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GET electronics and test-bench data analysis

- channel signal processing principles _
- raw samples corrections &> B0t

- input signal reconstruction

published in NIM A 840 (2016)

Amplitude

ACTAR TPC demonstrator tracking tests
—> tracks fitting model

submitted to NIM A

—> alpha source tests results
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context

from “end user” point of view (extract relevant information from data)

low energy nuclear physics experiments
® protons orions
- few MeV / nucleon
- few us drift time
e (almost) full track(ing)
in gas volume

information
® energy deposit / loss
(Bragg peak / identification)
e track length, start/stop positions
® emission direction
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ACTAR TPC + GET electronics: 3D “photograph” of charge deposit

pads plane TPC principle time sampling
(signal collection) of signal
2D digitization zot 3D digitization

DE(x,y,z) <= BOE[x,y](z) <= BOE[x,y](t) <= AE[x,y;t,]

@? B ). Giovinazzo (2013)

o T \ particle gas
=5 tfrack ionization
o )
E 5
T @
"o
O o .
Eg ( ionization 3D reconstruction of
5 drift ionizations charges along
] (velocity,  the particles trajectories
T dispersion)
T £
c.2 |
o wn
pads plane

(signal collection)

GET electronics
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GET electronics

detector 2
TPC AGET chip
16384 pads 64 channels
(ACTARTPC) . .

signal processing
(CSA + shaper),

analog memory,
discriminator

22 O

AsAd board

i

|

U

>

I

CoBo module

MuTANT control / acquisition

4 chips 4 AsAd boards clock distrib.,

(+ config.) digital data trigger management

sign.al & muljc. management (3 levels) S AN

coding (12 bits ADC) F EM' ;
“{BENBG NSCL
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GET signal channels

highly versatile electronics / many configuration parameters
(only basic features considered here)

e charge preamplifier: gain / dynamic range (120 fC — 10 pC)

: C multiplicity
e shaper /filter: peaking time (70 — 1000 ns) N hit pattern
e analog sampling : write frequency (1 — 100 MHz) discri
(circular memory: switched capacitor array)
TPC == m
pad signal

4000 =2000
C ol . A — output | z
digitization (AsAd board) 3000F~ --- CSAsignal  T[1%° 3
— input =3

& data processing / storage

2000

1000 500

output & FPN (coder unit)
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input signal reconstruction: motivation

single pad input signal depends on track(s)

information washed out by CSA + shaper
—> case of multiple tracks (pile-up)
- reconstruction of input charge distribution ?
for an effective “3D-photography” of charge deposit

GET data processing
—> raw data corrections
—> input signal reconstruction
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preliminary stage: raw samples correction

baseline RMS (coder units)

2 alternatives
for first stage corrections

e ~

baseline + phase effect FPN + residual baseline
(2 steps process) (2 steps process)
2 “calibration” samples / channel 1 “calibration” sample / channel
(baseline & phase pattern) (residual baseline)
no storage of FPN requires storage of FPN
(for each exp. event) (for each event)

\ /

similar RMS improvement

— AGet #0 . AGet #1 . AGet #2 . AGet #3
T 1
> . baseline correction only
baseline + phase correction
FPN events correction
1
PVNEIR DI aa e 6a 0402 ‘ . . .
L T U Ch (e e g T Ut s D)0 AL L dnad Bt oo VAL AL ST bt
1 1 1
| 1 1 1
- -~ Fy=100MHz + N=512 1=232ns ' !

- i . : | : : : —
0 50 100 150 200 250
AsAd channel number
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input signal reconstruction: principle

data

GET Electronics
qe(t)
" analog digitisation
pad processing
- amplification v.(t
+shaping S( )
h(t)
analog signal
shaping digitisation
q.(t) > vs(t) = q.(t) Q h(t) -

convolution

=5

de-convolution

— deconvolution from shaping
—> gain calibration alignment
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input signal reconstruction: FFT

q.(t)
—

GET Electronics

pad

processing
+shaping

analog signal

()

analog digitisation data

shaping

q(t)
\

Qc“[k]

H(w) = R ?t u F.FT.
V?w [k] - I"_iAw [k] .............. Vva[k]
"~ jAw [k] §

> v5(t) = q.(t) ® h(t)

digitisation

(w)

v
Qe ((1)) =

Fourier
Transform"

numerical processing
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input reconstruction: (empirical) response function

“theoretical” response function (P. Baron)
_gt t\3 . [t
h(t)=A-e 3/1(;) -sm(;)

not precise enough for real data... (may be used in simulations)

empirical response function
know pulse generator input (on test capacitor)
- AsAd pulser (with FPN channels = input signal)
- external pulser

d lution in Fouri Ik =
e-convolution in Fourier space: ~ In[k]

1000 events average -2 residual fluctuations

4000F 12000 . 10°F
=@ oz (b) LN ©
= g em——— FI---I ------- < ESO- 104_
=] channel output £ . estimated response function i
. 3000 —1500 = =} -
g = = = average FPN ) g 102k
§ — estimated|input £ 520 g _
Z 2000 10003 § s 1k
a 3] c 5
o 2 =] 3 [ — output
3 % @10 8 10%F P
5 1000 500 S 2 o | —— input
% 3 s} 4
=] @ e 10" —response
° ® 0 3
0 1 1 e L 1 0 L 1 L L 1 10'6 = 1
0 0.5 1 1.5 2 25 0 1 2 3 4 5 1
sample time (us) sample time (us) frequency (MHz)
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input reconstruction: need for filtering

reconstruction filter

- de-convolution in Fourier space

- residual fluctuations of response function

—> additional low-pass filter:

glK] =
V=2 ol 5
J H; s
J 8

4

g

signal distortion 2
1)

S

reconstruction quality

0
criteria > reconstruction precision:
signal deformation (filter distortion)
time / amplitude precision
—> time resolution (separation power)
parameters

1000
800
600
400
200

0

output signal

f =3 MHz

f . =1MHz
f . =05MHz

sample time (us)

- filtering: cut frequency, filter type... depends on signal / noise
- dynamic range (gain), peaking time, sampling frequency
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lnput reconstruction: quallty A w
. . v(t)
noise versus distortion function generator (voltage) >
quantitative criteria + charge capacitor: A
many factors... ) dv(t) i(t)
(= filtering compromise) i(t)=C- dt >
- fluctuations around average square input signal
“noise” criterion constant charge deposit (50 fC)
@ 50— reconstructed signal Variable Wldth
Lé 40 fitted function
2o 400~ w, = 200 ns
3 1o w, = 500 ns
K [T 300}
E-mW . | | | .
2 2 6 8 10 w, = 2000 ns

sample time (us)

\Z

average deviation / input signal
“reconstruction” criterion

50
40

reconstructed signal (nA)
N
o
o

reconstructed average

input signal L L L L

1T T 1

3
5w 1 2 3 4
g fgk sample time (us)
g0f | | | | reconstruction std. dev. for Q, , & w ~1 %
0 2 4 6 8 10

sample time (us)
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input reconstruction: time resolution

-> separation capabilities
for 2 charge deposits

A | At

v(t) —

4

—

o) |

>

- FWHM of reconstructed signal

~ 2 2
wfit - \/Winput T Wiec

>

__ 8001~ F, - 50 MH:
= Cg = 240 fF
= 600~ r-232ns

=

S |

S 400

e}

9

= 200

0 500 200 500
input width w, (ns)

800

u
—_
[$)]
[=]

|

100—

[$))
o
I

output signal (c.u.)

]
,
4
F
{
!
S

150—

reconstructed signal
average (100 events)

100

(%1}
o

reconstructed signal (nA)

o
ks

sample time (us)

depends on:
- requested quality criteria
- peaking time, write frequency

tests for Q = 50 fC
Weit(Winpue = 0) ~100 ns for F, = 50 MHz
~60 ns for F,, = 100 MHz
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input reconstruction: time precision

FPN signal

channel output

A(terp - tepy) = 0.61ns
A“F!ec_ r;:pN) =1.61ns

(Feut = 3MHz)

Fy = 50 MHz

timing dispersion (ns)

AsAd pulser signal: 3 3000
small dy.namlcs (C, =120 fF) = 000
strong signal B
(low noise conditions) g 1000
- FPN fit for reference timing 00
time ( 150
- CFD algorithm timing :
< 400 100
—> Reconstructed signal fit g 300 /\ -
(Gauss fit center) B 200 "-.\
‘g 100 \ 0
s, B e oo
0 05 ]

time (us)
“intrinsic” timing precision (strong signal — low noise)

CFD timing - ~0.6 ns (F,, = 50 MHz) / ~0.4 ns (F,, = 100 MHz)
reconstruction > ~1.6 ns (F,, = 50 MHz) / ~0.9 ns (F,, = 100 MHz)

only limited comparison:
CFD timing = only a single time information
reconstruction = time distribution of charge
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ACTAR TPC Demonstrator

full electronics (2016) = 2048 pads signal

N

8 AsAd boards N 5

=)

»

ZAP

demonstrator
chamber

UTCA crate
CoBo modules

gas control
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2048 pads

demonstrator pad plane
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3D track + signal amplitude

] padplane |

—>

source
3D track

active volume

Drift time (Z dimension)

Amplitude

P10 gas (Ar-CH,), 400 mbar
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energy resolution

500

(base analysis: data correction / no de-convolution)
summed pad signal 00

300

>3Fe source X-rays

drift volume thickness: 2.5 cm
HV,_ = =570 V 100

esh
HV,; =-1000 V

200

IllllllII|I|II|IIII|II|I|

L

MeshSignal
Sum 138542

L b e

0 (e Il | R |
amplitude (c.u.)

P10 gas (Ar-CH,), 1 atm

(e [ o] I Y A V] i I | "
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

resolution (FWHM) @ 6 keV: ~21 %

3-alpha source
40
GANIL drift cage 35

HV,., = —350 V

esh

all tracks - padé above thréshhold
selected tracks - pads above threshhold

P10 gas (Ar-CH,), 400 mbar

alpha energy correction ol ol U [l Tl o E N

n il uil| T | S I
150 200 250 300 350
signal sum (a.u.)

(Geant4 simulation)

400

450

resolution (FWHM) @ 5 MeV: ~130 keV
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mesh-induced signal: undershoot

"I'*‘"*m*c“.

1.7:n76|7|:n‘

amplitude (c.u.)

40

30

20

10

t1 _A0_G1_Ch0

time (us)

o

T

Y dimension (mm)

(alpha source)
Fw, = 50 MH:z
T =502 ns
¢, = 1 pC
full readout
PadsXY_E
CoBo #1
AsAd #0

2 AGET #1
30
20
10f-
ok | 1 I L |
0 20 20 B0 80 700 20

X dimension (mm)

distorted energy
shifted timing
(more visible on track side)
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mesh-induced signal: off-track signal

ol 900
= 800 -
£ 50 o TO0E-
E LoF S 600~ in-track signal average
s = pads signal amplitude Ténsoo — off-track signal average (inverted)
2 3o < 400 -
G:) 30 — © =
£ F £ 300 -
ko] _— = —
> = 200 =
10 100 -
0 = L I L ] 1 1 O ."__T_- ! e . T.h
0 20 40 60 80 100 120 0 2 4 6 10
X dimension (mm) time
60H 5F .
= = off-track signal average
— 505 o] = . ot -
E E in-track pads t _E
% = in-track p 2 sE
o - o -
g 30 <_Ecs 10
£ B g =
Y= off-track pads 215
105 20
0 E L L N f n - 1 1 | |
0 60 80 0 2 4 6 10
X dimension (mm) time
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mesh-induced signal: undershoot correction

| before

correction

after correction

H'
.I
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D
:
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1

8| 2

a1

energy: 1% resolution improv

) 3

T T + L
= ‘—\’[1 A0_G1 r.n.i

ﬁﬁdﬁlimen
timing: 5% improvement (9ZE"d,irr,l,eng,i’q|

see fit proced

|

& furthir) |

45 &4

T
e (us)

.....

= T T T T
tma s

d

to be checked with heavy ions (saturation)
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particles (alpha) tracks fitting

track initial point: Py = (x0, Y0, Zo)
track final point: Py = (x1,¥1,21)

energy loss along the track

track length: L= ||POP1||
track path coordinate: & € [0; 1] c=0P= FO
c=1 F = ﬁl

energy loss function:  fg(e) = % (g-L) - Bragg peak

total energy: E = f::(,fE(S) -de
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alpha tracks fitting: Bragg peak model

simulated energy deposit along the track

normalized function from simulation:
estimated at energy E and gas pressure P

- track length Lo(Eq, Pg)

energy loss along the track:

fBragg (AL)

fe(e) =A- fBragg()lL + (1 -4, -¢)

A; fraction of the track length for a particle with energy E + E|,
A normalization for total energy loss

- at I_’)O (£=0):

fe(0)=A4- fBragg()lL)
~atPy (e =1):

fE(1) =A- fBragg(l)

energy from track length:
fll_z fBragg(/U’d/1

Esim(A) = E
Slm( ) 0 f()lfBragg(/l)'d;{

energy deposit (a.u.)

0.8

0.6

0.4

0.2

%

’ i
0.2 0.4 0.6 0.8
normalized track path length
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alpha tracks fitting: energy projection

2D (X-Y) signal projection + T dimension

1
Sxy(x,y) = JfE(EVl, A) -
=0

parameters

track start & stop positions:

energy loss along the track:

distance to track point 1_58:
(linear track segment)

dispersion:
(variation along track)

time (z) fitting
performed independantly

_|rGlxo.x1.8? r(ylyo.y1,6)*
e 20x(£)? 20y ()2 -de

21 - ox(g) - oy(e)

(x0, Y0, to) and (x4, ¥4, t1)

fe(€lA,2) & peak shape from simulation

r(x|xg, x4, &) = x — [xo +é&-(x1 — xo)]
r(¥|yo,¥1,€) =y —[yo+&- (¥y1 —¥o)]

oxy(e) =0 (()X'Y) T € agx,y) ‘vz
withz = [tg + & (t; — tp)] - Varift
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alpha tracks fitting: illustration

experimental data fit result
60 60—
= 50;— = 50;—
£ wf € wf
S OB ——— o B e———_
2 30 £ 30F=
2 F 2
S 2F X-Y pads 2 20p
10 (signal amplitude) 10
Og- 20 30 50 80 T00 120 O- 20 20 80 80 700 120
X dimension (mm) X dimension {(mm)
af-
~ 35
E
o5k Xpads'Tdrift
- (signal amplitude)
2__ 1 l 1 1 1 1
0 20 40 60 80 100 120

X dimension (mm)

(alpha source)

Fy= 50 MHz
T =502 ns
¢, = 1pC
full readout
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track length from the fit

collimated source runs (0°)
_ P10 gas @ 400mbar
from tracks fit: drift HV: ~100 V / cm

Lyy = VAX? + AY?2

AZ = vdn-ft - AT

total length (from fitted track):

counts / 0.5 mm
o
[

2
L= JAXZ + AY? + (vgpipe - AT) :
5
. ok 0 100 110 120 130 740
B track length (mm)
3.8F
= i
é 36_— 1
S minimum L dispersion:
I = [ ]
L B Y —
s | (Magboltz: 47.7 £ 0.9 mm/us)
g o
S T
2.8f
3540 45 50 55 60

drift velocity (mm/us)
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track reconstruction precision

rec

fitted length dispersion: ;" = 3.2 mm

2
i = @02 + (o)
o€t detector resolution
of particles dispersion in gas

particles dispersion from simulation: f = 3.4 mm

independent precision of
energy estimate (pads signal)
& track length (fit)

= no improvement expected from correlation

collimated source runs (0°)

P10 gas @ 400mbar
drift HV: =100V / cm

counts / 0.5 mm
o
I

fitted track length (mm)
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track reconstruction precision

energy from track length:

1 3

f - fBragg(A) -dA :(%

Esim()‘) X 11/1 ?‘,
fo fBragg ()l) -dA %

E,.qs — Esi; correlation: )

1 0 0.2 0.4 0.6 0.8 1
—> can be Impl’OVGd normalized track path length
but some bad E,...

D

&)

N

pads energy signal (MeV)

tracks fit energy (MeV)
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alpha tracks fitting: illustration — bad case...

w
[=}

Y dimension (mm)
w b
S o
T k

Y dimension (mm)

N
o

lHIlI\IIl IIII

10 (signal amplitude)
% 20 40 60 80 100 120
X dimension (mm)
o
a5 Xpads'Tdrift
gt (signal amplitude)
g 3
2-5;_\—_____\_—'—-.___
2:_| L L l L L L | L L L l L L L | L L L 1 L L L 1 L
0 20 40 60 80 100 120
X dimension (mm)
(alpha source)
Fy= 50 MHz
T =502 ns
¢, = 1pC
full readout

experimental data

X-Y pads
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fit result
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alpha tracks fitting: trajectory improvement ?

track initial point: Py = (X0, Yo, Zo)

track final point: Py = (x4, ¥1,21) —U,q
considering a track that is not a straight line Pq
general case Uy

2 additional points that define the
tangent vectors: Uy & U,
curve coordinate: ¢

ﬁ)(C) =I_)>0+1_l>0'c PO
+[3 (1_51 —Fo)—Z'ﬁO—ﬁl] 'Cz
+[—2 . (ﬁl — I_i()) + ﬁ)() + ﬁ)l] . C3
problem

the track path P(c) is described by a curve coordinate ¢ (with ¢ € [0; 1])
the track length is a priori not linear with ¢ !!
—> complicates the integration of energy loss fg(&) for constant & steps

A0) =22 with L(c) = f; = (c) - dc’

tot 0

and LtOt — L(l)
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alpha tracks fitting: illustration — 3-point Bézier curve

experimental data fit result

60— 60f—
— 50; . 50;
£ - -
540_\7"/ Emvﬂf
s E s £
2 gof—= 2 30
g L g L
22 X-Y pads 2 OF

"0 (signal amplitude) "o

O 40 60 80 100 120 % 20 7 50 50 00 720

X dimension {(mm) X dimension (mm)

4
,\35; . Xpac!s'Tdrift
gt (signal amplitude)
g b

2.5:— '\'

2:_| L L | L L L | L L L | L L L | L L L 1 L L L | L

0 20 40 80 80 100 120

X dimension (mm)

(alpha source)

Fy= 50 MHz
T =502 ns
¢, = 1pC
full readout
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alpha tracks fitting: trajectory improvement ?

but... no systematic improvement...

- better in the case of obviously
scattered particles

- not always ok for linear tracks

- emission direction reconstruction 60
(important for angular correlations)

I\I\llll\lll\li H‘IIII‘III\'I

|
40 60 80 100 120
X dimension (mm)

CO
no
S
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alpha tracks fitting: trajectory improvement ?

but... no systematic improvement...

- better in the case of obviously R
scattered particles

s000 | 60
50
10001 40 @@
30 {\5)\0“\
- not always ok for linear tracks L A 2(_1&@@
60 10

—> emission direction reconstruction S0
(important for angular correlations) gjz_
segmented track: better... - — G
need for a fitting strategy to consider 10~
several possibilities... T T e e w0

how ?...
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curve tracks fit: models comparison

linear
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need for improved tracking algorithm

alpha test: the easy case...
® known track origin area
e known track direction

® single particle track

= easy fit initialization

multi-particle radioactive decay
® any origin point and direction

® various cases:
1 or 2 emitted protons (even 3...)

= need for a track / vertex finder ?
= discrimination1 /2 /... tracks ?

any suggestion is welcome !!!
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end...
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