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Abstract 

Activation cross sections of proton-induced reactions on natural platinum were measured. The 

stacked-foil activation technique and high-resolution gamma-ray spectrometry were used. The 

production cross sections of 198, 196, 196m2, 195, 194, 193, 192, 191Au, 191Pt, and 192, 190Ir were determined up to 

30 MeV. The experimental results were compared with previous experimental data and theoretical 

calculations in the TENDL-2019 library.  
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1. Introduction 

Gold-198 has two long-lived states, the ground state 198gAu (T1/2 = 2.6941 d) and the metastable 

state 198mAu (T1/2 = 2.272 d) that decays to the ground state by the isomeric transition (IT: 100%). The 

radionuclide 198gAu is a beta emitter (β-: 100%, <Eβ
-> = 312.5 keV) and is widely used for therapy in 

nuclear medicine, such as brachytherapy (Fernandes et al., 2003; Horiuchi et al., 1991; Karvat et al., 

2001; Konishi et al., 2021) and nanoparticles (Black et al., 2014; Chakravarty et al., 2019; Chanda et 

al., 2010).  

The large-scale production route of 198gAu is the neutron capture reaction on monoisotopic 

element 197Au in nuclear reactors. The route, however, can produce only the low specific activity of 
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198gAu because of difficult chemical separation from the 197Au target. The high specific activity 198gAu 

can be produced using cyclotrons with proton- and deuteron-induced reactions on natural and enriched 

platinum targets.  

In this paper, we focused on the proton-induced reactions on natPt targets (190Pt: 0.012%, 192Pt: 

0.782%, 194Pt: 32.864%, 195Pt: 33.775%, 196Pt: 25.211%, and 198Pt: 7.356%) (Meija et al., 2016). Four 

previous experimental studies (Showaimy et al., 2019; Smith et al., 2017; Tárkányi et al., 2004a, 

2004b) for isotope production by proton-induced reactions on platinum were found in our literature 

survey. The previous experimental cross section data have large uncertainties and show discrepancies 

among them. More reliable and accurate data are required. Therefore, we measured the excitation 

functions of the proton-induced reaction on natPt up to 30 MeV, with a particular focus on the 198gAu 

production. Activation cross sections of several co-produced radioisotopes were also determined. The 

results were compared with the experimental data published earlier (Showaimy et al., 2019; Tárkányi 

et al., 2004a, 2004b) and the TENDL-2019 data based on a calculation using the theoretical model 

code TALYS (Koning et al., 2019). 

 

2. Experimental method 

The experiment was performed at the AVF cyclotron of the RIKEN RI Beam Factory. The stacked 

foil activation technique and high-resolution gamma-ray spectrometry were used.  

The target for the experiment consisted of pure metallic foils of natPt (20-μm thick, 99.95% purity, 

100×100 mm size), and natTi (5-μm thick, 99.6% purity, 50×100 mm size), which were purchased from 

Nilaco Corp., Japan. The natTi foils were used for the natTi(p,x)48V monitor reaction to assess the beam 

parameters and the target thicknesses. The target thicknesses were derived using measured sizes and 

weights of the foils. The derived thicknesses of the natPt and natTi foils were 39.2, and 2.24 mg/cm2, 

respectively. The foils were then cut into a size of 10×10 mm to fit a target holder served as a Faraday 

cup. Twenty-five sets of Pt-Pt-Ti-Ti foils were stacked in the target holder.  

The stacked target was irradiated for 30 min with a 30.1±0.1 MeV proton beam. The primary 

beam energy was measured by the time-of-flight method (Watanabe et al., 2014). The energy 

degradation in the stacked target was calculated using the SRIM code (Ziegler et al., 2010). The 

average beam intensity measured by the Faraday cup was 101 nA.  

The gamma-ray spectra of each irradiated foil were measured without chemical separation by a 

high-resolution HPGe detector (ORTEC GEM-25185-P). The gamma-ray spectra were analyzed by 

the dedicated software (SEIKO EG&G Gamma Studio). The detector was calibrated by a multiple 

gamma-ray emitting point source consisting of 57,60Co, 85Sr, 88Y, 109Cd, 113Sn 137Cs, 139Ce, 203Hg, and 

241Am (Eckert & Ziegler Isotope Products). Every second foil of the same element pairs was measured 

to compensate for the recoil losses of the products. Each foil was measured four times in 2 h - 70 days 



to follow the decay of the produced radioisotopes with different half-lives. The distance between the 

detector and the foils was arranged to keep the dead time less than 4.7%. 

The nuclear reaction and decay data for the gamma-ray spectrometry were taken from NuDat 3.0 

(National Nuclear Data Center, 2021), LiveChart (International Atomic Energy Agency, 2009), 

Lund/LBNL Nuclear Data Search (Chu et al., 1999), and QCalc (Sonzogni & Pritychenko, 2003). 

Reaction and decay data for the radionuclides of interest are listed in Table 1. 

The self-absorption of low-energy gamma lines in the Pt foils was considered using the following 

equation (Alfassi et al., 2009) 

𝐴(𝐸) = 𝐴0(𝐸)
𝜌[𝜇(𝐸)/𝜌]𝑑

1−exp⁡[−𝜌(𝜇(𝐸)/𝜌)𝑑]
                      (1) 

where 𝐴0(𝐸) is the measured activity for the gamma line at the energy 𝐸, 𝐴(𝐸) is the corrected 

activity, 𝑑 is the thickness of the Pt foil,  is the density of the foil, (𝐸)/ is the mass attenuation 

coefficient for the gamma line at the energy. The mass attenuation coefficient was taken from the 

online database (Hubbel & Seltzer, 2004).  

Cross sections of the natTi(p,x)48V monitor reaction were derived to assess the beam parameters 

and target thicknesses. The gamma line at 983.5 keV (Iγ = 99.98%) from the decay of 48V (T1/2 = 

15.9735 d) in each second Ti foil was measured. The dead time during the measurements was kept at 

less than 0.3% after a cooling time of 2 days. The possible contribution from 48Sc (T1/2 = 43.67 h) in 

the spectra was negligible because production cross sections of 48Sc are tiny in this energy region and 

the 1037.52-keV gamma line from 48Sc was not found in the spectra. The derived cross sections were 

compared with the IAEA recommended values (Hermanne et al., 2018; Tárkányi et al., 2007) as shown 

in Fig. 1. Our result is consistent with the recommended values published in 2007. The measured 

thicknesses and beam parameters were used without any correction to derive production cross sections.  

 

3. Result and discussion 

The activation cross sections of 198, 196, 196m2, 195, 194, 193, 192, 191Au, 191Pt, and 192, 190Ir were 

determined for the proton-induced reactions on natPt up to 30 MeV. The numerical data of the measured 

cross sections are listed in Tables 2 and 3. The results are displayed in Figs. 2-12 together with the 

previous experimental studies (Showaimy et al., 2019; Tárkányi et al., 2004a, 2004b) and the TENDL-

2019 data (Koning et al., 2019). The TENDL-2019 data shown in each figure were normalized to the 

natural isotopic ratio and appropriately summed up for independent or cumulative elemental cross 

sections for comparison. 

The median projectile energy at each foil is listed in Tables 2 and 3 with the total uncertainty and 

energy loss in parathesis. The total energy uncertainties of 0.1-0.7 MeV were propagated from the 

uncertainties of the primary beam energy (±0.1 MeV) and target thickness (1%). The estimated energy 

loss in the natPt foils was 0.2-0.6 MeV. The total uncertainty of the cross sections was estimated to be 



7.2-29.9%. It was derived from the square root of the quadratic summation of each component; beam 

intensity (5%), gamma-line intensity (<17%), detector efficiency (5%), target thickness (1%), target 

purity (1%), and counting statistics (0.3-28.7%). 

 

3.1 The 198gAu production 

The cross sections of the natPt(p,x)198gAu reaction were derived by measuring the gamma line at 

411.80205 keV (Iγ = 95.62%) from the decay of 198gAu after a cooling time of 13 days. In addition to 

the direct production, 198gAu (T1/2 = 2.6941 d) could be formed through the decay of a co-produced 

metastable state 198mAu (T1/2 = 2.272 d, IT: 100%). The possible contribution through 198mAu was 

negligibly small because intense gamma lines of 198mAu could not be found in the spectra. The cross 

sections were obtained from the net counts of the photopeak area.  

The derived cross sections are shown in Fig. 2 and compared with the previous studies 

(Showaimy et al., 2019; Tárkányi, et al., 2004a) and the TENDL-2019 data (Koning et al., 2019). The 

literature data normalized to enriched 198Pt targets (Tárkányi et al., 2004a) were re-normalized to 

natural targets. The present cross-section data show a smooth curve and are consistent with previous 

experimental data within the uncertainty except for the scattered data of Tárkányi et al. (2004a) at 17-

23 MeV. The TENDL-2019 data show the same trend as the experimental excitation function while 

they slightly underestimate the peak position.  

 

3.2 The 196gAu production 

The cross sections for 196gAu production were derived by measuring the 355.73-keV gamma line 

(Iγ = 87%) from the decay of 196gAu (T1/2 = 6.1669 d). The measurements of the gamma line were 

performed after an average cooling time of 13 days. Two metastable states with shorter half-lives (T1/2 

= 8.1 s and 9.6 h, IT: 100%) decayed to 196gAu during the cooling time. The contributions of the same 

gamma line from 196gIr (T1/2 = 52 s, β-: 100%), and 196mIr (T1/2 = 1.4 h, β-: 100%) could be neglected 

because of their shorter half-lives.  

The cumulative cross sections of 196(g+m1+m2)Au are shown in Fig. 3 together with the previous 

experimental data (Showaimy et al., 2019; Tárkányi, et al., 2004b) and the TENDL-2019 data (Koning 

et al., 2019). The data by Tárkányi et al. (2004b) are slightly lower than ours between 17 and 24 MeV 

while larger above 26 MeV. The experimental data of Showaimy et al. (2019) are in partial agreement 

with our data. The peak positions of the TENDL-2019 values slightly shifted to the lower energy 

region although the amplitudes are consistent with the experimental data. 

 

3.3 The 196m2Au production  

The excitation function of the natPt(p,x)196m2Au reaction was derived from measurements of the 

gamma line at 147.81 keV (Iγ = 43.5%) from the 196m2Au decay (T1/2 = 9.6 h). The measurements were 



performed after a cooling time of 21 h. The interference of the 147.49-keV gamma line (Iγ = 0.77%) 

from 191Au (T1/2 = 3.18 h) was negligibly small because the more intense gamma line at 586.44 keV 

(Iγ = 15.0%) of 191Au disappeared in the used spectra. 

The cross sections are shown in Fig. 4 together with the previous experimental data (Showaimy 

et al., 2019; Tárkányi, et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). Our result 

measured in the energy range between 19 and 30 MeV is consistent with the data of Tárkányi et al. 

(2004b) within the uncertainty. The data of Showaimy et al. (2019) are not overlapped with ours but 

are consistent with the other experimental result. The TENDL-2019 data overestimate the 

experimental cross sections.  

 

3.4 The 195gAu production   

The cross sections for the 195gAu production were derived using spectra measured after an average 

cooling time of 69 days. The metastable state 195mAu with a short half-life (T1/2 = 30.5 s, IT: 100%) 

decayed to the ground state 195gAu (T1/2 = 186.01 d) soon after the end of the bombardment. The 

98.857-keV gamma line (Iγ = 11.21%) from the decay of 195gAu was used to derive the cross sections. 

The possible contribution to the same gamma line from 195mPt (T1/2 = 4.01 d, IT: 100%) was negligible 

after the long cooling time. The self-absorption of the low-energy gamma line was calculated using 

equation (1) and the correction factor was estimated as 1.11. The measured activities were corrected 

by multiplying the factor.  

The cumulative cross sections of 195(g+m)Au using the corrected activities are shown in Fig. 5 

together with the previous experimental data (Showaimy et al., 2019; Tárkányi et al., 2004b) and the 

TENDL-2019 data (Koning et al., 2019). Both previous experimental data of Showaimy et al. (2019) 

and Tárkányi et al. (2004b) are in partial agreement with our data. The TENDL-2019 values show a 

trend and amplitude similar to the experimental excitation functions while its peak energy seems 

slightly higher.    

 

3.5 The 194gAu production   

The cross sections of the natPt(p,x)194gAu reaction were derived using spectra measured after a 

cooling time of 21 h. Two co-produced short-lived metastable states (T1/2 = 600 and 420 ms, IT: 100%) 

decayed to the ground state 194gAu (T1/2 = 38.02 h) soon after the irradiation. Intense gamma lines at 

328.47 keV (Iγ = 62.8%) and 293.549 keV (Iγ = 10.9%) from the decay of 194gAu were interfered with 

those from decays of the ground state (T1/2 = 19.28 h) and an excited state of 194Ir (T1/2 = 171 d). The 

interference-free gamma line at 1468.904 keV (Iγ = 6.8%) was instead selected. The gamma line also 

included the contribution from 194gIr (Iγ = 0.186%), which was confirmed to be negligible based on 

decay curve analysis. The cumulative cross sections were obtained from the net counts of the 

photopeak area.  



The cumulative cross sections of 194(g+m1+m2)Au are shown in Fig. 6 and compared with the 

previous studies (Showaimy et al., 2019; Tárkányi et al., 2004b) and the TENDL-2019 data (Koning 

et al., 2019). Our result is in good agreement with both previous experimental data below 16 MeV. 

The data of Tárkányi et al. (2004b) is slightly larger than ours above 27 MeV. The TENDL-2019 values 

agree well with the experimental data. 

 

3.6 The 193gAu production  

Measurements of the 255.57-keV gamma line (Iγ = 6.5%) after a cooling time longer than 21 h 

were used to derive the production cross sections of 193gAu (T1/2 = 17.65 h). The metastable state 

193mAu (T1/2 = 3.9 s, IT: 99.97%) decayed during the irradiation. The more intense gamma line at 

186.17 keV (Iγ = 9.7%) was unselected to avoid the interference of the 186.68-keV gamma line from 

the ground state (T1/2 = 11.78 d, Iγ = 50%) and an excited state of 190Ir (T1/2 = 3.087 h, Iγ = 64.37%).  

The cumulative cross sections of 193(g+m)Au are shown in Fig. 7 in comparison with the previous 

experimental data (Showaimy et al., 2019; Tárkányi et al., 2004b) and the TENDL-2019 data (Koning 

et al., 2019). The present data are in good agreement with the previous data of Showaimy et al. (2019) 

and Tárkányi et al. (2004b). The TENDL-2019 data overestimate the experimental cross sections.  

 

3.7 The 192gAu production  

The cross sections of the natPt(p,x)192gAu reaction were derived from the measurements of the 

316.50618-keV gamma line (Iγ = 59%) emitted with the 192gAu decay (T1/2 = 4.94 h) after cooling time 

of 2 h. Two metastable states (T1/2 = 29 and 160 ms, IT: 100%) decayed during the irradiation. The 

contribution to the same gamma line (Iγ = 82.86%) from 192gIr (T1/2 = 73.829 d) was neglected because 

of the long half-life and small cross sections (see section 3.10). The contribution of the gamma line at 

316.19 keV (Iγ = 3.0%) from 196m2Au (T1/2 = 9.6 h) was estimated using another intense gamma line at 

147.81 keV (Iγ = 43.5%) and found to be negligibly small.  

The cumulative cross sections of 192(g+m1+m2)Au are shown in Fig. 8 in comparison with the 

previous experimental data (Tárkányi et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). 

The data reported by Tárkányi et al. (2004b) are consistent with ours except for a few data at 22-24 

MeV. The TENDL-2019 data are roughly consistent with experimental results. 

 

3.8 The 191gAu production  

Measurements of the 586.44-keV gamma line (Iγ = 15%) after a cooling time of 2 hours were 

used to derive the production cross sections of 191gAu (T1/2 = 3.18 h). The metastable state 191mAu (T1/2 

= 0.92 s, IT: 100%) decayed during the irradiation.  

The cumulative cross sections of 191(g+m)Au are shown in Fig. 9 in comparison with the previous 

experimental data (Tárkányi et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). Our result 



is consistent with the data of Tárkányi et al. (2004b) within the uncertainty. The TENDL-2019 data 

are larger than experimental data above 29 MeV.  

 

3.9 The 191Pt production   

The production cross sections of 191Pt (T1/2 = 2.83 d) were derived from the gamma line at 538.87 

keV (Iγ = 14.3%). We used the gamma spectra recorded after a cooling time of 13 days. Its parent 

radionuclide 191Au (T1/2 = 3.18 h) decayed to 191Pt completely during the cooling time. The derived 

cumulative cross sections of 191Pt and 191Au were, however, smaller than the independent cross 

sections of 191Au. This inconsistency was caused by large uncertainties of gamma-ray intensities (12% 

for 191Au and 17% for 191Pt) and net-count statistics (4-30%). 

The cumulative cross sections are shown in Fig. 10 together with the previous experimental data 

(Tárkányi et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). The present data are 

consistent with the data of Tárkányi et al. (2004b) within the uncertainty. The TENDL-2019 data are 

roughly consistent with experimental results and overestimate above 26 MeV. 

 

3.10 The 192gIr production  

The cross sections of the natPt(p,x)192gIr reaction were derived from the measurements of the 

316.50618-keV gamma line (Iγ = 82.86%) emitted with the 192gIr decay (T1/2 = 73.829 d) after an 

average cooling time of 69 days. The short-lived metastable state 192mIr (T1/2 = 1.45 m, IT: 99.98%) 

decayed to 192gIr soon after the end of the bombardment. The second metastable state has a very long 

half-life (T1/2 = 241 y, IT: 100%) and its decay less contributed to spectra. The contribution of 192gAu 

(T1/2 = 4.94 h) to the same gamma line was negligible because it completely decayed during the cooling 

time.  

The cumulative cross sections of 192(g+m1)Ir are shown in Fig. 11 in comparison with the previous 

experimental data (Tárkányi et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). The 

present cross-section data show a smooth curve and are consistent with the data reported by Tárkányi 

et al. (2004b). The TENDL-2019 values have a different shape from the experimental ones in the 21-

29 MeV energy region. 

 

3.11 The 190gIr production  

The cross sections for 190gIr production were derived by measuring the 186.68-keV gamma line 

(Iγ = 50%) from the decay (T1/2 = 11.78 d). The measurements were performed after an average cooling 

time of 13 days. Two metastable states with shorter half-lives (T1/2 = 1.12 h, IT: 100% and T1/2 =3.087 

h, IT: 8.6%) decayed to 190gIr or 190Os during the cooling time. The interference of the gamma lines at 

186.17 keV (Iγ = 9.7%) from 193gAu (T1/2 = 17.65 h) and 188.27 keV (Iγ = 30.0%) from 196m2Au (T1/2 = 

9.6 h) was negligible after the long cooling time. 



The cumulative cross sections of 190(g+m1+0.086m2)Ir are shown in Fig. 12 together with the previous 

experimental data (Tárkányi et al., 2004b) and the TENDL-2019 data (Koning et al., 2019). The 

previous data are in good agreement with ours. The TENDL-2019 values overestimate the 

experimental data and show a different shape. 

 

4. Conclusion 

Activation cross sections of the proton-induced reactions on natPt were measured up to 30 MeV 

at the RIKEN AVF cyclotron. The stacked-foil activation technique and the high-resolution gamma-

ray spectrometry were used for the cross-section measurements. The excitation functions for 11 

radioisotopes 198, 196, 196m2, 195, 194, 193, 192, 191Au, 191Pt, and 192, 190Ir were determined and compared with 

data published earlier and the TENDL-2019 library. Our measured excitation functions show smooth 

curves and are in acceptable agreement with the previous studies of Showaimy et al. (2019) and 

Tárkányi et al. (2004a, 2004b) within uncertainty. Our results can contribute to nuclear reaction 

databases required for optimization of the 198Au production. 
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Tables 

Table 1. Reactions and decay data of reaction products. 

Nuclide Half-life Decay mode (%) Eγ (keV) Iγ (%) Reaction Products Q-value (MeV) References 

198gAu 2.6941 d β- (100) 411.80205 95.62(6) 198Pt(p,n)198gAu -1.1 Huang & Kang 

(2016) 

196gAu 6.1669 d β- (7) 333.03 22.9(9) 198Pt(p,3n)196gAu -15.7 Huang (2007) 

  ε+β+ (93) 355.73 87(3) 196Pt(p,n)196gAu -2.3 Huang (2007) 

     195Pt(p,γ)196gAu 5.6  

196m2Au 9.6 h IT (100) 147.81 43.5(15) 198Pt(p,3n)196m2Au -16.3  

   188.27 30.0(15) 196Pt(p,n)196m2Au -2.9  

     195Pt(p,γ)196m2Au 5.0  

195gAu 186.01 d ε (100) 98.857 11.21(15) 198Pt(p,4n)195gAu -22.3 Huang & Kang 

(2014) 

     196Pt(p,2n)195gAu -8.9  

     195Pt(p,n)195gAu -1.0  

     194Pt(p,γ)195gAu 5.1  

194gAu 38.02 h ε+β+ (100) 293.549 10.9(3) 196Pt(p,3n)194gAu -17.4 Chen & Singh 

(2021) 

   328.470 62.8(16) 195Pt(p,2n)194gAu -9.4  

   1468.904 6.8(20) 194Pt(p,n)194gAu -3.3  

193gAu 17.65 h ε+β+ (100) 112.515 2.2(3) 196Pt(p,4n)193gAu -24.2 Shamsuzzoha 

Basunia (2017) 

   173.52 2.8 195Pt(p,3n)193gAu -16.3  

   186.17 9.7(11) 194Pt(p,2n)193gAu -10.2  

   255.57 6.5(9) 192Pt(p,γ)193gAu 4.4  

   268.22 3.8(5)    

   439.04 1.85(23)    

192gAu 4.94 h ε+β+ (100) 295.95650 23(3) 195Pt(p,4n)192gAu -25.0 Baglin (2012) 

   316.50618 59(7) 194Pt(p,3n)192gAu -18.9  

     192Pt(p,n)192gAu -4.3  

191gAu 3.18 h ε+β+ (100) 586.44 15.0 194Pt(p,4n)191gAu -26.0 Vanin et al. (2007) 

     192Pt(p,2n)191gAu -11.3  

     190Pt(p,γ)191gAu 3.8  

191Pt 2.83 d ε (100) 538.87 14.3(24) 196Pt(p,t3n)191Pt -28.8 Vanin et al. (2007) 

     195Pt(p,t2n)191Pt -20.9  

     194Pt(p,tn)191Pt -14.8  



     192Pt(p,d)191Pt -6.4  

     191Au decay   

192gIr 73.829 d ε (4.76) 295.95650 28.71(7) 198Pt(p,α3n)192gIr -14.4 Baglin (2012) 

  β- (95.24) 308.45507 29.70(7) 196Pt(p,αn)192gIr -1.0  

   316.50618 82.86(3) 195Pt(p,α)192gIr 6.9  

   468.06885 47.84(3) 194Pt(p,3He)192gIr -7.6  

190gIr 11.78 d 
ε+β+ (100) 

186.68 50(3) 

196Pt(p,α3n)190gIr -15.2 Singh & Chen 

(2020) 

   361.09 12.3(5) 195Pt(p,α2n)190gIr -7.3  

   371.24 21.6(7) 194Pt(p,αn)190gIr -1.2  

   407.22 22.7(13) 192Pt(p,3He)190gIr -7.2  

   518.55 32.2(15)    

   557.95 28.5(13)    

   569.30 27.0(12)    

   605.14 37.8(18)    

48V 15.9735 d ε (100) 983.525 99.98 natTi(p,x)48V  Chen (2022) 

   1312.105 98.2    

 

Table 2. Measured cross sections of 198, 196, 196m2, 195, 194Au in the natPt(p,x) reaction. The projectile 

energy is listed with total uncertainty and energy loss in parathesis. 

E (MeV) 198gAu 196(g+m1+m2)Au 196m2Au 195(g+m)Au 194(g+m1+m2)Au 

29.6 ±0.1 (0.2) 1.69 ±0.17 52.1 ±4.2 7.31 ±0.94 84.9 ±6.3 292 ±26 

28.8 ±0.1 (0.2) 1.62 ±0.16 63.6 ±5.1 7.36 ±0.92 81.2 ±6.0 330 ±29 

28.1 ±0.1 (0.2) 1.74 ±0.17 70.3 ±5.6 7.92 ±0.97 68.7 ±5.1 349 ±30 

27.3 ±0.1 (0.2) 1.84 ±0.18 84.4 ±6.8 9.55 ±1.12 66.0 ±4.9 365 ±32 

26.5 ±0.1 (0.2) 1.84 ±0.19 90.6 ±7.3 9.00 ±1.05 60.7 ±4.5 379 ±33 

25.8 ±0.1 (0.2) 2.05 ±0.20 101 ±8 8.58 ±1.02 61.4 ±4.6 379 ±33 

24.9 ±0.1 (0.2) 1.77 ±0.18 94.1 ±7.5 7.83 ±1.06 61.5 ±4.6 348 ±30 

24.1 ±0.1 (0.2) 1.71 ±0.18 92.1 ±7.4 6.20 ±0.89 70.8 ±5.3 348 ±30 

23.3 ±0.1 (0.2) 1.74 ±0.18 90.6 ±7.2 6.38 ±0.98 92.1 ±6.8 344 ±30 

22.4 ±0.1 (0.2) 2.07 ±0.20 88.0 ±7.0 5.85 ±1.08 125 ±9 349 ±30 

21.5 ±0.2 (0.2) 2.08 ±0.20 79.8 ±6.4 3.39 ±0.71 163 ±12 361 ±31 

20.6 ±0.2 (0.2) 2.10 ±0.20 64.3 ±5.1 2.55 ±0.38 202 ±15 328 ±29 

19.6 ±0.2 (0.2) 2.04 ±0.19 49.0 ±3.9 2.08 ±0.34 245 ±18 336 ±29 

18.7 ±0.2 (0.2) 2.17 ±0.20 32.1 ±2.6 1.19 ±0.28 273 ±20 355 ±31 

17.6 ±0.2 (0.2) 2.19 ±0.20 16.5 ±1.3  254 ±19 347 ±30 



16.6 ±0.2 (0.2) 2.16 ±0.20 10.9 ±0.9  245 ±18 366 ±32 

15.5 ±0.2 (0.3) 2.21 ±0.20 11.2 ±0.9  209 ±15 307 ±27 

14.3 ±0.3 (0.3) 2.45 ±0.22 14.9 ±1.2  181 ±13 269 ±24 

13.0 ±0.3 (0.3) 2.96 ±0.25 21.3 ±1.7  147 ±11 221 ±20 

11.7 ±0.3 (0.3) 4.05 ±0.33 31.3 ±2.5  108 ±8 156 ±15 

10.3 ±0.4 (0.3) 4.30 ±0.35 28.9 ±2.3  56.2 ±4.2 64.3 ±7.6 

8.7 ±0.4 (0.4) 2.71 ±0.23 11.7 ±0.9  16.0 ±1.2 15.7 ±3.1 

6.9 ±0.5 (0.4) 0.490 ±0.043 1.51 ±0.12  1.87 ±0.18 2.05 ±0.53 

4.8 ±0.7 (0.6) 0.0121 ±0.0020 0.0346 ±0.0045    

 

Table 3. Measured cross sections of 193, 192, 191Au, 191Pt, and 192, 190Ir in the natPt(p,x) reaction. The projectile 

energy is listed with total uncertainty and energy loss in parathesis.  

E (MeV) 193(g+m)Au 192(g+m1+m2)Au 191(g+m)Au 191Pt(cum) 192(g+m1)Ir 190(g+m1+0.086m2)Ir 

29.6 ±0.1 (0.2) 347 ±55 517 ±72 20.1 ±2.2 19.9 ±3.7 1.40 ±0.12 1.51 ±0.16 

28.8 ±0.1 (0.2) 380 ±60 515 ±72 10.3 ±1.6 9.93 ±1.92 1.44 ±0.12 1.43 ±0.15 

28.1 ±0.1 (0.2) 367 ±58 466 ±65  4.87 ±1.02 1.34 ±0.11 1.14 ±0.13 

27.3 ±0.1 (0.2) 393 ±62 463 ±64  3.72 ±0.82 1.47 ±0.12 1.13 ±0.13 

26.5 ±0.1 (0.2) 391 ±62 432 ±60  4.53 ±0.97 1.35 ±0.11 0.897 ±0.116 

25.8 ±0.1 (0.2) 391 ±62 420 ±58  4.79 ±1.01 1.29 ±0.11 0.795 ±0.109 

24.9 ±0.1 (0.2) 382 ±60 347 ±48 5.70 ±1.43 5.04 ±1.07 1.12 ±0.10 0.497 ±0.091 

24.1 ±0.1 (0.2) 383 ±60 298 ±41 6.94 ±1.75 6.48 ±1.32 1.05 ±0.09 0.400 ±0.084 

23.3 ±0.1 (0.2) 403 ±63 237 ±33 8.79 ±1.67 8.28 ±1.64 1.05 ±0.09 0.368 ±0.087 

22.4 ±0.1 (0.2) 433 ±68 165 ±23 6.86 ±1.64 9.47 ±1.86 1.00 ±0.09 0.227 ±0.068 

21.5 ±0.2 (0.2) 446 ±70 81.8 ±11.4 9.25 ±1.65 9.18 ±1.80 0.971 ±0.085  

20.6 ±0.2 (0.2) 415 ±65 21.9 ±3.1 8.18 ±0.92 7.69 ±1.53 0.809 ±0.074  

19.6 ±0.2 (0.2) 351 ±55 2.26 ±0.37 8.15 ±0.90 7.94 ±1.58 0.702 ±0.066  

18.7 ±0.2 (0.2) 291 ±46 0.872 ±0.224 7.20 ±0.85 7.27 ±1.45 0.640 ±0.060  

17.6 ±0.2 (0.2) 256 ±41  7.43 ±0.93 6.40 ±1.30 0.442 ±0.047  

16.6 ±0.2 (0.2) 222 ±35  5.96 ±0.90 5.52 ±1.14 0.326 ±0.038  

15.5 ±0.2 (0.3) 183 ±29  4.88 ±0.89 3.63 ±0.80 0.176 ±0.023  

14.3 ±0.3 (0.3) 141 ±23  3.50 ±0.79 2.79 ±0.65 0.101 ±0.015  

13.0 ±0.3 (0.3) 73.7 ±12.3    0.0409 ±0.0116  

11.7 ±0.3 (0.3) 27.1 ±5.3      

 



Figure captions 

 

Fig. 1. Excitation function of the natTi(p,x)48V monitor reaction with the recommended values 

(Hermanne et al., 2018; Tárkányi et al., 2007). 

 

Fig. 2. Excitation function of the natPt(p,x)198gAu reaction. 

 

Fig. 3. Excitation function of the natPt(p,x)196(g+m1+m2)Au reaction. 

 

Fig. 4. Excitation function of the natPt(p,x)196m2Au reaction. 

 

Fig. 5. Excitation function of thenatPt(p,x)195(g+m)Au reaction. 

 

Fig. 6. Excitation function of the natPt(p,x)194(g+m1+m2)Au reaction. 

 

Fig. 7. Excitation function of the natPt(p,x)193(g+m)Au reaction. 

 

Fig. 8. Excitation function of the natPt(p,x)192(g+m1+m2)Au reaction. 

 

Fig. 9. Excitation function of the natPt(p,x)191(g+m)Au reaction. 

 

Fig. 10. Excitation function of the natPt(p,x)191Pt(cum) reaction. 

 

Fig. 11. Excitation function of the natPt(p,x)192(g+m1)Ir reaction. 

 

Fig. 12. Excitation function of the natPt(p,x)190(g+m1+0.086m2)Ir reaction. 


