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Abstract. The Brink-Axel (BA) hypothesis is a foundational assumption in nuclear structure
and astrophysics, postulating that the γ-ray strength function (GSF) for photo-absorption de-
pends solely on the γ-ray energy and is independent of the excitation energy of the nucleus.
However, experimental studies across various mass regions have produced conflicting results re-
garding its validity. In this work, we test the Brink-Axel hypothesis in the 139La nucleus using
particle-γ coincidence data from the 139La(3He,3He’γ)139La reaction measured at the Oslo Cy-
clotron Laboratory. Primary γ-ray spectra were extracted for a range of excitation energies below
the neutron separation energy. In particular, the γ-ray strength functions (γSFs) were studied as
a function of initial excitation energy over the γ-ray energy interval 1.5 ≤ Eγ ≤ 8.5 MeV. The
extracted GSFs show consistent slope and magnitude across all initial excitation energy bins,
indicating no dependence on the populated nuclear states. These results provide experimental
support for the Brink–Axel hypothesis in 139La and contribute to the broader effort to determine
the conditions under which the GSF exhibits excitation-energy dependence.

1 Introduction
The γ-ray strength function (GSF) characterizes the average probability of a nucleus undergoing γ decay or pho-
toabsorption, expressed as a function of the γ-ray energy. It is very useful in the quasi-continuum region, where
the density of quantum states is very high and their wave functions are very close to each other and impossible to
resolve experimentally. The downward (γ decay) γ-ray strength f(Eγ) ↓ is related to the average partial γ decay
width Γ and the nuclear level density ρ(Ei, J

π) at the initial excitation energy Ei according to

f(Eγ) ↓=
Γ(Ei, Eγ) ρ(Ei, J

π)

E2λ+1
γ

, (1)

where λ denotes the multipolarity of the transition. Conversely, the upward (γ absorption) strength f(Eγ) ↑ is
linked to the photoabsorption cross section ⟨σ(Eγ)⟩ via

f(Eγ) ↑=
⟨σ(Eγ)⟩

3(πh̄c)2Eγ
, (2)

where the quantities h̄ and c are the reduced Planck’s constant and the speed of light, respectively. The f(Eγ) ↓
and f(Eγ) ↑ are identical according to the principle of detailed balance, given that the same states are populated.

Furthermore, the generalized Brink-Axel (gBA) hypothesis, which is a modified version of the original Brink
hypothesis, suggests that the upward and downward strengths do not depend on the properties of the initial



and final states of a nucleus, such as excitation energy, spins and parities, but on the energy of a γ ray that the
nucleus emits or absorbs [1, 2]. The gBA is very critical in nuclear physics and nuclear astrophysics because
some experimental methods, such as the Oslo method [3] and ratio method [4], used to measure GSF are based on
the assumption that the gBA is true across the nuclear chart. However, various studies have reported controversial
results on the validity of the gBA. For instance, the work of Refs. [5, 6, 7] contradicted the generalized Brink-Axel
hypothesis, while the results of Refs. [8, 9, 10] agree with the gBA hypothesis. Thus, the gBA is still questionable
and needs to be thoroughly tested across the nuclear chart, as stated by Ref. [8].

In this paper, we report on the first experimental test of the validity of the generalized Brink–Axel hypothesis
in 139La nucleus. In particular, we investigated the dependence of the downward γ-ray strength function on the
initial excitation energy Ei.

2 Experimental methods
This work utilizes experimental data acquired at the Oslo Cyclotron Laboratory, as documented in Refs. [11],
originally collected by researchers from iThemba LABS and the Oslo group for a different research purpose. A
self-supporting, natural 139La target with a thickness of 2.5 mg/cm2 was bombarded with a 38 MeV 3He beam
to populate excited states in 139La via the inelastic scattering reaction 139La(3He, 3He′)139La. Charged particles
were detected using the SiRi array [12], which consists of 64 ∆E–E silicon detector telescopes, with thicknesses
of 130 µm and 1550 µm for the front and back detectors, respectively. The array was positioned 50 mm from the
target at a laboratory angle of θlab = 47◦ with respect to the beam axis, covering a total solid angle of approxi-
mately 6%. Coincident γ rays were recorded using the CACTUS array [13], consisting of 26 collimated 5′′ × 5′′

NaI(Tl) detectors arranged spherically around the target position. The total γ-ray detection efficiency of the array
was 14.1% at Eγ = 1.3 MeV.

Particle–γ coincidence events were recorded within a 3 µs acquisition window, and a refined offline time gate
of 50 ns was applied during analysis to suppress random coincidences for 139La data. The measured 3He energies
were converted to excitation energies Ei of the residual 139La nucleus using kinematics and Q-value of the reaction.
Figure 1 depicts the first-generation matrix of 139La obtained from the measured particle-γ coincidence events
using the first generation method of Ref. [14]. This matrix displays the intensity of primary γ rays as a function of
excitation energy Ex and Eγ .

The first generation matrix comprises first generation γ spectra g(Ei, Eγ) which results from primary γ rays
emitted at initial excitation energy Ei. These are normalized such that the likelihood of the nucleus to emit a γ ray
of energy Eγ is given by

P (Ei, Eγ) =
g(Ei, Eγ)∑
Eγ

g(Ei, Eγ)
, (3)

In this work, we focus on studying the dependence of GSF on the initial excitation energy using the formalism
derived by Ref. [8]. In particular, we began by extracting the γ-ray transmission coefficient T (Ei, Eγ), from
the first generation matrix shown in figure 1, as a function of initial excitation energy and γ ray energy using the
equation

T (Ei, Eγ) =
N(Ei)P (Ei, Eγ)

ρ(Ei − Eγ)
, (4)

where ρ(Ei − Eγ) is the nuclear level density of initial excitation energy obtained using the Oslo Method,
while N(Ei) is a normalization parameter given by

N(Ei) =

∫ Ei

0
T (Eγ)ρ(Ei − Eγ) dEγ∫ Ei

0
P (Eγ , Ei) dEγ

. (5)

Thus, the dependence of GSF on the initial excitation energy is obtained using

f(Eγ) =
T (Eγ)

2πE3
γ

. (6)

This method allowed for the extraction of GSF at narrow initial excitation energy bins of 105 keV width. Thus,
allowing a detailed investigation of the dependence of GSF 139La on initial excitation energy.
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Figure 1: Primary γ-ray matrix of 139La, showing γ-ray energy (Eγ) as a function of excitation energy (Ex).Primary
matrix of .The horizontal red line marks the neutron separation energy (Sn) of the nucleus.

3 Results and Discussion
The experimental results on the dependence of the γ-ray strength function (γSF) of 139La on the initial excitation
energy Ei, as obtained through the high-resolution analysis of the primary γ-ray matrix are presented. The γSFs
were extracted following Eqs. (3)–(5), starting from the normalized first-generation probability matrix P (Eγ , Ei),
which was constructed from the unfolded primary γ-ray matrix g(Ei, Eγ) shown in Fig. 1.

Figure 2 shows the γSFs extracted for six initial excitation energy bins: (a) 3.85 MeV, (b) 4.12 MeV, (c) 4.40
MeV, (d) 4.67 MeV, (e) 4.94 MeV, and (f) 5.22 MeV. The experimental data points (black) are compared to the
standard Oslo Method result (blue curve), representing an average strength function of 139La over a wide excita-
tion range. The standard Oslo Method data drops sharply to zero around to zero around Eγ ≈ 1.8 MeV and Eγ ≈
8.4 MeV, as these represent the minimum and maximum of γ-ray energies where the standard Oslo Method was
applied. Across all Ei bins, the shape and magnitude of the γSFs agree closely with the standard result. This
agreement implies that the γ strength function is independent of the initial excitation energy. This finding supports
the generalized Brink–Axel (gBA) hypothesis, which posits that the dipole γ-strength function depends solely on
Eγ and not on the specific nuclear configurations involved.

The results for 139La are in line with previous findings for 138La [10], reinforcing the validity of the gBA
hypothesis in the A ≈ 138 − 139 region. They also confirm the reliability of the Oslo Method for investigating
statistical γ decay in odd-mass rare-earth nuclei.

Conclusion
This study offers strong experimental evidence in support of the Brink–Axel hypothesis, which asserts that the
γ-ray strength function depends solely on the γ-ray energy and not on the properties of the nuclear states involved.
Using particle–γ coincidence data from the 139La(3He,3He’γ)139La reaction measured at the Oslo Cyclotron Lab-
oratory, we extracted primary γ-ray spectra over a range of excitation energies below the neutron separation energy.
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Figure 2: The γ-ray strength function of 139La at different initial excitation energies.

The γSFs were evaluated as a function of initial excitation energy within the interval 1.5 ≤ Eγ ≤ 8.5 MeV. The
extracted γSFs exhibit consistent slope and magnitude across all excitation energy bins, showing no dependence
on the populated nuclear states. These findings provide experimental support in confirming the Brink Axel hy-
pothesis in 139La and contribute to the broader effort to understand the conditions under which the γSF remains
independent of excitation energy.

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of
Nuclear Physics, under Contract No. DE-AC02-05CH11231.
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[5] J. Isaak, D. Savran, M. Krtička, M. Ahmed, J. Beller, E. Fiori, J. Glorius, J. Kelley, B. Löher, N. Pietralla et al.,
“Constraining nuclear photon strength functions by the decay properties of photo-excited states,” Physics
Letters B, vol. 727, no. 4-5, pp. 361–365, 2013.

[6] L. Netterdon, A. Endres, S. Goriely, J. Mayer, P. Scholz, M. Spieker, and A. Zilges, “Experimental constraints
on the γ-ray strength function in 90zr using partial cross sections of the y89 (p, γ) zr90 reaction,” Physics
Letters B, vol. 744, pp. 358–362, 2015.

[7] J. Isaak, D. Savran, B. Löher, T. Beck, M. Bhike, U. Gayer, N. Pietralla, M. Scheck, W. Tornow, V. Werner
et al., “The concept of nuclear photon strength functions: A model-independent approach via (γ→, γ γ )
reactions,” Physics Letters B, vol. 788, pp. 225–230, 2019.

[8] M. Guttormsen, A.-C. Larsen, A. Görgen, T. Renstrøm, S. Siem, T. G. Tornyi, and G. M. Tveten, “Validity of
the generalized brink-axel hypothesis in np 238,” Physical Review Letters, vol. 116, no. 1, p. 012502, 2016.



[9] L. C. Campo, M. Guttormsen, F. B. Garrote, T. K. Eriksen, F. Giacoppo, A. Görgen, K. Hadynska-Klek,
M. Klintefjord, A.-C. Larsen, T. Renstrøm et al., “Test of the generalized brink-axel hypothesis in ni 64, 65,”
Physical Review C, vol. 98, no. 5, p. 054303, 2018.

[10] B. Kheswa, “The rigorous test of the generalized brink–axel hypothesis in the a= 138 nuclear mass region,”
Acta Physica Polonica B, vol. 54, no. 8, pp. 8–A1, 2023.

[11] B. V. Kheswa, M. Wiedeking, F. Giacoppo, S. Goriely, M. Guttormsen, A.-C. Larsen, F. B. Garrote, T. K.
Eriksen, A. Görgen, T. W. Hagen et al., “Galactic production of 138la: Impact of 138,139 la statistical
properties,” Physics Letters B, vol. 744, pp. 268–272, 2015.

[12] M. Guttormsen, T. Ramsøy, and S. Siem, “The silicon particle-telescope system at ocl,” Physica Scripta, vol.
T107, pp. 179–182, 2004.

[13] M. Guttormsen, L. Bergholt, J. Rekstad, and T. Tveter, “The cactus multidetector system at ocl,” Physica
Scripta, vol. T32, pp. 54–60, 1990.

[14] M. Guttormsen, T. Ramsøy, and J. Rekstad, “The first generation of γ-rays from hot nuclei,” Nuclear Instru-
ments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment, vol. 255, no. 3, pp. 518–523, 1987.


