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The IPNS-I 500 MeV Rapid Cycling Synchrotron (RCS),
was commissioned during -March of 1977. It was origi-
nally designed as-an injection energy booster for the
. ‘Zero Gzad:.ent ’Synchrctron (ZGS) ¢ as. well as a.source of
high :.ntens:.ty proton ‘beams - for . neutton product:l.on. i
"With .the texmination of the aigh. mtensn:y operat:.on o_f
the’ ZGS, the accelerator became a dedicated machm ‘for
neut"on phys:.cs. After a penod f; tum.ng and J.mprov-
ing accelerator comPonents, the_acceletator off:.c:.ally
began neutron physics experi.r:.erts on'July 1, 1978. The
acceleratoxr has achieved a x:epet:.tmn rate, of 15 Hz
with beams of 1 x 10l protons delivered on target.’
Operation. at 30 Hz .‘LS expected soon. A descnpt:.on of -
the accelerator is presen" » Tuzn~on procedures, op-
erating experience and lm.txal performance problems are
also discussed.

Description ‘

! The RCS is a strong focusing, combined function :
Synchrotron. The magnet lattice is described in detail
elseuhere," so only a brief description will be pre-
“sented. The RCS is a six period mazhine with a magnet
structure of DOCFDFO and a circumference of 42.95 m.
The ring magnets, part of a biased 30 Hz resonant cir-
cuit driven from twin solid state power suppl:.es,z
'generates a magnetic field from.0.28-1.0 T for the ;
facceleration from 50-5060 MeV. Two pairs ¢f quadrupole
magnets and two pairs of sextupole magnets, powered by '
:30 E= sine wave power supplies, provide betatron tune
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eozxectlon and nunlpulat:.on.' -ihe-accelerator layout |
lis shown in’ F.w.g. 1._ : . .

i

i . Two fe:r:l.l:e loaded coaxial cavities are used to
vprovide the acceleraung RF potential. The freque
5suing for t:he f:.rsl: harmm.c acceleratl.on cyrle.

],stripp:lng in)ect:l.on in
Booster-!" ‘and: the ZGSS pron-pted the use of the. same
method for the RCS." The poly—paraxylene s‘.nppmg
foil is located on the ins:.de rad:.us of a long stralght
sect:.on (Ll) outs:.de the qimit of cn‘culat:.ug beam.

’ ' deformed in the injection re-
“glon-Into: y a.series of three small, pulsed °
"bumper r.-xagnet:s.?5 The " beam is injecteqd through
singlet nng magnet so that at the stripper, its path
_matches the defozmed orbit {Fig. 2). bDuring injection,
!the bumper magnet current decays at a controlled expon—
ential rate, moving the closed orbit away from the
-strlpner foil and uniformly filling the horizontal
' ! aperture. %
l H

The RCS beam is extracted in a single turn by two
ferrite kicker magnets and one septum magnet. The
rise .time of each kicker magnet is A 109 ns with a
. 100 ns flat fxeld regmn.7 The septum magnet is pulsed
,by a half sine wave current with a Jeriod of 3 ms to a
{peak of 12 kA and a magnetic flux density of 1 T.8
l

!

Turn On and Operating Experience

- et

Studies of the 50 M=V transport line to the RCS
began in January 1977. Final checkout of the acrel-
’erator components was completed in March; and on

QUADRUPOLES




ne stripper foil. -
- :gized ‘and beam was detected on horizontal and
. vertzcal segmented Faraday - ‘cups located in L3 and L4.
'l‘he bumper magnat current and the ring magnet field

: ‘were trimmed to center the beam honzontany at both

" ocations.

The b\mper nagnets were

] After removing the ring segmented Faraday cups,
1300% of the injected beam was measured on the L6 Fara-
“-day cun., After: ‘this’ cup was removed from the beam
‘path;’ the beam’ contmued to coast for 1000 tur:ns. With
- some zdditmnal ‘tuning, currents of half an ampere were

coaskt:L_ng.

_i . Over the next several weeks, the beaw was bui.ched,

beam orbit position and coasting betatron tune measure-

ments v.ere made, and beam was accelerated to 325 MeV.

" The " initia) position ‘measurements indicated the pres-

ence of orbit warps. Later measurements have substan-

jtiated this, and some of the warps have been minimized
by renos:.t:.om.ng the ring magaets. Future, more inten-
‘sive, orbit warp studies are planned with improved
position electrodes and electronics. Tae coasting
betatron tune measurements confirmed the theoretical
tune values of v_ = 2.20 and v 2.32 but also indi-
cated the need fx or sextupole chrectJ.on. Calibration
of tke gquadrupole and sextupcle correction rmagnet

. effects also confirmed the design calculetions.
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Initially, acceleration was limited to 325 MeV duej
!to instabilities in the ring magnet power supply (RMPS)-
‘at current levels required above 350 MeV. Even so, :
‘this was adequate for studies of accelerator perfor-
mance. Almost immediately, a problem which had been
suspected during bunched beam coasting studies became
apparent. Distinst, sharp beam losses occurred through-
gout the acceleration. cycle. Investigation into the . |
{1oss mechanism revealed noise on the RF system's master’
oscillator frequency program. The frequeancy program
was generated from B mfozmaaon @erived from a pick up
icoil in the ring magnets. A check of this signal dis-
closed that large RMPS switching transients were cou-
pling into the B coils. Shielding efforts were not
successful, so an attempt was made to use a less noisy
B signal from windings in the ring magnet system reso-
lnating chokes. This signal provided a satisfactory
frequency program, although it was slightly cut of
- phase and did not track the xing magnet field accurate-
- :ly. -~Théese problems were. solved by:phase shifting the
ifrequency and using a beam position feedback system. |
. Since that. tuue, f:.lter mprovements in the RMPS have 1
ipermitted &’ successful return' to the ring magnet B :
: .,J.gnal £ a frequency soutce. : l
: 4
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As tumng ptogressed and beam intensities in-

, a new. problem developed. When beam. intensi-
1% 1012 were: accelerated £0 8 ms. ‘in%o the

ptoxlmately ‘f,_he max:mum B po:.nt:, beam 1nsta—

"‘Although beam ‘phase ‘feedback
&th.ls beam was st:.ll

) . stalled during October and November 1971,
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Fig. 2. H 1Injection into the RCS |
indicated that while damping was occurring during the :
- first half of the: cycle. ‘the"beam began antxdammg
dunng the latter half. In audxtxon, a lgnxf‘cant
amount of - 15 MHZ, ‘beam. dependent noise was disccver
on most cabling’ I:erm.nat:.ng in the RCS tunne... Ty
attemp’-s ‘were.made to: improve and. découple ac ‘and &c
5rounds w:.t:h little effect on the noise an'pli.tude.
Studieés are continuing to locate the driving mechanism
"of this instability. In the meantime, the RF accel-
-erating voltage -has been programmed subStantially = =~
higher during the latter part of the cycle to contain
the beam within a larger bucket. The result of all
';t.hese studies has been that the RCS accelerates 503 of
the injected beam to full energy. !

By the end of June 1977, beams of over 1 x 1012
were beiny accelerated to the full energy of 500 MeV.
Werk continued on improving accelerator component reli-
ability and on the completion of the extraction system
components. The kicker and septum systems were in- )
By Jam.;ry
g197a, peak heams of 8 x 10! protons/pulse were daliv- - :
iereq on target. Problems with the extraction system
were also encountered. The high speed, h.l.gh cuvreat
pulses of the kicker magnets were radiating noise
*throughout the RCS. Noise immunity had to be increased
in numerous systems.

. January 1978 was a milestone month for the RCS.
:During the previous months of operation, the RCS had
ibeen running at 1 Hz because of fears that a high rspe-
- tition rate would damage the a source, which the TS
was sharing with the ZGS. But since the ZGS was tex-
.minating Zts final high intensity H xun, the RCS kegan
§5 Hz operation. Both synchrotrons shared the 50 =V
.h.near accelerator, so the RC5 was operated in a "burst
‘mode” to allow for injection into the ZGS. By April
;1978, the RCS was_routinely delivering 106 pulses,
{avaraging 5 x 1011 j protons/pulse, on target per week
for calibration of experimental instruments. This op-~
etat:.on was limited to nighttime and weekends. Day
shifts were spent on machine studies and accelerator
L component J.mprovements.

‘puring this: tnne, a breakthrough occurred in the-
stripper foil lifetime problem, which had been plaguing
| the ‘operation £rom ‘the start. E‘o:.l hfet:l_mes had been '
{as short asia:few hundred pulses. - Different foil = |
t . xanging “from 1700-14,000 ‘A, and aif ferent -
1t g techm.ques were tested.’ Foil lifetizes -
vof m:.llion' of pulses were achieved. :oaatmg 3000~
4500 A fo:.ls m.th a. 400 A layer of alummum. ‘Thesa -
foils were mounted so that the bottom,edge was ‘not .
fixed but. He:.ghted by-a: small weight. . -An_additional
mptovement was made by t.nm:m.ng l:he currents of the
H in]ect:.on bumper magnets to num.m.ze the number of




= tons/pu).se on, tyrge ac ;
"alenf. to over 1:0° uh of ‘dc current on target averaged
per week - (Flg. 3. Opezauon in a 30 Hz “burst mode”
i.s expected soon; - and with the scheduled ahutdm of . o
the 2GS on. Octobez 1, 1919, conti.nuous 30 Hz operaficn )
w:.ll begin. *
' f
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Future ‘Goals

current ueekly average of 8.5 ul-\ on’ target. Th:.s m.ll
he: accompl:. shed in part by genezal reliab:.l:.ty xmpzove—
ments. " These J.nclude a new transfotmer—style septum
magnet10 ‘which will replace the present:septum 'magnet,
\.h:.ch has been failure’ prcne. ‘The k;cker magnee VYacuum
lmers. which - have been .prone ‘to. .leak cdue-to rad1
damagv. have been replaced by more zad:.auqn reslstant
vacuum 1mers.r Im;_)rovements in RF system..f edback
controls and in the act:.ve control of tUIIEiCOtl'eCtJ.On
magnets, together:with the inzrease of the repetition
rate from 15-30 Hz, complete the pear term goals.

Long term (1980-1982) improvement goals include
plans for 45 Hz and/or 600 MeV operation. Aalso, im- !
pr.'OVed bean in]ect:l.on and easier accelerator component
replacement techniques are planned. With these im- :
provements, dc current weakly averages of 20 yA on
targe.. can be achieved.

Acknouledgy_gnts

.The authors wish to express. thelr gratitude to
. Kustom, C. Potts, and J. 51mpson for theair leader-
iship throughout tbe vanous phases of the project. i
Further thanks go out to the Great number of people
responsible :for the design, construction and successful
operation of the RCs. It is through their efforts and
determnat:.on ‘that the RCS will continue to improve.

[EORUp—,

References

E. Crosbie et al., "The Design of the Zexo Gradi- ,
ent. Synchrotron Booster II Lattice,™ IEEE Trans-
actions on Nuclear 'Science, Vol. NS-22, Wo. 3,
p. 1919, (June 1975).

W. F. Praeg and D. HMcGhee, "Ring Magnet Power Sup~-'
ply for a 500 MeV. Synchrotron,” IEEE Industry i
Applications Society =- 1978 Annual Heet:.ng .Confer—

ice Record, P.. 1118. - :

. ardek and E‘. E Brandeberry, "Intense
.Pulsed Neuf.ron Souzce (IPNS-I) Acceleratar RE
“£o be’ pubhshed this’ confcrence.

.J. D Simp on, :
Booster,
.,V‘.’

Opezatmg‘ ”.esults :£rom the ANL
IEEE ‘Transactions’ on ‘Nuglrar Scxence.
5-20 'No 3 p 193"'(June 1973).

C. W. Potts,: “Negative Hydzogen Ion In]ect:.on Into
the Zero Gradient Synchrotron,”. 1EEE ‘Transactions |
on Nuclear Sc:.ence, Vol._NS-ZZ, ‘Ne. "3, p.” 1385,"
(June 1975). :

ot e —————— S (s = -

210, .

< e e e v

k3
R

!

'W. B. Praeg,-"An Inexpensive: Pilsed Power Supply!
“for a Septum Hagnet.“ 1EZE ‘Transactions on T
Nuclear Science.’ Vol NS—22, No.' 3. P- 1307, :

; Ster. In;ector Zor the
.Zexo Gradx.ent Synchrotron =.A Désifn Rerorsg,.
Argonne National Laboratory, ‘Accelératcr Research
Fac:.l:.t:.es DJ.VJ.S.'I. n‘, internal publ:.cat101.

M. Eoss,, Pracg, and K. Thompson, "A Trang- ’
former eptum a’agnet,“ to be published this :
conference.’

}BUHSI CORAECTED . =
1 .

},SHUIDWN :

LUASY CORARECIED

}mm

333
L
Uy N [P

im ——— e e

P SHUTDOWN

BUAST COARECTED

1
1
1
1
1
i
1
1
#
g

L0 —

i

e

Weakly Averages of DC Current on Target .’.) B




