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T 0, 0, b, Freq
0~ 10 [ 0~ 0.157 0~ 0.157 | 0~ 0.157 [[0.9960
10 ~ 20 0~ 0.157 0~ 0.157 | 0~ 0.157 | 0.0040
20 ~ 30 0~ 0.157 0~0.157 | 0~0.157 o
30 ~ 40 0~ 0.157 0~0.157 | 0~ 0.157 o
40 ~ 50 0~ 0.157 0~0.157 | 0~0.157 o
0~ 10 [0A157~0A314 0~0.157 | 0~0.157 || NA
10 ~ 20 | 0.157 ~0.314 | 0~ 0.157 | 0~ 0.157 | NA
20 ~ 30 | 0.157 ~0.314 | 0 ~0.157 | 0 ~0.157 | NA
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Backup - Basic principles of AALR method

- Comparing two hypothesis parameter 6y and 0., the likelihood ratio for the observable x
(generated by 6y and 6,.¢) can be expressed as d € [0, 1].

- The observation can be used to train a classifier d(x) to distinguish between samples
o x ~ p(x|6p) (class label y = 1) , x is from 6.
® x ~ p(x|fres) (class label y = 0) , x is from ;.

[ Distribution ] [Observabon] Label

[ p(x|81) H X1 X comes from p(x|81)
sampling randomly
[ p(x|Ores) H Xref X comes from p(x|Byef)

Fig 1: Diagram of the classification task
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Backup - Basic principles of AALR method

- The optimal(best) classifier d*(x) is the probability P(y = 1|z):

o bt 1l p(x|0o)
d(z) = d*(z) = P(y = 1|z) = p(x]00) + p(x|0res)
d(z) d*(z)  p(x]6o)

r(x|0o, Orey) = 1—d(z) 1 d*(z)  p(z|0res)

Train Network { Neyman-Pearson theorem J

Parameters 1.8 Likelihood ratio
‘ ] P(xI80)/p(x|Brer)
optimum
converge to
Network Optimal
Classifier d(x,e) @ Classifier
lable

Theorem

Backforward
optimization

p(x|60) + P(Xbrer)

Fig 2: Optimal process of AALR
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Backup - AALR method to train A (Poisson process) for probe

@ Probe problem
Probe function: R(t;r,0,ty). Expected PE counts: A(r,0) = [ R(t;7,0,t)dt.

@ Train method
- The reference parameter A,.¢(r,6) = 1.0.
- The neural network arrival rate Apeuro(7, 6), the ground truth Ay (7, 0).

i) = Poi(X | Aneuro) i () = Poi(X| Mrue)
"~ Poi(X | Aneuro) + Poi(X|Arer) " Poi(X|Myue) + Poi(X|Arer)
-At this point, we can assert that Aneuro(7,0) — Appue(r, 6)

PMT: rpyy
TemT ‘ R(t)
s

Ls |
!

’ Detector center
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Backup - AALR method to train A (Poisson process) for probe

@ Transforming Only non-analytical expressible parameters into the neural network.
@ Other components are computed analytically using the physical model.
@ Result parameters have clear physical meanings.

pytorch frame - ™ I
special AALE . N
T (Nreflao) je——< 18 >
(Noranl physically
AN cal meanlngful Iy neuro

'nisson explici
function represened
classifier

D{T_vectorin R*n | r, 6)
train with label 0,1

J\(re-} MNeuro Network Ar,g)
| N Back propagation

“| BCE gradient descent

Fig 3: AALR for probe
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Backup - AALR for TAO

We first approximate Ay (7, 6) using the theoretical formula:
Ao cos B(r, 0)
2 4 12 o — 2rTsipm cos 0
T+ TSpMm rTsipMm COS

)\theoretical(ra 9) = ) eXp(_l/ZO)

Fig 4: Spherical model of TAO
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Backup - AALR for TAO

Ao cos 3(r, 0)
r2 4+ T%iPM — 2rrgipm cos 6

)\neuro<ra 9) = )\theoretical(r7 ‘9) = : eXp(_l/lO)

Scatter Plot with Intensity Scatter Plot with Intensity
90° 90°

Fig 5: Polar plot In(Atpue(r, ) + 0.1) Fig 6: Polar plot In(Atheoreticai(r, 6) + 0.1)
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Backup - AALR for TAO

We measure the error by the difference between 1 and the ratio of true values and resulting
values.

Scatter Plot with Intensity
90°

0.5

0.0
270°
R

Fig 7: Polar plot of error abs(% -1)

rue
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