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Summary of systematic uncertainties

In the main text a 12% total systematic uncer-
tainty (σsys) in the experimental determination of the
204Tl(n, γ) yield is stated. The main sources of uncer-
tainty are reported in Table I. Specific details on the
determination of other uncertainties not directly quoted
from a reference can be found in [1].

The uncertainty in the 204Tl enrichment was evalu-
ated with the aid of an R-matrix analysis. First, the
concentration of the daughter 204Pb was adjusted to the
strongest resonance of 204Pb and the corresponding res-
onance parameters from Ref. [2]. The uncertainty was
then obtained by performing a sensitivity test around the
adjusted value. Both the adjusted concentration and its
uncertainty are in agreement with an independent esti-
mate based on the knowledge of the neutron flux at ILL
and the effective irradiation time.

TABLE I. Main individual contributions to the systematic
uncertainty in the determination of the 204Tl(n, γ) yield.

Source σsys (%)

204Tl sample normalization 7
203Tl resonances area (Ar) 6

204Tl enrichment 5
Detector calibration & gain drift 3
Pulse Height Weighting Technique 2 [3]

Neutron flux in the 0.1 – 10 keV En range 2 [4]
Background subtraction 2

Threshold correction factors, fth 1.5
Total 12

Semi-empirical procedure for the determination of
the MACS at neutron energies relevant for

nucleosynthesis studies

In p.4 of the main text, the procedure to extend the
MACS of 204Tl(n, γ) up to the range of energies relevant
for nucleosynthesis studies is briefly described. A more
detailed description of the method follows here. First, a
threshold in resonance kernel Kr (with Kr = gJ

ΓnΓγ

Γn+Γγ
)

for the observation of resonances above the background
level was experimentally determined. This was done by
reducing artificially the kernel of an existing resonance
until it fell under the background, or equivalently, by in-
creasing the kernel of an hypothetical resonance up to
the point that it would be unequivocally detected. Sec-
ondly, an initial set of average resonance parameters was
derived from our experimental data and evaluations [5].

Specifically, based on data for neighboring nuclei the
neutron strength functions for s- and p-wave resonances
is expected to be S0 ≈ 1.1 × 10−4 and S1 ≈ 0.3 × 10−4.
Moreover, the number of observed resonances above the
threshold allowed to determine the s-wave resonance
spacing to be D0 ≈ 300 eV. This set of parameters were
fine-tuned; in order to reproduce the experimentally-
observed fraction of the MACS for kT = 1 − 5 keV, as
well as to match the Ar values for the measured 204Tl
resonances, it was required to set an average radiation
width Γγ similar to that recommended by Mughabghab
[5] of 750(150) meV.

It is worth noting that at low kT energies the observ-
able MACS is calculated to be an important fraction of
the total MACS, namely, 0.93(2) at 1 keV, 0.75(4) at
2 keV, 0.60(5) at 3 keV, 0.48(7) at 4 keV and 0.40(8)
at 5 keV. These observable fractions of the MACS were
determined by generating several thousands of random
resonance sequences using the previously mentioned set
of average parameters and assuming the expected fluctu-
ation of all involved quantities. In practice, we checked
the impact of changes around the aforementioned esti-
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mated values of ±20% in D0, of ±50% in S0 and S1,
and up to a factor of two in Γγ . The observable MACS
fraction was found to be similar in all tested cases, with
the main uncertainty contribution arising from the ran-
domness of the resonance positions. As an example, the
relative contribution to the total uncertainty due to the
randomness of the resonance sequence is 21% and 25% at
8 keV and 30 keV, respectively. On the other hand, the
relative contribution from the uncertainty in the statis-
tical parameters is 10% and 15%, respectively. Finally,
combining the predicted observable fraction with the di-
rectly measured contribution at each kT energy, the total
MACS was determined in the full thermal neutron energy
between 5 and 100 keV, including its uncertainty.

Quality of R-Matrix fits

Figure 1 shows an example of the R-Matrix fit with
SAMMY of both 204Tl(n, γ) and 203Tl(n, γ) resonances
around neutron energy En = 2 keV in the 204Tl-enriched
sample (red solid line), compared to a fit of only the
203Tl(n, γ) resonance data. The residuals of the fits are
shown in the bottom panels. This particular example
illustrates how the unique combination of high flux and
very high resolution in En of the n TOF EAR1 neutron
beam was crucial in the determination of new 204Tl(n, γ)
resonances.
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FIG. 1. In the top panel, fit of the 203Tl(n, γ) and 204Tl(n, γ)
resonances in the sample (solid red line) compared to a fit of
only the 203Tl resonances (dashed green line). Evaluations
for both nuclei are also shown for comparison. The bottom
panels show the residuals of the fits, thereby illustrating the
quality of the R-matrix analysis.

n TOF total MACS values

The values of the 204Tl(n, γ) MACS from this work
are reported in Table II. These are the values depicted
in Figure 2 of the main manuscript and employed for the
nucleosynthesis calculations.

TABLE II. The detailed values of the new n TOF total MACS
and the corresponding uncertainty in the range of kT energies
from 5 keV to 100 keV are reported in the table below. The
values of Bao et al. (2000) as quoted in the KADoNiS v0.3
database are included for comparison.

kT (keV) n TOF total MACS (mb) Bao et al. (mb)

5 801(203) 874
8 580(168) -
10 497(147) 412
15 387(121) 317
20 326(108) 269
25 286(95) 238
30 260(90) 215
40 220(83) 183
50 198(74) 161
60 176(66) 145
80 157(62) 122
100 137(66) 106
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