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ECCO: Th/U/Pu/Cm dating of galactic cosmic ray nuclei

A. J. Westphat', B. A. Weavert, N. Craig?, J. H. Adams’, L. M. Barbier 3, E. R. Christian®, J. W. Mitchell 3, G.
Sneidermar?, W. R. Binns*, M. H. Israel*, J. R. Cummings}, A. C. Cummings’, R. A. Leske, R. A. Mewaldt®, S. M.
Schindler®, E. C. Stoné, M. E. Wiedenbeck, T. Doke®, N. Hasebé, T. Hayashf, K. Ogura’, G. Tarl&®, A. Tomasclf,
M. Schubnelf, H. Tawara®, C. J. Waddington®?, and N. Yasuda*

1Space Sciences Laboratory, University of California at Berkeley, Berkeley, CA 94720-7450 USA
2Marshall Space Flight Center, Huntsville, AL, USA
3Goddard Space Flight Center, Greenbelt, MD, USA
4Washington University, St. Louis, MO, USA
SCalifornia Institute of Technology, Pasadena, CA, USA
6Waseda University, Tokyo, Japan

“Nihon University, Tokyo, Japan

8University of Michigan, Ann Arbor, Ml, USA

9KEK, Tokyo, Japan

POyniversity of Minnesota, Minneapolis, MN, USA
Yyniversity of Tokyo, Tokyo, Japan

Abstract. The ECCO instrument is one of two instruments board the Heavy Nuclei Explorer (HNX) (Bines al., 2001),
which comprise the HNX mission. The principal goal of which has been selected by NASA under the Small-c
ECCO (the Extremely-heavy Cosmic-ray Composition Ob-Explorers (SMEX) program for Phase A study. Here

server) is to measure the age of galactic cosmic ray nucledescribe the ECCO instrument, discuss its expected pe
using the actinides (Th, U, Pu, Cm) as clocks. As a bonusmance, and present a recent calibration in which we der
ECCO will search with unprecedented sensitivity for long- strate experimentally that individual GCR actinides can
lived elements in the superheavy island of stability. ECCOresolved.

is an enormous array (23%nof BP-1 glass track-etch detec-

tors, and is based on the successful flight heritage of the Trek

detector which was deployed externally on Mir. We present ECCO is based on the successful flight heritage of
a description of the instrument, estimates of expected perfrek detector, which was deployed on the outside of the F
formance, and recent calibrations which demonstrate that thejan space statioklir. Using Trek, in an analysis in whic
actinides can be resolved from each other with good charggve used only 12 out of 32 possible measurements for ¢
resolution. GCR ion, we measured the abundances of the elements
Z > 70 in the galactic cosmic rays with a charge resc
tion of 0.45¢, which was a~ 3-fold improvement in resolu:
tion over the previous state of the art (Westpéizdl., 1998).
Recently, we have improved this resolution400.35¢ by

Dating of ancient terrestrial and solar-system material us_analyzmg the entire detector (Weaver, 2001). Both

ing the long-lived actinide isotope&2Th, 23U and 235U surements confirm the results reported earlier by the HE

as clocks has a long and distinguished history. Recently, e|§B|r:_ns ettﬁl"t nglf?) and Arlleld(FolvvtIeclj-:‘t. alécl:9R87) collab-
emental Th/U dating has been used for the first time to mea?hra 'OESt a Id bIS severet yd .fepG(e:S n - ts pomrlJarel
sure the age of an objeotitsidethe solar system, the ultra- € what would be expecled 1 XS originate in sofar-}
metal poor star CS31082-001 (Cayetlal, 2001). We plan material with preferential acceleration biased by first ioni

to measure the age of the galactic cosmic rays (GCRS) usingOn potential (FIP). Such a severe depletion of Pb may

1 Measuring GCR age using Th/U/Pu/Cm dating

essentially the same technique, using the Extremely-heav xpectgd, hoyvever, i GCRs.e|ther originate in gas angl ‘
Cosmic-ray Composition Observer (ECCO), a giant array of rains in the interstellar medium (Meyer, Drury and Ellisc

BP-1 glass track-etch detectors in space. ECCO, along WitH'997)’ or in material dramatically enhanced in r-process

ENTICE (Israelet al, 2001), are the two instruments on- te”"’.ﬂ (Binnset al, 1989). A megsurement of GCR age c
decide between the two scenarios, since GCR nuclei w

Correspondence toA. J. Westphal be expected to be ancient (several Gy) in the first, and
(westphal@dilbert.berkeley.edu) young ¢ 10 My) in the second.
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2 The ECCO instrument Table 1. Half-lives and expected r-process yields of the long-liv

The principal goal of ECCO is to measure the abundancesaCtInIOIeS Half-life r-process yield
of the individual actinides (Th, U, Pu and Cm), both with Element 10°yr) ([Th]=1.0) (Pfeifferet al, 1997)
respect to each other and with respect to the Pt-group ele-***Th 14100 1.0
ments. Because of the scarcity of actinides in galactic cos- **°U 704 0.94
mic rays — as in Nature in general — a very large instrument >*°U 23 0.68
with a long exposure time is required to achieve sufficient_""Y 4470 1.26
statistics to accurately establish age. ECCO will be an array -..PY 81 0.59

ZTCm 15.6 1.06

of 250 independent 900 ¢miletector modules, deployed in
two pallets, and will orbit the Earth for at least three years.
The total instrument area is 23?mand its mass is 2115
kg. Each module will consist of a monolithic block of BP- commute We have demonstrated that surface preparatio
1, 2.5 cm thick, sandwiched between two 1.5 mm-thick BP-1detectors after latent track formation has no effect on sic
hodoscopes and two 1.0 mm-thick BP-1 preliminary chargemagnitude or dispersion (Westphal and Weaver, 2001).
identification modules (PCIMs) (Fig. 1). The modules are After etching, the etch-pits of the GCR and surroundi
symmetric with respect to the detector plane, so can analyzealibration etch pits will be accurately measured using f
particles arriving from either direction. automated microscopes. Such an automated microscop
During the exposure in space, the detectors will record thebeen used for many years at Berkeley to rapidly and ac
tracks of relativistic heavy galactic cosmic rays which tra- rately scan glass track-etch detectors. In this case, both ¢
verse them. After recovery, the detectors will be returnedning and handling of wafers will be completely automat:
to the laboratory where they will be disassembled. The firstrequiring operator attention no more than once per day. W\
step in the analysis will be to etch the BP-1 hodoscopes iridentification and tracking will be handled by bar-coding e:
our most senstive etchant, fluoboric acid, removing; @80 wafer; the barcode will be read automatically by the sc
of material from each surface. The latent tracks of GCR ionsning system. The bar-coding technique is being very succ
will etch faster than the bulk of the glass, producing large fully used by the ATLAS collaboration for tracking hundre:
conical etchpits at each surface penetrated by the GCRs. GOitdhousands of parts. The wafers will be delivered to
of sufficiently large charge4 > 73 for highly relativistic ~ microscopic scanning systems using commercially avail:
ions) will produce tracks which etch so rapidly that penetrat-wafer-handling robotic systems. This robotic wafer hand|
ing holes are formed in the hodoscope layers. These holegchnology has strong heritage in the semiconductor in
are detected trivially by an ammonia gas-transfer techniqudry, and is reliable and readily available.
(O'Sullivanet al,, 1996). After the candidate particles are lo-  The geometry of the etchpits is converted to a signal,
cated and their trajectories determined using the hodoscopley measuring the signal as a function of flight distance thrt
data, the tracks of the cosmic rays are cored out of the monocthe detector, and comparing to the known, calibrated resp
lithic detectors using an automated CNC mill. The cylin- of the detector, the charge and energy of the particle are
drical cores are exposed at two angles to a highly relativisconstructed. The entire data analysis, including deriva
tic heavy ion beam (e.g., the 10.6 GeV/amu Au beam at theof source abundances, will require less than two years tc
AGS) — we explain the function of these exposures below.complish.
The cores are then diced into thin (1.5mm) wafers, and the
wafers are individually ground, polished and etched. The
etchpits of the GCR ion and of the calibration beam are pre-3 Expected statistics and resolution
cisely measured using automated scanning microscopes (see
below). The calibration exposures now serve three purpose€£CCO has sulfficient collecting power that if the GCR sou
first, they can be used to calibrate the detector to compensais young, Cm will be detected with high confidence ev
for small differences in sensitivity; second, the calibration if the r-process yield of Cm is extremely and unexpecte
beams at two angles can be used to very accurately measusenall (Fig. 2). Most recent r-process calculations pres
the amount of material removed by etching in a later stagemuch larger Cm vyields, with Cm/Th-1 (Pfeiffer, 1999).
of the analysis; and third, the crossed beams are used to loA/ith its active area, ECCO will collect a minimum of 11
cate detector planes to much better thapdOwith respect  actinides, the expected statistics if the GCRs originate pu
to each other. in the ancient ISM, and-285 actinides if GCRs originat
An essential requirement of this technique is that the latenpurely in freshly synthesized material. The actual GCR so
track is not modified by the dicing or surface preparation of may be a mixture of old and young material. Based only
the detectors, since these operations are dfteethe latent  the U/Th ratio, ECCO will be sensitive to an admixture
track is formed. (This is in contrast with the Trek detectors, fresh r-process material with local galactic material at the
which consisted of stacks of thin glass detectors which werdevel (Table 2), which will test the hypothesis of OB asso
ground and polishebteforedeployment in space.) In other ation origin of GCRs (Higdon, 1998). On the other extrer
words, latent track formation and surface preparation mustor a source that is principally fresh, with abundances as |
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calibration/tracking beams

Fig. 1. Schematic of layout, coring, calibration and dicing of an ECCO detector.

low 25°C. Charge state switching and nuclear fragmentz
are easily detected and accounted for because of the ve
(750:m) sampling of the particle track and the superb ch

resolution of BP-1 in a single measurement. We can t
L T\ ] statistics for resolution. Our high-statistics data set will
i | clude all events with the minimum flight distance, 25n
and will have charge resolutiom; < 0.35¢. The high-
107 WP : resolution data set will include all events with a larger fli
] distance, 35mm, but will have charge resolutign< 0.25¢.
: We point out that the long-lived actinides are all separate
i two charge units, so even in the high- statistics data se
charge resolution will be a factor ef2 better than require
Pg to resolve them.
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Fig. 2. Predicted abundances of the individual actinides with respect/Singd the 1 GeV/amu U beam at GSI, we have demonst

to the Pt-group, as a function of mean GCR age, with r-processexperimentally that ECCO detectors can separate Th

yields of Kratzet al(Pfeiffer et al, 1997) and uniform synthesis. U with good resolution. In Fig. 3 we show the meast

Expected error bars are shown.. signal as a function of depth for 1 GeV/arftfu, and a Tt
fragment, probably neat = 232 in mass. The signal dt
to Th is shifted so that the first measurement coincides

dicted by Kratz, et al (1997), ECCO is sensitive at the 1 the curve due to uranium. The Th signal diverges rag

level to an admixture 0f-13% of local galactic material. from the uranium signal with increasing depth. The ct

For the analysis of Trek, we studied over 20 sources of disdabelled “**?Th” is not a fit to the Th data, but is a predicti

persion in charge measurement (Weaseal, 1997). Five  of the 32Th signal as a function of depth, based only

sources were significant. For ECCO, only the first remainsthe observed uranium signal and our improved range-el

significant. The use of calibration beams at two exposurecalculations (Weaver, 2001).

angles allows both a precise measurement of the thickness

of material removed by etching (G), and simultaneously a

precise measurement of the local response of the detector ® Bonus Science

the calibration beam. This is a well-established technique

(Weaveret al,, 1997). On-orbit track fading is essentially As a bonus, the ECCO instrument will carry out the n

eliminated by maintaining a detector temperature well be-sensitive search to date for long-lived superheavy elerr
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Ratio ISM origin 90% ISM +  freshly synthesized
10% fresh (Pfeiffeet al,, 1997)

Act/Pt-group (0.01) 1.85+0.18 2.13+0.19 4.63+0.23

Th/Pt-group €0.01)  1.28 +£0.15 1.234+0.19 0.8340.12

U/Th 0.454+0.09 0.62+0.12 2.8840.47
Pu/Pt-group x0.01) < 2.3 4.0+2.3 59 £+ 14
Cm/Pt-group €0.01) < 2.3 7.243.2 106 £ 21

Table 2. Expected values of actinide ratios, assuming a) a pure ISM origin of GCRs; b) a source consisting of 90% ISM and 10
synthesized material and c) freshly synthesized material. r-process yields were calculated by the ETSFI-Q model of K.-L. Krat
leagues(Pfeiffeet al.,, 1997).

238,

elements.

1.8~
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Fig. 3. Experimental demonstration of separation of Th and U at 1
GeV/amu.



