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What iIs PGAA?

* Concept
* Challenges
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Ste p 1 : Gamma Spectra
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Ste p 2 : Region of Interest

Establish ROI
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Step 2a:

Materials

PGAA Database

 Material selection

« Materials present

« List of most likely
cross-section and
material

A isotope 7 T GammaEnergy Gamma Energy Value Sigma  Sigma Value Uncertainty Knaught Knaughtvalue Knaughtunc

0 1 2-H 1 p 222324835(9) 2223243 0.3326(7) 3.326000e-01 7.000000e-04  1.0000{21) 1.000000e+00 2.100000e-03
1 2 H 1 p 5250.243(3) 6250243 0.000519(7) 5.190000e-04 7.000000e-06 0.001560{21) 1.560000e-03 2100000e-05
2 3 4He 2 p 205205 20520460 42BE-11(12) 4.200000e-11 1.200000e-11 32E-11(9) 3.180000e-11 9.090000e-12
3B 7-Li 3 p 477.595(3) 477585 0.00153(8) 1.530000e-03 8.000000e-05  000087(4) 6.630000e-04 3.490000e-05
4 B 7-Li 3 p B768.81(4) f768.810 0.00151(9) 1.510000e-03 9.000000e-05  0.00066(4) 6.590000e-04 3.930000e-05
A isoptope 7 T GammaEnergy Gamma Energy Value Sigma Sigma Value Uncertainty Knaught Knaughtvalue Knaughtunc

3611 238 239-U 92 p 4118.54(5) 4118.54 0.00148(15) 0.00143 0.00015 1.88E-05(19) 1.850000e-05 1.910000e-08
3612 238 238-U 92 p 4512.40(8) 461240  0.0031(3) 0.00310 0.00030  3.9E-05(4) 3.950000e-05 3.820000e-08
3613 238 233-U 92 p 4660.62(5) 4660.62  0.0034(3) 0.00340 0.00030  4.3E-05(4) 4.330000e-05 3.820000e-08
3614 233 233-U 92 p 4672.59(8) 467259 0.00116(13) 0.00116 0.00013 1.48E-05{17) 1.480000e-05 1.660000e-08
3615 238 233-U 92 p 4306.33(8) 4806.33 TE-05(7) 0.00007 0.00007 BE-07(9) 8.910000e-07 8.910000e-07




ETI Virtual Summer Meeting for Young Researchers

Step 3: Bayesian Statistics

P(B|A)P(A) , Likelihood * Prior
P(A|B) = Posterior = :
P(B) Marginal

Postarior Beliafs
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Step 4: Define Priors

« A priortells the TN =1
code that something T
will always lie within clee:

a certain range or at
a specific number

* Potential
automation— have
code “learn” priors

for i in range (N-1):
if means[i] > means[i+l]:
return -np.inf
for i in range (N):

if means[i] > E[-1] or meanzs[i] <« E[0]:

return -np.inf
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Step 5: Markov Chain Monte Carlo

* Primarily used for numerical approximations of multi-dimensional
integrals

* Create arbitrary starting points for “walkers” a sufficient distance from
each other

 “walkers” spend most time in regions of higher probability
* Produce a cluster of points where the posterior probability is largest

 These points are used to compute expected values efficiently
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Step 5.
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each take 1000 steps Number of Parameters:
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Synthetic
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Step 5.
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Peakl
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Peakl-Vectorization

Step 7.

Vectorization
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Error-Peakl
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Step 7:
e p 60000
]
50000
Error G
: =
* Y-axis, number of 8 o
samples saying this
. . . 20000 A
IS the right integral.
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* X'aXIS, area Under f 0 20000 40000 60000 80000 100000
Integral
the curve.
print{'error in Pl lower:', {{{({fp-sp)+ip)-fp)/fp)*100)
print ('error in Pl upper:', ({{(ep-fp)+fp)-£fp)/£p) *100)
! print ()
* Then Compu“ng the # print("error in P2 lower:', ((((fpl-spl)+fpl)-fpl)}/fpl)*100)
error from Our # print ("error in P2 upper:", ((({(epl-fpl)+fpl)-£fpl1)/fpl)t100)
errocr in Pl lower: 0.28687eB7500463E84
bounds we get great error in Pl upper: 0.30498320321024125

results.
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Applications of Bayesian Approach

* Primarily used for numerical approximations of multi-

dimensional integrals
« Single, multi, overlapping peaks
« Custom solutions possible

 Limitations and sources of error
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n Peak-1
M u tl P e a o | -
15000 4
w
R
=
g 10000
o
. 5000 4
Region of Interest
—— ROI-1
20009} ’ - in P1 1 : 0.43563
1575 1600 1625 1650 1675 1700 1725 1750 1775 eIror in owWexr: " :
Energy Bins (eV) error in Pl upper: 0.4218E.
15000
) error in P2 lower: 0.40227
= -
3 Error-Peakl error in P2 upper: 0.4027Z
o
10000 35000 | W Peak-1
mmm Peak-2
30000
5000
%’J LM/\_/ 2000
T T T T T T w
1575 1600 1625 1650 1675 1700 1725 1750 1775 ‘E’ 20000 4
i 3
Energy Bins (eV) 2
o 15000 4
10000
5000 A
|
0 T T T ~ T ".
0 10000 20000 30000 40000 50000

Integral




ETI Virtual Summer Meeting for Young Researchers

Peakl
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Notes & Next Steps

* What can we do to help predict the shape of ugly peaks?

« Data Sampling: provide hundreds of previous spectra to
help code “learn”

» Define priors in a generalized way
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Conclusions

« Decrease In error

« Assists reading of spectra
* Flexible approach

* Beneficial to PGAA field
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Thank you! Questions?

 Ryan Lester
» ryanlester10@sbcqglobal.net

* Cole Thompson
 cole.thompson02@utexas.edu
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