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Introduction

Absolute AMS measurements require reliable standards for calibration. The author
prepared °Be, Al, *Cl, and “'Ca AMS standards and distributed to many AMS laboratories.
More than 60-90% of AMS measurements were normalized to these standards. These standards
have been used as primary normalization standards at

University of Rochester

University of Pennsylvania

University of Tokyo

LLNL (Lawrence Livermore National Laboratory)

AMS standard is calibrated or defined by decay rate measurements or by isotopic ratio
measurements of source material. If the standard was calibrated by decay rate, an uncertainty of
isotopic ratio of the standard involves an uncertainty of the half-life. On the other hand, if we
converted the measured isotopic ratio to activity, the result does not involve an uncertainty of the
half-life. If the standard was calibrated by isotopic ratio measurements, number of atom in result
is independent from an uncertainty of the half-life.
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1.03£0.04  Mabuchi et al (1974)
(1.13+0.12) corrected

1.03 £0.07 Klein et al. (1991)
1.01+0.10  Paul et al (1991)
1.04 £0.05 Mean value




The preparation of “Ca AMS standards was published in Nishiizumi ef al (2000). The
highly enriched “‘CaCO, was obtained from ORNL (Oak Ridge National Laboratory). After
purification of the CaCO,, the precise *'Ca/Ca ratio in the original material was determined by
surface ionization mass spectrometry.

Isotopic abundance measurements of enriched
41Ca samples

Ca UC Berkeley Argonne* CalTech* ORNL
Isotope (this work)

40 97.79 +0.02 97.77+£0.06  97.75 +0.09 97.76+0.06
41 1.2320+0.0002 1.23+0.02 1.237+0.001 1.33+0.04
42 0.3620 +0.0001 0.34+0.01 0.368 +0.001 0.34+0.03
43  Not measured 0.06+0.01 0.0376+0.0004 0.04+0.02
44 0.5662 +£0.0001 0.52+0.01 0.555 +0.001 0.48+0.03
46 0.00030+0.00000 <0.01 Not measured  <0.02

48 0.05360+0.00001 0.09+0.01 0.0491+0.0003 0.05+0.02

* Paul et al (1991)
(from Nishiizumi et al (2000))

The *'Ca was sequentially diluted with natural Ca to obtain *'Ca/Ca ratios of 1.155 x 10,
9.755x 10"%,5.139 x 102, 1.095 x 10, and 5.884 x 10", We estimated that an uncertainty of
*ICa concentration in stock solution is £0.3% (20). Since the error of weighing and the
concentration of Ca solution is estimated less than 0.1%, overall uncertainty of the “Ca AMS
standards that were diluted 5 times are less than 0.4%. The solutions having *‘Ca/Ca ratios
between 10"° and 10"? were measured by AMS at LLNL. Although the present blank level,
5x10™* “'Ca/Ca, was higher than anticipated, excellent linearity was obtained from 6x10™ to
1.2x10"° “'Ca/Ca.
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Results of “'Ca standard measurements. All samples were normalized to C16, which has
a nominal value of 1.155x10"° *'Ca/Ca. (from Nishiizumi et al (2000)) :

Cl (t,, = 3.01x10° yr)
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The preparation of *°Cl AMS standards was published in Sharma et al (1990). Large-
‘quantity dilutions of the NBS (National Bureau of Standards — present NIST) **Cl standard
(SRM 4943) to **Cl/Cl ratios of 5.00x10" 1.600x10™"2, 5.003x10? and 1.000x10"! have been
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prepared for AMS standards. Overall uncertainty in the activity was +0.82% (+30). Dilutions
- were made with an estimated uncertainty better than 1% and were then checked using the AMS

facility at the University of Rochester.
gravimetric dilution factors and AMS measurements.

The results show excellent agreement between the
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Results of **Cl standard measurements at University of Rochester. The x-axis indicates
nominal value of each standard and y-axis indicates measured isotopic ratio of each standard that
was normalized to old UCSD standard, which has a nominal value of 4.019x102**CI/Cl.



| 36C1 AMS Standards
- (at Univ. of Rochester)
|

Measured/Nominal ratio

® New STD
O UCSD STD
ooL— . ..

1.0kemcecaeeaaa®ua... } ..........................

Jer ...1.(.)_12 . ....1.(.)_“
‘ Nominal ratio (36Cl/Cl)

— ..1.0_10

Ratio of measured/nominal isotopic ratio of **Cl AMS standards prepared in 1983 and
1988. All standards are agreed well within uncertainties of AMS measurements.
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Half-life of °Al.

t,, (10° yr) Method Reference

111 Y__cross section Rightmire et al. (1957)
8 +2 y__Mass spectrometry Fisher et al. (1958)
7.38+0.29 4my - Mass spectrometry Rightmire et al. (1958)
7.16+0.32 Revised branching ratios Samworth et al. (1972)
7.05+0.24 y__Mass spectrometry Norris et al. (1983)
6.99+0.56 Activity-AMS Middleton et al. (1983)
7.05+0.56

7.8+0.5 y__cross section Thomas et al. (1984)

(from Nishiizumi (2003))

The preparation of *Al AMS standards is described in Nishiizumi (2003). Highly
concentrated °Al was obtained from NBS (National Bureau of Standards). An uncertainty in the
activity is 1.1% (30). The *Al, SRM 4229, was sequentially diluted with natural Al and 2°Al
AMS standards were prepared. An overall uncertainty of the Al AMS standards that were
diluted 3 or 4 times is less than 1.2%. This is an uncertainty of specific activities. An
uncertainty of absolute isotopic ratios (atom ratios) of AMS standards has to be included
uncertainty of the half-life of Al. These Al AMS standards are widely used as primary
standards at major AMS laboratories. A substantial amount of the Al AMS standards, whose
%A1/Al ratios are 7.444 x 10", 3.096 x 10", 1.065 x 10", 4.694 x 10"%, 1.818 x 10", and 4.99 x
10" are now available for AMS community. Solutions having **Al/Al ratios between 10 and
10"° were measured by several AMS laboratories; excellent linearity was obtained within the
range of 5x10™ to 1x107'° *Al/Al

An activity of the first dilution of our *°Al standard solution was measured at the Max-
Plank-Institute (MPI) Kernphysik against their *Al standard. The nominal value of our standard
was 119.4+1.4 dpm based on NBS certificate and our dilution. The MPI-Kernphysik found an
activity of 118.7+3.1 dpm, in excellent agreement with our nominal value (Heusser, pers. comm.
1986). Middleton et al. (1983) compared *°Al standards from NBS and LMRI by AMS during
the course of the 2°Al half-life measurements. They found that the concentration ratio of
LMRI/NBS was 1.009; within errors, these standards are identical. The LMRI *Al standard is
the primary Al standard for AMS measurements for the Orsay group. Vogt et al. (Vogt et al.,
1994) compared our 2°Al standards with those prepared at Purdue University and found both
standards were in excellent agreement, however, no detailed results were provided.

Wallner et al. (2000) compared Al AMS standards from three different AMS
laboratories using the VERA AMS facility. They found the isotopic ratio of the ETH-Ziirich
%Al standard differed by 13% relative to the others. The ETH-Ziirich standard was also
compared with our standard at LLNL. The nominal isotopic ratio of ETH-Ziirich standard was
13 % higher than our standards as well. Although there are many different sources of A1 AMS
standards, save for one, all *°Al standards are undistinguishable from each other.
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Results of *Al standard measurements at LLNL. The x-axis indicates nominal value of
each standard and y-axis indicates measured isotopic ratio of each standard that was normalized
to Al-86-4 standard, which has a nominal value of 9.919x10""2 *Al/Al. (from Nishiizumi (2003))
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Ratio of measured/nominal isotopic ratio of Al AMS standards prepared in 1983, 1986,
and 2001. All standards are agreed well within uncertainties of AMS measurements. (from
Nishiizumi (2003))
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Half-life of '‘Be
t,,, (10° yr) Reference

1.7 +0.4 McMillan (1947; 1972)
1.6 0.2 Emery et al (1972)
1.5 +£0.3 Yiou and Raisbeck (1972)

1.48+0.15 Makino et al (1975)
1.51+0.06 Hofmann et al (1987)
1.34+0.07 NIST SRM 4325 (1990)
1.48+0.06 Middleton et al (1993)

Highly concentrated '‘Be was obtained from ICN (ICN Chemical & Radioisotope
Division). An uncertainty in the activity is 5%. The ICN '"Be standard was sequentially diluted
with natural Be and '"Be AMS standards were prepared in 1983 and 2001. An uncertainty of
absolute isotopic ratios (atom ratios) of AMS standards has to be included an uncertainty of the
half-life of '"Be. These '‘Be AMS standards are widely used as primary standards at major AMS
laboratories. A substantial amount of the '°Be AMS standards, whose '“Be/Be ratios are 2.99 x
10", 9.42 x 10™,6.95x 10" 3.11 x 10, 1.03 x 10", and 5.49 x 10" are now available for
AMS community. Solutions having '"Be/Be ratios between 10" and 10" were measured by
several AMS laboratories; excellent linearity was obtained within the range of 5x10'* to 3x10™"!
"“Be/Be. However, the '*Be/Be isotopic ratio of the ICN standards based on 1.5x10° yr half-life
is 1.153+0.004 times higher than nominal value of NIST SRM 4325 standard, 2.68x10™'".
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Results of '°Be standard measurements at LLNL. The x-axis indicates nominal value of
each standard and y-axis indicates measured isotopic ratio of each standard that was normalized
to KN 3770 standard (prepared in 1983), which has a nominal value of 3.770x10"? '’Be/Be.
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Ratio of measured/nominal isotopic ratios of '°Be AMS standards prepared in 2001 and

NIST SRM 4325. All standards are agreed well within uncertainties of AMS measurements
except NIST SRM 4325.

Summary

Large quantities of '°Be, 2°Al, **Cl, and *'Ca standards have been prepared for the AMS
community. We recommend: (1) all AMS laboratories should note the source of the standards
and half-life used to obtain their ratios; (2) the source of the standards and the half-life used in
any AMS measurements should be clearly present in the publication; and (3) all sample
calculations should use the same half-life as that of the primary normalization standard.
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