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i Central traCking deVice: Istituto Nazionale di Fisica Nucleare
— light Drift CHamber

¢ Silicon detectors for
precision measurements

. o
DCH Rout = 200 cm _ s datecior

y =ilicon internal tracker
olawm = 35cm >

— silicon wrapper

¢ Thin solenoid with 2T field

(according to MDI limits)
CalRm =250em o Duyal readout calorimeter

— supplemented by a pre-shower
detector

Muon chambers in the
solenoid return yoke

Preshower

ll)elcclnr height 1100 cm

Cal Rout= 450 cm

Yoke 100 cmn e —
Magnet z =+ 300 cm
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Requirements

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 X150 um?pixel size

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

* OQuter barrel at 31.5 cm radius

» 3 disks per side

Inner Vertex detector:

Modules of 25 x25 um?pixel size

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

Istituto Nazionale di Fisica Nucleare

Depleted Monolithic Active Pixel Detectors

* \Vertex:
e Technology: LF11is 110 nm CMOS node, high-resistivity bulk
« Pixel size 25x25 uym?2 , 50 pym thick, 50 mW/cm2
* Active area 640 pixel (16 mm) in z and 256 pixels (6.4 mm)inr — ¢
* Chip periphery plus an inactive zone: total of 2 mminr — ¢
« See talk by D. Falchieri
« Quter Vertex and disks
« TSI 180 nm process
Based on ATLASPIX3 R&D
« 50 um thick, 50 x 150 pm?,132 columns of 372 pixels, 4 chip module
« See talk by R. Zanzottera



https://indico.ihep.ac.cn/event/19316/contributions/142771/attachments/72677/88557/CEPC2023_falchieri.pdf
https://indico.ihep.ac.cn/event/19316/contributions/142764/attachments/72661/88530/20231023_SiDetectorsForIDEA.pdf
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c 1200 195,00 parte attiva 12,00 Istituto Nazionale di Fisica Nucleare
o L ’% 300 3200 3200 3200 3200 32,00 o
| Layer 1
| 15 overlapping staves of 6 modules each
[
p Overlap to allow alignment ~500 um
":'a 0,20 0,20 0,20 0,20 0,20 L 0,20 0,20
c <

disassamento 2.5

Overlap 0,477 .
*‘i@\ i a0 c Pinwheel geometry: all modules at the
P\ o

,20 0,20 .
same (smallest) radius
0 A
N Vista C
AR
— 2 S g < Power budget ~12 W
S | —Overlap 0.504
1 .
A o Total weight ~22 grams
B o 19/ T4 5 B
IS g0 /] . .
N \\ // Total thickness 0.25% Xg
. 4SS L] ELENED Pk Silicon: 0.053% X,
_ e BN [ELEMENTO]QTA \ NUMERO/PARTE DESCRIZIONE|—
Ny R 1| 90 |detectot|pifel 32.546./ Power and readout bus: 0.056% X,

Inner Tracker S 2 30 |hibrido Hi q )ntroIW ./XIZ

Layer 1 : N.15 stave pinwheel of 6 pixel detector = 90 pixel 3 60 |bus layel| 1|modificafo piatto stretto

detector o 4 15 [Assiemelbdtola/fayer 1

Layer 1 Power dissipated : 5 15 |piattina datbon/fiffet layer 1 stretta
Al N-1 pixel detector = 0.84x3.2 cm2 =2.69 cm2. Progettato da Controllato da T o Data Data A

Power dissipated /pixel= 50 mW/cm2 fbosi // / 02/02/2023 |

P dissipated /pixel detector=50 mW x 2.69 =0.134 mW S . . R -

Tgr;TrPo:f/zfz iSsi p/gtlzz : etector=50 mw x Isttuto Nzionale i Fisi ssigne completo definitivo layerl p.n.atto bus .strerto_z

N.90 pixel detector x 0,134 mW = 12.105 W Nucleare-Sezione di Pi IDEA-INNER TRACKER ! Edizione | 1R;19hi

6 | 5 | 4 4§ 3 | |
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Layer 1 stave detalil

Sezione A-A

Istituto Nazionale di Fisica Nucleare

NUMERO PARTE DESCRIZIONE
detector pixel 32.2x8.4 Silicon
hibrido di controllo 8.4x12 Stesalite
bus layer 1 modificato piatto stretto|Kapton+ Al
costola layer 1 M46)+Rohacell
piattina carbon fiber layer 1 stretta |M46)

Controlato da Approvato da Caa Data
23/12/2022

Istituto Nazionale di Fisica
Nucleare-Sezione di Pisa IDEA-Inner Tracker

ieme modulo finale layer1 piatto bus strett

Edzione Foglo
[l B
1

I

Reticular lightweight support to
provide stiffness

 Thin carbon fiber walls
interleaved with Rohacell

« 2 buses (data and power) 1.8 mm
wide and 250 um thick (50 pm Al,
200 um kapton) per side

* Inspired to low mass hybrid
R&D

Sensors facing interaction point w/o
any other material in front

Readout chips either sides

Air cooled
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346,20
321,80
ol 1200 [020 0,20 12,00 I N F N
D
7 Istituto Nazionale di Fisica Nucleare
I A B =N
I
4 5 i - Layer 2
q :
: i 24 overlapping staves of
32,00 N 32,00 32,00 32,00 32,00 32,00 32,00 32,00 32,00 32,00 10 m Odul eS ea Ch
" I 0,20 0,20 0,20 0,20 0,20 c
Pinwheel geometry
N Vista F A Counter-rotated wrt layer
1 to mitigate charge-
- asymmetry effects in
8 " track reconstruction
——r- Power budget
_mgmﬁdmwm > § i ~32 VV
eachone =240 pixel detector
Wass@ated[imelde@cbﬂso
Piel detecor dimension= 0.843.2-24688 Total Welght ~63 grams
B e ilissipaiios] el piined | A
detector=0,1344 W Alsieme completo modulo layer 2 con costola |3
: pated T :
v P AW IDEA-INNER TRACKER LAVER 3 | {7 Total thickness 0.25% X,
[ I 5 | 1
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C Sezione A-A y I N F N

Istituto Nazionale di Fisica Nucleare

32,00 | 32,00132,00 | 32,00 | 32,00 | 32,00 {32,00 | 32,00 2,00C 32,00 | 32,00 | 32,00 | 32,00 32,00 | 32,00 | 32,00 | [12,00 Layer 3
] 1
0,20 0,20 0,20/ 0,201~.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 1 U C
each
, 140 4 1,00

Inner Tracker IDEA < !

Layer 3: N.36 stave of 16 pixel detector=576 Vista D

pixel detector 0,20 0,20 Lampshade geometry.
> Power dissipated by pixel detector 50 mW/cm2

> Pixel detector 0,84x3,2=2,688 cm2
T Power dissipated each pixel detector=0,1344 W et
Layer 3 : Power dissipated 77,414 W

< .
034 § Q Charge symmetric track
reconstruction

T

0,93

E — : { | Total weight ~150 grams
: ’ \ | ]
2 Total thickness 0.25% X,

\ ELEMENTO [QTA . (| NUMERO PARTE DESCRIZIONE
\\ 5 36| As§ mé co&pleto modulo layer3 singolo Power bUdget
\ madificato fon costola bus stretto simmetrico
A ‘.‘ k; Progettatd da (oﬁvﬂm‘ka Angrpvato 42 Data Data A ~ 7 7 W
\o fbosi I ‘ I 1 I Ioo/cwzozs
‘ Isstituto Naziolhal ldi ‘Fis J Assieme modulo layer3 stave simmetrico
\ Nucleare-Sez\on di Pis Layer 3 Inner Tracker o B 1

3 T 5 T 7 7, 3 1 W)I‘l T 1
L I |
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1

549,20 ] Vista H

INFN

Inner vertex detector supporting
conical structures on elliptical
chamber
~450 grams

Engineered for air ducts and
thermal isolation from the beam

pipe during bakeout

viowa v /
o
N
: : el 118
Cooling First N
| — Y Y - A -~ AW N - . Y Y Y -
¥y ELENCO PARTI [ ————————— -—
A NUMERO PARTE
N chamber_27012023 — — .
S Assieme inner tracker con supporti carbor — < =
Al Controlisto da |Wa Data | % o
\ o3
- N o
iazionate & Fisica chamber_27012023+inne! ~
e-Sezione diPisa |1pea INNER TRACKE
— T 2 T
177,90
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Thermal simulation NN Perugia (AN
i n p rOg reSS G. Baldinelli, F. Bianchi, C. Turrioni o~

Start from a radial sector of layer 3 (relying on periodic symmetry) e
and import in ANSYS FEA. Then move to all other layers
Layer 3 is the toughest in power dissipation and length

O Optimisation of the system ongoing: (speed and
T of air, direction of the inlet flow, connection with
the other layers, etc...)

O A mechanical vibrational analysis will be
Full Extraction of a radial performed
model sector for layer 3
U Experimental validation of the simulations
foreseen
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6 1 S | 4 ‘b 3 | 2 | 1
3 326,20
B C 2 1 e Sezione B-B - -
.e sl Lot oy NN SIS DD N D
Pixel detectors M SR SR SIR A I CIOGIIOR R Sl INFN
D ] N.1 Layer:N.22 stave of 8 pixel D
4 detectors=176 pixel detector
issipate: ixel det 100
18,0 \ ’F;O\xlvlecrn(‘i‘izsspat LIRS e Istituto Nazionale di Fisica Nucleare
5 Each detector 4.22x4.6 cm2=1.94W

-

\ tracker:15.53x22 =341,66 W At 13 Cm radius

O\\ e e 22 staves of 8 modules each.

130,0

|

|

T

' Power dissipated by N.1 stave=15.53W i H

f Total Power dissipated by the medium . T Middle Vertex Barrel
|

|

|

|

C
5 12,3 48,60 40,60 40,60 40,60 12,30
Qv;@ 0:\ = ’; 40,60 ;1_05(_)| 40,60 :.o;eg ! . . .
— P G V_:C Lightweight reticular support
~ ' a [l
E - < structure (ALICE/Belle-Il like)
: See talk by H. Fox
B B
21,20 /'h
34,00 /] Readout chips either side
— 1 strijttura ret?colare atera.l:l;rzR%,gAnf:;um tracker — = POWE I' b u d get
; gg ,:::t:tl;i trtit::o;r::;?gl)gnore/ﬁl},jﬁso,s medium tracker ~ 3 4 2 W
4 198 |$upporto a ¢ piano btruttura/trjgngolare pixel medium tracker
5 22 |As$leme cold plate Fon detéctlr e fanout completo medium tracker
6 44 [patfe terminale strlttura tfugs 350,8

ogettatn da

e e [ Total weight ~1 kg

Apsieme completo medium tracker rovesciato_|2

Water cooled (2 pipes of 2

| Nudeare-Spziohg/di Pisa |1pga-meDIUM TRACKER [ ™| 17

g , 5 I I I 1/ 2 ; 1 mm diameter)

Istituto Nazional, Fisica



https://indico.ihep.ac.cn/event/19316/contributions/142763/attachments/72658/88525/CEPC_SiTracker_HF_20231023.pdf
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|
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B S ELEMENTO|QTA NUMERO PARTE
% 6‘? 1 153 |struttura supportoc1x652,6
36,01 2 51 |colla struttura 36x652,6
} | 3 51 |Assieme cold plate con detector e fanout
completo outer tracker
N.51 stave triangolar truss 4 918 |supporto a ¢ piano struttura triangolare pixel
: : s ter tracker
N.16 single pixel detector, L
Total pixgel dz:ector N,816/ gle pixel detect 5 102 |Parte terminale stave completa boccole_1
Each stave composed by 16 pixel détector dimension 4.22#.06 cm2 = 17.13 cm2 s sl I“"""m"' ]‘”Wm“ l""I
Power dissipated single pixe| Hetector = IO(iI;nW/cmZ b=
[
(-4

Total Power dissipated det
Total Power dissipated 800:

tor: 17,13x0.1
713 W = 1397

=1.713 ngle detector

Istituto Nazionale di Fisica
Nudeare-Sezione di Pisa IDEA- Outer Tracker

Asspme completo outer tracker struttura triangd)

6 l“

5

Ik ’

Outer Vertex Tracker Barrel
At 31.5 cm radius

51 staves of 16 modules each

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

Total weight ~3.7 kg
Readout chips either side

Power budget
~1400 W

Water cooled (2 pipes of 2 mm
diameter)
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® ‘
O
<\>"’" "
19
S 27,10
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19,60
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$ 00
5 ST
Q R
18 N .3',\ Y0 ‘@
25,60 14 4 "}\n 4}
17 210,40 = 6,00 69,00 v
' 247,10 '
, z | ELEMENTO|QTA NUMERO PARTE N\ |DESCRIZIONE
Disk1 completed:N.48 stave composed by 196 1 1 [layout disco 1 recente B
pixel detec?or 4.22x4.96 cm2 = 17.13 cm2. 2 4 |Assieme supporto disco 1 modulo 1 update R
Power dissipated by single detector 100 3 4 |Assieme supporto disco 1 modulo 2 update
mW/cm2=0.1,713 W/pbeel detector 4 4 |Assieme s rto disco 1 modulo 2 speciale ate
Number of Pixel Detector:100+96 ' EPPO '_ - pedale upd
Total Power dissipated Disk 1= > 8 |Assieme supporto disco 1 modulo 3 update
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
14 2 |Assieme supporto coldplate disco 1 modulo 5 update_nuovo
15 4 |Assieme supporto coldplate disco 1 modulo 2 recente
17 4 |Assieme supporto coldplate disco 1 modulo 1 update disco 1
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
Progettato da Controllato da Approvato da Cata Data
fbosi | | l |23/10/2022 I
Vista A Istituto Nazionale di Fisica Assieme disco 1
Nuclere-Sezione di Pisa IDEA | Edirione I 1'°/°'i
6 | 5 | 4 AN 3 | 2 |

Outer Vertex Tracker Disk 1
2 sides (front and back) each with 4
petals.

One petal is made of different
staves of overlapping modules

Total modules per disk: 196
Total weight ~850 grams
Power budget ~ 336 W

Cooling using 1 water pipe (2 mm
diameter)

Similar geometry for the other two
disks
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verall layout and dimensions

INFN

(" | S | 4 ‘b 3 | 2 | 1
—— E
Sezione E-E OUTER TRACKER | 652,60 !'_ | Istituto Nazionale di Fisica Nucleare
D D
S=====Sco—= D
| 326,3 326,3
9 Lr=130,0 -R=23,7 C
LR=3150 ' | 1860,00 | 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 /
P MEDIUM TRACKER=23 Stave DISK 3 T~ T 326,20 / / <t
8 Pixel detector/stave T T 321.80
Power dissipated 314,64 W Sezione D-D ) 193,00
Inner Tracker: N.3 layer pixel detectors without
Layer1:N.15 stave of 6 pixel
g| detectors=90 pixel detectors Outer Tracker B
Layer 2: N.24 stave of 10 pixel
detectors= 240 pixel detectors bulat danieieninieniienl  Sieaibeniebeniely ¢ g AR i T T T " Tminivsiiy f i R T —
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
T Layer 3: Power dissipated 77,41 W —
Toyal Power dissipated by the inner tracker:121,76 W 163,10 163,10
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE 25'7,5() 257,5(I)
2 1 |Assieme completo outer tracker struttura triarigolare 304,70 304,70 315,30 310,00
3 1 |Assieme completo medium tracker rovesciato |ayout 19 20, T
5 2 |Assieme disco completo 2_1 1240,00 = | ST T— Fe—" Tata Data A
6 1 |Assieme disco 3 1860,00 fbosi I | |03/04/202 |
; ; x::z: S:zg Il%_f;ﬂR Istituto Nazionale di Fisica assieme middle outer e inrler tracker_2
= Nucleare-Sezione di Pisa Edizione | Fogko
9 1 |Assieme inner tracker con supporti carbonio_1 IDEA TRACKER I 1/1

I 2 I 4 N 3 I |
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Simulated material budget (AN

? :I T Ii]IPE‘EK llllllll T TT T T [TT T T [ TT T [TTTT[TTT |: Istituto Nazionale di Fisica Nucleare
3% u PCB . iy
S 9F Hisiiicon Armin llg |
><o 8:_ - Eéu?Egobond%
b - % Rohacell
© = \(I:va?rtgcrmFiber 'i‘
© .. mmCarbonFlesce ; In agreement with CAD estimates
© 6 mm Aluminum H
a - - IDEA CDR Vertex i
— o i
(4] - b .
5 A i Smaller X/X, wrt IDEA CDR estimates
5 3 !l even including power and readout
2 cables in the sensitive region
I:Z“

(-

0 0.1020.30.40.50.60.7 0.8(;8?(9)1 Silicon only ~15% of the total
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Support cylinder N

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

on a support cylinder that guarantees mechanical stability and alignment
« Once the structure is assembled it is slided inside the rest of the detector
« Studies on-going where to anchor it (most likely to the Calorimeter)

Aluminium

Aluminium
ribs

> 1mm CF + 4mm HC + 1mm CF
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Assembly procedure — |

1) Outer vertx tracker, middle vertex tracker 2) Disks 2 and 3 are installed
and disks 1 are installed as a rigid structure iInside the support tube
iInside the support tube
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Assembly procedure — I

3) LumiCal is installed in centered #4) LumiCal can be aligned ‘ 5) Support tube can be
position, then beam pipe with in the correct position on closed

inner vertex detector is inserted the outgoing beams
with a dedicated tool inside disks
and outer vertex tracker, then fixed
to both endcaps
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General integration (AN

Istituto Nazionale di Fisica Nucleare




O FCC Fabrizio Palla INFN Pisa — The 2023 International Workshop on the High Energy CepC — Nanjing (China) — October 2023

Conclusions N

Istituto Nazionale di Fisica Nucleare

A layout of the interaction region (with LumiCal) of the vertex

trackers of the IDEA detector has been engineered
+ Feasibility studies of integration successfully done including mounting
sequence

 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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Thank you
for your attention.

R IREY X
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OUTER TRACKER NEN

1to Nazionale di Fisica Nucleare
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DISK 2 INEN

0 Istituto Nazionale di Fisica Nucleare
o
<
o
7
C
B

Disk2: ) ELENCO PARTI
EROR 1.5 N2 Nane = K21 DR Ebacior ELEMENTO|QTA NUMERO PARTE DESCRIZIONE
Face B = N.24 stave = 124 pixel detector 1 8 |Assieme supporto modulo 5 disco 2
Power dissiated by a single pixel detector = 100 mW cm/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 Icmmnm da |Ammnm da Data I Data | A
fbosi 19/01/2023
Istituto Nazionale di Fisica Assieme disco completo 2_1
Nucleare-Sezione di Pisa IDEA-Disk 2 I Caziona | 1'””

3] I 1] | 4 ¢ 3 I P |
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6 | ) | < ‘b 3 | 2 | 1
1
13,10 D
Istituto Nazionale di Fisica Nucleare
[=]
o
<
-]
2 |-
2 =
220,00 g‘
16,66
C
3 @
%
=3 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 sV w2 ufoce 4.0664.22 Gn2 = ELEMENTO[QTA NUMERO PARTE DESCRIZIONE
— 17.13cm/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
=185 W_ : 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
A =185W Progetiato da (Controliato da Approvato da Deta Deta A
Total Power dissipated = 370 W fosi I ] I |19/01/2023 I
Istituto Nazionale di Fisica Assleme disco 3
Nucleare-Sezione di Pisa IDEA-Disk 3 I Edizore I 1'7“;
[ | 5 3 | 2
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