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___________________________________________________________________________ 

Abstract This work focuses on the lifetime measurement and spectroscopic properties of 182W. The 

mass region around this nucleus is of significant interest due to its unexplored nature and the presence of 

intriguing structural phenomena, including deformation, shape changes, and shape coexistence. 

Experimental measurements were conducted in the National Laboratory IFIN-HH in Romania, focused on 

the spectroscopic study of 182W isotope using the Differential Decay Curve Method (DDCM), a similar 

approach for the Recoil Distance Doppler Shift (RDDS) method. This experiment provided valuable data 

on the energy levels, lifetimes, and decay properties of the excited states in the 182W and neighboring 

nuclei. The measurements were performed using the ROSPHERE detector array, loaded with HPGe and 

particle identification detectors, and a plunger device. As a result, the lifetime for the 61
+ in 182W obtained 

for the first time via the fusion evaporation reaction 181Ta(11B, 10Be)182W and the DDCM at 47 MeV, and 

was found to agree well with earlier measurements. 

Keywords lifetime, RDDS, DDCM, fusion evaporasion reaction 

___________________________________________________________________________ 

INTRODUCTION 

The heavy mass region around A∼180 displays interesting nuclear structural phenomena, marked by 

transitions between prolate and oblate shapes and the emergence of triaxial deformation from deformed 

mass distributions. This makes the transitional 172−186W nuclei in this heavy neutron-rich mass range 

particularly intriguing for studying the interplay between triaxial and axially deformed nuclear shapes 

[1]. Moreover, these tungsten isotopes serve as a crucial link connecting the deformed rare-earth region 

with the spherical nuclei near Z=82, exhibiting stable triaxial shapes in their ground states [2]. 

Additionally, a maximum in γ-softness is predicted at N=116 for the W and Os isotopic chains [3]. 

The shape of a nucleus is significantly influenced by the R4/2= E(41
+)/E(21

+)  ratio, a key indicator 

of rotor behavior. A spherical nucleus typically has an R4/2 value around 2, a non-axial gamma-soft rotor 

hovers at 2.5, and a symmetric rigid rotor approaches 3.33. In this investigation, the W isotopes exhibit 

R4/2 values near the limit of a symmetric rigid rotor. For instance, 182W (Fig. 1) reaches the maximum 

value of 3.29, gradually decreasing to a minimum of 2.73 for 190W. The lighter isotope, 172W, has a ratio 

greater tham 3 (R4/2 = 3.06). The behavior of R4/2 confirms that 182W is the most deformed isotope among 

those examined, a characteristic further supported by the maxima of the R2/1 = E(22
+)/E(21

+) ratio, as 

detailed in Table 2 of the referenced publication [1]. Here, E(22
+) signifies the excitation energy of the 
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γ-vibration band head, while E(21
+) represents the energy of the first excited state. Both R4/2 and R2/1 

ratios decrease for N >108, signifying an increase in γ-softness. 

 

Figure 1. Partial level scheme of 182W isotope showing g.s., β and γ bands [4] 

 

EXPERIMENTAL DETAILS 

A beam of 11B was accelerated at 47 MeV using the 9 MV Tandem accelerator at the IFIN-HH 

laboratory in Magurele, Romania. This beam was directed onto a 1 mg/cm2 self-supported metallic natTa 

target, composed of 99.99% natural abundance of 181Ta (see Fig. 2). The aim was to populate the excited 

states in 182W through the stripping reaction 181Ta(11B,10Be)182W. The detection of the γ rays from 

product nuclei was carried out using the ROSPHERE array [5], in its configuration of 25 HPGe 

detectors (see Fig. 3). The SORCERER solar cell particle detector array [6] was coupled to 

ROSPHERE, enabling the implementation of particle-γ and particle-γ-γ coincidence techniques to 

selectively identify the decays of interest. 

 

 
(a)                                                       (b) 

Figure 2. (a) Ta target (left) and Au stopper (right) for the plunger device and (b) the Au stopper mounted in the 

plunger device 

For the measurement of lifetimes of excited states in 182W, the Differential Decay Curve Method 

(DDCM) was employed [7]. This technique mandates a device capable of achieving and consistently 

maintaining a micrometer (μm) range distance between the target and stopper foils. Commonly referred 

to as a “plunger device” in literature due to its shape, this device plays a critical role in ensuring precise 

distances are maintained throughout the measurement process. In our experiment, a plunger device with 
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a 197Au stopper of 3 mg/cm2 thickness (Fig. 2) was utilized at six different distances, ranging from 15 

to 260 μm. The configuration of the detector array used in our experiment is depicted in Fig. 3. 

 

 
Figure 3. View of the ROSPHERE array with 25 HPGe detectors 

 

Experimental Technique 

The Differential Decay Curve Method (DDCM), which was employed in this study, is an 

experimental technique designed for the measurement of lifetimes of excited nuclear states within the 

range of 10-12 to 10-8 s [8-9]. This method takes advantage of the Doppler effect, which affects the 

emitted γ rays while the recoil is in-flight, as also does the Recoil Distance Doppler Shift (RDDS) 

method [10]. In the latter, the level of interest is excited at time t=0 through a beam-induced nuclear 

reaction in a thin target. Following the momentum transferred to the excited nucleus during the reaction, 

it exits the target with a velocity u and at an angle θ relative to the beam direction. Subsequently, it 

comes to rest after a well-defined flight time tf=x/u in a stopper foil, where x represents the separation 

distance between the target and the stopper. This arrangement is schematically depicted in Fig. 4a.  

The lifetimes of the excited nuclear states are determined by analyzing the dependence of the 

intensity ratio between the shifted and unshifted components of the transition of interest on the distance 

separating the target and the stopper. Depending on the distance, some nuclei may not reach the stopper 

foil before decaying, and consequently, they decay in flight, emitting γ rays that are Doppler-shifted. 

By comparing the changes in the areas of the shifted and unshifted peaks for varying target-stopper 

distances, the lifetime of interest can be accurately determined. 

Within the DDCM analysis framework [11], it becomes feasible to determine a lifetime for each 

target-to-stopper distance. To determine the lifetime of a nuclear state, it is essential to measure at least 

three target-stopper distances within the sensitive region [12]. 

In DDCM γ-γ coincidence analysis, two common conditioning techniques are used: direct and 

indirect. In direct conditioning, a gate is applied to the shifted component of the transition that directly 

feeds the level of interest. This implies that only gamma rays emitted during the in-flight decay of the 

directly feeding transition are selected and analyzed. On the other hand, in indirect conditioning, a gate 

is applied to the shifted component of the transition that indirectly feeds the level of interest through an 

intermediary level. This means that only gamma rays emitted during the in-flight decay of the indirectly 

feeding transition, subsequently populating the level of interest, are selected and analyzed. 
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         (a)                                                                    (b)                 

Figure 4. (a) A schematic description of the Recoil Distance Doppler Shift method [7]. (b) Selected cascade with 

feeding only via B by gating in the shifted component of B for 182W isotope (8+ → 6+ at 464 keV). 

 

Both direct and indirect conditioning techniques are valuable in DDCM γ-γ coincidence analysis, 

allowing for the isolation and study of specific decay pathways and their associated lifetimes. The 

choice between direct and indirect conditioning depends on the specific experimental setup and the 

decay scheme of the nuclear states under investigation. In the direct conditioning used in this study (see 

Fig. 4b), the lifetime of the state of interest can be determined using Eq. (1) [10]: 

                                                                     𝜏(𝑥) =
𝛪𝑢𝐴

𝑠𝐵 (𝑥)

𝑑
𝑑𝑥 𝛪𝑠𝐴

𝑠𝐵 (𝑥)

1

𝑢
                                                                         (1) 

The intensities of the unshifted 𝛪𝑢𝐴

𝑠𝐵 (𝑥) and the shifted 𝛪𝑠𝐴

𝑠𝐵 (𝑥) components of the A transition are 

experimentally measured for each target to stopper distance. The derivative which fits the Doppler 

shifted intensities 𝛪𝑠𝐴

𝑠𝐵 (𝑥) is estimated by region fitting using second degree polynomials which are 

continuous and differentiable. 

RESULTS AND DISCUSSION 

To begin the spectroscopic analysis, it is important to exclude other isotopes and concentrate solely 

on the nucleus of interest. Along with 182W, various isotopes in this region were produced through 

different reaction channels, as illustrated in Fig. 5, with lighter particles being identified by Si detectors. 

This study is exclusively focused on the highlighted area, where the ejectile 10Be coincides with the 
182W nucleus, accomplished by implementing a coincidence condition (gate) in these channels. 

In Fig. 6, the γ-γ spectrum is presented at 47 MeV beam energy and 150 μm target to stopper 

distance. Several transitions in the ground state band and side bands of 182W isotopes are observed. 

Also, due to the interaction of 197Au stopper with the 11B beam, transitions from 198Hg were detected. 

The contributions from the Coulex of 181Ta (target) and 197Au (stopper) are significantly smaller. The 

same procedure was followed for the other distances, as well. In this study the lifetime of the 61
+ of 182W 

(351 keV transition) was determined. 

The Doppler shift of the emitted γ rays depends on their energy, the recoil velocity, and the angle 

of detection. Two-fold (γ-γ) events were sorted into three dimensional matrices for further analysis, 

based on the relative angle of each ROSPHERE detector ring. The Forward Ring (FF) refers to 37◦ 

detecting angle with respect to the beam axis and the Backward Ring (BB) refers to 143◦ angle. The 

obtained spectra for each distance are presented in Fig. 7 where the shifted (s) and the unshifted (u) 
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components of the 61
+ → 41

+ g.s. band transition are shown to be separated in larger distances. The 61
+ 

state has a known lifetime of t1/2 = 8.2(9) ps [4], and can serve as a validation of the experimental 

method. The velocity of the 182W recoil nucleus after exiting the target is 0.833% c, or u = 2.49(18) 

μm/ps. 

 

Figure 5. Typical particle spectrum recorded by the SORCERER detector array. Marked above each peak is the 

ejectile produced by the corresponding reaction channel. 

 

 

 

Figure 6. The γ-γ symmetric spectra at 47 mev beam energy and 150 μm distance  

 

To address the issue of level feedings, it is preferable to work in coincidence mode and apply a 

gate on the Doppler-shifted (𝐼𝑠𝐵 ) component of the 464 keV (81
+ → 61

+) γ ray above the level of interest 

(see Fig. 4b). This gating method ensures that only the nuclei that are still in flight are selected for the 

analysis [7]. The basic relation for the determination of the mean lifetimes according to the DDCM in 

coincidence mode is given in Eq. (1). 
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Figure 7. The shifted (s) and unshifted (u) components of the 351 keV γ ray of 182W are plotted for backward (BB) 

ring, for the six distances. 

 

In Fig. 8, the intensities of the shifted 𝐼𝑠𝐴

𝑠𝐵  and unshifted 𝐼𝑢𝐴

𝑠𝐵  components of the A transition (351 

keV) are plotted for each plunger distance. The experimental data points are described using a function 

consisting of second-order polynomials that are piecewise continuously differentiable. It is crucial to 

fit a smooth curve to the data points, especially in the sensitive region, typically found between 15-80 

μm. The quality of the curve description within this sensitive region is of utmost importance, while the 

description of points outside this range is less relevant. The fitted curve must exhibit specific 

characteristics, such as being monotonically increasing with exactly one inflection point located within 

the sensitive region. In Fig. 8, the unshifted component (blue ▲) and shifted component (orange ■) of 

transition A (351 keV) in coincidence with the shifted component of the feeding transition B (464 keV) 

are shown for the backward ring, which has higher statistics compared to the forward ring. Both 

unshifted and shifted intensities have been normalized using the counts of the strong 41
+ → 21

+ transition 

(229 keV) for each target-to-stopper distance. The curve represents the fit of the normalized intensities 

of the shifted component 𝐼𝑠𝐴

𝑠𝐵  up to a target-to-stopper distance of 80 μm.   

In Fig. 9, the mean lifetime of the 61
+ state was determined to be τ=10.35±4.95 ps, or equivalently, 

a half-life of t1/2=7.18±3.43 ps. The plotted values of τ against the distance are commonly referred to as 

the τ-curve. This value is in agreement with the nominal value found in the literature, which is 

t1/2=8.20±0.90 ps. The measured lifetime in Fig. 9 falls within the range of the literature value, despite 

the measured uncertainty of 4.95 ps is considerably larger than the literature uncertainty of 0.90 ps. The 

resulting lifetime is calculated as the weighted mean of individual τ values, considering the intensity of 
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the unshifted component, the derivative of the intensity curve for the shifted component, and the recoil 

velocity within the sensitive region (15-80 μm) for the backward (BB) ring.  

 

 

Figure 8. DDCM coincidence analysis of the 61
+ state in 182W. The dashed line is a fit with a second order 

polynomial to the shifted components in the sensitive region [7]. 

 

 

Figure 9. The τ-curve calculated according to Eq. (1) in the sensitive region 

The substantial uncertainties in the lifetimes predominantly influenced by statistical uncertainties 

in fitting the shifted and unshifted peaks. These uncertainties arise due to limited counts, particularly 

after employing the triple gating technique in HPGe detectors for ring-to-ring coincidences, and 

inherent statistical fluctuations. Correlations observed in measurements could arise from various 

sources like systematic errors, shared background contributions, or instrumental effects. Despite these 

challenges, the DDCM method has proven effective, yielding a measured lifetime of t1/2=7.18±3.43 ps 

for the 61
+ state of 182W. This result is deemed acceptable, considering known lifetime values, the 

experimental setup, and available beam time. 
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CONCLUSIONS 

The results obtained from this experiment, particularly the validation of the lifetime for the 61
+ 

state of 182W, for the first time via the fusion evaporation reaction 181Ta(11B, 10Be)182W and the DDCM, 

underscore the efficacy of the Differential Decay Curve Method (DDCM) as an invaluable technique 

for such measurements. However, it is crucial to acknowledge various factors that can influence the 

precision of the obtained lifetime and broaden the applicability of this method to other states with 

comparable lifetimes. Nonetheless, the method appears effective in this instance, and a result for the 

lifetime t1/2=7.18±3.43 ps is deemed acceptable for this nucleus, considering the known lifetime value 

from the literature and the experimental setup. Future endeavors involve refining experimental 

techniques, addressing inherent limitations, and formulating robust data analysis methods to enhance 

the accuracy and precision of lifetime measurements in nuclear physics research. These ongoing efforts, 

encompassing both techniques and challenges, contribute to the continuous advancement of our 

comprehension of nuclear structure and dynamics through precise lifetime measurements. 
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