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LDRD awarded: outstanding 
opportunity for the whole SLAC 
ATLAS group to lead key 
elements of both detector 
hardware and software and 
play a major role within US-FCC 
and DRD
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Anticipated Results and Deliverables
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● Y1Q1: 
• Define physics simulations to inform the requirements for the dSiPM system.
• Define requirements and settling on the actual dSiPM ASIC architecture 

● Y1Q2-Q4: 
• Design of the ASIC containing SPADs and readout circuitry

● Y2Q1: 
• Submission to semiconductor fab for fabrication. 
• Design of PCB and supporting firmware/software for the characterization of 

the ASIC
● Y2Q2-Q3: 

• Test-bench characterization of the detector: QE, Timing, etc.
● Y2Q4:

• Integrate device in a prototype of HG-DREAM dual-calorimetry system (w/ 
Texas Tech) 



Next Steps (I): Simulations
● dSIPM:

○ Occupancy vs spatial/time granularity, dynamic range, efficiency, 
deadtime, time resolution → Chip specifications

○ Cherenkov vs Scintillating light requirements
○ Number of bits to transmit 

● Longitudinal segmentation via timing:
○ Do we need a double readout (back and front?) Or a single readout 

at the back works? 
○ How do we correlated scintillating with Cherenkov light timing? 
○ Can we identify space-time clusters and apply DR corrections at the 

cluster level? Or we need a jet-level ML approach?
○ How sensitive are we to the time during shower evolution? How does 

that impact longitudinal segmentation? 
5



Next Steps (II): 
5D Imaging Dual Readout PFA Calorimetry

● The 5D Calorimeter concept enables the unification of PFA and DRO into a new type of 
ML/AI particle flow algorithm (yet to be developed!) that combines high granularity fiber 
dual readout calorimetry with longitudinal segmentation via timing, tracks, and precision 
timing information

● Outstanding opportunity for SLAC! utilizing our whole breadth of expertise and interests in 
jets, tracking, timing, readout, FPGA, machine learning, and synergistic with ATLAS. Huge 
cutting-edge scientific and technical opportunities for students, postodcs, and 
scientists/faculty/engineers    6



Next Steps (III): Readout
● Test board for prototype

○ Start from existing chip designs rather than building everything from 
scratch – Work with TID to verify functionality of the board

● Readout for test beam
○ Interface between TTU group, TID, and calorimeter concept
○ Measurements, mechanical integration, data analysis

● Fully-digital readout scheme for full IDEA calorimeter
○ Layout scheme
○ Synchronization, calibration, data volumes and rates
○ Single vs. double readout 
○ Bunch spacing
○ eFPGE edge processing? clustering, noise-reduction, DR corrections? 

Fast calibrations?  
○ Z-pole vs Higgs running
○ … 7



Next Steps (IV): Overall Concept
● Integration of Dual readout Fiber HCAL, EM crystal, SiW 

layer, tracker, PID:
○ How to best integrate Crystal with Fiber calorimeter? PID? 
○ Reference time and calibration, systematic uncertainties
○ Full FCC-ee IDEA simulations
○ Focus on aspects/questions that would most influence dSIPM 

requirements
● AI/ML Detector design

○ Evaluate impact of detector choices on physics performance
○ Leverage AI/ML efforts at SLAC
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Next Steps (V)
● Weekly SLAC/TTU/UNM meetings:

○ https://indico.slac.stanford.edu/category/154/
○ 5d-calorimetry@slac.stanford.edu
○ https://www.when2meet.com/?38007945-2t82H

● SLAC 5D Calorimetry meetings (off-week FPD Higgs Factory 
meetings, same date/time:
○ https://indico.slac.stanford.edu/category/168/
○ 5d-calorimetry-slac@slac.stanford.edu
○ Co-organized by Julia and Ariel

● Plan presentations in US-FCC, CalVision, CPAD, DRD to 
update community and grow effort with university 
collaborators 
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Many opportunities
1. Simulations
dSIPM Specs & Timing:

● Analyze occupancy vs 
granularity, dynamic 
range & deadtime.

● Determine longitudinal 
segmentation via 
timing parameters.

● Correlate scintillating 
with Cherenkov light 
timing.

● Assess space-time 
clustering and shower 
time development.

2. 5D PFLOW
Algorithm & Integration:

● Unify PFA & DRO into a 
novel ML/AI particle 
flow algorithm.

● Integrate high 
granularity fiber 
readout with 
longitudinal timing.

● Leverage 
cross-departmental 
SLAC expertise (ATLAS 
synergy).

Michael Kagan

3. Digital Readout
Readout Scheme & DAQ:

● Define synchronization, 
calibration, and rate 
volumes.

● Evaluate single vs. 
double readout 
architectures.

● Develop eFPGA edge 
processing (clustering, 
noise-reduction).

● Adapt for Z-pole vs. 
Higgs running 
environments.

Julia Gonski 
Su Dong

4. Overall Concept
Integration & AI/ML:

● Integrate Crystal with 
Fiber HCAL, tracker & 
PID.

● Address reference 
time, calibration & 
systematics.

● Evaluate detector 
choice impact on 
physics.

● Leverage AI/ML design 
efforts at SLAC.


