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Abstract

The Facility for Rare Isotope Beams (FRIB), operating
at Michigan State University since 2022, produces a variety
of nuclear species via projectile fragmentation or fission.
Heavy ions are accelerated by the FRIB LINAC to energies
of 110-290 MeV/u which impinge on mm-thick graphite
targets to make the RlIs inflight. The resulting cocktail of
ions are separated and purified with the Advanced Rare
Isotope Separator (ARIS). Magnetic separation of individ-
ual isotopes is accomplished with a wedge-shaped degrader
that preserves achromaticity. As the first stage of ARIS
involves a momentum compression of k =~ 3, the presepa-
rator wedge geometric cross section is more complex than
a simple isosceles triangle, having a parabolic shape to re-
duce aberrations. Here we report a comparison of different
wedge materials using standard beam diagnostics from view-
ers and position-sensitive detectors. Particular attention is
paid to the calibration procedure for parallel plate avalanche
counters (PPACs).

INTRODUCTION

The Facility for Rare Isotope Beams (FRIB) is a DOE
Office of Science User Facility that uses a variety of means
to produce beams of rare isotopes (RIs) for experimental
users. Using one of several ion sources coupled to a linear
accelerator, we produce heavy-ion beams that impinge on a
rotating carbon target, producing large cocktails of RlIs in-
flight either by projectile fragmentation [1,2] or fission [3,4].
The cocktail beam is guided and purified by the Advanced
Rare Isotope Separator (ARIS) [5] using momentum com-
pression of k = 3 [6] to the users’ specifications. Employing
achromatic optics with a curved degrader at a dispersive
focal plane, one can achieve significant purification of the
fragment of interest (FOI) and nearby isotones [7, 8], which
for higher-energy beams is a wedge-shaped degrader (now
simply called a ‘wedge’). Wedge inhomogeneities from im-
perfect machining or within the material itself (e.g., bubbles,
density variations) can adversely affect the beam’s phase
space, resulting in a larger beam spot size and lower trans-
mission.

The locations of the preseparator wedge (PSw) and the
diagnostics box 2 wedge (DB2w) in ARIS, along with loca-
tions of beam diagnostics equipment, are shown elsewhere
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in these proceedings (Fig. 2 of Ref. [9]). Wedges are com-
monly made out of aluminum for their low proton number
(Z2), abundance, thermal conductivity, and machinability;
we have considered other materials, but here we focus on
wedges made from aluminum alloys. At FRIB, we make the
wedges in house [10], where we have used the alloys AL6061
and AL7075 in the present study. We report on the findings
with beam diagnostics that AL6061 is more consistent for
minimizing inhomogeneities of the two materials.

METHODS

Beam Diagnostics

When the beam is reasonably intense (2 10* Hz) with
a high purity, viewers (which stop the beam) and cameras
are employed to directly look at the phosphorescence. The
scintillator coating is made from rare earth (red) phosphor
(Y,0,S:Eu). Because the cameras cannot be on the beam
axis, a software transformation is performed to emulate the
beam’s view and to make quantitative measurements of the
beam spot using the Viola package [11], developed at FRIB.
Before each experiment, users confirm the fiducials used
to make the transformation on each camera/viewer (e.g., a
camera’s position might change by touching it during main-
tainence).

For cases with lower intensity or where the phase space
may be significantly different for the FOI than the beam as a
whole, ARIS has parallel plate avalanche counters (PPACs)
installed at a number of focal points along the beam path.
These delay-line PPACs [12,13] can be used for tuning and/or
during experiments to track each ion event-by-event to assist
in determining the particle identification (PID) by the AE-
B p-ToF method (for details, see the Appendix of [14]). Here
we layout a simple calibration scheme for each PPAC using
a mask and an alpha source holder (ASH) mounted to the
mask, which is easily able to provide the conversion from
time to distance (including parallax), the central position
(0,0), and orientation of each detector, shown in Fig. 1.

Beam Model

The quality of the wedges is evaluated using beam diagnos-
tic equipment in conjunction with the LISE},},, code [15,16].
LISE/},, predicts the beam’s phase space under ideal condi-
tions and quantifies deviations caused by user-defined inho-
mogeneities, specified either as absolute values or percent-
ages.
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Figure 1: Photograph of a 20 x 10 cm? PPAC in ARIS with
a mask, spacers, and ASH during calibration (see text for
details). Here the spacer length (93 mm) is around half of
what we have used (173 mm to minimize parallax) to clearly
visualize the setup. The mask makes a crosshair centered
at (0,0), an ‘L’ shape to determine orientation, and holes at
regular intervals to check for any irrelgularities. The ASH
is a collimator and ensures the radiation is centered on the
PPAC, and the PPAC and specific positions on the mask
are independently checked against the beamline position by
surveying.

RESULTS

Due to momentum compression, the PSw design for each
rare isotope (RI) production is typically unique in thickness,
angle, and shape—especially when higher-order (HO) ef-
fects are considered. As a result, the PSw often needs to be
replaced for each experiment, and in some cases, multiple
PSws are required within a single experiment to accommo-
date different RI beams. Here we show the effect of a linear
wedge compared to an HO wedge at the PSw position in
Fig. 2. The effort of changing the PSw in a high radiation
zone is justified based on the excellent phase space produced
with an HO wedge.

Until recently, we had been using AL7075 since it was
determined AL5083 has large density variations [10]. We
began noticing wedge uniformity issues with AL7075 as
well, shown in Fig. 3. Fitting both the DB2 wedges with a
gaussian function, LISE},};, predicted the ‘good” wedge had
<10 um nonuniformity, while the ‘bad’ wedge had greater
than 13 um nonuniformity. It was hypothesized that density
non-uniformity due to inclusions in AL7075 from the con-
stituents, including of iron group elements like Mn, Cu, Zn
in the alloy, could be one source of the problem.

We subsequently switched to the AL6061 alloy, which
avoids the presence of higher-Z elements and is expected to
have a more uniform density throughout the material. During
a production test of 2°Mg, we were able to use both AL7075
and AL6061 alloys at PSw and DB2w positions; it is shown
in Table 1 that AL6061 at both PSw and DB2w gives a higher
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Figure 2: Tracks shown in PS PPAC, | X (dispersive) vs.
DB1 PPAC ; Y (achromatic) for (a) a linear wedge and
(b) for an HO, parabolic-shaped wedge. Software gates are
applied in other detectors for the FOI, 44S. Color depth is
logarithmic. We can see that the HO wedge shows less
systematic deviation from achromaticity.

Table 1: 2Mg Rates in ARIS with Different Wedge Combi-
nations

PSw alloy DB2w alloy Rate (pps/pnA)
AL6061 AL6061 1.90 x 10*
AL6061 AL7075 1.58 x 10%
AL7075 AL6061 1.45 x 10%
AL7075 AL7075 1.45 x 10*

RI yield. A comparison of two DB2 wedges made from the
AL6061 alloy with a 48Ca beam during another experiment
is shown in Fig. 4. A quick glance suggests Fig. 4(b) has
significantly more non-uniformity than Fig. 4(a); however,
the distance over the stopping range (d/R), which should be
0.5 < d/R, was significant in both cases, and we observed
no difference in these two batches in ARIS.

CONCLUSIONS

At FRIB, we are continuously updating the quality of our
RI beams in terms of intensity, purity, and phase space de-
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Figure 3: Tracks shown in DB3 PPAC,, ; X projected back-
wards to an upstream 20 mm slit, where the beam was fo-
cused. The FOI was off-center by ~ 3.5 mm in the measure-
ments. The FOI is 194Sn (purity 0.3 ~ 0.4%) for RI beams
in the neutron-deficient tin region [17] and statistics in ARIS
are limited. Both the wedges are made from AL7075, but
the one shown in (a) had more inhomogeneities than (b).

livered to users. The material and manufacturing quality of
wedges used at dispersive focal planes is critically important,
even when the same alloy is used. We are able to determine
a given wedge’s quality with beam diagnostics in ARIS, but
it is not the most feasible option for characterizing wedges
owing to the manpower and cost. In the future, we will con-
tinue to make improvements in wedge selection material and
ways to test their uniformity.
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