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Abstract: The Super-TIGER (Trans-Iron Galactic Element Recorder) instrument was launched from Williams
Field, McMurdo Station, Antarctica, on Dec. 9, 2012 on a long-duration balloon flight and made over 2.5
revolutions around the continent, flying for a total of 55 days at a mean atmospheric depth of 4.4 g/cm 2.
The instrument is designed to measure the abundances of galactic cosmic rays in the charge (Z) range from
10≤ Z ≤ 40 with high statistical precision and excellent charge resolution, with exploratory measurements into
the 40 < Z ≤ 60 range. The instrument, the methods of charge identification that are employed, and the Super-
TIGER balloon flight are described. We will discuss the OB association model for the origin of galactic cosmic
rays and show how Super-TIGER measurements will be used as a stringent test of that model. Additionally, the
recent Fermi gamma-ray observations, which have shown that protons are accelerated from supernova remnants,
will be discussed in the context of the OB association model, illustrating the complementary nature of cosmic-
ray and gamma-ray measurements.

Keywords: cosmic ray, cosmic ray origins, OB associations

1 Introduction
Super-TIGER is a large-area instrument designed to de-
termine the elemental composition of ultra-heavy cosmic
rays (UHCR) with atomic number Z ≥ 30 for energies at
the top of the atmosphere greater than ∼0.8 GeV/nucleon,
improving and extending the earlier results from TIGER
[1, 2]. The principal objective on this first flight was to
measure the abundances of nuclei with 30 ≤ Z ≤ 42 with
clear individual element resolution and high statistical pre-
cision. A secondary objective was to accurately measure
the energy spectra of the more abundant light elements
with 12≤ Z ≤ 28.
Super-TIGER was launched from Williams Field, Mc-

Murdo Station, Antarctica on Dec. 9, 2012 and terminated
Feb. 2, 2013. In∼2.7 circumnavigations of Antarctica (see
Figure 1), it flew for over 55 days at altitudes from about
36.6 km to 39.6 km (∼120,000 feet to 130,000 feet). The
flight set duration records for heavy scientific payloads on
heavy-lift scientific balloons. The balloon had no leaks and
was exposed to UV for 55 days. The instrument returned
excellent data on more than 50× 106 cosmic-ray nuclei
above the trigger threshold at Z ≈ 10. The long flight dura-
tion enabled us to collect a large data base. Since the flight
was terminated so late in the season it was not possible to
recover the instrument, but its position is known and we
expect to recover it in Nov–Dec 2013.

Figure 1: Flight trajectory for 55 day flight of Super-
TIGER over Antarctica.

2 Science Objectives
A clear picture is emerging of how cosmic rays originate in
OB associations, regions of our Galaxy in which there are
a number of young, short-lived, massive stars that form su-
perbubbles. The cosmic-ray source material is understood
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Figure 2: GCR source relative to 80% solar system plus
20% massive star production (MSP) vs. atomic mass.

as massive star outflow (importantly includingWolf-Rayet
stars and their precursor phases) and ejecta from core-
collapse supernovae (SNII, SNIb,c), which occur mostly
in OB associations [3], with old interstellar medium mate-
rial. This model is supported primarily by the 22Ne/20Ne
overabundance relative to solar system abundnaces in the
GCRs measured most recently by the CRIS instrument on
ACE, as well as the element ratio N/O [3, 4, 5].
In addition, elements that reside primarily in grains

in interstellar space (refractory elements) are preferen-
tially accelerated compared to those that reside primarily
as gas (volatile elements) and this enhancement appears
to be mass dependent for both refractories and volatiles.
The mass-dependent element enhancement is supported by
abundances measured by TIGER at GeV/nucleon energies
[1, 2], ACE at energies of hundreds of MeV/nucleon [6],
and CREAM at TeV/nucleon energies [7]. Both isotopic
and elemental abundances point to a cosmic-ray source
with approximately 80% of the mass having the composi-
tion characteristic of the material of our Solar System (SS),
and 20% having a composition characteristic of outflow
and ejecta (MSP – massive star production) from massive
stars.
In this picture, measurements of the GCR source com-

position sample the composition of OB associations in our
Galaxy, and measurement of the rare Z ≥ 30 elements al-
lows us to probe these regions for enrichments expected
from nucleosynthesis in massive stars. The primary sci-
ence objective of Super-TIGER will be to provide a strin-
gent test of the OB association model of galactic cosmic
rays as well as the mass-dependence of acceleration effi-
ciency.
In Figure 2 the ratio of the elemental source abundances

relative to a mix of normal interstellar medium (ISM) ma-
terial (80%) and massive star production (MSP) material
(20%) measured by TIGER, ACE, and HEAO is plotted.
We see the clear separation of volatile elements from re-
fractory elements and the good ordering of both refracto-
ries and volatiles with atomic mass. (This is in contrast to
the rather poor ordering of GCR source abundances rela-
tive to pure Solar System abundances [2].) However, the
elements in Figure 2 with Z > 30 have rather large error

Figure 3: Drawing of Super-TIGER giving the gondola
dimensions.

 

Figure 4: Super-TIGER instrument prepared for flight.

bars. It is the objective of Super-TIGER to measure the el-
ements plotted with Z ≥ 30 (30Zn, 31Ga, 32Ge, 34Se, and
38Sr) with much higher statistics and thereby substantially
reduce the error bars. In addition, we expect to be able to
add other elements to this plot (33As, 35Br, 36Kr, 37Rb, 39Y,
40Zr, and 42Mo). These reduced error bars for those already
measured, andmeasurements of new elements will provide
a stringent test of the OB association model of the origin
of galactic cosmic rays.

3 The complementary nature of cosmic-
and gamma-ray measurements

The Fermi LAT experiment has recently seen the signa-
ture of π0 emission from two super-nova remnants (SNRs),
IC443 and W44, indicating that hadrons are being acceler-
ated [8]. Both of these SNRs are believed to result from
core-collapse supernova, and IC443 has been identified as
a member of the GemOB-1 association. Fermi has also ob-
served distributed acceleration of gamma rays with energy
1-100 GeV in the Cygnus X region of the sky [9]. After
subtraction of background,most of the remaining emission
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comes from a “cocoon” along a line from Cygnus OB2 to
NGC 6910, with peak emission coming from those stellar
clusters. SNRs have also been detected in gamma rays by
ground based instruments such as Veritas and HESS. At
least 12 gamma-ray emitting SNRs have been identified, 11
of which are believed to result from core-collapse SN [10].
These observations point directly at specific individual
sources of cosmic ray acceleration and strengthen the OB
association model of the origin of GCRs. In fact, cosmic-
ray and gamma-ray observations should be regarded as
very complementary [11]. Gamma rays point directly back
to their origins, thus pinpointing individual cosmic particle
accelerators. Cosmic rays cannot do this since charged par-
ticles are bent by magnetic fields, but the elemental and iso-
topic composition of cosmic rays bear the direct imprint of
their nucleosynthesis, injection, and acceleration, and can
tell us very directly about the pool of material that is accel-
erated. So it is the combination of cosmic- and gamma-ray
observations that are required to give the complete answer
to the origin of cosmic rays.

4 The Super-TIGER Instrument
The complete Super-TIGER instrument, shown in Figures
3 and 4, was designed to maximize the number of Z ≥ 30
nuclei that could be measured in a series of long-duration
balloon flights with the largest geometric acceptance that
could be achieved with an instrument flown to high altitude
using a standard 1.11 million cubic meter (40MCF) light
balloon. It incorporates a detector suite selected for excel-
lent charge resolution of UHCR nuclei, minimal nuclear
interactions, minimum weight, and large geometric accep-
tance, as well as good energy resolution for the more abun-
dant 10 ≤ Z ≤ 30 elements. The instrumental techniques
used to measure charge and energy are identical to those
successfully used in the smaller TIGER instrument that
flew from Antarctica in 2001 and 2003 and provided excel-
lent charge resolution (Z = 0.23 charge units (c.u.)) for the
most abundant elements in the charge range 10 ≤ Z ≤ 38
[1, 2]. From the first flight of Super-TIGER we expected
to measure the abundance of every element in the charge
range of 30Zn to 42Mo, with exploratory measurements
into the 50≤ Z ≤ 60 range.
To improve detector performance and to add redun-

dancy for enhanced reliability, Super-TIGER is divided
into two completely independent modules, with a single
module shown in Figure 5. Each module is in turn divided
into half-module subsystems to enable recovery with any
available aircraft in Antarctica. Each module has an active
area of 1.16m× 2.4m, approximately the width of TIGER
and slightly more than twice as long.
A Super-TIGER module, shown in expanded view in

Figure 6, consists of three layers of plastic scintillator to
measure charge, two Cherenkov (C) detectors with differ-
ent refractive index radiators for velocity and charge mea-
surements, and two scintillating-optical-fiber hodoscopes
for trajectory determination. The S1 and S2 scintillators
that make the primary measurements of differential en-
ergy loss, dE/dx, are located just above the top hodoscope
(H1) and just below the C detectors respectively. The third
scintillation counter, S3, is located below the bottom fiber
hodoscope (H2), mainly to identify nuclei that have frag-
mented in the instrument. Placing the hodoscope between
S2 and S3 largely decouples the two by preventing low-
energy δ -rays produced in S2 from reaching S3. The dy-

Figure 5: Super-TIGER module. Each of the two modules
is completely independent of the other.

namic ranges of the photomultipliers (PMT) and readout
electronics are designed to allow Super-TIGER to accu-
rately measure the particle charge for Z = 10 to 60 without
significant linearity loss.

 

Figure 6: Expanded view of module showing three scin-
tillator counters (S-counters, two Cherenkov counters, one
with an acrylic radiator and one with an aerogel radiato,
and a scintillating fiber hodoscope.

For an event trigger to occur we required a signal above
threshold in S1 and a signal above threshold in either S2
or S3. We also had a priority system in which events with
S1 and S2 or S1 and S3 or S1 and C1 gave signals ap-
proximately equivalent to vertical Z = 22 nuclei were as-
signed high priority. The high refractive-index Cherenkov
counter (C1) uses an acrylic radiator with refractive index
n = 1.5 (energy threshold ∼300 MeV/nucleon). The low
refractive-index radiator (C0) is composed of aerogel. In
three of the half-modules, the aerogel has refractive index
1.04 (energy threshold 2.5 GeV/nucleon) and in the fourth
half-module the refractive index is 1.025 (energy threshold
3.3 GeV/nucleon).
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Particle charge is measured using both [dE/dx vs. C] and
[C0 (low refractive index) vs. C1 (high refractive index)]
techniques. Instrument response maps (area, angle, and
Z-dependence) are being developed using the abundant
nuclei over the charge range of 10 ≤ Z ≤ 28. For low-
energy events, below the low-index (n = 1.043 and n =
1.025) aerogel C (C0) thresholds and extending slightly
above the C0 threshold, the sum of two scintillator signals
(S1+S2), with a small velocity correction from the high-
index (n= 1.49) acrylic C (C1) signal, is used to determine
Z. For high-energy events, above the C0 threshold, the C1
signal, with a correction from the C0 signal, is used to
measure charge.
Preliminary data from the flight are presented inMakoto

et al. (this conference). The Super-TIGER design makes
efficient use of the active area by measuring particles
that “cross-over” between the active elements of the half-
modules. In addition, the amount of material encountered
by detected particles has been minimized to limit the num-
ber of nuclear interactions in the instrument. Accounting
for interaction losses, using 34Se nuclei as a reference, the
effective Super-TIGER geometry factor is 2.5 m2sr, ∼6.4
times larger than TIGER (0.4 m2sr).
Each module has its own electronics systems including

trigger, front-end readout electronics, housekeeping sen-
sors, electronic controls, and data acquisition/control com-
puter. A high-gain TDRSS (Tracking andData Relay Satel-
lite System) antenna supported a high-rate data downlink,
typically 75 kbps, and provided good link margins during
more than 80% of the flight. This link proved to be very im-
portant in this flight since both data recording disks (SSDs)
failed after 10 days of flight. Thus, the data return that we
obtained from the flight was equivalent to 44 days of flight.
Based on this we should have detected ∼5.6× the number
of nuclei on this Super-TIGER flight as we did in the 50
flight days of TIGER (2001 and 2003 flights).
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