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1. Introduction 
The cross-section of 85Rb(n,2n)84mRb has 

been measured at the neutron energies of 12.97 ± 

0.51 MeV and 18.99 ± 0.74 MeV using activation 

and off-line γ-ray spectrometry technique. The 

experiment was carried out at 14UD BARC-TIFR 

Pelletron facility. Fast neutrons were produced by the 
7Li(p,n)7Be reaction. 27Al(n,α)24Na was used to 

determine the absolute neutron flux. The induced γ-

ray activity in the reaction products was measured 

using a high purity Germanium (Ge) detector. The 

experimentally measured data were compared with 

the literature data of the existing library. 

Theoretically, the cross-sections were evaluated 

using the numerical code TALYS-1.96 with different 

level density models at neutron energies from the 

threshold to 20 MeV. The results are also compared 

with the previously published data in EXFOR and 

ENDF nuclear data libraries. [1, 2] 

 

2. Experimental Details 
 

The experiment was carried out at 14UD BARC-

TIFR Pelletron facility, Mumbai-India using the 

activation and off-line γ-ray spectroscopy technique. 

The proton beam energies of 15 and 21 MeV were 

bombarded on natural lithium (Li) foil of thickness ~ 

6.8 mg/cm2 to generate neutrons of energies 12.97 ± 

0.51 MeV and 18.99 ± 0.74 MeV by the 7Li(p,n)7Be 

reaction. [3-5] Li foil was wrapped in between 

tantalum (Ta) foil. The target sample of rubidium 

nitrate (RbNo3) palate of thickness 1 mm and 

diameter 8 mm was kept at a distance of 2.1 cm after 

Ta-Li-Ta stack in forward direction. Aluminum foil 

was used as a flux monitor via the 27Al(n,α)24Na 

reaction. The target sample with the monitor were 

wrapped in 0.025 mm thick aluminum foil to avoid 

radioactive contamination to the surrounding. The 

samples were irradiated for 7-9 hours with the 

available neutron energies and kept cooled for a 

sufficient time. Table 1 gives the details of the 

experiments. 

 

The irradiated samples were mounted on a Perspex 

plate and γ-ray activity was measured by a pre-

calibrated 80 cm3 HPGe detector coupled to a PC 

based 4K channel analyzer. The energy and 

efficiency calibration of the detector system was done 

by counting the γ-ray energies of standard 152Eu 

source having multi γ-ray energies. Table-2 gives the 

details of the nuclear spectroscopic parameters of the 

sample and monitor reactions. 

 

Table-1 Experimental details 

 

EP (MeV) 15 21 

En (MeV) 12.97±0.51 18.99±0.74 

Total Irradiation 

time (hh:mm) 
09:00 7:00 

Beam current 

(nAmp) 
150 150-220 

 

3. Data Analysis 
The (n,2n) reaction cross-section was obtained from 

the measured counts of photo peak using the 

activation formula. 

 

𝜎𝑟 =< 𝜎𝑚 > η 
𝐴𝑟𝜆𝑟𝑎𝑚𝑁𝑚𝐼𝑚𝑓𝑚

𝐴𝑚𝜆𝑚𝑎𝑟𝑁𝑟𝐼𝑟𝑓𝑟
 ×  

𝐶𝑟 ∗ 𝑁𝐶𝑜𝑟𝑟 (𝑟)

𝐶𝑚∗  𝑁𝐶𝑜𝑟𝑟 (𝑚)
       (1) 

Where, Ar,m = the photo-peak counts of product 

nuclei 85Rb and 24Na recorded by HPGe detector, λr,m 

= the decay constant (cm-1), Nr,m = the total number 

of atoms , η (ɛm/ɛr) = the detector efficiency ratio,εr,m 

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 621

Available online at www.sympnp.org/proceedings



= the efficiency of corresponding γ-ray energies of 

sample and monitor reaction, Ir,m = the γ-ray 

intensity, ar,m = the isotopic abundance of the target 

and monitor nuclei and fr,m = the timing factors of the 

sample and monitor reaction are given by: 

 

𝑓𝑟,𝑚 = (1 − 𝑒−𝜆𝑡𝑖𝑟𝑟)𝑒−𝜆𝑡𝑐𝑜𝑜𝑙(1 − 𝑒−𝜆𝑡𝑐𝑜𝑢𝑛𝑡)           (2) 

Where, tirr = the irradiation time, tcool = the cooling 

time, tcount = the counting time. Cr,m = the total 

correction factor of this experiment and Ncorr (r,m) = 

the low energy (p,n1) neutron correction factor. The 

spectrum averaged monitor cross-section was 

calculated by the following formula: 

 

< 𝜎𝑚 > =  
∫ Φ𝑖𝜎𝑚𝑑𝐸

𝐸𝑗,𝑚𝑎𝑥
𝐸𝑗,𝑚𝑖𝑛

∫ Φ𝑖𝑑𝐸
𝐸𝑗,𝑚𝑎𝑥

𝐸𝑗,𝑚𝑖𝑛

   (3) 

Where, σm = the 27Al(n,α)24Na monitor reaction cross-

section taken from the IRDFF-1.05 (International 

Reactor Dosimetry and Fusion File) library [6] folded 

with the neutron flux values (Φi) from the neutron 

flux energy spectrum. Ej,min and Ej,max are the 

lower and upper energy values of the energy 

spectrum. 

Table-2 Nuclear spectroscopic data 
 

Reaction Product Half-life 
Eγ (keV) 

(Iγ) 

27Al(n,α) 24Na 14.997 h 
1368.62 

(99.99%) 

85Rb(n,2n) 84Rbm 20.26 m 
248.02 

(63%) 
 

Table-3 Comparison of the 85Rb(n,2n)84mRb reaction 

cross-section 

4. Results and Discussion 
 

The reaction cross-section of 85Rb(n,2n)84mRb was 

measured at average neutron energies of 12.97±0.51 

and 18.99±0.74 MeV. A comparison of the 

experimental data with available data in nuclear data 

libraries and predicted data by TALYS-1.96 is shown 

in Fig. 1, which shows that the experimentally 

predicted data are in good agreement with the 

published data by M. Bormann et al. [7] and are in 

good agreement with the evaluated JEFF-3.3 data. 
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Fig.1 Comparison of the measured 
85Rb(n,2n)84mRb reaction cross-sections with the 

data previously published and available in 

nuclear data libraries 

E (MeV) 

Cross-section (barn) 

Measured JEFF-3.3 JENDL-5 
EAF-

2010 

12.97±0.51 0.2797±0.0237 0.299974 0.313 0.32824 

18.99±0.74 0.4779±0.0406 0.50248 0.53463 0.5546 
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