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Introduction and Physics motivation

v An approach to constraining cross 
sections

v Allows us to investigate the s-process 
branching point 192Ir 

v Neutron Capture Cross sections –
estimated using the Hauser-Feshbach
model implemented in the TALYS code

v NLD – Nuclear level density

v GSF  – Gamma strength function is a 
characteristic of the average 
electromagnetic transition properties of 
excited nuclei 
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Figure 1: Level density as excitation 
energy increases
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Indirect method and why

191Ir 192Ir
73.83 days

193Ir190Ir
11.78 days

v 192 Ir is unstable, 192Ir(n,γ)193Ir

v 192Os(α,tγ)193Ir

v Use 192Os(α,dγ)194Ir

v 193Ir(n,γ)194Ir

v Purple - stable
v Light Purple – unstable

v Heavy element nucleosynthesis calculations 
and determining the abundances of elements.

v The s- and r-processes are equally responsible 
for the formation of almost all nuclei heavier 
than iron

v For the s-process branch-point nuclei, neutron 
capture cross-section data may not be 
available or limited to a narrow energy range 

194Ir
19.28 hours

Figure 2: Part of the Iridium isotopic chain and half lives
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The Branching point

v Element abundances, e.g Pt, partially depend on 192Ir.

v Provides information on the s-process neutron density (beta decay – neutron capture)

Bisterzo, S, et al. (2015). Monthly Notices of the Royal Astronomical Society, 449(1)

Figure 3: The 192Ir branch feeding the s-only Pt 
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Objectives

v Measure particle-! coincidences using the 192Os(a,d !),(a,t !)

v Extract and normalize the NLD and GSF using the Oslo method

v Use the NLD and GSF to calculate the neutron capture cross section of 193 ,194 Ir

v Compare the 194Ir cross sections with known data to benchmark our approach

v Calculate MACS for 193Ir(n,")194Ir , 192Ir(n,")193Ir

v Use the MACS to evaluate the abundance distribution of the Pt isotopes

Ø NB: 193Ir(n,")194Ir , 192Ir(n,")193Ir
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Experimental set up
CACTUS

v Gamma ray detection

v 26 NaI(Tl)

v 192Os(α,d), 192Os(α,t)
v The experiment ran for 5 days

SiRi

v Charged particle detection

v 64 silicon telescopes placed at backward angels

v 30 MeV beam energy

v With a 0.33mg/cm2 thick 192Os 

Figure 4: The gamma ray and particle detectors at the Oslo cyclotron lab 
and the particle- gamma coincidence.

M. Guttormsen, et al. Nucl. Instr and Meth. in Phys doi: 10.1016 (2011)
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v This is a combination of techniques that enables users to simultaneously extract the 
NLD and GSF.

v The method takes the coincidence matrix as its starting point, then a set of 
procedures are subsequently performed, eventually leading to the desired quantities. 
It consists of the following steps

v Unfolding the coincidence spectrum
(M. Guttormsen et al. 1996)

v Extract primary gamma-rays
(M. Guttormsen et al.  1987. )

v Extracting the NLD and GSF 
(A. Schiller  et al 2000)

v Normalization

Oslo Method
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Figure 4.1 The particle-! matrix of 194Ir
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Results

Figure 5: NLD of 
193,194 Ir
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Results

Figure 6: GSF of 193,194 Ir,
Compared to the GDR data
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Results- Benchmark calculation

Figure 7: (n,g) 
cross sections 
of 194 Ir

Benchmark results
with available data to
compare with, most
From EXFOR

GSF NLD

Hauser Feshbach model
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Results

Figure 8: (n,g) 
cross sections of 
193Ir
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 SHFB,HFB 

Figure 9: MACS for
193Ir(n,g)194Ir

Results

En = kT
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Figure 10: MACS
For 192Ir(n,g)

Results
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Calculations by S Goreily

Present experimental constraints
on the 193Ir NLD and PSF

reduce the uncertainty affecting the 
production of the s-only 192Pt nucleus 
by 20 %.

An increase of the 192Ir(n,γ)193Ir , 
decreases the β-branching of 192Ir and 
consequently decreases the 
production of 192Pt.

Figure 11: Surface overabundances as a
function of the atomic mass A for s-only
nuclei at the end of the AGB phase.

Results
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Summary and Conclusion

v Conducted the 192Os(a,t) and (a,d) experiment to measure particle-! coincidence for 
193,194Ir

v Experimental NLD and GSF were extracted for 193,194Ir

v Experimentally constrained  192Ir(n,!)Ir193 MACS and reduced the error band by 20%.

v S Goriely performed s-process calculations to determine the abundance distribution 
of the s-only isotopes affected by the 192Ir branching point. A decrease in the 192Ir(n, 
!) increases the production of 192Pt.
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Back up slides

First gen

TALYS is a nuclear reaction program with the objective to provide a complete and accurate 
simulation of nuclear reactions up to energies of 200 MeV,

Device for Indirect Capture Experiments on Radionuclides (DICER) An instrument for 
making resonance neutron transmission measurements on very small radioactive samples 
to tightly constrain their neutron-capture cross sections.

at the Los Alamos Neutron Science Centre (LANSCE)
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Branching point

branching points that mainly influence the abundance of s-only isotopes

Abundance distribution
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Detector resolution

Stamatopoulos, Athanasios, et al. "DICER: 
a new instrument for nuclear data for 
nuclear security." Journal of 
Radioanalytical and Nuclear Chemistry
331.12 (2022): 4857-4861.
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Kheswa 2017 PRC
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AGB- asymptotic giant 
Branch stars
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While the radiative neutron capture rate on the stable 193Ir is relatively well 
constrained by direct measurements of both the cross section and the
MACS

The 192Ir(n,γ)193Ir rate used to be affected by a larger uncertainty, typically a 
factor of 3 within the TALYS upper and lower limits. 

The present experimental constraints on the 193Ir NLD and PSF obtained by the 
Oslo method have allowed us to reduce the corresponding uncertainty to 
about 20% between the Oslo upper and lower limits.

Such an improvement in the absolute value of the MACS is found to 
significantly reduce the uncertainty affecting the production of the s-only 
192Pt nucleus, as shown in Figure 11. An increase of the 192Ir(n,γ)193Ir obviously 
decreases the β-branching of 192Ir and consequently decreases the production 
of 192Pt.
.
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Make the non-thermalized MACS look the 
same in both figures (make it all black)

Make sure the multiplication is the same 1.5 
and the other is 0.9. the graphs must end at 
the same place.
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