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IDEA concept NN
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g (M,

Yoke/u chambers

4+ Muon chambers
4+ uRwell in the return yoke

4 Dual-readout calorimetry 2m /7 A,
4+ Preshower uRwell

4+ Thin superconducting solenoid
+ 2T,30cm,~0.7 X,, 0.16 A @90°

4+ Transparency for tracking Solenoic

4+ Si pixel vertex detector

4+ Drift Chamber
4+ Si wrappers (strips) ]

sIaquieyo M/a)ox

4+ Beam Pipe: R~ |.5cm
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FCC-ee/CepC General requirements (NN

+ A( / Pr) o Physics Measurands Detector Performance
+ high precision process subsystem requirement
measurement at
the end of tracker ZH,Z —ete”,uu~  my,o0(ZH) Teackes A(l/pr) =
4, o me? —5 0.001
+ o H— ump BR(H — ppu™) 2 x107° &4 S(GeV) sin¥/2 0
4+ finely segmented — = Org =
3 H — bb/ce/qq BR(H — bb/cc/gg) Vertex 0
vertex detector 50 eV xeme/Zg (M)
4+ Challenging requirements BR(H — ai ECAL et p
for detector materials b g, WWes, 427 (IfI/’LL’*q%Z * . :
VW* ZZ*) HCAL 3~ 4%at 100 GeV
AE/E =
H— vy BR(H —vy) ECAL o /
' ¢ 0.01
E(GeV)
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Vertex detector

Requirements

Fast readout

Low power < 20 mW/cm?
Low material ~ 0.15 X,
Spatial resolution ~ 3 um
Efficiency ~100%

Extremely low fake rate

++ 4+ 49

Inspired by ALICE ITS based
on MAPS technology,

g Ml

Yoke

2s

.|DCH

Solenoid

CNamocers

sIaquieyo M/a)Oox

exploiting progress in the
ARCADIA R&D program
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397 FE 1% " * 500 -
Arcadia project § [ R oo
o= |5 =
+ CMOS DMAPs Platform 5 L | e LS
+ INFN project, w/ CH and China AR
4+ Project within EU AIDAInnova
100 A
+ ARCADIA-MDI: pixels 25%25 pm?

4+ tested sensor and back-side processing 0
4+ readout architecture charact. ongoing
+ |10 nm CMOS CIS technology, high-resistivity bulk,

operated in full depletion mode
+ Matrix = 512 x 512 pixels 2001
4+ Thickness = 200 um

4+ ARCADIA-MD2 submitted in summer 21|

4+ design and architecture improvements targeting power
reduction, scalability

100 -
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Drift CHamber

[2A0A

- Yoke/u chambers
j‘

G

4+ Compromise between granularity and transparency
4+ High momentum resolution
+ Ultra light detector

SIaqUIBYO

4+ Assisted by Si wrappers

4+ Dimensions
+ L =400 mm
+ R=35+200cm
4+ Total thickness: 1.6% of Xpat 90°
4+ Tungsten wires dominant contribution
+ |12 layers for each |5° azimuthal sector

4+ Inherit from previous DCHs
+ KLOE and MEG I
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DCH: Particle ID with cluster counting

Istituto Nazionale di Fisica Nucleare

4+ Tracks have rather low momenta (pT < 50 GeV)

4+ Transparency more relevant than asymptotic resolution

4+ He based gas mixtures (90% He — 10% iC4H o)

4+ ionization signals last few ns
4+ max drift time: 350 ns

4+ Fast readout (~GHz sampling)

4+ PID counting dN_/dx

4+ # of ionization acts per unit length
+ PID w/ better resolution than dE/dx

+ 0.75<p<1.05 gap recoverable
with timing layer
+ 100 ps enough for 30 K/p

G. Gaudio - ICHEP 2022 - July 8th, 2022

14

signitricance

10

lllllllllllllllllllllll

900

Higgs recoil mass

£
N

0

Lo r—

Black =
ideal pT
meas.

Detectors:

— Beam only
— IDEA
w— CLD

122 124

— time of flight
dN/dx
combined
10°
Momentum [GeV/c?]

126

128 130

eHrec

—
Entnes

Mean
RMS

9566
126.4
2 341

RMS

2372




: INFN
S| wrappers C

4+ Precision Si layer around DCH - : :
4+ momentum resolution Solenoid
4+ extend tracking coverage in the 20
forward/backward region \
4+ precise and stable ruler for ‘S}L’/
acceptance definition - 4y, >
oy, .

4+ Suitable technologies &

4+ microstrips (2 layers) 10 DCH

+ DMAPS, e.g.: ATLASPIX3

T Odrssmr st ttaltisastst st tasas e

0s 10 15 2.0

G. Gaudio - ICHEP 2022 - July 8th, 2022 8



Si wrappers: ATLASPIX3

+ pixel size 50% 150 pm?
+ 150 mW/cm?
4+ both triggerless and triggered readout
4+ First 2 multi-chip modules has
been operated successfully

+ Target: build few mini-staves of an Q“ " AR S
{l\,‘ , \x'} \'\\\\ 0 (@ ”li \ S
outer tracker for FCCee/CepC ?%3{3 %Q\g@b : O,L\S:x*]w\\&‘}ﬁ%,\
4+ 2022: realization of prototypes and N AR R ST Jdddh
thermo-mechanical

characterization
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Superconducting solenoid CINFN
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Ultra light 2 T solenoid: ' JAVAVAVAVAVAVAVAVAVAVAVAVAVAY,

» Radial envelope 30 cm

> Single layer self-supporting winding (20 kA)
» Cold mass: Xo =0.46, A = 0.09

» Vacuum vessel (25 mm Al): X, = 0.28

C: Static Structural
Figure
1 1 Type: Equivalent (von-Mises) Stress
» Can improve with new technology e
Time: 1
23/11/2016 11:25

» Corrugated plate: Xo = 0.1 |

398.34 Max

» Honeycomb: X = 0.04
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Fcc-ee/CepC general requirements
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<L

<L

Fair ogy ~ 10-20% /NE
sufficient for Higgs physics
Ojers ~ 30-40% /E to clearly
identify W, Z, H in 2 jets
decays

Transverse granularity < | cm
for 1y from t and HF

It could be satisfied by

4 a dual readout fiber
calorimeter w/ SiPM
readout

4+ a combined dual readout
crystal/fiber calorimeter

Physics Detector Performance
Measurands .
process subsystem requirement
ZH,7Z —eTe,utu" H,0(ZH Al =
.= eTe HTH mp, 0 ! )_\ ik _,(‘ /pr) -
H— BR(H — p"p™) 2x107° & S(GeV) sin¥/2 0
e B S _ 0-7" —
H — bb/c/qg BR(H — bb/ct/gq) Vertex o e (i)
p(GeV) xsin3/2 ¢ H
_ et
i} BR(H — g7, ECAL A E =
H —qq, WW?*, 227 Uk 7%
e WW*. ZZ*) HCAL 3~ 4% at 100 GeV
AE/E =
H — vy BR(H — vy) ECAL 450 /
' ¢ 0.01
/E(GeV)
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All-fiber DR calo option

4+ DR fiber calorimeter
4+ ~ |30 M fibers
+ | mm g, |.5 mm pitch

4+ Copper absorber
+ 75 projective towers x 36 slices

+ AO=1.125° Ap = 10.0°
+ U coverage: ~0.100 rad

4 G4 simulation available
4 Tuned to RD52 TB data

9m

Iy A
i
Vi

/

e 2 L T )

Scintillation fibers Cherenkov fibers



Crystal option
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+ ECAL ~20 cm PbWO,
+ 2 layers: 6+16 X,

4+ DR with filters
+ o = 3% NE

/ SCEPCal

Dual readout HCAL\

Scintillating fibers
@ =1.05mm

Cherenkov fibers
@ =1.05mm

Brass capillary

ID=1.10 mm,
OD = 2.00 mm

4+ timing layer
4+ LYSO:Ce crystals _
+ o, ~ 20 PS Solenoid

+ HCAL layer
+ Oyap/E ~ 26%NE

1Xe 6X, 16X, 0.7X,

L1 1

b—
—
L

S pa
7 7’

Vg pa

1 |
~1A, 0.16A, 8A,

-
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INFN
Preshower and muon detector C

£
4+ Preshower Detector .|__Yoke/l chambers

4+ High resolution space points before the
calorimeter to improve cluster
reconstruction

4+ Muon detector
4+ lIdentify p and search for LLPs
4+ 3 layers in the return joke

sIaquieyo M/a)ox

+ Both based on tha same technology: p-RWELL :
+ Efficiency > 98% "‘
+ Mass production .IDCH
4+ Optimization of FEE channels/cost N

G. Gaudio - ICHEP 2022 - July 8th, 2022 14



Preshower and muon detector

4+ Preshower Detector HePa
+ Pitch 0.4 mm LB =
4+ Resolution < 00 um
4+ |.5M channels

5 p-RWELL
test chambers |
40x5cm? . _—

i

¥

4 Muon detector

+ Pitch 1.5 mm B " 289 | yf.)).,‘,i _ Similar design for
* RGSOIUt'On < 400 um 'lﬁg‘:rack:E 9 _' 4l At | g - ff ] the Muon detector
- racker " y .
4+ 5M channels Y tracker | 10y Z ’)::;aqker
~ - acker
10x10cm? e :
. . . | - 4 : Y tracker
+ 50x50 cm? 2D tiles - FEE: APV25 & SRS . j 10x10¢m?

4+ to cover more than 4330 m?
7 u-RWELL prototypes with resistivity varying

Copper um I between 10 and 80 MOhm/L] will allow to

define best resistivity for final 50x50 cm?

DLC layer (<0.1 ym)
p~10+100 MQ/OI N

Pre-preg / _T__

detector

Rigid PCB
electrode




. . INFN
Conclusions: a lot R&Ds in each area C

4+ Vertex detector w/ DMAPs for best momentum resolution
4+ Work in progress. E.g. Arcadia

4+ Silicon wrapper R&D starting from the ATLASPIX3 chips
4+ also for the outer layers of the vertex

4+ Wire chamber R&D ongoing on many aspects
4+ Lot of work to demonstrate the cluster counting performances

4+ Dual readout: project for full containment prototype
+ EM Crystal option, w/ DR

4+ Preshower and muon system based p-RWELL technology
4+ R&D on DLC resistive, long strips, 2-D sensors, custom ASIC
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Backup
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* 9
Drift CHamber B x
. *  ‘Zipping”
4+ Thin wires . * layers
4+ 20 pum sense W(Au) b D *
+ 40 um field Al(Ag) . * resesatsases
— stereo

4+ 56448 square cells
4+ |2 to 15.5 mm wide
4+ 360 ns drift time
+ Zipped layers -> more uniforme field

4+ |4 coaxial super-layers

4+ 8 layers alternating sign stereo angles
4+ in 24 azimuthal 15° sectors
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Drift CHamber: ftransparency @

+ 0.016 (0.050) X, to barrel (end-cap) calorimeter
4+ Acceptance 6 > 14° (260 mrad)

0.20m B rt included)
0.045 X0 0.016 X,  — active area
r=2.00m
0.050 X,
 layers .
Front Plate M cell width 0=14
r=0.35m

inner wall 0.0008 X,

56,000 cells
340,000 wires

(0.0013+0.0007 X,/m)

wires gas

outer wall(0.012 X,

z=2.00m

30

25

20

15

10

IDEA: Material vs. cos(0)

I Beam pipe
| Vertex silicon
Drift chamber

I Silicon wrapper
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Additional requirements
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Nucleare

4+ Excellent acceptance and luminosity control
4+ E.g. ECAL inner radius known at |5 pum

4+ B ~ 2T for beam emittance preservation
4+ Maximize tracking volume

4+ Bunch spacing at Z pole ~ 25 ns
4+ Limited drift-time

+ PID & 1y ID for HF/T physics
4+ dE/dx or TOF

4+ Muons in ZH events have rather small p;

o

degpf (GeV
=

ey l L &

—_r“l

ptiu

Fniries 20012

38.1
16 58

Muan
g ]‘ RMS

% NIRIREER IR T A F R TR A TN TR FT AR FTE Y llll SERIRENT

10 2 '30 40 50 60 70 ﬂﬂp lg,CVC?o

4+ Transparency more relevant than asymptotic resolution

ZH (Z—pp)
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Geant 4 simulation CINFN
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4 Gaussian resolution

4+ Adequate separation of W/Z/H

- 2 0.12
e Jet clustering on: = T W boson
1800 E_ ® True jets § 0.1— Z boson
1600 — ® Cherenkov signal a
1400 |- ® Scintillation signal "
1200 F- ® DR correction B

— 0.06—
1000 — B
soof— 0.04—
soof— B
4005— e+e_ 0.02|—
200 :

00_' L '1'0' ek '2'0“ “30 40 50 e '0' —100 %o 70 80 90 100 110 '150' - ILL,OI - '1z|10' - '1é0' 160
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Geant 4 simulation
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4+ Good resolutions averaged over eta and phi

6
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INFN

Event displays

Energy (MeV)

140

—120

— 100

50 GeV e 100 GeV 1Y
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test beam: resistivity validation
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+ R&D: optimal DLC resistivity by studying spatial performance
4+ Preshower: 10, 30, 50, 70, > 100-200 MOhm/square

4+ Muon: |5, 35 MOhm/square

+ Eg: effect of resistivity on charge spread

Resistivity _
Low B High

“MC data “'MC data “-MC data

1200{— 1200 1200(

- ol o

800}~ 800} 800F
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400 aoof aoof°

200f— 200 2:)5:

N S : — NP B i oL ol TS oEas PP B
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Giacomelli @ Ist FCC Italy Wor 2)
INFN
test beam results NN
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4+ Residuals and efficiency for different resistivities

RD-FCC u-RWELL, Residuals w/ tracking contribution RD-FCC u-RWELL, Efficiency

Ar:CO,:CF, 45:15:40 Ar:CO,:CF, 45:15:40
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Giacomelli @ Ist FCC Italy Wor 2)
2D u-RWELL ideas RPN
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u-RWELL w/ 2D
ahode readout

U-RWELL with strips

+ Good performance but need higher gain wrt. to |D on top and anode
+ More complex PCB construction + HVonDLC

2 stacked | D p-RWELL
+ | view per p-RWELL
+ easy PCB construction
+ 2D performance to be

measured
—————————————————————————————————————————————

x strip
y strip

+ TOP to ground
+ 2D performance to be
measured

m -

y strip
5 -
X strip xéStrip



Measured performance TIGER ASIC

. Parameters Values
H—RW ELL: asic Input charge 5-55 fC
TDC resolution 30 ps RMS
Time-walk (5-55 fC range) 12 ns
. Average gain 10.75 mV/fC
4+ Test with TIGER ASIC Nonlinearity (5-55 fC range)  0.5%
+ Developed for BESIIl CGEM-IT RMS gain dispersion 3.5%
Noise floor (ENC) 1500 e~
Noise slope 10 e /pF

4+ Prepare new readout
card based on
System On Modules

4+ Aim: develop dedicated ? e
ASIC for u-RWELL e a0

Maximum power consumption 12mW/ch
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