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Requirements

Higgs physics:
recoil mass — tracking
b/c separation — vertex
21, 43, 2y — calorimetry
T — pv — preshower / high-granularity calorimeter

Physics Process  Measured Quantity Critical Detector Required Performance
ZH — (T(—X  Higgs mass, cross section Tracker A(1l/pp) ~2x 1077
H— 't~ BR(H — p* 1) D1 x 1072 /(py sin0)

H — bb, cé, gg BR(H — bb, cé, gq) Vertex Trp ~ 5@ 10/(psin®? ) pm
H —qq, VV BR(H — qq, VV) ECAL, HCAL (T‘Et/E ~3-4%

H — v~ BR(H — v7) ECAL o ~ 16%/VE @ 1% (GeV)

Z, WW, tt — mostly covered by above
(Z — excellent acceptance determination)

The IDEA detector concept
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More mnputs

High luminosity:
— low magnetic field (~2T) for beam emittance preservation
— fast detector

Extremely high statistics at Z pole:
— systematics on acceptance determination are critical

— silicon layer after DCH for charged acceptance and resolution

— preshower for um-level acceptance definition for vy.s

The IDEA detector concept 3
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the t° — p™v — m'n v case

| Z—->1tT]|— [1T— pv—oandy]

vy distance (cm)at2 m Minumum distance (cm) at 2 m vy (cut)

Entries

100000

gq_gpminc

Entries

84104

wonf- | I ol
2y separation (cm) (@ 2 m Min(y, ©") separation (cm) @ 2 m

High-granularity calorimetry + preshower
— 7 identification and direction

Q: does require longitudinal segmentation ?
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the t° — p™v — m'n v case

| Z—->1tT]|— [1T— pv—oandy]

y distance (cm)at2 m

2500

2000

1500

1000

200

=

High-granularity calorimetry +

h gdis
= Entries 100000
[ Mean 6.706
- RMS 4.448
2y separation (cm) (@ 2 m

Q: does require longitudine

— 1 identifi

Minumum distance (cm) at 2 m t y (cut)

Distance from shower axis (mm)

g_gpminc
Entries 84104
0 Mean 12.72
4000 RMS 7.033
3500
3000
50
' « Scintillation « Scintillation
~ - ]
2 - * Cerenkov * Cerenkov
= 40
= K
= i K
~
3 I
: L
20 30+
“ I
=
-
EE ®
QQ\ 20 4 LV .
v v
bo | v
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E 10-_ v .
) v « .
Qq g w - ° . v =
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0_ . : 1.1.1011:;:; 1 1 | 1.1.:1::1x;
o 1 2 3 4 5 6 7 80 1 2 3 4 5 6 7 8
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IDEA layout

:l drift chamber
D drift chamber service area

j magnet return and yoke

- calorimeter

o 20 pim % 20 pm [infer barme | aye S|
—— Sipixels 50 pm x1 mm feuter barrel lyars)
50 pm x50 pm [foread disks)
=== 5j strips double stereolayer 50 pm x 10 cm

= W-RWELL double layer, strip pitch 0.4 mm

= -RWELL double layer, strip pitch 1.5 mm

wes gbsorber

- luminometer

v steel simulating compensating and
shielding solenoids

—— vacuum tube

The IDEA detector concept 6 Oxford, April 16, 2019
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)
2) VTX: 4-7 MAPS layers
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)
2) VTX: 4-7 MAPS layers
3) DCH: 4 m long, R ~ 30-200 cm
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)
2) VTX: 4-7 MAPS layers
3) DCH: 4 m long, R ~ 30-200 cm

4) Outer Silicon Layer
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)

2) VTX: 4-7 MAPS layers

3) DCH: 4 m long, R ~ 30-200 cm
4) Outer Silicon Layer

5) SCcoil: R ~210 cm
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)

2) VTX: 4-7 MAPS layers

3) DCH: 4 m long, R ~ 30-200 cm
4) Outer Silicon Layer

5) SC coil: R ~210 cm

6) Preshower: ~ 1 X
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)

2) VTX: 4-7 MAPS layers

3) DCH: 4 m long, R ~ 30-200 cm
4) Outer Silicon Layer

5) SCcoil: R ~210 cm

6) Preshower: ~ 1 X

7) DR calorimeter: ~2m /7 A_
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)

2) VTX: 4-7 MAPS layers

3) DCH: 4 m long, R ~ 30-200 cm
4) Outer Silicon Layer

5) SC coil: R ~210 cm

6) Preshower: ~ 1 X

7) DR calorimeter: ~2m /7 A_

8) Yoke + muon spectrometer
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IDEA layout

1) Beam pipe (R ~ 1.5 cm)
2) VTX: 4-7 MAPS layers
3) DCH: 4 m long, R ~ 30
4) Outer Silicon Layer

5) SC coil: R ~210 cm

6) Preshower: ~ 1 X

7) DR calorimeter: ~2 m

8) Yoke + muon spectrome
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Material budget

30

25

20

15

10

% XO VS. coS O

IDEA

I Beam pipe
[ | Vertex silicon
[ ] Drift chamber

I Silicon wrapper

o 01 02 03 04 05 06 07 08 09

1

F. Bedeschi’s talk

CLD

30

25

I Beam pipe
] Vertex
[ 1 Inner tracker

B Outer tracker

01 02 03 04 05 06

0.7 08 09 1
Cos(0)
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Vertex Detector

Build on ALICE ITS technology

~20 % 20 um MAPS
~ 3 um spatial resolution

X, :0.15-1.0 % (in-out)

~ 20 mW/cm” (in-out)

Gpt p
0.005 Track angle 90 deg.
—— IDEA
0.0045 | — — IDEA MS only
— CLD
0.004 |- — — CLD MS only

Dy (um)

10 Track angle 90 deg.
—— IDEA
—— CLD

Zy (um) . 8 (rad)
> 100 kHZ readOUt 10f | Track angle 90 deg. [ |Track angle 90 deg.

oft | IPEA 05} |—IDEA

(or even faster) T —ao

F. Bedeschi’s talk | | _
E L | P N I B
0 20 40 60 80 ;?gev)
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Pixel Detector R&D

ARCADIA: System-grade Demonstrator

Advanced Readout CMOS Architectures with Depleted Integrated sensor Arrays

INFN CSNV Call Project: budget 1MEur nwell guard ring Peryphersl

(dedicated pad) _
electronics

Active sensor thickness in the range 50
pum to 500 gm or more

Operation in full depletion with fast charge
collection by drift

Substrate contacts

Small charge collecting electrode for (holes in deep pwell)
optimal signal-to-noise ratio

Scalable reaeout architecture with ultra- n
\\

Easy Compatlblllty Wi nddl Backside contact: glued on package with

pProcesses. conductive epoxy

Deliverable: full-size system-ready
demonstrator of a low-power High-density

pixel matrix CMOS monolithic sensor Cl’ltlcal to aVOld llqlﬂd COOhng

The IDEA detector concept 18 Oxford, April 16, 2019
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Drift Chamber

Ultra-light Drift Chamber (< 1% X )
gas: He 90% -1C H ~10%
4 m long, ~ 1 cm drift length

fast (drift time ~400 ns)
good spatial resolution (chy < 100 pm)

The IDEA detector concept 19
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Drift Chamber

Intagrated on all impact parameters
¢ I naf 127.7 /31
A 1089 = 12.7
-0.01546 = 0.00157
0.1062 = 0.0016
0.07781 = 0.00310

Ultra-light Drift Chamber (< 1% X )
gas: He 90% -1C H ~10%
4 m long, ~ 1 cm drift length

o q F

fast (drift time ~400 ns) ] -
g00d spatial resolution (GXy <100 pm)  sFETETE e e e T

The IDEA detector concept 20 Oxford, April 16, 2019
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Drift Chamber

Ultra-light Drift Chamber (< 1% X ) i L
gas: He 90% - iC H 10% - I o
4 m long, ~ 1 cm drift length

0.1062 = 0.0016
1] 0.07781 = 0.00310

fast (drift time ~400 ns) = <
g00d spatial resolution (GXy <100 um) s e e e e

L=17m,N =112 — A(1/P ) =7 x 107 / GeV (standalone)

meas

See F. Grancagnolo’s talk

The IDEA detector concept 21
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Drift Chamber

K -0.01546 « 0.00157
o 0.1062 = 0.0016
1] 0.07781 + 0.00310

Ultra-light Drift Chamber (< 1% X ) s L
gas: He 90% - iC H 10% '
4 m long, ~ 1 cm drift length

fast (drift time ~400 ns) = =
good spatial resolution (¢ < 100 um) & = s e w W w1

Transverse wiuircs iU neEsSuUIu LU

A0 T S RO T O base

R e o R S VTX 2(3In+ 2 Out)
frovgreerioeiee : : A VTX 1(3 In+ 2 Mid)
VTX 1 Igth bmp

oP P

0=65°

DCH + VTX + Silicon

AP /P_~0.4% @ 100 GeV

Transverse Momentum, GE\}/?:Z

The IDEA detector concept
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Drift Chamber

Ultra-light Drift Chamber (< 1% X )
gas: He 90% -1C H 10%
4 m long, ~ 1 cm drift length

excellent PId w/ cluster counting

Particle separation (3m track)
(cluster conting efficiency = 80%)

dE/dx ~ 4% | _ _
dN/dx ~2% | s % L~ —2n

Tested w/ beam 1n o
September 2018 100

|
1.E-01 1.E+00 1.E+01 1.E+02
momentum [GeV/c]

The IDEA detector concept 23
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Solenoid

1) Ultra-thin & transparent

—~30cm (0.74 X atn =0)

2) Around tracker R ~2m

See H. Ten Kate’s talk at
FCCee workshop

— saving (with respectto R ~4 m):

factor ~ 4.2 in stored energy
factor ~ 2.1 1n cost

Magnetic field in center [T] 2
Free bore diameter [m] 4
Stored energy [MJ] 170
Cold mass [i] 8
Cold mass inner radius [m] 2.2
Cold mass thickness [m] 0.03
Cold mass length [m] 6

Lo Glabe Mrecturad
e

Trpw Douvabein fesn- U o) Soaas

ini s
Torrac
J591 50008 1S

238+ hlas
143

L. 5

L8 1%

8TE

El 3085

LEE

22458

Ot

B FSEE Min
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https://indico.cern.ch/event/766859/contributions/3251747/attachments/1776423/2888253/20190109-TenKate_-_FCCee_IDEA_type_2T_Solenoid_Magnet_Technology.pdf

Preshower & Muon Detectors

Preshower : ~ 120 (240) m” of 2D (1D) readout planes
Muon spectrometer : ~ 900 (1800) m” of 2D (1D) readout planes

— new generation (fusion) MPDG
— micro-resistive Well (W\-RWELL)
— resolution < ~ 40 pm

Drift electrode /
A . (I |
Tested w/ beam 1n Z TE' L
September 2018 I !1 - weweu_ocs 3 A i

See G. Morello’s talk

The IDEA detector concept
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https://indico.cern.ch/event/783429/contributions/3383656/

Preshower

2 triple-GEM detector

Study of material budget impact — no effect on calorimeter resolution

Tested w/ beam 1n
September 2018

calorimeter cluster radius
VS.
# of preshower clusters

HSHOWEI' [Cm]
N
an

N
a
III||IIII||||I|II|||||.II|I'I|||IIII||I|I|III|||III

- ppomm 1X,
1.5 —Pb3mm 1.5X
’ Pb6mm > x
— Pb 10 mm 3X0
0.5 0
° ., D 1 1 | I 1 1 1 I 1 1 | I [ | I 1 1 1 | | I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 |
See 1. Vivarelli’s talk o2 4 % 8 10 12 14 16 18 20
cluster
The IDEA detector concept 26 Oxford, April 16, 2019
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Dual-readout Calorimeter

Build on DREAM/RDS52 experience

— fibre sampling solution

— high transverse granularity g

( e el )@ )

Il
-

The IDEA detector concept 27
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Dual-readout Calorimeter

: : E(GeV)—
Build on DREAM/RDS52 experience ( 5 ) 10 20 50100 oo
i -3 v Scintillation
— fibre sampling solution =T [ s
— high transverse granularity S 8} + ey, -_
= k y % j
| .,,_§ 6 \. \\-\“ _
em resolution close to 10%/VE X, g e |
> P i !
%O H"x.\\\ :
S 2: \ -:
0l - - l 3
05 04 03 02 0.l 0
< 1/\/E
The IDEA detector concept 28 Oxford, April 16, 2019
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Dual-readout Calorimeter

Build on DREAM/RDS52 experience

— fibre sampling solution

E (GeV) —>
5 10

20

50 100 00

12— -

[
=
—_—

v Scintillation
---» Cerenkov
—eo S+ (C

— :
S '_
S | . ]
— high transverse granularity g 8| , <N ;
X | i v N |
h§ 6 \. \\.\ _‘
em resolution close to 10%/VE ¥, L ™ _:
0;?3 . .\.a‘\ R N
. S 2 TN i
had resolution ~30-40%/NE s \ |
0! l - - l b
0.5 04 03 0.2 0.1 0
Combined (cher+scin) energy resolution e- Dual readout energy resolution pi- < l / \/ E
§ = 22/ naf 0.8239/2 %D'Og 221 ndf 12.02/2
FEhtad =8 PO 0.1028 + 0.002415 g F p0 0.3391+ 0.009275
Boozef p1 0.003132 + 0.0003431 50.08 — p1 0.0001045 + 0.001242
0,024;— . 103% 0.07: ﬂ o 34(7
0.022— = P 0.3% N ‘ HAD — 0 0,
- LA \
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Recoil mass (Delphes)

4000

3500

3000

2500

2000

1500

1000

500

—

1000

800

600

400

200

Generated Higgs recoil mass

ZH(Z — py)

ghrec

— Entries 9095
- Mean 1264
C RMS 2324
= N TP LH"I‘**—_.=_|=- ! |
20 122 124 126 128 130 132 134

Recoil mass (GeV)

Higgs recoil mass - No Energy spread

- oHrec 1d
R Detectors: Eniries 9566
_ Mean 126.4
B — IDEA RMS 2.339
C — CLD
T V7. 124 126 128 130 132 134

Recoil mass (GeV)

F. Bedeschi’s talk

Higgs recoil mass with 0.136% beam spread eHrec
Entries 9566
Mean 126.4
800 RMS 2.341
700
600
500
400
300
200
100
M 1 M o1 e 1 . —_—
9% 122 124 126 128 130 132 134
Recoll mass (GeV)
Higgs recoil mass with 0.136% beam spread eHrec
900 Entries 9566
= Detectors: Mean 1264
- e Beam onl RMS 2.341
800 — IDEA y RMS 2372
700~ - CLD
600 ==
500~
400—
300=
200
100 ==
920 122 124 26 128 130 132 134

Recoil mass (GeV)

The IDEA detector concept
performance

Oxford, April 16, 2019


https://indico.cern.ch/event/783429/contributions/3376675/

Invariant mass (Delphes)

Z mass H mass -9
i ) L.| Pezzotti’s talk
EEI'.‘II'.'IE— [ Z . - - -
= = Deiphes Simulaion ) T sonl—  Deiphes Simukiion
E?ﬂl‘.‘l:— &' @ —= T—jals ju.d g JJ E N @' —= TH — v ks . o 5
T m
GO0 400} <
: - /H — 1ty A e
e o —CLIC C —CLIC
- A
200} —IDEA N = —IDEA
:a:n:uf— zs:n:u:-—
zs:n:uf— E
- iaaf—
y[0d] =5 n
':'n: 20 40 B3 100 12'n 11'::1 1:’;:: 15-:: 200 ':'nr 20 40 B0 B0 100 120 140 160 180 2m
Z mass [Gay) Hrmass [Gai
Z mass H mass
W - n & aooof- .
3 3o000f— o N
E - Deiphes Simulaion E - Deiphes Simrlafan
Lg EEIII:— o e = TH—=ae bb Ig EI:IIII:— @ e —=FIH—+aw BB
— ~ILD 4000 |— ~ILD
- =CLIC C —CLIC
4+ 11 1500 ~IDEA 3000~ 1 ~IDEA
/H — e ebb : : :
1000 - 2000}
00} 1000|—
.- 1 i | L - L | | P
g a0 70 a0 a0 100 110 120 130 oo 110 120 130 140 150 160
£ mass [Gel H mzss [GaW)
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Calorimetry open 1ssues

S1PM readout:

linearity and cross-talk
— solution seems very close
— unprecedented spatial (lateral) resolution

same likely true for dynamic range and channel

180 -

grouping =

preserved also with 9

1ot Multi-Photon spectrum
grouped SiPM

i 2 4 L] | 110 12 14
Fired cells

The IDEA detector concept 32

Oxford, April 16, 2019
performance



Calorimetry open 1ssues

S1PM readout (2):

digitiser (ASIC) & feature
extraction (FPGA)

— started mvestigating

— time stamps w/ O( 100 ps res )
— get shower longitudinal development

[Ax ~ 5 cm = At ~ 100 ps |

— started looking at neural network implementation

The IDEA detector concept 33
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More controversial 1ssues

A non exhaustive list:

1) absorber

2) calibration and energy reconstruction for single hadrons

and jets

3) longitudinal segmentation & particle 1d
4) alternative approaches (1.e. tiles vs. fibres)

5) Geant4 simulation validations !

(few more details in backup slides)

The IDEA detector concept 34 Oxford, April 16, 2019
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Particle 1d

Problem for closeby particles (e.g. photons and charged pions)

Started looking at
+ + +_0
T >pV—oOTTV

with deep learning (convolutional neural network) algorithms

a) produced events with “time-stamped” photo-electrons

b) added scintillation decay-time

¢) propagated through SiPM

d) output to be crunched by neural network for training
— ¢) then study performance

The IDEA detector concept 35
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Fibres vs. tiles

— + tiles : fully tunable longitudinal segmentation
— + tiles : no attenuation length 1ssues

— + tiles : no fibre-to-fibre fluctuation issues

— + tiles : simpler and cheaper

— + fibres : lateral segmentation
— + fibres : highly homogeneous and compact
— + fibres : higher sampling frequency

— lower sampling fraction -

samp

— lower volume

6 ~27%xNd/If ):

samp samp

c ~10%e1t ~7% xd(mm)

samp samp

The IDEA detector concept
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Fibres vs. tiles

Tiles : Cherenkov light yield ?

needs study and prototyping

The IDEA detector concept 37
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Summary

IDEA detector concept optimised for CepC with
a) ultra-light tracker
b) ultra-light solenoid coil
¢) dual-readout calorimeter outside

Detector elements based on proven techniques
but G4 simulations need nevertheless validation

Still R&D ongoing to optimise design, sort and validate options with
testbeams
simulations and sw developments
mechanical engineering and electronics

Performance seems to properly match requirements for CepC/FCCee
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Backup
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Calorimeter absorber choice

absorber : active volume = 62 : 38

Iron Brass (Cu260) Lead
p (gricm®) 5.31 5.71 7.46
A, (cm) 23.7 23.3 24.7
Lead: X, (cm) 2.75 2.35 0.9
(-) ~ 60% more mass
R,, (cm) 2.48 2.38 2.32
(+) a factor of ~ 3 1n "5 (k)
. : X 71 72 113
longitudinal separation of em PEA TS
and hadronic showers T
Ay X 8.6 9.9 27.6

The IDEA detector concept 40
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Absorber choice

Investigating:
performance (resolution, PId)
construction (and cost) mechanical 1ssues
got few small pieces both 3D printed and electrical

discharge machined — analysing results

impact on magnetic field

Lead absorber — forward with Iron

The IDEA detector concept 41
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3D printing (@ LNGS

First test : cylinder w/ 45 mm
radius and 15 mm thick

Next:

produce two, 75 mm long, 50x50
mm? square modules with alignment
nose

* Test w/ copper

* Test w/ 1ron

* QC of modules, alignment and
fibre shoving

The IDEA detector concept 42
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Hadronic energy performance

Working on both
a) standard “dual-readout” approach
b) machine-learning technique

g
[T

D' Enargy — Bl Erergy
T i ] [ o Eitri e ' E k]
P it 4.5 0a=104 3 . - P it 3 =104

]
i - 00
" amf StdDay E4 = S Do 195
- 2 It 27523 @ C
B Constan 572w 2.3 1200 —
1000

00 Bt 1536 w302
N Fd@an e B B P R T
— Sigima 183 w146

2 J > - Moan  AZ5%e0d x 208001 xind 238
etS —> b Signs e Q
: )

E & B E B
[T
[ J
g E B
AR AARY

':l}_l ”'IIII-E::-I Iill!ilr::-l IEIIII-E:}I dl!il.‘ll:}l IEI:HII‘:}I IE::HIJ!:."-I I'.'Il!ilril."-l q."‘-l I I'Il:-i'.‘ﬂl:- IEM‘I- e Idll!ih:-:}l SO000 IE-II-E*!-I '.'III-E:}I =
En UL ] Emargy (Ma'h)
With the classical approach{he With r:nachme learning
The energy is on average correctly
average reconstructed energy Is -
: . . reproduced:
slightly overestimated:
€ <1 Soft hadrons are present also in
mip the trained database
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Hadronic energy performance

Simulations need to be validated
w/ realistic containment prototypes!
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Longitudinal segmentation

Prototype w/ staggered fibres
a) “HAD?” section — E (short fibres)
b) “EM” section — E (long fibres) — E (short fibres)

view from above

Calibration ?

See 1. Vivarelli’s talk
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Longitudinal segmentation

a) calibrate long fibres w/ electrons
b) cross-calibrate short fibres w/ pions
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