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4& Detector concepts

+— 106 m —>

Well established design

* ILC->CLIC detector -> CLD
Full Si vtx + tracker;
CALICE-like calorimetry;
Large coil, muon system
Engineering still needed for operation with
continuous beam (no power pulsing)

* Cooling of Si-sensors & calorimeters
Possible detector optimizations

" op/p' o./E

* PID(O(10 ps) timing and/or RICH)?
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IDEA

Instrumented return yoke

Double Readout Calorimeter
27 coil

Ultra-light Tracker

MAPS

!

Pre-shower counters

LumiCal

v

< 13 m
A bit less established design

*  But still 15y history
Si vtx detector; ultra light drift chamber w
powerful PID; compact, light coil;
Monolithic dual readout calorimeter;

* Possibly augmented by crystal ECAL
Muon system
Very active community

* Prototype designs, test beam

campaigns, ...

Noble Liquid ECAL based

5

new

10m/2

z(m)

12m/2
A design in its infancy
Si vtx det., ultra light drift chamber (or Si)
High granularity Noble Liquid ECAL as core
* Pb/W+LAr (or denser W+LKr)
CALICE-like or TileCal-like HCAL;

Coil inside same cryostat as LAr, outside ECAL

Muon system.
Very active Noble Liquid R&D team
* Readout electrodes, feed-throughs,
electronics, light cryostat, ...
* Software & performance studies
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{& Requirements for tracking detectors

A huge challenge is the environmentinthe g 10° g5
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collider, need to cover a wide dynamic range © 10’
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» Operate within Vs = 90 - 365 GeV range 10° E%ESIS@
- Be able to efficiently and with high precision 10° —
reconstruct events in L = 1034 - 1036 cm?/s regimes 10% E

10° E (\i
» Most challenging is the operation at the Z pole: 10" ¢ | ZH =
- Large collision rates ~ 33 MHz 13 3 i ﬁ/ E
1 E =
- Fast detector response / triggerless design, high : t -

" . _1 |||||||||1|| llli||||||||||||||llll
occupancy in the inner layers 107 "50 100 150 200 250 300 350 400
« Absolute luminosity measurement at Z pole 's (GeV)
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{& Requirements for tracking detectors

* A key requirement is unprecedented control of systematic errors

Initial state | Physics goal Detector Requirement

ete” hZZ sub-% Tracker 0pr /Pr=0.2% for pr < 100 GeV

Opr /D3 =2-107°/ GeV for pr > 100 GeV
Calorimeter | 4% particle flow jet resolution

EM cells 0.5%0.5 cm?, HAD cells 1x1 cm?
EM oz /E = 10%/VE & 1%

shower timing resolution 10 ps
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hbb/hce Tracker ory = 5@ 15(psin %)~ um
Spum single hit resolution
Arxiv:2209.14111 Arxiv:2211.11084 DOE Basic Research Needs Study on Instrumentation

* Requirements mostly driven by Higgs and Z-pole running specific benchmarks
 Technological advances can open new opportunities and additional physics benchmarks
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= ARCADIA MAPS with LF110 i

» Sensor design and fabrication platform on LF11is technology
« Developed for Future Lepton Colliders and Space Instruments
* Technology demonstrators

« Main demonstrator (512 x 512 pixels) 25x25 um?2 pixels

« Several other demonstrators produced: pixel and strip test structures down to 10 ym pitch,
small-scale demonstrator for fast timing, etc
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Incremental map
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2= ARCADIA MAPS with LF110

M. Rolo, VERTEX2023, https://agenda.infn.it/event/35597/contributions/211639/
L. Pancheri et al, 2019 JINST 14 C06016, DOI: 10.1088/1748-0221/14/06/C06016

« Sensor
* n-type high resistivity active region (up to 500 um)
» backside p+ implantation: depletion from back to top

 Scalable readout architecture with ultra-low power
capability O(10 mW/cm?)

* Full chip demonstrator MD3 SEREEREEES
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* Pixel array 512x512 pixels, pitch 25 pm o
« Data-driven binary readout i RN R EEE

* Power consumption <30 mW/cm? (down to 10 mW/cm?
in low-rate mode)
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2L Measurements in the lab in HEERC m

 New lab for silicon detector studies for future colliders

 Two stations for laser and beta-source studies:
 Flexible setups for a variety of studies: scope or FPGA readout

1064 nm fiber-coupled laser
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Fiber to
beam
expander

1D vertical stage

ARCADIA Chip

FPGA readout

2D horizontal stage
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2= Measurements in the lab

e Laser calibration:
* Tune the intensity to reproduce a MIP signal
e Use beta-source and cosmic muons for calibration

 Achieve beam-spot around 10 um FWHM
« Edge scanning and dedicated CCD camera

 Calibrate the laser power to monitor for output power changes

: fiber split for monitoring
« Automatized control of motion stages to perform pum
scans

 Calibrate stage movement to account for rotations when
moving in 2D directions

« Temperature control: measurements performed at room
temperature
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~30 minutes
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INEN ARCADIA
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2= Measurements in the lab

* An area of 6x10 pixels used to
characterize cluster efficiency

 Step size of 5um is used across the
scanning area

* Total 25 scans per pixel.

» Vary VCASN from 1 to 11, with steps of
2 to measure the efficiency.
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(c) (d)

Results of S-curve fits on scan
points within pixel (0,0)
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2= Measurements in the lab

* An area of 6x10 pixels used to
characterize cluster efficiency

 Step size of 5um is used across the
scanning area

» Total 25 scans per pixel.

» Vary VCASN from 1 to 11, with steps of

2 to measure the efficiency.

at the center
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HUMAN HAIR
50-70 um (microns) in diameter
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Due to charge sharing, the value of 1 is lower at pixel edges and higher
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2= Measurements in the lab m

« Excellent readout performance and response to laser scans
» Lower charge threshold, and higher noise further away from the pixel center.
 This behavior is largely due due to charge sharing between pixels

300—~ 120

Position ] Position
[ Edge i Edge
3 Off_Center 1007 =3 Off_Center
[ Center {4 1 Center
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ARCADIA

2= Measurements in the lab INFN i Bl

« Excellent uniformity of detection efficiency across the pixel area
* Noise is mostly uniform across detector surface
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INEN ARCADIA
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2= Measurements in beams

 Test beam at FNAL (120 GeV protons) in Summer 2024
« Mini-telescope with 3 ARCADIA-MD3 sensors

 Threshold, sensor HV and incidence angle parametrization: study of cluster
size, collection efficiency, spatial resolution
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2= Measurements in beams
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« Residual width always below the binary resolution (7.2 um)
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ARCADIA

IT UP!

Cluster width always
greater than 1.5 pixels
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2= Measurements in beams

100.00 -1.3e-05
—e—  efficiency
99.751+ - fake hitrate ~1.2e-05
99.50 - ~1.0e-05
T 9925 , . — T —*——+— -8.5e06
a T L
S 99.00- ~7.0e-06
S A
0 98.75- ~5.5e-06
98.50 - Nt . ~4.0e-06
98.25- N N ~2.5e-06
1 PRELIMINARY Teof
98.00 : ——1-1.0e-06
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Threshold [DAC]
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Fake hit rate [hit/pixel/s]

INFN

ARCADIA
EEEEEREE

Fake hit rate measured

during no-beam time
12 masked pixels on the DUT
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2= Developments with SkyWater

* Develop MAPS sensors in a commercial process that will provide fast timing (10 ps) and precise
spatial resolution (5 um)

 Target application 4D tracking detectors for future e*e- Higgs factories
« Short on funding, but we continue exploring production with a domestic foundry

* Electronics for signal processing are placed in dedicated p— and n-wells contained within a deep p-
type well

« Intrinsic gain will allow MAPS detectors to perform precise time measurements in addition to
spatial measurements
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n-W::le;Omion metal contact metal contact metal contact
oo W oopes @ ogsmn 05m0 15
low-dose n-type n-type

gain layer p+

CMOS sensor Monolithic AC-LGAD
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2= Developments with SkyWater

« 3D-sensors: factorize charge generation, large signal to the front-end electronics
* Integrate with directly coupled CMOS electronics in an SOI stack

» Deep trench electrode: low capacitance and good charge collection by drift
« Simulation shows that the central anode provides efficient charge collection

* Collaboration with Caporus technology to investigate feasibility
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Electric field for a sensor with charge collected in a central
anode. Electrodes W1 and W2 are connected to deep p well

"sketch" of a 3D sensor incorporated into an SOI structures which contains the CMOS electronics
stack with the CMOS in the top SOl layer

A. Apresyan | FNAL FCC-ee PED



{& Summary

» Excellent performance of ARCADIA demonstrated in particle beams
 Spatial resolution of around 4.6 um
* Cluster width of about 1.6 pixels
« Efficiency always above 99%
« Uniform detection efficiency across pixel area
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» Developments with a SkyWater are starting off, in SBIR collaboration
with Caporus

» Aiming to produce prototypes within the next year.
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