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Susmary

Coupled operation of the 25 MV tandem and the
Oak Ridge Isochronous Cyclotron (ORIC) was schieved on
January 27, 1981. A beam of 38 Mev 1502% wse injected
into ORIC, stripped to 8% and accelerated to 324 Mev.
Shortly sftervards, the energy vas increased to the
maximum design value of 25 We¥V/amu (400 MeV). A spec-
t taken of the scattering of this besw from a thin
25’;5 target inm the broad range spectrogrsph exhibited
& resolutfon of 115 keV (FWitM). Performance of the
system wvas in close agreemsent with that predicted from
calculations.

Introduction

orIC! 1s a k=100 (K=NE/q2) cyclotron butlt in the
early 19608 as a light-ion wachine with heavy-ion
capabilities, and recently opersced alwost excluajvely
as a heavy ion sccelerstor. With en internal ion
source, it is useful for muclear experiments up to
abour mess 4D. 1ln 1975, conatruction commenced on a
25 MV tandem accelerator to be installed near the
cyclotron.“»? The scope of this project included pro-
viefion for infecting the tandem beam into the
cyclotron for energy boosting.®»> In coupled opera-
tion, particles of up to wess 160 may be accelerated
to energies above the nuclear interaction barrier.
Further extension of the capability of this facility
to K=300 is the subject of another paper at this
conference.

Injection System

The tandem is locsted about 36 weters from the
cyclotron and has s vertical column with a 180-deg
nagnet following the stripping channel {n the termi-
nal. The injection system includes the pair of wagnets
that turn the beaw path from vertical to horizontal,
two guadrupoles, an inflection wagnet to aim the beam
at the right spot in the cyclotron, a stripping foil
inside the cyclotron and the control and diagnostic
systems. Siace the acceptance of the cyclotron for an
energy spread of 1 im 1000 is * 3 deg of the rf period
(or 1-2 nsec for tha reyuired frequency range), the
beam {s bunched before acceleration in the tandem.
The double-drift klystroa buscher, in a test on the EN
tanden, was able to put over 50Z of the beam iz the
desired period. To presarve the time structure of the
besm, transaission to the cyclotron muat take essen-
tially the same time for all portions of the beaw
bunch. This was accomplished by designing the optics
magnets and beam waist locatioms to minimize the timwe
dispersion (100~150 psec). The optics systes muat
also transform the circular beam spot that comes out
of the tandem to a rectamgular spot about 1 x 5 mm st
the stripping foil in the cyclotron.

The injected beas must be sufficliently rigid as it
enters the cyclotron so that it can cross the cyclo-
tron fleld and arrive at the strippimg foil (Fig. 1).
This, when the tadial limits on the travel of the fofl
are considered, implies also that s stripping ratio of
a2:] er grester {s reguired to capture the beam in an
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orbit suitable for scceleratiom. For lighter loms, it
is necessary to limit the charge change that sccurs iw
the tandem termimal to sssure that a 2:]1 charge change
at the stripping foil iw the cyclorrom is schievable.
For carbon, witrogen, swd oxyges, which would mormally
be almost fully stripped ia the termimal with ordinsry
prassures in the stripplag channel, this ia sccom~
plished vith no siguificent loss of imtenelty by
oparating the stripping chanmel at lower thaa mormal
pressure, thus intensifying the desired charge state.?
For the heavier particles, higher charge states im the
terminal are ugsable amnd dexirable to achieve maximum
final energy.
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Fig. 1. Beam enters the cyclotrom through the rf
resonator, is directed by the inflectiom megmet to the
stripping foil which is placed om am orbit switable
for acceleration. The imcoming beam wust have & suf-
ficiently large rigidity (Bp) to croes the field to
the foil. The inflectica magmet is movable radially
and has en angalar range of 17 to 37 deg to accom—
modate beamg of different rigidity requiring different
defleceion snplcs. -

Bean Monitoring Diagmostic System

Six guarrz-plate viewers with closed-circuit
television camerss have been provided for setting wp a
beam through the injection system. With these viewers
the position of the beam can be asdjusted to coincide
with the axis of the injection lime, the shape cam be
monitored approximately, snd it cam be determimed
whether the heaw is passing through the quadrupoles
on-axis. Owe of the guartz viewers is located inside
the cyclotrom and can be substituted in place of the
foil for aiming and focusing the besn. The Meam alac
causes the foll to glow visihly during operatiom. A
3-meter fiber-optic viewimg system wes required so
that this TY camera could be mounted where the cyclo-
trom stray field was sufficiemtly low. In sddition to
the TY monitoring systews two Faradsy cupa are weed,
one at aach of the beam waista. The first is located
after tha regulating slita betwees the 25-deg and
65~dag wugnets that tura che bosm path from vertical
to herizoatal. Tuning for wexisus heam pasaing
through the slity at this peist preduces a vaiat that
is requirad for ainiswa tiwe dispersion. The secomd
cup, about Walfvay aloag tie line, is cepable of
weasuring the time structure of the beam for initial
adjustment of the buncher. Finsl od juetment of the



buncher 1s, of course, done by observing the intemsity
of the beam axtracted from the cyclotrom while warying
buncher phase and amplitude. A foil cam be inserted
into the bsam ahead of the 65-deg magmet so that the
charge state distributiom of the stripped beam in the
cyclotron can ba determined ahead of time.

The foil positioner in the cyclotren is designed
to be interchangeable with the intermal iom source
(Figs. 2,3). It can position a foil over am arimuthal
range of * 85 deg and a radial range of 24-5] cm to
accommodete injected besama of varying energies. A
foll carrier (Fig. 4) mounted on the pivoted arwm,
holds up to 20 foils which can be indexed iato posi-
tion remotely in a few seconds. A different carrier
containing & nev met of foils can be inetalled in
about 30 minutes by vithdrawing the foil positiomer
through a vacuua lock. The pivot point of the foil
Positioner arm is not at the ceater of the cyclotrom
so the cyclotrom comtrol computer calculates the
radius snd azimuth of the foil with the appropriate
coordinate transformation. These parameters are
displayed in both coordimate systems. The potemtial
mechanical interference batween the foil carrier and
the internal bess probe that is mounted on the foil
positiomer is avoided by a softvare interlock system
that keepa track of the probe and carrier positioms.
Thoere is also a microprocessor back-up for this soft-

ware interlock.
e @ | v

Fig. 2. The foil positioner on its handlimg doliy.
The foll arm is raised to a typical operating
position.

The foil arm with the foil carrfer installed.
halders is flipped sut inte the

Fig. 3.
One of the feoil
operating pesitien.

rig. 4. Frout sad back view of a feil carrier.
Twenty positions for feils are previded.

Besm Dynsaics Computatioss

1In 1977, the magnetic tie.1 of the cycletres was
remsasured? to cbtainm data for the fringe field and
for the high mein maguet fields that are mew weed.
The field data was p-r‘-ntcrh.lm aed programs have
been developed for computing trim aad harmeaic ceil
settings, injection trajectories, feil azimewth asd
radius, inflection megmet stremgth asnd positiea, and
extraction system mechanical aad magemetic settings.
The extractiom system progrsm is operator imteractive
50 that the system parameters may be iteratively
ad justed while observimg a graphic display of the
calculated extracted beam trajectory (Fig. 5).

The programs for acceleration awd extractiom of
the beam have been in routime wse vith the intermal
source since Jume, 1940, and have provem wery success-
ful im producing extracted beam with smly misor teniag
by the operator. The injection progras Hroved iavalu-
able in predicting the foil position =ad imflection
magnet setting for the firat imjectsd baam. The
operating position of the foil, determimed by opti-
mizing the extracted beam, was only a few nillimerers
from the predicted position.

acceleratisa, and

Fig. S.
basm.

Calculated imjecties,

extraction trajescteries fer tha 400 NaV

The program finds the sptimm positions for the foil
The

and the inflectiom e » iteratively
adjuets the positions and strengtha of the five
extraction elements te achizve the dasired calculated
reasult, in a manner similar te actual eperatien.




rience

Teti

In Jamuary, 1981, the tandem, although still
undergoing aCceptance tests, ves made aveileble for,
two brief tests of cowpled operatiom. Durimg the
first 2i-hour tast the tramsport snd diageestic
systems were checked out with beam, vhich wes then
stripped and accelersted to full radius. Because of
a weter lesk in ome of the extraction chawmels when it
wvas energized, we uere umable to extract the beaw.

Two weeks later s perfod of three days was allotied to
testing cowpled operatiou. The first extracted beam
(324 Mev 1608%) uag obtained on Jamsary 27 within a
few hours of starting the test. The parameters ars
given in Table 1. This besm wes wsed briefly to
obtain a scattering spectrwn, then the emargy was
increased in steps to the full design walue

(25 Me¥/ams) by ralsing the cyclotrom frequency sand
magwetic field. At this point further messurements
vere made using 2 208pk fo11 target and a broad ramge
spectrograph (Fig. é). The emergy resolution durimg
this experiment was *115 ke¥ (WM}, or abouwt | ia
3500. This was as good as, or better than, the pre~
dicted energy spread of the basm, amd substantially
better than the emergy spraad messured im the previous
experiment at 324 MeV.

During these experimeats we did mot experience a
foil failure. This was comsistent with the predicted
1ife of 150 puAh of 38 MeV 160 beam for the
S=10 ngfcm? carbom foils made by deposition of carbon
from an ethylene gas discharge.

Yable 1. Parameters for First Coupled Operation

Tandem:
Terminal Voltage 12.2 MV
1njector Voltage 300 kv
Low Energy lom on~
Accelerated lon 1692+
Anslyzed Current 400 nA
Output Energy 38 MeV

Cyclotron:
Accelerated Iom 1608+
Circulating Rusm 180 »A
Extracted deam 125 mA
Energy 324 HeV
Analyzed Jeam on Target 60 mA
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Fig. 6. Spectrvm of 160 foms acattersd frem a 206m,
tarpet. Scattered particles were detected meing a
silicon position-semsitive detectsr placed in the
focal plase of a gretic spect ph Clearly
visihle are posks frem elascic wscattering (grewed

state) and excitation of 2.61- and 4.09-Me¥ lewels of
the 208py muclews. The msasured snergy reselution was
115 ke¥ (Fiamt1), which iscludes centributiens frem such
sources as the bLeas ewergy spread, besa sagular
divergence, inhareat detecter reselutiem, eslectreaic
Roise spread and smergy straggling im the tarpet.
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