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L: the detector ar

L is composed of only two elements:
P-RWELL_PCB and the cathode Drift cathode PCB

-RWELL_PCB, the core of the detector, is

. g . Well pitch: 140
lized by cou pllng: Copper top layer (5 um)

T 1 =1 : \ kapton (50 um)
'a WELL patterned kapton foil as amplification

DLC layer (<0.1 pm)
stage - R-100 MQ/C)

. a resistive layer (*) for discharge suppression & EEULETESEN

current evacuation:

Rigid PCB readout
electrode

i. Single resistive layer (SRL) <100 kHz/cm?:
surface resistivity ~100 MQ/LI(SHiP, CepC,

&vosisbirsk, EIC, HIEPA)

ii uble resistive layer (DRL) >1 MHz/cm? (for
- LHCb-Muon upgrade & future colliders -

Cep , Fcc-ee/hh)

ard readout PCB (*) DLC = Diamond Like Carbon

highly mechanical & chemical resistant

-
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e resistive layer: DLC sputte

e ka*ra\ oil copper etched on one side is sputtered with DLC (by Be-Sputte
n). Simultaneous sputtering of 6 foils (1.2x0.6 m?) per production batch'i

ossible.
‘The resistivity depends on several manufacturing conditions, but can be |
parametrized as function of the DLC thickness. The resistivity uniformity is at level of

0-30%.
4 Thanks to A. Ochi A profitable collaboration with |
Zhou Yi from USTC — Hefei (PRC) for
the manufacturing of improved DLC
foils, has been started.
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| A Common Project among Hefei,

— _____________________ _______ S £ 0 EE— _____________________ Kobe, CERN and LNF has been

®  u-meELL test prod. 2017 | recently presented with three main

..................................... ..................... objectives:

o * define manufacturing procedur
L * define QC/QA procedures

DLC Thickness (A * perform long term stability t
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ciple of C
"' ‘

ble voltage between top copper
he “WELL” acts as multiplication
or the ionization.
rge induced on the resistive foil is _
rsed with a time constant, Tt = pC, resistive stage =72/ -—

mined by: P
y > : strip r/out

ne DLC surface resistivity, p Not in sca

the capacitance per unit area, which depends on the distance between the resistive :
and the pad/strip readout plane, t
the dielectric constant of the insulating medium, &, [M.S. Dixit et al., NIMA 566 (2006) 281]

P

n effect of the introduction of the resistive stage is the suppression of the tra NSi
streamer to spark -

k, the capability to stand high particle fluxes is reduced, but an apg
3 of the resistive layer with a suitable pitch solves this problem (see

s [y
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le resistive layer w/edge grounding
Y Copper Ia\@r 5um
Kapton layer 50 um

DLC layer: 0.1-0.2 um (10-200 MQ/[1)

DLC-coated kapton base material

Insulating medium (50 pm)

-
PCB (1.6 mm) ‘

DLC-coated base material after copper ar
chemical etching (WELL amplificatio

|




Ar/iC,H,= 90/10

Detector Gain
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Recent prototypes showed Gain ~10° in

‘g\OI-RWELL ?%

'Arl/CO,/CF,= 45/15/40
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Single Resistive Layer prototypes with
different resistivity have been tested with™
X-Rays (5.9 keV), with several gas
mixtures, and characterized by measuring
the gas gain in current mode

Ar/CO,/CF,= 45/15/40

5 E[ %2 / nat 31.11 / 20
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9ace resolution vs DLC resistivit

Charge Centroid analysis (orthogonal tracks)

= 10p g 92 ' 254,
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3 8 .:' 0.16 R F Cluster size _Zzni
Aa b : -
T oi1a / 4 8
MoE | : / "
0 6 0.12 . / _15“
s | L\ a
3 s ' 0.1 £ 2
E)' E =S~ u-RWELL 12 MM 0.08 ' \ y. g.
QE o - .-RWELL 80 MOM [ | b “'\.‘ f’f Pt
i: 0.06 B b
......................................................... ................................................................ -.‘ = ﬂ_
2? 0.04 T -5 ©
i : W
0.02 s = et B
t 0 I -
0 1 10 10° 10*
102 10° 10* >

Resistivity (MQ/0)

The space resolution exhibits a minimum around 100MQ/

= at low resistivity the charge spread increases and then o is worsening
=> at high resistivity the charge spread is too small (Cluster-size = 1 fired strip)

then the Charge Centroid method becomes no more effective (o 2> pitch/\/l
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olution vs inclined tracks: pu-TCP'

hanks to’:e collaboration with BESIII-CGEM, R.Farinelli (INFN-Fe) & L.Lavezzi (INF -To

-

N
Ar:CO,:CF, 45:15:40 - HV=600V, Ed=1kV/cm, Gain ~10*

4

45° track

arctan(0.97) = 44.1° /
.

Space resclution (um)

illllill 1 |
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The combination of the CC and the u-TPC mode with E;= 1 kV/cm
is flat over a wide range of incidence angles.
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.'Single-resistive layout:

Technology Transfer to industry




d industrialization of the -
ogy is one of the main goal of the =~ _

y can open the way towards cost-
ass production.

facturing process of the single resistive
as been e)&nsively tested at the ELTOS
ttp://www.eltos.it)

Production Tests @ ELTOS:
- = - 10x10 cm? PCB — uRWELL (PAD r/o)
_ 10x10 cm? PCB — uRWELL (strip r/o]
coupled with kapton/DLC foils

M The etching of the kapton done k

ii On the last tests done in
as 100%. More statis




'i -
-

of the CMS-pha‘seZ muon upgrade different prototypes o
tive layer p-RWELLs have been built at ELTOS:
1-RWELL
H-RWELL
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ate layout: the double-resisti

e idﬁis to reduce the path of the current on the DLC surface implemen
iX of conductive vias connecting two stacked resistive layers. A second matri

vias connects the second resistive layer to ground through the readout

electrodes (3-D grounding scheme)

The pitch of the vias is typically of the order 1/cm? (or less).

}.

5 pm Cu
50 um Kapton ——

500 - 700 nm DLC
50 um Kapton -

500 - 700 nm DLC
50 um pre-prngJ

conductive vias

1 readout electrodes
standard PCB

ING: The engineering/industrialization of the double-resistive layer is diffi
he manufacturing of the conductive vias on kapton foil.

¢
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 version based on single-re

) maintain a very short path for charges moving on the resisti

nuous/dashed-conductive as well as resistive lines.
. Silver Grid: 1t generation - SG1

elatively thin conductive lines (250-300 um wide) are screen-printed onto the DLC and
surface-grounded at the edge of the active area (as LR version)

dead area over
the grid

5 um Cu | | | |

50 um KaptN

500 — 700 nm D|_c\ /.

pre-preg 50 um B oo senee
readout electrodes ) .

standard PCB /
’7 grid pitch 4'

duction of a conductive line on the SG-1 designed with safe geome
r of the amplification stage can induce parameters: grid-pitch 6 mm
due to disﬂarges over the DLC surface dead area 2 mm

Geemetri@ai acceptance 66%

j— _aa



er Grid: 2" generation —

dead area over
the grld

5 pum Cu
50 pm Kapton
500 - 700 nm DLC
pre-preg 50 um
readout eIectro
standard PCB

grid pitch

um

Geometrical acceptan

stability & RD51 Meeting - T
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id: optin za

‘i”‘ duce the dead area, we studied the Distance Of Closest Approach (&
;) between two tips connected to an HV power supply. We recorded th

e before a discharge on the DLC occurred vs the AV supplied for foils with differe

e resistivity. .

e

* AV=500V

o N & 60 0 B N & 6 0 N

20 40 60 80 100 120 140 160 180
p (MQ/O)

p ~ 60-80 MQ/C1 = DOCA < 300 pm
. B
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ure §GZ++'pr.c'>totype

owing the recipe for Silver Grid (SG1 & SG2) layout based%n the
efinition of the grid-pitch, grid-width we would like to minimize as much

A Y &
as possible the dead zone (for a given DLC resistivity around 60-80 MQ/IZI)

- .
»

| HR Layout | Resistive | Grounding | Grounding Dead-zone Grid DOCA
layer pitch type width
(grid/vias)

LA

single 12 mm Conductive 0,3+0,3mm 100 um 250 um
grid




500 - 700 nm DLC
pre-preg 50 pm
readout electrodes
standard PCB

e R

ueubc@-oooa,T‘

:T\

he resistive lines is done by screen printing and
e grid (su lface) grounding is performed via the resistive
sometrical parameters:
6mm
e required
blem of such a layout are the poor precision
nd the very bad resistance uniformity among

ed Resistive strip X distance of
» width: pads;

g the -~ this scheme will be replac
eme. " 296.99 um  105.03 pm




ach element of the dashed is: 1 mm length and 0.1 mm width (usingy L[® -'-1?_

ology)
2 capacitance of the single element of the dashed-line should be kept very low:

wxl

€0&r X —— 2 C=0,07pF (Il =1mm;w = 100um; t = 50um)

§a consequence the problem of discharges on DLC surface should be kept under control.
The distance between dashes at the edges (close to ground connection) is ten times the one i
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b
e center. In this way the resistance at the center is negligible w.r.t the resistance at the edge"
ensuring an acceptable uniformity (at level of 10%).



ayouts performance: the efficienc

Ar:CO,:CF, 45:15:40 — Muon Beam - Ed =3 kV/cm

Efficiency (%)

60 MQ /O

= 120 MQ/O

As expected the DL prototype reaches full tracking efficiency — 98% (NO DEAD ZONE in the
amplification stage).
he SG1 & SG2 show lower efficiency (74% -92%) BUT higher than their geometrical acceptance
3% and 90% respectively), thanks to the efficient electron collection mechanism that reduce
fective dead zone. With the optmized SG2 version (SG2** w/95% geometrical accepta
D achieve almost full efficiency (97-98%).

»



uts performance: the efficien

- Ar:CO,:CF, 45:15:40 — Muon Beam — HV =540V

(%)
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g
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At low Ed (suitable for micro-TPC mode — see later on) the further rise of the efficiency of the
prototypes could be explained with the further increase of the electron collection

iciency close to the dead zone of the detectors. While for the DL we observe the standar
cy drop (generally due to e —I recombination ...)

» Topical Workshop on MPGD stability & RD51 Meeting - TUM, Munich



mean charge (ADC)

arge & Efficiency profiles of SG1 (w/p

Charge along X for SGv1

HV=540V, Ed=1kV/cm

-

1009 ; dead area width "
200E | 0.2cm | Close to dead zone
800 <> .

_,00:_} ” H‘H H } H }H‘ } the charge increases
600 }} U B0 en H | while the efficiency
500 %+ {‘ﬂ *}JHMH | H}l le JfH]lfﬂl#HﬂﬂH}Hﬁ H }JrH#JrHﬁ##ﬂHJr Hﬁﬁhﬂt ﬁt}t}jﬁﬁ tﬂﬂ PJ[ Wﬂ } F} ( Obviously) decreases.
400F- H i i
300 Sitver grid i i { The systematic
200 H itc o
oot i :;c; X increase of the charge
T close to the dead zone
-0.5 ] 0.5 1 1.5 2
E o : X pos. (em) could be correlated
: Efficiency mlong X for SGvi f
T B B B with edge effects
ik il locally increasing the
= : - + s .
07 =1 amplification of the
“E detector, extending
= +:+ H i + the multiplication
E‘E: - & - outside the wells.
0; | N Simulation needed !!
-0.5 0 X(cn%)
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mean charge (ADC)
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fficiency profiles of SG2

Charge along X for SGv2 HV=540V, Ed=2kV/cm
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Less evident effects
observed for the SG2

More uniform response
expected with the new
detector layout SG2++,
under production at
CERN (by Rui) for which:

picth=12 mm

e dead zone =0,6 mm
geometrical
acceptance 95%




1 drop measurement w/5.9 X-rz

-

>
-
The gain drop is due tc
the Ohmic effect on the
resistive layer:

charges collected on the

DLC drift towards the

ground facing an

effective resistance Q,

T T T R depending on the

| sevt #1, p=60 MO/ oy Ty evacuation scheme

| =% sov2 41, p=60 MO/ B geometry and DLC

: i surface resistivity.

0.755 i = E— - ..... Q is computed by the
N parameter p, coming

from the fit of the Gain

curve.
G —1+/1+4pyd
Gy 2py®

Topical Workshop on MPGD stability & RD51 Meeting - TUM, Munich -

Ar:CO,:CF, 45:15:40, Gu=63DD, ] = 38.5 mm

X-ray spot
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ate Capability vs Q (for m.i.p)
G=0.9G, G,=6300

>

rate capability for m.i.p. accepting 10%gain drop

@G,Go=0_9 vs. Q
. ~ 100
- ® = /"/_J'_
- =~ 90E e e
.5F e SGvl 5y 805 ﬁ(’“
C 4] C
3E m SGv2 o F // S ]
C RG 2 70 ﬁk
C i * c
.5F Y 60F
o ¥ DL pad h = //
2F Yom: B 50 / /
55 . 40F / // ~-SGv1, p_ = 60 MO/
o T—— 30¢ /‘ // - SGv2, p, = 60 MO/
- 203
o N Y DL, p, = 120 MO/D
: 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 E / 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1
07 6 8 10 12 14 16 18 T 450 500 550 600
Q (MQ) Virwest, (V)

The primary ionization of 5.9 keV X- ray is ~7 times larger than the one created by

a m.i.p.

It must be stressed that 10% gain drop (@ G,=6300) allows still to operate the
atector at full efficiency.

4 -
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v o
DLC aging

to a GEM detector the only new component

M-RWELL is the DLC, so that we think that aging

dies for p-RWELL should mainly be focussed
JLC behaviour under irradiation and current drawir




nzﬂﬂﬂ: | | | T T T T T 1|:||:||:|r_: HE'IJ'IJ'IJ: | | | T T T T
R1000F qam - Single-GEM gnng #1800F—"zat T W-RWELL -—— 4=t
21600F— current [————+——+ —lmadaoo 1600 |—Curzent || || — | 4—| =
g : | e g - . L S S
ot = - oy - et N I = I O
A9 S A v A I O
R = [ [T =T T 1T 1
BOOE — 400 800F = -
600F 300 600F =
400F =t F—H 200 400F - b —t—
200F—4—=— L4 100 200t — b L |
if“_ﬂﬂ“:‘ld'“'ﬂld'“'ir ' lb‘“‘H‘ N $010 50 60 70 B0 80 1
05 _ ~100

1

GEM discharges the order of 1pA are observed at high gas gain
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ol eing test at GIF* (1)

.

]

WI/ZH) 002~ 91eu Juajeainba d*1rw

‘) . o
‘ / by = -’ AFCO,
B\ <K : ol T -70:30

¢ 0 50 100 150 200 250 300 350 400
4 t (d)

8 ageing effects on DLC is under study at the GIF++ by irradiating different p-RWELL
lotypes operated at a gain of ~4000 .

nost irradiated detector (~200 kHz/cm? m.ip. equivalent) a charge of about 180
tegrated (in about 240 days up-time of the source).
ave been observed till now. Detectors will be opened by the end of the 2018

¥
opical Workshop on MPGD *bility & RD51 Meeting - TUM, Muni
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2000

1500

Lz (na)

1000

500

300 350 400

spark

spark

Ar/CO,/CF,= 45/15/40 7
p,~ 12 MQ/CI

100 cm?

200 kHz/cm? mip equivalent
Up-time ~ 1,6x107 sec

Nspark ~ 32

~ 1x1013

Ar/CO, =90/10

p, ~ 70 MQ/O

380 cm?

130 kHz/cm? mip equivalent
Up-time ~ 1,7x107 sec

Nspark ~19

~ 2x10-14

te ever




stress study of the DLC as component of the micr
L -
imework of the RD51-CP (USTC, Kobe, CERN and LNF) we are planning:

-~
stable manufacturing process to deposit DLC+Cu on APICAL foils, opening the way

owards improveiHR layouts
udy possible surface resistivity of DLC changes during the detector manufacturing
dy the DLC stability under long-term irradiation

Yng-term tests:

. .
check for DLC aging effects due to current flow inducing a high current density, up to 10-
nA D GIF++ 10 nA/cm?) -,

).
!‘_a DLC embedded on detectors irradiated with different radiation sources
) keV X-rays, gamma source (660 keV from 137Cs), alpha particles (5.4

ermal neutrons

1 suggestion & help are welcome

o




-
c technoloﬁsuitable for large area planar tracking ¢
1ce resolution!ylindrical Inner Trackers:

ain > 104

‘e capability > 1 MHz/cm? (w/HR layouts)

yace resolution < 100um (over a large incidence angle of tracks)

time resolution ~ 5.7 ns

s of the R&D/engineering:

* Low rate (<100kHz/cm?) :
» small and large area prototypes built and extensively tested

* Technology Transfer to industry (@ ELTOS) well advanced

rate (>1 MHz/cm?):
everal layouts under study showing very promising performanccf
he engineering and the TT to industry will be started in 2019

¥
) on DLC ma‘nufacturing processes, study of stability under irradiz
ent flov ngly required by the Resistive-Community b

Vieeting - TU
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- MPGDs: stability

[ 8
he bigg&"enemy”of MPGDs are the discharges. .
Due tosthe fine structure and the typical micrometric distance of their electrodes, MPGDs
generally suffer from spark occurrence that can eventually damage the detector and the
related FEE.

Driftcathode

GEM 1

M M efficiency & discharge probability

GEM 2

=
o
IS

GEM 3

[y

Readout PCB =¥

=
o
o

>
(@]
(e
Q
(@]
G
G
Q

reduced but not suppressed
Ar-cozioiao N
ED=2kVIcm
E7=E|= 3.5 kvicm

Avjigeqouad a81eyos|

iy
o
™

EFFECTIVE GAIN
ALNIGvYa0dd 39HVYHOSIA

P A N PP
450 500 550

High Voltage [V]

NIMA A479(2002) 294

S. Bachmann et al.,

Topical Workshop on MPGD stability & RD51 Meeting -
TUM, Munich




ology improvements for Micre

Resistive Strip
0.5-5 MQ/cm

rv e spark occurrence between the metallic Mesh support pillar
and the readout PCB has been overcome with
ne implementation of a “resistive layer” on top of
“the readout. The principle is the same as the
resistive electrode used in the RPCs: the transition \ _
om streamer to spark is strongly suppressed by a Insulator 018 mm . 100 mm

&
“local voltage drop. by R.de Oliveira TE MPE CERN Workshop =

The resistive layer is realized as resistive strips capacitive coupled with the copper

readout strips.
voltage drop due to sparking

A1 (ArCC, 85150 Meutron flux = 10F Hzicm®

Non-resistive MM (AnCO,85:15) MNeutron flux = 10F Hz/em?

= Current
L — HV

I
wn
T

3]

—
[~

L - R current
'EF— R v

Curmrent (pA)

—_

L --lwﬂwm

o Ll
BEOOD 67000 BROOD 69000 FOOOD 00D
Time (s)
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“The pu-RWELL vs GEM (Garfiel

GEM - Ar:CO2 70:30 gas mixture

-
Lyl Sicnal from a single ionization elect
T in a GEM.
The duration of the signal, about 20
ns, depends on the induction gap
thickness, drift velocity and electric
field in the gap.

Current [uAl
] |

S0 0 0800008008005 0 00

_dnduced currents on group 1
10

S B Signal from a single ionization
electron in a p-RWELL.

The absence of the induction gap is

responsible for the fast initial spike,

about 200 ps, induced by the motio

| and fast collection of the electro

NEEEEaEanve TR E Ry then followed by a ~50 ns ion ta

U-RWELL — Ar:CO2 70:30 gas mixture More similar toa MM i

Topical Workshop on MPGD stability & RD51 Meeting -
TUM, Munich
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double re‘.ive -
layer, 3D

grounding (1cm)d’

d (50cm)

conductive vias
-

bottom layer
(*) point-like irradiation, r << d
Q is the resistance seen by the current generated by a
radiation incident the center of the detector cell

D~ p. xd/2nr Q' ~ p’x 3d'/2)“ '
Q/ Q' ~ (p./ p.) x d/3d" -

»

0,=p; > O/ Q' ~p,/p’, * d/3d’ =50/3=16.7
: appendix A-B (G. Bencivenni et al., 2015_JINST_10_F

21/06/2018 op on MPG 'ng -TUM




["wmwze | 7

.........................................................................................................................................................................

......... Detectors operated at a gain of 10%
......... Beam spot ~2 cm?(RMS)

...........................................................................................................................................................

200 300 400 500 600 700 800 900 1000
@& (kHz/cm?

G: The engineering/industrialization of the double-resistive layer is diffi
the manufacturing of the conductive vias

Topical Workshop on MPGD stability & RD51 Meeting - TUM,

21/06/2018 Munich



ideas for the HR layot

-

plified grounding schemes are now under study, both based on Single
silver grid & resistive grid (for the moment) screen printed on the DLC side.

High Rate layout  Resistivity Dead Area Grid Geometrical Type
[MQ/O] over grid Pitch acceptance dead area
[%] over the grid

Silver Grid 1 60-70 conductive I—l
(SG1) grid
60-70 12 mm conductive
grid
Resistive Grid 60-70 resistive
(RG) grid '
e cg‘:ctive grid on the bottom of the amplification ,
ge can induce instabilities due to discharges over the %)
ace, thus requiring for the introduction of a dead = 13
1 the amplification stage. This is not the case for
g grid layout.

grid pitch

-
Topical Workshop on MPGD stability & RD51 Meeting -
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Efficiency (%

Silver Grid v1:

®X-rays and test beam characterization

SG version of u.-RWELL vs Double Layer version

100 q 10°
[ ————— '- U R D [ .g
- . (U]
0 . 10*
80—
- . . 10°
_-— ———————————————————————————— i e —. —————
70— . .
- . 10°
60—
- e Silver Grid
C 10
0l = Double Layer
T S N T N T SO RO T A T NN TR NN NN SN TN SO SO NN SRR N 1
450 500 550 600 650 700
Vp—R’W‘E_L (V}

E| %2 / naf 31.11 / 20

H ) 0.5311 + 0.1568

HE 0.02313 + 0.002634

e P TP P UP T T E——_———
o 0.02154 + 0.0002464

| %2 / naf 5.924 / 19

E_ b 1.0968 4 0.1721 i
£l a 0.006517 + 0.004264

HE: -3.219 + 0.2408

|« 0.02092 + 0.0004023 | % [ ]
g : : : " SGI_Vl

g * SG2_v1l
ey g g g g b gy ]
0 100 200 300 400 500 600 700

AV —RWELL (v)

A very high stability of the SG wrt the DL has been observed: the SG has been operated at
gains largely exceeding the typical 10 (up to 10°). The reason of a so high stability is under
investigation. The lower efficiency is due to the geometrical dead zone. A dedicated study of

& minimum distance between the conductive grid-strip and the amplifying well has bee
0 increase the efficiency.




3 u-RWELL prototypes:
40-35-70 MQ /[ |

VFAT (digital FEE)
Ar/CO,/CF,=45/15/40

on beam: 150 GeV/c

N° 2 u-RWELL protos
10x10 cm2
40-35 MQY/ L1
Double resistive layer scheme
400 um pitch strips

GEM

S3 S1
GEM Tracker 1

Tracker 2

N° 1 p-RWELL proto Trigger=51+S2+S3

100x50 cm2
70 MQ/ L[]
Single resistive layer scheme
800 um pitch strips

e resolution measurement
ne before)
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10% 0 5000 10000 15000 20000 25000

Gain (a.u.) Gain (a.u.)

Differenf‘chambers with different dimensions and resistive schemes exhibit a very similar
behavior although realized in different sites (large detector realized @ ELTOS)
he saturation at 5.7 ns is dominated by the fee (measurement done with VFAT2).

measurements done with GEM by LHCb group gave o, = 4.5 ns with VTX chip [1].
sh to perform the same measurement with p-RWELL in order to have a direct comparison with
* [1] G. Bencivenni et al, NIM A 494 (2002) 156




: UTIC r
collaboration with BESIII-CGEM, see R. Farinelli
-
alogic front-%d allows to associate a hit to a track usi
method. The space resolution associated to the hit with this a 8a
on the track angle: minimum for orthogonal tracks and larger

edses .

.

.

CC method CC method
0] ¢/ not OK!

e the space resolution for non-orthogonal tracks
the CC method has been imple

h MPG v s - TUI




g space resolution: the u-TC

-
oﬁed for MicroMegas by T. Alexopoulos et al. [NIM A 617 (2010) 161] it
uggests a way to overcome the poor position reconstruction of the inclined
tracks.

Each hit is projected inside the conversion gap, where the x position is given by
each strip and thez = vt

The drift velocity.is provided by the Magboltz libraries. "

The drift time is obtained with a fit of
the charge sampled every 25 ns
(APV25) from each FEE channel
associated to the strip.

*or each event we obtain a set of
jected hits that once fitted provide
segment

Time (au)



=xample of u-TPC reconstruction

Some examples where the tracks have an angle w.r.t. the readout plane
_ 75° tracks 3 45° tracks
y A
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