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Abstract: The Super Trans-Iron Galactic Element Recorder (Super-TIGER) is a large area instrument designed to
measure the abundances of elements in the interval 30 ≤ Z ≤ 40 with an unprecedented combination of individual
element resolution and statistical precision and to extend exploratory measurements up through Z=56. Super-
TIGER consists of two identical modules, each comprised of scintillating fiber hodoscopes, three scintillator
counters, an acrylic Cherenkov counter and an aerogel Cherenkov counter. The hodoscope determines the trajectory
of incident particles. The scintillators and Cherenkov counters determine the particle charge and energy. Super-
TIGER was launched on December 8th, 2013 from Williams Field near McMurdo Station in Antarctica, and
flew for 55 days. More than 67 million cosmic ray events were sent to the ground through the Tracking and Data
Relay Satellite System (TDRSS). Initial data processing and calibration are on-going. The charge resolution of
the instrument is evaluated after gain correction of PMTs and area mapping corrections. Preliminary instrument
performance and charge resolution results are reported here.
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1 Introduction
Super-TIGER is a large-area instrument designed to make
precision measurements of the elemental composition of
ultra-heavy cosmic rays (UHCR) with atomic number Z
≥ 30, built on the heritage of the Trans-Iron Galactic El-
ement Recorder (TIGER), successfully flown on two bal-
loons launched in Antarctica in December of 2001 and 2003
[1]. The principal objective of the Super-TIGER program
is to measure the abundances of nuclei with 30 ≤ Z ≤42
with clear individual element resolution and high statistical
precision. A secondary objective is to accurately measure
the energy spectra of the more abundant light elements with
12 ≤ Z ≤ 28. The abundance measurements provide sensi-
tive tests and clarification of the OB-association model of
galactic cosmic-ray origins, and will test models for atomic
processes by which nuclei are selected for acceleration to
cosmic ray energies. Details of these are discussed in [2].

2 Super-TIGER Instrument
Fig.1 shows the Super-TIGER instrument. Super-TIGER
consists of two identical modules, each comprised of
scintillating fiber hodoscopes, three scintillator counters,
an acrylic Cherenkov counter and an aerogel Cherenkov
counter. The hodoscope determines the trajectory of inci-
dent particles. The scintillators and Cherenkov counters
determine the particle charge and energy. Details of each

detector are descried below.

 

Figure 1: The Super-TIGER instrument.

2.1 Hodoscopes
Fig.2 shows the photo of the Hodoscopes without the
light shield. The Hodoscopes use a coded readout scheme
originally developed for TIGER to limit the number of
PMTs needed. Each hodoscope plane uses two orthogonal
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layers of square scintillating fibers covering a fiducial area
of 2.4m×1.16m. Long-axis fibers are 1.4 mm square while
short fibers are 1 mm. The fibers are formatted into tabs
of 6 (long) or 8 (short) fibers, so segmentation is 8 mm.
Groups of 12 adjacent tabs at one end of each layer are
viewed by a single Hammamatsu R1924A PMT to give
coarse spatial resolution. The tabs on the opposite ends
of the fibers are sequentially routed to PMTs so each tab
within a coarse group is viewed by a different PMT. This
acts as a vernier for single-tab localization. A good event
has a hit at both coarse and fine ends, so the uncertainty
in position is σrms = 8mm/

√
12 = 2.3mm. Averaged over

the effective opening angle of the instrument, for Z=40 the
resulting uncertainty in the secant correction contributes
only σtra j=0.003 c.u. to σZ . The PMT signals are pulse-
height analyzed so that large signals from heavy nuclei can
be readily distinguished from knock-on electrons. [3]

Figure 2: Photo of the Hodoscopes without the light shield.

2.2 Scintillation Detectors
Fig.3 shows the photo of the half-module Scintillation De-
tector without the aluminized myler. Each half-module Scin-
tillation Detector uses a sheet of 1.16 m x 1.16 m x 1 cm
ELJEN Technology EJ-208B plastic scintillator. The scin-
tillation light produced is carried to the edges of the sheet
by total internal reflection and is coupled through a thin air
gap to four EJ-280 wavelength-shifter (WLS) bars around
its perimeter. Each WLS bar is read out by Hamamatsu
R1924A 2.54 cm diameter PMTs coupled to both ends us-
ing optical epoxy. Two such detector units were used in
each module layer to provide both dE/dx measurements and
the event trigger. The scintillators were the largest sheets
that could be produced with the required uniformity. The
Scintillation Detector enclosures were floored with an ultra-
low density Al-foam composite developed at GSFC. This
Al-foam composite was also used to support the hodoscopes
and as floors for the Cherenkov enclosures. The tops of both
Scintillation Detector and Cherenkov Detector enclosures
were 0.1 mm hard Al foil. Overall the use of the foil and
Al/foam composites reduced interactions by ∼20% com-
pared to the materials used in TIGER. The scintillators
sit on thin layers of Depron foam. Sheets of highly reflec-
tive aluminized mylar above and below the scintillators de-

couple the internal reflection surfaces from the foam and
improve light collection and uniformity. The PMT bases
used radically tapered voltage dividers providing nearly lin-
ear response to 2×105 photoelectrons (p.e.) and an effec-
tive dynamic range of 2× 104 to cover the charge range
10≤ Z ≤ 56 including the variations in light reaching each
PMT due to particle incident position and angle. The bases
incorporated charge-sensitive preamplifiers (CSA) to elimi-
nate pick-up noise that might reduce the resolution of the
measurement. The PMTs were wrapped with a single 0.1
mm thick layer of mu-metal foil to cancel the varying ef-
fects of the Earth’s magnetic field with instrument location
and orientation. [4]

Figure 3: Photo of the Scintillation Detectors without the
aluminized mylar.

2.3 Cherenkov Detectors
The Cherenkov Detectors for Super-TIGER were based
on the extensive experience of the collaboration with the
IMAX, ISOMAX, TIGER, BESS, HEAO-3 and BESS-
Polar silica-aerogel and acrylic Cherenkov Detector. Light
integration volumes lined with highly reflective GORE DRP
Light-Reflective Material of 0.25 mm thickness collecting
the Cherenkov light produced by the silica-aerogel (C0)
and acrylic (C1) radiators. Each optical volume has an
aperture of 118 cm x 240 cm and is 20 cm tall. The
enclosures are divided into two half-module structures for
recovery, but these are open at one end and so create a
unified optical system. Each detector is read out by 42
12.7 cm Hamamatsu R877-100 PMTs with Super-Bialkali
photocathodes for high quantum efficiency. Fig.3 shows the
photo of the C0 module. Each C0 module contains eight
aerogel blocks, each approximately 55 cm x 55 cm and 3cm
tall. Three of the four half-modules contain aerogel blocks
with n = 1.043 (12 blocks total), while one half-module
contains four blocks of index 1.025. These have thresholds
of 2.5 GeV/nucleon and 3.3 GeV/nucleon, respectively.
The aerogel blocks are mounted on thin composite pallets
covered in GORE DRP and are held in position by a layer
of polyethylene terephthalate, similar to Saran wrap, using a
technique adapted from BESS/BESS-Polar. C1 uses acrylic
radiators with bis-MSB wavelength shifter added that were
cast for Super-TIGER by Polycast. This material has an
index of refraction of 1.49, corresponding to a threshold of
0.3 GeV/nucleon. In each module the radiator consists of
two 1.16 m x 1.16 m sheets meeting near the midline of the
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detector. The Cherenkov Detector PMTs were mounted in
custom hydroformed 0.3 mm thick mu-metal sleeves that
served as magnetic shields, mechanical support and light
close-out. Their bases used voltage dividers that were even
more radically tapered than those for the scintillators and
could measure from 10 to ∼ 2×105 pe (dynamic range of
2× 104) with only 2% non-linearity in order to span the
10 ≤ Z ≤ 56 range. As with the scintillators, the voltage
dividers incorporated integrated CSAs.[5]

Figure 4: Photo of the Aerogel Cherenkov Detector with
the top lid off.

3 Flight Condition
Super-TIGER was launched on Dec. 8, 2012 (UTC), from
Williams Field, Antarctica. In about 2.7 circumnavigations
of Antarctica, it flew for over 55 days at altitudes from about
35.2 km to 39.7 km (Fig. 5). The flight was terminated on
Feb. 1, 2013 due to concerns about increasing instability
in the high-altitude winds and safety margins in a CSBF
balloon termination battery which was rated for 60 days
with 10% margin. Termination was carried out over-the-
horizon at a location on the West Antarctic Ice Sheet (WAIS)
with 82◦14′44.40′′ South latitude and 81◦54′40.80′′ West
longitude, 1625 km from McMurdo and 600 km from the
nearest long-term US camp (WAIS Divide). As a result of
the flight termination occurring very late in the Antarctic
season, and long distance from McMurdo, we were not able
to recover this season or even get overflight photos of the
instrument. Recovery is planned for the 2013/2014 Austral
Summer. The flight trajectory is shown in Fig. 6. The flight
set duration records for heavy scientific payloads and for
heavy-lift scientific balloons.

4 Instrument Performance and Preliminary
Results

The instrument returned excellent data on over 67× 106

cosmic-ray nuclei above the trigger threshold at ∼ Z ≥ 10.
Nearly all high-priority data (Z ≥ 22) could be sent through
TDRSS when satellite view angles supported transmission
rates as low as 20kbs. Large fractions of lower priority data
(10 ≤ Z ≤ 22) were also returned. Overall, considering out-
ages and very-low-rate periods, TDRSS data transmission
was about 80% efficient, giving the equivalent of 44 days of

Figure 5: Flight altitude of the Super-TIGER. The float
altitude is from about 35.2 km to 39.7 km.
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Figure 6: Flight trajectories of the Super-TIGER. Green
line indicated the first revolution, blue line indicated the
second revolution, and red line indicated the third revolu-
tion.

data recorded. All triggered events occurring during the two
LOS (line-of-sight) periods at the beginning of the flight
and the end of the first orbit/beginning of the second, were
returned. Since we were not able to recover the instrument
this season, our analysis has been performed only for the
TDRSS data and LOS data at the moment. The healthiness
of each packet in the telemetry data has been examined by
the checksum. We took pedestal data every 20 minutes dur-
ing the flight and performed gain calibration by using Fe
events about every 2 hours depends on the data transmis-
sion rates. Particle charge is measured using both [dE/dx
vs. CK] and [high-n-CK vs. low-n-CK] techniques. Angles
of incidence and instrument response maps are corrected
using particle trajectories measured by the hodoscopes. The
response maps were obtained by accumulating the all Fe
events during the flight. For low-energy events, below the
low-index (n=1.043 and n=1.025) aerogel CK (C0) thresh-
olds and extending slightly above the C0 threshold, the sum
of two scintillator signals (ST=S1+S2), with a small ve-
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locity correction from the high-index (n=1.49) acrylic CK
(C1) signal, is used to determine Z. Our data are shown in
Fig.7 showing a scatter plot of S1 vs C1 in one module for
events with Z ≥ 10. The charge bands are clearly visible.
The S3 signal helps identify and reject nuclei interacting in
the instrument but is not used in the primary charge mea-
surement.

Figure 7: Cross-plots of Super-TIGER data for Scintillation
counter (S1) vs Acrylic Cherenkov (C1).

For high-energy events, above the C0 threshold, the C1
signal, with a small correction from the C0 signal, is used
to measure charge. These data are shown in Fig.8 showing
a scatter plot of C1 vs C0 in one module for events with Z
≥ 10. Again, the charge bands are clearly visible. Although
the underlying measurement technique at low energies is
[dE/dx vs CK], the use of organic scintillators means that
the technique is actually [dL/dx vs CK] where L is the
light produced by particle energy loss in the scintillator
material. Although dE/dx ∝ Z2, L exhibits saturation effects
at high specific dE/dx, [6] the scintillator response becomes
more complicated. However, the Z resolution σZ ≤ 0.25
needed to resolve the relatively rare odd-Z elements can
still be achieved by correcting the non-Z2 behavior of the
scintillators for velocity and particle charge dependence.
The [C1 vs C0] technique gives better charge resolution than
[ST vs C1] because the CK signals have pure Z2 dependence
and do not suffer saturation effects.

The excellent performance of Super-TIGER is shown
in Fig.9, which is a very preliminary charge histogram for
10 ≤ Z ≤ 32 events for the low- and high-energy branches
summed, using the maps and gain corrections developed
from in-flight analysis. The high-priority data are drawn
with blue line and all data are drawn with black line in the
figure. We note the clear peaks at 30Zn and 32Ge. The charge
resolution at Fe is 0.22 at the momemt. The resolution
will improve with development of detailed gain corrections
and response maps. We expect that odd-Z nuclei adjacent
to high-abundance nuclei, such as 27Co and 29Cu, will be
resolvable using these improved corrections and selection
of data, as they were in TIGER.

Figure 8: Cross-plots of Super-TIGER data for Acrylic
Cherenkov (C1) vs Aerogel Cherenkov (C0).
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Figure 9: Histogram of combined lower- and upper-energy
branches of selected data
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