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Nuclear techniques at ININ

PIXE : Proton Induced X-ray Emission
DIXE
PIGE: Proton Induced y-ray Emission

E: Deuteron Induced X-ray Emission

— RBS: Rutherford Backscattering

— NI

RA: Nuclear Reaction Analysis

— NI

HS: Neutron Fast Spectroscopy

— ERDA: Elastic Recoil Detection Analysis
— EFA: Elastic Forward Analysis




Ton sources and Tandem Van de Graatf




Inside view of accelerator's tank ¢
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New accelerator S tubes
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Experimental room (5 lines)
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Typical PIXE spectrum
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Microbeam System




ININ Tandetron Accelerator
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X- Ray Detection System




Airbone particles Collectors




Airborne Particles Samplel’/
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Sources of Pollutants to the
Atmosphere
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PIXE Analysis

DRY-COLD SEASON RAINY SEASON
Min Max Mean Min Max Mean

0.0016 0.0584 1.56E-02 0.02 8.90E-03
0.7 3.2792 1.997434 . 2.6 1.4653
0.0415 0.1799 0.100754 5.53E-02
0.0205 0.082 4.81E-02 3.74E-02
7 59 30 21




Mean Source Contribution to each Variable for the Dry-Cold Season

Variable  Automotive Road Dust Sulphates Small Industry
SO, 35.04 0.00 64.96 0.00
CO 89.89 0.00 0.00 10.11
NO, 73.68 8.62 4.93 182,77
NO, 67.65 12.13 10.44 9.78

44.88 24.45 30.68 0.00
15.81 15.90 68.29 0.00
0.00 109.85 55.00 -64.86
127.16 30.79 0.00 -57.95
59.84 30.63 9.54 0.00
60.67 BY.33 0.00 0.00
22.21 62.17 0.00 15.62
D 1 35.94 3.49 7.41

0.00 0.00 0.00 100.0
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Archaeological Objects Under Study

Sample
AX
Coiled wire
Belt (3 CH)
Belt (3 G)
Belt (4)
Anthropomorphic figure
Metal ring or copper band
Flat Disk
Pliers Fragments (5 G)

Pliers Fragments (5 CH)
Punch with 2 extremes(U12)
Punch with 2 extremes(U13)
Needle (U14)

Weight(g)
800

0.3

0.6

7.4

1.4

6.5

I§F:6

1.6

6.3

5.6
6.5
7.5
4.7

Height, wide, thickness (cm).
18, 8.5, 1.0

uR2'5, 0.01

6.0, 0.04, 0.09

4.0, 2.0, 0.05

2.5, 1.0, S

3.0, 8.5, 4.0

7.0, ---, 0.05
12.0, 0.04,0.02




RENIE







Metallic Surface




Typical X-ray spectrum obtained with a
2.6 proton bombardment of a metallic object.

Cu

bty

15

Energy (KeV)




Conclusions

 The Research Accelerators in Mexico are
used mainly for elemental determination of
different type of materials.

* PIXE 1s the most used technique and it 1s
has proved to be a very suitable technique
for elemental analysis of archaeological and
environmental samples




