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Gamma Spectroscopy

John McCulloch

Radiation Protection and Sample
Diagnostics (4121)
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Cv’/]) First Portable Field
[/ N Instrument (1945)




Gammas “invisible” to all
detectors

1948 Robert Hofstadter
adds a “pinch” of Thallium
lodide to melt of Nal.

Gamma Spec now possible
Finds spectra for nuclides

Identifies escape,
annihilation and backscatter
peaks.




SCINTILLATION DETECTOR

SERIAL NO. -f S8E383

LA ROE INSTRUMENTS, INC.
BETHESDA, MARYLAND




Allister Tavendale
(1963)

Game Changer

— Excellent Resolution
Li Drifted due to
Impurities

MUST Keep COLD!




s/] Detector Behavior — Photo
[/ Electric Effect

* Heinrich Hertz (1887)
* Einstein (1905) E photon= NV

— Nobel Prize (1921)
 Most desirable of |
Interactions in HPGe

* Most common for low Potassin - 20 Y nesded o gfctslc
Photoelectrlc effect
energy photons

Vinax =6.22x10" m/s

4nn nm /
1 eV




e Arthur Compton (1923)
— Nobel Prize (1927)

 Demonstrates Light
cannot be strictly a wave

e Occurs with mid-energy
level photons

* The most common form
of interaction in gamma
spec
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Detector Behavior —
Compton Scattering

Compton scattering

" Target .
Incident electron -~

photon

Scattered
photon
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X Compton Scattering -

L Possibilities
Electron Energy

Exiting Photon Energy

Large Scattering
Angle

Max Scatter Energy




Back Scatter

* Special Case of
Compton

e Photon outside
detector Scatters In

e Always near 256 keV
* Peak leans left
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Summing

e Cascade Summing 210 b
— Rapid Decay

— Common
* In certain isotopes

* Random Summing
— High Count Rate
— Fairly Rare
— 511 peak

* Summing In/Out
* Creates “false” peaks

28Mi 60



< X D> Co-60

g Gamma - K0049701 CNF* MEE
i te D

Edit Options Datasource Help

Preset: 1200{1200.00

Datasource

TIME INFO
Acq. Start:

- Dead Time: Live [secs.]:

Comp. Preset Region: Real [secs.):
Total [cnts.):

For Help. pr




<§> Pair Production
L\

e Coolest form of
interaction

* Discovered Patrick
Blackett 1933
— Student of Rutherford
— Nobel Prize 1947

* Minimum Energy of 1022
keV

* Full energy deposited in
511 keV peak

gamma ray




EUQ@JPE.S E‘CUHS!NG SEN.S'A TION

* Only for high energy H -u -|N |

photons

e Electron/Positron
annihilate

* One or both 511 keV
photons escape

e Peak shifted down by
511 or 1022 keV.
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Photoelectric effect | . Pair production
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<X X Genie 2K Spectrum

A

8 Gamma - LABO5* _ [=]

File =]

Preset. 1500#1500.00

TIME INFO
Acg. Start: 4 | Elapzed

Dead Time: 1 Live [secs. ]: i
. Preset Region: FHeal [secs. |-
Total [cnts ):
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Energy Calibration

* ENERGY CALIBRATION

— E - b + m*Ch [ Energy Calibration Curves

— Energy response is very
linear




e SHAPE CALIBRATION
- FWHM

— Peaks broaden with root
of energy

nEnergy Calibration Curves




e Factors That Affect
Efficiency

* Geometry :
- SIZG . : EEE [ f+ Linear

0.0z [ - Ordes of low
- S h d p e h g | sl eriergy poly:

(rder of the

— Distance :Z 50 1000 1500 200 20 oo Peeremel
Energy [keV] Peak:
* Density

(" Linear
(" Interpolated

Datasource: Lbobtemptbobtemp'gatar40041601.CNF

— Material InEf] = -3030e00] +1 ] - 2056e001n(E"2 -5.481e-0014H(E)"3

+B.70Ee-0024n(E "4 - 4.040-003n(E] 5

—_— Ato m |C N um be r Cancel elp List Pks... Pint

— Packaging



> _>» RPSD Calibrated Geometries

Point Source * Soil 500 mL Marinelli

Point Source 5 cm off * Liquid 500 mL Marinelli
detector face  Low Density 500 mL Marinelli
1 inch Air Filter e LSC Vial

2 ?nch A?r F?Iter | * Four Varieties of Drums

2 inch Air Filter in * ISOCS Capability (As Needed)
Marinelli

Carbon Cartridge Air Filter
4 x 5 Inch Air Filter

Soil 250 mL Jar

Liquid 250 mL Jar

Low Density 250 mL Jar



Cs/] ldentifying and Quantifying

5,

p
XN Peaks
¥l Interactive Peak Fit: CAGENIE2K\CAMFILESW5023301 CNF = @] x|




Monthly Background
Long Count Time

Count Rate Subtracted
from each applicable
peak




e Beryllium 3 e 4
* Be-7 Occurs in BG G

forms from spallation
in atmosphere

* Many Unique
Properties/Attributes
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Peak Centroid Compared
to User Defined Library

Abundances cross
checked

Confidence Level
Assigned

Not Perfect!

Needs a Human to
Review!




7
C\) Unidentified Peaks

* Very Valuable
Information!

 Peaks that didn’t fit
algorithm

* Helps user identify
potentially missed
nuclides




Results

8 Nobel Prizes (at least)
* 100 min count time
* 3 Sec computer time

 10-100 min analyst
time

e 10-15 pages of paper

* Results FINALLY!



* Naturally Occurring

e IfU-235is presentin
spectrum possibly enriched

— Above 15% enriched probably
won’t see U-238

e U-235 frequently mis-
identified with Ra-226
— They share a line at 186 keV

* Most of activity belongs to
U-234

* ASK QUESTIONS of RPSD!



What is Gamma Spec Good
For?

e |dentifying unknown
nuclides

e Quantifying individual
Isotopes

e Little or no sample prep
time

 “Looking” into
containers

* I1SOCS




Long Count Times
Low Efficiency
Expensive

Can’t identify pure
beta/alpha emitters

Limitations on detection e

of many heavy isotopes
(Pu, Cm, Np, Th)




