Lawrence Berkeley National Laboratory
Recent Work

Title
MODIFICATION STUDIES FOR THE BERKELEY 184-IN. CYCLOTRON

Permalink
https://escholarship.org/uc/item/57b5942d

Authors

Clark, D.J.
Kim, Hogel
MacKenzie, K.R.

Publication Date
1966-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/57b5942d
https://escholarship.org/uc/item/57b5942d#author
https://escholarship.org
http://www.cdlib.org/

UCRL.-16882

University of California

Erngst O. Lawrence
Radiation Laboratory

MODIFICATION STUDIES FOR THE BERKELEY 184-IN, CYCLOTRON

~ A
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545
\ -

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



e

e

[ ]

b —— i e =

« ‘International Conf, on Isochronous Cyclotrons, ‘
\} Gatlinburg, Tennessee-May 2-5, 1966, O

et

; UNIVERSITY OF CALIFORNIA

Lawfence Radiation Laboratory
Berkeley, California

AEC Contract No. W-7h05-eng-L8 -

MODIFICATION STUDIES FOR THE BERKELEY 184-IN. CYCLOTRON

D. J. Clark, Hogil Kim, XK. R. MacKenzie, and J. T. Vale

May;l966

UCRL-16882



P

 UCRL-16882

Modification Studies for the Berkeley 18L-in. Cyclotron

D. J. Clark, Hogil Kim, K. R. MacKenzie,
and J. T. Vale

Lawrence Radiation Labdratory
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Sumﬁary
Studies are in progress on possible improvements to the center

region ahd extraction system of the 18U4-in. cyclotron. The center region';

is being studied with é 28-in. model proton cyclotron. It has. been

operafed without frequency modulaﬁion at 16 kG and 23 kG at l%'duty :

cycle. Frequency modulation has dow been added to study space charge

and capture problems. Computer studies are also beingvaéne with an

orbit code including electric field (Ref.‘l), to study median plane motioh. '
\ o

The extraction system is being ex@mined to reduce losses in the regenera-

tor region.

1
I

.Center Region Studies &ith a Model Cyclotronv
A 28-in. model cyéiptron hgs been used to study injection problem;.
It operates at 1%jdﬁty cycle with ﬁee voltagés up to 20 kv. The first opera4f'
tion was ﬁifﬁout frequency modulatgon, to stuay the first 30 revolutions in
i .
the cyclotron. To increase thebveitical'focusing, grid wires were inserted
in the downstream side of each accglerating gap, as usedvatrBifmingham

(Ref. 2).

The first geometry used isishown'in'Fig. 1. Frames were inserted

in the dee and dummy-dee~to reduce! the gap width and support'thé sOO3 in.
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grid wifes. The beam space is abaut 1.5 1in. The diameter of the ion
- source is 3/16 in. Fig. 2 sﬁows ﬁhe proton beam current'uath this ccn;
figuration with 16 kG magnetic fiald and 20 kv cn the1dee. The curves
show that to obtain maximum beam @t 3 in. one needs a lafée enough ion
source slit, grids with frames, aud an optimum arc current:in the source.
aIf too much beam is started at thé source,vlarge vertical losses occur.
.The calculated space charge limit%for this case is° 3 mA at 3 in.. radius.

‘In order to simulate l8h—ﬁn. conditions more closely,'the mag-
netic field was increased to 23 ké. As shown in Fig. 3, the grids were
now'supported without frames, the;pole gap was reduced,'and beam
space reduced to 1-1/4 in. The curves of Fig. L4 show that at a dee
voltage of 17.5 kv, grlds help thelvertlcal focusing con51derably ~Source
clearance is adequate, but attenuatlon is larger than in the 16 kG case

because the larger'number of turns;causes faster approach -to the

space charge 1limit of about 1 mA.f

'Preliminary tests have beep made with Trequency modulation on
the model. These were done at a l% kG field to ease the radiofrequency
problems. The geometry is the sam? as Fig. 3. We havevthus far
obtained averaée currents of 2 pA gt 3-in. radius and .1 uA at 6 in.
radius’(extra?olated to the l8h-in}‘repetition rate) after space'charge |
and acceptance losses have occurre%. Wevhopeito increaee'the.beam current
by'femoving some of the outer grid;,_which intercept beam'oh
the first inward phase cscillationzswing. We plan to;use'a‘combination
of center coues and eector focusiné to get more verﬁicai focusing in the
region of 2 to 6 in.-radius. The %adial stability in this region where
vrcr 1 needs careful study, to assure that beam can be accelerated

withoul radial losses.



“-in a sector magnetic field.

- "wide gap" and "narrow gap" geometries. The wide gap, case is the one:’
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Computer Studies

The motion of accelerated ﬁarticles in the medianvplahe'is being -

studied with the Pinwheel orbit code of Michigan State University (Ref. 1).

This- code integrates.the equations!of motion with any input magnetic énd .

b .
electric fields, to give the particle position and instantaneous center of
rotation in fectangular coordinates. It is being used'to_study acceptance
time with various magnetic and eleétric field shapes, and sevéral fre-

quehcy modulation rates. Tt will be used also to look at radial stability

i
i
i

i

Cyclotron center regions c?n be divided into two categoriesQ-

'

Lok

i

found in most synchrocyclotrons, wﬁere the gap from dee to dummy dee
is several inches. Hundreds of pa%ticle revolutions Qill-occur iﬁ this
central region of nearly uniform eiéctric field. The ééceptanée'timé
calculated for the.l8h-in. magneti% field, assuming a perfectly.uhiform

!
electric field at the center, is shown in Fig. 5. For the present dee

voltage and initial rate of frequency modulation the calculated accep-

' tance time is about 100 usec, in réasonable agreement with machine

operation. This contrasts with thé prediction of Bohm and Foldy (Ref. 3)
of several psec for the narrow gap%case.' The rate of frequency_mddulatioﬁ" ;
| v

is about a factor of ten less thangtheir_prediction. The injéction_'

is thus near the maximum frequencygswing of the FM cyclé,'rather

than part of the way down at a higﬁer df/dt.‘ These diSérepancies‘afe

explained by the nearly uniform eléctric field which exists for hundfeds

of revolutions, rather than the full dee voltage energy gain assumed by

Bohm and‘Foldy. This electric field produces & slow rate of énérgy gain

ﬁzrequiring a slow initial ar /dt. Tbere is also very strong phase focusing,
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which tends to keep the particles in phase with the dee voltage, improving

the capture efficiency.

i

Another“computer result fof the wide gap geometry of thetpreséht
184-in. ‘cyclotron is shown in Eig}é6. This shows the spréad_iﬁforbit '
'-.éentersvinduced by the present dee;bias, which is 25% of the'deé:voltage.

- The effect of‘dee bias is to give %ore acceleration at one dee gap than
the bther,”§u5hing the Qrbit off cénter. The écalloping effect bijig. 6q'
is due to the phasevoscillétions, %hich periodically bring.the orbit back: :
.near'the machine center. Fig, 6ab% shows the history of parficle centef
‘motion»for three starting times. %he radial amplitude induced is about
’5ne inch, a good fraction of the obser#ed amplitudeslof 2-3Winches.
Thg"harrow gap case was stgdied next, There the particle is,givén

an impulse qcceleration at éach'gaﬁ. This is the geometry éuggested by  ‘
- MacKenzie (Ref. 4) and now being tésted in the 28-in. model shownfin'
‘Fig.'B. The acéeptance time is shéwn in Fig.~T for twojmagnétic_field.
shapes. It is the.order of 5-10 uéec——much shorter tﬁapithé ﬁidé géé'case.'iv
- The-optimum.af/dt is now about 10 MHz/msec dompafed,to lﬂMHz/msec_-'
?gr the wide gap case. These_valués are typical’of the Béhm and'Foidy
_?redictions, althougﬁ there is somé quantitative disagreement'ﬁiﬁh théir
ﬂéﬁrves (Ref. 3, pg. 653). The reaéon for the short acceptance time and
high optimum df/dt'is the much higger energy gain per tufn fdr;ﬁhe ﬁarrow
gap case. The center region is.fi;léd with beam in a feﬁ psec, requifing'
' a rapid df/dt‘to capture this.beam} This fast df/dt and lack of phase--
bﬁnching prevent beam from béing_céptured if it is a few psec t00 early

or late. The big advantage of this type of center regioh is improvéd b

beam quality, which would allow éiconsiderable increase in extraction
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efficiency, as at ORSAY (Ref. 5).

The problem is to get at least as much average beam current as.

‘with the present wide gap 184-in. geometry. The requirementS'foT this

'_ are, first, that enough current must be injected by .the ion source and )

early accelerating gaps, during the short acceptance time, to give

Sufficient-charge captured for accéleration. Second, tﬁe space cbarge

tlwmlt on the total charge in one cycle (Ref. 6) must be hlgh enough to

contaln the necessary charge. Thejflrst condition requlres eff1c1entkﬂ

ion source design, high injection aee,voltage;'and good vertical fdcusing,
but not too large a center cone. The second condition requires good

vertical focusing and large beam space in the dee.

Extraction Improvement Studies

The present extraction system for the 184-in. cyclotron is a

. non-linear regeneration system. Tﬁe regenerator is loeated'at 82.5 in.

radius, which is just before the vy = 2vy resonance. The main.magnetie
field is about 22.4 kG. The magne@ic perturbation at the full amplitude

of the regenerator is about 6 kG. iThe amount of deflection:is about

100 kG-degrees. The fnnal orbit separatlon is about 8 1/2 inches (7).

There is essentaally no septum magnet but there is. a magnetlc channel

“to focus and transport the beam. jhe entrance of the'channel'is ‘located

after the regenerator. The cﬁrrenﬁ at 78 in. radius is about 2 pA and

at the entrance of the regenerator O 5 uA survives. At the entrance of

'f the magnetic channel we have O 2 uA and at. the cave about O 1 A, There-

fore the extraction efficiency may be 5%. “Through af1/2”tx 1/2" collimator

.at'the'cave the beam current is abopt 0.02 upA.
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This popr éxffaction efficﬁency is mainly due to;poor quality of
- the internai beém. The beam loss %t the beginnlng of»thé regeneratorvis'
vertical loss, because there are n; obstacles in thevmedian plane. The
measured amplitude of the radial oscillation of the'interﬁal‘beam ié'abduﬁrA
3 in. This low energy beam which gas a big radiallamplifude, cén enter thé_f
~regenerator without regeneration. ?During this time the vertical amplitude
incéreases rapidly causing loss of %éam. The efficiency may be increased by‘
improvement of the internal beam right at the center of the matniné.“ in the 
machiﬁe there is é.cdnsiderable fi%st harmonic error in the magnetic fie1d
(about 10 gauss), but it does not éisturb the internai beam qualify, becausef
the changes are adiabatic. |
Fof a given internal beam éuality we .can reduce the vertical.losses :
- if we can keep the low energy particles away from the reéenerator;_‘ﬁowva
stuay is being made using a time vérying first harmbnié coil of which thev
peak amplitude is about 40 gauss. iThis will move the centef of precession
by about 3 in. and'thérefore the b%am cannot‘enter‘thevregeﬁerator until
the equilibrium orbit is the -same?as the regeneratof radius. Whén the
beam.reaches‘the final energy, we éurn off the main oséillétor ahd‘sloﬁly
decrease the first harmonic for sléw extractién or décréaSe fast>for fast
extraction. Then the particles wiil be regenerated as soon as they énter
the regenerator. ¥For adiabatic ch%nges the radial gradient of thépfirst
harménic should be around 10 gaussZin. For a slow extractioﬁ the f;eQuency
of the time varying first harmonic%caﬁ be about fﬁe same és the frééuehcy 

of rf modulation. This will reduce the beam'iosses at the beginning of

" the regenerator, and also improve the external beam quality.

LN
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184-in. Fighres

Center geometry in the 2:8 in. model cyclofron'uééd at 16 kG
field. Frames in dee and dummy dee glve a narrow gap and
support grid wires for vertlcal focusing.

Beam current vs. radlus for several center geometries in the
28-in. model cyclotron. | The dee voltage is pulsed at constant

'frequency with a 1% dutyl cycle.

, :
Center geometry in the 28-in. model cyclotron. Grid wires

are now supported on fingers extending from the dee and dummy
dee. This configuration|was used at 23 kG,and with prehmlnary

Beam current vs. radiué comparing operation with and without
grids and frames. Dee voltage pulsed at constant frequency with’
a 1% duty cycle. E L

Acceptance time calculation for 'wide gap'' geometry of 184-in.
cyclotron vs. rate of f{requency modulation. Spatially uniform
electric field of 1 kv/in. | Magnetic field of 184 in. cyclotron.
Calculated motion of orb\it centers for a particle acceler ated

in an rf electric field (1 kv/in) uniform in space (''wide gap''),
with a dee bias (. 25 kv/ in) Magnetic field of 184-in. cyclotron.

Acceptance time calculatlon for '"'narrow gap'' geometry vs.
rate of frequency modulation. Dee voltage = 20 kv. Magnetm
field = 23 kG. ' ‘ '
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