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New member of EIC UCR team

Prof. Owen Long



Summary of what we’ve done in 2022

New detector idea: our consortium conceived a new high-granularity insert (HG-CALI)

Laid the foundations of simulation work for Detector-1 forward calorimeters
Together with UCLA, we completed the entire forward calorimeter system in DD4Hep.

Full analysis chain working smoothly. Validated DD4Hep models against data.

* with MRPI support for Ryan (UCLA, starting this summer at UCR), Sean, and Barak.
+ DOE-NP Al grant support for Bishnu (postdoc)

CAD work for HG-CALI

Sketchup model and CAD model, to be used by engineer from Project for integration,
flux-return and mechanical stability calculations

* with MRPI support for Sebouh (postdoc)

Lab work to support HG-CALI project:
SiPM-on-tile characterization
* with MRPI support for Sean + NP-training grant support for Luis & Jay

Completed first-round of HERA-4-EIC papers

Lepton-jet correlations PRL + 2 Al-methods spinoffs * to be deployed in Sean’s thesis
Outreach:

Completed Virtual-reality event display. * with MRPI support for Sean



CALIFORNIA EIC

Leveraging CONSORTIUM

“This proposal will expand our existing fruitful partnerships between NP
researchers and computer scientists at LLNL to include other researchers from
the California EIC consortium, which is a leading group in EIC R&D for
tracking and calorimetry”

DOE-AI grant (Soltz, Angerami, Nachman, Barish, Arratia)



CALIFORNIA EIC

Leveraging CONSORTIUM

“The California EIC consortium has become a recognized entity in the
nascent EIC community...

We can offer traineeship opportunities within a large research project that involves
a team of several undergraduate students, graduate students, postdocs,
faculty members and staff scientists. We have experience working together
and also a well-defined plan for the next few years. In this context,

the trainees will become part of the California EIC consortium community,
from which they will be in an excellent position to ...”

DOE-NP Traineeship (Soltz, Sichtermann, Kang, Rudolph, Arratia)



CALIFORNIA EIC
CONSORTIUM

Leveraging @

“‘We have established a UC southern hub for the EIC physics - through a synergy
between theory and experiment...”
Seed funding abstract (Kang, Huang, Arratia, da Silva, Morreale, Soltz, Angerami, Vogt)

“...to collaborate on the design and R&D of the Forward Calorimeters at
the Hadron Endcap for the designated EIC detector.

The UC Southern Hub will likely play an important role in the
construction of the Forward Calorimeters.”



Highlights related to Task 1 & 2
(design and simulation)

Task 1: Develop a conceptual design of silicon pixel tracking detector and calorimeter systems to measure jets,
heavy flavor, and quarkonium produced in e+p and e+nucleus collisions. (UCB, UCLA, UCR, UCD, LBNL, LANL)

Task 2: Simulations to quantify technical and physics performance of tracker and calorimeter conceptual designs.
(UCB, UCLA, UCR, UCD, LBNL, LANL, LLNL)



UCR-UCLA workshops, led by Barak




Direct result of those workshops is a complete
DD4Hep model of all forward calorimeter systems

HCAL Fe/Sc ECAL (WSCFi) HCAL insert ECAL insert



The high-granularity calorimeter insert (HG-CALI)

“It maximizes coverage close to the beampipe, while solving challenges arising from the
beam-crossing angle and mechanical integration.”

_T_-___ ______ HCal Endcap
an [ 2~540 cm
7 i

dowel pin

8 b
i JJ absorber in insert

il absorber in endcap
4t fiiime . _
R | scintillator in insert :
scintillator in endcap 10

master plate

beampipe



Sampling calorimeter with scintillator tiles directly
coupled to SiPMs (similar to CALICE & CMS HCAL)
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CAD with HG-CALI

Modified ECCE HCAL



We're drafting HG-CALI paper

Design
Performance
Al potential
R&D plans

A high-granularity calorimeter insert based on SiPM-on-tile technology
at the future Electron-Ion Collider

Miguel Arratia®, Aaron Angerami®, Fernando Torales Acosta®, Kenneth Barish*, Huan Z. Huang®, Bishnu Karki*, Zhongling Ji®,
Owen Long*, Ryan Milton*®, Benjamin Nachman®, Sebouh Paul®, Ananya Paul®, Sean Preins*, Barak Schmookler*, Ron Soltz*,
Oleg Tsai®, Zhiwan Xu®

“Deparment of Physics and Astonomy Universiry of California Riverside CA 92521 USA
"Deparmment of Physics and Astronomy University of California Los Angeles CA 90095 USA
“ Physics Division Lawrence Berkeley National Laboratory Berkeley CA %4720 USA
“Berkeley Instinue for Data Science University of California Berkeley CA 94720 USA
“Lawrence Livermore National Laboratory Livermore CA USA

Abstract

We present a design for a high-granularity calorimeter insert for the forward region of the future EIC detector. The sampling-
calorimeter design uses scintillator tiles directly coupled to silicon photomultipliers. It maximizes coverage close to the beampipe.
while solving challenges arising from the beam-crossing angle and mechanical integration. It has a transverse area of about 60x60
em? and covers the pseudorapidity range 3 < 1 < 4. Simulation studies based on GEantd show a compensated response (e/h = 1)
that is linear over the energy range of interest for the EIC. The single-pion energy resolution meets the requirements set in the EIC
yellow report even with a basic reconstruction algorithm. Moreover. this detector will provide 5D shower information (position,
energy. and time). which can be exploited with modemn machine-leaming techniques. We conclude by describing R&D plans to
incorporate this design in the EIC project detector from day one.

Contents = 1. Introduction

1 Introduction 25 One of the key requirements for detectors at the future
= Electron-lon Collider (EIC) is to have tracking and full
2 Proposed Design 32 calorimetry with 2 azimuthal acceptance over a large range
2.1 Extemalconstraints . .. ............ 3 = in pseudorapidity ~ nominally || < 4.0 [1]. This would ensure
22 Sampling calorimeter layout . . . ... .. .. 5% a4, general purpose detector” that could be used to pursue

23 Scintillatorcells . . . . o oo 5= the original EIC scientific goals [2] and much beyond.
24 Silicon photo-multiplier . . . . ... ... ... 6* While both the ATH.ENA and E'CCE [3] detector designs
55 (SPMcamymghoand s0v 4 SR G 77 Fomcmplmc coverage with full .cal()rlmcu'y:up to n= 4.0, nom-
26 ‘Balkioba . 7 inally. lhe sl?cclhcs on how to lmplcnmcnl it remain undchnct.l.
D = Accomplishing large coverage in the region 3 < || < 4 is
2.7 Accessibility for maintenance . . . . . ... .. 7o rather challenging due to the EIC beam-crossing angle. which
2.8 Geometric acceptance . . . . . ... ... ... 8. is 25 mrad [1]. As illustrated in Fig. 1. the beam pipe enve-
2.9 Total calorimeter thickness . . . ... ... .. 8 « lope crosses the region where the forward hadronic calorimeter
« (HCal) would be located at an angle that is neither in the proton
3 Simulation and performance 11 &« nor in the electron direction, but rather 24.3 mrad. Any detector

3.1 Geometry and simulation setup with DD4HEP . 11 € covering this region needs to simultaneously fill a complex vol-
ume and keep clearance to the beampipe. while fitting the other
calorimeters without the need of additional support structures.
In addition. the detector in the 3 < 5 < 4 region needs to
be well matched to the particle densities and energies expected

3.2 Shower-shape examples . . . . ... ...... mn=*
33 Hitdistributions . . ... ... ... ... 127
34 Linearity for hadrons and electrons and e/h ratio 12 .

35 Non-Gaissian tails due toleakage. . ... . .. 12 atthe EIC. At the highest energy setting of 18 GeV electron
3.6 Single-hadron energy resolution . . . ... .. 12 beam and 275 GeV proton beam, jets can reach close to the
3.7 Machine-learning based performance . . . . . . 13 = proton-beam energy with a high rate at nominal luminosity [1].

= Furth ore, single-particle s up to 60 GeV are

4 R&D plans 13 5 considered a requirement [ 1]. Hadronic calorimetry in this re-
= gion is of highlighted importance since the magnet envisioned

5 Summary and conclusions 15 = forthe EIC detector is solenoidal and thus leads to poor tracking

Preprint submisted 1o NIMA July 17, 2022
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Highlights related to Task 4
(R&D and prototypes)

Task 4: R&D and prototype construction of silicon pixel and calorimeter technologies. (UCB, LBNL, LANL, UCLA,
UCR)
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SiPM-on-tile uniformity and light-yield tests at UCR




Undergraduate researchers




Highlights related to Task 6
(HERA-4-EIC)

Task 6: Analysis of data from HERA (the previous electron-proton collider) to study tomography with jets and
develop analysis approaches for EIC. (UCR)
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Our flagship paper is now published

PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors REEIGEES Search Press

Measurement of Lepton-Jet Correlation in Deep-Inelastic
Scattering with the H1 Detector Using Machine Learning for
Unfolding

V. Andreev et al. (H1 Collaboration)
Phys. Rev. Lett. 128, 132002 — Published 31 March 2022

Sean and | are co-authors
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New: two EIC-inspired, Al-methods papers
(using simulation from H1@HERA and EIC fast sims)

Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,

Detectors and Associated Equipment
Volume 1025, 11 February 2022, 166164

Journal of Instrumentation

o )
2. ﬁ '1[

PAPER * OPEN ACCESS

Recons.truct%nhg éhe kinemétlcs of deep inelastic Optimizing observables with machine learning for better
scattering with deep learning unfolding
Miguel Arratia * %, Daniel Britzger ¢, Owen Long * & &, Benjamin Nachman ¢ © Mlguel ArfatiaLZ, Daniel Britzger3, Owen Long‘ and Benjamin NaChman4's

Published 5 July 2022 « © 2022 The Author(s)
Journal of Instrumentation, Volume 17, July 2022
Citation Miguel Arratia et al2022 JINST17 P07009

Show more

+ Add to Mendeley <& Share 99 Cite

https://doi.org/10.1016/j.nima.2021.166164 Get rights and content

Under a Creative Commons license @ Open access

Methods will be deployed to real HI@HERA data by Sean as part of his thesis, supported by MRPI
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Virtual event with
UCLA team

https://kang-research-group.p

hysics.ucla.edu/content/explo
ring-your-universe-2021

Outreach events

VIP visit at UCR

\'

[ i

IP demo at Stony Brook
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https://kang-research-group.physics.ucla.edu/content/exploring-your-universe-2021
https://kang-research-group.physics.ucla.edu/content/exploring-your-universe-2021
https://kang-research-group.physics.ucla.edu/content/exploring-your-universe-2021

Summary

UCR team is 1 faculty stronger with addition of Owen

New grants that allow us to strengthen connections with consortium partners.
Total dollar amount for DOE-traineeship + DOE-AIl 2-year grants

is above 80% of the total 4-year MRPI.

Next rounds of these pilots program are coming up

Steady progress towards completing our MRPI tasks on all fronts

22



Next steps include to prepare for calls from:

@ P T e e Office of § a U.S. DEPARTMENT OF Office of

EN GY Scerico o ENERGY Science Seardh

Home About Laboratories Science Features Universities User Facilities Funding Initiatives Programs Home About Laboratories Science Features Universities User Facilities Funding Initiatives

Initiatives | Artificial Intelligence for Science
; 900 Initiatives | Reaching a New Energy Sciences Workforce (RENEW)

RiiEElEl BEiesieT SeEes Reaching a New Energy Sciences Workforce (RENEW)

Innovation and Competitiveness

Prgpam Omsse Al aces Artificial Intelligence for Science o Reaching a New Energy Sciences
Community Resources - Workforce (RENEW)




NSPIRE sxer

Literature

Authors Jobs

SEINIETS Conferences

Postdoctoral position: STAR Cold QCD analysis and Al studies for high-granularity calorimeter

for the EIC

UC, Riverside (main) « North America
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Backup
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Uniformity and cross-talk studies ongoing
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WLS fiber & fiber guide studies

Undergraduate researchers

Miguel R.
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