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URtubes in a nutshell

The basic idea is to develop a tubular MPGD
working as a radial TPC: the readout on the
inner cylinder and the cathode on the outer
one.

The signal is amplified by a uRWELL as a
single stage amplification and the readout is
instrumented with strips parallel to the axis.

The main concept of the project is based on
the convergent electrical field lines which
introduce two important points:

1. it reduces the transverse diffusion of the
electrons

2. it minimizes the number of channels with
respect to the sensitive volume

MRWELL + readout

cathode

primary electrons

sensitive volume (gas)

particle track
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State of the art
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Bencivenni et al.

vias

MRWELL technology s e o

Readout
The yRWELL is a Micro Pattern Gaseous Detector
(MPGD) composed of only two elements: the
MRWELL-PCB and the cathode. The core is the
MRWELL-PCB, realized by coupling three different :
elements: __. Single Resistive Layout |

1. a WELL patterned kapton foil acting as
amplification stage (GEM-like)

2. aresistive DLC layer
(Diamond-Like-Carbon) for discharge
suppression w/ surface resistivity ~ 100 MQ/o (o)

3. a standard readout PCB \%
<Q.1 pym)
: p~10+100 S
— e | =

The construction technique is simplified with y /I | }
Rigid PCB

Cathode PCB

Copper 5 pm

respect to GEM or MicroMegas electrode
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https://iopscience.iop.org/article/10.1088/1748-0221/10/02/P02008

Balossino et al.

Cylindrical MPGD

PCB and amplification stages used in MPGD can be shaped to cylinders;
examples are the triple-GEM for the IT in KLOE-2 and BESIII, and the yRWELL for EURIZON

Curvature radius in literature ranges from 77 mm to 205 mm.
MRWELL technology, with a single stage of amplification, has an easier construction.

The shapeability of the MPGD is the initial driver of the pRtube idea

Cylindrical triple-GEM KLOE-2 Cylindrical triple-GEM BESIII Cylindrical y(RWELL CREMLINplus

; ;xible u-RWELL + readout (CERN)

<«——Foam root-tile (LOSON)
Structural anode

‘ - / cylinder
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https://www.mdpi.com/2073-8994/14/5/905

Amoroso et al.

TIGER for signal readout

. ) Readout chain:
. ;LGianhllp features: ‘T lution < 5 The full readout chain proposed is well known.
channeis Ime resoiution ns_ ) A complete setup is under deployment in
 Event rate 100 kHz/channel * ENC < 2000 e rms with 100 pF input Beijing for the BESIII CGEM-IT where a
* Input dynamic range up to 50 fC  capacitance cosmic ray data taking is ongoing since Dec.
2019

Readout chain

~10000 80 FEBs 80 Data and LV
channels 160 TIGERs Patch Cards 20(+2) GEMROCs 2 GEM-DC
BESIII TIMING AND TRIGGER
HV
Fast control system
fanout
x4
Point to point
LvDS Optical fiber
x16 X2 @
L1 f I
x28 2
L2 o
9
36 Cg
X m
E - e
CGEM VME
Connector
Ethernet
LV and data LV and data 2
Short Haul Cable (1.2m) Long Haul Cable (8\10m) e R0, }@i 6
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https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08065

Innovations

!

_
B‘?’\ 7

2024.07.19 - ICHEP - Riccardo Farinelli: pRtube



URtube reconstruction method

Time information together with the drift velocity X

can be used to reconstruct the particle path in the

gas volume therefore the impact parameter. * ionizing
particle

The reconstruction method resembles a drift tube,
except it uses 128 strips instead of a wire.

The electric field lines in a planar geometry are
parallel and the electron diffusion depends on the f
drift path.

In a cylindrical geometry the field lines are
convergent and the electron diffusion is strongly
reduced even with large drift paths.

i.e. for 8cm drift length and 5000V the transversal
diffusion goes from 1mm to few pm while the I Electric field lines Cathode
temporal diffusion has similar values. o

l
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A Electron diffusion —  Anode -3
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Channel number COMPariSON 1 om- st e 16 o yrwELL

| | Cylindrical JRWELL
18 cm - 1400 channels - 56 cm yRWELL

The yRtube geometry reduces the number of Wire drift chamber
strips/wire/channels with respect to other technologies '8 ¢m - 650 channels
with similar dimension but different geometries.

This has a large impact on the detector cost.

MRtubes
18 cm - 128 channels - 5 cm yRWELL
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Construction
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Mechanics, design and construction  prweLL +

readout

The first challenge of this project is to shape a yRWELL at
this unprecedented curvature radius of 9mm.

Using a flexible PCB approximately 150um thick, a specific
procedure can be employed to achieve success without
causing damage to the amplification stage.

i
}%11

2024.07.19 - ICHEP - Riccardo Farinelli: pRtube



Inner radius =0.9cm

Mechanics, design and construction Bemalradus = 9 om

Length

The mechanical support of the cathode is built up by a fiberglass,
kapton and honeycomb sandwich.

Flanges will seal the gas volume and provide the support for the
services (gas, HV, FEB) are built by PEEK.

The detector will be easily open in case of failure of the component
or replacement of the cathode/readout.

MRtube have cleaned successfully after an abnormal current drain.
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Simulation
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Farinelli et al.

Full detector simulation

s N

IONIZATION A full complete simulation consist of a parametric description of the detector

(. 4

' DETECTOR GAIN |

response thats includes the detector geometry and the signal reconstruction.

i ELECTRON DRIFT The full simulation is divided in different physical processes.

N

s N The y-RWELL parametrization with PARSIFAL is been presented in RD51
RESISTIVE _ _
& ) collaboration meeting, ACAT and CHEP conferences.
INDUCTION
f Y To achieve the complete uRtube simulation, the new electron drift
ELECTRONICS Pl
. J parametrization and new electronics (TIGER) are implemented.

4
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https://indico.cern.ch/event/1138814/contributions/4918486/

Temporal shift [ns]

Full detector simulation - Electron drift

A study performed with GARFIELD++ generated a map of
spatial and temporal diffusion of the primary electrons as a

function of the readout distance.

Different gas mixture and HV configuration will be tested.

-> Parametrization of the electron drift property

6000—

4000—

2000—

INPUT

readout

e

cathode

lectron diffusion

Y =
£ 14 .y -
.5 L INPUT Y é\ 6000
2 12 P 5
=5 » S
= = el 3
© - X 8 5000
® 101 2/ ndf 5.941/65 g
r Prob 1 3
é' 8 PO 1,684 £0.3155 i 4000
x?/ndf 2.039e+04 /66 ) r p1 -0.1488 + 0.2528
Prob 0 = F p2 0.3447 + 0.05864 3000
pO 100.2 £9.643 6 p3 —0.01999 + 0.004024
pi -105.3 +4.515 - 2000
p2 84.53 + 0.446 a-
P —
J tl Loy I |||]

5 6 7 8 9

Radial distance [cm]

TR T TN VA AT
1 2 3 4 5 6 7 8 9
Radial distance [cm]

OUTPUT

>

.....

[T e s O RS RO R D T W T s

1

0 20 30 40 50 60 70 80 ISO \5(1
sgrt(pow(electron_positionX_initial,2)+pow(electron_positionZ_initial,2)) __,)\ 5

2024.07.19 - ICHEP - Riccardo Farinelli: pRtube



Cossio F.

Full detector simulation - TIGER electronics

TIGER electronics is simulated for the first time together with yuRWELL.

A different transfer function is used for each branch (T and E).

Thnz Branch \ - E -
] 0.44 |
:“,? i 4 —— Time branch
ADC o
(S | R 0.42 Energy branch
Channel s
Control i 04
Logic >
B — 0.38 -
Wilkinson  |—f Data
ADC
0.36 |
Energy Branch | | 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
Figure 3.1: TIGER channel architecture scheme. t(s) 10-5
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https://iris.polito.it/handle/11583/2743335

Strips involved as a function of the distance from the center
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Validation
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Radioactive source test

A Sr90 beta source with 4 MBqg has been used to test the detector. Thank to
the high activity of the source, it is possible to measure the detector gain with
a leakage current measurement. The same test has been performed on
planar yRWELL and pRtube.

The data show a much higher
current in yRtube due to a the
larger ionization volume.

Current [nA]

The test shown the good
operation of the amplification
stage after the tubular shaping.

Current [nA]
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Reconstruction algorithm

Cosmics ray acquisition is
performed with TIGER readout.

The algorithm developed in the
simulation are used to reconstruct
the event in the experimental data.

The space-time correlation curve is
evaluated in the simulation.

Experimental reconstructed tracks
are reasonable straight and will be
compared with a tracking system.

@
=4
o

Time [ns]

time [ns]

distance [mm]

z [mm]
[mm]

4500 *

4000

3500}

3000

2500

2000

1500

1000}

500

T T[T T I [T [T T T

*
*
*

Fa

* .

26 ';.I;*' S ] /\\Xlo* ‘g S“ga Strlp ID
rip
EJOC ; /

sssssssssssss
MMMMM
MMMMM

0

1 5665000 40'00 5050 6000
( Time[ns]time [nS]

A

—40|

-60)

-80|

S
{

ol

_ | il Y
1996680 60 40 20 0 20 40 80 L X [m m]
x[r

2024.07.19 - ICHEP - Riccardo | ........... ;oo



Test beam

During the RD51 testbeam, a puRTube is tested
together with a tracking system.
TIGER threshold set lower than 0.5 fC.

Two scans performed:

- Drift Field [0V - 5000V]

- HV scan [400V - 540V] 1000f- g oSO
AnaIySiS on gOing. 800;-' ;;Zr;:m 3.536e+05/8§
The spatial resolution is of S e T
about 700 um for the single 400
strip but calibration are still 200} Y“‘x
needed to improve the et i, N

_5 _4 _3 _2 —11 11 lO 1111 1 2 3 4 \2
Hit residual [mm] -»?221
2024.07.19 - ICHEP - Riccardo Farinelli: pRtube

resolution of the full detector



o 180:
o 160}
Test beam ¢
é 120}
During the RD51 testbeam, a pRTube is tested § 100
together with a tracking system. = z
TIGER threshold set lower than 0.5 fC. aof
20f
Two scans performed: TR Ry e 1
HV on cathode [V]
- Drift Field [0V - 5000V] g 8%
o 160F
- HV scan [400V - 540V] g 1a0f
o) 1ch
Analysis on going. 2 100f
The spatial resolution is of : 80
. 60
about 700 um for the single o
strip but calibration are still 20,
0“"400 420 440 460 480 500 520

needed to improve the
resolution of the full detector

HV on amplification [V]
Se522
?

2024.07.19 - ICHEP - Riccardo Farinelli: pRtube



Conclusions

A novel mechanical test was conducted on the flexible PCB with yRWELL,
achieving a curvature radius of 9mm.

The updated geometry of uRTUBE optimizes both the number of readout channels
and the amplification region for larger volumes.

Validation of the construction technique was accomplished through the use of
a radioactive source and a test beam, confirming the proof-of-concept.

In the future, there are plans to test the modularity of this detector on a larger
scale, and to complete the data analysis aimed at extracting the spatial resolution
and efficiency of the detector.
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