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The IDEA Concept

e Central tracking device:
I Preshower — light Drift CHamber
! * Silicon detectors for
' precision measurements

; t=200
DCH Rou cm (vertex detector >

— silicon internal tracker
— silicon wrapper

e Thin solenoid with 2T field
(according to MDI limits)

250em o Dual readout calorimeter

— supplemented by a pre-shower
detector

e Muon chambers in the
solenoid return yoke

DCHRin = 3S5cm

Cal Rin

Cal Rout= 450 ¢cm

Yoke 100 cin -

Magnet z =+ 300 cm
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Reqguirements

Interaction region detectors must be integrated with the beam pipe

* The vertex detector innermost radius should profit of the reduced beam pipe
diameter (2 cm) and should cover |cosf| < 0.99

« Must not interefere with the Luminosity Calorimeter (clearance of ~120 mrad)

« The mounting of the vertex tracker must be done inside the support tube

* Minimize the radiation lengths
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Outer vertex tracker:

Modules of 50 x 150 um?pixel
size

* Intermediate barrel at 13 cm
radius (improved
reconstruction for pp >
40 MeV tracks)

« OQuter barrel at 31.5 cm radius

» 3 disks per side

Inner Vertex detector:

Modules of 25 x 25 um?pixel size

3 barrel layers at
- 13.7, 22.7 and 34.8 mm radius
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Sensors technology and dimensions N

Istituto Nazionale di Fisica Nucleare

---------------

I

Depleted Monolithic Active Pixel Detectors

* Inner Vertex (inspired to ARCADIA):
 Lfoundry 110 nm process
50 pum thick, 25 pm x 25 um
e Module dimensions: 8.4 x 32 mm?
- Power density 50 mW /cm? (core 30 mW /cm?)
« Current at 100 MHz/cm?

* Outer Vertex and disks (inspired to ATLASPIX3)
« TSI 180 nm process
50 pum thick (50 pm x 150 pm)
e Module dimensions: 42.2 x 40.6 mm?
«  Power density: assume 100 mW /cm?

« Up to 1.28 Gb/s downlink

Ve s m e e e e mmmm-
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Layer 1 Power dissipated : 5 15 |piattina on/fiet layer 1 stretta
Al N.1 pixel detector = 0.84x3.2 cm2 =2.69 cm2. Progettato da Controllato da T fa Data Data A
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Reticular lightweight support to
provide stiffness

] : ; i  Thin carbon fiber walls
__ 3 interleaved with Rohacell
- . 0 0,20 0,20 __% 0,20 ..ﬂ E

» 2 buses (data and power) 1.8 mm

Layer 1 stave detall

Sezione A-A

Vista B . .
wide and 250 um thick (50 um Al,
& 200 pm kapton) per side
PO * Inspired to low mass hybrid
_//Q_) B R&D
O o . .
Sensors facing interaction point w/o
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE - . .
1 6 _|detector pixel 32.2x8.4 Silicon any other material in front
2 2 _|hibrido di controllo 8.4x12 Stesalite
3 4 |bus layer 1 modificato piatto stretto |Kapton+ Al
4 1 c‘l:)stgla layer 1 M46]+Rohacell . . .
\Ws‘m llme:laa:nza cFl;Eﬂollher Iayez‘ilﬁrma M‘E%Imm} | A Readout ChIpS elther Sldes

Assieme modulo finale layerl piatto bus strettp

Istituto Nazionale di Fisica
Nucleare-Sezione di Pisa IDEA-Inner Tracker Edalone | lkﬂ

| . . Air cooled
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Pinwheel geometry
N Vista F A Counter-rotated wrt layer
1 to mitigate charge-
R asymmetry effects in
: e track reconstruction
} Power budget
_mrﬁﬁdmmm E E B ~32 W
eachone =240 pixel detector
mgnzmpiml detector=50 B,-'H]i
Pive detector dimension= 0,843,2=2,688 , . L _ Total weight ~63 grams
A Powrer ﬁmﬁ;‘:ﬁpﬁﬁ ra |m&{ |~W:L5 i | ||:r.r.lu2.|1u:'3 | A
del:ech:u:— dicsipated '& Istituto Nazi di B ieme completo modulo layer 2 con costola (3 ]
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[ | 5 4 M E] I % I il
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Sezione A-A |
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‘ 0,20 0,20| 0,20/ 0,20{~.0,20| 0,20| 0,20| 0,20| 0,20| 0,20] 0,20| 0,20| 0,20| 0,20| 0,20| 0,20| 0,20 36 staves of 16 modules
c IR A ' e
- each
_ L0 100
Inner Tracker IDEA - .
N Vista D
Layer 3: N.36 stave of 16 pixel detector=576
pixel detector 020 I 020 Lampshade geometry.
> Power dissipated by pixel detector 50 mW/cm2 N = < )
Pixel detector 0,84x3,2=2,688 cm2 oss . By o3 8 Charge symmetric track
Power dissipated each pixel detector=0,1344 W S g j\ |"‘ = )
Layer 3 : Power dissipated 77,414 W " } f'z,oo reconstruction
~ | p————t
R g| 180\ (N 2% 3|
8 d > ’ _-\ ‘ (] ’ d ‘ B .
e v Total weight ~150 grams
B’- ! T n
1= fl 440 |/
B i\ | e | Total thickness 0.25% X
\ 1 I Ti 0
‘ —
| R
‘ | |
> x ELEMENTO|QTA| || : [/ NUMEROPARTE DESCRIZIONE
\. 5 36 ;Asi me couapleto modulo layer3 singolo Power bUdget
\ & \L:m ificato L.jon costola bus stretto simmetrico
A N | > Progettato 6a Corprokang ['a Arqrwaco 33 Data [ A ~77 W
al \ = fbost ] b=l ‘ I | l 09/09/2023 I
\
\ Isstituto Naziohal ldi ‘FisJ] Assieme modulo layer3 stave simmetrico
"\ Nucleare-Sezloné di Pi Layer 3 Inner Tracker [ el B o

3 T 5 T 7 7, 3 lﬁ‘fI‘l T
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549,20 ] Vista H
D D
, INFN
e e e e | Inner vertex detector supporting
= < - i conical structures on elliptical
chamber
i ~450 grams
Engineered for air ducts and
thermal isolation from the beam
pipe during bakeout
W iIOLoa L /
B by A 1,18
% .
ELENCO PARTI [ ————— e e — - _— 4l
A NUMERO PARTE
chamber_27012023 l Y Fi
Assieme inner tracker con supporti carbor - =
Al Controltato da |Appmmna Cata % 1?-‘
tazionale di Fisicacharhber_z?mzazsﬂnnm e, k\ £l
i e-Sezione di Pisa m
! 8 ! 177,90
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« Anchored to the conical chamber

Inner Vertex support . arcooled

7 AN « Thermally isolated from the beam pipe during
== === bakeout, by peek supports
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Inner Tracker

Cone exit cable layer3-Cooling in layer3

Elastic
connection

Cone exit cable layer2-1-Cooling in layer 2-1



O FCC Filippo Bosi INFN Pisa — The 2024 European edition of the International Workshop on CepC — Marseille (France) — April 2024

Max Temperature of Sensors

Air cooling (simulations) 60

55 T —&— Air, Din = 6mm
50 +
as | . —e—Helium, Din = 6mm

A

a0 |
35 |
30 +
25 |
20 |
15
00 02 04 06 08 10 12 14 16 18 20
Mass flow inlet [g/s]

A

Max Temperature [°C]

» Cooling with air/He flow along the detector.

» Air temperature: T,, = 15°C

air
» Max sensor temp on layer 3 (hottest one) ~25/30 °C
with He/Air.

> Vibrations studies ongoing
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Sezione B-B -

Medium Tracker:

Pixel detectors

N.1 Layer:N.22 stave of 8 pixel
detectors=176 pixel detector
Power dissipated by pixel detector 100
mW/cm2

Each detector 4.22x4.6 cm2=1.94W
Power dissipated by N.1 stave=15.53W
Total Power dissipated by the medium
tracker:15.53x22 =341,66 W

40,60
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40,60 40,60 40,60 '

Similar prototype

;,b__u'i_lt, @ Pisa

Middle Barrel
At 13 cm radius

22 staves of 8 modules each.

Lightweight reticular support
structure (ALICE/Belle-II like)

Readout chips either side
Power budget
~342 W

Total weight ~1 kg
Water cooled (2 pipes of 2
mm diameter)

Outer barrel is similar but
longer (see backup)
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Outer Vertex Tracker Barrel
i At 31.5 cm radius
c 51 staves of 16 modules each
L Lightweight reticular support

structure (ALICE/Belle-lI like)

° Total weight ~3.7 kg

‘ ELENCO PART] Readout chips either side
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE

1 153 |struttura supportocix652,6

2 51 |colla struttura 36x652,6 - POW er b u d g et

3 51 |Assieme cold plate con detector e fanout

completo outer tracker -~ 1400 W
: 4 918 |supporto a ¢ piano struttura triangolare pixel
]
Total pixel detector N.816 sfigle pixel detectpr J o e e .
Each stave composed by 16 fixel détector dinension 4.2pif.06 cm2 = 17.13 em2 2= [ [ | [oes | A Water cooled (2 pipes of 2 mm
Power dissipated single pixe| detector = 100|mW/cm2 - -
Total Power dissipated detéftor: 17,13x0.1W = 1.713 ngle detector E Istituto Nazionale di Fisica Assieme completo outer tracker struttura trianggare d .
Total Power dissipated 800x1|713 W = 1397{808 W Nudeare-Sezione di Pisa IDEA- Outer Tracker | Taore | 1“?'3 lam ete r)
1

b Im 1 ””I L) AP 3 I 2 I
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6 | 5 | 4 2 | 1
D! D
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| . RN e ] Outer Vertex Tracker Disk 1
8 . : .
NEE B - P fH 2 sides (front and back) each with 4
5y KON AR petals
! L 27,10 N .
C = > C
10 4 A\
1950 R One petal is made of different
oY/ (N
57/ i
_ ¥ staves of overlapping modules
> @ 210,40 6,00 <
) | — ;
247,10 =
’ ELEMENTO|QTA NUMERO PARTE N~ |DESCRIZIONE . .
Qiskl completed:N.48 Istave composed by 196 I 1 1 |layout disco 1 recente _/ TOta| mOd U |eS per d |Sk 196
pixel de(aj’(ec?or :azﬁx“-m "é"(‘jz > 17-1308’"2- 2 4 |Assieme supporto disco 1 modulo 1 update g .
B ;oxf;mésfﬁt7l3 (Ns;nlc;;( ol d:t;tg: . 3 4 |Assieme supporto disco 1 modulo 2 update 8 Total We|g ht ~850 g rams
s o—f Fsixlel Detegor' 100496 4 4 |Assieme supporto disco 1 modulo 2 speciale update
Total Power dissipated Disk 1= 5 8 [Assieme supporto disco 1 modulo 3 update Power budget ~ 336 W
196x1,713=335,74 W 7 4 |Assieme supporto disco 1 modulo 4 update
8 4 |Assieme supporto disco 1 modulo 4 speciale update
10 2 |Assieme supporto disco 1 modulo 5 speciale update
— 12 4 |Assieme supporto coldplate disco 1 modulo 3_1 doppio recente_3 - 1 H H
14 2 |Assieme supporto coldplate disco 1 modulo 5 update_nuovo COO' I ng USI ng 1 Wa-ter plpe (2 m m
15 4 |Assieme supporto coldplate disco 1 modulo 2 recente .
17 4 |Assieme supporto coldplate disco 1 modulo 1 update disco 1 d |am Ete I’)
18 2 |Assieme supporto coldplate disco 1 modulo 5 speciale update disco 2
19 2 |Assieme supporto coldplate disco 1 modulo 5_1 doppio_4_4
A Progettato da |wuullmm IApDvovm da ml Data I A I f h h
= Similar geometry for the other two
Vista A Istituto Nazionale di Fisica Assieme disco 1 g y
- 3 i Pi Edizione Foglo
Nuclere-Sezione di Pisa IDEA I @ I ) /9‘1 d IS ks
6 | 5 | 4 PN 3 | 2 | 1
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verall layout and dimensions

[¥ | 2 | 4

Sezione E-E

-

_~—OUTER TRACKER

MEDIUM TRACKER

3
652,60 |.§
]

i D
‘ INNERTRACKERE @ B 2 e
h_ - D === D
‘ III I _I_
— II —
i
II
1
A
I'l 1 o\
d ‘ ',I |:R:34,5Il I'. R=23 7 C
Lr=315,0 " ' 1860,00 J E
OUTER TRACKER= N.51 Stave DISK 1— 1240,00 | ~DISK 3
16 Pixel detector/stave T~ 609,40 ~DISK 2 /
Power dissipated 1398,1 W DISK 2—__ ) /
— ~—_ 515,00 ~DIsK 1 /
B MEDIUM TRACKER=23 Stave DISK 3—~_ S 326,20 <t
8 Pixel detector/stave . B T 321.80
Power dissipated 314,64 W Sezione D-D "~ 153,00
Inner Tracker: N.3 layer pixel detectors without
Layer1:N.15 stave of 6 pixel
gl detectors=90 pixel detectors Outer Tracker B
Layer 2: N.24 stave of 10 pixel
detectors= 240 pixel detectors btk Manieienieieniuienl  Rinieniebeinbeninly < g AR i T imisluginly f i B . —
Layer 3 : N.18 pixel detectors stave
of double 16 pixel detectors=576 pixel detectors
Layer 1: Power dissipated 12.1 W 310,00 315,30
Layer2: Power dissipated 32,25 W
“|Layer 3: Power dissipated 77,41 W B
Toyal Power dissipated by the inner tracker:121,76 W 163,10/ 163,10
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE 257,50 257,50
2 1 |Assieme completo outer tracker struttura triarigolare 304,70 304,70 315,30 310,00
3 1 |Assieme completo medium tracker rovesciato Jayout 19 ; T
Al 5 2 |Assieme disco completo 2_1 1240,00 " | FRE— Fem—— T ) A
6 1 |Assieme disco 3 1860,00 fbosi | | 03/04/202 |
; ; g::m: ::iz i_l;'lIR Istituto Nazionale di Fisica assieme middle outer e inrler tracker_2
= Nucleare-Sezione di Pisa Edizione | - Fogke
9 1 |Assieme inner tracker con supporti carbonio_1 IDEA TRACKER | | /1
[3 1 ] 1 4 43 3 1

INFN

Istituto Nazionale di Fisica Nucleare
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Simulated material budget

Material budget x/X0 [Y6]
In agreement with CAD estimates

O . M W A O O N ® ©

< I'"'I""I""I""I""I""I""I: Smaller X/X, wrt IDEA CDR estimates even including power
OfF iz BRI 00000R: and readout cables in the sensitive region
o 6 2OSIT2=L DT Silicon only ~15% of the total
: rnC-:-‘:--c:,ﬂ_’,_—m
A >33gRERaS A"
o 0555850 > ]
o g9521= § ] '
o =28 S ] T — Material budget x/X  [%]
~ @ 87 o s ) - [ ITungsten ]
o @ 3 . E 9 [ Jcopper E e - N w & (&)
h x _— XO 8:|:|beam P IIII|IIII|IIII|IIII|IIII:
o 1 X 8F ]
o . X £ [ |LiquidNDecane 2 ! g D D g g D
. - T — - DX o
o . % Tf I AIBeMet162 8 g % ::g_% = § 8
o ER GZ—EGoId . o E._gnggrgns ]
~l - o] r w 3 5 o
1 = 5F = o g o
i~ 4 2 . ~ =3
i 1 & 4 Beam pipe of fdhner Vertex onlys |
o o e g 3C o ]
Lo TEI=_s—= - - > E
@ """ = = ] 2__ o .
~— —h ! E \] *:
1t o E
0 IIIIIIIIII\I|II\I Om E
0 010203040506070809 1 & o =
cos(®) = = ;
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Support cylinder

All elements in the interaction region (Vertex and LumiCal) are mounted rigidly

on a support cylinder that guarantees mechanical stability and alignment
 Once the structure is assembled it is slided inside the rest of the detector

M. Boscolo, F. Palla, F. Fransesini, F. Bosi and S. Lauciani, Mechanical model for the FCC-ee MDI, EPJ Techn Instrum 10, 16 (2023).
https://doi.org/10.1140/epijti/s40485-023-00103-7

Aluminium

Aluminium
ribs

> 1mm CF +4mm HC + 1mm CF it
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Conclusions NN

Istituto Nazionale di Fisica Nucleare

A Vertex Detector layout for IDEA detector concept has been

engineered
« Uses low power, thin (50 pum) DMAPS technology
* Integration with the machine detector elements developed
« Services integration and cooling being finalised
« Material budget kept at the level of 0.25 % X /X, per layer

e Documented In

M. Boscolo, F. Palla, F. Fransesini, F. Bosi and S. Lauciani, Mechanical model for the FCC-ee MDI, EPJ Techn
Instrum 10, 16 (2023). https://doi.org/10.1140/epijti/s40485-023-00103-7



https://doi.org/10.1140/epjti/s40485-023-00103-7
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Fabrizio Palla INFN Pisa — The 2023 International Workshop on the High Energy CepC — Nanjing (China) — October 2023

Thank you
for your attentlon
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Outer Tracker and Disks

INFN
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MIDDLE TRACKER INEN

Istituto Nazionale di Fisica Nucleare
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OUTER TRACKER INFN

ito Nazionale di Fisica Nucleare
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DISK 2 INEN
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, H
|: : I |I ]l I ‘h. iH et [ II\
| H I i Q'

Disk2: ' ELENCO PARTI X
,’:’:gz g‘ = :'gj g ig: g:::" g::ggg ELEMENTO|QTA NUMERO PARTE DESCRIZIONE
Power dissiated by a single pixel detector = 100 mW cm/2 A 8 Ass,eme supporto modulo 5 dfsco 2
| Surface 4.06x4.22 cm2 = 17.13 cm/2 2 8 |Assieme supporto modulo 4 disco 2 -
Power dissipated by a single detector = 1.713W 3 8 |Assieme supporto modulo 4 bis disco 2
Power dissipated Face A = 124x1.713 = 212.412 W 4 8 |Assieme supporto modulo 3 disco 2
Power dissipated Face B = 124 x 1.713 W = 212,412 W 5 8 |Assieme supporto modulo 2disco 2
Total Power dissipated = 424.824 W 6 8 |Assieme supporto modulo 1 disco 2
7 1 |layout disco 2_1
A Progettato da ICmmunn da |Am-mta da Data | |M | A
fhos| 19/01/2023

Istituto Nazionale di Fisica Assieme disco completo 2_1

Nucleare-Sezione di Pisa IDEA-Disk 2 | Edzione | y 1
[} I D I 9 ¢ 3 | p.
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DISK 3

6 | S 4 3 | 2 | 1
= N
13,10 s @ D
6
@ 2
<
3 @
~ —
5 ' 2
& 8
220,00 g
C
=X
3 O
2
2
2 B
Disk 3:
Face A = N.20 stave = 108 pixel detector
Face B = N.20 stave = 108 pixel detector
Power dissiated by a single pixel detector ~
= 100 mW cm/2 Surface 4,06x4.22 cm2 = ELEMENTO|QTA : NUMERO ?ARTE DESCRIZIONE
17.13 cm/2 1 8 |Assieme supporto modulo 4 bis disco 3 =
Power dissipated by a single detector = 2 1 _|layout disco 3
1.73 W 3 8 |Assieme supporto modulo 5 disco 3
Power dissipated Face A = 108x1.713 4 4 |Assieme supporto coldplate disco 1 modulo 3 recente
=185W 5 8 |Assieme supporto coldplate disco 3 modulo 3 update
Power dissipated Face B = 108 x 1.713W 6 8 |Assieme supporto modulo 3 disco 3
= 185W Progettato da Controllato da Approvato da Deta Data A
Total Power dissipated = 370 W fosi | l | Imoxnozs I
Istituto Nazionale di Fisica Assieme disco 3
Nucleare-Sezione di Pisa IDEA-Disk 3 I Edizione | 1"7";

| pJ

INFN

Istituto Nazionale di Fisica Nucleare
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