)
INFN

L-/ Istituto Nazionale
di Fisica Nucleare
Status and Progress of the IDEA Detector Concept

Roberto Ferrari

INFN Pavia
on behalf of the IDEA proto-collaboration

Mini Workshop: Experiment and Detector
Hong Kong 13.02.2023

IAS PROGRAM
Hioh Enerav Phvsies S

February 12 - 16, 2023

Conference: February 14 — 16, 2023

|IAS Program on High Energy Physics (HEP 2023)



IDEA: Innovative Detector for e+e- Accelerator

Hong Kong, 13.02.2023



IDEA concept

LY 2

4+ Muon chambers € N o Ty e
4+ Y-RWELL in return yoke U

+ Dual-readout calorimetry 2 m/ 7 A,

+ M-RWELL preshower

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

+ Transparency for tracking
+ Sl pixel vertex detector -
+ Drnift Chamber
+ Sl wrappers (strips)

Solenoid

sIaquieyo M/a)0x

+ Beam pipe:r~1.5cm
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FCC-ee / CepC general requirements

+ Al _pT) o Physics Detector Performance
+ high precision Measurands ;
measurement at end of ERBEESS Sl —
tracker ZH,Z = ete ,uTu~ my, o(ZH) s A(l/pr) =
+ O, H— BR(H — p*p™) 2x 107 @ p(GeE;)Ugiilgfﬂ Z
+ finely segmented
. = Org =
vertex detector H — bb/cé/gg BR(H — bb/cz/gq) Vertex -

5$ e 10511133'2 (“m)
+ Challenging requirements p(GeV) 6

for detector materials I . BR(H — 4. ECAL JJ?/E:
i Rk S WW* ZZ*) HCAL 3~ 4% at 100 GeV

AE/E =

0.20
E(GeV) ® 0.01

H — vy BR(H — vy) ECAL
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Vertex detector

Yoke/u chambers

Requirements

+ Fast readout

+ Low power < 20 mW/cm?
+ Low material ~ 0.15 X, <
+ Spatial resolution ~ 3 ym =X
+ Efficiency ~100% L
+ Extremely low fake rate <)
Solenoid §
i a
Based on MAPS technology (inspired by ALICE ITS3) o %

.DCH

Exploiting progress in ARCADIA R&D program

Hong Kong, 13.02.2023
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Vertex detector

1) Stave prototype realised with innovative techniques

3) Vertex detector design based on ARCADIA

Hong Kong, 13.02.2023 6



Arcadia project

500 A

400 -

+ CMOS DMAPS Platform
+ INFN project, w/ CH and China
+ Part of EU AIDAInnova project

300 A

200 -

100 +

+ ARCADIA-MD1: 25%25 ym? pixels

Tested sensor and back-side processing 0 -
Readout architecture charact. ongoing

110 nm CMOS CIS technology

High-resistivity bulk, operated in full depletion mode

Matrix = 512x512 pixels

Thickness = 200 um

200 -

IR IR SRR

Few cosmic tracks
(tilted sensor)
+ ARCADIA-MD2 submitted in summer 2021 100 A
+ design and architecture improvements targeting
power reduction and scalability
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Vertex detector — LGAD RSD

New activity on LGAD Resistive Silicon Detector: high segmentation, excellent position and time resolution

traditional

LGAD

ntt stop ntt

+.q _4;»F+
pt-gain pT-gain

JTE

w*

RSD

DC contact

AC pad n.1 AC pad n.2 AC pad n.3
iﬁ\ coupling
oxide

. A + 2
resistive n* p-gain

. ptt
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Vertex detector — LGAD RSD

New activity on LGAD Resistive Silicon Detector: high segmentation, excellent position and time resolution

ntt p-stop n*" DC contact
/2 AC pad n.1 AC pad n.2 AC pad n.3
o e [ 1.
traditional Ep+—gain !« , p"'-ga,in; iq\g?{?&mg
LGAD JTE RSD resistive n* pT-gain
p-Si p-Si
w* p++
Spatial resolution for pixels yvith different Metal-Pitch metal pad width ) @_ 200 ) metal pad pitCh
as a function of signal amplitude : . .
60 r - timeresweight3hit
80 — Entries 454
@ ©200-500 - Mean _5.7846-13
50 70 F- Std Dev 5.728e-11
— = 100-200 z x2 / ndf 352.3/16
B Prob 0
.S. 40 OE ~44 PS C:)onstant 80.87 = 0.63
- A50-100 = Mean-3.028e-12 + 3.889e-13
S 30 f S S0F Sigma 4.369¢-11 = 3.945e-13
5 g E
10 ... =
Femesttanimereusirsiiiciotll vsesvmachses . ........ A B g1 LU T SN n..... A 20 E
0 1 1 1 1 1 1 ] 10 :_
0 20 40 60 80 100 120 140 F . o 10
Amplitude [mV] 95 04 03 02 01 0 01 02 03 04 05
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Drift chamber

+ Compromise between granularity and transparency
+ High momentum resolution
+ Ultra light detector
+ Assisted by Si wrappers

+ Dimensions
+ L=400 mm
+ R=35+200cm
+ Total thickness: 1.6% X, at 90°
+ Tungsten wires dominant contribution
+ 112 layers for each 15° azimuthal sector

+ Inherits from previous DCHs
+ KLOE and MEG Il

s1aquIeyd M/aY0x

....,,--.,‘ 'ﬂ"all ;:’ i

—
—
—
—
-
‘-:-'--
-
-.ﬁ
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Drift chamber: Particle ID with cluster counting

Higgs recoil mass e

+ Tracks w/ rather low momenta (pr < 50 GeV) e seenidd B
+ Transparency more relevant than asymptotic resolution wg- Black = T T E—F7
mof- ideal pT = CLD
‘”“E‘ meas.
+ He based gas mixtures (He / iIC,H,, = 90/ 10) i:
+ ionisation signals last few ns 3
+ max drift time: 350 ns E
. GeV
@ e
. E o time of flight
+ Fast readout (~GHz sampling) <O -
En e R e combined
> I
10[-
+ PID by counting dN_/dx i
+ # of ionisation acts per unit length E ooy
+ better PID resolution than dE/dx i
4 y
+ 0.75<p<1.05 gap recoverable with timing layer 2_ |
* 100 pS SUﬁiCient for 30— K/p G_ L 1 I 11 I| ] ] 1 1 111 I1 | L L1 | T‘JI
1 10 10°

Momentum [GeV/c?]
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Drift chamber: results on cluster counting

+ Successful beam test in July 2022
+ cluster counting works - analysis ongoing
+ collaboration with Chinese groups on
algorithm development

N Cluster Peaks found - Ch 8

2 cm drift tube Track angle 45° 2 cm drift tube Track angle 45°

1} =11

En

1o hiFeaks_clus_chB
— Enlrnas 539 g A
= Maan 17.54 5 E 9
— Std Dew a4.627 > 006 | DERIV
. o/Vu =1.02 b s g
— — Frob 006615 C |
p’ e Constant ABBE + 273 P o ¥ Clusters
1] — Maan 1775 + 021 =
= . £ = 100% Sigma 4306 + 0167 aesf- ;- W Etectrons
= ooef-+ ;
B L 0.03 f— T
= [ Expected Clusters: 17.6 o2+ Py
— : L ' ]
= o3 h _'
— Alpha angle (deg): 45.0 C
i | i i i i 1 i i i i { RS ' F e 1 IO (OSSO LI LS T PO N 1 VY 1 N 9 Y T Y I O Y O L T (. OO ey e e N 1L 1 BN | LA e 3
u 1|:| N 3U 'ﬂu m m m m gﬂ L L L 1 ' L L L L 1 L Iy FE L L L F ! .l
Murmibes af Chesbars faund it 1] 200 F0D L] 350 400 450 500

500
tima [ns] tirme [ris]
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Drift chamber: results on cluster counting

. p at PSI K at FCC-ee p at CERN-H8
4+ Successful beam test in July 2022 150-450 MeV/c \ 1-35 GeV/c 40-180 GeV/c
4+ cluster cognting Work_s — analysis ongoing \ = ol
+ collaboration with Chinese groups on . e
. Nov. 2021
algorithm development
@® Lug. 2022 %
: : : T Relativistic rise
+ Searching best place for addressing in 2023 e = g .
relativistic rise region e
T i ————
i Minimum
1 1 1
1 10 100 1000
By
M Cluster Peaks found - Ch 8 e 2 cm dirift tube Track angle 45° 2 cm drift tube Track angle 45°
g s = Eniros 50 = 008
= o/Vu =1.02 o \, Q0es1s o T ¥ Custers
0 = e +308 2 0987 3 . ¥ Electrons
= e = 100% : wb |t f

10 20 an Aan 50 B El ww i
350 400 450

Bl a
Murtibees af Chesbars faund 500
Tirme [res]
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SI wrappers

u R T1 80 Lificg il it il i il dd il Al A A A A A8 K B XN

+ Precision Si layer around DCH "
+ momentum resolution Solenoid
+ extend tracking coverage in F/B regions
+ precise and stable ruler for acceptance definition

+ Suitable technologies
+ microstrips (2 layers)
+ DMAPS, e.qg.: ATLASpIx3

Ilmmnmranunian s Gistlttttsataas
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Si wrappers: ATLASpIx3

+ Pixel size: 50x150 pm?
+ 150 mW/cm?
+ both triggerless and triggered readout
+ first 2 multi-chip modules successfully operated

+ Target: build few mini-staves of outer tracker for FCC-ee/CepC
+ 2022: realisation of prototypes and thermo-mechanical characterisation

! m‘ Ay dds “"w
i L
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Superconducting solenoid

Courtesy of H. TenKate

* Ultra Ilght 2 T SOIenO|d C: Static Structural

Figure
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

+ 30 cm radial envelope 23/11/2016 11:25
+ single-layer self supporting winding (20 kA) PR ITMAE

* cold mass: 0.46 Xo, 0.09 Ain L2ase

83.729

— 63.306

— 42.882

. 22,458

+ Vacuum vessel (25 mm Al): 0.28 Xo
* can improve with new technology 023492 Min
* corrugated plates: 0.11 Xo
* honeycomb: 0.04 Xo

AVAVAVAVAVAVAVAVAVAVAVAYAYAW
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FCC-ee / CepC general requirements

+ fair o, ~ 10-20% /VE sufficient for
Higgs physics

+ O, ~ 30-40% /VE to clearly identify
W, Z, HIn 2 jets decays

+ transverse granularity < 1 cm for 11,
from T and HF

+ could be satisfied by:

+ high-granularity dual-readout fibre
calorimeter —» SiPM readout

+ combined dual-readout
crystal/fibre calorimeter

Physics Detector Performance
Measurands
process subsystem requirement
ZH.Z—sete su'n mp.o(ZH A(l —
o H L H, 0 ) )_~ ok _r(_ /pr) .
H— putpu BR(H — p*u™) 2x107° & GeV) sin3TT0

H — bb/cé/qg BR(H — bb/ci/gg) Vertex

O'T(p —

10
O & p(GeV) xsin3/2 0 ( ].l]iﬂ)

it | t
] BR(H — ¢,  ECAL o [E =
H— qg, WW*, ZZ* Uk 7o
q9q WW?*, ZZ¥) HCAL 3~ 4% at 100 GeV
AE/E =
H 7y BR(H — vy) ECAL
9 ( ﬁ?) 0.20 @ 0.01

/E(GeV)

Hong Kong, 13.02.2023
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All-fibre DR calorimeter option

+ DR fibre calorimeter
+ ~ 130 M fibres
+ 1 mm g, 1.5 mm pitch
+ copper absorber
+ 75 projective towers x 36 slices
+ A9 =1.125°, A¢ =10.0°
4+ 9 coverage: down to ~100 mrad

+ G4 simulation available
+ tuned to RD52 TB data

oto.v..tcolt
: .l.l...ll...‘...
/‘._ .l.l.......l.l..
| ...-..on--noa.l.
..O&..i'....l...

F= '....-..I'..UI..

Scintillation fiber

Cherenkov fibers
18
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2022 Korean-prototype beam test

Mnd_ule #2 (3x3) Module #2

Module #1 (2x2) Module #2

Module #1

Module #1

Teowsard 1 Tidmird 2 Titird 3

TomworEl ToveorEs

Tesdsard 4 Tesimard = Teesisard g
Towerdd | Tonworsd
Teagsard 7 Tiamird 3 Tiiirld ¥

Radial direction Radial direction

+ Data analysis in progress

B h Entries 58149 700 Entries 58149
oo C channel |wr - S channel  |uw =
- C n n ean 600 — n n ean
- SidDev 1095 R SdDev 1951
800 — 500 —
s00l_ 400
B 300—
400|— -
i 200
200{— ooF
D y | 1 1 1 T PP | | |. | | | | | 1 | | | | | | | | | | | | D : | 1 1 1 1 | 1 1 ol bae Lo | NI | | | | | 1 | | | L1 | |
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 30000
Int. ADC Int. ADC
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Crystal option (IDEA++)

+ ECAL ~20 cm PbWO,

(" SCEPCal Dual readout HCAL
+ 2layers: 6+16 X,
+ DR with filters Scintillating fibers
~ 20
+ ogu=3%NE T Cherenkov fibers
@ =1.05mm
+ tlmlng |ayer \ " Brass capillary
+ LYSO:Ce crystals gyl
+ 0,~20ps
\_

+ 0.,/E~26%/NE

1X, 6X; 16X, 0.7X,

N\
\\ \\

00
L3

I
~1A, 0.16A,
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Crystal option (IDEA++)

+ ECAL ~20 cm PbWO, Jet resolution
+ 2layers: 6+16 X, Ly 0-14
+ DR with filters Eu-l [ e'e 2> ZYY = —s— w/o DRO, w/o pPFA
+ Oy =3% VE 042 —=a— w/ DRO, w/o pPFA

i —a— w/ DRO, w/ pPFA
+ timing layer -

+ LYSO:Ce crystals Ot A\ e S
+ O, ~ 20 PS : i DEEEE $B45
FFa -
0.08 otFAE = 0.29/ VE © 0.010

+ HCAL layer

+ 0.,/E~26%/NE o

0.04

|||||||||||||||||||||||||||||
0.020"==%56 20 60 80 100 120 140

( Eiﬂ1t ) [GeV]
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Preshower and muon detector

LY 2

E
- Yoke/u chambers

+ Preshower detector
+ high-resolution space points before calorimeter to
Improve cluster reconstruction

+ Muon detector
+ identify y and search for LLPs
+ 3 layers in return joke

sIoquieyo M/aOx

+ Both based on tha same technology: y-RWELL
+ efficiency > 98%
+ mass production

+ optimisation of FEE channels/cost

Hong Kong, 13.02.2023 22



Preshower and muon detector

+ Preshower detector
+ pitch 0.4 mm
+ resolution < 100 pm
+ 1.5 M channels

+ Muon detector
4+ pitch 1.5 mm
+ resolution < 400 uym
+ 5 M channels

+ 50x50 cm? 2D tiles
+ to cover > 4330 m?

Cathode PCB
Copper 5 um

kapton

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

Pre-preg / _?_

Rigid PCB / I

electrode

. H8 Test be@m 11/2021
e - M- :

S _

5 p-RWELL
N test chamber
40x5cm?

L EAY
‘TR

-t"-';iitrac er
i ¥ :racte N X tracker
10);&:)(:(: ez P & 2% X tracker
' i | s === Y tracker
4 FEE: APV25 & SRS § 10x10cm?

e N
-

7 B\-RWELL prototypes, with resistivity
from 10 to 80 MQ/, will allow to define
final (50x50 cm?) detector resistivity

barrel presho_zvvz_ear___

similar design for
muon detector

Hong Kong, 13.02.2023



Conclusions: lot of R&D In each area

+ Vertex detector w/ DMAPSs for best momentum resolution
+ work In progress, I.e. Arcadia

+ Silicon wrapper R&D starting from ATLASpIx3 chips
+ also for outer layers of vertex detector

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

+ Dual readout: project for full containment prototype(s)
+ EM crystal option w/ DR

+ Preshower and muon system based on y-RWELL technology
+ R&D on resistive, long, DLC strips, 2D sensors, custom ASIC

Hong Kong, 13.02.2023
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Backup

Hong Kong, 13.02.2023
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Drift chamber

+ ste req ‘
L
+ Thin wires ». X !
+ 20 pm sense W(AuU) - B ‘Zipping”
+ 40 pym field Al(Ag) =
* layers
+ 56448 square cells X *
+ 12to 15.5 mm wide « ®
+ 360 ns drift time _ stereo

+ zipped layers — more uniforme field

+ 14 coaxial super-layers
+ 8 layers alternating-sign stereo angles

+ 24 azimuthal 15° sectors

Hong Kong, 13.02.2023 26



Drift chamber: transparency

+ 0.016 (0.050) X, to barrel (end-cap) calorimeter
+ Acceptance 0 > 14° (260 mrad)

0.20 m B (rEE included)
0.045 X, 0.016 X, [ ~activearea
r=2.00m
0.050 X,
2 layers .
Front Plate n cell width =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
I | Vertex silicon

B Silicon wrapper

0.1

Drift chamber

02 03 04 05 06 O 08 059

1

Hong Kong, 13.02.2023
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Additional requirements

+ Excellent acceptance and luminosity control — i
+ e.g. ECAL inner radius known at 15 pm ‘won - Frines 20017
+ L | M 38.1
+ B~ 2T for beam emittance preservation %. [ § ’Lul‘ T
+ Maximise tracking volume o } 'L
: £
+ Bunch spacing at Z pole ~ 25 ns - [ L[H,
+ Limited drift time . ] A
| |
+ PID & 1, ID for HF/r physics sl J u‘fL’
+ dE/dx or TOF [ r|" |
[ |
+ Muons in ZH events have rather low p; 00| H‘I 1
+ Transparency more relevant than asymptotic resolution L 1LL
.‘.J|||I|||.|I||-]I||||||||||-.'||I]|||I|||.J|.:|||JI||||

“%“ 0 20 30 a0 S0 a0 70 A0 1
uII@t‘Wﬂ?ﬂ

ZH (Z - py)
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Geant4 simulation

4+ Gaussian resolution

+ Adequate separation of W/ Z / H

@ 012
= E |
2000 [— o~ T Jet clustering on: > B W boson
- e'e > Z - | ® T et S 01—
1800 | rue jets | 5 °IC Z boson
= ® Cherenkov signal < |
1600 = @® Scintillation signal 008l
1400 [— ® DR correction L
1200 [— 006
1000 — -
800 0.04|—
600 — B
400 — 0.02|—
200 — B
0: | IlLJ |||1|||||||||1||| - "|||||I||||I||||I||||
0 10 20 70 80 90 100 %o 70 80 90 100 110 120 130 140 150 160
Jet energy (GeV) Mass (GeV)
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Geant4 simulation

+ Good resolutions averaged over eta and phi

250 100 50 20 10 F < Energy (GeV)

THELA = T I | |
L= - i |
0.09— Scintillation
0.0 f_ hersnkoy :
-~ — Combined g
0.07F il
0 06E /
DDE :_ .-.-s__:-\?- i _ar,-"-.
- B
o0E- =~  EM
0.03 r
0.02 - i i
P
= e E Vv E
0.01 e
I:II:]: 1 [ 1 DI 1 1 1 DIE 1 1 1 I:III.:L 1 1 1 ':II ] 1 ulﬁ- 1 1
1 : =
17 |E (GeV)

a/E

0.3

0.25

02

015

0.1

150 100 7O 50 30

— Energy (GeV)
10

0.05—

— Scintiflalion
— Cherenkowv

— Combined

HAD

: = W |:h .
[ » a o 3}] f{ | ,1'|:|
= = = ——= +0.4%
:_ g =.-m_.___.__-—-'---'--7='_'_
|: R R T N L 1 | r o r o0 LI
0.1 0.15 0.2 0.25 0.3
11 {E (GeV)
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Event displays

Energy (MeV)

50 GeV e- 100 GeV 1°
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Beam test: resistivity validation

+ R&D: optimal DLC resistivity by studying spatial performance
+ Preshower: 10, 30, 50, 70, > 100-200 MQ/O
+ Muon: 15, 35 MQ/]

+ e.g.: effect of resistivity on charge spread

Resistivity _
Low > High
“-MC data “MC data «-MC data
-:mlf— m.'m:— 1000~
anof— w00l Ewi_
o "F ﬁ:r:lf—
ml “of lr:.'ﬁf
200 M E:}-:«:— 200—
| ; L - L L s . f il i i i (- - . n P g ; i P jini
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Beam-test results

+ Residuals and efficiency for different resistivities

RD-FCC pu-RWELL, Residuals w/ tracking contribution

Ar:CO,:CF,45:15:40

| ® 40 MQ/
- ® 60 MQ/O

Residuals [pum]

- § ® 80 MO/

O_illlilllilllillliIllilllilllillli

s [eowar]

wb o fesomen|

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

RD-FCC u-RWELL, Efficiency

Ar:CO,:CF445:15:40

e 10 MQ/O
e4OMQL [ -
|e60MOmO |
S e
: e soMa |

Efficiency

03 Fdm b

500 520 540 560 580 600 620 640 660
HV [V]
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2D p-RWELL ideas

u-RWELL w/ 2D anode readout

4+ Good performance but need higher gain wrt. 1D

+ More complex PCB construction U-RWELL with strips
on top and anode

+ HVonDLC

+ TOP to ground

2 stacked 1D y-RWELL
H + 2D performance to be

+ 1 view per y.-RWELL

4+ easy PCB construction measured
+ 2D performance to be measured
H i
S ———

y slrip

x strip

F -y % strip

H X strip H
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u-RWELL ASIC

+ Test with TIGER ASIC

+ developed for BESIII CGEM-IT

+ Prepare new readout card based on System On Modules
+ aim: develop dedicated ASIC for y-RWELL

lﬂﬂﬂ‘ﬂ INO
e

WMl 2017

o=

BESIT ~C

FE2-

LiL2

P e

g

e
i [ il T
T

P

LA

Measured performance TIGER ASIC

Parameters Values

Input charge 5-55 fC

TDC resolution 30 ps RMS
Time-walk (5-55 fC range) 12 ns
Average gain 10.75 mV/fC
Nonlinearity (5-55 fC range) 0.5%

RMS gain dispersion 3.5%

Noise floor (ENC) 1500 e~
Noise slope 10 e~ /pF
Maximum power consumption 12mW/ch

Hong Kong, 13.02.2023
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