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Development of Organic Scintillators (Plastic and Ligquid)

. Start at 50’s and mainly in 60°s-80’s.
. Main development in LS (routine technique with great number of
applications)

. Description of theoretical methods

. Systematic studies of the experimental conditions

. Establishment of measuring protocols

Development of Plastic Scintillators (spheres or blocks)

. Extrapolation from LS theories

. Lack of experimental confirmation about mechanism of scintillation @
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Introduction: Scintillation mechanism
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ELECTRONICS

* Lost of energy due to * Lost of energy due to ionization » Absorption of photons
interactions of the particles  (IONIZATION QUENCHING) (COLOR QUENCHING)
with the medium * Lost of energy due to non effective electronic * Optical effects (OPTICAL
(PARTICLE QUENCHING) transfer (CHEMICAL QUENCHING) QUENCHING)

| |

* Medium * Scintillator
« Compounds with high atomic * Molecules with high

number or high density electroaffinity, ...

|

* Colored compounds
» Compounds that change the

optical conditions of the
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OBJECTIVE OF THE WORK

Evaluation of different quenching mechanism taking place
in the measurement with organic scintillators (plastic

microspheres and liquid).
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Experimental

. Measure of different beta radionuclide solutions with different

quenching agents using PS microspheres of two different diameters and

liquid scintillation in a commercial detector
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Experimental. Quenching agents
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Spectrometr,
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Quenching Concentration | Quenching Index of Absorption
. Density
agent range effect refraction | between 300-500 nm
BaCl, 0-1.4 M Particle 1.33-1.37 NO 1.00-1.25
Nitromethane | 0-7.57 ul/ml | Chemical 1.33 NO 1.00
Glycerin 0-72 % (wW/v) Optical 1.33-1.45 NO 1.00-1.22
Methyl orange | 0-0.0138 g/l Color 1.33 YES 1.00
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Results. Particle Quenching in PS Lsc 2o/0
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Quenching agents: BaCl,

*H by PS1 with BaCl, °°Cl by PS2 with BaCl,

Efficiency %vs. [BaCl2] (M). 70 4 Eficiencia %Vs. [BaCl2] (M).
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Results. Particle Quenching in PS L5C 2010
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Quenching agents: BaCl,

°H by PS1 with BaCl,
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Quenching agents: Glycerin

Concentration Index _ n, (1.52)
_ Density
range of refraction
N, <<n,
0-72.17 % (W/v) 1.33-1.45 1.00-1.22
n, (1.33)
’H by PS1 with Glycerin
Efficiency %vs. Glycerin % (w/v).
0.48 - Optical quenching.
047 1 %
= 046 b
% e {
% 0.44 - %
0434
0.42 :
0 20 40
Glycerin%
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Quenching agent: Nitromethane

3SH by PS2 with Nitromethane 36C1 by PS1 with Nitromethane

5X 10°Normalized detection efficiency spectra of Cl-36 in PS1 with and without quenching agent.
Efficiency %vs. SQP. —0 ul Nitromethane
. Chemical quenching. iy 1.52 ul/ml sol.
=T 4 —3.03 ul/ml sol.
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Results. Nitromethane in PSm. Normalized spectra

Usexpected Results:

Chemical
Solution and spheres are only in contact in Quenching
the surface and not in the scintillator
(Chemical Quenching) Nitromethane
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Results. Color Quenching in PSm AL |

Quenching agent: methyl orange

35Cl by PS1 with methyl orange 36C1 by PS1 with methyl orange

x10°Normalized detection efficiency spectra of CI-36 in PS1 with and without quenching agent.
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Summary of results in PSm
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SH by PS1 (3:176)

Detection efficiency in %
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690

PARTICLE QUENCHING: Lost of energy due to interactions of the particle

with the medium before the particle reach de scintillator.
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Results. Particle Quenching in LS L5C £0/0
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Quenching agents: BaCl, and glycerin o
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Results. Particle Quenching in LS: Barium Chloride
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°H by LSC with BaCl,

Efficiency %
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x10°Normalized detection efficiency spectra of CI-36 in LS with and without quenching agent.

—0 M BaCl2
0.05M
—0.10 M
—0.15 M
—0.20 M
—0.25M
400 Channe|s 600 700 ' 800 900 100
BaCI2 3H Efficiency
(M) (%) >QP
0 22,37 739,7
0,05 20,91 753,0
0,15 16,34 774,9
0,3 5,13 798,7
0,7 4,80 807,6
1,4 5,66 803,3
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Results. Particle Quenching in LS: Glycerin Lsc 2o/0
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3H by LSC with Glycerin ’H by LSC with Glycerin

Normalized detection efficiency spectra of H-3 in LS with and without quenching agent.
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More stopped particles at low energies

e increase of the density

* increase of the micelle size
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Results. Particle Quenching in LS L5C £0/0
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Effect of increasing amounts of BaCl, and Glycerin
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Results. Chemical and Color Quenching in LS LS€§Q/€ |

Quenching agents: Nitromethane and Methyl orange
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Summary of results in LS L5C 20/0
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 BaCl, and Glycerin affect the measure of *H with PSm as some particles are
stopped and detection efficiency decreases. *°Cl is too energetic and no effects are
detected.

» Presence of nitromethane in the PSm measurements causes a decrease of the

efficiency correlated with the SQP (classical chemical quenching)
» Measure of °H with LS in presence Glycerin is affected by particle quenching

(increase of the density or the micelle size) as the decrease of the efficiency

observed is similar to that of PSm.
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