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' - AMPTE

ACE Spacecraft Summary CHARGE COMPOSITION EXPLORER
(Basis: ANPTE/Charge Composition Explorer) ' s PAC ECRAFT
Launch Weight 300 kg .
" (includes 100 kg of experiments) . N
Power oW
Telemetry 3-10kb/s
(tape recorder, daily readout)
Attitude control spinning
(#pin sxis points st sun)
_ %—'
Orbit (cxtrrmgnetﬂpheﬂe) Lagrangian
point (240 Rg)
ar Geocentric
(4050 By)
MASS: 245 kg
POWER: 180 W solar srray; tedundant batteries
EXPERIMENT 36.5 kg ‘
PAYLOAD: .
ATTITUDE CONTROL: Spin stabllized: redundant solar aspect sensors; Freon
thrusters; magnetic X, Y, and Z torquing; triaxial
fluxgate magnstomster on 24 m boom
DATA HANDLING Redundant microprocessor-based data and
SYSTEMS: command systems; 2 x 10% bit tape recorder;
redundant 25 W S-band NASA standard
transponders; data rate — tape playback 105.8 kbps,
real time 3300
PROPULSION: 49 kg Star 13A sclid rockst
OPERATIONS: JPL Multispacecraft Control Conter
g SCIENCE: AMPTE Science Duta Center st APUJHU

oy KU



ACE Instrummentation

CRIS - Coxmic Ray Isolope Spectromeler

SIS - Solar Isolope Spectrometer

TRIMS - Trans-lron Mass Spectrometer

ULETS - Ultra-Low-Energy Inotope Spectrometer

SWIMS - Solar ¥Wind Jon Mass Spectrometer

Baseline Honitors
SWEPAM - Solar Wind Electrans, H, He
EPAM - Energetic H, He

MAG - Magnetic Field

AExE

AEXE

TOFxE

TOFxE

TOFzE2E/Q

SWIMS
Oin & 0.3 ! /G 80.3  “w. i %
L)
§(grougs |
é 4 Elementel o 2<%)
Composction (cven-8)| |
30 TRIMS |
[ \‘ i
20 N
SWIMS {ULELS i SIS
0 s h
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Y A S-S

A
Kinedie E'v\utm (MaV/nucleon )
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NOTE THAT CURRENT TABULATIONS BASED ON METEORITES AND LUNAR SAMP
(E.G.. CAMERON AND ANDERS & EBIHARA) ARE ESSENTIAL BENCH MARKS FOR:
- ESSENTIALLY ALL STUDIES OF CHARGED PARTICLE COMPOSITONS IN SPACE

- NUCLEOSYNTHESIS AND STELLAR EVOLUTION THEQRY

- OPTICAL AND X-RAY OBSERVATIONS OF THE SUN

- PLANETARY GECLOGY STUDIES
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Cosmic Ray |
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Solar

e N —

ol peutron=-rich isolopes
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Elsciron = capture
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FE

o) rare “secondary” species
0.9. *H, *He,Li,Be,B

bl rodicactive isolopes of
Be, Al CI,Co, Mn, Fe

Energy dependence of
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Clagsification of the

Cosnic Ray Isotopes

Element Pricary Secondary Mixed
Hydrogen la zu
Helium I‘Ha 311;
Lithium 6Le, 14
Berylliua Tpes ’ 98.. 10504
Boron 10, . iy
Carbon 12¢ lépa 13
Nicrogen ISN “N
Oxygen 164 Y/ 18,
Fluorine 1%
Neon 20,22y, 2y,
Sodfua 3y,
Magnesium zkﬂg' zsl(z' 26}[;
Aluminum 26518 27y
Silicon 2851 .2981.3051
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Sulphur 32 344 33g 36g
Chlorine 3610 301,30
Argon 3 6&1’. 38Ar 37A:*, l‘ou
Potassiun w&* ”K,“l
Calciua ‘OCI.A‘CI “Cu*.u&,"s& ‘ZC;,“Cl
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Vanadfun "9“.50\(:. 51y
Chromium 50(!:,”6:*.53(::,5‘6: S2ce
Manganese saﬁn‘. S‘Mn* 55y
Iron 5‘?;,571?-.551'. 5 sFe*,er‘ 5 "F.
Cobalt 5%, 57Co*
Nickel 3By 60yg 62y 64y L TORL TS 61y
Copper .53Cu » 65(:u
Zinc “ln. “Zn.ssh 6724 70,
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The Time Delay Between Nucleosynthesis
and Cosmic Ray Acceleration

Supernova explosions in the galaxy are believed to provide the energy
vesponsible for accelerating cosmic ray nuclei to high energy. It is not known,
bowever, whether this acceleration occurs immediately via shock acceleration during
the birth and infancy of the supernova, or much later on, as supernova shock waves
from older supernovae make multiple encounters with material in the interstellar
medium. In obe ease cosmic rays would consist of freahly synthesized material
ejected from the supernova, while in the second cosmic rays would include
contributions from element synthesis integrated over the age of the galaxy.

This fundamenta] question could be sddressed by s cosmic ray composition
Explorer such ss ACE by messuring radio-active jsotopes produced during the
supernova explosion that decay only by electron capture, including **Ni, 3'Co, and
*Ni, which bave radioactive hall-lives ranging from s few days (#Ni) to ~10° years
(**Ni). Onece accelerated and stripped of their electrons these nuclei ¢an no longer
decay, and their sbundances therefore preserve s record of the time-deiny between
nucleosynthesis and acceleration to high energy.
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For example, If this time delay is more than a few days, as is expecied on
theoretical grounds, most of the **Ni will bave decayed to %Co, which thep decays to
¥Fs, producing the 0.847 MeV y-rays thatl are cutrently being searched for from SN
1087a in the LMC. If the time delay is much greater than a thousand days, most of
the *'Ni produced during the explosion will have decayed to "Fe. Fizally, if the time
delay is much more than 100,000 years, the **Ni will bave decayed to **Co.

Thus, 2 measurement of the jsotopic composition of cobalt may provide eritical
- informstion about supernovae and their yole in sccelerating cosmic rays. Further
evidence of explosive nucleosynthesis in supernova can be obtained from observations
of the abundances of a variety of other inotopes in cosmic rays, including neutron-
rich isotopes of the elements Ne, Mg, 8i, Fe, and Ni.
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Euxpected yields of Fe, Co, snd Ni isolopes as a function of the
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especially sensitive to this time delay are shaded.
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Nucleosynthesis and the UH-Nuclei

The ultraheary (UH) elements, which comprise the upper 2/3 of the periodic table,
are synthesized by the addition of neutrons to seed nuclei of iron and nickel; either
slowly in the later stages of stellar evolution ("s-process®), or rapidly in the
explosive stages of supernova eveants ("r-process®). Solar material is found to consist
of » mixture of elements produced by these two processes, while the cosmic rays
appear to contain a somewhat different mix. A more precise determination of these
differences than is now poasible would define the nature of the material that is
accelerated to cosmic ray energies and hence allow a description of the source.
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Abundances

Abundances from s-Process

£000 7 -
4000
um: P
Sn
zooo -
o0 ++ B A B AR
42 52 62 7 82 02
Charge, Z
Abundances from r-Process
5000
: Te
4000 Xe
3000 - !
r
2000 - Pb
) 4§
xi®
1000 To
u
[ e Y T LM T
42z 52 62 72 82 92

Charge, Z

-41-

| | ! I
l.OF
Zn ]
X —'
= -
o
§ Se
mO-G — A
T
x Mo
<g
= 0.4}
oc -
* Kr
0.2} i
f | ! i
% 40 50 G0
Sl -




ar = -

Z *3IDUVYHD
0oL

—-g

"
=l ras

Th=(08 35h)N

o/= (223525 14N

NS4

+ L vh=z24g

-_a
.

_:__....
-
l_.. TH
. T
| re-
ad -
)
R o
_l

[N O | L [ S 1

Q - o

(did4 dais) NILSAS HVTI0S/¥I

56

48

40

32

H38WNN d3AH3S80

_\_'5'—-

e

T TR T

.

g o e




ABUNDANCE RATIO (81<Z<86)/(74<Z<80)
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