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¢
ﬁ Physics motivation for the FROZEN project

Neutron detection

Gamma detection
energy and multiplicity

energy and multiplicity
e 24 High-Purity Germa-  PARIS array
nium clovers (HPGe) « Thalia LaBr3

 PARIS array
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Adapted from: M. Bender, et al. Future of nuclear fission theory. Journal of Physics G:
Nuclear and Particle Physics, 47(11):113002, oct 2020.

Taken from: https://alto.ijclab.in2p3.fr/en/nu-ball2-online-scientific-workshop-2/
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¢
t The N-SI-125 experiment setug

A very complex
response function
from r-Ball2 detector

Fission tag
(dFGIC)
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¢
” The N-SI-125 experiment setug

Create a model capable of
recognizing fission solely based
on detector response function

A very complex

response function
from r-Ball2 detector
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¢
M The N-SI-125 experiment setu

Create a model capable of
recognizing fission solely based

. A A A
on detector response function
A very complex
response function
from v-Ball2 detector
A
Oa : > > >
2D plots to evaluate which
fission observables are more 4 4 4
or less relevant for fission
recognition.
Fission observables: > > >
« ¥ multiplicity / energy N N N
* Neutron multiplicity / energy
Fission tag e Calorimetry
(dFGIC) . ...
Classification labels g . . .
0,
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C |
” Double Frisch-Grid lonisation Chamber (dFGIC

lonisation chamber signals sampled every 2ns
A sampled signal is here referred as « trace »
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¢
” Trace analysis

Trace analysis through most frequently used methods

* Moving average algorithm; |

. RC filter- _ BOTH TIME AND ENERGY
| MEASUREMENTS

* Signal baseline correction; |
* CR-RC and CR-RC4 shaping filters;
« Trapezoidal shaping filter; +« ENERGY » MEASUREMENTS

* Signal integration (deposited charge) |

» Constant Fraction Discrimination (CFD) TIME MEASUREMENTS
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¢
M Trace analysis

Trace analysis through most frequently used methods  Cathode time resolution: _

* Moving average algorithm;
* RC filter;

 Signal baseline correction;
+ CR-RC and CR-RC4 shap NGQUN“NG
. TrapeZOATI‘sME_ﬂ

 Signal integration (deposited charge)

Innovative methods to explore Iif...
. we can reduce the computational cost

. we can improve the cathode time resolution
» Constant Fraction Discrimination (CFD)

Trace analysis takes ~2s per 1k fission events
3 weeks of data acquisition -> 600M events
300 h or 13 days to process the traces

22Cf source

96.9 % o decay
3.1 % fission

=> yes, we are working with an optimized multi-threading algorithm —1

~330 fissions - s
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(W
” Neural Networks

Validate NN for THALIA

Supervised vs. unsupervised learning

- (pure LaBr3) signal trigger

: e . : Input trace Hidden layer 1 Hidden layer 2 Outputs:
Regression vs. classification model Shage: 600.)-2| [Foan shape: (600,) [ shape: (600,)  [Fonn T
600 (x, y) points

actv .f: RelLu or sigmoid actv .f: RelLu or sigmoid (« energy », « time »)

Hyperparameters

Activation function

Batch size FCNN| Eneroy reso'.“t"_’”mk .
Time resolution: unsatisfactory

Epochs

Learning rate

Loss function 1 D'C N N

Number of hidden layers

Number of neurons per layer . /
Receives
. « energy »
1D input: * * * ' .
Parameters Traces fime
Weights and biases V. /
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” CNN 1D models for trace analysis
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(¥
t CNN 1D models for trace analysis

 Very degraded cathode time resolution

Loss:%

* Automatized search for model / model tuner

 Target values might not be optimal

e Custom loss function: time resolution
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C
M CNN 1D models for trace analysis

* Very degraded cathode time resolution

 Target values might not be optimal [input_layer] Time Differences between Label 1 and Label 725 :: (FWHM = 6.882) and NN prediction (FWHM = 14.360)
£ - L L L L |
e
ConviD O 120 __ .................................. ........................................ ........................................ ....................................... ..........
-
« Automatized search for model / model tuner bias {16) B
_ _ _ Activation 100 . =l ST R e B B B U e G0 Lo R e
e Custom loss function: time resolution & § : [
MaxPooling1D ‘ Target:
£ \__ .................... e W e e VHIUGS ..........
PrOblemS: GlobalMaxPooling1D : R(t) 14 360 ns s | :
° Keras/TensorﬂOW enVIFOnment COnStralntS n 60 e ........................................ .........................................................................................
ense R
* Not enough statistics to follow this approach
bias (90)
—a— s e e
Next steps:
e Build model « by hand»> Bl 20 o A
kernel (90x1)
* Perform new acquisition to validate models bias (1)
(experiment with dFGIC ongoing)

d 1
 Build robust CFD NN -> also requires more data ( el J L 2%?ne Diﬁerencis&s)

to validate with time resolution
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¢
‘ Perspectives

Short term Long term

« Converge to a more robust NN model for trace analysis * Develop new Al algorithms for fission trigger based on

» Implement a complete model for dFGIC adapting hyperparameters v-Ball2 response function

e Evaluate the correlation between fission observables
such as energy and multiplicity of neutrons and
* Prediction time gammas for fission recognition

* Detailed evaluation of computational costs

 Number and complexity of operations ...
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C
M The N-SI-125 experiment setu

Create a model capable of
recognizing fission solely based

. A A A
on detector response function
A very complex
response function
from r-Ball2 detector
A
Oa : > > >
2D plots to evaluate which
fission observables are more 4 4 4
or less relevant for fission
recognition.

Fission observables:

>
« ¥ multiplicity / energy A
* Neutron multiplicity / energy
Fission tag e Calorimetry
(dFGIC) . ...
Classification labels g > > >
O,
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« Converge to a more robust NN model for trace analysis * Develop new Al algorithms for fission trigger based on

* Implement a complete model for dFGIC adapting hyperparameters v-Ball2 response function

 Evaluate the correlation between fission observables
such as energy and multiplicity of neutrons and
* Prediction time gammas for fission recognition

* Detailed evaluation of computational costs
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* Detailed evaluation of computational costs
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Physics motivation for the FROZEN project

FRO ZEN

Motion in collective space Prompt neutrons  Prompt gammas Beta decay

5 x
& Qi% \

| /]

Eexc (MeV)

\

llllllllIllllllllllllllll

Primary ‘ Independnt Cumulati 8 l>
fission fission fragment -umu at.lve
fragment distributions fission yleids 5 >
distributions 4 —
] < .= Stati
‘ Yrast |
\
o\
v | | | | I
2 4 6 8 10 12
' ore (1)
) Taken from: A. Al-Adili, V. Rakopoulos, and A. Solders, Eur. Phys. J. A 55 (2019), 61.

102 10-19 1018 1014 1077 >US

Adapted from: M. Bender, et al. Future of nuclear fission theory. Journal of Physics G: Nuclear and Particle Physics, 47(11):113002, oct 2020.
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) The N-SI-125 experiment setup

Gamma detection
energy and multiplicity

24 High-Purity Germa-
nium clovers (HPGe)

PARIS array
72 phoswhiches La(Ce)Br,:Nal

~.
)}

rao |
i ()

.

e |

( -
MTREaEey e

\

Thalia LaBr3

o

Neutron detection
energy and multiplicity

PARIS array
Thalia LaBr3

» =
. (,’
-

Fission fragments detection

lonisation chamber

Taken from: https://alto.ijclab.in2p3.fr/en/nu-ball2-online-scientific-workshop-2/

* Thalia LaBrs phoswich PARIS array HPGe clovers lonisation chamber
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” Constant Fraction Discrimination (CFD
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e Slalelis el Gl publelerueiz etielziils al o plforsle where £, is the signal rise time
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¢
M Double Frisch-Grid lonisation Chamber (dFGI

lonisation chamber signals sampled every 2ns
A sampled signal is here referred as « trace »
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C
M Double Frisch-Grid lonisation Chamber (dFGIC

BACK " -y
ANODE 1 BACK L
< ‘ .......... Anode ........ e R LY A A 2 L R R R R R R T
WP 2 BAC L T = 4 KRR Wire: p|ane ...... EEEEEEEEE EEEEEEEEE mmsu+ 676V ]:465 m:IIEnQ 86 ..................
- Frisch Grid + 0V T 00.mm
BACK BACK 30 mm
WP 1 ANODE 2
.............. C.athode— 111 1 Y 2 P R R R
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FRONT WP 2 - £ =39V
ANODE 1 FRON a rieoh Grid oy .
1 4) risc Il + ' _
| ) ; - Wi,re plane ........... ‘I ETEE ‘awwssmwws+ 676V --- .u_)....l....E..T..l.s.().y/.mm..

[eeelD \ Anode- - - - - ——— + 1576 Y W E-=300V/mm..............
FRONT
WP 1

FRONT
ANODE 2

CFD for a reliable cathode signal trigger:

CATHODE start of our fission event
P A CFD* CONSTRAINT:
% k31— 2, )_7=!ky:1— : - tdelay>tr°(1_f)’
+ P, 7'/141 + A, where 7, is the signal rise time

calibration constants e . .
The average electron drift time is the maxima of the resulting wave

_ - = average electron form of the anode sum signal shaped using the following equation:
2 =(va) Co0) L) v
2 drift time
lectron drift velocit . l
electron drift v | _
/ Iy = ' 2 (G — @)k = ko) - —
Adapted from: A. GOOK, et al. A position-sensitive twin ionization chamber for fission fragment and prompt Qmax f:g
neutron correlation experiments. Nuclear Instruments and Methods in Physics Research Section A: k=k()

Accelerators, Spectrometers, Detectors and Associated Equipment, 830:366—374, 2016.
* CFD: Constant Fraction Discrimination
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(¥
t Double Frisch-Grid lonisation Chamber (dF

z
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ANODE 1

BACK
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1 _'1?2
+ P,

5 rk\<41—A2

1y
7441 + A,

calibration constants

Xk

Z — Vd : (f(Oo,Oo) o f(@;,@;))

Adapted from: A. GOOKk, et al. A position-sensitive twin ionization chamber for fission fragment and prompt
neutron correlation experiments. Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, 830:366—374, 2016.
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C
” Double Frisch-Grid lonisation Chamber (dFGI

Energy vs. Electron drift time
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X — k 1 2 )_/ — k 1 2 _10_ l L L | |>Y \'d | L l ] | L L ] | ] ] il | l ] 1 $ - iy l::’a;y 2336:;?,; — 80
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: : max  j—j fs L R L =
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Adapted from: A. GO0k, et al. A position-sensitive twin ionization chamber for fission fragment and prompt
neutron correlation experiments. Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, 830:366—374, 2016.
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M Trace analysis

Trace analysis through most frequently used methods

* Moving average algorithm; |

« RC filter: ., BOTH TIME AND ENERGY

* Signal baseline correction; |
* CR-RC and CR-RC4 shaping filters;

 Trapezoidal shaping filter;

* Signal integration (deposited charge) |

MEASUREMENTS

~« ENERGY » MEASUREMENTS

» Constant Fraction Discrimination (CFD) TIME MEASUREMENTS

How do we know if the method works?

20/08/2024
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¢
” Trace analysis

Trace analysis through most frequently used methods

* Moving average algorithm;
e RC filter;

* Signal baseline correction; |
* CR-RC and CR-RC4 shaping filters;
« Trapezoidal shaping filter; +« ENERGY » MEASUREMENTS

* Signal integration (deposited charge) |

» Constant Fraction Discrimination (CFD) TIME MEASUREMENTS

., BOTH TIME AND ENERGY
MEASUREMENTS

How do we know if the method works?

By evaluating the results obtained from a well-known detector => LaBr,

THALIA LaBr; data stored as a trace:

¥
Q
Q

Amplitude (mV)

50

Counts

~31.7 keV @ 1170 keV

Time resolution of ~570 ps

* with gamma energy selection: 1170 &
1330 peaks on 0G0 calibration run

250 300 350 400
ns

Time Differences between Label 201 and Label 725 with Energy selection :: (FWHM = 0.568)

hist
Entries 1422
Mean -147.3
Std Dev 0.2211 |
x2 / ndf 1.275e-07/0
Constant 12.17 £3.54
Mean -147.3+0.1 |

Sigma 0.2418 +0.0383

| | | |
-150 -149 -148 -147 -146 -145 -144 -143
Time Difference (ns)
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M Trace analysis

BACK
ANODE 1 : BACK

Trace analysis through most frequently used methods "

* Moving average algorithm;
e RC filter;

 Signal baseline correction;

, BOTH TIME AND ENERGY
MEASUREMENTS

- I—PZ - 1_A2
X , Yy
+P2 A1+A2

calibration constants
B

* CR-RC and CR-RC4 shaping filters; T
@

 Trapezoidal shaping filter;
 Signal integration (deposited ¢

* Constant Fraction Discriminati

Cathode time resolution:

R(t) = ~5 ns

20/08/2024

Double Frisch-Grid Ionisaion Chamber (dFGIC)

T AT TN R pa o e s lay
6 -04 -0.2 4 06 08 1

I<:‘
BACK y
ANODE 1 ) BACK
- 1 ndt 655.9/144
60— Constant 29.62 + 0.3847
BACK C Mean  3459+0.7973
WP 1 - Back Anode Sum signal Sigma  53.74 + 0.8319
50._
- fwwmw-‘wxf«w/\«w“!\,\,
FRONT - /,r’
FRONT 40— y
ANODE 1 = /
30;- .................................... ,.‘ 'Y<
I
FRONT o / Z | tn-shaped signal
~ : Y
ANODE 2 - PlE N
CATHODE 10 // / .\L. [
ey P-P, _ . A —-A - ' & 1 ' 1:‘ 1 W
r =5 - Y=k : % 200 | P 400 600 800 1000 __ 1200
N [)l -+ [)2 ) ;"\I + /1: ‘ ns

i - kyt+n
7 = 5 7 average electron 1 |
i "\(f" o el drift time o) Y, i1 = gk — ko) 7
max s

Electron drift velocity k=kq

Adapted from: A. Giak, et al. A position-sensitive twin ionization chamber for fission fragment and prompt
neutron correlation experiments. Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, 830:366-374, 2016.
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. Entri 2256764

Mean x -0.01108
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¢
M Trace analysis

Trace analysis through most frequently used methods

Streaming readout data acquisition

Taken from: A. Boehnlein et al. Rev. Mod. Phys. 94, 031003 (2022)

* Moving average algorithm;
* RC filter;

 Signal baseline correction;

» CR-RC and CR-RC4 shap 1 UN“NG
E 1 2 3 4 5 6

) Trapezo fM L Threshold

e Signal lntegratlon depos|ted charge) a2 bl AR ———_ _ _ __ _ _ [ ____ .

» Constant Fraction Discrimination (CFD)

1us .
< 250 samples Data from one single ADC channel.

Adapted from: Streaming mode Data Acquitiion at Jefferson Lab

A virtual trigger based on an unsupervised hierarchical cluster algorithm

Trace analysis takes ~2s per 1k fission events selects the relevant data to reconstruct the physics event

3 weeks of data acquisition -> 600M events
300 h or 13 days to process the traces

=> yes, we are working with an optimized multi-threading algorithm
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Parameters

Weights a

)i

(W
” Neural Networks

M—-1N-1C-1

Receives
2D input

r‘ Yi,j,k = Z Z Z (Xi+m,j+n,c ' Wm,n,c,k) +b iask \ 4

m=0 n=0 c=0

Receives

biases

1D input

yi

HAMLET-PHYSICS Conference/Workshop 2024

2D-CNN

> | =




(-
ﬁ Neural Networks

20/08/2024

1D input
Si_1 |
S; |

X

X

X

+ I ’ And so on...
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(W
M Neural Networks

1D-CNN /

Parameters I
Weights and biases e

M—-1 N-1C-1 .
Yi, ik = Z Z Z (Xi+m, j+n.c Wm,n,c,k) + b Lasy
m=0 n=0 c¢=0 /

Kernel size vs. filters /

. Kernel size K,

* Number of filters 1D input HV K1) /
Sg I %

Si—1 | x Wi _ _
+ I ’ And so on... - -

Si-l-l I X Wii -
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(W
M Neural Networks

Js.0

ID-ONN] o

Parameters - ool
Weights and biases / size

M—-1 N-1C-1 .
Yi, ik = Z Z Z (Xi+m, j+n.c Wm,n,c,k) + b idSk
m=0 n=0 ¢=0
/ y

Kernel size vs. filters /

. Kernel size K,

* Number of filters 1D input HV K1) /
%0 | |

’ _
K.y ; -~
Sy L B
Siel | x Wi L .
+ And so on... - -
S; I X Wo + I ’ Si . - -
x

Si-l-l I X Wii -
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(W
M Neural Networks

1D input HL1
Ka,y
Si-l | x W
1D-CNN . And so on... S0
S; | X Wo + I ’ ’ 4 #n filters
. * “
. w
Sitl I X * Kernel
size
H H B v
K.y
S0 I _
S1 _
1 5 _ For a kernel dimension of (k, w),
gj - A filter dimension will be (k, w, n*)
L - The number of filters is related to the
— — number of features one wants to
S:| | L e extract from the input data
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