parameters: arc current,
hydrogen pressure, main magnetic field, expansicn
cup magnet and the extrsction voltage. It was tried
t0 obtain the best possible emittance for a given
ocurrent. The influence of different parameters cruld
be seen immediately on the pulsed emittance analyse:r,
Good working points were marked and a photograph of
the emittance froax the quarts plate was taken and
evaluated,

Bemultp

The duoplasmatron and short—gap accelersting
column have besn in operation since May 1966, They
are running stably and vith only a few minor break-
downs. The source has not been opened since them,
apd the cathode life up till nov (22,9.1966) sxceeds
2500 hours. The mean current accelerated to 540 kV
during this period is 650 mi, of which 450 mA fell
within the acceptance of the Linac (0.55 ca mrad),
Peak current possible witn the prepent set-up ie 1 A.
Mean Linac current has beun 100 mi witk peaks up to
135 mh. The brightness igainst current curve is
shown on Fig, 3, Pulse shape shows irrwgularities
{low frequency plamma oscillations?) during the ficst
10 us, but after that time the pulse amplitude has
been atable., The firet irregular part of the pulse
had to be removed by an electrostatic pulse—chopper.
Pulse-to-pulse variation in intensity is below 5%,
Long-term stability is go>d, and the source does not
need adjustment during a fortnight's run., The proton
percentage under normal operation conditions (m
current 70 A, expansion cup magnet current 180 mA,
extraction voltage 70 kV, cathode current 65 A and
hydrogen pressure 1 Torr) exceeds 857 (Pig. 10).
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APPENDIX

f
Matrix Catiode

purest Ni wire mesh;
wire; 169 meshes/omZ,

Support materialt 0e2 mm

Bmissive materiali 70 g Ni powder, oobalt free (Merok)
17.15 g SrC0, pro analist, (Nerck)

12,85 g BaCOy, pro anaiisi, (Merck)



The powders are mixed for asixr hours in a por-
oelain ball mill with 100 ml amyl acetate added,
After mixing, the amyl acetate is allowed to evapo-
rate until a pasty ovnsistency is obtained. The
aixture is then ready for use.

The previocusly cleared (Ref. 19) and degassed
Bi-mesh is brush-painted unti’ a amooth surface is
obtained. The thickneas of “hes layer ought to be
such that the grid structure .. s just not visible,
The cathodes are alowly dried by a hair-dryer,

Attention. At this stage of manufacture,
the adhesion of the powder to the cathode is exrtreme—
ly weak,

Yormation Procedure

Slow heatdng up to 9500 C, keeping the pres—
sure <10 Torr., Several 10 sec flamhes were made
to up to 1100° C, then aydrogen was introduced (1
Torr) and the anode voltage applied (puises of 1000 V,
60 us duration, internal impedance of the supply 15 Q).
The arc was established and the voltage drop of the
discharge measired. Cathodes which show an arc
voltage of less thar 50 V after a few m‘.utes' run-
ning are considered good and stored in stainless
steel containers filled with dried nitrogen,

Aftar formation, the nickel powder ia
aintered to the supporting mesh and the
cathode can be rxndled without danger.

NyB.

References

1. M, von Ardenne, Tabellen sur angewandten Physik,
vol, I, VEB, Berlin

2. M.D. Gabovi! et al, Proceedings of the Ukrainian
Institute of Physics, 1950 - 1951

3. M.D. Gabovi® et al, Journal of Technical Physics,
vol., 26, 396, 1956

4, Lamb and lofgren, Rev, Sci. Inst, 27, 907, 1956

%, Sdnysbkov et al, ¥V Internation Confereace on
High Rnergy Accelerators, Dubra 1963

6, L.B. Collins and P.T, Stroud, Mucl. Inst. and
Methods, 26, 157, 1964

7. P.H. Bose, Nucl., Ipst. and Methods, 28, 146, 1964

8. M.D. Gabcvit et al, Ukruinian Journal of Physics,
vol. 3’ 1-)" 1658

9. N.D, Gaborit amd E.T. Kulerenko, Joumal of
Tecmical Physics, vol, 27, 299, 1957

N.D. Gabo1 ¥ et al, Journal of Techmical Physics,
1, 61, 1062

10.

11, M,D, Gabovi& et al, Pribori i tehnika eksperi-
-nh' Ko, 2. 5. 1%30

12, Delbarre, Faure, Vienst, V Intermationsl Com-
ference an High Energy Accelerators, Frasocati
1965,

13. A, Septier ot al, Nucl., Instr, and Methods,
3B, 41, 1965,

14, C. SlUsakind, Advances in Electronics and Kleo-
tron Physics, 7, 363, 1958,

i5. J. Huguenin, R, Dubois, CERN Yellow Report 6523,

16. J, Huguenin, F, Malthouse, L. Solinas, B, VoMi-
cid, V International Conference or High EBrnergy
Aocelerstors, Frascati 1965,

17. L., Frolich, Nukleonik, i, 183, 1959,

18. R.J. Allison, Jr., Lawrence Radiation Laboratory,
private communication, 1965.

19, Tube lLaboratory Manual, Research Laboratory of
Electronics, MIT.

Distribution: (open)

MPS Scientific Staff
Group Linac
MCR Operators



?m rad

100

#ig.1 Emittance of the duoplasmacron
veam at 30 kV.Cylindrical expansion
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Fig.2 Lcmittance versus expansion cup

magnet current.Cylindrical exp, cup
with unshielded coil.
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Fig. 7 Arc voltage oscillogram.
100 V/div.; 5 us/div,
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Fig.9 Emittance and brightness at
540 kV versus current plot,obtained
by the exploration of the phase space.
Total current about 700 mA.
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Mass spectrogram of the beam at
540 kV, The left line is H_ , the
right line being H_ . Spec%rogram
obtained with the pulsed emittance
analyser,
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Potential fisld of ths duoplasmatron
and the short column
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Fig. 14 Beam current at the output of the
column. Calibration pulse 500 mA.



Fig. 15 Beam current at the output of the
column. Calibration pulse 500 mA.
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