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The technique of self absorption has been applied for the first time to study the decay pattern of 
low-lying dipole states of 140Ce. In particular, ground-state transition widths �0 and branching ratios 
�0/� to the ground state have been investigated in the energy domain of the pygmy dipole resonance. 
Relative self-absorption measurements allow for a model-independent determination of �0. Without 
the need to perform a full spectroscopy of all decay channels, also the branching ratio to the ground 
state can be determined. The experiment on 140Ce was conducted at the bremsstrahlung facility of the 
superconducting Darmstadt electron linear accelerator S-DALINAC. In total, the self-absorption and, thus, 
�0 were determined for 104 excited states of 140Ce. The obtained results are presented and discussed 
with respect to simulations of γ cascades using the DICEBOX code.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

Atomic nuclei represent enormously complex quantum objects. 
Their quantum states can correspond to collective modes, to non-
collective single-particle excitations or to mixtures of both. This 
leads to complex decay patterns, in particular for collective modes 
situated at excitation energies where multiple lower-lying lev-
els open alternative decay channels. However, those channels do 
not yet fully dominate the entire decay pattern. An important 
example for such a collective mode is the Pygmy Dipole Reso-
nance (PDR) [1]. It is a resonance-like concentrated enhancement 
of E1-excitation strength in the vicinity of the particle-separation 
threshold. Typically, the PDR is attributed to the out-of-phase os-
cillation of excess neutrons against an isospin-saturated core. Re-
cently, the PDR attracted a great deal of attention because of its 
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fundamental character, its impact on nuclear astrophysics [2–4], 
and its sensitivity to properties of nuclear matter [5,6]. However, 
up to now the detailed structure of the PDR is not well settled 
(see, e.g., Refs. [1,7–9] and the references therein).

Up to now, the PDR has mainly been investigated exploiting 
the method of Nuclear Resonance Fluorescence (NRF) (see, e.g., 
Refs. [9–12]). NRF uses real photons to probe nuclear structure 
[13,14]. Owed to the low-momentum transfer of photons, they 
induce mainly dipole and, to a lesser extent, electric quadrupole 
transitions. Thus, NRF measurements are perfectly suited to study 
low-lying dipole states in nuclei such as states in the PDR region.

However, NRF measurements are sensitive to the product �0 ·
�0/� of the ground-state transition width �0 and the branching ra-
tio �0/� to the ground state. Even though the individual transition 
widths �i to low-lying excited states are much weaker than the 
branch to the ground state (i.e., �0 � �i) this might not be the 
case for their sum 

∑
�i which is relevant for the size of �0/�. The 

latter needs to be known in order to experimentally determine 
�0 from NRF data. If, for a given state, decays to lower-lying ex-
cited states have not been observed, appropriate assumptions, e.g., 
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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�0/� = 1, are commonly applied. Otherwise, calculations within the 
statistical model can be used to estimate mean branching ratios 
to the ground state which has been done in NRF experiments 
to extract averaged properties from the spectra in an alternative 
analysis method (see, e.g., Refs. [9,15,16]). However, a statistical ap-
proach does not help in the analysis of isolated individual states. 
In addition, this method has to rely on the validity of the statisti-
cal model in the investigated energy region including a reasonable 
description of the nucleus using level density and photon-strength 
functions, i.e., the results are model dependent.

Recently, NRF measurements with quasi-monoenergetic pho-
tons at the High Intensity γ -Ray Source (HIγ S) [17,18] at Triangle 
Universities National Laboratory (TUNL) in Durham, NC, USA gave 
experimental insight in mean decay properties of dipole excited 
states in the energy region of the PDR [12,19–23]. All of these 
measurements demonstrate that the decay via intermediate states 
cannot be neglected, however, the data do not answer the question 
how individual states behave. Recent studies also revealed that the 
mean branching ratio 〈b0〉 to the ground state cannot completely 
be described within the statistical model [20,22,23], demonstrating 
the need to study �0 directly.

One opportunity to study �0 is provided by inelastic proton 
scattering at forward angles. B(E1) strengths have been extracted 
for individual states of 208Pb below the separation threshold from 
(p, p′) measurements [24]. However, the extraction of reduced 
transition strength values is model dependent. Furthermore, the 
energy resolution of (p, p′) experiments of about 25 keV is worse 
than in NRF, where the resolution accounts to a few keV. Thus, 
the investigation of individual states in energy regions with rather 
high level density is difficult, especially since states with J �= 1 can 
also strongly be excited by this mechanism.

In contrast, the method of self absorption [13,25] provides 
a model-independent measurement of absolute values for the 
ground-state transition width �0, the total transition width �, and, 
therefore, also of the branching ratio to the ground state for indi-
vidual states. Since self-absorption measurements are basically a 
combination of two NRF measurements, the excellent energy reso-
lution of γ -ray detectors can be exploited at the same time.

In this work, we report on the first investigation of ground-
state transition widths of low-lying dipole states in the PDR region 
in 140Ce with the self-absorption technique. In the following the 
method of self absorption, the experimental setup and the analysis 
procedure is presented. Afterwards, the results are discussed and 
compared to simulations exploiting the DICEBOX code [26].

2. Experimental method

Commonly, in ‘standard’ NRF measurements the target of inter-
est (scatterer) is irradiated with a photon beam, e.g., bremsstrah-
lung, and the decay of states excited resonantly from the ground 
state is investigated. Thus, NRF is sensitive to the product of �0
(excitation) and �0/� (decay). In contrast, in self-absorption mea-
surements absorption spectra are analyzed (see, e.g., [13,25]). 
Hence, the excitation process is investigated with this method pro-
viding direct sensitivity to �0. Absorption spectra are obtained 
when a photon beam is transmitted through a thick absorber. The 
resulting spectrum exhibits characteristic absorption lines at the 
resonance energies of the absorption target: photons with these 
energies are resonantly absorbed and, thus, missing in the ab-
sorption spectrum. The absorption lines are more pronounced for 
excited states with large �0 so that they are a direct measure 
for the ground-state transition width. In addition, the transmitted 
spectrum has a reduced intensity with respect to the original one 
due to atomic attenuation effects.
Owed to the width of mostly a few eV, the absorption lines can-
not be measured directly using high resolution γ -ray spectroscopy. 
A self-absorption experiment is, thus, usually composed out of at 
least two measurements. In the first one, a scattering target made 
of the same material as the absorber is irradiated by the absorp-
tion spectrum. With the absorber being removed from the beam 
line, the second measurement serves as reference measurement. 
The self absorption is defined as the decrease of scattered photons 
Nabs in the scattering target with respect to the number Nnrf of 
scattered photons in the measurement without absorber:

R = 1 − Nabs

Nnrf
. (1)

The decrease of scattered photons can be ascribed to resonant 
absorption and atomic attenuation in the absorber. By correct-
ing R for the atomic attenuation effects, it becomes directly related 
to �0 and the scatterer serves as high-resolution detector for res-
onant absorption effects. In earlier self-absorption experiments the 
atomic attenuation was usually accounted for by using different 
absorber targets: a resonant absorber (made of the material of in-
terest) and an atomic absorber of similar Z [25,27,28]. The latter 
was used to measure the contribution of atomic attenuation. In 
the present work, we used a new approach: both measurements 
are performed relative to a normalization target which is included 
to the scattering target and ideally has only few but rather strongly 
excited states, in our case 11B. The decrease of NRF reactions in 11B
is only due to atomic attenuation in the absorber. With the nor-
malization factor f = Nnorm

abs /Nnorm
nrf (with Nnorm

abs and Nnorm
nrf being the 

number of reactions in 11B in the measurements with and without 
absorber, respectively) the self absorption can be corrected for the 
effect of atomic attenuation:

Rexp = 1 − Nabs

f × Nnrf
. (2)

At the same time, f also corrects for different measuring times, 
beam currents, dead times, and any other global normalization fac-
tor. Therefore, systematic uncertainties are strongly reduced com-
pared to previous approaches.

For the analysis, the self absorption R has to be calculated as 
a function of �0 and �. The cross section for resonant absorption 
of a photon corresponding to the excitation of a state j with reso-
nance energy E j from the ground state and the subsequent decay 
to a state k is described by a Breit–Wigner cross section convo-
luted with an energy distribution w(E ′):

σ(E) =
∞∫

−∞
dE ′ 2π

(
h̄c/E j

)2
g�0�

�2/4 + (E ′ − E j)
2

× w(E ′), (3)

with g = 2 J j+1/2 J0+1 being a spin-dependent statistical factor. The 
distribution

w(E ′)dE ′ = 1

�
√

π
· e

(
E′−E

�

)2

dE ′, (4)

with � being the so-called Doppler width, describes the distribu-
tion of effective energies E ′ in the rest frame of the nucleus of a 
photon with energy E in the laboratory system. Hence, it accounts 
for the finite velocities of the target nuclei within the target ma-
terial and the corresponding Doppler broadening of the excitation 
cross section. It is used to define the resonance-absorption density

α(z, E) = σ(E) × e−σ (E)z (5)

with z being the penetration depth into the target. It describes the 
probability for resonant absorption of a photon by an excited state. 
The exponential term accounts for the decrease of the photon-flux 
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intensity at and near the resonance energy with the target due to 
resonant absorption. The number of photons scattered in a target 
can be determined by integrating the absorption density:

Nscatter =
∞∫

−∞
dE

d∫

0

dz α(z, E), (6)

where d is the target thickness. Eventually, using the last expres-
sion, the self absorption is calculated as

R�0,� = 1 −
∫ ∞
−∞ dE

∫ dA+dS
dA

dz α(z, E)∫ ∞
−∞ dE

∫ dS
0 dz α(z, E)

. (7)

Here, dS and dA denote the thicknesses of the scatterer and of the 
absorber, respectively.

3. Experiment

The self-absorption experiment on 140Ce was performed at the 
Darmstadt High Intensity Photon Setup (DHIPS) [29] at the Darm-
stadt Superconducting Electron Linear Accelerator (S-DALINAC). 
Bremsstrahlung photons are generated by stopping a monoener-
getic electron beam in a thick copper radiator. The bremsstrahlung 
beam passes a copper collimator before radiating the scattering 
target which is surrounded by three high-purity Germanium de-
tectors (two at 127◦ and one at 90◦ with respect to the incident 
beam). The latter are surrounded with active Compton suppression 
shields made of bismuth germanate. The entire setup is shielded 
by lead against background radiation. The absorber target was 
placed at the end of the collimator system such that radiation scat-
tered in the absorber was shielded from the detectors. For a more 
detailed description of the setup, see Ref. [29].

The self-absorption experiment was composed of three individ-
ual measurements each at a bremsstrahlung end-point energy of 
8.0 MeV. One with (98 h) and one without (97 h) the absorption 
target in front of the scatterer and the normalization target and an 
additional measurement (70 h) with absorber target but no scat-
terer in order to test whether the detectors are properly shielded 
against radiation from the absorber target.

The scatterer consisted of 2.4 g CeO2 enriched to 99.5% in 140Ce, 
the absorber of 59.3 g naturally composed CeO2, and the normal-
ization target of 312 mg 11B enriched to 99.5%.

4. Analysis

Fig. 1 shows measured spectra in the energy range between 
6 MeV and 7 MeV. Although the measuring times were nearly the 
same and beam conditions were not changed, the measured in-
tensity with absorber is significantly smaller as without absorber 
due to absorption effects. Despite the shielding of the detectors 
against the absorber, a small part of the photons stemming from 
the absorption target are detected. Thus, the spectrum recorded 
with absorber was not only corrected for atomic attenuation using 
the factor f as explained above, but also for contributions from the 
absorber which, however, are small. For both corrections, the spec-
tra are normalized using the well known transitions in 11B. The 
lower spectrum (green) represents the difference of the measured 
spectra with and without absorption target after the corrections. 
Hence, the negative peaks visualize the resonant absorption.

In the analysis of the spectrum measured without absorber 
(‘standard’ NRF measurement) we found results for �2

0/� that are 
in average 40% smaller than results of an NRF measurement pub-
lished in Ref. [10]. However, they agree well with a second, unpub-
lished measurement on 140Ce that we performed independently. 
Consequently, in the following we rely on our results for �2

0/�.
Fig. 1. (Color online.) Spectra recorded during the self-absorption experiment. The 
upper one (red) corresponds to the measurement without absorber, the middle one 
(blue) was recorded with the absorption target. The lower spectrum (green) corre-
sponds to the difference of the spectra recorded with (after correction for atomic 
attenuation effects) and without absorber.

Fig. 2. (Color online.) Self absorption R�0,� of the level at 6484 keV excitation en-
ergy in 140Ce. The blue curve was calculated with the condition �2

0/� = 317 meV. 
The experimental result for R is represented via the green square and the accord-
ing Gaussian distribution. The distribution for �0 (red) is obtained by projecting the 
distribution of R (green) to the �0 axis.

For the determination of �0 and, hence, �0/� the self absorp-
tion Rexp was evaluated individually for each detector according 
to Eq. (2). Finally, for each observed state the weighted average of 
Rexp was compared to the computed self absorption R�0,� [Eq. (7)] 
with �2

0/� fixed to the value extracted from the NRF measure-
ment. Fig. 2 shows R�0,� as a function of �0 using the exam-
ple of the 6484 keV level of 140Ce with �2

0/� = 317 meV. The 
green square and distribution represent the experimentally de-
duced value Rexp = 0.21(6). The calculated curve (shown in blue) 
exhibits a maximum since the ratio �2

0/� is fixed by the NRF mea-
surement. Thus, when �0 increases, � has to increase quadratically 
which reduces the value of σ(E). This leads to a less distinct 
absorption line and a smaller R�0,� . Therefore, in principle, two 
results for �0 can be determined for one experimental value Rexp. 
However, we will exclusively present the first solution at smaller 
�0 in the following since the second one normally corresponds to 
unlikely large values for �. In the given example the first solution 
yields �0 = 0.34+0.16

−0.13 eV and � = 0.24+0.42
−0.18 eV, whereas the second 

solution would be given by �0 = 2.6+1.2
−0.8 eV and � = 16.4+24.7

−9.9 eV.
The results for �0 and �0/� were determined with help of a 

Bayesian data analysis [30,31] which basically differs in two points 
from a conventional analysis. First of all, in the Bayesian approach 
probability density functions (PDFs) are used to describe mea-
sured and resulting quantities instead of discrete numbers as the 
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conventional (frequentist) approach does. Secondly, it exploits the 
principle of maximum information entropy [32,33]. This principle 
foresees to take additional information on the measured and re-
sulting quantities, i.e., constraining conditions, into account.

Radiation measurements are a prominent application area of 
this analyzing technique. For instance, the activity A ± dA of a 
radioactive source can be described with a Gaussian distribution 
around A with the width given by dA. In the case that A is close 
to zero or dA is rather large, the distribution may reach into the 
region below zero. However, an activity cannot be negative. Thus, 
according to the principle of maximum information entropy, the 
Gaussian distribution is folded with a step function being zero be-
low zero and one above zero such that this additional information 
is taken into account and the negative, non-physical part of the 
distribution is excluded.

In the present case, the uncertainty of the experimentally de-
termined value Rexp is Gaussian distributed and, consequently, a 
Gaussian distribution was chosen as PDF for Rexp (see Fig. 2, green 
curve). Obviously, negative values of R are not physical (they cor-
respond to negative values of �0). Also, values of Rexp larger than 
the maximum Rmax in the self-absorption curve R�0,� (blue) can-
not be treated. Therefore, applying Bayes’ theorem, the PDF of Rexp
is folded with a rectangular function which excludes physically for-
bidden regions:

g(Rexp) =
{

1 for 0 ≤ Rexp ≤ Rmax
0 else

. (8)

For the resulting distribution of Rexp, a corresponding distribution 
for the ground-state transition width �0(Rexp) is determined using 
R�0,� (see Fig. 2, red curve).

In a similar way, the probability distribution of �0/� is deter-
mined. Starting from the probability distributions of �0 and �2

0/�

(which is Gaussian) randomly chosen values of �0 and �2
0/� are 

picked to calculate �0/�. Repeating this procedure 106 times yields 
the distribution of �0/�. Eventually, this distribution for �0/� is 
folded with a step function such that 0 ≤ �0/� ≤ 1 holds. Non-
physical values for the branching ratio to the ground state are 
excluded in this way. In the following, the most probable value 
defined by the maximum of the PDF and the smallest interval con-
taining 68.3% of the PDF are presented analogous to the 1σ region 
of a Gaussian distribution.

5. Results and discussion

In total, the self absorption was determined for 104 dipole ex-
cited states of 140Ce in the energy range between 3.5 MeV and 
7.5 MeV. The corresponding results for the ground-state transi-
tion widths �SA

0 = �0(Rexp) obtained from self absorption (SA) 
are shown in Fig. 3 a) as a function of (�2

0/�)NRF measured in 
NRF. For better clarity, a double-logarithmic scale with an offset 
of +1 meV for �0 was chosen. Large uncertainties of Rexp, espe-
cially for weakly excited states which lead to low statistics, are 
reflected in large confidence intervals of �SA

0 . The corresponding 
results are often located in the physically forbidden region below 
the green line which marks �SA

0 = (�2
0/�)NRF, i.e., �0/� = 1. This may 

be attributed to the rather low statistics in these cases. Neverthe-
less, within the large confidence intervals they also agree with 
�0/� = 1. Only in few cases, �SA

0 has been found to be signifi-
cantly smaller than (�2

0/�)NRF even within the confidence interval. 
This would correspond to apparently non-physical branching ra-
tios to the ground state. However, those cases may be attributed 
to single peaks observed in the measured spectra that correspond 
to two levels being located in such a close proximity that they 
cannot be resolved within the experimental resolution. As a con-
sequence, the self absorption of the supposedly single state with 
Fig. 3. (Color online.) Most probable values and corresponding confidence intervals 
for (a) the ground-state transition width �0 and (b) the branching ratio �0/� to the 
ground state determined from the self-absorption measurement exploiting Bayes’ 
theorem. The black diamonds represent the result for �0/� as obtained in a direct 
comparison of Rexp with R�0,� . The green lines mark physical limits. The branching 
ratio �0/� to the ground state should not exceed 1. Consequently, �0 should not be 
smaller than �2

0/�. See the text for details.

an effective absorption cross section given by the sum of both lev-
els [(�2

0/�)NRF
eff = ∑

(�2
0/�)i] would be overestimated with respect 

to the true self-absorption values corresponding to the individual 
widths �SA

0,i . This results in a too large or even non-physical value 
of the branching ratio (�0/�)eff = (�2

0/�)NRF
eff /�SA

0 to the ground state 
of the supposedly single level.

In contrast to �0, large uncertainties of Rexp are not properly 
reflected in �0/� since physically forbidden regions are excluded 
applying Bayes’ theorem. Thus, �0/� was only determined when 
Rexp was larger than 0 and smaller than Rmax within its 1σ in-
terval. This condition holds for 29 excited states observed in this 
work. They are marked in blue in Fig. 3 a) and the corresponding 
results for �0/� are shown with blue squares and the 68.3% con-
fidence interval in Fig. 3 b). For comparison, the black diamonds 
represent the results for �0/� that are obtained in a conventional 
way by calculating �0(Rexp) and combining the result with �2

0/�

from the NRF measurement without applying Bayes’ theorem and 
probability density functions. The given classical uncertainties are 
maximal errors since they cannot properly be determined from 
asymmetric uncertainties. An upper limit is introduced for �0/� ≤ 1
with Bayes’ theorem and, consequently, the blue squares are sys-
tematically shifted to lower values. They are still in agreement 
with the maximal uncertainties of the conventional approach and 
are restricted to physical values.

Fig. 3 demonstrates that strongly excited states have ground-
state branching ratios of or close to �0/� = 1 while the weaker 
excited states typically exhibit �0/� < 1 and, thus, significantly de-
cay also to lower-lying excited levels. To study, whether this trend 
can be described within the statistical model, the b0 value ex-
pressing the weighted, averaged branching to the ground state was 
extracted for different regions of �2

0/� from both, the experiment as 
well as a calculation based on the statistical model, respectively. It 
is defined as

b0 =
∑

i(
�2

0/�)i∑
i �0,i

, (9)

with i running over all observed levels.
The experimental value b0,exp was determined analogously 

to �0/� taking all 29 excited states into account for which the 
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Fig. 4. (Color online.) Results for b0 from experiment (green boxes) and DICEBOX
(green squares) as function of �2

0/�. The numbers at the top show how many levels 
were taken into account to deduce the experimental value.

condition 0 > Rexp > Rmax holds (see above). For each level i, 
values for �2

0/� and �0 were randomly chosen from the corre-
sponding PDFs and summed up to calculate b0 according to Eq. (9). 
This step was repeated 106 times for each bin of �2

0/� yielding 
the PDF of b0,exp for each bin. Eventually, non-physical parts of 
the PDF have been excluded applying a step function such that 
0 ≤ b0,exp ≤ 1.

The calculation was conducted exploiting the DICEBOX code 
[26] that was adapted for NRF measurements. DICEBOX generates 
so-called nuclear realizations of level schemes for nuclei accord-
ing to a given level density parameterization. Furthermore, partial 
decay widths are passed to each level within such a nuclear re-
alization. These widths are randomly chosen according to photon 
strength functions provided by the user. Thereby, the effect of 
Porter–Thomas fluctuations [34] is taken into account, as well. As 
a next step, γ -ray cascades are simulated within such a nuclear 
realization. Since different observables such as the excitation ener-
gies, spin and parity quantum numbers or the partial decay widths 
can be extracted for each level that has been part of a γ -ray cas-
cade, the simulation can be analyzed in exactly the same way as a 
real NRF measurement. Hence, among others, the averaged branch-
ing ratio b0,dice can be determined. A more detailed description of 
the code and its functionality can be found in Ref. [26].

As input for DICEBOX, the following parameterizations were 
used. The level density above 3.1 MeV was described in the back-
shifted Fermi gas (BSFG) model with parameters determined ac-
cording to Ref. [35] while for lower energies the known level 
scheme was included. For the parameterization of the photon-
strength functions (PSFs) single Lorentzians were used. The E1
parameters stem from a fit to (γ , n) data [36]. Parameters for the 
M1 PSF were determined according to a global parameterization 
of M1 spin-flip resonances as proposed in Ref. [37]. Corresponding 
values for the E2 PSF were determined exploiting a global param-
eterization introduced in Ref. [38].

With this input, 30 nuclear realizations have been created for 
each bin of �2

0/� and 2 · 105 γ -ray cascades have been simulated 
within each nuclear realization.

The obtained results for b0,exp and b0,dice are shown in Fig. 4
as function of �2

0/�. The boxes represent the confidence intervals 
of b0,exp; the lines within the boxes show the most probable ex-
perimental values. The results b0,dice from DICEBOX are given by 
small squares. The widths represent the bin sizes for �2

0/�. In ad-
dition, the numbers of levels per bin available to determine b0,exp
are given at the top of the figure.

In contrast to some individual branching ratios to the ground 
state (see Fig. 3), b0,exp does not or only weakly decreases towards 
weaker excited states. This trend is reproduced by the statistical 
model. However, the absolute b0 values extracted from the DICE-
BOX calculation agree with the experimental results b0,exp only for 
states with elastic NRF widths �2

0/� � 600 meV. For smaller values 
one observes larger average ground-state branching ratios b0 than 
estimated from the statistical model calculation.

Interestingly, the previous literature [20,22,23] reported that b0
as a function of excitation energy was difficult to be described 
within the statistical model. A maximum of b0 in the energy 
domain of the PDR has, e.g., been reported for 94Mo [23] and 
for 130Te [22], whereas b0 calculated within the statistical model 
steadily decreases as a function of increasing energy. This devia-
tion may occur because the statistical model can either not de-
scribe the decay behavior of the strongly excited states that are 
concentrated in the excitation-energy domain of the PDR where 
also the maximum of b0 is observed or because the statistical 
model cannot describe the concentration of strongly excited states 
in this excitation-energy range. However, the results from Refs. [22,
23] cannot decide on this alternative since not individual states 
but groups of excited states with various excitation strengths in 
excitation-energy bins have been investigated in Refs. [22,23].

In contrast to that, we analyzed here individual states and, 
consequently, it became possible to probe the reliability of the 
statistical model also as a function of the excitation strength in 
terms of �2

0/�. In the light of our findings we must conclude that 
the local enhancement of b0 in Refs. [22,23] must not only origi-
nate from a non-statistical concentration of strongly excited states, 
but originates at least partly also from an underestimation of the 
decay branching ratio of more weakly excited states by the sta-
tistical model. This emphasizes the conclusion of a non-statistical 
structure in the energy domain of the PDR made in Ref. [23]. Un-
fortunately, both observations stem from data on different nuclei 
potentially inducing a systematical error on our conclusion. Fur-
ther systematical studies are desirable to clarify the situation.

6. Conclusion

In this work, a pioneering self-absorption experiment was ap-
plied to determine the ground-state transition width �0 of states 
contributing to the PDR directly in a model-independent way. Even 
at rather high level densities, like in the PDR region, we were able 
to extract �0 for individual states. Due to the improved normaliza-
tion technique with respect to earlier measurements it was pos-
sible to determine �0 also for weaker excited states. With thicker 
absorption targets that are better suited to address weakly excited 
states, the uncertainties for those levels can further be improved.

A comparison of the experimental average branching ratio 
b0,exp to the ground state with results from statistical model calcu-
lations revealed that b0 is larger than estimated by the statistical 
model for �2

0/� � 600 meV. This observation supports the interpre-
tation of the PDR as a non-statistical structure from the previous 
literature. With this work, we demonstrated that self absorption is 
a powerful method to study �0 of individual states and to provide 
valuable insight into the decay pattern of low-lying dipole states.
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