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Outline

Progress on the layout
 Mechanical model for inner vertex and supports
« Lighter supports for Middle and Outer vertex

Ongoing efforts
« Integration of air cooling structures
* Curved sensors layout studies

Conclusions

See also Armin llg talk on Tuesday PED session



o FCC Filippo Bosi — MAPS Detector technologies for the FCC - ee Vertex Detector - Pisa & CERN — 2 - 3 July2024

Mid-term feasibility study vertex detector layout

! 2 L T Outer vertex tracker:
ATLASPIx3 based

[ 1 2 1 4 ¢

Sezione E-E

3
652,60 |.E
L]

OUTER TRACKER

MEDIUM TRACKER

L]

1 Modules of 50 x 150 um?pixel size

- * Intermediate barrel at 13 cm radius
» Quter barrel at 31.5 cm radius

. « 3 disks per side

1860,00 |
OUTER TRACKER= N.51 Stave DISK 1 — 1240,00 ~DISK 3
16 Pixel detector/stave - 609,40 i
Power dissipated 1398,1 W DISK 2___\\ 515,00 ’.'
B MEDIUM TRACKER=23 Stave DISK 3 ~—_ 326,20 <t
8 Pixel detector/stave 321.80
Power dissipated 314,64 W Sezione D-D 103,00
Inner Tracker: N.3 layer pixel detectors without . d :
oo Tl S o s WihOU Inner Vertex detector:
p| detectors=90 pixel detectors B

ARCADIA based

Layer 2: N.24 stave of 10 pixel

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 o E

| Layer 3: Power dissipated 77,41 W B Modules of 25 x 25 umzplxel Size

Toyal Power dissipated by the inner tracker:121,76 W 163,10| 163,10 h

1
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE 257,50 257,50
2 1 |Assieme completo outer tracker struttura triangolare 304,70 304,70 315,30 310,00
3 1 [Assieme completo medium tracker rovesciato |ayout 19 124IIIUU T
Al 5 2 |Assieme disco completo 2_1 U roeeen | EE—re—— T Tt In 3 barrel |aye rS at
6 1 |Assieme disco 3 1860,00  |fsos | | [ s] |
; ; g:smg ::i: ?—J;"IR Istituto Nazionale di Fisica assieme middle outer e inner tracker_2 - 13 7 : 23 7 an d 34/35 6 m m rad I US
= Nucleare-Sezione di Pisa Eduione | Foghe - - .
9 1 [Assieme inner tracker con supporti carbonio_1 IDEA TRACKER | 1/1

3 T 5 T 7 yiy 3 T T
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[} | ) | 4 d7 3 | 2 | 1

217,40
C 12,00 193,00 parte attiva 12,00
5 3" ‘ ﬁ 3200 3200 300 3200 3200 | 3200 X
i Layer 1
| 15 overlapping staves of 6 modules each
\
5 Overlap to allow alignment ~500 pm
g 0,20 0,20 0,20 0,20 0,20 L 0,20 0,20

,20 0,20

Overlap 0,477 .
c disassamento 2.5 30 1,40 c Pinwheel geometry: all modules at the
W O N
T\ :

same (smallest) radius
10 A0 L\
. o ) Vista C
— o g < Power budget ~12 W
o | —Overlap 0.504
1 .
A - Total weight ~22 grams
B ° S iy, Vi B
R Y 40| /] _
i \\ // Total thickness 0.25% X,
2 -
N L[] ELENGD PpRTI Silicon: 0.053% X,
- T _ N [ELEMENTO[QTA \ NUMERO/PARTE DESCRIZIONE|-
R 90 | detectofi el 32.76.4/ Power and readout bus: 0.056% X,
Inner Tracker S 30 |hibrido Hl q )ntroIW B/XIZ
Layer 1 : N.15 stave pinwheel of 6 pixel detector = 90 pixel 3 60 |bus layey} 1|modificafo piatto stretto
detector o 4 15 [Assieme|tdstolg/fayer 1
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
Power d!ssipated /p!xel= 50 mW/cm2 fbosi \ / / 02/02/2023 |
'T'gg?;g:zself?ifgggtlzgl :detect0r=50 mW x 2.69 =0.134 mW s Istituto Nzionale di FisidsXSSieme completo definitivo layerl piatto bus strefto_:

N.90 pixel detector x 0,134 mW = 12.105 W Nucleare-Sezione di Pi EA-INNER TRACKER

6 | 5 | 4 4; 3 | | 1

=
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321,80
Fol 1200 [020 0,20 12,00

| Layer 2
| 24 overlapping staves of 10
g modules each

32,00 ™}, 3200 32,00 32,00 32,00 32,00 32,00 32,00 32,00 3200

c 020 |02 oo fox |0 c Pinwheel geometry
Counter-rotated wrt layer 1 to
Vista F mitigate charge-asymmetry
& effects in track reconstruction

Power budget
~32 W

7,00

— 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

Total weight ~63 grams

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

- A
o7

IstE1tn Nazionale di B AEmmmpiEh:nﬁdLinla‘yEmeﬂmsbﬂaj

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

[
9
Il
[-4




Sezione A-A |

32,00 | 32,004 32,00 !32,00 32,00 | 32,00 [32,00 | 32,00 2,o§ 32,00 | 32,00 | 32,00 | 32,00 32,00 | 32,00 | 32,00 | |12,00
Baalhutel |
~ |
0,20 0,201 0,20| 0,20?-—-. 0,201 0,20, 0,20, 0,20) 0,20 0,20/ 0,201 0,20 0,20 0,20 0,20| 0,20 | 0,20
‘ < s - | C
%0 i
Inner Tracker IDEA - = S
Layer 3: N.36 stave of 16 pixel detector=576 o E o Vista D
pixel detector ’ '
Power dissipated by pixel detector 50 mW/cm2 N = <
Pixel detector 0,84x3,2=2,688 cm2 A4S (N 03¢ 8
Power dissipated each pixel detector=0,1344 W S g j\ |"‘ =
Layer 3 : Power dissipated 77,414 W \ \ | ‘2 00
o] 601
R g| Loole| Y I 3|
o \ ; ] ’ () ‘ B
A== L
wl |
1 — | Il 440 ||
—" | -
A '! T 8,40 L}'
\ RN
> \ ELEMENTO QTA| || : u’ NUMERO PARTE DESCRIZIONE
\. 5 36'“/\5# me cofpleto modulo layer3 singolo
\ & \|madificato L.jon costola bus stretto simmetrico
X = | > Progemats 6a Corprokang ['a ‘ ADqivaro 38 Deta Data A
= I ol l oo |

| 01 ]
Isstituto Naz»oKal di FisJ

Nucleare-Sezion .‘di Pi

Assieme modulo layer3 stave simmetrico

Layer 3 Inner Tracker

Fogo

1/1

[ fdizone

|
1 1‘

I

Layer 3
36 staves of 16 modules
each

Lampshade geometry.
Charge symmetric track
reconstruction
Total weight ~150 grams
Total thickness 0.25% X,

Power budget
~77 W
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Overall Inner Vertex

4 W 3 2 1

59,40 . Symmetric beam to —
A | 346,20 | Sezione E-E . Istituto Nazionale di Fisica Nucleare
: 2740 _avoid bend stress
— ' s e ——— ' B Layer 1
= = Qverlap to allow alignment ~500 um
0,204 0,200 0,20 0,200, 020 0,20 121: o200 020 0.20( o200 0,20 020 0,20 - PanheeI eometr
| =l S15]00 12,00 . g y
32.00 | .00/ 32,00 | 12,00 | 32.00422.00 | 32.00[32.00 | 32,00] 32,00 32,00 [32.00 | 32,00 [32.00 [32.00 c | = Total weight ~22 grams
,. < —— + Power 12 Watt
& .: > .
] '3 W
-B p 0402 —H ﬂ' N &
AT AT i | Layer 2
e —a) 118 = Pinwheel geometry
? . = Counter-rotated wrt layer 1

= Total weight ~63 grams
= Power 32 Watt

) --."Z'-.____‘. \ ' :.}‘ \ e -I_- '3 = :“
N e S mt—
: . i / ‘ 2 | QTA DESCRIZIONE|
e siryrinm 1 |Assieme modulo la
Layer 2: umﬂm . |lampshade 16 modul Layer 3
:lel:ednrs=240pmel|:lel:ednr5 :.5‘ : y’ﬁssimcmpleh:r yer p
1 . ! 1
T

Layer 3 : .18 pixe deectors rovesciato con costola 3 = Lampshade geometry.

of double 156 ----u:- P ieme completo definitive layer] pi bus .

Cover £ Pows dsopeted 120961 o il el N = Total weight ~150 grams
Layer 2: Power dissipated 32,25 thes
Laver 3: Power disspeted wl“:'w Power 77 Watt
tracker:121,49W |

[ I i 5

=
|

|oa.'u3.uu13 |
Ishiruto Nazionale di Bisi Aﬁminn&thﬁd&erlmnncsbdehusshetm_
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Middle/outer vertex supports optimisation

4

¥

k] 1 ! 1

1 (-]
1300 ——

Medium Tracker:
Pixel detectors

mW/cm2

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

Each detector 4.22x4.6 cm2=1.94W

Sezione B-B

0

— NUMEROPARTE DESCRIZIONE

£3530,8 medium tracker -
14550,8 medium tracker
hopos [ /) :
plano htruttury trjangolare pixel medium tracker

Material budget x/X [%]

e ton detécyi e fanout completo medium tracker
T -
strttura tfusé 3508

Istituto Nazbnalf i Fisica
Nudleare-Stziofe i Pisa

XX

X

DAXIXIXIX

K-
e
ELEMENTO[QTA NUMERQ PARTE DESCRIZIGNE]
1 2 [struttura reticolare Isterale 24x350,8 medium tracker -
2 1_|struttura reticolare superiors 34x350,8 medium tracker
3 1 |colla struttura 34x350,8
4 5 _|supporto = c pisn: pixel medium tracker
5 1_|Assieme cold plate con d ut completo medium tracker
2 |parts terminale struttu:
e ....‘ ‘.... a
ooy 012023

Assieme completo stave medium tracker

Illlillp"ElE'KlllllllllllIIIIIIIIIIIIIIIIIIII_
—1PCB |
—Silicon

—1 GlueEcobond45
—1 Kapton

1 Rohacell

1 Water

— CarbonFiber
B Aluminum 1
mmm CarbonFleece i

00 01020304050.60.70.809 1

cos(0)

Shaped to minimize

material at the end of the
stave

0]

Material budget x/X [%
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—
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\‘Iil‘PCB“““““\\\\\\\\\\\\\\\\\\\‘\\\\
1 PEEK
1 Silicon
] Water
1 GlueEcobond45
1 Kapton
1 Rohacell
1 CarbonFiber
mm CarbonFleece
B Aluminum

----- IDEA CDR Vertex

040506070809 1
cnal(A)
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Simulated material budget

In agreement with CAD estimates

p— 9__| lllll PCB IIIIIIIII IIIIIIIIIIIIIIIIIII|IIII__
.i - %gﬁiign g Smaller X/X, wrt IDEA CDR estimates even including power
<> 8 — Water ' and readout cables in the sensitive region
X 7L gﬁ;‘;‘iﬁﬁwmd‘“’ i Silicon only ~15% of the total
- 1 Rohacell
D - CarbonFiber
O 6 mmCarbonFleece e T
S C [ Aluminum 5@ T Tt LT %25.50"
r C ungsten ] — L
O 5:_ """ IDEA CDR Vel‘te)\(dd\e‘O IO\_D.O oF ECOP?Jer = ><° 5 []GlueEcobond45
C_U B a(\d‘“vo(‘e’ -><~. 8; [ Ibeam 1 ; - [ ]Kapton
- 41~ \)\e‘ 9“9 ~— X £ [ |LiquidNDecane @ aF DROhace"_
Q i © 75 EABeMeti62 1 o % L]CarbonFiber
9 - o
© 3 % 6L []Gold 15 - [l Aluminum
= - a f 2 g
N — = 1 3 -
L © C . = -
2 S a4l Beam pipe s
A L s o
| s S 3 0.68%X/X, @ 90° 4 = :
0 ' 5 1
0 0102030405060.70809 1 1=

||||||||||\||||\| I
cos(0) 0 0.10.203040506070809 1 %) 010203040506070809 1

cos(0) cos(0)
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Air cooling +
Cables cones

Elastically joined with
bellows to the inner vertex
to avoid stress.
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Middle Tracker

Assembly procedure under discussion
Will be tested at Frascati mockup
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Total tracker

Outer Tracker

Disk 1
Disk 2

Lumical



O FCC Filippo Bosi — MAPS Detector technologies for the FCC - ee Vertex Detector - Pisa & CERN — 2 - 3 July2024

Inner vertex support and Carbon Fiber coollng cones

____Airlinlet

Layer 1&2 cooling cone

ﬁ] )u i h ’ 1™ o et g e i e | el g et

- Layer 3 cooling cone

Support cone

 Anchored to the conical chamber
« Air cooled
« Thermally isolated from the beam pipe during bakeout (150 °C), by peek supports
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Module temperatures
@ v;,=20m/s

contour-1

Static Temperal

66.0
60.9
558
50.7
456
40.5
354
30.3
252
20.1

15.0.

Layer 3 -largest power
dissipation: 77 W

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

3

| See presentation of CristianoTurrioni

Max Temperature [°C]

Max Temperature [°C]
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Max Temperature of Sensors

1
|
1 —&—Air, Din =6mm
|
|
1

—e—Helium, Din = 6mm

06 08 1.0 12 14 16 18 20
Mass flow inlet [g/s]

Max Temperature of Sensors

= B = Ajr, Din=3mm

~ - —a— Ajr, Din=6mm

l ) ) ) . .
~—u
5 15 20 25 30

Inlet Velocity [m/s]
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Transient mechanical analysis
] g

ses " Maximum  Global deformation vs time
= Average / Stave under

= Minimum study

Boundary staves (Periodic boundary
conditions are applied)

0, 1,e-2 2e-2 Je2 4e2 5,34e-2
[5]

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 p
the simulation g See presentation by C. Turrioni et al




O FCC Filippo Bosi — MAPS Detector technologies for the FCC - ee Vertex Detector - Pisa & CERN — 2 - 3 July2024

INFN

Istituto Nazionale di Fisica Nucleare

Cylindrical
Structural Shell

Half Barrels

Lightweight layout using an ALICE ITS3 inspired design
(~0.05 % X /X, material budget per layer — 5 times less than the Mid-Term one)

After fruitful discussions with C. Gargiulo, A. Junique, G. Aglieri Rinella, W. Snoeys
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Interfacing end Caps

Same reticle for all layers

3 4.5 1.5

% e
RSU
/ N l i —
/ B \\A B O. 3
N N 3 26.76
1 1 4 33.3
—> <— —>
21.666 21.666 Power dissipation in ITS3
not necessarily the same for FCC-ee
Layer 1&2 Layer 3&4 ( i )
—— . RSU~ 50 mW/cm? (depends on
[mW cm 2] ) Tem P )
Expected Max  Max ° LEC ~ 700 mW/cm?2
25°C 25°C  45°C
Left End Cap (LEC) 701
12” Active area (RSU) 98 4“4 62
Pixel matrix 15 32 51
Biasing 168 168 168
Readout peripheries 432 457 496

Data backbone 719 719 719
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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=20.23 mm

|cos(6)| < 0.988

R=13.7 mm

Layer 2

|cos(6)| < 0.992
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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)

7

Layer 3 Layer 4
R=26.76 mm R=33.3 mm
216.7 mm active 173.3 mm active
‘ - > |cos(8)| < 0.987

|cos(6)] < 0.992 * -
2x few mm (being optimised)
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Material budget inner vertex

—_— T '-' """"" |||||||||||||||||: — :DPCB
3%, 1 gl [ |stlicon 1 2 | silicon
o ! © 3 []GlueEcobond45
Kapt i
X 1.6 apton ] é - [ ]Kapton
_,>_<. 14 - CarbonFoam i — . [__]Rohacell
% ol _ g % 4~ [ carbonFiber
-g 1.0l .Alumlnum a 'g - [l Aluminum
O 11 . io) 3‘_
g i Curved - g Mid-Term
o 08 Layers 1to 4 E Q B
S 0.6 g 2
0.4?— B
: 1 1
0.2§ ] e i
-1-0.8-0.6-0.4-02 0 020.4 0-608-&9)1 % 0102030405060.70809 1

cos(0)
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Starting engineering layout

b e\ = (412,994 active region ) - P
..-! : \\ 461,99 g Q

D L
17331 -
o "

T \ ]

BRN ) ] 107 -~ /
A 1T

3 p .l %

Ll
: _ = 1T Zn=
X VA
nﬁt? g -BJ 21667

/o

|

<+—>
1.25 mm gap /)
|1

! hongeron carbon foam

Lomgernn Cartion Foam Layer 2

gap

Longeron Carkon Foam Layer 4

o
o
—

Longerom Carbon Foam Lager 3

I
g
N "
iy Rallin
I'ii.
||I
oLl

PARTS LI5T

TTEM[QTY] PART NUMBER CESCRIPTION
1
1
1

1 |Mgcemily Gye 13 4 in 7 right 2+ nacthe
1 |Aszernbly lynr 3-4 halfin 2 rght 2

[ Aussermbly cOm pltn layer -layer 1
1 |PartiFgam cun ker 3 4
e arbon foam crcolare ssterno

i
iy / L]
iy 8 . SECTION B-B

[Tinm cakan Fiber estems
L_Jearbon fam yart
a

Ll FLEL) st Ir i Nirionale: i F i P cheare-Bezla ne | Flsa

Canbon Fiber cilinder

rrrrr

L] Aszembly 1ayer 3-4 -2-1 half in £ 2+ inactive)

mT T ™
D] [Assembly tayer 3-4-2-1 halfin . 2
T . ATy T | T
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- Layer 1+2 e,

\\ : . BA¢
Layer 2 Detector \ Interfacing right end cap |
//_f/ oo

Layer 1 Detector

Longeron Foam

e Anular foam Carbon Foam Layer 1-2
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Layer 3+4

Layer 4 Front Detector Layer 4 Back Detector

\ Interfacing right end cap

Carbon Foam Structure Back ~ Layer 3 Back Detector
Carbon Foam Structure Front

Layer 3 Front Detector
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Fanout Layer 1

L\
L\

N.4 electronic board/side for Data&controll
N.4 electronic board for Power

Fanout running
over 110 mrad

"
"
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Fanout Layer 2

N.6 electronic board/side for Data&Controll |
N.6 electronic board for Power *

Fanout running
over 110 mrad
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Fanout Layers 1+2

N.10 electronic board/side for Data&Controll jg;}-',i‘ / /

N.10 electronic board for Power g

Fanout running

i /// over 11() m rad
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Fanout Layer 3+4

’
2
_—8
N.20 electronic board/side for Data&Controll -
N.20 electronic board/side for Power '/,..;_»/-’“/
e 3 ’;//"//
l/'% Fanout running
g o

over 110 mrad



Fanout Layer 1+2+3+4

N.40 electronic board/side for Data&Controll

N.20 electronic board for Power front side pr /
N.20 electronic board for Power back side P " ”

Fanout running
over 110 mrad
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Problems with actual layout Curved Vertex

N.8 RSU
N.10 RSU

\ N.12 RSU RS /
412,994 /

Angle not covered from all detectors\ \ /
i 17—
216,656 173,328 -
Y \ \ 23 "'/_:“im_ /
1 /
_;h 4

N\ / ¥
e -‘Xc—\ \‘ // — 4-;"_"-__—--_—-—
_-_'_—_______-_- -
_‘——___%_ __________._______._-———7

=3 216,666
173,328
20,35

116,666

Acceptance angle for the Lumical ) i .

400
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N.11 RSU

Reduced angles not covered

from all detectors

New Layout Curved Vertex

#56,326

228,163

o

238,332

194,994

20,338

j— ]

et — ] ] — ]

228,163

138,332

h/ N.9 RSU

\

400-

108,33

N.13 RSU

138,332

\ 10,833

281,658

AN

Acceptance angle for Lumical

AN

N.11 RSU
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Conclusions and next steps

A Vertex Detector layout has been engineered
« Integration with the machine elements being developed
« Services integration and cooling being finalised
 Thermal and structural simulations look promising
« Atest setup is being constructed to validate simulations
« Useful iterations between designers and simulations to keep material budget under control

 Alighter concept with curved and stitched MAPS is being engineered
First layout done

New Layout in progress

Engineering drawings started, having in mind construction sequence

Cooling (air) and flex circuits routing will be addressed shortly



Thank you
for your attention,
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Sensors technology and dimensions

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

',
1 e A s S B
}ﬁﬁﬁﬁ#ﬁ#&ﬁﬁ#-ﬁﬁx

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-

o> - wom

—L

i
&

2888
a2sy B

N
o 34
n
cuivy “I
iR
oy —

84t

r4

"M@ S5
i

T
)

RAd o




O FCC Filippo Bosi — MAPS Detector technologies for the FCC - ee Vertex Detector - Pisa & CERN — 2 - 3 July2024

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 _"_E 0,20 0.2 5‘
| T ] 32,00 32,00 1200 | C
. » 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 6 R&D
| Sensors facing interaction point w/o
— Xy ELEMENTO |QTA NUMERO PARTE _ DESCRIZIONE - . .
~ T3 hnan & conrels 64617 et 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‘ . . .
A = I " B [ Readout chips either sides
\ &3 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
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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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6 | 5 | 4 55?0 3 | 2 1 1
6,00 1 69,00
Qs"°f—‘°°/ . | /O A
D y - ‘ PACA 8
19)

| —_— s R ORI ] Outer Vertex Tracker Disk 1

B 1% 1 [IHRSE. DI 2 sides (front and back) each with 4

R e 27,10 petals.
C = & |\ ', 4

10 NS . .
B B0 o RO One petal is made of different
- )
e - & staves of overlapping modules
> 210,40 = 6,00
2 : 247110 ! — ’

Qiskl completed:N.48 Istave composed by 196 I ELEMIENTO QIA layout disco 1 recente S TOta| mOd U |eS per d |Sk 196

g:ngiigggt:dziysg\zg:ﬂit;t;ll:;ogmz 2 4 Assfeme supporto disco 1 modulo 1 update ] T t I . h t _ 8 5 O
o = 1713 e S| feme do i mab e — ot Weld Jrams

Total Power dissipated Disk 1= 3 8 _lAssieme supporto disco 1 mod:* Od‘a — Power bUdgEt ~ 336 W

196x1,713=335,74 W 7 4 |Assieme supporto_disce m((\

b lrpmmie 000
1 e S ptte o~ " | Cooling using 1 water pipe (2 mm
<0 0° €S _ s o1 mocdl T vpdate G diameter)
. g G porto coldplate disco 1 modulo 5 speciale update disco 2
GOO\\(\ _<me supporto coldplate disco 1 modulo 5_1 doppio_4_4
A Progettato da Controllato da Approvato da Data Data A . .
oo | | | o | Similar geometry for the other two
Vista A Istituto Nazionale di Fisica Assieme disco 1 :
Nuclere-Sezione di Pisa IDEA I Edkione I l'°/°‘i d I SkS
1

6 | S | 4 A 3 | 2 |
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Thickness of the chamber Uniform thickness of the conical

chamber set at 2 mm

2 mm

90 mm i \

156 mm
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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 DX 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 = .
- == & Inner vertex E
|/ - — o ]
N ‘ . R=23,0 ‘ o/ 8 | b) _:
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 [/ b ]
iy Pl de.tedors et f NS 5 ::Tum Iumxm ]vam.“. \ / :;:m«zox I & (@) S .
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.; ’([L © .
(3 T 5 T Bt N 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
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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 7
»

Vs 4,4 P

Peek Insert 1 f‘.. A
"’ " ol
S

Peek Insert 2 SREC

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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Integration with beam pipe cooling manifold

———p Air Cooling

Cooling pipe paraffin
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Disk 2 \I

Inner Tracker
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Modal
analysis

=  Participation factors.
= Natural frequencies.
= Duration of time step.

Geometry
simplification

Extraction of the single stave o
Layer 3 stave (max lenght) =<1k

<74
et = | 58

CAD Model

analysis

= Flow of data managed by Ansys Workbech

A =  Time-story of pressure
-| Geometry =y =====- CFD |============ FE p====== load.

. |
! 1] I 1 .
I ! | *  Number of time steps.
I = A I | "
Lo I |
2 O EngineeringData v* || II I
1 Engineering Data 1 I 1 I
! | ! 1
I i ! I
1 ' |
v B || v (o v D Il v E v F 1
B - - B - B o BN oo N
1 2 Geometry /492 @ Mesh v 2 @ setp vV ou |92 @ Model Vo, ——u2 @ Mode v, |
| —=:s t5d Parameters II Mesh 3 @3 Solution v 4 II %3 @ Setup v 4 3 a Setup Vv 4 1
1 Geometry [ 4 @ Results - II 4 GE Solution v o4 4 QEj Solution v/ 1
1 Il —>5 |[pd Parameters II 5 @ Results oy 5 @ Resuts v |
| ] Fluid Flow (Fluent) I| Static Structural Modal | . 0
| Iy I Transient mechanical
|| Il 1 I .
I by I I analts)samic displacement
1 ‘Vp] Parameter Set ! i 1
h 1
I_ _________ I e e e e e = - - I e e e e e e e e e e e e !

A FInite volume Analyslis 10r evaiuating 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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General integration
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ELECTRICAL UNITS
MOSAIX - Top Integration Diagram @

SUPPLIES — || | _ | | | | | | || supPLIES
/Os «— || | | L=l I P R R I e

SUPPLIES —q| || ' ' ' i
1/Os «—’ : : ~ RSU || - | SEGMENT| - - : . . SUPPLIES

I - m L} -' N N N .. T L] '- NN NN BN BN NN N SN BN BN B I e e e . -v- LI 1

SUPPLIES — | | N\ ’ SUPPLIES

I/OS D | \’\.‘ ‘ P D
LEC RSU_12x REPEATED SENSOR UNIT REC

—/
'y
g8
7 v
144
83
4

3| [yxe1cas
2| | rx@cazd [
TX@10G24

19.564 mm
LEFT END CAP
RIGHT END CAP

A
———— 19

{—————————21.666 mm-

Figure 3.34: Block diagram of the sensor segment.

A column driven approach reaches higher bandwidth, but needs low power consumption
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R&D Basedon present effortin the design of the ITS3 (RUN4 -LS3)

LOL1 L2

= minimum material support and gas cooling

%\
Carb‘gn foam

=> Wire bonding
at the edge side




