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Environmental effects on nuclear decay rates *
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Abstract: The possible change of nuclear decay rates in different environments has long been an interesting

topic due to its importance not only in nuclear physics but also in astrophysics, geological dating, condensed

matter physics, etc. The progress in the investigation of variations in nuclear decay rates are reviewed.
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1 Introduction

Although in textbooks and handbooks the decay

rate of a radioactive nuclide is depicted by the de-

cay constant, the possible decay rate perturbation by

the change in atomic electrons due to the physical or

the chemical state of the atom has been an interesting

subject for more than one hundred years. A large vol-

ume of work in this subject have been published since

the discovery of radioactivity. The reviews of earlier

theoretical and experimental investigations have been

presented by several authors [1–6]. In the last decade,

some remarkable results in both theoretical and ex-

perimental investigations of the environmental effects

on nuclear decay rates have appeared. It may be use-

ful to have a review of recent progresses.

2 Early investigations

Soon after the discovery of radioactivity, starting

from Bequerel’s experements with uranium cooled to

the boiling point of liquid air(−185 ℃) [7], a large

number of studies were conducted, trying to inter-

fere with the decay rate of a radioactive nuclide by

different physical and chemical environments, such as

temperature as low as −255 ℃ and as high as 1350 ℃,

pressure from 300 atm to 2000 atm, a magnetic field of

4.5 T, strong electric fields, different altitudes, accel-

eration to 970000 g, radiation by X-, β-, γ-rays, etc.

In one experiment, the radioactive substance was put

in a steel encased Cordite bomb where a temperature

of 2500 ℃ and a pressure of 1200 atm were expected

to occur. Although more than 80 papers on the sub-

ject appeared in the first three decades of the last

century, none of them could unambiguously show the

variation in decay rates.

In 1947, Segrè [8] and Daudel [9] pointed out inde-

pendently that the radiative decay constant by elec-

tron capture is proportional to |ψ|2 of the electrons

near the nucleus, and that in the case of light el-

ements like 7Be, it may be possible to change this

quantity by an appreciable amount by putting the
7Be into different chemical compounds, and then the

half-life of 7Be in different compounds would be al-

tered accordingly. Daudel [9] mentioned also that

the atomic electron density may affect the internal

conversion and hence the decay rate of an isomeric

state. Their work stimulated interest in this field. Ex-

perimental results from different laboratories pro-

vided supporting evidence for their predictions, es-

pecially Johlige et al. [10], using seven pairs of Be

compounds, each with a different chemical compo-

sition. They found a large difference in the decay

constants of 7Be ∆λ/λ(Be)=(1.852±0.082)×10−3 be-

tween Be4O(CH3COO)6 and (BeF2)amorph. Hensley

et al. [11] reported that when applying a high pres-

sure of up to 270 kilobars to 7BeO, the decay rate of
7Be increased by 0.59%. The influence of the shift of

electronic environments on the decay rate of an iso-

mer was first examined by Bainbridge et al. [12] with
99mTc. Meanwhile Slater [13] provided a theoretical
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explanation and supporting evidence for the work of

Bainbrige et al.

The rates of nuclear decay by α and β emis-

sions might be influenced by the perturbation of the

Coulomb barrier caused by the change in the electron

density near the nuclei. Some diverged theoretical

estimations of the rate change in α decay were pub-

lished [14, 15]. The chemical effects on the β decay

calculated by Alder et al. [16] produced the values ly-

ing in the range 10−4 to 10−5. However, no concrete

experimental results were available.

3 High precision measurements

In previous experimental studies, ionization cham-

bers or NaI detectors were used in the 7Be decay rate

measurements. The reported errors of about 1%–

0.1% resulting from the measurements with those de-

tectors prohibited the precision of the subtle decay

rate variation of 7Be in different physical and chemi-

cal environments. Due to the importance of the decay

rate of 7Be in many areas of science, such as nuclear

physics, astrophysics, geology, environment and con-

densed matter, and the availability of high purity ger-

manium detectors, after about two decades of silence,

experimental investigations on the variation of the de-

cay rate of 7Be in different environments revived.

Using an HPGe γ-ray spectrometer system, Huh

et al. [17] measured with a high precision (of ±0.01%)

the half life of 7Be in Be2+(OH2)4, Be(OH)2 and BeO

to be T1/2=53.69 d, 53.42 d and 54.23 d, respectively.

So the observed variation of the decay rates of 7Be is

as much as 1.5%. The same researchers also reported

increases at the 1% level in the 7Be decay constant

for Be(OH)2 gel exposed to pressures of up to 400

kbar [18]. Tossell [19] calculated the electron den-

sities at the Be nucleus in a number of oxidic com-

pounds and found that the variations in the electron

densities are only at the 0.1%–0.4% level. This result

raised doubts about experimental results by Huh et

al.. However, Tossell in the same work estimated the

effects of Be-O bound compression in Be(OH)2−
4 on

the energy and the electron density at the nucleus,

and indicated that several hundred kbar of pressure

could increase the electron density by 1% or more,

qualitatively consistent with the results obtained by

Liu et al. with the Be(OH)2 gel.

Considering that if 7Be is implanted in a medium

having high effective electron affinity (EA), the beryl-

lium should lose a significant fraction of its 2 s elec-

trons as a result of its interaction with nearby medium

atoms, Ray et al. [20] measured the difference in the

decay constant of 7Be implanted in Au, which has a

high electron affinity, and that in Al2O3, which has

lower electron affinity, and found the former is smaller

than the latter by (0.72±0.07)%. They also analyzed

this result as well as others using the linear muffin-tin

orbital (LMTO) method and Hartree’s calculations to

quantitatively explain the results. In the same paper,

Ray et al. claimed that the results suggest the pre-

dicted 8B solar neutrino flux should be 1.9% lower

than the standard value.

Norman et al. [21] measured the decay rate of
7Be implanted in host materials of graphite, boron ni-

tride, tantalum, gold, lithium fluoride and aluminum

and obtained the half-lives 53.107±0.022, 53.174±

0.037, 53.195±0.052, 53.311±0.042, 53.12±0.07 and

53.17±0.02, respectively. The resulting decay rates

in those host materials show changes of up to 0.38%,

which is about half of that seen between Al2O3 and

Au by Ray et al. Norman et al. also argued that the

size of the possible correction for the decay rate of
7Be due to the measurement in different host mate-

rials was considerably smaller than the experimental

uncertainty in the rate for the competing 7Be (p, γ)
8B reaction, so the observed variations in the 7Be de-

cay rate should not warrant changing the predictions

for the flux of 8B solar neutrinos [21]. In response to

Norman et al., Ray et al. [22] pointed out that the

apparent disagreement between the two sets of exper-

imental results could be due to the choice of different

reference samples, and the irradiation damage to the

lattice structure in the case of using heavy ion beams

for 7Be implantation might also be responsible.

To test the decay rate variation of 7Be in host

materials with different electron affinities, Liu Z et

al. [24] implanted the 7Be ejected from 7Li(p,n)7Be

reactions in natural beryllium (EA=−0.19 eV) and

gold (EA=2.308 eV) and found no difference in the

decay rate of 7Be in the two hosts with the experi-

mental precision of 0.12%. To explain the result, the

author suggested that the different lattice structures

of Be and Au should be taken into account along with

the electron affinity.

Souza et al. [23] measured the difference in the de-

cay rate for 7Be implanted in Li and Ta. The result

∆λ/λ=(0.71±0.31)% was smaller than that expected

from the comparison of the electron densities of tan-

talum and lithium (ρe(Ta) ≈30 ρe(Li)). They postu-

lated that the small decay rate variation that might

be due to the change in density of valence electrons at

the nucleus could be balanced by the change in the ex-

change and overlap correction factors as Boruta and

Makariunas [25] had calculated.
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Nir-EI et al. [26] measured the decay rate of 7Be

implanted in four materials: copper, aluminum, sap-

phire and PVC. They found no host material depen-

dence within 1σ.

There are two papers published concerning the
7Be decay rate in C60. Ohtsuki et al. [27] measured

the 7Be decay rates in C60 and in metal Be. They

observed that the half-life obtained for 7Be in C60,

T1/2 = 52.68±0.05 days, is 0.83% shorter than in Be

metal. They attributed this result to the special envi-

ronment in the C60 cage such as the many π electrons

in C60 and the special dynamic conditions of the elec-

trons inside the C60 cage. Ray et al. [28] measured

the change in the 7Be decay rate in exohedral and

endohedral C60 fullerene compounds and found that

the half-life of the endohedral 7Be@C60 complex was

shorter than that of the exohedral complex by 1%.

Suggesting that the enhanced electron screen-

ing, which had been observed in d(d, p)t reac-

tions in metallic environments [29], may also af-

fect the decay rates for radioactive nuclei, Zhou et

al. [30] measured the decay rate variation of 7Be

implanted in Pd and Au host materials. Pd and

Au have similar crystal structure but different elec-

tron affinity (EAPd=0.56 eV, EAAu=2.31 eV) and

different screening potentials (Ue(Pd)=800±90 eV,

Ue(Au)=280±50 eV), and the extracted effective elec-

tron number surrounding each implanted deuteron in

Pd is larger (6.3±1.3) than that for Au (0.9±0.3).

Both the differences in electron affinity and the ef-

fective electron density favor a larger decay rate of
7Be in Pd than in Au. In that experiment, 28.4 MeV

radioactive 7Be beams were used to implant the 7Be

ions into the Pd and Au hosts. The annealing process

was performed to remove the damage in the lattice

structure of the host materials. The 478 keV γ-rays

resulting from the decay of 7Be in Pd and Au were si-

multaneously measured with two sets of HPGe detec-

tors. The measurements were conducted for 54 days,

and then the positions of the two source samples were

interchanged and the measurements were conducted

again for 81 days. The observed decay rate of 7Be in

Pd was larger than that in Au by (0.8±0.2)%.

4 Test of the Debye model prediction

Using the plasma Debye model for α-decay, Raiola

et al. [31] predicted that the half-life of the α-decay

of 238U in a cooled metal environment could be de-

duced by a factor of 3.2. Kettner et al. [32] predicted

that for the α-decay and β+-decay, one might observe

a shorter half-life due to the acceleration mechanism

of the Debye electrons for these positively charged

particles similar to the protons, deuterons or 3He in

the fusion reactions, while for the β−-decay and elec-

tron capture process, one could observe a longer half-

life due to the deceleration for the negatively charged

particles, and that if the α-decay 210Po→ α+206Pb

(T1/2=138 days) happens in a metal cooled to T=4

K, the half-life would be shortened to 0.5 days; for
226Ra →α + 222Rn (T1/2=1600 years) would become

T1/2=1.3 years.

For the electron screen effect on α-decay, there

are some other theoretical predictions. Zinner [33] us-

ing quantum mechanical tunneling arguments showed

that although the electron screening effect causes

the effective screened potential lower than the pure

coulomb barrier and thus reduces the tunneling path,

the screening effect also makes the α-decay energy

lower and thus increases the tunneling path. So the

screening effect on reducing the α-decay half-life is

likely very small, if present at all. Liolios [34] pre-

dicted that ultrastrong magnetic fields and dense as-

trophysical plasmas can reduce the half-life of α-

decaying nuclei by many orders of magnitude and

in that kind of environment the conventional Geiger-

Nuttall law is modified so that all relevant half-lives

are shifted to dramatically lower values.

Encouraged by the possible benefit to the ra-

dioactive waste disposal management, several exper-

iments on the measurements of half-lives of radioac-

tive nuclei implanted in metals cooled to around 12 K

were performed or planned to test the plasma De-

bye model predictions. Wang et al. [35] measured the

half-life of 7Be in metallic and non-metallic environ-

ments cooled to T =12 K. The observed half-life is

increased by (0.9±0.2)% (7Be in Pd) and (0.7±0.2)%

(7Be in In), while the half-life is unchanged for 7Be

in Li2O. The trend of the results accords with the

expectation from the Debye plasma model, but the

value is much smaller than expected. The possible

contribution from the Debye electrons themselves and

the oxygen or hydrogen contamination in the metal

hosts were discussed. In addition, the β− decay half-

life of 198Au in Au cooled to T = 12 K was ob-

served to be longer by (4.0±0.7)% than the literature

value [36]. The β-decay half-life of 22Na implanted

in the palladium host cooled to 12 K was found to

be shorter by (1.2±0.2)% [37] and when cooled to

15 K by (0.46±0.14)% [38], while implanted in alu-

minum cooled to 90 K was found to be shorter by

(0.70±0.45)% [39].
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Riola et al. [40] measured the α-decay half-life of
210Po inside the metal Cu at room temperature and

cooled to T=12 K. The result shows that the half-

life for 12 K is shorter by (6.3±1.4)% than at room

temperature.

5 Summary

The attempts to change the half-lives of radioac-

tive nuclei can be classified into two categories:

changing the electron density at the nucleus; and

accelerating/decelerating the decay processes by the

plasma electrons in a cooled metallic environment.

The experimental results from the measurements of
7Be in different chemical forms and implanted in host

materials with different effective electron affinities

have shown the variation in the decay rate around the

1% level. While the linear muffin-tin orbital method

can be used for a rough estimate of the variation of

the electron capture decay rate in different hosts, the

plasma Debye model unreasonably over-estimates the

variations of the α-decay rates by the electron screen-

ing effect in cooled metals.
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