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[image: image2.wmf]The operation of

scintillation detectors is

based on the use of

materials known as

fluors

.


The scintillation detector is a more sensitive and more efficient detector of low energy radiation, x-rays and gamma rays.
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[image: image3.wmf]Fluors

Materials that 

fluoresce

, or give

off light (known as

scintillations

)when struck by

radiation; may be solid or

suspended in a liquid.
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[image: image4.wmf]Operation of a Scintillation

Detector

Incident radiation deposits its energy

in the scintillator.

The 

brightness

 of the scintillation

produced is 

proportional

 to the

energy deposited by the incident

radiation.


The operation of the scintillation detector is based upon the principle that when radiation interacts with a fluor, it produces a flash of light, the brightness of which is dependent upon the amount of energy deposited by the incident radiation.
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[image: image5.wmf]Operation of a Scintillation

Detector (

con’t

)

The scintillation event is converted

into an electrical signal having a

pulse-height 

proportional

 to the

scintillation 

brightness.


These light flashes can then be converted into electrical signals or pulses, the height of which is related to the energy deposited initially by the incident radiation.
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[image: image6.wmf]Operation of a Scintillation

Detector (

con’t

)

Radiation of various energies will

produce signals of 

varying pulse-

height

.


These electrical signals can then be sorted according to pulse-height (i.e., according to the energy each represents)
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[image: image7.wmf]Operation of a Scintillation

Detector (

con’t

)

Pulses may then be electronically

sorted according to the the energy

each represents by a 

pulse-height

analyzer

 (PHA).

This provides the detector with

energy discrimination capability!


This sorting process allows for pulses to be selectively counted based on the energy each represents.

This selective counting is referred to as energy discrimination capability.
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[image: image8.wmf]Basic Components of a

Scintillation Detector

  Crystal

PMT

Preamp

 Amp

 

 

 PHA

  

HV

Counter


The detector shown uses a solid fluor (crystal). Scintillations are converted into electrical pulses by the photomultiplier tube (PMT) and the resulting signals are sorted by a pulse height analyzer (PHA) and then passed on to a counter.
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[image: image9.wmf]Pulses are electronically

sorted by the 

pulse-height

analyzer

 (

PHA

) as

specified by the energy

window

 settings


An energy window consisting of a lower (LLD) and upper level (ULD) setting must be properly chosen to indicate to the pulse height analyzer which pulses to accept and which to reject.
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[image: image10.wmf]Energy window settings

(

D

E) are established with

the use of an

anticoincidence circuit
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[image: image11.wmf]
An electronic discriminator passes all pulses higher than its setting. Only pulses higher than the LLD but lower than the ULD will result in only one signal being sent to the anticoincidence circuit which will then be passed on the counter.
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[image: image12.wmf]Pulses passing only the

LLD will be 

counted

.

Those passing 

both

 the

LLD 

and 

the ULD will be

rejected

.
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Note that pulses below the LLD will be rejected. Those that are above both the LLD and the ULD wil also be rejected. But only those pulses above the LLD but below the ULD  (within the energy window, (E) will be counted.
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[image: image14.wmf]With scintillation

detectors, it is most

important to properly set

the 

appropriate

 energy

window(s) for the

radionuclide being

counted.




Slide 15

[image: image15.wmf]Example:

Indicate how one would properly set

a 50 

kev 

window around the 662

keV photopeak of 

137

Cs.

Solution:

• 662 keV

ULD = 687  keV

LLD = 637 keV

     

D

E = 50 keV


Sample problem

Note that we are using a 50 keV window. We want the primary photon energy (662 keV) to be in the center of the energy window for maximum counts.

To accomplish this:

 LLD = 662 – ½ (50) = 637 keV
 ULD = 662 + ½ (50) =  687 keV
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[image: image16.wmf]Specific Types of Scintillation

Detectors

counters

•

  

liquid scintillation counters

•

 

well counters/automatic gamma


Scintillation detectors may use solid scintillators (crystals) or fluors dissolved in a liquid base (liquid scintillation).
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[image: image17.wmf]Well Counters/Automatic Gamma

Counters

Detecting Medium:  

NaI

(

Tl

) crystal

Radiation Detected: 

 

 

x and 

g

 rays

Energy Discrimination

Capability:         

yes


All scintillation detectors have energy discrimination capability.
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[image: image18.wmf]Well Counters/Automatic Gamma

Counters

Uses:  

Used for routine quantitative

    sample counting as well as 

    evaluation of wipe tests to 

    detect surface contamination
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[image: image19.wmf]Well Counters/Automatic Gamma

Counters

Utilizes a 

NaI

(

Tl

) crystal in

conjunction with one or more

PMTs

.

Samples should 

always

 be placed

in counting tubes to avoid

possible counter contamination.
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[image: image20.wmf]Well Counters/Automatic Gamma

Counters

Energy windows (LLD, ULD, or

D

E) must always be appropriately

chosen for the radionuclide being

counted.


Energy windows must always be set appropriately when using scintillation detectors.
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[image: image21.wmf]Liquid Scintillation Counters

Detecting Medium: 

 one or more 

                            scintillation  

                            materials  

                            dissolved in an

                     organic solvent


Liquid scintillation is good in detecting or counting low energy radiation samples.
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[image: image22.wmf]Liquid Scintillation Counters

Radiation Detected:  

b

s, low 

                             energy x and

                      

g

 rays

Energy Discrimination

Capability:     

yes
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[image: image23.wmf]Liquid Scintillation Counters

Uses:  

Routine sample counting as

    well as contamination 

    detection from low energy 

    radionuclides such as 

3

H, 

   

14

C, and 

35

S.
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[image: image24.wmf]Liquid Scintillation Counters
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Liquid scintilllation detectors commonly utilize two (2) PMTs on either side of the sample as illlustrated.
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[image: image25.wmf]Radiation Detector

Summary

Choose radiation detection

equipment which is appropriate for

the specific task.

e.g., one would not choose a GM to

 detect 

3

H contamination.
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[image: image26.wmf]Radiation Detector

Summary

With all 

portable

 survey

equipment, check 

first 

to

determine if batteries are in

proper operating condition.
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[image: image27.wmf]Radiation Detector

Summary

Always take care not to

contaminate your detector.
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[image: image28.wmf]Radiation Detector

Summary

With instrumentation having

energy discrimination capabilities

,

energy settings 

must

 be set

appropriately to detect the

radiation of interest.
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[image: image29.wmf]Radiation Detector

Summary

Portable detectors should always

be checked for proper operation

prior

 to each use using a

dedicated check source*.

    

* a long-lived radiation source that     

decays little from day to day.
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[image: image30.wmf]Work Area Surveys

Surveys should be done at the end

of each work period.

Surveys should be conducted

with a GM, for obvious surface

contamination, and wipe tests to

detect low energy, removable

contamination.


To avoid the possible spread of radioactive contamination, check all work areas frequently with appropriate survey instrumentation.
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[image: image31.wmf]Work Area Surveys

At UAB, areas indicating

over

 

100 

cpm 

above

background

 on a wipe

test must be cleaned.
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[image: image32.wmf]Survey Instrument

Calibration

Laboratory survey instruments

must be calibrated regularly to

assure accurate readings.

This service is provided twice each year by

the UAB Radiation Safety Office.

Calibration dates are posted in the 

UAB

Reporter.
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Specific Types of Scintillation Detectors
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Well Counters/Automatic Gamma Counters

Energy windows (LLD, ULD, or E) must always be appropriately chosen for the radionuclide being counted.
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Radiation Detector Summary

With instrumentation having energy discrimination capabilities, energy settings must be set appropriately to detect the radiation of interest.
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Work Area Surveys

Surveys should be done at the end of each work period.

Surveys should be conducted with a GM, for obvious surface contamination, and wipe tests to detect low energy, removable contamination.
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Work Area Surveys

At UAB, areas indicating over 100 cpm above background on a wipe test must be cleaned.
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Survey Instrument Calibration

Laboratory survey instruments must be calibrated regularly to assure accurate readings.

This service is provided twice each year by the UAB Radiation Safety Office. Calibration dates are posted in the UAB Reporter.

  
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Radiation Detector Summary

Portable detectors should always be checked for proper operation prior to each use using a dedicated check source*.

    * a long-lived radiation source that     	decays little from day to day.
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Radiation Detector Summary

With all portable survey equipment, check first to determine if batteries are in proper operating condition.
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Radiation Detector Summary

Always take care not to contaminate your detector.
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Radiation Detector Summary

Choose radiation detection equipment which is appropriate for the specific task.

e.g., one would not choose a GM to 	 detect 3H contamination.
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Liquid Scintillation Counters

Radiation Detected:  s, low 			                             energy x and 		                       rays

Energy Discrimination Capability:     yes
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Liquid Scintillation Counters

Uses:  Routine sample counting as 	    well as contamination 			    detection from low energy 		    radionuclides such as 3H, 		   14C, and 35S.
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Liquid Scintillation Counters

Detecting Medium:  one or more 		                            scintillation  		                            materials  		                            dissolved in an 		                     organic solvent
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Well Counters/Automatic Gamma Counters

Uses:  Used for routine quantitative       	    sample counting as well as 		    evaluation of wipe tests to 		    detect surface contamination
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Well Counters/Automatic Gamma Counters

Utilizes a NaI(Tl) crystal in conjunction with one or more PMTs.

Samples should always be placed in counting tubes to avoid possible counter contamination.
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Well Counters/Automatic Gamma Counters

Detecting Medium:  NaI(Tl) crystal

Radiation Detected:   x and  rays

Energy Discrimination Capability:         yes
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Pulses passing only the LLD will be counted. Those passing both the LLD and the ULD will be rejected.
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With scintillation detectors, it is most important to properly set the appropriate energy window(s) for the radionuclide being counted.
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Example:

Indicate how one would properly set a 50 kev window around the 662 keV photopeak of 137Cs.

Solution:

• 662 keV

ULD = 687  keV

LLD = 637 keV

     E = 50 keV
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Energy window settings (E) are established with the use of an anticoincidence circuit
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Pulses are electronically sorted by the pulse-height analyzer (PHA) as specified by the energy window settings
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Operation of a Scintillation Detector

Incident radiation deposits its energy in the scintillator.

The brightness of the scintillation produced is proportional to the energy deposited by the incident radiation.
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Operation of a Scintillation Detector (con’t)

Radiation of various energies will produce signals of varying pulse-height.
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Operation of a Scintillation Detector (con’t)

Pulses may then be electronically sorted according to the the energy each represents by a pulse-height analyzer (PHA).

This provides the detector with energy discrimination capability!
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Operation of a Scintillation Detector (con’t)

The scintillation event is converted into an electrical signal having a pulse-height proportional to the scintillation brightness.
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The operation of scintillation detectors is based on the use of materials known as fluors.
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Fluors

Materials that fluoresce, or give off light (known as scintillations)when struck by radiation; may be solid or suspended in a liquid.
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