CiTFC _ -
“Emmecaa - Light-welght minimal mass

tracking detectors: active &
passive

N
o
T

 The need

 Current activities &
Future R&D
* Conclusions

AT between chip and coolant [K]
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o(Ad ) [um]

- 0(do)/do=2/3-5/10-20 pm ( 100/10/1 GeV at 90°)

 R&D challenge

- =~ 3 um hit resolution with =~ 0.2 % Xo per layer (low multiple scattering) in pixel vertex detector

The challenge...

* ee experiment target track pr and impact parameter resolutions of =~ 1/5 LHC
- o(pT)/pt? =~ 3 x 10° GeV-' (p <100 GeV)

- Low power (no power pulsing); readout electronics integrate over < O(1 us)

- New paradigm for stability/alignment/calibration due to immense statistics

e Starting point concepts: CLD and IDEA

- Typical quoted performance numbers for impact parameter resolution:

103 HANEL B L B B B
F Single
--p=1GeV
k -=p =10 GeV
’ —~p =100 GeV
102 F ° - (a™+b2(psin(0)))"2 2
10 F ] .
1 b - I L
20 40 60 80
0 [deq]

Impact parameter resolution:

Ody =a D

. 3/2

psin

0

CLD:a=2um; b =20 um
IDEA:a =2 um; b =~ 15 um

ILD:a =5 um; b =15 um

4th FCC Physics & Experiments workshop



Many avenues possible

 Low mass detectors
 Low mass structures
 Dual use structures

@: 4 FCC Physics & Experiments workshop 3



Strong ties to Foundries, allows...

* Manipulation of the CMOS process to boost technology
* Uniform epitaxial layers = speed & radiation hardness
* Usage of larger wafers & stitching
* 65nm technology: charge collection properties uncertain with thinner epitaxial layers
DEPFET improvements: Better drain implants oo .

Source Drain

3d integration (not 3D technology) | %—

LGADs and inverted LGADs

* Smaller pixel possible but lots of power for time

resolution = cooling ? mass ? tandard implas moroved dan il
luminum More details:
Foundry standard process Modified process CERN/Tower
) | NIM A871 (2017) 90-96 I
(a) JTE NMOS MOS o
n f— T 1 T it
Epitaxial layer —p Ll F
EEEEE WELL
= substrate — p** PMOS NPTy ; ’ \\‘ fow dose n-type implant
AC-pads e - it .‘:; ] ‘\' Developed and
dielectric——— DBloxide T TN ] ] i eveloped and
—_— \ - o \ DEPLETED ZONE a peot T
n* i< e ST — : \ 4 ALPIDE R&D
Bl sty o TAS B 110750 et : N
JTE ida 5 N /' DEPLETION BOUNDARY
n | + P EPITAXIAL LAYER . o o epitaxal layer
“F substrate — p**
Partially depleted epitaxial layer Fully depleted epitaxial layer
1g Gabriele Giacomini et al Charge collection time < 30 ns Charge collection time < 1 ns

Operational up to 1014 1 MeV neq/cm?2 Operational up to 106 1 MeV neq/cm?2

4th FCC Physics & Experiments workshop 4



M.Mager, L. Andricek

Very thin silicon detectors

Bent ALPIDE (M. Mager) and the “golden
detector” (ITS3)

ALPIDE: amazing test beam results

e Challenges remain, bending influences electric
parameter

DEPFETs are also bendable (L. Andricek)
Allows very minimalistic support
structures, i.e. almost “none”

EPIC applications...

4th FCC Physics & Experiments workshop S



Hybridization

* While MAPS/CMOS is perfect for innermost layers, the more

“classic” hybrid detectors still an option for outermost .

* Bonding forces doable, but yield remains low for now
* Very small bond layers, almost like 3D integration...

\ CMOIS sensor /

ROC

| B 2 BE 8 B

Chip carrier PCB

* Can this technology be a solution for interconnecting the ends
of ALPIDE ladders?

4th FCC Physics & Experiments workshop 6



Cooling & support structures

e Reached the limit for cold CO2 technology
e Further improvement if power densities require it:

» Super-critical krypton cooling (around -60C)

e ..butair cooling the “weapon of
choice” as long as power densities are
low enough

e Little to no support mass needed,
example ALICE ITS3

 (Can we dream ? 1% |layer of vertex

detector into beam pipe
* Beam current shield vs. beam pipe mass

truly cylindrical
detection layers

Heat transfer (W/cm 3‘*K)

60

Overall heat transfer (dP & HTC)
L=2 m, Q=200 W, VQ=0-0.35
T T T T

CF,
co,

Xenon

cn
o
I

Y
[==]
|

N,O

- = =R23

Methane
Krypton

Ethylene

- = = Ethane

[#%]
o
T

N
=]
I

10

Methane

Practical
limit of CO2
1

Ethylene

l 1 l l 1
80 60 0 20 0 20 40
Temperature °C
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Micro-channel cooling

* Microchannel cooling is established to perform as expected by
LHCb, now possible to consider for others

a) oxidation and back side implant of top wafer
¢) process -> passivation

\ /
open back side passivation

|
3

b) wafer bonding and grinding/polishing of top wafer d) anisotropic deep etching opens "windows” in
handle wafer

Cavity SOI process: can be adapted to any
traditional silicon detector

Silicon on insulator (SOI) technology is fabrication of silicon
semiconductor devices in a layered silicon—insulator—silicon

4th FCC Physics & Experiments workshop 3



What about supports ?

e Carbon Fiber is THE material of
choice for structures
* Highly thermally conductive
e Extremely strong, e.g. support 10x
self-weight
* 500kg structure for 5 tons
(CMS BTST)
e 3 kg structure for 30 kg pixel
detector
* Minimal mass

A. Jung R&D considerations on lightweight mechanics 9



Future colliders (FCC like)

High-luminosity phase of the LHC as example in this talk, but future colliders
o Larger angular coverages extend into forward directions

s Challenging for forward tracking/detectors

s Pile-up of a thousand results in very harsh conditions (@FCC-hh)

Pixel Layer FCC (2.5cm)
dose (3.7cm) 30ab™
x10°n_, cm™ 1.5 3 30 70
Dose (MGy) 5 10 100 220
Example of the HL-LHC upgrades as example: S R — (b)
° B Betweem IT and OT (mechanics)
i Support StrUCtureS é 1~ @ In front of IT (beam pipe) (@) 0.151=
. . | [ In front of IT (mechanics)

need to be Optlmlzed’ B E:EZ;LVI?FIL;TSOT (mechanics)

light-weight = minimal O o OT (sorveog 0.1

mass possible, highly o5l i

thermally conductive 0.05k

e CMS HL-LHC
upgrades as example

05 1 15 2 25 3 35 4 %
ull

A. Jung R&D considerations on lightweight mechanics 10



Material budgets & mechanics

Substantial R&D on all fronts to make a FCC-hh detector a reality
a Support & Cooling constrains Tracker performance, e.g. thermal runaway
» Mechanics is significant fraction of the material budget

» Lowest mass possible requires new approaches to an old topic

Fraction of mechanics vs entire Detector material

~ 0.05
= Q - Private - work in progress
S o . [ -
< = |Mpact of Mechanics c - — TDR, default
0.3 onFiT tracker ) () og_ 0.04 EC bired 4
= e Pand ] Hackar o P T D7 comhmec, propose
= = Proposed Mechanics budget i 0 03; — EC only Dee, proposed

Fraction of x/Xj ™™™ / x/X

Ratio

0 05 1 15 2 25 3 35 4
In|

« Can improve b-ID efficiencies by ~2% per b-jet and high b-jet multiplicity ~10%
« Significant improvement by novel approach, b-ID relevant for top & Higgs physics

A. Jung R&D considerations on lightweight mechanics 11



Material budgets & mechanics

Substantial R&D on all fronts to make a FCC-hh detector a reality
s Support & Cooling constrains Tracker performance, e.g. thermal runaway
s Mechanics is significant fraction of the mate~”

. . re
» Lowest mass possible requires new apr
P 9 b Phys har Vestin
ICs anq g all
Fraction of mechanics vs entire Detector material Derfo,. 3 -
_ n
§><‘3‘ | === Impact of Mechanics (c) great in Ce OUt Of
%03 I Iorgpl-ell-cttr%(f:kl\%chanics U Strum
o Ee ond IT tracker nl"avel ents t
§ : = = Proposed Mechanics budget n mYSt . O ;
ao | atUI’e 5 €rieg of
§ 0.2[ )
£ o1l BV E E 3
' - -= g 1F e
------- I: g kkﬁ-\lﬁ:
0 i
A A 0 05 1 15 2 25 3 35 4
In|

« Can improve b-ID efficiencies by ~2% per b-jet and high b-jet multiplicity ~10%
« Significant improvement by novel approach, b-ID relevant for top & Higgs physics

A. Jung R&D considerations on lightweight mechanics 12



CIT=C  |mpact of tracker

& Simulation Center

mechanics...

Tracker of the HL-LHC is a very significant fraction

of the total CMS upgrade budget

o Support & Cooling is the constrain in which Tracker is
operated, e.g. thermal runaway

@ Mechanics is sizeable fraction of the material budget

a Requires detailed FEA & mock-up's to understand
and verify experimental measurements

o

x
X 1= R front of IT (beam pipe)

@ n front of IT (mechanics)

Inside IT volume

Betweem IT and OT (mechanics)
Betweem IT and OT (services)

B |nside OT volume

(a)

o 20 ul
E’ —— 100£50 um TIM layer
K _ Heat generated by
§ 18 — 200 pm carbon fiber layer different components
b 100+£50 pm epoxy between
° carbon fiber and foam Silicon Module (Chip + pixel sensor)
'.S 16 Carbon foam layer
§ 10050 um epoxy
2 around cooling pipe
8 14 A Nominal thermal
p B conductivities of Epoxy Interface, 100um thick, ky,m=1.1 W/mK
B different layers
12— Carbon Foam Layer, 2.5mm thick, knom=35 W/mK
10— /_\
8 B 1 | | I | I| | 1 | I I I I | | | | | I | | 1
107 1 10 102 Cooling pipe Ep.oxy Interface, 100pm
Through-plane thermal conductivity of layer [W/mK] thick, kyom=1.1 W/mK
A. Jung R&D considerations on lightweight mechanics 13



CIT=C  |mpact of tracker

& Simulation Center

mechanics...

Tracker of the HL-LHC is a very significant fraction
of the total CMS upgrade budget
a Support & Cooling is the constrain in which Tracker is

o

X

X 1= R front of IT (beam pipe)

@ In front of IT (mechanics)

Inside IT volume

Betweem IT and OT (mechanics)
Betweem IT and OT (services)
B |nside OT volume

0.5

(a)

g 20 ul
S ' Heat generated by
§ 18 different components
°
i Silicon Module (Chip + pixel sensor)
5 16
c
:
8 14
P B Epoxy Interface, 100um thick, kyom=1.1 W/mK

12— Carbon Foam Layer, 2.5mm thick, knom=35 W/mK

10 - /_\

8 B 1 | I I I | | | 1 | I I I I | | | | | I | | 1
107 1 10 102 Cooling pipe Epoxy Interface, 100pm
Through-plane thermal conductivity of layer [W/mK] thick, kyom=1.1 W/mK
A. Jung R&D considerations on lightweight mechanics 14



CIT=C  The facilities at Purdue: CMSC

& Simulation Center

Completed in summer 2016: o5 ‘ L

« Composite manufacturing & simulation pa—_————
center (CMSC) a *}COMPO‘SATES ‘

« Multi-disciplinary center: Aeronautics, Wit T ON CENTE

Chemical E, Materials E, Aviation Tech, o —

Computer graphics

A Purdue Center of Excellence:

« Experts in simulation as a decision-
making tool for composites

« Dassault Systems Simulation Center of
Excellence

nnnnn

" S
A COMPOSITES TN

©/Cpigimat 2 gl
POl | FACTORY

SYSTEMES 3 E
Moldex3D ’ 9 E"
g

Composites Additi
[}
Analy35wrtl 2 % @ v '
o eineens @)= ¢
BEE50
= Q @ Compression Molding

Supporting technologies
* Technical cost modeling

. Big data - Al
A. Jung R&D considerations on lightweight mechanics 15




Em_TtEg Wh (J t ,S p OS S I b I e tO d G y. « « (biased view/selection)

& Simulation Center

Advanced Mechanics & Composites activities at Purdue

Large Support Structures — light-weight but rigid
1. BTL Tracker Support Tube (CMS)
2. Inner Tracker Support Tube (CMS)
3. Inner Tracker Service Cylinder (CMS)
4. End Cap Quarter-Shells (ATLAS)

End cap quarter shell with
u-channels for services

Small Structures — extremely flat and thin
1. Pixel Dees Support Structure (CMS)
2. High-TC flat sheets for silicon modules (CMS)

Irradiation campaigns:
* |n collaboration with US TFPX institutes
(Cornell, Rice, others)

Silicon Detectorsin
Service (Half) Cylinder

Future Mechanics and R&D:

1. “BlueSky Mechanics” for detectors at
future Colliders (FCC, muon, LC,
etc.) https:/arxiv.org/abs/2203.14347

. “CalVision” project for mechanics of

dual readout calorimetry
https://arxiv.org/abs/2203.04312

i Continuous
cooling fiber
line 2

PURDUE A. Jung Advanced Mechanics & Composites 16
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CM-C Future R&D work

& Simulation Center

R&D efforts on low-mass support structures «  Multi-functional composite structure
with integrated services for silicon detector research

_srystems ho Basic R " Needs for HEP Integration of cooling and other
argeting the af'c esearch Needs for services into the support structures to
by DOE topic of “Realize scalable
reduce mass further

irreducible-mass trackers”, thrust 2 on low _ ,
mass detector system. * Novel approach to mechanics design

Leverage current activities on high-TC, from inception phase of the detector

accurate predictive manufacturing of large ¢ Need to start early/ier with R&D...
composite structures, etc.

Connections with companies engaged in

high-TC carbon foam development

Basic Research Needs for High Energy Physics
Detector Research & Development




LITEC  Going into the future of mechanics

& Simulation Center

—> Scalable mechanics structures: multi-functional & mass optimized
- Ease integration, applies also to calorimetry, TOF, etc.

Design Iterations till deflection requirements are met

----------------------------------------
. .

CFRP S rt Tool Sh
e P P i i Full cycle of Process &
vided b > P | M facturing - FEA H H .
gl Bt | anufachinng - Performance simulation:
|

- FEA, prototypes, iterative

Con_w.Josite p rocess.
e e - Consistent approach to better

A

controlled manufacturing
. process, eases assembly.
Manufacturing and .
assembly - Especially true the larger the
structures become,
integration is a “challenge”

Design Iteratioss till deflection
requiremebts are met

Loading test and
simulation validation

- Collaboration with material sciences,
companies for novel materials, and
latest techniques.

- Example: ML for optimization with HEP
inputs, excites future generation

A. Jung R&D considerations on lightweight mechanics 18



What about supports ?

e Carbon Fiber is THE material of
choice for structures
* Highly thermally conductive
e Extremely strong, e.g. support 10x
self-weight
* 500kg structure for 5 tons
(CMS BTST)
e 3 kg structure for 30 kg pixel
detector
* Minimal mass by dual-use

A. Jung R&D considerations on lightweight mechanics 19



LITEC  Going into the future of mechanics

& Simulation Center

|dentified by DOE BRN effort & CPAD

« Scaling of low-mass detector system towards irreducible support structures with
integrated services. Includes: integrated services, power management, cooling, data
flow, and multiplexing.

Multilayer

swprt Additive Manufacturing of Preforms Printed Preforms
5 Coextrusion of CMC wiath

polymer remforced with Pri
rinted
discontinuous phase

bead

l Nozzle
Primt Bead
Darection ) Compaction
o |

Printed Bead

s S 5D S Preform for Continuous
\ cooling line Multifunctional
Substrate b Composites (CMC)
- Collaboration with material @
sciences, companies for Support Structure with Compression Molding
novel materials, and latest Integrated Services 3
techniques. modules Compression 17

- Example: Cutting-edge
composite manufacturing
techniques, in-house

- Reduce mass & boost
thermal performance

: molding tool ~—_|

Consolidated
part

A. Jung R&D considerations on lightweight mechanics 20



LITEC  Going into the future of mechanics

& Simulation Center

First prototypes look promising...

Preform of continuous fiber
(AS4) impregnated with PPS

Printed discontinuous carbon fiber

reinforced PPS Continuous CF exposed at

the surface for enhanced
thermal conduction.

PEEK Compression Molded

— 3 &‘ 2 - S w . B 4 "“! ~ = ‘
s o R / == _{ st -
Carbon Fiber Impregnated

Spools of Carbon Fiber Interior of Impregnation Chamber with PPS

A. Jung R&D considerations on lightweight mechanics 21



LITEC  Going into the future of mechanics

& Simulation Center

Detailed FEA studies:

Cross-sectional micrograph of first prototypes

Printed discontinuous PEEK cooling line
carbon reinforced PPS ) )
Continuous fiber (AS4)

impregnated with PPS

Similar conditions as for CMS HL-HLC FEAs
For now: Modeled as an N2 turbulent flow
at —20 Celsius with a constant volumetric
flow

Different scenarios for thermal transfer
coefficient

Compare results along continuous fibers

e —

A. Jung R&D considerations on lightweight mechanics 22



LITEC  Going into the future of mechanics

& Simulation Center

Thermal performance improved compared to state-of-the-art
a Already at a lower mass and can be further reduced...

h (W/m?K) K=5 (W/mK) K =800 (W/mK) K =800 (W /mK)

847

NT11

50.00
43.33
36.67
30,00 T ~ 7OC

23.33

16.67

10.00

3.33

-3.33

-10.00
W . ~

.. Heatload: 10W i

Heat load: 10W 13 Heat load: 10W

75.00
73.33
~ 71.67 ~
70.00
68.33
66.67
65.00
63.33
61.67
60.00
0 @
NT11
Step: HT_Step Step: HT_Step
boemet 5 StepTime = 5000 %ggg Increment 10: Step Tme = 10.00
Primary Var: NT11 -3 Primary Vr: NT11
Deformed \/ar notset Deformation Scale Factor: not set 15.67 Deformed Var: not set Deformation Scale Factor: not set
Step: HT_Step
Step: HT_Step Incement 5: StepTime = 5000 Step: HT_Step
Increment  10: Step Time = 10.00 NT1L Primary Var: NT11 NTiL Increment  10: StepTime = 10.00
Primary Var: NT11 Primary Var: NT11
70 OODeformEdVa. not set Deformation Scale Factor: not set

Heat load: 10W
T~4C

Heat load: 5W

2.00
1.75
1.50
1.25
1.00
0.75 ~
0.50
0.25

Nkl boom N wWwW S
Suouwouwouwounouo
S 3SSOSoooooo
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Carbon Fiber is great material

e Can it be active...

e A Carbon Fiber wire chamber
offers great prospects to save
material

A. Jung R&D considerations on lightweight mechanics 24



CIT=C  Applications & Community

& Simulation Center

FCC-ee IDEA detector

drift chamber

drift chamber service area

Dual readout
calorimetry w T —

v
Si pixels  50umx1mm (outer barrel layers)
. o] 50pmx50pm (forward disks)
Ca rbo n fl be r Si strips double stereo layer 50umx10cm
3

HRwell double layer 0.4mmx50cm
supports...

g rIm

magnet and iron return yoke

calorimeter

| OO00OOd

HRwell double layer 1.5mmx50cm

L

absorber (lead)

luminometer

|

steel simulating compensating and shielding solenoids

== vacuum tube

Drift chamber, e.g.
using “CF” wire
chambers...

0.5

vertex region zoom

2 m)

Figure 6: Cross section of the proposed layout for the IDEA detector concept.

- Example of "large detector” but detector mechanics / services / cooling play a
significant role in a detector's performance

- Highly relevant also to small experiments & EIC ?!

Exchange of ideas & progress across existing collaborations:
@ “CPAD RDC 10”: R&D Collaboration for “Detector Mechanics R&D”
a 9 others, so covers also your favorite topic’s https://cpad-dpf.org

@ Bridges nuclear, high energy physics but space applications / satellites too — broad field!
@ Forum on tracking detector mechanics @Purdue: https://indico.cern.ch/e/ftdm24
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https://indico.cern.ch/e/ftdm24
https://cpad-dpf.org/?page_id=1549

CM=C Carbon Fiber wires

& Simulation Center

NIM A Vol 855, 2017

« G. Charles et al. compared gold-
plated tungsten wires to carbon wires 1807
for applications in multi-wire -
chambers s 1NF
£ 80-
« This example: factor 5 reduction in g0

material when moving from W+AI to 2?,.___}

C+Ag/Cu

« Supports also a topic

* Volume separation

Grancagnolo et al. (INFN)
High-power impulse
magnetron sputtering
(HiPIMS)

physical vapor deposition of thin

films based on magnetron sputter
deposition (extremely high power
densities of the order of kW/cm? in
short pulses of tens of us at low
duty cycle <10%)

Carbon wire

. 30 pum gold-tungsten wire

TR -

reference for easier comparison.

Fig. 5. Comparison between the sign:
have been shifted by their respective

Time [us]

als from a carbon and a tungsten wire. The signals
Tevene so that they appear at the same time

G. Charles et al.

DC Blocking RC Low-Pass
Capacitor Filter

Non-Inverting
Amplifier

Zero Order
Hold

Analog to

Digital
Converter

RURDUE A. Jung

IVERSITY

Advanced Mechanics & Composites
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CITEC  Small R&D activities @Purdue

& Simulation Center

* Purdue is using 30 um diameter
Dexmat carbon sense wires

 Purdue benchmark is 25 um
diameter tungsten wire from Midwest
Tungsten

« Metal coating is a future project

 Purdue has infrastructure

«  Atomic Layer Deposition (ALD)

. Chemical Vapor Deposition (CVD)

 Plasma Enhanced Chemical Vapor
Deposition (PECVD)

«  High Density Plasma CVD (HDPCVD)

« E-beam Evaporation DC/RF Sputtering
multi-deposition (E-Beam Evaporation +
Sputtering)

. GaN Molecular Beam Epitaxy (MBE)

« PVD Pulsed Laser Deposition (PLD)

 Electrodeposition

PURDUE A. Jung Advanced Mechanics & Composites 27



CIM=C  Bench-test setup @Purdue

& Simulation Center

* Printed Circuit boards control
the location of each wire

« Chamber is built in layers that
can be stacked and offset for
alternating sense and cathode

y / . | \

) | [ | | \

9 f | | | By i}

y F i / =1 < s Ll L,,,,, 1 Rl e \
f * i~ YR P (e Vi
— (A A Al AlLA Al A
P AATS LA VS

: ’ ﬁ
wires L=

llll-l.llllllIlIQ k

« Tension is applied using
constant force springs and
Screws on a carriage

* Next steps: Sealed source &
record data & spectra

« Stay tuned...

PURDUE A. Jung Advanced Mechanics & Composites 28
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CM-C Advertisement

& Simulation Center

EPIC specific Mechanics workshop at Purdue

« Aimed specifically at Mechanics
« https://indico.cern.ch/event/1336746/page/3
2301-satellite-events
 Potential topics
«  Subdetector mechanics
* Global mechanics
* Integration & Assembly
« Service & Mass optimization

« Ahead of the forum for tracking detectors,
Tuesday 28" May:
https://indico.cern.ch/e/ftdm24

« 2"d Bulletin to come today

PURDUE A. Jung Advanced Mechanics & Composites 29
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CIM=C  Mechanics community

& Simulation Center

Exchange of ideas & progress across existing collaborations:

a Shnowmass process, but-ro-dedicatedforumrthe USto-exchange-onthis
» CPAD RDC 10 “Detector Mechanics R&D” https://cpad-dpf.ore

A. Jung R&D considerations on lightweight mechanics

30


https://cpad-dpf.org/?page_id=1549

FTDM workshop

‘Forum on Tracking Detector.

 Forum on Tracking Detector anine 9 '
Mechanics @Purdue Mgshanics 2024
 Registration Fee’s likely around -
~250% / person L
« FTDM 2024, May 29th — 31st * Therm
« 3 days at Purdue
« Tours of Silicon & Composite labs
@Purdue
« Poster Session & Industry
sponsors - : ~ ,
Satellite events 5 < 3 5 I
. Satellite event on May 28" focus _
On EPIC' Satellitel.events
- Half-day on Friday devoted 1st nanss A @ i N

Session 31 May \\ & 4 Andreas Jung, Carlos Marinas, Andreas &g

Mussgiller, Antti Onnela, Marco Oriunno, Paolo '
- etagna, Burkhard Schmidt, Sandro Tomassini, Bart 4 :
Verlaat, Georg Viehhauser.

RDC10 collaboration meeting, 31st
May

i@ Local Organizers:
¥ Benjamin Denos, Sushrut Karmarkar, Kristin Deweese.

https://indico.cern.ch/event/1336746/

Contact & Information =
ftdm2024@purdue.edu
https://indico.cern.ch/e/ftdm24 [E]

¥ UNIVERSI-T Y5


https://indico.cern.ch/event/1336746/

CITEC  Summary

& Simulation Center

Detector mechanics can play a significant role in a detector's

performance, improvements require:
* In-depth study of total mass folded w thermal performance
* Novel ways to reduce the total mass

Detector Mechanics R&D
* First prototypes w improved performance compared to
current state-of-the-art tracker mechanics

* Applicable also to calorimetry, TOF, other systems

* Next steps: Pressure test and connections to form a larger structure
« Snowmass white paper: https://arxiv.org/abs/2203.14347
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CITEC  Backup

& Simulation Center

This research is supported by:

U.S. DEPARTMENT OF

% ENERGY IM

ESEARCH Foul (8))

Office of Science
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CIT=C  pjxel support structures

& Simulation Center

Composite Manufacturing & == e e
Simulation Center (CMSC) at ¥ 8 N -
Purdue, completed in summer 2016

Purdue Center of Excellence across
disciplines: Aeronautics, Chemical Eng,
Materials Eng, Aviation Tech Computer
graphics, and Physics |

A. Jung — Associated member of CMSC
Professional composite experience:

Seven full-time technical staff, five post-
doctoral researchers, twenty grad’s

35,000 sq. ft. of office and laboratory
space

2 large pressurized ovens, 1 larger oven with
vacuum hook-ups

Larger ovens accessible with industry partners
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CM=C  Fqcilities at Purdue: CTRC & PSDL

& Simulation Center

Cooling Technologies Research Center: _ = e
« Multi-disciplinary center to study micro-channels, fluid e
dynamics, cooling (air & fluid), thermal interface
materials, etc.

Microscale Electrically Thermal Interfaces ~~ Small-S¢

aaaaaaaaaaaaaaaaaaaa

Purdue Silicon Detector Laboratory: S
« Large clean rooms for automated pixel module Y %X

assembly & electronic tests == = B
 Thermal conductlwty setups etc.

pppppppppp

Exploratoryand =~ Renewable and
NovelConcepts ~ Sustainable
Energy

Dr. Justin Weibel

CT RC Ce n te r: Mechanical Engineering

Thermal Management

PSDL-CTRC Collaboration on:

« Various aspects of thermal management relevant for
the applications at future collider

« Cooling box setup for thermal tests
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https://engineering.purdue.edu/CTRC/research/index.php

CIT=C  pjxel support structures

& Simulation Center

— Disc-like support structures made from Carbon Foam & Fiber
— FEAs use TC measurements as inputs = 2 Qe |1
— Capable of cooling all g W R et
~1800 pixel modules
— Carbon is light-weight,

and strong

15t half dee prototype,

3 ‘ ‘ -_:‘4_:__‘, n '.'l
Cornell University '\Carbon \3-p|y

foam skin

lllll

-----

------

mmmmm
-------------

777777

High TC support
pieces
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CIT=C  process & Performance Simulation

& Simulation Center

Use simulation and prediction based on material
characterization to ensure accurate prediction of final
part performance

Applied to CMS structures already with full chain of
tool compensation, machining, cure and load test
Minimize material budgets and optimize thermal
performance

@) Viewport: 3 ODB: S:/abaqusWorking_/CMS/ITS...ITST_newTrack_thermal.odb =4

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

Composites Process 2k
Modeling

™~ Material & Machine
Characterization
[

1
I Iy 1 :
1 I ) ! |
| 23D Iy 1 ! 1
L) [ ] I Material ‘ : 1 1 : 1
v. .\’b _ 1 Flow . 1 [ Geometry & 1
1 Viscosity | 1 Slicing 1
1 Model, 1) | 1 |
Initial Fib
Thermo-Chemical Flow-Compaction Stress-Deformation ! g::leantalti:r: : ! I : |
I 1
1
! Ty ;! :
v | I 1 ' 1
— Thermal Lag Distrib'ution —  Spring-in 1 Iy ;) ! |
I I Crystallization 1 ! 1
Th | Resi I 1) Kinetics | 1 "
[ | erma | esin | | 1 Model, I
Gradients Pressure Warpage ! 1 ! [enavd ermal (U |
1 1 Stress and
o o I h Deformation
L] L] aps i esidua | 1
Exotherm A Thickness Stresses )

Figure 1-1 Composites process modeling problem types

A. Jung R&D considerations on lightweight mechanics 37



CIm—C

Composites Manufacturing
& Simulation Center

Thermal conductivities

- UG student driven activities, low-cost but precise

-> High pressure curing to boost TC, factor 2 improvement

—> Additional fillers to boost TC while maintaining mechanical strength
- Method & Results to be submitted to JINST soon...

Spring clamp to ensure equal
pressure at thermal interfaces

Resistive heating element

Heating flux-meter made of
copper with 6 thermistors

Test material
Cooling flux-meter

Peltier cooling element
on a water chilled condenser

T~

Cooling flux-
meter made of

4 A —
» |

—> High pressure
samples increase
volume fraction to
72%

- Microscopies to
measure volume
fractions

Heating flux-meter made of
copper with 6 thermistors

Two spring-system to ensure
consistent pressure

Resistive heater

Copper flux-meters are
thermally isolated from the
case using Airex

A 4% o3

]

‘# )

',‘.q::o ::é‘!
M ""“..ﬁ 4

Sample/ Thermal Interface thermal resistance | Reduced y? | Expected value

Direction of conductivity of Flux-meter-TIM-Sample of the of k [W/mK]

measurement (k) [W/mK] (Riny) [Km?/W] linear fit

K13C2U+EX1515 carbon fiber composite (Unidirectional)

X-axis (320 +28) (1.8+£0.4)-107° 0.83 318 [3]

y-axis 6.0 £2.6) (3.8+2.8)-107* 0.17 0.53 [3]

Z-axis (1.09 0.1 (=6.0+17.0) - 1073 0.05 0.53 [3]

z-axis (2.21 £0.31) ) (3.0+7.0)-107° 0.09 1.2 [3]
MeQba) |

K13D2U+EX1515 carbon fiber composite (Unidirectional)

X-axis (376 £31) (1.7+£0.3)- 107 0.65 410 [3]

y-axis (7.5 +4.4) (3.9+3.5)-10* 0.01 0.53 [3]

Z-axis (1.44 £ 0. (14+14)-10* 0.44 0.53 [3]

z-axis (2.79 + 0.46) (2.0£9.0)- 107 0.43 1.2 [3]
R

Other materials

IM7 8552 (8.0+£2.3) (1.2+0.8)- 107 0.85 5.50 [20]

(x-axis)

Celstran© (0.34 +0.08) (-2.2+4.6)- 107 1.09 0.39 [21]

PPS-CF50-01

(z-axis)
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