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Abstract of 12 m to a secondary CHarget. Since pF,“O)a is
forward peaked in the laboratory system, a coincidence

A secondary beam of radioactiV& was produced at therequirement betweefiO particles detected in the ATLAS

ATLAS accelerator and delivered to an experimentspectrograph andx-particles measured with a silicon

target station with an intensity of as much as 5idifs/s detector was used to separate the particles of interest from

for use in the research program. Beams'Bf were the background reactions.

produced via the PO,"F)n or d{°0,"F)n reactions by The physical layout showing the relationship of the

bombarding a gas-filled cell with up to 300 pnA beams 8F production target, the connecting beamline to the

YO or O from the ATLAS superconducting linac. Thesecondary target and the ATLAS spectrograph is shown in

gas target, with HAVAR windows, was maintained &tig. 1.

pressures as high as 500 Torr. The beam quality was

dominated by small-angle scattering in the gas cell 26 Deg. Switching

windows, by the reaction kinematics and beamlind "'mary Beam Magnet

acceptance. Detailed beam parameters are presented. Ly

Plans for relocation of the target to allow improvegy 11

capture efficiency and acceleration or de-acceleration oj[]

the secondary beam will also be discussed.
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1 INTRODUCTION

Interest in the use of radioactive beams for research in
nuclear physics and astrophysics has become intense igj
recent years and several accelerator laboratories aroun

rimary Target

’ (HoGas)
the world have begun to develop techniques to produce
radioactive beams with useful intensities and controllable Quadrupole
beam properties. At ATLAS[1] techniques have been Doublet

developed to produce a beam'@#(T, = 65s) in-flight
using inverse reactions, i.e. bombarding light targets with
heavier projectiles. The goal of the effort is to produce a
beam of'F in sufficient quantity, purity and quality toFig. 1. Floor plan of the ATLAS radioactive beam region.
allow the determination of cross-sections relevant Te future (T1) and present (T2) positions of the primary
astrophysical environments as well as for the investigatigas target are shown as are the beam transport elements

Split-Pole Spectrograph

of other nuclear reactions. to the secondary target at the spectrograph. The relative
positions of the super-conducting solenoid (SOL) and
2 EXPERIMENTAL CONFIGURATION resonator (RES) which will be installed are also indicated.

For our first measurement with aff beam, the inverse _ , _
reaction p{F,“O)x was chosen for study. To study thi€-1 Design of théF Production Target
reaction at the £ = 3.43 MeV, resonance an energy foPur goal was to deliver at least’I(F ions per second
“F of 62 MeV is required. onto the secondary reaction target. FdfFaproduction

A gas target cell of hydrogen or deuterium wagross-section [4] as low as 10 mb and a 1% transport
bombarded with a primar{/O or O beam and partially efficiency, the production target must be capable of
transformed into &F beam. A bending magnet followingsustaining a’O beam current of oneyf and have an
the production target filters out most of tH® isobar effective thickness of 25@g/cnf.
nuclei. Finally thé’F beam was delivered over a distance

0-7803-4376-X/98/$10.00 [J 1998 IEEE 2696



Experience indicates that foil (CHtargets, even in 2.2 Transport of th€F beam to the secondary target

rapid rotation, cannot take the high beam currefihe program TRANSPORT [7] was used to calculate the

necessary. Therefore, a gas target with an effective lenggiym optics for'F and predict the transport efficiency.

of 7.5cm and thin HAVAR [5,6] windows was chosefor sych a large emittance beam, a transmission of 3.5%
(see Fig. 2). To keep the temperature of both the window$yredicted, assuming a uniform density profile. It is also

and the hydrogen gas low, the chamber has double wal§mated that 50% [8] of tHé& beam is in the ‘ccharge

to accommodate a constantly flowing cooling liquid in thgate  resulting in another attenuation factor of 2. The

outer cylinder. Four support pipes supply cooling fluiggculated beam envelope is shown in Fig. 3 and

and H gas. compared to the limiting mechanical aperture in the
tem.
support tube system
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Fig. 2. A simplified cross-section of the cylindrical ga = "g s

target used. The diameter of the windows is 1.27cm -5.0¢f

Mech |Limits
The selection of window material and thickness wi
made as a compromise between the maximum sustain:
gas pressure and the deleterious effect of thick windo, 5 1
on angular and energy straggling. The effect on tl
energy spread is negligible, since usually the reactizo . o-
kinematics dominates this even near the reactiun
threshold. On the other hand, the contribution of tiég. 3. The calculated envelope of the produdedeam
small-angle scattering to the beam divergence cliam the production target, located at 30m, to the reaction
dominate the transverse beam emittance. The requiterpet, located at 43m. The quadrupole doublets are in a
energy on the secondary target led to reaction energieéYX-configuration.
between 73 to 77 MeV (threshold at 63.8 MeV) resulting gk energy and angular distributions of tHE

in an maximum diveirgenge of £1.5% from kinematiC§eam are strongly affected by the reaction kinematics.
(average of about £17). This relatively small cone is d4§erefore, a correlation between energy and angle of a
to the negative Q-value of 0, "F)n. A reaction with a particle is to be expected. These correlations are not
positive Q-value would result in a much larger angulgfs ded in the TRANSPORT studies and place some
spread. uncertainty on the predicted transmission. However, this

For two 1.9 mg/c HAVAR windows, the small simple model leads to an expected overall efficiency of 1
angle scattering is also of the order of +1°, which mage e,

this type of window a good choice. Glued in a mounting
ring with an inner diameter of 1.27 cm, they withstood a 3 PARAMETERS AND RESULTS

250 pnA beam of 83 MeVO at H, pressures up to of 500W_ h _ b £ 250 onEO on of
Torr. A higher pressure was not tested. Ith a primary beam o pnA0, a cross section o

The divergence and energy width of tHE is 50 mb, and a gas pressure of 500 Torr, one expedts a

estimated to be +1.6° and +4 MeV from the combinéﬁ?d“‘:tion rate o£2-10 per second. At the spectrograph,
contribution of all effects. Calculations of the beam opti¢ F current of 1-10per second was observed. The upper

and examination of the windows after the run suggesI it of the vertical spot size on the se_c_ond_ary target is
beam spot radius of 2 mm on the entrance windows. Thfdculated to . be 1cm. The y-magnification Of_ the
makes a spot with a 3 mm radius on the exit Windov\%oectrograph is three, and so the detector [9] in the

From this, we estimate the un-normalized emittance of gRectrograph focal plane is unable to intercept all beam
secondary’F to be 84t-mm-mrad particles. We estimate a detection efficiency of only 50%

due to this effect, resulting in a transport efficiency of 1%,
in reasonable agreement with the estimate in the previous
section.
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The ratio of’F particles to other nuclei detected in ~ The transport efficiency can be increased
the focal plane of the spectrograph in the experiment vgagnificantly by a modification of the beam optical
better than 10:1, in a measurement taken at 0° adments in the vicinity of the primary gas target to
therefore with a much weaker primaf® beam of only significantly improve the transverse capture efficiency
175ppA on the gas target (See Fig. 4). The contaminatargl reduce the energy spread of the secondary beam. We
YO peaks are due to the energy-distribution tail dfve begun a modification of our production region which
particles scattered into the bending magnet's momentamves the primary production target to a new location

acceptance. indicated in figure 1. A superconducting solenoid will
Secondary Radioactive Beam W follow the production target in close proximity (about 50
|Components at Spectrograph Fatos Mev cm) to capture more of the rapidly diverging beam. The
beam divergence will be reduced and the maximum
secondary beam size limited to a radius of less than 2 cm.
The solenoid is then followed by a superconducting
resonator, approximately 1.5 meters from the target. The
> resonator provides approximately 1 MV of accelerating
2 potential and will be used in a ‘debunching’ mode which
i FWHM < 1MeV will decrease the energy spread of the secondary beam
from ~t4 MeV to ~+0.75 MeV. Energy variability of
about+4 MeV will also be possible using the resonator.
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Fig. 4. The energy spectrum of the secondary beam in1 s \“\-\-: ; AN [t
ATLAS spectrograph at 0°. Pl 4, A
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The goal of the experiment was to detéex nuclei N T -
from “F(po)“O in inverse kinematics. To provide T

discrimination betweeHO nuclei and background, the
particle was detected in coincidence in a silicon detector. M/Q

While the spectrograph covered the angular range of 2Hg. 5. The spectrum of nuclei in the spectrograph in co-
8° on the right side of the beam, the alpha detectogidence witha-particles in the silicon detector. The
measuredx-particles on the left side between 6° and 20values of Z and M/Q have been linearized.

In the coincidence spectrum, tH@ particles are the most With these changes we expect the transport

prominent group (see Fig. 5). Th& and O particles efficiency to increase by approximately a factor of 10.

scattered in the spectrograph are in random coincideR¢fyefore beam intensities greater thafi ib@/s should
with uncorrelated particles in the silicon detector. be available by October, 1997.
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