
Differential cross sections measurement of 11B(d, p1,2)
12B 

reactions for analytical applications

Physics Department, University of Sistanand Baluchestan,

Nuclear Science and Technology Research Institute (NSTRI) 

Participants:                        

Hafez TaghipourAslan

Alireza Jokar

Aliakbar Mehmandoost-Khajeh-Dad

HossienRafi-kheiri

1



Hafez.T.Aslani 2

× Introduction

×Experimental set-up

×Energy calibration of the accelerator

×Detector efficiency determination

×Target preparation

×Determination of cross sections

×Comparison with literature data

Outline



ÁParticle-Induced Gamma ray Emission (PIGE)

Gamma-ray detector    

Target

deuteron beam

Advantages of PIGE;

× Possibility of simultaneous measurement of C, N and O without interferences, 

× Its enhanced detection sensitivity for many nuclides, 

× The capability of employing the external beam

× The accessibility to good energy resolution with an HPGedetector 
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Introduction



Why DIGE?

Determination of the B/C ratio in boron carbide(B4C )

ü B/C ratio in boron carbide(B4C) can be obtained with the deuteron 

energies are below 2 MeV 

ü By proton beam , detection of carbon at low proton energies is Dot 

sensitive 
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ÁPrevious Works

The only previous data in the literature for 11B(d, p1,2)
12B

reaction for analysis purpose                                                    

G.A.Sziki+(2006)          Jour. Nucl. Instrum. Methods in Physics Res., Sect.B, Vol.251,  p.343    

Angle: 60o                   Energy Range: (600 –2000) KeV ,   11B(d,pγ1-0)
12B Eγ=953.0keV

Energy Range: (850 –2000) KeV ,   11B(d,pγ2-0)
12B Eγ=1674.0keV
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ÁVan de Graaff accelerator of tehran

3 MV Van de Graaffelectrostatic accelerator producing energetic beams of H+, D+, 

He+ up to 3 MeV for analysis technique.
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Experimental set-up
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Á PIGE beam-line (45Ǔright) of the accelerator 

Faraday Cup

HPGe Detector

Nuclear electronics 

equipment

Reaction chamber

Surface barrier 

detector

Beam line



ÁElectronic and analytical systems
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ü Gamma ray detector:

Á PGT IGC P-type HPGeCoaxial Detector

Á crystal size of 6.58 cm ×6.58 cm and an active volume of 213 cm3

Á The efficiency and resolution of the detector : 50% and 1.95 keV for 1.33 MeV

Á placed  90o angle and at a distance of 51.9 mm from the target center

Á Bias: +3000

Á solid angle of detector: 77.7 msr

detector:

ü Charge particle detector:

Á ORTEC Ion-implanted-Silicon Charged Particle Detector 

Á crystal size : 25 mm2 active area, 300 μmthickness 

Á resolution of the detector : 13 keV

Á placed  165o angle and at a distance of 183 mm from the target center

Á Bias: +75

Á solid angle of detector: .75 msr



Á Important reactions used to quantify the energy of accelerators
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Handbook of Modern Ion Beam Materials Analysis, Second Edition, 2009, Appendix 19
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Energy calibration of the accelerator



ÁUsethereaction27Al(p,γ)28Si (Eɾ=1779keV)
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Target sample: polished aluminum foil with a thickness of 80 µm
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ÁUsing threshold energy of 1880.44 keV reaction 7Li(p, n)7Be 

12

Target sample: pure pressed powder LiF
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ÁUse of standard sources152Eu,133Ba, 137Cs,60Co,, 241Am In the same place as the 
target.
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Detector efficiency determination



Áphysical vapor deposition (PVD) methods

Áhigh-purity B2O3 powder onto a self-supporting thin Ag film. 

ÁFor this purpose 26 mg of the B2O3 was evaporated using Molybdenum boat 
at a distance of 12.5 cm from Ag substrate.
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Target preparation
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self-supporting thin Ag film fishing

Schematic view of the target

15



16

Y(E,ө) area of the gamma-ray peak 

number of target nuclei per square centimetre 

number of incident projectiles

absolute efficiency of the gamma-ray detector

NT

Np

‐abs(E)

(from direct beam charge measurement)

[atom/cm2]         thickness, stochiometryand 

densityfrommanufacturer’ data
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Determination of cross sections



17 17

Á The B2O3/Ag thin target was characterized by implementing the PIGE techniques

Á Proton beam (2.2 MeV)

Á Thickness: 3.52× 1017Atom/cm2
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Comparison with literature data

Spectrums(

Eγ= 953(keV)

Eγ 1674=(keV)

Ed= 1700keV)



19

The sources of the systematic uncertainties uncertainty

the gamma-ray detector absolute  efficiency ±5%

the value of the collected charge ±4%

the gamma –ray peak area determination ±3%

the number of target nuclei ±5%

Total systematic uncertainty <±9%

The sources of the systematic uncertainties in the absolute differential 

cross section value
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Á Calculate the cross section for11B(d, p1-0)
12B Eγ= 953(keV)
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±9%
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Á Calculate the cross section for11B(d, p2-0)
12B Eγ 1674=(keV)
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±9%
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Calculate the cross section for 11B(d, p2-0)
12B Eγ 953=(keV)
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Calculate the cross section for 11B(d, p2-0)
12B Eγ1674=(keV)
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Small differences are unavoidabledue to the difference in setups and

equipment.We no not claim that our datais moreaccurate,no onecanclaim

that. But fortunately,it is in goodagreementwith previousdata. Thesedata

needto be evaluatedwith valid methods,and this can be an approximate

confirmationof thecorrectnessof bothdata.

Conclusion
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Thank you for your attention


