Lawrence Berkeley National Laboratory
Recent Work

Title
DIAGNOSIS AND CORRECTION OF BEAM BEHAVIOR IN AN ISOCHRONOUS CYCLOTRON

Permalink
https://escholarship.org/uc/item/6xh1c6bj

Authors

Garren, Alper A.
Smith, Lloyd.

Publication Date
1963-04-02

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6xh1c6bj
https://escholarship.org
http://www.cdlib.org/

UCRL-/0755
CR

“University of California

Ernest O. Lawrence

Radiation Laboratory

4 )
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

G OLO/~T/P?)

T



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.



-10756

"UCRL

UNIVERSITY OF CALIFORNIA

i
[
3
m N
o8
oa
e
38
=]
o~
o
S0
8
e @
T >
g%
“%
on
o @
oM
3
a.
=)

1

act No. W

Contr

VIOR - .

‘;‘

DIAGNOSIS AND CORRECTION OF BEAM BEH

i

Alper '_As '(__Sarren and Lloyd Smi

r4
o]
~
Ee
Q
=
O
o
o
0
o]
2
O
&
o
O
O
2
Z
<
&

April 2, 1963

’
S




" -1- T UCRL-10756
! | DIAGNOSIS AND CORRECTION OF BEAM BEHAVIOR
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8O April 2, 1963 | :
el ABSTRACT e
" ‘ . A description is given of methods used to‘obs;e.:rv‘é phase behavior,

'+ " orbit centering, and oscillation amplitude and frequeri?:ies_ in a cyclotron.

. These methods are being used to facilitate de’velopment of new 88-inch-

" Cyclotron beams. Beam propertxee are deduced from the intensxty as a fur.z-
\ ' e

. v K ~

o txon of radius, probe shadows. 3-ﬁnger and "C"«-probe measurements
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DE'I,‘ERMINATION AND CORRECTION OF BEAM PHASE

1

Since the 88~-inch cycloitfon does not yet have a reliable phase probev.'-k '

' we have developed a method for \determining- the beam phase distiibution as

a functior_m of radius byAanal,ysis of beam intensity ve. radius (I ve. R) meas-

¥

' ' urements on an ordinary probe for a range of dee frequencies.

We note first that, apart from an additive constant, the sine of the

' _ phase lag:f:(or all particles in the beam is the same function of radius.

i:.:'Specxﬁcally, the phase lag ¢ is given by

r
i
3

R o g
2 ; -2
sing (R) = sing (0) - 2w B (@21 [ SRR pap (Le )
AE L (0) z
O R
o where AB(R) is .the departure of the actual magnetic ﬁeld from the syncir =

| ‘_-"-v'ous field B (R). Aw 1s the departure of the frequency from the value w cco-

.‘:_fu-'_respondmg to By, and AE is the peak energy gam per turn The procedure

'\

'xs to determine the AB contnbution to smq; by aystematic variatzons of the

'
N s ; . R
. . . X

Suppose, for exa.mple. that the beam phase behavior for the reference

" frequency is as shown in. Fig. l{a) ‘Each solxd curve ahows ‘the phase history

ofa representative partxcle in the beam. The resultant I vs 'R curve

[Fig. I(b)] shows constant £ntensity to radius A. where some partxcles begin

Ny
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to be decelerated; decreasing intensity to radius B; constant intensity to

" radius C; and the final decrea'z:ae to zero intensity at radiue D. If the fre- |

quency is decreased, the curves of Fig. 1(a) are shifted downward. by an.

~ - amount proportional to RZM, causing points A .and B to move inward, and
- C and D to move outward in radius by amounts uniquely determined by the
" shape of the sind curves of Fig. }(a). At the same time the intensity in the

‘ 3 ‘plateau between B and C decreases, eventually reaching zero when the

uppermost phase curve of Fig. 1(a) is depressed to -1 at B.v,' On the other '

 hand, increasing the frequency causes points A and B to move outward, and = -

C and D inward. Eventually the dip at A will disappear. At some positive

.frequency shift two new intensity break points will appear at smaller radii as

the inner maximum exceeda am¢

Because of the unique relation between the 1 Vs, R and the s.n¢(R)

"+ curves, the phase curves for a reference frequency may be deduced from: a

- W

set of Ivs. R measurements at different £re\1uencxea by subtractmg, the appro-

. priate frequency-shxft contributmns to sin¢ at the break points {rom 1.

;_More.sover. from the shape of the I'vs. R curves between break woints like

A and B one can deduce the phase distribution of ‘th'e beam.

A typical set of such measurements taken ff,om a 130-MeV a-particle

} bbeam is shown in Fig. 2 {(cleaned up to show i’ele;«aﬁ:i; £eatures) The ~intensity

- losses were shown to arise from lack of aynchromsm. rather than axxal losses.
| by observsng that no current appeared on a’ atationary probe above and below

“the median plane (C-probe) as the moving probe was thhdra.wn. The phase

~diagram deduced from these curves is shown in Fig. 3. The crosses mark

pointa which were predicted by computer programa that used measured iron |

. and trim-coil fields. It should be remarked that such detaﬂed informatxon
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~_about bea_;n phase'behavio:" requi'r.es a high degregbf stability of freﬁuency

. . ~ and magnetic field, qiﬁce frequency ‘shifta of lk_c' cause ‘significant changes X

= -__",l,_in the I vs, R curves, ' | R M
o The phase w;dths of beams we have analyzed are 40 to 50 deg, and the o

distribution seems to be‘peaked towards the phase—lagging side, which is"

Y

- reasonable for the source-puller geometry used.
Improvement of beam phase behavior, if indicated, is obtained from

i'computed'curves showing the contribution of each trim coili(or set of trim

coils connected in sevries) to -slin‘(p(R); see f‘ig. 4. Since tﬁese trim=-coil
Jéffects are rather flat out to the‘co'u radius, they make a’ contribution to sin¢

quadratic in radius. as does the freq;er;cy-...hift term;"' 'Consequ’ently. simul-

. vbtaneous tuning of a trim coil and the dee frequency. can ‘make a phase cor: ‘;cnon

startmg near one of tha undesirable peaks or valleye of the sin¢ curves.

A Lot -",.’;'.

" Though this correction win cominue out to larger 'rafdii.»' trim coils farther

i .. out can compensate.’ In this way.one can systematically straighten out the
" . phase curves. el e A TR

. BEAM CENTERING
A .convenient way to &etermine if the beam is"¢e11’§ered is td"place the
- ‘three probés (120 deg apé.rt) vat the same radfus. vTh‘e'bear.ﬁ is‘ center‘e?d if, and
s ,oply if, each probe picka.up tfxe same amount of beam. .
| The beam may be centered by chang 8 of dee voltage and source~puller

“'51_" geometry. by tuning wi\th the ﬂratmharmonic «aorrection coils in the valleys,

or both While the first method is most ueeful for gettmg the beam centered

| e : “+ atall radif, it is harder than the secoml method. which generally suffxces to

ERREE O _‘center the beam near the coup],mg reaonanca "'a.diua and deflector entrance‘

Cop

1hy
UL A
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L . : o . VERTICAL STABILITY

: | The most useful instrument for detecting axial loss has been the so—i .
’}:\ oalled Ce-probe, which extenda above and below the median plane, over a '
large radial range. By watching C-probe current vs. radius on another E

probe one can determine the radn where axial loss occurs.

v (
[t

The effect of the trim coils on axial stability is ccmveniently displayed
2

_; namely. the contribution to u' = (R/ B)(dB/dR). These are shown in Fig. 5

N
[

trim coxls do not cause vertxcal inatabillty

E g RADI,AL-AMPLITUDE DETERMINATION

The amplitude of incoherent radial osclllations may be deduced from

wmeasurements of the radia.l extent of the shadow cast by one probe on another
’ W e ha.ve worked out a graphical method for predictmg such shadow shapes,

sxmilar to that used for predlcting deﬂector transmission efﬁciency !

, ERIREA LA

N

‘a downstream one at radius Rz and ammuth 92<1r. Suppose a partxcle has

[

radial amplitude A, phaae ¢ and equilibrmm orbit radiua on the zeroth turn

e

(we may label turns arbitrarily) %, q-oR.1 ~ A nXAr. ‘where' Ar xs the, turn

separatxon and A\, Oéksl 15 a random vanable expressmg t.he assumptxon

. 'Zf A

that the radxal density diatmbutidn is uniform On the kth turn the radxus of

5 I.',.',-

thxa partxcle at azimuth © wzu be '

S k(e) = R + k. )\‘) Ar A {l - cog [V € ¢+2“(v£ £ l)k] f (2)
"f :,"f‘.‘ UL i b {n ok
R ""u“- \

by use of curves of the contribution to v.2 of each trim-coil power eupply, '

for the l30-Me‘V o case.’ One must take care that the |-l cha.ngea from the f o

"-:};,-; o Consider two px’obes. an upstzeam one at radius R1 and zero azxmuth
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+

. that N (0) < R and rk(G )< Rz for all k< n. and r,(0) BR.l : otherwxse,v I

o it will strike the downstream probe. These conditions may be written’

vy
1

R cos(¢ -ka)>(k MAr/A ) EE SRS .
S . . e . i .'. ) allk( n o : |
(R “R )/A+ [1 con .kA "r°2 }'f?:(k X?Ar/A @

j cos(¢ - nA) < (n X)Ar/A

i where A = Zw(v «1) and ¢, X obey (3).. The co.nstrhction'is illustrated in
. Fig. 6 for a particular choice o;( 02. Ve and Ar/A.‘ . For each choice of :

}
&

- Ar/A one gets a different angle a and ccmsequently a dxfferent curve 3, show~ . |

. ing the range of phases hitting each probe. Such a sequence is shown in Fxg 7,

: values of A/Ao. where A

~which corresponds to ¥ 0 2 120 deg Each curve: encloses the phasos striking

probe 2 aa a function of (Rz Rl VA, These curves are labeled by their

7r~

0
~ and we will introduce little error by replacing v, 62' by' 92 .. Then there

= Ar/Z-xr(v -1). Fora low-energy cyclotron v = 1

| remains only one charactemstic parameter, A/A = Zﬂ’(V - l)A/Ar. for each.

s .. value of which one gets one of the curves of Fig. ;7;-

The fractiorx of particles, f‘?“7 striking probe 2 is obtaxned by taking at

" each'ordinate (R, -R )/A the ratio of the phase ‘width mside the curve to 2w

- radians. Finally the ordinates are multiplied by A/Ao to yield the curves of
Fzg 8. which shows £2(A/.A0) vs (R R )/A '"'From Fig 8 one can predxct -

' probe shadows for all combinations of parameters 80 long as the probes are

S 120 deg apart and v, is not too different from umty Another useful represen-

B tati.on derived from Fig. 8. and shown in an 9, gives the total shadow width

-f."_vs A for various amplitudes Aa t The ‘AO may be predicted easxly from the

'a

f'dee voltage. rf parﬁcle phaae. and R ;" anure 10 shows a prechctxon based
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on compuﬁer'calculations of AO for 130-MeV a-particles in the 88-inch = - = -

4

cyclotron. The sh'ap';e of thé‘curves of Fig. 9 is-worth noting: for Ao >A,

ST A® AR /3, but for Ao < A A is increasingly greater than AR ¢/3. In othér

S  1 words, probe shadows become deceptwely sharp when Ao becomes sma.n

which occurs at large radix. SR R

Probe shadows measuied here and interpreted in thie way. have - - .

~ mdxcated radial amputudes of about 1/4 in. for the 88-inch cyclotron.‘ This

helps to explain our favorable deﬂector channel transmissxon efﬁcxency
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Fxg. l(a)
(o).,
Figi Z(a)

R R T

?

" Fig. 2(b).

Ty

‘ (”‘»Refere_nce frequency fo = 12,538 Me¢/sec, a part-i4c1_es,‘.'_13o MeV, _'
Fig: 3.
* I'vs R curves of Fig. 2.

Change in sind resulting from a 100-A decrealse in each trim-

RS - T ‘UCRL-10756 ;-

- Figure Captmns _ - o .
Phases of beam particles vs.radxus,for a hypothetical cese. C e
Intensxty on a probe vs radius for hypothetical case of Fig. l(a)
Beam mtensxty vs radiua for _various‘ 'negati,ve_ ‘frequeney shifts. cE
R.eference frequency fo 2 12 538 Mc/aec. l-parficleé;' 130 MeV.

Taken from measurements but cleaned up to remove contnbutxons

of H2 and "spurim’n

Beam intensity vs radius for various positive frequency shifts. o

‘Phase history of 130 MeV a-particle beam asA_d’educed from

:

* coil power~supply current, & 100-A increase in rhain-:;coi-l current,

and a 10-kc/sec decrease in frequency.
COntnbunon to v, 2 [x. e., of (R/B(dB/dR)] from increase of each

power-supply} cu“rent by 100 A and the mam-coil by 10 A. The

o vzz curve is a co:mputex" prediction based’ ona partxcular set of
" trim-~coil settings (130 MeV a particles)'.: -

." j Graphical construction to deduce fractxon of beam hxttmg two

shadowmg probes for v =1 05, 92_ 120' Ar/A 0. 12

(R = radius, upstream probe, RZ = radms. downstream probe,

92=azxmuth downatream probe. 0 azimuth upstream probe. )

1. Draw curve 1'.

Draw curve 2'




Length unit for AR,,. A, and A : arbitrary. K ". : RS

;

Fxg. 10. A, 2 - AR vs. radins in 88 inch cyclotron”for 130 MeV L partxcles,

.Z'n'(\»'r «1)
65 kV dee voitage.
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. From end of A segment draw, vertical sagment of height Ar/A
Complete triangle to obtam angle e cot (AA/Ar) |

Mark mtersectious A, B of curves 1 and 2

Draw a line, parallei to OP at angle a,; as hxgh as possxble but

. not above intersection A or above eurve 2 L

Draw a line;, parallel to OP at angle a, as high as possxble but

not above mtersection B or above Curve 1 L

Mark intersection P, A of the above two lmes thh abscxssa OO .
Phases ¢ between ¢P and ¢q (at turn zero) will strike probe 2

. Hence £ractxon on probe 2= PQ/OO' = (¢ -¢p)/360'

Pro;ect P,Q upwa.rd onto horizontal lme of hexght (R R )/A

11. Repeat procedure w;th new curves Z for various (R R )/A

Connect resulting points P' Q' o The resulting curve_(3) shows

~
-

the phases hxttmg probe 2 as a function of rad1a1 probe separatxon

Radlal oscillatiOn phases strkag shadowing probes. Each curve -

S " encloses phases strikin g(g;vsvtx;zlt:;am) probe f°1' v, ? 1 _ Ordinate

-

R , ia £(R, - R |/ A for v, 2 RIS RN |
N Fig. 8. Shadow cast by one probe on another (separated by 120 deg) vs
ii-.“ LRI _ radxal separation of the probes for various, radxal amphtudes A

= fractxon of beam on downstream probe if v >1

o3 fs= fD

f fU 2 fractxon of beam on upstream probe if Ve < 1

RD = radius of downstream probe

RU = radius of upstream probe

va >1’

hal
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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