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Abstract %
Construction has begun on a low energy booster synchrotron to ’ e B ‘
. .. . L I MAPPER AREA |
replace the IUCF isochronous cyclotrons for the injection of po- ST ; }

larized light ions into the existing 3.6 T-m electron-cooled stor-

age ring (Cooler). CIS (Cooler Injector Synchrotron), with a B
circumference of 1/5th the Cooler ring, will provide2.5 10
polarized protons (deuterons) per pulse at 1 Hz for Cooler in-
jection. Bucket-to-bucket beam transfer from CIS to the Cooler
operating on the 5th harmonic will fill the Cooler withi@ro-

tons in 5 sec. The higher intensity and improved duty cycle will
enhance the range and quality of experimental nuclear physics
research programs using Cooler beams.

COOLER RING

[. INTRODUCTION

In August of 1994, NSF and Indiana University jointly funded™ .
the construction of a dedicated, low energy booster synchrotron |-
to inject high intensity polarized proton and deuteron beams intoJ-L e
the IUCF 3.6 T-m Cooler. The Cooler, which began operation in .- AR NN AR RN
1987[1], is presently filled with light ion beams from the IUCF From Cyclotrons (7

cyclotrons. Strip injection ofH* ions and cooling accumula- BL-4 oY
tion producesy 10 stored protons in a few seconds. A com-
plex kick injection and cooling accumulation scheme for fully Figure. 1. Layout of CIS ring in IUCF accelerator vaults

stripped polarized ions yields 96tored particles in several min-
utes. Although both injection methods have demonstrated stack-
ing factors of 16, stored Cooler beam intensities are limited by\. Sources and Pre-accelerator
modest beam intensities available from the cyclotrerBAA).  onpgoing development activities are rapidly increasing polar-
Cooler intensities are is also limiteet2 mA) by coherent trans- ;64 - peam intensities towards the 1 mA level. Consequently,
verse instabilities aggravated by high peak currents and phggec)s pre-accelerator, injection beam line and ring will be com-
space densities caused by rf bunching and electron coolinglglssioned using a high intensity unpolarized Busp source
both of which provide beam qualities required by most expetjs permit intensity development of the ring to its space charge
mental users. limit. The existing IUCF High Intensity Polarized lon Source
CIS will fill the Cooler with a minimum of 18" protons or (H|PIOS)[6] can then continue operation with the cyclotrons
deuterons in a few seconds without cooled accumulation tegh Cooler during CIS construction. Installation of either an up-
niques, while reducing the overhead and operating expensegpded HIPIOS or a newer 1 mA polarized ion source will follow
curred by the precise cyclotron/Cooler matching requiremeRfg initial CIS ring commissioning effort in 1997.
presently needed to obtain optimum Cooler performance. Whilepo|arized or unpolarized, 25 keVHons are accelerated to
10" stored polarized ions will enhance the developing spinmeV via a coupled 3 MeV radio frequency quadrupole (RFQ)
physics program on the Cooler, 'tGstored polarized ions will angd 4 MeV drift tube linac (DTL) pre-accelerator operating at
open new avenues of research. High intensity Cooler beanyiss MHz. The pre-accelerator will be fabricated and tested
also needed to fill a proposed high energyd0 GeV) Lightlon  py AccSys Technologies, Inc.[7] and IUCF, working together
Spin Synchrotron (LISS), which is currently under design. s industrial partners. 25 keVDions can be similarly ac-
celerated using a separate RFQ/DTL pre-accelerator, which is
II. CIS PERFORMANCE GOALS not included in the initial construction program. Beam trans-

mission from the source through the linac decreases with in-

. Thelayoutofthe CISringrelative to the cyclotrons and Co0lggeasing source emittance. While the HIPIOS and Cusp source
is shown in Fig. 1, and the projected beam performance and rifgrmalized emittances are less thafiid xm, the 1 mA po-

lattice parameters are summarized in Table I. Details of the Glgized source emittances are reported to be somewhat larger.
ring lattice, strip injection performance and rf accelerator cav-

ity design are provided in separate contributions to this confer-
ence.[3], [4], [5]
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Table |
CIS BOOSTER PARAMETERS

|. Proton Beam Properties INJ EXTR
Maximum Design Energy (MeV) 7 200
Initial Operating Energy (MeV) 7 80 o
Momentum (MeV/c) 114.8 498.2 iyl
Rigidity (Tm) 0.383 1.03 4 ug/em=2 =
Accumulated Emittancer(um)  34.0 10.0 Faireey \ T Trim Quad
Orbit Period, 7-80 MeV jsec) 0.477 0.149 Injection ‘
Tune Shift @ 25 - 10'° Part. 0.03 0.006 Chicane Magnsts !
) Vt Extraction é 5

Il. Lattice Parameters Lambertson |
Circumference (m) 17.364
Straight Section Length (m) 2.341
Dipole Magnet Radius (m) 1.273
Dipole Length (m) 2.0
Dipole Edge Angle 12
Magnet Field Maximum (T) 1.68
Number of Quadrupoles 4
Hz Tune Qy) 1.463
Vt Tune @Qy) 0.779
Bx (m): Max (mid-bend) 4.373 ®scaLe FEEr SO MeV P

Min (mid-straight) 1.123 Fi ) i
By (m): Max 3.786 igure. 2. CIS Ring Plan View

Min (mid-straight) 3.342
Dispersion (m): Max (mid-bend) 1.759 matched to the ring beta functions at a.4/cn? Carbon foil

Min ) 1.576 strip, predict an intensity gain of 250 [4]. Consequently, a min-

Momentum Compaction Factor  0.655 imum H- source intensity of 6%.A is required to achieve the
Chromaticity (X, y) -0.53,-0.16

design intensity goal, assuming 85% transmission through the
linac and 60% transmission through CIS. Accumulation time for
this intensity gain is 23@sec, which matches well with typical
beam pulse widths from pulsed polarized sources, and is within
he range of the RFQ/DTL pulse structure.

For our performance estimates, a linac transmissior &5%
was calculated foa 1 mA H- beam with a normalized emittanc

of 1.2 um. The RFQ/DTL will produce beam pulse widths of '} jcFhas recently fabricated several &§/cr? Carbon strip-

<360usecatupto 5 Hz. per foils with one and two unsupported edges of 22 mm. These

A9.7minjection beam line is used to both de-bunch and phggf 50n pe tested in the Cooler to determine performance and
space maich the linac beam to the CIS ring Twiss parametgﬂ‘?vivability. Work is continuing to develop thinner foils, al-

in the injection straight. The FWHM beam energy spread {5, ,4h 509 thinner foils may require accumulation times longer
+0.5%, and will be further reduced by a factor of 3 to 5 than the 36Qusec linac pulse width.

a de-buncher located 2.6 m from the linac exit. Space charge
induced longitudinal emittance growth in this beam line is small lll. Ring Design

for intensities below 1 mA. . . ) i
CIS is a weak focussing synchrotron with a superperiod of 4

B. Strip Injection Performance and operates below transition. Primary beam focussing is deter-
) o ) mined by the C-shaped corner dipole edge angles. Dipole back
The 7 MeV H" (D7) linac beam must be %tnp injected into thgeq windings and vertical steerers in each straight section are used
CIS ring to achieve the design goal 06210'° particles/pulse at for orhit centering. Four trim quads are available for small tune
extracfuon. Beam s directed o_ntoacarbon foil stripviaadc Maggiustments during routine operations, and can also be used to
net chicane located symmetrically about the center of the inj&gyry ring tunes and the transition energy for accelerator physics
tion straight section, as shown in Fig. 2. Two bumper magnelg, gies. The ring dipole magnet design allows acceleration of
located+9(° in phase advance from the foil in adjacent Stra'gtbtrotons (deuterons) up to 200 MeV (100 MeV) at 5 Hz. How-
sections, move the closed orbit onto the foil during injection. é\/er, proton energies will initially be limited to 80 MeV at 1 Hz
critical performance areafor CISis the intensity gain provided by, budgetary reasons. Future power supply and extraction ele-

strip injection of relatively low intensity polarized beams200  ent ypgrades will be required to achieve the maximum design
uA), particularly since the CIS extracted beam emittance Canrl%\tpability of the ring.

exceed the Cooler acceptance ofidAQum. Detailed ray trace
computer simulations usina 7 MeV H- beam with a normal-
ized emittance of 12 um and a 90% energy spread of 0.5%,



The injected beam is adiabatically captured using a VCO cditem in a hot air furnace. Strengthening plates are then welded
trolled, ferrite biased rf cavity similar in design to the IUCFonto the blocks prior to their being machined into wedge shapes.
Cooler MPI rf cavity[8]. The cavity operates on the first harFive wedge shaped blocks and two parallel endpacks are then
monic of the orbit frequency, which varies from 2.09 to 9.78ssembled on a prefabricated base plate to complete the dipole
MHz for protons from injection to 200 MeV. VCO control is re-magnet.

linquished to beam position monitors (two radial position mon-
itors 180 apart in phase advance) and phase feedback systems V. PROJECT STATUS AND SCHEDULE

(wall gap monitor) during acceleration. _ ~_ Anintense CIS design effort beginning in August 1994 culmi-
Single turn beam extraction is accomplished via a fastrise tirigied in an external design review in February, 1995. Presently,
(50_ns¢_ac)horizontal counter traveling wave (Blumlein) kicker,[%e CIS dipole magnet magnet steel and lamination stamping
which jumps the beam acca 7 mmwide septum of a verti- yendor selection is underway. Detailed magnet and coil fabri-
cal extraction Lambertson magnet in the following straight segation bid packages are nearly complete, with expected vendor
tion. An injection bumper and dipole backleg windings moveg|ection before June. Field mapping and endpack fine adjust-
the closed orbit close to the septum prior to firing the kicker. ant of the first dipole is planned for January of 1996. In a par-
ralel effort, design of the AccSys Technology RFQ/DTL Linac
IV. MAGNET DESIGN is complete, fabrication will begin in late May and delivery to
IUCF is scheduled to occur in June of 1996. Beam development
of the linac and injection beam line should begin in the fall of
1996. Many of the ancillary items required for the injection and
extraction beam lines, rf accelerator cavity and de-buncher, and
ac power distribution systems are either designed or have been
acquired as surplus equipment. The completion of ring assem-
bly and start of beam commissioning is scheduled for the first
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