WG6: TDAQ and Al/ML
Summary

Xin Qian (BNL), Williams Mike (MIT), Alexander Paramonov (ANL)

12/02/2022



9 excellent talks

“Neural network accelerator for quantum control”, G. Di Guglielmo et al.
“Nonlinear On-Chip Waveform Processing for Detector ASICs”, S. Mandal et al.

“Quality control assessment of silicon detector construction using deep
learning”, K. Lamichhane et al.

“A Generic Data Acquisition System for Multidisciplinary Detector R&D”, S.
Watkins et al.

“The upgrade of the versatile data acquisition system — CaRIBOu”, S. Tang et al.

“The LUX-ZEPLIN Data Acquisition and Real Time Monitoring System”, D.
Ashish Khaitan et al.

“Real-Time Object Detection and Identification for DUNE’s Data Selection
System”, J. Clair et al.

“Usage of Machine Learning in CMS Level-1 Endcap Muon Trigger”, E. Yigitbasi
et al.

“Smart pixels with data reduction at source”, J. Dickinson et al.

Al/ML talks TDAQ talks



Al/ML applications

On-ASIC single channel

* Nonlinear On-Chip Waveform Processing for Detector ASICs
* Smart pixels with data reduction at source
* Neural network accelerator for qguantum control

* Real-Time Object Detection and Identification for DUNE’s
Data Selection System

* Usage of Machine Learning in CMS Level-1 Endcap Muon
Trigger

* Quality control assessment of silicon detector construction
using deep learning

Complex off-detector
identification of
experimental signatures

In the majority of cases the data processing is done
with fixed latency (in real time).



On-ASIC Al/ML and processing

ANNs for waveform processing (e.g. for DUNE and ATLAS LAr).

“ANNs remain challenging to train and computationally expensive (e.g., in
terms of chip area and power consumption) even after optimization.”

“Implementations in beyond-CMOS technologies (e.g., using memristors)
may improve area and power. However, such devices are not readily

available.”
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Non-linear recursive filtering (NRF) is promising for low-complexity
waveform processing and on-detector feature extraction.

Future work will focus on optimized hardware implementations of both
single-step (NRF-like) and iterative non-linear filtering / fitting algorithms.



Tacks

On-ASIC Al/ML and processing

The majority of hits in the inner-most tracker 2
layer are from low-energy particles. The :
experimental signatures (pixel cluster) can be ’
used to filter out these hits.

8

10

The rejection rate of the NN classifier is 2
substantial.
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Al/ML for Quantum Control
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Required for fast control of Q-BITs (few 100 ns)

Reduction of computational complexity is required to
calculate pulse parameters in FPGAs

Used a Multilayer Perceptron model (MLP) to do the
calculations

Great results!
 Fidelity over 0.99 for all angles in (-m, m]
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Al/ML for Dune TDAQ

* Real-time detection is crucial for DUNE off-beam physics program including i) study of
supernovae and formation of black holes; ii) search for baryon number violation.

 Demonstration with the collection-plane signal is promising.
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Al/ML for CMS Muon Trigger
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* Al/ML techniques are used to

¢/~ External Memory
«» [ BDT Lookup
calculate muon track &&&
. il Remains Unchanged X BDT for PT
\ Beam
parameters for the trigger o 5 sssigument | Soncew
0, on
Run 3 EMTF: s 7 =
* Complexity is driven by non- et NN for PT |
—— 'b \ and d0 Unconstr
uniform magnetic field, ) | @isplaoedy | soved”
different detector Insutlag?DF:EK
us S
technologies, backgrounds :
CMS Phase-2 Simulation 200 PU CMS Plhasezsm ti 14 TeV
> 1.2 e S ! ~ [ AR A A
2 [ : E L1 Muon p_> 20 GeV
:g:’ 1 _ ) N o e EMTF |
08__ R | | |
S S N N N . i * | Bigimprovements
04f i o - : 504 inRun-4(below)
i & s+ EMTF++ : . .
0 20 40 60 80 100 0 50 100 150 200 250 300 350

Generated muon p_ [GeV] PU




Al/ML for wire-bond QC

* Optical recognition of defective wire bonds
for HGCal silicon modules.

* Promising performance
 Web interface

Number of images = 324

Class Labels | Precision | Recall AP

All 764 0.992 0.951 0.962
Wires | 420 0.951 0.999 0.984
Broken | 96 0.999 0.917 0.934

Glue 192 0.988 0.885 0.935



TDAQ systems

Small & Versatile

* A Generic Data Acquisition System for Multidisciplinary
Detector R&D

* The upgrade of the versatile data acquisition system —
CaRIBOu

* The LUX-ZEPLIN Data Acquisition and Real Time
Monitoring System

Large & highly customized



A Generic Data Acquisition System for
Multidisciplinary Detector R&D

Applications of a Generic DAQ

I Pu Ises a re u blq u ltousl l LEGEND-1000 pre-CDR, arXiv:2107.11462
_____________ 20000 ' ' ' g
C.W. Fink, S.L Watkins et al., Appl. Phys. Lett. 118, 022601 (2021) EusIn,Sbe —_
T T 2.0 20 T i T T o
g - - % 18000
é 1;‘5\ E 15 [}
= 7y 210 g
E 2 g £ 16000
oc L0E = [=%
£ B3 £
El 05" 5 0 = 14000
El =
o o]
Z L L L L
T T a— 00 7% % et WP 0 20000 40000 60000 80000
Time [ms] 1 nanosecond
Detector R&D Materials Characterization Nuclear Physics

H

A I L[| s
HHHI\M “H M M
LWMM.V.', :n‘,"‘l‘i ”HMJJ\. [ﬂ‘ ”m,”,."wm”' ."‘W"‘W o

Impedance

LH “LWN"H"HMV‘”\“ ‘\H‘\H\“\HM\H‘ h‘“ [w \”H“\‘\MN“H'M “"I‘“‘“\ cramein @D
H \ | | \ !
ng_; gPAQ platiorm “j“ Il u'w'wh‘:. “!\NHH\‘\J H‘ J‘”‘\J‘H | mew

_ O :

4 Inputs: 4 Qutputs
* 4 detectors Apply DC voltages
« High digitization rate * [Generate various waveforms

 Low noise /AR AARARARAR AR



The upgrade of the versatile data
acquisition system — CaRIBOu

e Custom highly-flexible TDAQ system. Was used for
, evaluation of various ASICs
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The LUX-ZEPLIN Data Acquisition and
Real Time Monitoring System

* Large TDAQ system highly tailored for the
experiment.
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Outlook

This week we enjoyed excellent presentations on the contemporary
developments of Al/ML approaches and TDAQ systems.

However, this is a just small slice of all the ongoing work.

The Al/ML approaches are benefiting a broad range of applications
starting from ASICs to large off-detector systems.

— Al/ML will be easier to use in ASICs as the CMOS technology improves (smaller area and

power consumption)

The TDAQ systems are also evolving

— Better digitization

— Higher channel count

— Higher link speed

— More user-friendly

This work is essential to enabling future experiments and discoveries



