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Abstract perimental apparatus as possible, (2) replace ORIC with
an approxinmately 200 MeV proton linac or cyclotron,
A 42 MV Superconducting (SC) Booster Linac is pro{3) extend the existing RIB injector with a new platform
posed for the Holifield Radioactive lon Beam Facilityfor the production of intense neutron-rich fission frag-
(HRIBF). The linac, consisting of 56 superconductingment RIBs produced by proton bombardment of a high-
quarter wave, 120 MHz, independently phased, 2 gdpmperature thick actinide target, and (4) construction of
resonators, will be used to boost Radioactive lon BeanasSC linac booster for the tandem to allow acceleration
(RIBs) accelerated by the 25 MV NEC tandem, to Couwf fission fragment RIBs above the coulomb barrier with
lomb barrier energies for use in nuclear physics researsingle foil stripping in the tandem[2]. These changes,
near the proton and neutron drip lines. The design pshown in Fig. 1, will allow physicists to explore nuclei
tential of 42 MV is sufficient to boost the beams of masfar from stability, learning more about solar processes,
180 above the Coulomb barrier using the most probabded the neutron and proton drip lines.
charge state, 15+, from single foil stripping in the tan-

N

dem terminal. Linac parameters and layout are presented P -
with accompanying beam dynamic calculations. In addi- ;. = ;ﬁj;;gw _
tion, an upgrade of the existing pre- tandem beam o=
bunching system is proposed to further preserve the RIB ‘ ﬁ = \3%
intensity through better longitudinal phase space match- —

ing into the linac.

1 INTRODUCTION

HRIBF is providing RIB's for nuclear physics and
astrophysics experiments using the ISOL technique. Ra-
dioactive atoms are created from nuclear reactions wit
light-ion beams from ORIC, a compact flexible K100
cyclotron. After diffusing from the target and desorbing
from surfaces, these radioactive atoms are ionized, mag- - .
netically separated, charge exchanged, and then traaﬂgure 1 Floor plan_deplctlng the conversion of the
ported through a second high-resolution separator in IBF into the Nathnal ISOL * Facility. Th_e_ main
the 25 MV tandem, where they are accelerated to en&f1anges areé a new driver acce'?fator’ a modified target
gies of interest for nuclear and astrophysics. The tanddff' Source platform, and the addition of a superconduct-
is capable of accelerating mass 80 above the Coulor}§ linac to boost the tandem beam.
barrier with single foil stripping in the terminal, and These changes can be constructed together or in a
mass 130 above the Coulomb barrier with a second fghased approach. This paper describes a SC linac for this
stripping 1/3 of the way down the high energy accelerapproach. As a booster, this linac could be used to accel-
tion tube. RIB's are very difficult to produce and haverate fission fragment RIBS produced using ORIC with
very low intensity, so maximizing the total transmissionhe existing RIB injector, or from a 200 MeV proton
from the RIB source target to the experimental target isccelerator with a new high-power RIB injector. It can
essential. also be built without shutting down the present facility,

The Nuclear Science Advisory Committee has idenwith only minimal interruptions to the schedule.
tified the National Isotope Separator On Line (ISOL)

RIB Facility as the next major construction by the DOE 2 LINAC LAYOUT

Nuclear Physics program[1]. A possible very cost effec- The most important requirement for the booster is to

::\éi;|e|csoom|c_lg:;ﬂi?; v(\)/foHI]; bee)('tsc;[!n(%)HuRSLBZS'%ﬂgneofl\iﬁeaccelerate fission fragments above the Coulomb barrier
existing building-6000 heavily shielded area and er_wth single stripping which corresponds to the accelera-
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tion of 15+ A=180 to 5.5 MeV/A. This maximum massthe addition of a high energy buncher before the linac,
is 180 for two reasons: (1) the maximum fission fragand a possible modification of the tandem low energy
ment mass is ~180, and (2) the elements with A>18funcher. A high energy chopper may also be added in
tend to be refractory and will not readily release fronthe tandem exit line. A two frequency linac design was
targets. To provide RIBs of A<180 using the most proldiscarded because of a loss of longitudinal phase space.
able charge state with single stripping with the tandem A possible layout for the booster is shown in Fig. 2.
operating at 22 MV terminal, requires the addition of as shown, the linac consists of three sections separated
effective 42 MV booster linac. by 90 degree achromatic bends. QuadrupoleEGBDO

The linac will be similar to the linac at ALPI[3], cells and in doublets and triplets, each separated by one
which provides accelerating fields of 5 MV/m, and ior two cryostats, were investigated to confine the beam
one of the latest in a long line of improvements on heawgdially. Figure 2 shows a round-beam triplet configura-
ion superconducting booster linacs. Simple niobiurtion. Other configurations are also acceptable. RIBs
guarter-wave resonators with 18 cm inside diameteruld be accelerated by the tandem and transported to
will be cooled, by pot boiling of liquid He, in sets ofthe nuclear physics areas with or without the booster. A
four, inside ~1.1 m diameter cylindrical stainless steelew ~5000 sq. ft building will be needed to house the
cryostats. Quarter-wave resonators were chosen becabsester.
of their wide use, mechanical stability, simple construc-

tion, and high accelerating fields. 3 OPTICS
rand The tandem beam has hmmmmrad transverse
angem o 20 FEET emmittance, with a waist at the exit slits of the tan-
i 0 < ' METERS : dem[4]. Small energy variations in thg tandem tran;late
_ through the mass and energy analyzing magnets into a
%?‘ High-energy buncher small walk in the beam centroid. In high intensity op-

) eration, the vertical part of this walk is used to control
the tandem potential, and beam energy td[3]0 For
J) low intensity, the energy can be regulated t8 G8ing
54 terminal potential stabilizers. Figure 3 shows a typical
} ) energy spread produced by stripping in the tandem ter-
) ) minal calculated with TRIM92[6]. This energy spread is
éﬂ) Quadrupole triplett —éjj lower than the tandem energy regulation oka¥, but,
® ®
0o 0o
] ]

Resonator 46

Cryostat

because of the long drift path in the tandem terminal, it
can dominate the timgpreading of the beam. The RIB
source energy spread is dominated by the charge ex-
change canal, measured at 50 eV for an As beam.

Achromatic Bend

10000 "° Lu™ ions @ 22 MeV on 8.7ug/cm? C foil
388 are off the graph. Data produced with TRIM92
~ 140

L L L
Figure 2 The linac has 14 cryostats, each cooling 4 [ Mean = 21712.68 keV
niobium superconducting W4resonators. The configu- 29 F Stdey — 1358 ke ]
ration depicted uses quadrupole triplets for transverse |y, ' ]
focusing. Achromatic bends are used to wrap the linag [ Avdev = 30.8 keV
back upon itself 2 80 F ]
- EOFWHM = 5.3 keV

About 56 resonators operating at 5 MV/m are needed o0 7 FWM/10 = 18.9 keV ]
for an average transit time factor of 95%, using a synog 40 F _ ]
chronous phase of 20 degrees, and allowing for a down- | M/10 contains 817
time fraction of 5%. Various velocity and frequency 29 [ g5 peiow 217 Mev E
configurations of these resonators were investigated i | £, | bbb s ]
detail to obtain the highest possible energies for A=6- 21640 21660 21680 21700 21720 21740 21760
180 with single stripping and A=40-238 with a second Energy after stripping [keV]

stripping at the linac entrance. Many configurations argigure 3 Beam energy spread from _strlpplﬁa_u to
more than adequate; however, the simple and flexibf5* in an equilibrium thicknesSC foil, in the tandem
configuration of 563=0.086 120 MHz resonators seemd€rminal. This translates into time spreading, and is a
about optimum. Longitudinal phase space matching b8&jor component of the time spreading in the tandem
tween the Tandem and the linac, will be achieved with€am ~1 ns.
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The low energy buncher will be operated at 10 MHZUseable is defined as a combination of long half lives,
The present double drift buncher routinely bunches 508d intense productions[8]. The SC linac will provide
of the beam into RF, or 1.7 ns. A replacement 4f Coulomb barrier energies over the entire range.
buncher based on that of Lynch[7], will bunch 66% into
4° RF, or 1.3 ns. A small debunching will occur due to
path length differences and beam energy spread and
variations. This debunching 1 ns. The beam pulse Fission Framont Fina Eneray
width seen by the high energy buncher will then be ~2 . 0925
ns. o =

The high energy buncher, operating at the linac fre-
guency with a 1f and a 2f SC resonator, sees a pulse®
~90° RF wide with an energy spread of 40 keV. As a s
buncher, it can add abotil.3 gMeV to the beam energy 3
spread. Table 1 shows the longitudinal acceptance of tre
SC linac when operated at a synchronous phase®pf 15 “| =~
for a range of heavy ions, and their most probable charge 2~ 0775
state after stripping in the tandem terminal operating at , ; ; ; ; 075
22 MV. The longitudinal acceptance is at maximum en- # = “ 52 62 &
ergy spread, and does not correspond to maximum phase
spread. The corresponding distances to bunch a 2 ns
bunch are also given. An 8 m drift will be sufficient toFigure 4 Final beam energy of useable fission frag-
longitudinally match the bunched tandem beam to th®ents as a function of Z. Results for both the high and
SC linac acceptance. Figure 2 shows a 5 m drift lengtlow mass useable fission fragments are shown. Also
The extra 3 m of drift will require moving a cooling shown are the corresponding average transit time factors.
tower, and a 14 in. water pipe. Optimized for high masses, the SC linac is still efficient

. o . over the fission fragment mass range.
Table 1 SC Linac longitudinal acceptance at maximum g g

energy spread, and drift length necessary to bunch a 2ns
wide bunch, for various beams exiting a 22 MV tandem
using the most probable charge state. REFERENCES
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Figure 4 shows the results of a survey of linac per-
formance over the range of useable fission fragments.
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