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Abstract: Super-TIGER (Super Trans-Iron Galactic Element Recordeupder construction for a 2012 long-duration
balloon flight from Antarctica. This new instrument will meae the abundances of ultra-heavy elemes&r( and
heavier), with individual element resolution, to providmsitive tests of the emerging model of cosmic-ray origms i
OB associations and models of the mechanism for selectiarudiei for acceleration. Super-TIGER builds on the
techniques of TIGER, which produced the first well-resolwegasurements of elemental abundances of the elements
31Ga, 32Ge, ands4Se. Plastic scintillators together with acrylic and sHaerogel Cherenkov detectors measure particle
charge. Scintillating-fiber hodoscopes track particlgetimries. Super-TIGER has an active area of 5% divided

into two independent modules. With reduced material theslsnto decrease interactions, its effective geometryrfacto
is ~6.4 times larger than TIGER, allowing it to measure elemept$o 4oMo with high statistical precision, and make
exploratory measurements up 3¢Ba. Super-TIGER will also accurately determine the enegpgcsa of the more
abundant elements frogNe to19Cu between 0.8 and 10 GeV/nucleon to test the hypothesisnicabquasars or other
sources could superpose spectral features. We will dighessplications of Super-TIGER measurements for the study
of cosmic-ray origins and will present the measurementrtiegie, design, status, and expected performance, ingudin
numbers of events and resolution. Details of the hodos¢aepétillators, and Cherenkov detectors will be given imest
presentations at this conference.

Keywords: TIGER, Super-TIGER, Aerogel, GCR, Ultra-heavy GCR, retivay; volatile, OB association, microquasar

1 Introduction try factor of 2.5 nisr, 6.4 times larger than TIGER. With
about 60 days of Super-TIGER data expected from two
The new Super-TIGER (Super Trans-lron Galactic EleAntarctic flights and lower levels of solar modulation an-
ment Recorder) long-duration balloon-borne instrument iécipated the combined Super-TIGER/TIGER dataset will
in construction for its first Antarctic flight in 2012, with a exceed present statistics by an order of magnitude. These
second flight planned for 2014. Super-TIGER will measuréata will address important questions about galactic cosmi
the abundances of elements of atomic nunfitex Z <  rays (GCR) including their origin, acceleration, and trans
42 with individual-element resolution and high statisticalport in the Galaxy.
precision, and make exploratory measurements throughiGER produced the first well-resolved abundance mea-
Z=56. Itwill also measure with high statistical accuraoy th surements of;; Ga, 3,Ge, ands,Se, and an upper-limit
energy spectra of the more abundant elemedts. Z < on 33As. These data indicate nearly equal abundances
30 at energies from 0.8 GeV/nucleon to 10 GeV/nucleorsf Ge and Ga and enrichment of the refractory elements
complementing the measurements expected from AM$y a factor of 3-4. TIGER also identified a mass depen-
Super-TIGER builds on and improves the instrumentalent behavior for the refractory elements that is not ex-
techniques developed for the Trans-Iron Galactic Elemefptained by the model of Ellison et al.. Testing such a mass-
Recorder (TIGER) [1], successfully flown on two balloondependent model requires a significant increase in statis-
flights from Antarctica in December of 2001 and 2003tics to quantify the abundances of the rare elemggis,
yielding 50 days of data. Considering interaction losses,Rb, andssSr. The TIGER results are illustrated in Fig-
in the instrument, Super-TIGER has an effective geomere 1, which shows the ratio of Galactic cosmic ray source
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Figure 2: The fully integrated Super-TIGER payload show-

ing the two instrument modules.
Figure 1: Ratio of GCRS abundances to a mixture of 80%

SS and 20%MSO [1].
has an active area slightly more than 4 times TIGER. The

) ~instrument is divided into two independent modules, as
(GCRS) abundances derived from TIGER data to rr.uxturgho\,\,n in Figure 2, each approximately the width of TIGER
of 80% solar system (SS) abundances ano2@assive and slightly more than twice as long. Each module has its
star outflow (MSO) from Wolf-Rayet stars. The measuredyyn, trigger and data acquisition computer. The modules
data are well ordered by this ratio, indicating that an adsan pe split into half-modules for recovery. The Super-
mixture of MSO is required, although the precise mixturer|GER configuration makes efficient use of the active area
is not tightly constrained. Figure 1 indicates that refracby measuring particles that "cross-over” between the activ
tory elements are preferentially accelerated and depend gfaments of the half-modules. Together with improvements
mass (A) as-A*/? where the volatile elements areA'. {5 the mounting of the silica aerogel, this gives Super-
The TIGER results support a model in which GCR nucley|GER an effective area greater than four times TIGER. In
originate from within OB associations, regions within Ouraqgition, the amount of material encountered by detected
Galaxy that contain young massive stars, and experienggrticles has been reduced, giving fewer interactionsnFro
fractionation consistent with a preferential acceleratd 5 < Z < 42 Super-TIGER will achieve a statistical pre-
elements found in interstellar grains (refractory) réfato  ision of ~10% or better for even-charges an@0% or
those elements found in the interstellar gas (volatile)lwHo petter for odd-charges. The instrument techniques used for
ever, interpretation of the TIGER data is limited by the Iaclgharge and energy measurement are identical to those suc-
of statistical precision. The order of magnitude increase icessfully demonstrated on the smaller TIGER instrument

statistics provided by Super-TIGER will provide a sensitiv ith excellent Z-resolutiondz= 0.23) in thel0 < Z < 38
test of the hypothesis that GCR arise in OB associations.range. -

Because ?he abundance ratio qf secondary_elements (pﬁpSuper_ﬂGER module, shown in exploded view in Fig-
duced by interstellar fragmentation of primaries, e.g. 83Are 3 consists of three layers of plastic scintillator [@] t
and 35Br) to primary elements decreases with increasingeasyre charge, two Cherenkov counters [3] for velocity
energy above-1 GeV/nucleon, we expect variations of theang charge measurements, and a scintillating-optical-fibe
UH element abundances with energy, which will help quarsodoscope [4] for trajectory determination. Charges are
tify the effects of cosmic ray transportthrough the intekst heasured using dE/dx vs. Cherenkov and Cherenkov vs.
lar medium. Super-TIGER will also measure the energy:nerenkov techniques. These techniques are illustrated in
spectra of the more abundant elementd@f< Z < 30.  Figyre 4. The trajectory measured by the hodoscope, is
Together with measurements expected from AMS, this willsed to correct for the incident angle and for instrument
provide a sensitive test of the hypothesis that microqlsas%sponse maps. For low-energy events, below the aerogel
or other discrete objects could contribute to the otherwis&;o) threshold, the sum of two scintillator signals (S1+S2)
smooth energy spectra previously measured with less s{gith a small velocity correction from the acrylic (C1) sig-
tistical accuracy. nal, will be used to determine charge. For high-energy
events, the C1 signal, with a small correction from the CO
signal, will be used to identify charge. The S3 signal is
used to identify and reject particles interacting in the in-
strument. The Cherenkov counters also measure particle
velocity (energy) and the use of acrylic radiators and aero-

Super-TIGER is designed to be the largest instrument th@f! radiators with two different refractive indices (n-430

can be flown on a 1.11 mcm light balloon and achieve ex2nd 1.025) will allow Super-TIGER to measure the en-
cellent charge resolution fof > 30 nuclei. Super-TIGER €79y spectra of GCR nuclei from 0.3 GeV/nucleon to 10

2 Intstrument

2.1 Instrument Description
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third scintillation counter (S3) is located just below that-b
tom fiber hodoscope and is used to identify particles that 0.4
have interacted while traversing the detector stack. R{pci
the hodoscope between S2 and S3 decouples the two by
preventingi-rays produced in S2 from reaching S3. Each e T "R T

scintillator layer contains two sheets of 1.16 m x 1.16 m x “ 7 Acrylic Cherenkov (C1)

1 cm ELJEN EJ-208B plastic scintillator. The scintillation

light produced in each sheet is read out with four EJ-28bigure 4: Data from TIGER illustrating the dE/dx vs.
waveshifter bars placed around the perimeter of each shefehierenkov and Cherenkov vs. Cherenkov techniques for
with a Hammamatsu R1924 PMT coupled to each end dflentifying charges.

each bar.

The Cherenkov lightis collected using light integratioftvo |ytion that effectively acts as a vernier for the coarsetub
umes. The first counter (C0) uses aerogel radiators. Eagthdout. Each good event gives a hit at the fine end and one
aerogel Cherenkov module includes eight aerogel blockg; the coarse end, thereby localizing the penetrating par-
each approximately 55 cm x 55 cm. Three of the four halfticle position to the 8 mm width of a fine fiber tab. This
modules will contain aerogel blocks of refractive index n Tives a root-mean-square deviation in positiorref,s =
1.043 (12 blocks total), while one half-module will containg mm4 /12 = 2.3 mm, which contributes only 0.003 to the
four blocks of index 1.025. These have thresholds of 2.8yerall charge resolution for Z=40 averaged over the effec-
GeVinucleon and 3.3 GeV/nucleon, respectively. The segye opening angle of the instrument. The PMT signals are
ond counter (C1) uses an acrylic radiator (with Bis-MSB,y|se-height analyzed so that large signals from nuclei can
waveshifter added) with an index of refraction of 1.5, cerrepq readily distinguished from knock-on electrons. TIGER
sponding to a threshold of 0.3 GeV/nucleon. In each mogtemonstrated that the coded fiber readout method is highly
ule the acrylic radiator will consist of two 1.16 m x 1.16 Mgffective for high-Z nuclei [5, 6].

sheets.

Each of the hodoscopg p_Iangs cqn5|sts of tvyo per|.aenol_|<;#-2 Expected Performance
lar layers of square scintillating fibers covering a fiducia

areaof 2.4mx 1.16 m. Long axis fibers are 1.4 mm squaggrookhaven accelerator tests of NE-114 plastic scintilla-
while short fibers are 1 mm. The coded readout schemg; show a charge resolution of 0.24 c.u. for silver nu-
developed for TIGER is used to limit the number of PMTg;gj. Examining interaction fragments fromAg, the re-
required. The fibers are formatted into tabs of 6 (long) O¢ponse is linear in dE/dx over the charge range fgpBa

8 (short) _fibers, so the effec.tive segmentation of the through47Ag [7]. Therefore, we expect the good resolu-
doscope is~8 mm. Successive groups of 12 tabs at 0ONGop in charge to continue at least into the Z range above
end of each layer are combined into a segment viewed B | the analysis of our TIGER data, we successfully
a single PMT (Hammamatsu R-1924) to give course Spgjgdeled scintillator saturation based on the detector re-
tial resolution. The tabs on the opposite ends of the fibeg,onse for iron and lower charges and extrapolated that to
are sequentially routed to PMTs, giving a finer spatial res; > 3\ The Cherenkov counters should achieve similar
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— Monte Carlo estimate of total numbers of events

Assumed 0=0.23 cu

g

10 Note resolved

peak at Ga only ]
10% as high as Zn. 7

L
Numbers of Events
3

Counts

S
T

Charge

—

Figure 6: Monte-Carlo simulation of the numbers of events
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Figure 5: Charge histogram from the full TIGER dataseimake exploratory observations through Z=56. The com-
The solid curve is a maximum likelihood fit. bined Super-TIGER/TIGER data are expected to give an
order of magnitude increase in statistics. These data will

resolution. In 1998 we calibrated an instrument complgRrobe all aspects of cosmic ray history from their origin, to
ment, including the TIGER CO (aerogel) and C1 (acrylicficceleration, and finally to propagation.

Cherenkov counters, with a 10.6 GeV/nucleon gold beam

at B_rookhaven Na_tlonal Laboratory [8]. In this t_e;t WeReferences

obtained a resolution of 0.22 c.u. for gold nuclei in the

acrylic counter, while in TIGER-2001 we achieved 0.23 ¢

resolution at iron for events above the aerogel Cherenki%/]zgé'; Rauchet al. Astrophy J. 2009 June B97 2083-
Fhreshold. For Super-TIGER,. the I_|ght collectlop of VarlZ] J.T. Link for the Super-TIGER collaboration, Proc. of
ious Cherenkov counter configurations and radiators was

\ ; 32nd ICRC (Bejing), 2011, O.G. 1.5, paper ID 0737
modeled using a GEANT4 Monte Carlo (MC), which use 3] T. Hams for the Super-TIGER collaboration, Proc. of

Lum efficency. absorption length, and Rayleigh scattering, 2214 ICRC (Beling). 2011, 0.G. 1.5, paper ID 0831
’ ' ] J.E. Ward for the Super-TIGER collaboration, Proc. of

o e ey . 9218 ICRC (B, 2011 .. 15, paper D 0734
- P ) 9 9 9y 5] J.T. Link, 2003, PhD Thesis Washington University, St
clei will be essentially the same as TIGER. Figure 5 sho Louis. MO. USA

the charge histograms frc_Jm the _combmed results of bo ] B.F. Rauch, 2008, PhD Thesis Washington University,
TIGER flights (50 days) illustrating the excellent charg St Louis. MO. USA

resolution ¢z = 0.23 cu) we expect for Super-TIGER. 2"\ 2 "Binnset al. Proc. of 22nd ICRC (Dublin), 1991,
The Super-TIGER effective geometry factor (after inter- "5.511_514

actions are removed) is 2.5%s1 compared to 0.4 fsr [8] J.R. Cummingst al. Proc. of 26th ICRC (Salt Lake),
(calculated fors,Se nuclei), for TIGER. The anticipated = "1999 2:156-159

level of solar modulation for flights in Dec. 2012 and 201 9] G.D. Westfall et al. Physical Review C, 197919,

compared to the levels during the TIGER flights in 2001 "1309_1324

and 2003 gives an expected increase of a factor of 1.18 in

numbers of particles. Additionally, assuming that Super-

TIGER is flown twice for a total of 60 days compared to

50 days total flight time for TIGER gives an overall in-

crease of nine for Super-TIGER over that of TIGER. Fig-

ure 6 shows a Monte Carlo simulation of the numbers of

nuclei expected in two Super-TIGER flights assuming a to-

tal of 60 days at float and a charge resolution of 0.23 cu.

There are clear peaks for each charge and we will be able

to cleanly measure the abundances of all nuclei over the

30 < Z < 42range. -
a. Also at: CRESST/University of MD Baltimore County, Bal-

timore, MD, 21250, USA.

23 Summary b. Also at: CRESST/Universities Space Research Assonijatio

) Columbia, MD, 21044, USA.
Super-TIGER will measure the abundances of UH ele- ¢ also at: CRESST/University of MD College Park, MD,

ments up to Z=42 with exceptional statistical accuracy angb742, USA.



