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COMPACT LIGHT TRACKER
FOR e*e™ PAIRS

A compact, light tracker could
be used in future p —»> ey
experiments, with pair
conversion approach to
reconstruct the photon

Tracking layer r
=Momentum measurement
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COMPACT LIGHT TRACKER
FOR e*e™ PAIRS

The n_TOF collaboration is developing
a tracker that will be used in an

experiment to probe the existence of
the X17 boson

* similar detector features with the

one interesting for future y - ey ==

experiments. VWe can:
— investigate the readout system
— improve the data analysis
— use data to tune and validate
simulation results
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Study of the relative angle of the eTe™
pairs coming from the nuclear reaction
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TPC DEMONSTRATOR

TPC demonstrator:

cathode
* drift gap = 3cm /

LREWells
plane

* gaseous mixture Ar:CO?2 (70:30)
. 1. . drift = cm
e MRWELLs multiplication stage e | LE /
strips
o o . igi e 1
* capacitive-sharing stage shoring stage - = P

* 2 readout planes of orthogonal
strips with |.2mm pitch

* Ugrift~ 6.5cm/us
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MICRO RESISTIVE WELLS (LRWELLs) readout

Drift cathode

HRWells are Micro Pattern Gaseous Detectors (MPGDs) Oriftgap
with a resistive anode:

* the multiplication of the drifted electrons takes

place in the Well due to the high electric field Readout
* the resistive layer locally drops the electric field
to prevent breakdowns in high-rate environments Top Cu
* the signal is capacitively induced on strips or pads Polyimide —» s

for the readout

Resistive film (p)
—

* low material budget detector
* easy assembly procedure and scalability Pre-preg —

Strips/Pads — « l l » N
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CAPACITIVE-SHARING STAGE

 Several layers, each one

Initial electron clouds size

composed by copper pads from triple-GEM will hitan
. . . average 2 to 3 pads of 0.4 mm DL layer to drain charges to the ground
deposited on an insulating —_— — —

S50 pm Kapton fodl anode layer with pad size = 0.4 mm

material

—

50 pm Kapton foil transfer layer with pad size = 0.8 mm

* The pads' size doubles from one
layer to the layer underneath

50 pm Kapton foil transfer layer with pad size = 1.6 mm

transfer laver with pad size = 3.2 mm

50 pm Kapton foil
* The signal propagates vertically —
at nearly the speed of light via \—b
capacitive coupling through the Readout layer with pad size - 6.4 mim
transfer layers

— spread of the charge on a higher — reduction of number of readout channels
number of readout channels — improved position resolution
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TEST BEAM @ ATOMKI LAB (DEBRECEN)

scintillating
bars

scintillating
cube

6 APV25s for the readout,
each with 128 channels
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APV6 reads only

64 channels

APV25 CHIPS

.

AP

APWE

APVE

pitch

APV

APVZ

APV

320 strips

/1.2mm
ré

384 strips

128 Same 128 strips 128 strips * 27 time samples
Charge strips after 25ns (625ns time window)
(ADC counts) f - 1
3000¢% ha
2500 § |
20005
g
1000=f | |
0/ 500 7000 15002000 2500 3000 3500 4000
marker between time samples Signals (few strips)

* The charge on each strip is collected by the connected APV

channel, amplified and continuously sampled every 25ns

* 27 samples for each channel are acquired for each trigger
* the acquisition window lasts 25ns X 27 = 625ns

* the number of samples can be increased up to 192, to reach

an acquisition window of 25ns x 192 = 4800ns
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RESULTS OF THE ANALYSIS PERFORMED ON
THE TEST BEAM DATA
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DATA ANALYSIS

APV APVZ APV
I:t II::t II::t
From runs without the beam 4 “t “ disconnected
(pedestal runs) the rms Gpea of each 7 7 ) 7 odd lchannels
channel of each APV are extracted gl g " .,,..--ﬂ_""ﬂ"'1r g
= e e b a “f
= . o - Lo =k .
* because of a manufactory ;W 3. L1 &S o /
defect, half of the strips (the s * - j
odd ones) are actually
o strip index strip index - Supimaer
disconnected from the readout
. APVA APV APVG
pins where the APVs are ‘I . !
. . [~ 3 . . 'H:‘_
attached, both in the horizontal APV6
and vertical directions %;:H.-;J.'F"."‘ﬁ : _ : t rez:d564
on
g " g uf 5 4
— lower and almost constant Gped =p = z channels
] 5, ‘t_-_-——ﬂ ,E“" ‘_ hg_
— actual pitch of 2.4mm T S
© " “eripingex  etipindex
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DATA ANALYSIS

Typical waveforms after noise subtraction

Typical waveform and suppression of the noisy channels:
P Strip 64 . o : : y :
400 - .}H } o oo signals fitted with an empirical function
P * from the fit:
g %0 } torare - first time the fitting function
g }“H | crosses half the maximum voltage
Em } }. | * Vinax @ Peak height
o } ' * cut on signals with first sample !=0
} Vg >08x* V.
L ’f HHH | AT | i— e cut on signals with x* > 8.0
—fll.ﬂ 0 1;{} 2:[] 3ID 40

Time [sample]
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DATA ANALYSIS

Distribution of hit times t¢t;¢

The drift time of electrons ionized near
the cathode is:

Atdric ~ 460ns ~ |8 samples
+ each signal lasts: Atsignal ~ 10 samples

— misplacement of the acquisition
window: loss of hits produced within
~ 0.7cm from the readout plane

* cuton tggrt > 14 :noise or signals

not related to the crossing particle of

interest

Horizonta

| strips

3500 4
3000 ~
2500 ~

2000 - m

1500 -

Counts

1000 -

500 +

0 5 10

L

15 20

Hit time [sample]

* cuton tggrr < 1:signalsin which the

first part of the waveform is not
recorded
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Counts

DATA ANALYSIS

Distribution of hit times tg;,,+ after final cuts

Horizontal strips

Vertical strips

1200 - 700 -
1000 - 600 1
500 -
800 -
£ 400 -
600 §
300 -
400 -
200 -
200 - 100
U T T T T T T U T
0 4 6 8 10 12 14 0

Hit time [sample]
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DATA ANALYSIS

Horizontal strips

2000 ~

1750 A

1500 -

750 A

500

250 A "
0

0 5[IJU IUIUU 15IUU 2[]'00
Peak voltage [ADC counts]

2500

Distribution of peak heights V,,,

Vertical strips

700 ~

600

500 +

400 ~

Counts

3004

200 ~

100 +

0 560 IUIUU 15IUU EUIUU
Peak voltage [ADC counts]
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2500

Mean of the peak amplitudes
after discarding 30% of the
signals in the high voltage tails:

* horizontal:
Vmax = 286 ADC counts

e vertical:
Vmax = 390 ADC counts

— optimizations needed
to achieve a similar response
from the two layers




DATA ANALYSIS

Example of reconstructed hits
(size of the dots proportional to V)

Horizontal strips

L
=

L]

Time [sample]
I e e S
bh o W o W o un
I I I I I I

50 100 150 200 250 300 350
Strip index

[an]
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DATA ANALYSIS

Hough transform to clusterize the hits (line parametrization: p = x cos0 + y sin0)
Detected lines

Input image Hough transform
—600

—-400

o [pixels]

200

400

600

—500 50
6 [degrees]
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DATA ANALYSIS

Typical tracks
30 Horizontal strips
- Reconstructed track

W 90 ,
= 20 /
=
5
—_ 10 ] tF
@ <
£ A
[= ,.:"

U -

0 50 100 150 200 250 300 350
Strip index
Vertical strips
30
- Reconstructed track

@ 50
= 20
E
”
— 10 -
w
E
|_

U -

0 50 100 150 200 250 300 350

Strip index
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Counts

DATA ANALYSIS

Horizontal strips

3000

2500

2000

1500 +

1000 +

500

I —
o1

2
N

T
3
um

45 6
ber of h

T T T T I I T T T
7 8 9 1011 12 13 14 15
its per cluster

Number of hits per cluster

Vertical strips

1400 +

1200 +

1000

800 4

Counts

600

400

200 4

T T T T T T T
01 23456 7 8 9101112131415161718
Number of hits per cluster

Susanna Scarpellini 02.10.2024

Small number of clusters

with more than 6 hits,

due to:

* misplacement of the
acquisition window

* malfunction of half of
the strips




SINGLE-HIT RESOLUTION

Hit-track residuals (from tracks with 2 4 hits. The considered hit is removed from the fit, that is performed
on the other cluster’s hits. The distance between the considered hit and the track is computed)

Horizontal strips Vertical strips

2000 + G1: u=(0.0040.001)cm 700 - G2: u=(0.007+0.001)cm Fit with sum of two
o o=({0.228+0.014)cm T o=(0.228+0.021)cm . .
1750 4 G2: u=(0.004£0.001)cm ﬁ G1: u=(0.007+0.001)cm ﬂ gaussians with the same
T 0=(0.077+0.001)cm 1, 600 41 o=(0.085+0.001)cm [\ .
— Gl+G2 k — Gl+G2 ;Y mean, setting
1500 1 500 - | Areaci:Areac2=70:30
1250 - | Bl
2 H 5 400 1 The standard deviations
3 1997 - 8 B of the core gaussians Gl
: 300 - i
750 - ' (green) are:
500 2007 * horizontal strips:
= +
- | 100 - ) on = (773 £ 9)um
; ; %., ) * vertical strips:
2.0 -15 -1.0 =05 0.0 05 10 15 15 -1.0 -05 00 05 1.0 ov = (848 £ 10)um

Residuals (hit-track) [cm] Residuals (hit-track) [cm]
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TRACK RESOLUTION

Considering tracks with 2 6 strips, the hits are divided into even and odd based on their strip index, and two lines are
fitted, one for each group. The distributions of the differences of their angles with the horizontal axes are represented

Horizontal strips Vertical strips
_ p=(0.142+0.153)° 701 _ p=(-0.037%0.192)°
2301 0=(3.488x0.152)° 0=(3.031£0.187)° The track resolutions are
60 ,
derived as the standard
2007 \ 50 deviations divided by v/2:
2 150 1 2 40 - \ * horizontal strips:
[ [
3 | 3 on = (2.466 £ 0.107)°
I I
j \I 30 A
100 ; / * vertical strips:
/ 20 1 ov=(2.143 £ 0.132)°
50 -
10 -
' P i
0 __%FI_Il_*_I T T T I_I_ 0 - }: T T T T T T I T I II
-30  -20 ~10 0 10 -15 -10 -5 0 5 10 15 20
Angular track resolution [°] Angular track resolution [°]
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CONCLUSIONS AND FUTURE PERSPECTIVES

o new approach: 2D-strip readout of a TPC with 3cm
(= O(10cm)) drift length

o test beam @ ATOMKI:
o position resolution of ~ 800um
o track resolution ~ 2°
— not actual detector’s performances but promising results

o improvement in data analysis and detector design to achieve
better results

o possible changes in the detector’s features depending on the
application

o further studies to understand the advantages and o S A N
disadvantages of the use of TPCs with yRWells readout in )
future y — ey experiments at high rate
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THANKS FOR YOUR ATTENTION!
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BACKUP SLIDES
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STRATIGRAPHY

Not to scale

uRwell stratigraphy

DESCRIPTION MATERIAL THICKNESS (mm)
Top honeycomb top skin glass epoxy 0,2
Aramid Honeycomb polystyrene 5
Top honeycomb bot skin glass epoxy 0,2
Cathode KAPTON support KAPTON 0,05
Cathode electrode copper 0,005
30mm frame GAS (Argon) 30
Top urwell copper 0,01
Kapton KAPTON 0,05
DLC carbon 0,00001
Prepreg vetronite 0,028
Pad sharing 3 copper 0,003
Prepreg vetronite 0,028
Pad sharing 2 copper 0,003
Prepreg vetronite 0,2
Pad sharing 1 copper 0,003
Prepreg vetronite 0,028
X layer copper 0,005
Kapton KAPTON 0,05
Y layer copper 0,005
Prepreg vetronite 0,125
GND copper 0,009
Bottom honeycomb top skin glass epoxy 0,2
Aramid Honeycomb polystyrene 5
Bottom honey comb top skin glass epoxy 0,2
TOTAL 41,40201

- Ll L3
Scintillator stratigraphy

adesive tape PET 0,1
j-200 scintillator 3
adesive tape PET 0,1
GRAN TOTAL (uRwell +Scint.) 44,60201

X layer: strip width =0.1 mm
Y layer: strip width = 1.1 mm
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URWELL DETECTOR WITH CAPACITIVE-SHARING

Single-sided cathode
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TRIGGER SYSTEM

The TPC acquisition is triggered
by the coincidence of one of
the 12 scintillating bars (read by
SiPMs) and a scintillating cube
(10cm side, read by a PMT)
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