
 

 

19
F(p,p’γ)

19
F (Eγ = 110, 197, 1236 and 1349+1357 keV) 

Together with the PIGE spectra, backscattered protons were collected using an SB detector 

placed at 165° for normalization purposes. Absolute HPGe detector efficiency was measured by 
placing calibrated sources (60Co, 137Cs, 133Ba, 152Eu) at the exact position of the target. 

Differential cross sections obtained from present measurements were compared with data already 
existing in the literature. 

2.8. Measurements of proton induced gamma-ray emission cross sections and yields on Al 

and Na 

M. Chiari 

The measurement of the proton induced gamma-ray emission cross sections on low-Z nuclei 

such as Na and Al of specific interest for environmental and cultural heritage applications, were 

carried out for proton beam energy from 2.5 to 4.1 MeV, including the measurement of the 

angular distributions of the emitted rays at selected angles, i.e. 90°, 45° and 0°, using an array of 
three HPGe detectors  coupled to the multi-purpose scattering chamber on the +30° beamline of 

the Tandetron accelerator at INFN LABEC. 

The studied gamma-ray inducing reactions were: 
27

Al(p,p’γ)
27

Al (gamma-ray energies 844 and 

1014 keV),  and 23Na(p,p’γ)23Na (gamma-ray energies 441 and 1636 keV) and 23Na(p,αγ)20Ne 

(gamma-ray energy 1634 keV). 

As a first step, the absolute efficiency of the HPGe detectors placed at 90° and 0° was improved 

by a factor up to 2 by designing a new target holder, with less absorbing material facing the 
HPGe detector at 90°, and installing a new Faraday cup/beam stopper with graphite body instead 

of stainless steel and a thinner Ta cap at the bottom, to reduce the shielding effect for the HPGe 
detector at 0°. The measurement of the absolute efficiency of the HPGe detectors of the array 

was carried out using a 152Eu calibration source mounted on the target holder and placed in the 
exact position of the target under irradiation. 

The proton beam energy was calibrated using an aluminum thick target and the resonances at 

991.86 keV and 1683.57 keV, respectively in the (p,γ) and (p,p’γ) reactions on 27Al, and a native 

aluminium oxide thin target and the resonance at 3470 keV in elastic scattering on 
16

O. 

The targets employed were thin Al (29 µg/cm
2
) and NaF (35 µg/cm

2
) films evaporated on thin 

self-supporting Ag foils; in order to obtain the differential gamma-ray inducing cross-sections, 

we normalized the results by the Rutherford elastic backscattering of protons from Ag, adopting 

a procedure not relying on the knowledge of the absolute number of incident protons. The targets 
were prepared at the IST/ITN in Lisbon and their thickness was characterized by RBS 

measurements with 2.0 MeV alpha particles at three scattering angles simultaneously. 

The results of the measurement of proton induced gamma-ray emission differential cross sections 

on Al, at 90° and 45°, are in press in the NIM B journal 

(http://dx.doi.org/10.1016/j.nimb.2014.02.095) and data have been uploaded into IBANDL. 

Unfortunately, only data from two HPGe detectors were obtained since Al impurities at ppm 

level in the Ta bottom cap of the Faraday cup made the spectra collected with the HPGe detector 

placed at 0° for the p+Al PIGE cross section unusable (the yield from the FC alone accounts for 

half the yield obtained when the Al/Ag target is bombarded). As regards the proton induced 

gamma-ray emission differential cross sections on Na, data analysis is still in progress. 
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Finally, the absolute thick target yields for the gamma-ray inducing reactions 
27

Al(p,p’γ)
27

Al 

(gamma-ray energies 844 and 1014 keV) and 27Al(p,αγ)24Mg (gamma-ray energy 1369 keV) 

were measured at the three angles of 90°, 45° and 0°, and in the proton beam energy range from 
2.5 to 4.1 MeV with a step of 150 keV. Once data analysis will be finalized the values of the 

thick target yields will be uploaded into IBANDL as well. 

2.9. Measurement of gamma production in thin LiF targets at CMAM 

A. Zucchiatti 

The standard beamline at our 5MV coaxial Cockcroft-Walton tandem accelerator has been used 

to produce cross sections for the reaction channels 
7
Li(p,p’γ)

7
Li (Eγ = 478 keV), 

7
Li(p,nγ)

7
Be (Eγ 

= 429 keV), 19F(p,p’γ)19F (Eγ = 110 keV) and 19F(p,p’γ)19F (Eγ = 197 keV). The target material 

was natural LiF; a few target assemblies were used including a carbon backing and a heavy 

element layer (either Ag or Au) to assure the possibility of normalization to purely Rutherford 
cross sections. 

The gamma rays have been detected by a REGe (Reverse Electron Germanium) detector, 61 mm 

∅ X 60 mm, featuring a FWHM resolution of 2.0 keV at 1.33 MeV. The absolute efficiency has 
been measured with a calibrated set of radioactive sources (152Eu, 137Cs, 60Co) with which we 

have covered the gamma energy range from 121.78 keV to 1408.01 keV, adequate to 
interpolating at the energy of the studied reactions gamma rays, with the exception of the 110 

keV from 19F. The charge has been collected in the specifically designed target holder. There the 

target is electrically connected with a carbon FC, isolated from the ground and kept at +180 V to 

suppress secondary electrons. The charge is measured by means of an ORTEC 439 Digital 

Current Integrator. The accelerator energy calibration has been checked by repeatedly measuring 

the onset of the 991.9 keV resonance of the 27Al(p,γ)28Si. The maximum voltage difference 

between runs was 0.44 kV resulting in less than 1 keV energy difference.  

Targets have been characterized either by ERDA-ToF with Cl ions or by RBS with He ions. 

With ERDA-Tof we have measured one homogeneous target prepared at CMAM and deduced 

the thickness of the other, by comparing gamma yields. Results are in the following table: 

Target Method 
19

F 
7
Li 

6
Li Total Nominal Diff. % 

LiF/Si γ-comp  10.01 3.41 0.24 13.65 13.67 -- 

LiF/Ag/C α-RBS  12.17 4.15 0.29 16.61 13.00 +27.7 

LiF/Ag/C γ-comp  14.52 4.95 0.34 19.81 20.00 -4.5 

Au/LiF/C γ-comp 30.69 10.46 0.73 41.88 50.00 -16.3 

As shown, there are significant differences between the nominal and measured values; 
furthermore the ERDA measurement raise doubts about the homogeneity of the thickness across 

the target (or target roughness). When using the above-measured thicknesses the various series of 
points, taken in different runs at the CMAM, show clear differences that we have attributed to a 

systematic error on target thickness, estimated at a maximum of 7% and corrected by 

renormalizing. In one case even after correction there are clear indications that target material 

loss has occurred during measurements. The systematic error on target is the major source of 

uncertainty and we are studying a procedure to reduce it. Of the almost 700 measurements 

performed, 477 have been analysed so far to produce cross sections for the cited reactions on Li 

and F. Our measurements confirm the structure of the differential cross section in all the 
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