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EVOLUTION OF SILICON TRACKERS FOR COLLIDERS
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SILICON TRACKERS AT THE LHC
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Improvement in impact parameter resolution
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CMS PIXELS
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LHCB VELO UPGRADE

n from LHC

| k shield (Torlon with NEG

® 3.5 mm from beam and 0.9 mm from sensors
@ ® thermally stable, shields against RF pick-up
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LHCB VELO UPGRADE
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* cooling power up to 40W at -30C
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ALICE ITS UPGRADE

® sensor size:

hit efficiency > 99% Artistic view of @

SEM picture aof

. . .
spatial resolution: 5 um
@ P H ALPIDE cross section Q. (MIP)=1300 e = V= 40mV
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FASER

® single-sided p-ir

q

® 105 channels in total in
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HL-LHC UPGRADES: REQUIREMENTS

®* Improved track sepc

® Low occupancy, high ban TR

®* Low mass
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bonding; large V. across thin air gap (10um) = Parylene
coating; large T, range; serial powering; low-mass services
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CMS PIXEL UPGRADE
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ATLAS ITK STRIPS
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CMS OUTER TRACKER

at 40

®* Two types of module:
® 2S (strip-strip) at outer radii

® PS (pixel-strip) in inner layers

® 190m? silicon, 213M channels

O
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CMS HGCAL

(0.5 or 1cm? cell size)

® ~500m? of scintillators

* ~110kW(!) per endcap at end-of-life
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ALICE ITS3
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material distribution

® Planning to use air cooling
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LHCB VELO UPGRADE I

e
NEG coating -
‘amorphous carbon coating

R&D needed for active cooling:
e.g. considering bi-phase

Krypton cooling for operation

<-40C



SILICON BEYOND THE LHC
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BELLE Il PIXELS AND STRIPS

PR

I s

pas==!

* Switcher: rolling

time

* Experienced some damage from beam loss events
second halfeof
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sensor modules (X/Xo =1.1 %) % Y G
* Gaseous Helium cooling B A ..
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ePIC MAPS detector geometry ePIC Barrel detector side view

”

ELECTRON ION COLLIDER

z=-115¢cm

® Pixel size: 36

® Resolution: spatial ~7um, temporal ~2ns

® Lots of synergies with HEP developments

4 LGAD irradiation tests at LANSCE
- early deployment of new ideas
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signimicance

Events /0.1 GeV

Focusing on e*e- Higgs factories v
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For future hadron or muon colliders, need R&D

into radiation hardness and ultrafast timing - : ol
jet tagging efficiency




FUTURE COLLIDER DETECTORS

e.g. R&D on fine-pitch hybridization

e.g. R&D on Silicon-on-Insulator / 3D Integration
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15311001001 ]
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https://arxiv.org/abs/2210.02132
https://arxiv.org/abs/2210.13046
https://www.sciencedirect.com/science/article/pii/S0168900220312948?via%3Dihub
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* Implement classifier on-ASIC: 1,163 parameters, <300uW,

area<0.2mm?

Hardware presentation
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https://indico.cern.ch/event/1242538/contributions/5412473/attachments/2689286/4666490/2023.07.24_Dickinson_MODE_vf.pdf
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THANK YOU!
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