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We introduce a new method for the study of fluctuations of partial transition widths based on nuclear
resonance fluorescence experiments with quasimonochromatic linearly polarized photon beams below
particle separation thresholds. It is based on the average branching of decays of J ¼ 1 states of an even-
even nucleus to the 2þ1 state in comparison to the ground state. Between 5 and 7 MeV, a constant average
branching ratio for γ decays from 1− states of 0.490(16) is observed for the nuclide 150Nd. Assuming
χ2-distributed partial transition widths, this average branching ratio is related to a degree of freedom of
ν ¼ 1.93ð12Þ, rejecting the validity of the Porter-Thomas distribution, requiring ν ¼ 1. The observed
deviation can be explained by nonstatistical effects in the γ-decay behavior with contributions in the range
of 9.4(10)% up to 94(10)%.
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Introduction—Random matrix theory (RMT) provides a
comprehensive framework for the description of complex,
chaotic quantum systems [1,2]. It is exploited across
various domains of physics ranging from the statistical
treatment of nuclear reactions [3] to recent applications in
quantum computing [4–7]. Developed by Wigner [8] and
Dyson [9–11], RMT considers Hamiltonian matrices with
randomly distributed matrix elements. An ensemble of
such matrices allows for the extraction of statistical

properties such as the distribution of level spacings and
partial quantum transition widths. Of particular interest
are Gaussian-distributed matrix elements, resulting in χ2-
distributed partial transition widths Γi (see Supplemental
Material [12]). The symmetries conserved by the inter-
action determine the degree of freedom ν of the χ2

distribution. For integer-valued angular momentum and
good time-reversal symmetry, an orthogonal Hamiltonian
with a Gaussian orthogonal ensemble (GOE) is obtained,
resulting in a χ2 distribution with one degree of freedom
(ν ¼ 1), which is commonly referred to as the Porter-
Thomas (PT) distribution [17].
A multitude of applications requires information on

statistical properties of nuclear reaction rates. They are
needed for quantitative estimates of astrophysical nucleo-
synthesis processes [18,19], for the simulation of nuclear
fuel cycles for reactor design [20] and the transmutation of
nuclear waste [21], or for nuclear safeguards [22]. Correctly
predicting nuclear reaction rates requires nuclear structure
information, including nuclear level densities, and fluc-
tuation properties of partial transition widths. Nuclear
reaction models that are based on the Hauser-Feshbach
formalism [23] and corresponding computer codes, such as
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Talys-2.0 [24], rely critically on the validity of approximating
statistical quantum properties by RMT and the PT distri-
bution. Therefore, it is essential to benchmark statistical
nuclear properties with accurate and reliable nuclear data.
One important aspect in the practical application of

Hauser-Feshbach codes is the fluctuation property of partial
transition widths. Neutron-induced nuclear reaction cross
sections provided a vast amount of precision data.
Experimentally, the applicability of PT fluctuations has
been extensively studied in thermal neutron capture experi-
ments [25–37]. An analysis of the nuclear data ensemble
(NDE) of neutron resonances [25] to validate the PT
distribution finds good agreement between GOE predictions
and experimental data. However, recent studies and
thorough reanalyses of the NDE revealed significant devia-
tions from PT predictions; see, e.g., Refs. [26,27,30,32].
The observed degrees of freedom of the underlying χ2

distribution vary between ν ≈ 0.5 [30] and ν ¼ 2.7ð6Þ
[28,29,34] and deviate significantly from the PT distribution
with ν ¼ 1. Explanations were suggested that involved
coupling to other decay channels such as nonstatistical γ
decays. These, in turn, result in a significant modification of
partial transition width distributions (see Refs. [31,35,36]
and references therein).
Another fundamental question in quantum many-body

physics is whether chaotic strongly coupled quantum
systems are adequately understood, particularly those in
which nuclear deformation is expected to preserve K
quantum numbers. The influence of the K quantum num-
bers on γ decay subsequent to thermal and average-
resonance neutron capture is a subject of considerable
debate [38–42]. It is often expected that nuclear levels at
excitation energies in the region of neutron resonances are
completely mixed and thus exhibit a chaotic quantum
structure. While it is commonly assumed that the γ-decay
behavior is well described within a statistical ansatz, the
authors of Refs. [38,41,42] observed a K dependence of
the γ decay to low-lying nuclear levels contradicting the
hypothesis that the neutron-resonance states are completely
mixed with respect to K. In other works [39,40], the same
experimental observations were argued to be in agreement
with the statistical model. Still, the impact of theK quantum
number in highly excited deformed nuclei is not yet fully
understood.
To date, no experimental data exist for width fluctuations

below neutron separation thresholds in deformed nuclei.
This region is particularly interesting because it contains
the onset of the quasicontinuum region. There, the nuclear
spectra transition from a few individual states at low
excitation energies to an ensemble of states at high
excitation energies. The latter are assumed to be well
described by the ansatz of the Hauser-Feshbach statistical
model [23]. Photon-scattering reactions are frequently used
to extract statistical nuclear information below particle
thresholds including photon strength functions (PSFs)

[13] and other γ-decay properties, that are essential input
to statistical model codes [24,43,44].
In this Letter, we present a quantitative study of partial

width fluctuations of particle-bound 1− states in the energy
region primarily associated with the concentration of E1
strength called the pygmy dipole resonance (PDR) [45–47].
It is the aim of this work to investigate whether the decays of
1− states in this energy region can be treated as chaotic or if
a certain degree of K dependence is present in the studied
case of 150Nd. For this purpose, a new method was
developed to study fluctuations in partial transition widths.
It relates the average branching ratio of internal γ-decay
transitions to the degree of freedom ν of the χ2 distribution.
Experiment and results—Nuclear resonance fluorescence

(NRF) experiments [48,49] were performed at the Triangle
Universities Nuclear Laboratory (TUNL) with the High
Intensity γ-ray Source (HIγS) [50]. The facility provides
quasimonochromatic photon beams from laser-Compton
backscattering (LCB) in the MeV range. The machine was
operated in a new high-resolution mode. It reduces the
spectral bandwidth of the photon beam to about 1.8% by
optimizing the electron beam parameters and using nar-
rower apertures for the Compton-scattering geometry at the
expense of photon-flux intensity. The linearly polarized,
quasimonochromatic MeV-ranged photon beams were scat-
tered off a target composed of 11.583(1) g of Nd2 O3

enriched to 93.60(2)% of 150Nd. The target was mounted in
the γ3 setup for γ-ray spectroscopy [51]. It was equipped
with four high-purity germanium (HPGe) detectors placed
at polar angles ϑ and azimuthal angles φ with respect to the
beam direction and its horizontal polarization plane of
ðϑ;φÞ∈ fð90°; 90°Þ; ð90°; 180°Þ; ð135°; 45°Þ; ð135°; 315°Þg.
Four lanthanum bromide (LaBr3) detectors were placed at
ðϑ;φÞ∈ fð90°; 0°Þ; ð90°; 270°Þ; ð135°; 135°Þ; ð135°; 225°Þg.
A further HPGe “zero degree” detector was regularly
inserted into the attenuated photon beam to briefly measure
the spectral distribution for each photon beam energy
setting.
The nuclide of interest, 150Nd, is close to the shape

transitional point from spherical to prolate-deformed nuclei
[52]. The energy of its 2þ1 state is comparatively low at
130 keV. The separation of γ transitions from excited states
to the 0þ1 and 2þ1 states of the ground band was made
possible by the recently developed high-resolution mode of
HIγS. The spectral distribution of the LCB beam exhibits
spatial variations and, thus, can be influenced by the
collimation aperture [53]. Therefore, the collimator radius
was reduced from 9.525 mm to 5 mm as the photon beam
energy was increased from 3 MeV to 7 MeV. This
guaranteed a beam resolution of less than 130 keV. The
high resolution of the LCB beam significantly reduces the
overlap between the two humps containing transitions from
excited states to the 0þ1 state and to the 2þ1 state, respectively
(see Fig. 1). It enables us to separate decays from excited
states to the 0þ1 ground state and the 2þ1 state in integral
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spectroscopy [54,55], i.e., without resolving individual
transitions at all beam energies.
All spectra contain a significant signal from elastic photon

scattering at the energy of the incident beam. It consists of
contributions from excited 1þ and 1− states, each with its
own distinct angular distribution [56,57] with respect to
HIγS ’s linearly-polarized photon beam [58]. Excitations of
J > 1 states are negligible in NRF reactions due to the
minimal angular-momentum transfer of real photons [49].
Indeed, the observed angular intensity distributions agree
with pure dipole radiation. A second hump, shifted to a
lower energy by the excitation energy of the 2þ1 state of
Eð2þ1 Þ ≈ 130 keV, corresponds to decays of excited states to
the 2þ1 state. A fit-based method was applied to decompose
the spectrum into its individual components. This was
combined with the correction of the detector response into
a single optimization procedure per energy setting, taking
into account data from all detectors. It was assumed that the
fragmentation of states in the studied energy range is
sufficiently high, such that the excitation strength is distrib-
uted approximately uniformly across the energy range
defined by the spectral beam profile. The latter was
measured for each photon beam energy setting using the
zero-degree detector. The detector responses were measured,
simulated numerically, and subsequently corrected for. The
(angular-distribution specific) detector response matrix was
simulated for each detector using GEANT4 [59–61]. To
reproduce the observed spectrum, the detector response is
applied separately to the four distinct decay branches
(1þ → 0þ1 ; 1

− → 0þ1 ; 1
þ → 2þ1 ; 1

− → 2þ1 ). Natural back-
ground radiation and atomic scattering of the photon beam
from the target were taken into account, although they are

negligible in the vicinity of the full-energy peak. NRF
reactions on 12C and 16O target contaminants are corrected
for using their respective detector responses and angular
distributions. The fit simultaneously minimizes the deviation
between the observed spectra and the reproduction for all
detectors, taking into account the observed background. Fit
parameters are the number of counts of the four humps.
The measured experimental average cross sections σexp

are the sum of nonresonant elastic scattering processes and
NRF processes [62], σexp ≈ σcoh þ σNRF. For low nuclear
level densities (NLDs) without overlapping levels, this
equality is exact [63]. Only at higher NLDs in the
continuum region of, e.g., the isovector giant dipole
resonance (IVGDR) [64,65], an additional term arises
from the interference between coherent elastic scattering
and NRF scattering amplitudes [66,67]. In the absence of
overlapping NRF resonances, the contributions from con-
structive and destructive interference cancel each other in
integral spectroscopy and the interference term vanishes.
Multiple coherent elastic scattering processes can occur:
Delbrück, Rayleigh, and Thomson scattering. Delbrück
and Rayleigh scattering can be neglected for the present
measurement [68] because they become significant only at
very forward scattering angles where no data were taken.
Only nuclear Thomson scattering contributes significantly
to the experimentally observed cross sections [69]. Its
angular distribution is indistinguishable from E1 ground-
state transitions for an even-even nucleus. Thus, averaged
cross sections for E1 ground-state transitions, as deter-
mined by the aforementioned fit procedure, were corrected
for by the energy-independent Thomson cross section
σThomson ¼ 8π=3ðZ2αℏc=Mc2Þ2 ¼ 0.115 mb for 150Nd. A
table with the results from the integral spectroscopy
analysis is provided in Supplemental Material [12].
The measured average branching ratio defined in

this Letter

hRexpi ¼
P

iI2;iP
iI0;i

E3
γ0

E3
γ2

¼
P

iΓ0;i
Γ2;i

Γi
P

iΓ0;i
Γ0;i

Γi

E3
γ0

E3
γ2

ð1Þ

depends on the energy-integrated NRF cross sections I2;i
and I0;i for photoexcitation of a state i from the ground state
and subsequent decay to the 2þ1 state and to the ground
state, respectively. It is, thus, related to the partial transition
widths to the ground state Γ0;i, to the 2þ1 state Γ2;i, and the
total transition width Γi of all levels i populated in a given
excitation-energy range, respectively. The average γ-ray
transition energies to the ground state and to the 2þ1 state are
given by Eγ0 and Eγ2 , respectively, and are set equal for all
states in the narrow excitation-energy region defined by the
photon beam. Experimentally, it is determined as

hRπ
expi ¼

A1π→2þ

A1π→0þ

εðEγ0ÞW0þ→1π→0þ

εðEγ2ÞW0þ→1π→2þ

E3
γ0

E3
γ2

; ð2Þ

FIG. 1. Detector response correction and decomposition of
150Nd spectra for two LaBr3 detectors. The fit-based reproduction
is compared to the original spectrum. In addition, the fitted
individual contributions to each spectrum are shown. The energy
ranges of full-energy peaks (FEPs) and single-escape peaks
(SEPs) are indicated.
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with the total number of observed counts Ax for the hump
belonging to transition x, angular distribution coefficients
Wx, and detector efficiencies εðEγÞ for energy Eγ. The
experimental hR�

expi values are depicted in the lower
(upper) panel for 1− (1þ) states in Fig. 2. The angular
distributions for 0þ → 1� → 2þ cascades are considerably
less pronounced than those observed for ground-state
transitions. Consequently, the sensitivity to the parity of
excited states is reduced. Most of the decays to the 2þ states
are attributed to 1− states. Since 1− states dominate the
ground-state transition strength, only upper limits could be
determined for decays of 1þ states at most energies (filled
triangles). For three measurements, the data are presented
with their 1σ uncertainty. At lower excitation energies, up
to approximately 4 to 5 MeV, the average branching ratios
for 1− states vary strongly, and their uncertainties are large.
This phenomenon can be attributed to the low NLD. It
violates the assumption employed in the fit procedure that
the strength is distributed uniformly across the excitation-
energy region. Thus, the decay properties of individual
states dominate the branchings. The situation is different
for excitation energies exceeding 5 MeV. Here, higher
NLDs lead to reliable results for the average branching
ratios. In this region, the hR−

expi values do not vary strongly
and converge upon a common value of about 0.5. For
the following analysis, an average value of hhR−

expii ¼
0.490ð16Þ was determined for energies above 5 MeVusing
a Bayesian approach accounting for the scatter of the data
points [70,71].
Discussion—The observed average branching ratios are

discussed with respect to the statistical Hauser-Feshbach

model [23]. The partial transition widths Γj;i in Eq. (1) are,
thus, considered to be χ2 distributed (normalized to unit
expectation) and given by Γj;i ¼ hΓji fi for a 0þ1 → 1�i →
Jþj cascade, where fi is a χ2-distributed random variable
normalized to its degree of freedom ν. The total transition
widths are sums of χ2-distributed quantities. They can be
approximated using a Gaussian distribution represented by
the random variable, gi, if more than three partial widths
contribute to each Γi [12]. Thus, one can transform the ratio
of sums of partial and total transition widths in Eq. (1) into

P
iΓ0;i

Γ2;i

Γi
P

iΓ0;i
Γ0;i

Γi

¼ hΓ2i
hΓ0i

P
ifi f

0
i=giP

ifi fi=gi
¼ hΓ2i

hΓ0i
s: ð3Þ

The quantity is separated into a factor that depends on
the ratio of average partial transition widths to the ground
state (2þ1 state), given by hΓ0i (hΓ2i) and the internal
fluctuation ratio

s≡
P

ifi f
0
i=giP

ifi fi=gi
: ð4Þ

It is sensitive to the statistical distribution of partial
transition widths of excited states. For χ2 distributions,
the internal fluctuation ratio s can be directly related to the
degree of freedom ν [12] via

s ¼ ν

νþ 2
⇔ ν ¼ 2s

1 − s
: ð5Þ

A detailed analysis of the convergence of s as a function of
the number of excited states and decay branches can be
found in the Supplemental Material [12]. Assuming all
partial widths being independently PT distributed, i.e.,
ν ¼ 1, a value of s ¼ 1=3 is obtained; see Refs. [14,73]
for similar conclusions. It is stressed, that s ¼ 1=3 only if
the ground-state decay channel is involved, while otherwise
s ¼ 1. This follows from the multiplicativity of the expected
value of independent random variables, which leads to the
cancellation of the terms in Eq. (4). For a detailed discussion
see Ref. [12].
As a result, under the assumption that all observed

transitions are accurately described by the statistical model,
i.e., given all partial transition widths follow the same χ2

distribution, hR−
expi is related to s via

hR−
expi ¼ s

hΓ2iE1
hΓ0iE1

E3
γ0

E3
γ2

¼ s
fE1ðEγ2Þ
fE1ðEγ0Þ

ð6Þ

with fE1ðEγiÞ ∝ hΓiiE1=E3
γi [13,14] being the PSF for E1

transitions with γ-ray energies Eγi . Assuming the validity of
the Brink-Axel (BA) hypothesis [73,74], fE1 is expected to
differ by less than 3% within the 130 keV difference for

FIG. 2. Average branching ratios hRexpi for 150Nd for 1− and 1þ
states. The latter are given as 2σ upper limits for most energies
(filled triangles), while three data points are presented with their
1σ uncertainties (open diamonds), based on the angular distri-
bution analysis. For lower photon beam energies up to around
4MeV to 5MeV, the fit-based method to determine the branching
ratios is less reliable because of low NLDs and results in further
systematic uncertainties that are not included in the pictured
uncertainty intervals. A statistical model simulation based on the
DICEBOX code [72] is also shown. See text for additional details.
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decays to the 0þ1 state and to the 2þ1 state of 150Nd in the
region of interest from 5 to 7 MeV. Consequently, in the
case of a typical deformed rare-earth nucleus like 150Nd
with a low 2þ1 excitation energy, Eq. (6) can be approxi-
mated by hR−

expi ≈ s.
To validate the formalism derived above, a statistical

model simulation was performed using a version of the
Monte-Carlo method-based DICEBOX code [72] adapted for
the simulation of γ-ray cascades in NRF reactions. Starting
from the 12 lowest-lying experimentally known levels of
150Nd [75], an artificial nucleus is generated (a so-called
realization) with a random level scheme with partial decay
widths for each level following PT fluctuations. The average
decay behavior follows the statistical properties defined by
the input NLD and PSF. In order to calculate the NLD, the
back-shifted Fermi gas model is employed, with parameters
E1 ¼ −0.516 MeV and a ¼ 16.275 MeV−1 taken from
Ref. [76]. The input PSFs are composed of the IVGDR
(standard Lorentzians, parametrized according to Ref. [77])
for E1 contributions, and the scissors and spin-flip reso-
nances parametrized by the simple modified Lorentzian
model [78] to account for M1 transitions and negligible E2
contributions from single-particle contributions. For each
photon beam energy setting of the experiment, the pop-
ulation of excited states via the NRF reaction is simulated in
accordance with the actual spectral distribution of the
photon beam. The subsequent decay of these states via
γ-ray cascades is simulated and analyzed in the same way as
the experimental data. Because of the low energy of the 2þ1
state, the results of the statistical model simulation for the
average branching ratio are not sensitive to the PSF and
NLD model parameters. Similar results are obtained for any
reasonable combination of values.
The entire process is repeated for a total of 30 different

realizations. For each photon beam energy setting, hR−
simi

is extracted from the simulations in a manner analogous to
the experimental results of this Letter. A comparison of the
simulated (orange solid line and uncertainty band) and the
experimental results is presented in the lower panel of
Fig. 2. For both, experiment and simulation, the average
E1 branching ratio stays approximately constant between 5
and 7 MeV. The simulation yields hR−

simi ≈ 0.31, which is
in excellent agreement with the internal fluctuation ratio of
s ¼ 1=3 required for PT-distributed partial transition
widths. Thus, it follows that the derivation of s and the
approximations that lead to hR−

expi ≈ s are well justified.
For the experimental result of hhR−

expii ¼ 0.490ð16Þ
above 5 MeV, a value of ν ¼ 1.93ð12Þ is obtained using
Eq. (5). This value is considerably larger than ν ¼ 1. It
disagrees with a pure PT distribution by 7 standard
deviations. Photon strength functions are usually para-
metrized with (modified) Lorentzian functions [13] and,
thus, typically increase monotonically with γ-ray energy,
i.e. fE1ðEγ2Þ=fE1ðEγ0Þ < 1, leading to even larger values

for s and, consequently, ν. It can, therefore, be concluded
that the assumptions of the statistical model are inconsistent
with the experimental observations.
Besides a modified statistical distribution of partial

transition widths, namely, a modified degree of freedom
ν of the χ2 distribution, other explanations may account for
the observed deviations: The assumption of large NLDs
(> 100 levels per MeV) could be violated, or strong
nonstatistical decays could skew the resulting distribution
of partial transition widths in a way that cannot be
described by the χ2 distribution.
A potential nonstatistical contribution to the observed

decay behavior may arise from the decay pattern of nuclear
states in a well-deformed nucleus, according to the Alaga
rule [15]. The decay intensity for transitions to the ground-
state rotational band depends on the excited states’ quantum
number K, where K is the projection of the total angular
momentum onto the symmetry axis of the nucleus. For
states with quantum number K ¼ 0, the expected branching
ratio is Γ2=Γ0 ðEγ0=Eγ2Þ3 ¼ 2.0, while for K ¼ 1 states it is
0.5. The experimental branching ratios below 4 MeV for
150Nd were found to be in reasonable agreement with the
Alaga rules [79]. Furthermore, the three data points below
4 MeV in Fig. 2, which show significant contributions from
1þ states (open diamonds in the upper panel), are in
agreement with the Alaga rule for quantum number
K ¼ 1 which is expected for the low-energy M1 strength.
Previous studies on deformed nuclei exhibit a preference for
K ¼ 0 for low-energy 1− states below 4 MeV [80]. To
estimate the strength from nonstatistically decaying states,

hR−
expi ¼ s

fE1ðEγ2Þ
fE1ðEγ0Þ

Cstat þ 2CK¼0 þ 0.5CK¼1 ð7Þ

can be decomposed into contributions from excited 1− states
that either decay statistically (Cstat) or exhibit pure K ¼ 0
quantum number (CK¼0), or K ¼ 1ðCK¼1Þ with the identity
Cstat þ CK¼0 þ CK¼1 ¼ 1. A detailed derivation is provided
in Supplemental Material [12].
Assuming that only K ¼ 0 states contribute to the non-

statistical part, i.e. CK¼1 ¼ 0, using hhR−
expii ¼ 0.490ð16Þ

and s ¼ 1=3, one finds that even a small contribution of
CK¼0 ¼ 9.4ð10Þ% of the total ground-state decay cross
section from K ¼ 0 states is sufficient to explain the
experimental observations. It is important to note that this
value marks a lower limit of the nonstatistical contribution.
An upper limit of CK¼1 ¼ 94ð10Þ% is obtained, if solely
K ¼ 1 states would contribute, implying CK¼0 ¼ 0.
These findings strongly support previous evidence that

the decay properties of photoexcited 1− states in the
quasicontinuum regime do not follow the expectations
from the statistical model [54,81–84]. Moreover, the
fluctuations of partial transition widths of 1− states in
the region of the PDR to the ground-state band do not
follow the PT distribution. Therefore, these E1 transitions
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cannot be treated as a representation of an entirely chaotic
ensemble, even in a nucleus with high NLD such as 150Nd.
Contributions from nuclear structure properties of
deformed nuclei related to the K quantum number may
play a significant role. It is noted, that fluctuation properties
of partial widths, especially for the ground-state decay
channel, need to be treated correctly in NRF reactions. If
average branching ratios hR�

expi are related to the ratio of
PSFs, the internal fluctuation ratio s must be taken into
account. This is especially important if values for PSFs are
extracted via the ratio or shape method [85,86].
The photoabsorption cross section of 150Nd reveals a

pronounced double-humped structure in the region of its
isovector giant dipole resonance (IVGDR) [77]. In more
recent experiments, the observed splitting is less pro-
nounced [87]. This splitting of the IVGDR is widely
regarded as a signature of nuclear deformation and is
attributed to axial deformation, which enables proton-
neutron vibrations to occur parallel (K ¼ 0) and
perpendicular (K ¼ 1) relative to the nuclear symmetry
axis with different associated frequencies [88,89]. Recent
observations of the γ decay from the IVGDR in the well-
deformed nucleus 154Sm revealed a distinct variation of
hR−

expi across the two humps identified as the K ¼ 0 and
K ¼ 1 IVGDR components [67]. In hydrodynamical
models, the PDR is usually interpreted as a collective
oscillation of a neutron skin relative to an inert isospin-
saturated core. Accordingly, a splitting of the PDR strength
in deformed nuclei, analogous to the behavior observed for
the IVGDR, might be anticipated [47]. It is noteworthy that
the effect of the deformation on the dipole response in the
region of the PDR is not conclusive at all [47]. The present
study finds a rather constant value of ⟪R−

exp⟫ ¼ 0.490ð16Þ
in the energy region from 5 to 7 MeV for 150Nd, with no
evidence of an abrupt or even gradual transition between
regions corresponding to different K quantum numbers, as
observed in the IVGDR of 154Sm [67]. Consequently, the
data presented here for the energy region below 7 MeV
provide no indication of a pronounced splitting of the E1
strength into K components in the PDR region of 150Nd.
Summary—For the first time, the statistical distribution of

partial transition widths below particle separation thresholds
could be probed using NRF experiments utilizing the new
high-resolution HIγS operating mode. An internal fluc-
tuation ratio of s ¼ 0.490ð16Þ was observed, which differs
significantly from the value s ¼ 1=3 predicted for PT-
distributed partial transition widths and confirmed by
statistical model simulations. Assuming χ2-distributed par-
tial transition widths, the observed internal fluctuation ratio
is associated with a degree of freedom of ν ¼ 1.93ð12Þ in
clear disagreement with the PT distribution. Contributions
as small as 9.4(10)% and up to 94(10)% from nonstatistical
γ decays were shown to be capable of significantly altering
the average γ-decay behavior in agreement with the data on

150Nd. They demonstrate that an entirely statistical descrip-
tion of E1 decays into the ground-state band from an
excitation energy region which exhibits a NLD for 1− states
in the order of 103 levels per MeV is inaccurate. Whether
this discrepancy originates in the survival of some states
with pure K quantum numbers or in an expression of a
specific average K-mixing remains an open question.
Moreover, good K-quantum numbers are strictly valid only
in well-deformed axially symmetrical nuclei. In the case of
spherical nuclei, the situation can be quite different. Since
the presented new approach is applicable to any stable
isotope on the nuclear chart, systematic studies for several
spherical and deformed nuclei are underway to address this
question.
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