G Mezzadri(INFN Ferrara) on
behalf of the working group
TTT—




IDEA Detector @ FCC-ee QOutline

U= Pre Shower and Muon Detector

On going activities



I Preshower

{

DCH Rout =200 cm

wm——— (DEA

Innovative
Detector
Electron-positron
Accelerator

Detector height 1100 cm

Cal Rin = 250 cm

Cal Rout = 450 cm

Yoke 100 cm

=+
Magnet z= + 300 cm




Preshower Detector

High resolution after the magnet
to improve track reconstruction

Efficiency > 98%
Space Resolution < 100 um
Mass production
Optimization of FEE channels/cost

micro-RWELL detector

Cathode PCB
Copper 5 um

kapton 70 um ié
\ Drift gap
|

DLC layer (<0.1 pm)
p~10+100 MQ/IO

Pre-preg / _:—_

Rigid PCB /
electrode

|[dentify muons and search for LLP

Efficiency > 98%
Space Resolution <400 um
Mass production

Optimization of FEE channels/cost
————————————————————————————————————————————————

50x50 cm? 2D tiles to cover more than 4330 m?

Preshower Muon
pitch =0.4 mm pitch =1.5mm
FEE capacitance = 70 pF FEE capacitance = 270 pF
1.5 million channels 5 million channels



Cathode PCB

Copper 5 um

On going activities



Standalone Simulation of the muon detector

From S. Ghirelli Bachelor's Thesis -
_ o~ teel 12 kapm"\\\ o B o]
—— free space Sl :
fﬂl‘ dEl’Ed’DI‘ Pre-preg/ _?_
(Iﬂye r2) Rigid PCB / I >
Aggiungi corpo del testo From sketch

l to simulation

\ Steel L1

To be inserted in official simulation.

Endcap in preparation Different layers



IONIZATION

micro-RWELL parametrization in  (eeeemem)

 (ELECTRONDRIET|
o o : - : : . 4 :
simulation h [ ressmve |
~ INDUCTION |

[ SIMULATION ] [EXPERIMENTAL] ELECTRONICS
DATA DATA — . —

| RECONSTRUCTION |

\ y s

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

Use test beam data to tune the simulation

Resistivity

Simulate the charge spread dispersion at the anode
using approach of NIM A 566 (2006) 281-285




Resistivity scan

i R&D to identify optimal DLC resistivity by studying spatial performance

Preshower: 10, 30, 50, 70, > 100-200 MOhm/square
Muon:1b, 35 MOhm/square

Effect of resistivity on charge spread

“£ <10 MOhm “t ~50MOhm “r >100 MOhm

A
12000 1200 1200
10

-+ MC -~ MC

800|— B0O[—
¢: 'm:'f
200 2:'1::.:—
fu1 I T N "IN I A A I I | ,.,_.. i i . I T O T

335::'%

Test beam performed in October 2021 at SPS-H8-CERN line

Instrumented 5x40 cm? 1D micro-RWELL modules with
SRS DAQ and APV readout to have a comparison with
previous results I

T —




140-180 GeV/c muon and pion beam
Operated in Ar/CO_/CF, (45/15/40)

TT—

test chamber
. “-_10){5(:mz

- H =
q - *I

FEE: APV25 & SRS

Test beam

a) Design optimization:

- different HV filter applied

b) Detector characterization

- HV scan at 0°

- HV scan at different angles and dritt field
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- 1- Signal shape
. (cluster charge, cluster size)

|
e

.2 - Detector performance
(efficiency, resolution)
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HV scan

=
]
—
=
=
o
Q
@
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<

Similar behaviour for all the prototypes

Ok, since the resistivity shall not influence the
gain, that depends mostly on HV settings

500 520 540 560 580 600 620 640 660
o1 HV [V]

~/DDG/lavori/2021-10_IEEE_RDS51/plot wg7 rd51/charge



https://docs.google.com/spreadsheets/d/1DUF2isFWsqVSYhbaACYtbgcLi_YjDqpE3GLQIVgkKQg/edit#gid=69851113

(o)

Cluster size

L
N
o
o)
—
39
7]
=
ym—
O

N

10 MOhm/square chamber has larger

® 10 MQ/O cluster size even with smaller HV settings

e 40 MQ/O
e 60 MQ/O

© 80 MQ/o :
® 80 MO/O Other shows common behavior. No prototypes

| _ _ _ _ _ _ _ above 100 MOhm/square due to material shortage
500 1000 1500 2000 2500 3000 3500 4000
2021711119 ADC count [a.ll.]

/DDG/lavori/2021-10_IEEE_RDS51/plot wg7 rd51/clussize




Residual
distribution

Residual shrinks with increasing HV settings

[S—
~J
-

=
4
o]
=
]
. =
701
(D)
a4

The best resolutionis forintermediate resistivity:
40 MOhms/square better than the others

No Alignment and tracking contribution

not subtracted 1500 2000 2500 3500 4000
v.2021/11/19 ADC count [a.u.]

~DDGavori/2021-10_IEEE_RDS51/plot wg7 rd51/residuals




2D readout R&D ideas

micro-RWELL with 2D anode readout 2 1D micro-RWELL stacked micro-RWELL with strips
on top and anode
Good performance 1 view per micro-RWELL easy PCB construction LV on DLC
but need higher gain wrt to 1D micro-RWELL 2D performance to be measured ’
TOP to ground

2D performance to be measured

More complex PCB construction m
S

| |




Preparation

Technology transfer at ELTOS
AIDA

iIiNNhOoVvVa

DLC sputtering with new INFN-CERN
machine @ CERN

D

Step 1: producing u-RWELL_PCB (1D 10x10 cm?)

- with top patterned(pad/strip)
- without bottom patterned

Step 2: DLC patterning
-in ELTOS with BRUSHING-machine

Step 3: DLC foil gluing on PCB

- double 106-prepreg (~2x50 um thick)(already used in ELTQOS)
- pre-smoothing + 106-prepreg(~50 um thick)
- single 1080-prepreg (~75 um thick)

Finalization

Step 4: top copper patterning
Detector @ CERN for final
preparation

I Step 5: Kapton etching on small PCB




Table 2

Measured performance of the TIGER ASIC.

Parameters

Input charge

TDC resolution

Time-walk (5-55 fC range)
Average gain

Nonlinearity (5-55 fC range)
RMS gain dispersion

Noise floor (ENC)

Noise slope

Maximum power consumption

Values

5-55 fC

30 ps RMS
12 ns

10.75 mV/fC
0.5%

3.5%

1500 e~

10 e~ /pF
12mW/ch

Test with TIGER ASIC

Developed for BESII CGEM-IT

Prepare new readotl

on System On Modu

t card based
es(SOM)




Summary and outlook

Plenty of activities on-going

Contribution to full detector simulation to perform more detailed physics case studies
More results from 2021 test beam coming soon

Another test beam is planned to continue the 2D prototype characterization
Test of the TIGER ASIC with micro-RWELL prototype

Continue partnership with ELTOS (preparation) and CERN (finalization)
to complete technology transfer
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micro-RWELL [——

A SHORT INTRODUCTION / Polyimide —

Cathode PCB // Resistive film (p)

/ H
Copper 5 pym

kapton \ - Pra-p reg —>
\ | | I I :

DLC layer (<0.1 pm)
p~10+100 MQ/TI

Pre-preg /

Rigid PCB /

electrode

SR low rate layout
Grounding

Pre-preg :

Single stage resistive Micro Pattern Gas Detector Mei?::ed
firstly designed by G. Bencivenni in 2007/

.f/

Read-out



Lo Lived) Pordictes (LLP)

Category of BSM particles that, due to feeble interaction,
decay far away from the primary vertex

Signatures of different BSM models similar

neutral LLP channels

N Decay yy(+inv.) | y+inv. | jj(+inv.) jjit | €Y (+inv.) Eifg o (+inv.)
DPP: sneutrino pair i SUSY SUsYy SUSY SUSY SUSY
HP: squark pair, § — jX i SUSY SUSY SUSY SUSY SUSY
or gluino pair § — jj X
HP: slepton pair, 7 — (X b SUSY SUSY SUSY SUSY SUSY
or chargino pair, ¥ — WX
HIG: h — XX Higgs, DM* + Higgs, DM* | RHv | Higgs, DM* RHv*
or - XX +inv. RHv*
HIG: h — X +inv. DM*, RHv * DM* RHv DM* i
RES: Z(Z') — XX Z DN h Z', DM*® | RHy Z', DM* 5
i n O L
RES: Z(Z') = X + inw. DM i DM RHv DM i
CC: W(W') — X i i RHv* RHv RHv* RHv*

https://indico.cern.ch/event/714087/contributions/2985914/attachments/1650488/2641192/LHC-LLP_Shuve.pdf

Muon detector with high spatial resolution can be used to measure very long
displaced vertexes!



I-RWELL performance overview

Gain

—L

Efficiency

ity (@ G=5000) ~ 5-10 MHz/cm?
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Barrel Preshower layout
GEANT4 Simulation by E. Fontanesi, PhD

Muon detector similar, but larger

Optimization on-going on reducing input strip capacitance
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- pitch to 1-1.2mm but an increasing number of channels -
> to keep low-cost necessary TIGER ASIC

- narrower strips but to understand the charge collection -
> 10 see signals low threshold TIGER ASIC



The spread of the charge on the resistive layer has been described by M. S. Dixit, A. Rankin,
NIM A 518 (2004) 721-727, NIM A 566 (2006) 281-285

Nqe
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- g the charge produced in an avalanche

- X0 the position of the primary electron entering the
amplification stage

- 00 a theoretical charge space extension of the avalanche

- 10 the starting time of the track

S ___________________________ ___________________________ ___________________________ - T the decay time of the charge density due to the electrons
movement towards the ground on the resistive surface.
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1B full dataset j ) 2B

Optimization S/N vs HV resistor filter E E /

X
HV scan 0° - for trackers & test chambers

HV Scan 40° for test chambers
Angle scan[0,10,20,30,40]° test chambers /
Drift filed 0.5 kV, HV and angle scan

Drift field scan 0°



Active area:

" .xlwi |

10x10cm?®
300pm / 400pm / 10cm
100pum
Standard (70um)
30+40MQ /o

Active area
Strip width/pitch/lenght
Strip distance from DLC
Amplification WELL diameter

DLC surface resistivity

Active area: 5x40cm?

5x40cm?
150pm / 400pum / 40cm
50um
Larger (to be measured)

10+80MQ /0

x 2

= ?



s Capacitive-sharing readout: Principe & Motivation (K.GNAVO) -ggfgf”_/egon Lab

ploring the Nature of Matter

Principe of capacitive-sharing readout structures: _ » ; ;
Cross section of capacitive-sharing pad readout with 6.4 mm x 6.4 mm pads

A

%+ Vertical stack of pads layers = Transfer of charge from MPGD via capacitive coupling

Imitial eleciron clouds size [rom
o

% A givenarrangement of the pads position from one layer to the layer underneath as well i @M il il or everase
oS pRERaR ST EN DI.C layer to evacuate charges to the ground

as the doubling in size of the pad pitch allows: e s e e S S B e B B e B B S s e S S

*+ Transverse sharing of the charges between neighboring pads of the layer (i+1)

50 um Kapton [oil

from vertical charged transfer from layer (i) through capacitive coupling

50 pum Kapton foil

¢ Principle of transverse charge-sharing through capacitive coupling i.e., 50 pm Kapton foil

#

capacitive- sharing is illustrated on the cross-section sketch on the left | | = Readout loyer with pad size — 6.4 sam = | |
** The scheme preserves of the position information i.e. spatial resolution with large

readout strips or pads: Goal 50 pm for 1-mm strip r/o and 150 um for 1 cm?padr/o

A

+ Basic proof of concept established with 800 pm X-Y strip

Top view of two pad-sharing layers

Motivation & some key facts of capacitive-sharing readout:

¢ Develop high performance & low channel count readout structures for pad;, dn layer,
MPGDs:

pad. ., bn layer,

¢ Reduce the number of readout electronic channels for large area MPGDs

*+ Low-cost technology for large area B standard PCB fabrication techniques

RD51 Collaboration Meeting, 11/17/2021 17



U E‘?}SIMT} Capacitive-sharing X-Y strip readout: yJRWELL prototype .gg_f,f;gon Lab

ploring the Nature of Matter

10 cm x 10 cm uRWELL with capacitive-sharing 2D strip readout
% Pitch is 800 ym = twice COMPASS readout strip design

% X-strip and Y-strips on two separate layers with No connecting vias =» Easy fabrication for large area, low-mass capability

¢ Strip parameters: top strip (y-strips) = 250 um, bot strip (x-strips): 750 um x 500 um =» require tuning for equal charge sharing
% Top and bottom strip area overlap minimized by design to minimize cross talk and capacitance etc ...

% 3 capacitive-sharing pad layers with: 200 um, 400 um and 800 um pad size respectively

% Tested in electron beam in Hall D @ JLab (Sept-Oct 2021)

CAPASTRIP_URWELL: Residuals on x-axis CAPASTRIP_URWELL: Residuals on y-axis capaSh-XY-Strip uRWELL
W B T ] : 7 ; 7 i T : %) = : : T 7 . i : ] T Lo
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L o sy || = .4 — (5 777+ AU USRI AU SO .| Corst 1109 + 4.5
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- Sigma 0.06198 + 0.00241 80 __ . kg Conat o 541 4 0,655
80— Bkg Const 6.554 12270 - kg Mean 01675 + 04053 | E
— i . | Bkg Mean  0.08831+ 0.03255 I~ . |
B d | Bka Si N 60 T ~| Bkg Sigma 0.9702 + 1.0375 | ¥
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B | 40__ N rFI' t
402— _ N v N |'
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