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Vertex requirements

Performance: driven by Higgs and HF physics

¢ Precise impact parameter resolutions

N 15
- o.d() (ﬂm) ~ 3 @ psin3/2(9)

¢ Low mass and high granularity vertex detectors
¢ Air cooling

Angular coverage constrained by LumiCal
acceptance
¢ 110mrad - |cos(0)| < 0.99

NIEL ~ 10'* n ,/cm?

Monolithic Active Pixel Sensors (MAPS) are the
iIdeal candidate
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Outer vertex tracker:
ATLASPIx3 based

- Modules of 50 x 150 um?pixel size
* [ntermediate barrel at 13 cm radius
. e Quter barrel at 34.5 cm radius

|
L p= LR=23,7
Lp—mi 5},3"’” ’ 1860,00 [E ! . .
OUTER TRACKER= N.51 Stave DISK 1— 1240,00 | ~DISK 3 ® 3 d IS kS p er si d e
16 Pixel detector/stave — 609,40 DISK 2 /
Power dissipated 1398,1 W DISK 2—~-\_\_ 515,00 DISK 1 rn'
PIMEDIUM TRACKER=23 Stave DISK 3 — 326,20 <t
8 Pixel detector/stave 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 Outer Tracker

e ot e et 20l M Inner Vertex detector:
ARCADIA based

detectors= 240 pixel detectors — - ——— - ———- =
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

Toyal Power dissipated by the inner tracker:121,76 W ‘ 163,10| 163,10 ! d I f 2 m=F I 1
ELEMENTO QTA NUMERO PARTE DESCR[ZIONE 257,50 257,50 M O u eS O 2 5 X 2 5 um plxe Slze
2 1 |Assieme completo outer tracker struttura triangolare 304,70 304,70 315,30 310,00
1 |Assieme completo medium tracker rovesciato Jayout 19 T T
A 5 2 |Assieme disco completo 2_1 1240,00 = P in mv— nalal Totm | A
6 1 |Assieme disco 3 1860,00 fbosi 03/04/202 b | |
7 1 |Assieme disco 3_MIR Teti - : Eici assieme middle outer e inrer tracker_2 3 arre a‘ye rS a't
8 2 |Assieme disco 1_1 SNtltL:tO Na_émrjale ddl_FFL_sma Edizione Fo; a A
9 1 |Assieme inner tracker con supporti carbonio_1 telearesezione di Fisa IDEA TRACKER | | 1/1 - 13 . 7 y 23 . 7 an d 34/35 0 6 m m rad I US
| 1

I > I a4 iy 3 I
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Inher vertex
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2D el & ——
%%% 32>.oo.; Jz,o A R e [P oy |t SR (R pR| | B S 3'00 32,00
d=%e . 1) | M P D) | ey ey sy ey sy ey Jemeny ey 0T TR . .
L e—p o mome. M0, Sezione F-F Total thickness per layer 0.25% X/X0
Vista E ﬁo*;: :- foveriép=0,2_92 ‘..\ 0;‘2;)0 ‘ L ~overlap=0,346 Carbon Flbre ~6O %
Y | R ¢ Silicon: ~20%
_fg% Power and readout bus:; ~20%
B

Inner Tracker:N.3 layer pixel detector N
Layer 1:N.15 stave of 6 pixel detectors
=90 pixel detectors

Layer 2:N.24 stave of 10 pixel detectors=240
pixel detectors

No
modules
/stave

13.7 15 6 217.40 241.92 12
23.7 24 10 346.20 645.12 32

348356 36 16 539.40  1548.29 77

Total Length

staves [mm]

Layer 3:N.36 stave of 16 pixel detectors=576
A| pixel detectors
Layer 1: Power dissipated 12,096 W
Layer 2: Power dissipated 32,25 W
Layer 3: Power dissipated 77,1414 W
Total Power dissipated: 121,49 W
[ | -]
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Layer 1 stave detall

6 2 | 4 ¢ 3 2 | 1
Sezi A-A . . .
o Reticular lightweight support to
’ : I provide stiffness
4 8 z | * Thin carbon fiber walls
# interleaved with Rohacell
%‘- . 0, 0,20 0,20 _“_% 0,20 0.2 5‘
| T ] ] 32,00 1200 | C
o « 2 buses (data and power) 1.8 mm
Ista . .
wide and 250 um thick (50 pum Al,
B 200 um kapton) per side
{0, * Inspired to low mass hybrid
‘ 1A b R&D
| Sensors facing interaction point w/o
— Xy ELEMENTO |QTA NUMERO PARTE _ DESCRIZIONE - . .
e 32 nirdo & convolo 8,677 [Stesais any other material in front
3 4 |bus layer 1 modificato piatto stretto |[Kapton+ Al
4 1 |costola layer 1 M461+Rohacell
5 1 |piattina carbon fiber Iayeth_}. stretta M456?J‘ . . .
g = I " B [ Readout chips either sides
\ &2 Istituto Nazionale di Fisica Assieme modulo finale layerl piatto bus strettp
. Nucieare-Sezione di Fisa IDEA-Inner Tracker |tm"" | lr}d?
’ ' i | i : ' | ‘ Air cooled




Fabrizio Palla — Pisa & CERN — 2nd FCC lItaly & France Workshop — Venice — 4-6 November 2024

INWWWNNNWPEWNNWW

XX

5’

ELEMENTO

QTA| NUMERO PARTE

DESCRIZIOME

- i z

stn.rltumre‘bnd re laterale 24x350,8 medium tracker

i

strultum reticolare superiore 34x350,8 medium tracker

1

colla struttura 34x350,8

supporto a c piano struttura triangolare pixel medium tracker

Assieme cold plate con detector e fanout completo medium tracker

AR LN

9
1
2

parte terminale struttura truss 350,8

Progettats da |wd- |Wa n-.l
foos

T
|17,'n1..'m_\ |

Istituto Nazionale di Fisica

Assieme completo stave medium tracker

Mucleare-Sezione di Pisa IDEA-Medium Tracker

Fogs
| 1/1
T

Similar prototype
built @ Pisa

XD TR TRDUT XD XA T XA

40,60 40,60 40,60

12,30

50——140,60 40,60 40,60 '
;1 f | [ | f 1
%

Vista C

Middle Barrel
At 13 cm radius

22 staves of 8 modules each.

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

Readout chips either side
Power budget
~342 W

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

Similar for outer barrel
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Middle Tracker

Air cooling cones



Layer 3 -largest power
dissipation: 77 W

Optimization of flow rate
Compare Air with Helium
Max AT < 102C achievable

Module temperatures
@ v;,=20m/s

contour-1
Static Tempera
66.0

60.9
558
50.7
456

40.5
354
30.3
252
20.1
15.0.

Max Temperature [°C]

Max Temperature [°C]

Max Temperature of Sensors

—&—Air, Din =6mm

—e—Helium, Din = 6mm

15—t

00 02 04 06 08 10 12 14

Mass flow inlet [g/s]

Max Temperature of Sensors

= B = Ajr, Din=3mm

~ - —a— Ajr, Din=6mm

w0
o
1 1 1 I 1 1 1 1 1 1 1 1 1 1

10 15 20 25 30 35
Inlet Velocity [m/s]

w
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Courtesy F. Bosi
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Simulated material budget

Material budget x/X0 [9%]
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Material budget x/X [%]

In agreement with CAD estimates

Smaller X/X, wrt IDEA CDR estimates even including power
and readout cables in the sensitive region

Silicon only ~15% of the total

] Material budget x/X [%]
- [ ]Tungsten ]
9:_ |:|copper 1 oo _LI T T Illol T ICT)I T I-'?I T T I(|,1I T 1T
8; [ |beam E T ]
£ [ |LiquidNDecane = l D D D D D
7 B AIBeMeti62 7 o = g g_g GE‘» @ 3]
6E []Gold | o §§'§§ﬁ1§w
C C S M= =]
5 _ 1 s T
- H s
4 Beam pipe of Zghner Vertex onlys -
s 0.68%X/X, @90°f <f 5 E
2 o
C ~ E
e o E
0 TTTT Tl II\IlII\I O m
0 0102030405060.70809 1 8 8 3
cos(6) = =SSS NN
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INFN

Istituto Nazionale di Fisica Nucleare

Cylindrical
Structural Shell

Half Barrels

Lightweight layout using an ALICE ITS3 inspired design
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Same reticle for all layers

12”

Data backbone 719 719 719

3 4.5 1.5
—>| — <
i l/ 1 13.7
) ~ 2 20.35
O o
N N 3 27
) ) 4 33.65
21 666 1,666 Power dissipation in ITS3
' ' (not necessarily the same for FCC-
ee)
Layer 1&2 Layer 3&4
— . RSU~ 50 mW/cm? (depends on
[m‘\?'v"cm_g]w Temp)
Expected Max  Max ° LEC ~ 700 mW/sz
25°C 25°C 45°C
Left End Cap (LEC) 701
Active area (RSU) 28 44 62
Pixel matrix 15 32 5l Active pixels <95% of covered area
Biasing 168 168 168
Readout peripheries 432 457 496
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LayerS 1&2 1.25

mm

« Single stitched wafer
 Readout and power from both sides (reduces transmission off-detector and limits power
dissipation in the endcaps)
« Leaves ~1.25 mm* insensitive gap in R-phi, to account for assembly tolerances

/Ring - Flex circuit
(power & R/O)

R=20.35 mm

|cos(6)| < 0.99

R=13.7 mm

Layer 2

|cos(6)| < 0.992



Fabrizio Palla — Pisa & CERN — 2nd FCC lItaly & France Workshop — Venice — 4-6 November 2024

Layers 3 & 4

« Four “quarter” layers to allow ~same angular coverage for all layers and use 12
wafers
« Layer 4 has the same length of Layer 3 but higher radius

* Quarter readout only on one side, the other only for power (wire)
 Gap of ~ 2xO(10 mm) at |z|~2.2 cm: quarters with non-symmetric layout (left quarter with

10 RSU and right one with 8 RSU, and swapped for L4)

Layer 3 Layer 4
R=27 mm R=33.65 mm
216.7 mm active 173.3 mm active
‘ - > |cos(8)| < 0.987

|cos(6)] < 0.991 * -
2x few mm (being optimised)
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Material budget inner vertex

0

Material budget x/X [%]

0.8f
0.6F
0.4

0.2
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S TH i W —
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Silicon

Kapton

CarbonFoam

i . Aluminum i

Curved
Layers 1to 4

01080604020 02040608 1
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Schnecke: a vertex detector

for FCCee

« Alternative Proposal: Schnecke concept = bent ladders <

Stitching or not stitching

Radius approaching constant value
Full acceptance in ¢

Double sided can be considered.
Number of layers = free parameter

> Competitive for mat. Budget. AND full azimuthal

acceptance
& N
<& o
A
NS /b’&
Beam pipe inner radius ~10 mm
Beam pipe thickness ~ 1.7 mm

Perimeter ~73.5 mm

a C O 0]0 S e 4-0 ovembDbe i
Ladders
(5 single ladder option) 60-mm
| ——
Cooling inlets/outlets /
Ladders j
(3 double ladder option)

Read-out periphery = 6 x 30 x 2mm?

1 ladder (1% layer)

Table 3: Barrel dimensions (single and double sided option)

Layer 1 2 3 4 5
Radius (mm) 12-13 24 36 48 60
Zmax (mm) a0 120 120 120 120 |

Perimeter (mm) 5 151 226 302 377
# Chips per ladder 6 8 8 8 8
# ladders 4 8 12 16 20
Layer 1-2 34 56
Radius (mm) 12-13 35-36 59-60
Zmax (mm) 90 120 120
Max perimeter (mm) 82 226 377
# Chips per ladder 6 8 8
# ladders 4 12 20
Single chip dimension 30 x 22.2 mun?
Scunsitive arca chip dimension 30 x 19.2 mm?

® Bent sensors pioneered by Alice ITS-3,

Bending setup @ IPHC

!

» IPHC : working program dedicated to bent sensor

with MIMOSIS
» e.g. functional tests @ R =12 mm
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Luminosity monitor integration

* Luminosity measurement with low angle Bhabha

60 +mm 160 mm

scattering
64 < g[mrad] <88;0 =14nb | ] - ]
« Silicon (active) + Tungsten (passive) sampling 1 %§ . °7
calorimeter with pointing resolution Nl N T—
« Aiming 10~* precision "1 =
« Tight construction and alignment tolerances =] =1
* OR,n=F15um o0 w0l
¢ SRpge = £3.5 um ol ]
e 0z=+110um 1201 “120 4
- Dictates the smallest angular acceptance of the [ . ., = o], "

T 1 1 T 1 T 1 1 1 1 1 T 1 1 T 1 1 1
-20 0 20 40 60 80 100 120 140 160 10401060 108011001120 11401160 1180 120001220

vertex detector
« Careful understanding of materials in front
« Sensitive to thermal stability

Courtesy M. Dam
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Integration with cryo-magnet system

* Luminosity calorimeter needs to be LumiCal

Integrated in a very congested area

e Service routings

 Tight construction tolerances

« Alignment system

* Accelerator components

== = Outlet cooling
| | .
o Inlet cooling
= Eectric cables
= Nitrogen pipe
=== = Coaxial cable
"= = Signal cable

1.2 mtothelP

Courtesy F. Fransesini
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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

Aluminium

ribs

> 1mm CF +4mm HC + 1mm CF
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R&D Full scale IR mockup at LNF in collaboration with Pisa and CERN

Goal: design validation, buckling test, assembly and cooling/services test

‘ ‘ e — P & = ————— )

-~ S — S — ] o o s’ 4.
\ 1020:i N\ somm ) SaCInEe i Bellows
Central chamber: double layer with paraffin cooling Ellipto-conical chamber with water cooling manifolds

Support tube

Vertex
mockup

Integration and overall assembly targeting Q4-2025
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General integration CINFR

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

Using 3 subsystems with Frequency Scanning

Interferometry:
« Deformation monitoring of the QC1 as

reference system
« Short distance between the QC1 end and

the LumiCal, BPM, + other elements
* A Long distance monitoring

« Work ongoing on the technical side

Courtesy L. Watrelot
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Detector opening scenarios

Detector vs machine requirements:

mey  Detector side:

» Detector acceptance and hermeticity
» Simple opening sequence — minimal services disconnection & handling
» Accessibility to detector inner parts in reasonable time during shut-downs

B esse

« Stability of the FFQ supports
* Quick and reliable alignment procedure
« Beampipe vacuum preserved




Scenario #1

Long (7m) longitudinal stroke to
access inner detector elements.
Last machine elements
cantilevered & removed for
opening.

#1. Full longitudinal opening of the two endcaps.

» Detector acceptance in the forward region depends on machine layout

» FFQ and other machine elements beyond detector endcaps shall be removed
(with their supports).

» BP vacuum broken also in cold pipes.

» Realignment of the machine needed.



Scenario #2

Combined short (2m)
longitudinal stroke +
transversal opening.

~ Andrea Gaddi/ CERN Physics Department < >

#2. Limited longitudinal opening to disengage the detector endcaps plus transversal
opening (split endcaps) or diagonal opening of the split endcaps.

» Split endcaps significantly deteriorate detector precision measurements

» The cross section of the FFQ cryostat determines the envelope into which the
machine elements just behind the detector endcap shall ideally stay. This
constraint refers specifically to the cryo-services of the FFQ assembly.

» BP vacuum stay (or Ne flushing), no realighment needed.



Detector moves this

direction to open
= »

Stiff FFQ support
wall

|-

Detector platform

ember 2024

Scenario #3

In the large experimental sites A
& G there is enough clearance
to envisage the scenario to
move the detector aside the
beamline and get full access to
the detector’s inner parts.
The FFQ can either be removed
before the translation or move
with the detector and be
removed from the garage
position.
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Conclusions and next steps

« A few options for Vertex Detector with MAPS are being studied

« A fully engineered version with staves overlaps has been fully engineered
* 0.25% XO per layer
* Integration with beam pipe and Lumical has been fully studied
» Air/He cooling studies on-going

« Two variants of curved layouts under study
* Canreach 0.075% XO per layer
* Need to address technical feasibility

* Integration studies of Vertex and Lumical with the machine elements is on-
going
* A mockup is being built in Frascati

 Assembly in the cavern and access/maintenance scenarios are addressed



Thank you
for your attention,
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[} | ) | 4 d7 3 | 2 | 1

217,40
C 12,00 193,00 parte attiva 12,00
] 3" ‘ ﬁ 32,00 3200 32,00 3200 3200 32,00 I
‘ L
| ayer 1
\
| 15 overlapping staves of 6 modules each
\
R Overlap to allow alignment ~500 pum
s
% 0,20 0,20 0,20 0,20 0,20 0,20 0,20
g .
E A0 Overlap 0,477 .
4 .
g disassamento 2.5 ¥ 1,40 c Pinwheel geometry: all modules at the
N 20 b,20 0,20
Q 1 r .
> same (smallest) radius
20 20420 Fl
e T e Vista C
—B e | o g < Power budget ~12 W
&Y 20 S |_—Overlap 0.504
o (A&
) L :
o7 " Total weight ~22 grams
n o
B ° S 199 TG4 = B
: LN R .
] A \\ Total thickness 0.25% X,
2 -
g || Il ELENCO PRI Silicon: 0.053% X,
- [ELEMENTO[QTA | NUMERQ/PARTE DESCRIZIONE|-
1 [ 90 [detectoflpifel 32.76.4/ Power and readout bus: 0.056% X,
Inner Tracker 2 30 |hibrido Hi q )ntroll)él B/XIZ
Layer 1 : N.15 stave pinwheel of 6 pixel detector = 90 pixel 3 60 |bus layey} 1jmodificafo piatto stretto
detector o 4 15 [Assieme|tdstolg/fayer 1
Layer 1 Power dissipated : 5 15 |piattina on/fief layer 1 stretta
Al N1 pixel detector = 0.84x3.2 cm2 =2.69 cm2. Progettato da Controllato da T fa Data Data A
Power dissipated /pixel= 50 mW/cm2 fbosi \ / / 02/02/2023 |
Power dissipated /pixel detector=50 mW x 2.69 =0.134 mW L - .
ngelz;o:zself Ec]iigsip{;)tlzg : e e m Istituto Nzion_ale di _Fis_i ssigme completo definitivo layerl piatto bus strefto_:z
N.90 pixel detector x 0,134 mW = 12.105 W Nucleare-Sezione di Pi IDEA-INNER TRACKER | =™ ! f;"‘i
5 T 5 T 7 4; 3 T T T
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321,80
Fol 1200 [ 020 0,20 12,00

i Layer 2

| 24 overlapping staves of 10
g modules each

32,00 ™., 3200 32,00 32,00 32,00 32,00 3200 32,00 32,00 32,00

c 020 o2 o o o2 . Pinwheel geometry
Counter-rotated wrt layer 1 to
Vista F mitigate charge-asymmetry
& effects in track reconstruction

Power budget
~32 W

7,00

Total weight ~63 grams

— Inner Tracker IDEA
Layer 2: N.24 stave of 10 pixel detector
eachone =240 pixel debachor

Power dissipated pixel detechor=50

W fem2

Pixel detector dimension= 0,84x3,2=2,688

0,09
0,05
I

8,40,

Total thickness 0.25% X,

Al
| ]
1
Fragettats 24 |m&{ |npnuu--u | I1l-°-|

=
=

cm

Power dissipsted each pixel
detector=0,1344 W

Layer 2 : Power dissipated 32,25 W

[
|D’.".'IE.IIII.‘J |

(F¥]

IstE1tn Nazionale di B AEQmmmpiEh:nﬁdLiula‘yEmeﬂmsbda__

Nucleare-Sezione di Fi IDEA-INNER TRACKER L.m}]ﬁ'" | 171
[ [ 5 2 M 3 I [N [ i

[
9
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Sezione A-A |

32,00 32,\001‘32,00!32,00 32,00 | 32,00 | 32,00 | 32,00 2,05: 32,00 | 32,00 | 32,00 | 32,00 32,00 | 32,00 | 32,00 12,00

N |
| 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
& I ' c Layer 3
| 0 1w 36 staves of 16 modules
Inner Tracker IDEA e - %
Layer 3: N.36 stave of 16 pixel detector=576 E Vista D each
pixel detector 0,20 0,20
> Power dissipated by pixel detector 50 mW/cm2 N = <
o Pixel detector 0,84x3,2=2,688 cm2 A4S ' 93 8
Power dissipated each pixel detector=0,1344 W o s T =
Lover 3 s G 7,414 W o Lampshade geometry.
un | bt .
- g0 S| i ’J’x.so o) Charge symmetric track
. S 5 _"\ 8 o B ;
\ ‘ | reconstruction
' | ‘
V S |
= “ 1| 440 (| . s
— | Nraa Total weight ~150 grams
7 \ T | A . il
| T
> | ELEMENTOQTA| || u’ NUMERO PARTE  [DESCRIZIONE Total thickness 0.25% Xo
\. 5 36| ;Asi me cofpleto modulo layer3 singolo
\ w \L:m ificato L.jon costola bus stretto simmetrico
A = | > Progettato da Codyrckang F'a ‘ Apqrvaco 38 Data Dat; A
it \°  fe il | s _| Power budget
\ Isstituto Naziohald|di ‘FisJ] Assieme modulo layer3 stave simmetrico 77 W
"\ Nucleare-Sezlone: di Pi Layer 3 Inner Tracker [ el B o -
3 T 5 T T 7\ 3 i I T I



Uniform thickness of the conical
chamber set at 2 mm

2 mm

90 mm

156 mm
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Air cooling +
Cables cones

Elastically joined with
bellows to the inner vertex
to avoid stress.
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Transient mechanical analysis

1,3507e-6

ses " Maximum  Global deformation vs time
= Average

= Minimum

Stave under
study

/x = -1.4 um
|

Boundary staves (Periodic boundary
conditions are applied)

0, 1,e-2 2e-2 Je2 4e2

Maximum displacement ~ 1.5 pym @ v;, = 10 m/s due to
first flapping mode — can be easily mitigated by redesign
the supporting cone envelope.

More simulations ongoing changing boundary conditions.

A test setup will be made in Pisa and Perugia to validate
the simulation
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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-II 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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187,00
B

10

—

@ | 210,40 |
247,10
Disk1 completed:N.48 Istave composed by 196
pixel detector 4.22x4.06 cm2 = 17.13 cm2.
Power dissipated by single detector 100
mW/cm2=0.1,713 W/pixel detector
Number of Pixel Detector:100+96

Total Power dissipated Disk 1=
196x1,713=335,74 W

34,5
139,00

6,00

S
&

QTA

NUMERO PARTE N~ |DESCRIZIONE

1

layout disco 1 recente

Assieme supporto disco 1 modulo 1 update

Assieme supporto disco 1 modulo 2 update

Assieme supporto disco 1 modulo 2 speciale update

Assieme supporto disco 1 modulo 3 update

Assieme supporto disco 1 modulo 4 update

Assieme supporto disco 1 modulo 4 speciale update

Assieme supporto disco 1 modulo 5 speciale update

Assieme supporto coldplate disco 1 modulo 3_1 doppio recente_3

Assieme supporto coldplate disco 1 modulo 5 update_nuovo

Assieme supporto coldplate disco 1 modulo 2 recente

Assieme supporto coldplate disco 1 modulo 1 update disco 1

NINIBIAEINEIN AL S SIS

Assieme supporto coldplate disco 1 modulo 5 speciale update disco 2

Assieme supporto coldplate disco 1 modulo 5_1 doppio_4_4

Progettatn da Controllato da Approvato da Data
fbosi

Data
23/10/2022

Istituto Nazionale di Fisica Assieme disco 1

Nuclere-Sezione di Pisa IDEA

I Edizione I lr
1

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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Total thickness 0.25% X, per layer
« Silicon: 0.053% X,
= « Power and readout bus: 0.056% X,
LI . o ~ N w I o
::,.I; % ,.?;‘ ' - O T T 1T T | T T T T | T T T T | T T T T | T T 1 I:
e Eo R F 0,20[ ROR) I o ey ey iy o) Tusmey (i) P DR MRS R ¢ o E
verlapp=0,433 — A — T o 12 aon S ooe0256.. 110 Sezione F-F — . |:| |:| |:| |:| |:| |:|:
Vista E I - < geehesmsuceass VO o > Q D X U U
B A r overhp=0,292 h c 2 g_ % c = O
5 A 3 <+ o 2 3 @ 3 g 3
Ll ] g g 35~ § ]
N N ‘J’ . - g- ]
B aye [ g ‘ B g i .
- == & Inner vertex E
|/ - — o ]
N ‘ . R=23,0 ‘ o/ 8 | IOD _:
g:zgmzzfggéggizeg g::: gz:gg:s N ELEH: NTO,;IIA Assieme completo modulo layer : O _:
Layer 2:N.24 stave of 10 pixel detectors=240 ‘ ‘ rovesciato con costola_3 i 0 . ~ :
pixel detectors AR | 5 /1 1 [Assieme completo definitivo layerll platth blis ftretto_1 o ]
Layer 3:N.36 stave of 16 pixel detectors=576 ! S : . 6 1_[Assieme modulo layer 3 stave sithnietrjco [/ h ]
Al pixel detectors ! NN ::f"“‘ I""‘"*“" ]‘W“"“’J- ¢ I S I A (@) (0] ]
Layer 1: Power dissipated 12,096 W = - — - T
Layer 2: Power dissipated 32,25 W Istituto Nazionale di Fisica | Assieelinner tracker 4 @) O B
1L'ao¥§If F?t'.)vs:rwc;rs:::;zfe&:z;“\}v“ N Nucleare-Sezione di Pisa Assiem a“il‘“ ar i #ker 4 I Eone | ‘»7.; ’UL © .
(3 T 5 T Bt AN 3 T p IRENL T D — ! |:
Layer 1 Layer 2 Layer 3
= Qverlap to allow alignment ~500 pm = Pinwheel geometry = Lampshade geometry.
=  Pinwheel geometry = Counter-rotated wrt layer 1 = Total weight ~150 grams
= Total weight ~22 grams = Total weight ~63 grams = Power 77 Watt
 Power 12 Watt = Power 32 Watt
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No Active
modules
/stave

12

217.40

24 10 346.20 645.12 32

36 16 539.40 1548.29 77

Longitudinal
«sandwich» beam

Inner vertex — staves
Hybrid board
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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




Outer Tracker
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6 ] 5 ] 4 N 3 ] ]
549,20 g Vista H Inner vertex detector supporting
p conical structures on elliptical
_ chamber
~450 grams
Sezione G-G Engineered for air ducts and

:

thermal isolation from the beam
pipe during bakeout

1 |chamber_270120

1 |Assieme inner tra
oda Controltato da |Appvmm

\TO|QTA nE

i . o k.
stituto Nazionale di Fisica
Nucleare-Sezione di Pisa

WILLd L /
=
= N
b =l 118
&\
b
e = e = L
. . i Fad . o
b =
\ :
oo
T, ™~
177,90
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/ Air cooling Layer 3

Air cooling Layer 2-1

/

Cable tunnel
Layer 2-1

Al

Peek Insert 1

A
Peek Insert 2 #&0y '

.".“f

Istituto Nazioglale di Fisica
Nucleare-Sefione di Pisa FCC-Inner Tracker l . | 171
1

\\\¢ 3 / I 2 I

View from Lumical
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g ———» AirCooling

Cooling pipe paraffin




Fabrizio Palla — Pisa & CERN — 2nd FCC lItaly & France Workshop — Venice — 4-6 November 2024

Disk 2 \7

Disk 3
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Modal
BRadYSIiSN factors.

Natural frequencies.
Duration of time step.

Geometry
= SEI{QUH)Q%HlﬂQsingIe stave )

= Layer 3 stave (max Ienght)/,

<74
et = | 58

CAD Model

Transient CFD

= Flow of data managed by Ansys Workbech .
- ANANYSE®ry of pressure

= Geometry f = q=====| CFD F===== j=====9 FE |-=-=-=--- | e load.
: :l ! I = Number of time steps.
v A | |I |
| ST |
I 2 | & EngineeringData v/ 4 || II I
Engineering Data I I I
| I| i 1
| |I i I
I N2 B II 52 C v D II v E v F I
| s " B BT | ETTTEE T
| 2 Geometry v/ Ilcz @ Mesh v, ®2 @ setp v i || 2 @ Model Vo ——m2 @ Mdd v, |
I —>3 ?p? Parameters :I Mesh 3 E’;ﬁ Solution v 4 II %3 a; Setup v 4 3 @:, Setup v 4 I
Geometry 4 Results > 4 @3 solution g 4 @3 souton v
: |: —>5 [pd Parameters :: 5 :2 Results oy 5 g Results v/ :
: :: Fluid Flow (Fluent) I: Static Structural Modal I Trans|ent mechanical
| | :
| :: ! I analysyamic displacement
1 |
o b e e 1
A FInite volume KnalyS|S Tor evaluaflng the thermal
C. Turrioni et Al. performance of an air-cooling system for the IDEA Vertex 30 May

Daoatarcrtnr ot CCC Lo NN
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ELECTRICAL UNITS
MOSAIX - Top Integration Diagram

SUPPLIES — | |
I|/Os «—

SUPPLIES —ql | | [ '
/os «—1| || ' B (R
IH ---‘---

SUPPLIES —» | | \.
I/Os +— |

e
=

19.564 mm

A
N————

A column driven approach reaches higher bandwidth, but needs low power consumption

\\._

SEGMENT

+
LI

R§! ! 12x REPEATED SENSOR UNIT REC

3« 10.24 Ok
NSATT
1
AE 0G24 3
8| [xamos 3
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=
o
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B
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h
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Figure 3.34: Block diagram of the sensor segment.
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{21666 mm

RIGHT END CAP
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ALICE
R&D  Based on present effort in the design of the ITS3 (RUN4 -LS3)

LOL1 L2

= minimum material support and gas cooling

=> Wire bonding
at the edge side




1
Fixed solid|
structure |

Light weight
and/or fragile
structures

Moving
solid
structure

As detector endcaps move
along the beam line to open, a
tight constrain on the envelope

of the machine elements
appear.

TRACKER:

]
]
II—
|

|

Courtesy A. Gaddi

other machine components



