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1 INTRODUCTION

Inlate 1994, IndianaUniversity and the NSF jointly funded
the construction of a dedicated Cooler injector synchrotron
(C1S) to increase the luminosity of polarized beam experi-
mentsintheCooler[1]. Presently, stored Cooler beam inten-
sitiesare limited (<2 mA) by the modest intensities avail-
able from the cyclotrons (= 2 pA), and by coherent trans-
verse beam instabilities induced by the high peak currents
(phase space densities) resulting from el ectron-cooling and
rf bunching required for accumulation at injection[2]. The
new booster is designed to avoid these problems by the
bucket-to-bucket injectionand longitudinal stacking of over
2.5x 10° particlesper pulseinthe Cooler fillingitwith 10!
polarized light ions in a few seconds without resorting to
€l ectron-cool ed accumul ation techniques.

The booster isfilled viathe strip injection of H- ionspre-
accelerated to 7 MeV by a coupled RFQ/DTL Linac. For
initial ring commissioning, 25 keV H~ from a pulsed Duo-
plasmatron sourceand LEBT will beused tofill theringwith
unpolarized protons. Construction of anew 200 A polar-
ized negative ion source for CIS injection will proceed in
parallel with this commissioning, leaving the present High
Intensity Polarized Source[3] avail able for ongoing exper-
imental programs. Injected protons are adiabatically cap-
turedintoalst harmonicrf bucket and accel erated toamaxi-
mum energy of 216 MeV using aferritetuned rf cavity[4, 5],
and then singleturn fast extracted for transfer and injection
intotheCooler ring. CIS, aweak focussing synchrotron, op-
erates below transition[6, 7], and has a cycle time of 1 Hz,
although al ramped systems are capabl e of operating at up
to 5 Hz. There are no intrinsic depolarizing resonances and
oneweak imperfection resonance (108 MeV) for protonsac-
celerated to 216 MeV. A small solenoid (f Bdl=0.018 T-m)
islocated in thering to maintain polarization during ramps.
The transmission line from CI S to the Cooler contains two
superconducting spin precession solenoids (< 1.6 T-m) sep-
arated by a42° bend to permit free selection of spin orien-
tation at Cooler injection. Protons extracted from CIS are
injected into the Cooler via an existing injection path and
kicked onto the closed orbit using afast kicker identical in
design to the CIS extraction kicker. The Cooler can there-
fore be filled with beams from either the cyclotron or the
CISring, a capability which permits the uninterrupted use
of the Cooler for experiment during the booster assembly
and commissioning period. The layout of the CISring, the
linac pre-accelerator and the injection and extraction beam
linesrelativetotheexisting Cooler ringisprovidedinFig. 1.

Proton beam performance goals and the ring lattice param-
eters are summarized in Table .
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Figure 1: CISRing layout.

2 CISCONSTRUCTION STATUS

2.1 Source, Pre-accélerator and Injection.

Protonsareinjected into the booster by strippingthe 7 MeV
H~ linac beam on a 4.5ug/cm? carbon foil located in the
injection straight (see Fig. 1). Tracking cal culations predict
that beams with anormalized emittance (e,, ) of 1.2r pmand
a90% Ap/p of 1% require an intensity > 65uA to achieve



Table|. CISBOOSTER PARAMETERS

|. P. Beam Performance: Inj. Ext.
T Initial Design (MeV) 7.0 216.0
Momentum (MeV/c) 114.8 644.45
Rigidity (Tm) 0.383 224
Max. Accum. Emitt. (m) 340w 100«
Dyn. Aperture (Vt,Hz mm) 550%x 250 380x130
Orbit Period (usec) 0.477 0.0994
Rev. Frequency (MHz) 2.097 10.056
A Q @2.5x10'° part. 0.03 0.006
Ave. l .. @2.5x101° (MA) 6.0 27.0
[I. Lattice Parameters:
Circumference (m) 17.364
Straight Section Length (m) 2.341
Dipole Magnet Radius (m) 1.273
Dipole Length (m) 20
Dipole Edge Angle 120
Magnetic Field Max. (T) 1.68
5x10~* dB/B Aperture (Vt,Hzmm) 50 x 90
Hz Tune (Q,) 1.463
Vt Tune (Qy) 0.779
Chromaticity (x/y) -0.53/-0.16
Transition Energy (yr (MeV)) 1.271 (254)

2.5x 100 p/pulse at extraction, assuming reasonable trans-
mission through the ring[8]. Hence, the source, LEBT and
linac were designed to transmit a peak beam intensity of
<2.0 mA. The source plasma boundary and LEBT optics
were modeled to match the linac injection e, (< 1.0wpm),
radius (<1.3mm), and convergence (125 mrad) require-
ments using the programs Trak and EMP. A prototype
source hasddlivered a25 keV pulsed beam (200 usec pulse
width) with a peak intensity of 270 uA. The measured ¢,
was 0.257 pm, within 10% of the predicted value. The
production source and LEBT system, which includes a
multi-wire harp emittance measurement system, isinstalled
in the linac vault, and undergoing further development to
achieve higher peak intensities (= 1 mA). The harp[9], a
new diagnostic device for |UCF, was tested during the pro-
totype source commissioning, where it provided accurate
realtime beam profile and position data. The Harp was aso
successfully tested with 7 MeV protons from the IUCF
injector cyclotron. This test beam was pulsed to simulate
the linac beam pulse structure (200 psat 1 Hz).

The mode PL-7 linac, consisting of a3 MeV RFQ cou-
pled directly to a 4 MeV DTL, manufactured by AccSys
Technology, Inc[1], ison schedule for delivery to IUCF in
July, 1996. The RFQ vain assembly and vacuum enclosure
are complete. A low power Al cold model DTL chamber
was constructed to finalize the cavity dimensions, and fab-
rication of the production chamber is complete. Assembly
of thelinac structure and 425 MHz, 360 kW rf amplifiersis
continuing. Fina linac acceptance tests will be conducted
at IUCFin July.

The booster injection beam line optics were calculated
using the codes Trace3d and Transport. This beam line
(see Fig. 1) is used to debunch, transmit and match the 7
MeV H~ beam to the ring acceptance at the stripper foil.
A quad triplet immediately following the linac produces a
doublewaist at the debuncher (15 mm diaaperture), and is
followed by 4 additional quadswhich can vary the beam at
thefoil from a6 mm dia. waist to aring acceptance match.
Provisions are made for non-destructive beam TOF energy
measurements, multi-wire harp beam profile and emittance
measurements, and BPM position measurements.  All 7
quadrupoles and power supplies were obtained as surplus
equipment, while the steerers and diagnostics were fab-
ricated in-house. This beam line and al injection system
utilitieswere installed in thelinac vault during an accelera-
tor shutdown period beginning this April. Commissioning
of the booster injection system will begin upon ddlivery of
the Linac in July, 1996.

2.2 Ring Dipoles and Quadrupoles

The ring design energy and small bending radius (see Ta
ble I) require the use of 90° C-shaped laminated dipoles
with aradius of 1.27 m, producing a sagitta of 37 cm and
amaximum required field of 1.68 T. Axially symmetric 2-
d and 3-d field cal culations using the computer code Mag-
Net [1] were used to optimize the magnet lamination cross
section and the dipole endpack poletip shape to minimize
the integrated sextupole field component, now calculated
to be smaller than 0.02 m—2 at injection over a dipole ra-
dia width of 10 cm. Eddy current field aberrationsinduced
by the 1 mm wall incond dipole vacuum chambers (VC),
which are 10timeslarger thanthisat 1 Hz (dB/dt<4 T/sec),
will be corrected with passive windings following the con-
tour of the VC chambers similar to those used on the AGS
booster[10]. Design of the VC and correction windingsis
Now in progress.
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DIPOLE PROPERTIES

Bend Angle: 90.0°
H Bend Radius: 1273 m
GAP: 58.0 mm
Edge Angle: 12.0°
Field Max: 168 T
Turns/Mag: 24
Dynm. Pwr/mag: 705 kW
Weight/Mag: 38,000 lbs.
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Figure 2
CIS DIPOLE 3 View

The CIS dipole and quadruple magnets are fabricated
from 1.5 mm thick modified 1006 steel laminations which
were pre-coated with a B-stage epoxy resin prior to stamp-
ing. The B-stage resin (Remisol EB-540) serves both as



lamination insulation and bonding agent during fabrication,
making for a very clean and easy stacking and baking pro-
cedure. The main dipole, shown in Fig. 2, is fabricated
from 5 wedge shaped and 2 endpack moduleswhich arein-
dividualy stacked, baked and machined, and then assem-
bled on a precision base plate assembly. The dipole and
coil assemblies are being fabricated by Elma Engineering,
Inc. The four ring trim quads and two rf cavity bias quads
were precision EDM machined from rectangular cores fab-
ricated from sheered rectangular cross section laminations
that were stacked and baked in-house. The 1st main dipole
arrived a |UCF on April 30, and field mapping is now in
progress. All quad cores and coils are fabricated, and the
1st trim quad mapping is complete. Field mapping of the
1st dipoleto verify the endpack designisin progress. De-
livery of theremaining three dipol esisscheduled for August
and September of 1996.

2.3 Fast Extraction

Beam is single turn extracted from CIS via a 0.052 T-m
ferrite loaded traveling wave kicker magnet similar to the
FNAL 2 m Tevatron injection kickerg11]. The 1 m long
ClISkicker produces a 24 mrad horizontal bend causing the
beam to jump the 7 mm septum of a Lambertson magnet |o-
cated 90° downstream (see Fig. 1). Theresulting 12° ver-
tical bend steers the beam through a hole bored in the top
yoke of the downstream main dipole and out of thering for
transmission to the Cooler. The fast kicker risetime must
be <50 nsec to extract 216 MeV protons who's orbit pe-
riod is 100 nsec. The physica size and performance of the
FNAL design, which required extensive development, is
well matched tothe CI Skicker requirements. Consequently,
we are using the design with only minimal modifications
(1 m length, increased impedance), which significantly re-
duces our development time for thisdevice. In fact, the H-
frame CM D5005 ferrite used in our kicker was obtai ned sur-
plusfrom FNAL. 2-d and 3-d MagNet design of the asym-
metric extraction Lambertson dipoleis complete, and detall
mechanical design of this and the fast extraction kicker are
nearly compl ete, with fabrication beginning in July.

3 CONCLUSION

Assembly of the CIS ring injection system (source, Linac
and injection beamline) is complete, and commissioning
with beam will begin in July. Fina assembly of the CIS
ring will take place during an extended |UCF accel erator
shutdown beginningin September of 1996. All utilitiesand
vault modifications are installed and ready for find ring -
ement installation. Fabrication of the hardware for the fer-
rite tuned, quad biased rf cavity is complete, and fina as-
sembly is started. The cavity and low level electronicswill
undergo off-linetesting through September, prior toinstalla
tionintheringin October. Detail design of thering straight
sections, multi-foil stripping mechanism and vacuum enclo-
sures is underway as well. The ring construction schedule
published in March, 1995 called for completion of thering

assembly and the start of internal beam commissioning by
the end of March, 1997. Although thefirst ring dipole was
delivered to IUCF 2 months later than scheduled, this still
remains a viable possibility today.

The present CIS ring design and construction statusis a
direct consequence of thework and experience of the [UCF
technical and professional staff, as well as severa faculty
and graduate students, without whom this report would not
bepossible. Inaddition, wewishto acknowledgethehel pful
support, bothinideas, and equi pment, of thestaff of AGNL,
BNL and FNAL. Thiswork isfunded by IndianaUniversity
and the NSF under grants NSF 48-308-30875and NSFPHY
93-14-783.
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