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Collider Instrumentation Challenges
(inspiration for a new vision)

M. Garcia-Sciveres

Lawrence Berkeley National Lab

The Future of High Energy Physics: A New Generation, 
A New Vision

Close-up of ATLAS pixel detector, installed in 2007
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Contents

● go to www.slideo.com  and enter code 3393171 
to be ready for interactive polls

● A standard future collider detectors talk in 5 slides
(mostly stolen from recent talk by Petra Merkel)

● Meanwhile, the CHIPS act and the end of Moore’s Law
● And generative AI, which is closely connected

● What is co-design? (in the context of CHIPS)
● Changing our design paradigm
● What will you do with new technology?
● Conclusions

● (Shameless plug of NIM volume on Microelectronics in HEP)

http://www.slideo.com/
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Future Collider Tracking Needs 
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e+e- Collider physics reach is tied to 
tracker low mass

(300ps)
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pp Collider mass can be higher, 
mu+mu- somewhere in between

Beam collision point
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Everyone can make use of fast timing

(300ps)
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Next!… Calorimetry

(300ps)

I hope so!
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Meanwhile...

280B for manufacturing
  13B for semiconductor research
174B for public sector research

(authorized, not appropriated)

(P5 report referenced)
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Context for where we fit in

TSMC yearly wafer production (50% of the global production)

For HEP

For healthcare
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Let’s take a poll

https://wall.sli.do/event/4tXP5F8RPMAarzUoCfMfCx?section=ba952af7-e655-43f8-b31c-0a5022720aac

What technology applications outside of HEP do you work on?

https://wall.sli.do/event/4tXP5F8RPMAarzUoCfMfCx?section=ba952af7-e655-43f8-b31c-0a5022720aac
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History of computing

This piece is Moore’s Law

timing not an
   accident
We are at an
Interesting point
in time
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Power used = The motivation for CHIPS

fun fact, the brain
also consumes 20%
of the body’s power

z=1021

Big technology 
shift will happen
In the time 
frame we’re 
talking about
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We follow technology trends too
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The technology shift
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Co-design = the technology stack is 
suddenly the problem

It combines independently optimized pieces instead of performing a global optimization
And that misses opportunities for increased performance

How electronics are 
developed, made,
and used. 
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Systems and Interfaces

Subsystem 1

A happily works 
on this system 
without knowing the
details of the other

Subsystem 2
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T

E
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C

E
The interface ensures 1 and 2 will work together
BY IMPOSING CONSTRAINTS 

B happily works 
on this system 
without knowing the
details of the other
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CoDesign and Interfaces

Subsystem 1

A happily works 
on this system 
without knowing the
details of the other

Subsystem 2

IN
T

E
R

FA
C

E
The interface ensures 1 and 2 will work together
BY IMPOSING CONSTRAINTS 

B happily works 
on this system 
without knowing the
details of the other

if A knew the
details they may
make different
choices
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A HEP example from the RD53 chip

Data compression of 
pixel addresses used  
a binary tree: a simple 
algorithm a human can 
easily remember and 
implement in C++

The chip readout with 
pipelined processing 
needed a lookup table, 
not an algorithm. 

Given the information that address compression is implemented with a lookup table,
A more efficient compression than the binary tree encoding can be found in an afternoon.
But by then we were stuck with the binary tree codes. 

Architecture development Design implementation
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Image sensor pixel size example 

?

Diffraction Limit determines 
minimum useful pixel size. 
End of story?



21Collider Detector Challenges – M. Garcia-Sciveres               slideo.com  3393171 Mar. 28, 2024

What if you model the sensor and 
incident light as one single system?

● (co-design approach)
● Photon absorption is a quantum process. 
● Have to consider Hamiltonian of photon field and detector material
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Calculation results in a new detector type

concept

Does not need to be super cold

https://doi.org/10.1038/s42005-023-01193-1

Readout analogous 
to qubit readout, 
via shelving states 
that prevent back 
action on photon 
absorption states
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With 100% QE and spectrally resolved 
single photon sensitivity 

Carbon nanotubes

Coated in quantum dots

Ongoing project: details beyond scope of this talk

Modeling quantum efficiency and spectral resolution

Proposed physical implementation
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Back to the standard FC detectors talk

Tracking Calorimetry Trackorimetry?

Already dE/dX is calorimetry with a tracker, and particle flow is tracking with a calorimeter,
But what opportunities are being missed with separate groups developing separate subdetectors?

co-design
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Ultimate co-design

Unlikely that one person can know all the details 
of the full technology stack, 
Or of the detector + collider + analysis stack 

System Interfaces were invented to allow humans
to work complex designs

...But why does it have to be humans any more?
Generative AI can learn all the details and maybe 
identify the co-design opportunities
This is not currently part of our design process
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What will you do with new technology?

● Generative AI has already arrived
● Many others are just around the corner 

● Room temperature superconductivity
(remember LK99? One of those sensational media frenzy items.
 The limelight moved away, but LK99 and R.T.S. development are not dead)

● Ultra low power electronics

● Photonic computing

● Metamaterial coatings

● Precision, wafer-scale self-assembly

● …

● POLL: 
Which new technology (above ones or others) will have the greatest impact on 
future detectors?

https://wall.sli.do/event/4tXP5F8RPMAarzUoCfMfCx?section=ba952af7-e655-43f8-b31c-0a5022720aac

https://wall.sli.do/event/4tXP5F8RPMAarzUoCfMfCx?section=ba952af7-e655-43f8-b31c-0a5022720aac
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Conclusion

● A lot of work already done on future collider detector designs
● Mostly assuming present technology and design methods
● (example ILC designs predate ALICE ITS3 development and are already 

obsolete compared to ITS3 R&D)
● Technology and design methods WILL CHANGE A LOT between now and 

detector construction 
● Maybe dream about what a physically limited detector can do rather than a 

technology limited one... 

● PS: very high precision measurements may require something incompatible 
with a general purpose detector.
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Fairly new reference material
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BACKUP
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FCC-ee Precision EW

Slide from C. Haber at MIT FCC-ee workshop this week 

Or theory
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FCC-ee Precision EW

Slide from C. Haber at MIT FCC-ee workshop this week 
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FCC-ee Precision EW

Theory systematics

From: P.Janot talk at FCC theory workshop in June 2022
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RD53 Hybrid Pixel Readout
100x higher rate and radiation 

Cern.ch/rd53

~1000
transistors

50um
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Radiation Environments
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HEP IC Radiation Outlook

                10krad      100krad      1Mrad      10Mrad     100Mrad     1Grad      10Grad

HL-LHC

Future pp
ALICE Future

Circ. ee

CMOS

Temperature history
Process details
Dose rate
Dose history
Annealing
…

Inner Layer Dose
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A future direction
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8-Pixel address maps from full sim

L0 central most probable 
maps
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Binary tree vs better lookup tables

12% missed opportunity

3% missed opportunity

5% missed opportunity

Just change the 
values on the LUT,
Nothing else

Not compatible with 
RD53 data flow
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Extending Moore’s Law
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You haven’t seen big data yet
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New tech development path
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2022 State of the Art


