
• Cross section calculated with the formulas (1), (2):

Nτ : the number of target nuclei,
Φ : flux obtained from the 197Au(n,2n)196Au and 27Al(n,α)24Na reference reactions
Np : the number of produced nuclei during the irradiation.
Counts : the number of the integrated peak’s counts.
ε : the absolute efficiency of the HPGe (80%) detector for the energy 439.5 keV.
F : corrective factor for the extended geometry of the measurement and self-absorption on target
materials.
𝑰γ : intensity of the γ – ray peak (439.5 keV - 91%)
D : corrective factor for the de-excitation of the produced 202Tl nuclei from the end of the irradiation
until the end of the activity measurement.
𝐟c: a correction factor for de-excitation of nuclei during the irradiation.
• Monte Carlo simulations have been performed for the gamma-ray self-absorption within the samples

as well as the attenuation of the neutron flux through the target and reference foils.
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Activation Cross Section Measurement of the (n,2n) Reaction on 203Tl

Abstract
In the present work, the cross-section of the (n,2n) reaction on 203Tl has been measured by means of the activation
technique, with quasi-monoenergetic neutron beams at three incident neutron energies, 16.4, 18.9 and 19.3 MeV,
with respect to the 197Au(n,2n)196Au and 27Al(n,α)24Na reference reactions. The experiment was performed at the

neutron production facility of the NCSR Demokritos (Greece) and the neutron beam was produced via the
3H(d,n)4He reaction.
Theoretical calculations with the EMPIRE code were also performed, taking into account available data from the
EXFOR database and implementing the main competing channels in the different energy regions.

Motivation

Figure1 : Existing experimental data

Thallium is widely used in pharmaceuticals, electronics, fiber
optics, infrared detectors and nuclear medicine. However, little
information is available in literature for neutron induced reactions
on Tl isotopes, with many discrepancies among the few existing
experimental data, especially in the energy region above ~14 MeV,
leading to poor evaluations.
The need for auxiliary measurements is thus evident, in order to
improve the accuracy of the evaluations in this isotope and was
the motivation for this work.
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• The quasi-monoenergetic neutron beams were produced
at the neutron production facility of the I.N.P.P. of the
NCSR Demokritos (Greece), via the 3H(d,n)4He reaction.

• The target was a natural TlCl pellet target of ~1g mass and
13mm diameter (205Tl:70.47% , 203Tl:29.53%). It was
sandwiched between Au and Al reference samples of the
same diameter.

• The produced nucleus 202Tl de-excites via the 439.5 keV γ-ray
with intensity Ιγ = 91% and half-life of 12.31 days .

• After the 24h irradiation, the induced activity was measured
with a 80% HPGe detector properly shielded with a lead block to r
reduce the contribution of natural radioactivity
(samples put at 10 cm).
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Figure 3 : Typical spectrum

Figure 2 : Experimental setup of the irradiations

Data Analysis

(1) (2)

Excellent agreement
between experimental
and simulated flux values for

The reference samples =>
to be trusted for the flux
estimation on the Tl sample( Tl1) 

Final Results and Theoretical calculations
• The final experimental data shown in the graph along with other selected experimental data from EXFOR:

• Statistical calculation with EMPIRE [1],
simultaneous reproduction of competing channels:
Ø Level Density model: EGSM
Ø Optical Model: Wilmore et al.
Ø Effort to reproduce with the same set
of parameters previously used in the same
mass region (Au, Ir isotopes [2]).
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Encouraging results, some fine tuning is ongoing… 
The lack of experimental data is a major problem 
for constraining the models =>
new measurements foreseen Figure 5 : Measured cross section data along with EMPIRE calculations

Figure 4 : Measured and simulated neutron fluence


