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Alpha Decay of a Uranium-238 nucleus
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Figure 81. Grand Canyon Cross-Section. The tipped and bev-
eled layers are part ol the Precambrian, The beveled plane is
sometimeas caied The Great Unconformity. A similar, but much
smaller, axampie of tipped and beveled layers is shown in the
cross-bedded sandstone in Figure 80, Beveling implies relative
motion, Near the top of the Grand Canyon is a 400-foot-thick lay-
er of cross-bedded sandsione
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Dependence of the decay rate of "Be on chemical forms
Chih-An Huh *
Instinate of Earth Sciences, Academia Sinica, Taipei, Taiwan, ROC
Recerved 25 May 1999; revised version received 6 July 1999; accepted 6 July 1999
Abstract

The decay rate of "Be depends on the electron density at the nucleus and therefore may vary with the chemical
enviromments of the Be atom. Usmg a 100% effciency Imgh-punty germamum detectar. te decay constants of 'Be m
Be~*(OH.; )y. Be(OH); and BeO have been measured at unprecedented high precision (of £0.01%). resulting in Ty =
53.69 d. 5342 d. and 54.23 d, respectively. The observed difference. by as much as 1,5%. clearly indicates that decay
rates of nuchides undergoing electron capture decay’ are not necessanly constant as has always been assumed in geological,
OCEANOSTapIuc, and emironmental studies. © 1000 Elsevier ocience BV, All nghts reserved.

Keywords: Be-7; radioactive decay: absolute ages, ganuna-ray spectroscopy
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3. Discussion

The decay half-life of "Be reported previously in
the literature falls in the range 52.93-53.61 d ([15]
and references therein), and the weighted average of
53.3 d is generally adopted in various applications
using this nuclide. The uncertainties of these mea-
surements vary from less than 0.2% (e.g.. [13.16.17])
to greater than 0.5%. Therefore, error bars of these
measurements do not always overlap. Because the
chemical forms of Be in these measurements were
often unspecified, it is not clear whether the differ-
ence is due to different chemical environments or is
simply caused by experimental errors. In the present

alvadessadegh'i

study, by measuring the decay rate of ‘Be in three

common forms of Be with an unprecedented high

precision of ~0.01%, it was shown that the half-life

of ‘Be in natural environments could vary by as

much as 1.0%. 1he variation can be explained by a

change in electron density around the nucleus of Be
atom due to its association with different anions. and
hence different electronic polarizability and dipole
moments. Besides 'Be. some other nuclides having

nnponant geochemical applications (e.g., “Al, *°ClL,

K. etc.) also undergo electron capuue decav Thus,

decay rates of these nuclides may also depend on

their chemical forms. but the effect will probably be

smaller for heavier nuclides due to a better shield of

K-shell electrons by more electrons and shells.
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Effect of pressure on the decay rate of "Be

Lin-gun Liu*, Chih-An Huh

Institute of Earth Sclences, Academia Sinica, Nankang. Talpei, Taiwan, ROC

Received 10 February 2000: received in revised form 25 April 2000; accepted 11 May 2000

Abstract

Beryllium-7 in Be(OH)x gel was compressed in diamond-anvil pressure cells up to 442 kbar at room temperature. By
counting the activity of 'Be, the decay rate for the conversion of 'Be to "Li via electron capture was measured, The
decay constant of 'Be, A, was found to increase, but the rate of increase decrcased with increasing pressure. A quadratic
regression of the data yields (A—Ag VA = (.87 X 10 7)P—(5.9 X 10 "), where the subscript zero denotes zero pressure
and P stands for pressure in kilobar. Thus, 4 of “Be increases by about 1% at 400 kbar. The observed data set can be
rationalized by an increase in electron density near the nucleus of ‘Be at high pressures. This result may bear some
implications for the conversion of **K to **Ar, which has been widely adopted to date geological cvents.
Elsevier Science B.V. All nghts reserved.

Keywords: Be-7: radioactive decay: high pressure: gamma-ray spectroscopy
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The conversion of “K to ¥ Ar by electron cap-
ture has been widely adopted to date geological

events (e.g., [9-11)). If the eflect of pressure on the

decay rate of 'Be observed in the present study

also occurs mn ""K, and K-containing minerals

were subjected to high pressures during their geo-

logical history, the ages of these materials deter-

mined by the conventional dating method might

be overestimated. However, since 4 of 'Be in-

creases by about 1% at 400 kbar, it would be

expected that a similar effect on larger nuclides

such as WK would be smaller. We would like to

note here that, following our experiment on 'Be,

another experiment was performed on *Rb, a

much bigger nuclide undergoing electron-capture

decay. For a nuclide of this size, no measurable

changes were observed up to 420 kbar at room

temperature.
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Evidence of correlations between nuclear decay rates and Earth-Sun distance

Jere H. Jenkins ®, Ephraim Fischbach®", John B. Buncher?, John T. Gruenwald?, Dennis E. Krause®®,
Joshua J. Martes *

* Physics Department, Purdue University, 525 Northwestern Avenue, West Lafayette, Indigng 47907, LSA
" Physics Deportment, Wabash College, Crawfordsville, Indiana 47933, USA

ARTICLE INFO ABSTRACT
Article history: Unexplained periodic fluctuations in the decay rates of ¥Si and "Ra have been reported by groups at
Received 27 April 2009 Brookhaven National Laboratory (2511 and at the PHysiiliseh-Technis he-Bundesanstalt 1n Germany
:“:"‘b‘? 22"“‘", 20’:’ 008 (**"Ra ). We show from an analysis of the raw data in these experiments that the observed fluctuations
vallable online 30 May 20 are strongly correlated i time, not only with each other, but also with the tme of year, We discuss both
A - the possibility that these correlations arise from seasonal influences on the detection system, as well as
g’;‘:% the suggestion of an annual modulation of the decay rates themselves which vary with Earth-Sun
o distance.
goegd © 2009 Elsevier BV, All rights reserved.
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The correlations of the BNL and PTB data with 1/R?, as well as
with each other, do not in and of themselves point to an origin
for these effects. Not only are there several potential influences
which could depend on R, but additionally there are seasonal vari-
ations that roughly track with R even though the Earth-Sun dis-
tance is not their primary cause (-e.g. local seasonal
temperatures). Having previously addressed the possibility that
these correlations arise from seasonal fluctuations in the detectors
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Perturbation of nuclear decay rates during the solar flare of 2006 December 13

Jere H. Jenkins, Ephraim Fischbach*
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ARTICLE INFO ABSTRACT
Article history: Recently. correlations have been reported between fluctuations in nuclear decay rates and Earth-Sun dis-
3 Received 2 Apeil 2009 tance, which suggest that nuclear decay rates may be affected by solar activity. In this paper, we report
Received '"ﬁ""""" form 20 Apeil 2009 the detection :lﬁ.?;ngmﬁum decrease in the decay of “Mn during the solar flare of 2006 December 13,
:\‘:Eb(: inlﬁ_l‘:'; mm Whose X-rays were hist recorded at 02; 37 UT (21:37 EST on 2006 December 12) Our detector was a 1 uc
sample of a\rln whose decay rate exhibited a dip coincident in time wu(h_sgnkcs in both the X-ray and
- - subsequent charged particle fluxes recorded by the Geostationary Operational Environmental satellites
;:’?;‘"m' GOES L A secondary peak in the X-ray and proton ﬂuxes on December 17 at 12:40 EST was also accom-
Pocticto endision: Siui = SOIeMe Feaitions iﬁanu:d $ a comcident asg in the “Mn dccay rate. These observations smh;claim byjcnhns et al.
Neutrinos: physical processes that nuclear decay rates may vary with Earth-sun distance.
© 2009 Elsevier B.V. All rights reserved.
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5. Summary

In summary, the observed decrease in the **Mn counting rate
on 2006 December 13, which was coincident in time with a solar
flare, is not likely the result of a statistical fluctuation, or of some
conventional instrumental effect. This suggests that this phenom-
enon represents a response of the decay itself to a change in solar
activity. The present work thus supports the earlier work of [7),
who observed a correlation between decay rates and Earth-Sun
distance. Although this correlation has been called into question
in two recent pa-pers by Cooper [14] and by Norman et al. [15], it
is supported by data presented in an earlier paper by Ellis [16].
These papers, and others, will be discussed in more detail else-
where (Fischbach et al., in preparation). Independent of these pa-
pers, the inference of a correlation between the *Mn decay rate
and solar flares can be tested in a number of ways, most obviously
by searching for a similar effect in future solar flares.
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