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TG7: AI/ML FOR DETECTORS

» University Mentors:
» Jianming Bian (UC Irvine)
Javier Duarte (UC San Diego)

4

» Robin Erbacher (UC Davis)

» Harvey B. Newman (Caltech)
4
4

Maria Spiropulu (Caltech)
Daniel Whiteson (UC Irvine)
» Laboratory Mentors:
» Michael Kagan (SLAC)
» Maria Elena Monzani (SLAC)
» Benjamin Nachman (LBNL)
» Ariel Schwartzman (SLAC)
» HEPCAT Slack channel #tg-07_ai-ml-detectors

» Webpage: https://hepcat.ucsd.edu/topical-groups/tg7-ai-ml-for-detectors-2/

|



https://www.physics.uci.edu/people/jianming-bian
https://www-physics.ucsd.edu/Directory/Person/552
https://physics.ucdavis.edu/directory/faculty/robin-erbacher
https://pma.caltech.edu/people/harvey-b-newman
https://pma.caltech.edu/people/maria-spiropulu
https://www.physics.uci.edu/people/daniel-o-whiteson
https://profiles.stanford.edu/michael-kagan
https://profiles.stanford.edu/maria-monzani
https://www.physics.lbl.gov/directory/staff-members/nachman-benjamin/
https://profiles.stanford.edu/ariel-schwartzman
https://hepcat.ucsd.edu/topical-groups/tg7-ai-ml-for-detectors-2/

RESEARCH TOPICS 3

» ML for instrumentation:

» detector modeling for optimization and design

tt, 14 TeV, 200
Tracks

detector simulation , .

Truth partic

detector calibration

arXiv:1712.10321

particle identification

high-level detector combination
arXiv:2101.085/78

strategies for noise suppression

identification of under-performing detector hIS 4 ml

elements

4
4
4
» low-level tracking
4
4
4

» specialized instrumentation for ML:

» ML on FPGAs/ASICs for

trigger/on-detector arXiv:2103.05579



https://arxiv.org/abs/2101.08578
https://arxiv.org/abs/1712.10321
https://arxiv.org/abs/2103.05579

Al/ML SPEAKERS @ HEPCAT SUMMER SCHOOLS 4

Machine Learning

» 2022: Ben Nachman
» 2023: Javier Duarte
» 2024: Ben Nachman, Julia Gonski

and Instrumentation

Benjamin Nachman

Lawrence Berkeley National Laboratory .

bpnachman.com  wg @ppnachman () bnachman
bpnachman@Ibl.gov
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Julia Gonski /°
22 August 2024 Benjamin Nachman
HEPCAT @ SLAC ATLAS Lawrence Berkeley National Laboratory .
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https://drive.google.com/drive/folders/1O8nl1ytUeXkalFoJmCX2_P4FsABRyBRY
https://urldefense.com/v3/__https://drive.google.com/file/d/1LfDygGPWbbCwuaMMdrU-I3txCqBrPAi2/view?usp=drive_web__;!!Mih3wA!FBkF2iS9s2er2ZP_rzYRW8mEixKWXbeV5HUFGoucplukjFbvd_ni_X_WzyXKHFu18NZHiSRvFJZjoxWxlxVw7ubWbQ_bRH6L$
https://urldefense.com/v3/__https://www.dropbox.com/s/8mpe71hs68nxd9d/AIML4Instrumentation2024.pdf?dl=0__;!!Mih3wA!DojGCAu_BGZY5mUkuqN_APBMrL6F6HwPQwJjeR5dOSePdQouV2s8ywG4OMhzUGf8WVG-6iFfkaf5DJci2R3c4Bbvyw$
https://www.dropbox.com/s/a45uyq65oejduh0/HEPCAT_AI_ML_HEP_2023June26.pdf?dl=0

167 HEPCAT FELLOWS ;

» Anthony Vizcaino Aportela
» Spring 2022 Cohort, UC San Diego

» Research project: hardware-accelerated machine learning for the
long-lived particle trigger in CMS for HL-LHC

» Dylan Smith
» Spring 2022 Cohort, UC Irvine

» Research project: machine learning to develop generalized
calorimeter simulations to help study the performance of future
detectors




CALOGAN SIMULATION LAB MODULE 6
GEANT4

A SIMULATION TOOLKIT

» TA: Dylan Smith H

» Train and validate a generative adversarial
network (GAN) to mimic calorimeter

showers as simulated by GEANT4 ;
» Simulate GEANT4 events

» Vary absorber material, absorber
thickness, incident particle type

» Visualize and analyze generated events 09 (1-D(6(»)
|

&
» [rain CaloGAN Generator ]— ——  log(D() +log (1-D(6(2))

; |

4 G(2)
» Validate generated CaloGAN samples  =ne= i —

J D(G(z)) and D(x)

Real Samples
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Al/ML ON FPGA LAB MODULE

» TA: Anthony Aportela

—[ DDR
[ FIXED_IO

processing_system7_0 ps7_0_axi_periph
) ) ° )
DDR + ||| {4 S00_AXI
[rain and deploy an ML/trigger algorithm |Lgzz--, . =4
iil4 S_AXI_HPO - USBIND_O + ARESETN =N
—| M_AXI_GPO_ACLK ZYNQ. M_AXI GPO + " s00ACK  mSm MooAxi + i
S_AXI_HPO_ACLK FCLK_CLKO SO0_ARESETN mME—-H
FCLK_RESETO_N MOO_ACLK
°® L y MO0O_ARESETN
ZYNQ?7 Processing System
on a PYNQ-Z2 usin thon/C++/VHDL e
slowest_sync_clk mb_reset axi_mem_intereon
ext_reset_in bus_struct_reset[0:0] -
<0 aux_reset_in peripheral_reset[0:0] =
= mb_debug_sys rst interconnect_aresetn[0:0]
= dcm_locked peripheral_aresetn[0:0]
[ ] b Processor System Reset S00_ACLK :Y: 00 AX u
4 S00_ARESETN .X. DL el
r ‘ r ‘ M0O_ACLK
} r u I MOO_ARESETN
S01_ACLK
S01_ARESETN

AXI Interconnect

hier_0
o [ ] [ ] ® =
B
} u a | I |Za I OI I-awa re I a I I I I I I S e
. in_lL 5y tr -+ |4 S_AXILITE MEAMRZE R :ﬁ: ;Mn:;
ap_c out_r 4 prom— - _AXI_| =
ap_rst_n ' 4 S_AXIS_S2MM M”;i::—;m’; :

S_AXI_UTE
m_axi_mm?2s_aclk

K s2mm_prmry_reset_out_n
m_axi_s2mm_aclk prmry. .
= mm2s_introut
axi_resetn -
ap_rst_n s2mm_introut =

I I I I AXI Direct Memory Access

s_axi_lite_aclk 2 A
Myproject_axi (Pre-Production) E m axi mm2s aclk mmcZs_prmry_reset_out_n
-7 - o

» Deployment

Based on hls4ml tutorial
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https://github.com/fastmachinelearning/hls4ml-tutorial

Al/ML ON FPGA LAB MODULE
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SUMMARY 10

» Strengths:
» Excellent Al/ML speakers at summer school
» Al/ML lab modules and exercises created for reuse
» Two fellows supported in total

» Areas for improvement:
» Connection between Al/ML and other TGs
» Recruitment of Al/ML for detector fellows

» Thanks to DOE Oftice of Science for support!

U.S. DEPARTMENT OF Offlce Of

X EN ERGY Science
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