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Aerogel Cherenkov (CQ O
cm

Acryllc Cherenkov (01:) Q

S are scintillation detectors.

Acrylic has n = 1.5 Energy threshold 0.3 GeV/nucleon
Aerogel has n = 1.04 Energy threshold 2.5 GeV/nucleon
Fiber hodoscope determines trajectory on incident cosmic ray.
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Flight Trajectories

Dec 21, 2001 - Jan 21, 2002
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Altitude (ft)

Dec 21, 2001 — Jan 21, 2002 Dec 17, 2003 — Jan 4, 2004
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Selected, higher-resolution data set

Co and Cu are resolved despite
ratio ~100:1 relative to Fe and Ni.

Ni

1000 ¢

100 -

10 :
g Cu Zn]
i LI I
20 20 2 28 29 30

Charge (Z)



Fe=1)

S

Relative Abundance

= Combined TIGER (TOA) |

1E-3 _ o HEAO-C2 E
. Solar System (Lodders)
Zn
- Ge
1E-4 - 4 2 Kr e
- E% E% . Sr ]
" Br Rb & -
A I
I
1E—5-: c
] 1
|
1E-6 | | | I |
30 32 34 36 38
Charge (2)

Zn and Ge low
relative to Fe is
not surprising.
These Zn & Ge
are volatile.

Ga so abundant
is surprising!

In this and following
plots Solar System
abundances are
from Lodders Ap.J.
591 1220 (2003).

See also paper by W. R. Binns et al. in session R8 Monday 1:30 pm

for preliminary results on 30 < Z < 34 from ACE/CRIS.
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GCRS/SS (Fe=1)
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Isotope data, most recently from CRIS instrument on ACE, shows that the
cosmic-ray source does not have the same composition as the Solar System.
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Ratio Relative to Solar System Abundances
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Wolf-Rayet star (Sharpless 308)
in Milky Way ~1600 pc distant

Diameter ~ 100 pc Diameter of bubble around star ~ 20 pc

Superbubble (N 70) in the
Large Magellanic Cloud

Higdon and Lingenfelter Ap.J. 590, 822 (2003):

“... the 22Ne abundance in the cosmic rays is not anomalous but is the
natural consequence of the superbubble origin of cosmic rays ...”


http://antwrp.gsfc.nasa.gov/apod/image/0904/Sh308_goldman.jpg
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log (production factor relative to solar)
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Conclusions

« Cosmic rays come from the core of super-bubbles,
where OB associations enrich the interstellar medium
with the outflow of massive stars (Wolf-Rayet phase and
Supernovae).

— Conclusion is supported by the isotopic composition for Z < 30
and by the elemental composition for Z = 26.

 The CR acceleration process favors elements found in

Interstellar dust grains.

« Both the acceleration of volatile and of refractory
elements appear to have a mass-dependence ~ A".

— n ~ 2/3 for refractory elements
— n ~ 1 for volatile elements



Next step beyond TIGER: Improve statistics and determine more elements

GCRS/(80% SS + 20% MSO) (Fe = 1)

I I ‘ I R —— ‘ [ I — —

|| ® Refractory 10°E =

B Volatile | | | | E E
__ A Mixed |
j — Refractory Fit | 10 3
| — Volatile Fit i
o ?
E | :

S d E

o [ ]

Nm a 10 3
- 1E

| =

. 102 [ | | | | | | s L

= Atomic Mass (A) 20 25 30 35 40

Chalige (2)



Super-TIGER Instrument

Funded for development
and first balloon flight in
December 2012.
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In an advanced mission
concept study:

ENTICE (one of two
instruments on OASIS).

With three years in polar orbit
would detect at least 100
cosmic-ray actinides.
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