
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

IEEE Catalog Number: 

ISBN: 

CFP21NSS-POD 

978-1-6654-2114-0 

2021 IEEE Nuclear Science 

Symposium and Medical Imaging 

Conference (NSS/MIC 2021) 

Pages 1-726 

1/2 

 

 

Virtual Conference 

16-23 October 2021 



 
 
 
 
 
 
 
Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP21NSS-POD 
ISBN (Print-On-Demand):  978-1-6654-2114-0 
ISBN (Online):   978-1-6654-2113-3 
ISSN:                            1082-3654 
 
           
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



TABLE OF CONTENTS 
 

NSS 

COMPUTER MODELING I 

A Model for a Linear a-Se Detector in Simulated X-Ray Breast Imaging with Monte Carlo 
Software ............................................................................................................................................................... 1 

A. Sarno, R. M. Tucciariello, M. E. Fantacci, A. C. Traino, G. Mettivier, C. Valero, M. Stasi, 
P. Russo 

GAMMA-RAY IMAGING 

3D Compton Imaging of Distributed Sources Around the Chernobyl Nuclear Power Plant ................................ 4 
K. Knecht, D. Gunter, A. Haefner, J. Hecla, D. Hellfeld, T. H. Y. Joshi, R. Pavlovsky, B. 
Quiter, K. Vetter 

Real-Time Imaging with Thick LaBr3: FPGA-Embedded Machine and Deep Learning for Nuclear 
Physics .................................................................................................................................................................. 8 

Luca Buonanno, Davide Di Vita, Giacomo Ticchi, Fabio Canclini, Franco Camera, Marco 
Carminati, Carlo Fiorini 

Enabling PSD-Capability for a High-density Channel Imager ........................................................................... 11 
Ming Fang, Satwik Pani, Angela Di Fulvio 

DOSIMETRY 

Idea for Preparing the Stabilizing Optically Stimulated Luminescence (OSL) Dosimeter Having 
Smaller Signal Depletion .................................................................................................................................... 15 

Sota Goto, Hidetoshi Yamaguchi, Morihito Shimizu, Hiroaki Hayashi, Hiroshi Sekiguchi, 
Ryuji Akino 

ANALOG & DIGITAL I 

ToASt: A 64 Channels Readout ASIC for Silicon Strip Detectors in 0.11 Μm CMOS Technology ................. 19 
Giovanni Mazza, Fabio Cossio, Daniela Calvo, Marco Mignone, Richard Wheadon 

FastIC: A Highly Configurable ASIC for Fast Timing Applications ................................................................. 23 
S. Gomez, J. M. Fernandez-Tenllado, J. Alozy, M. Campbell, R. Manera, J. Mauricio, A. 
Mariscal, C. Pujol, D. Sanchez, A. Sanmukh, A. Sanuy, R. Ballabriga, D. Gascon 

SCARLET: Readout ASIC for Bump-Bonded SDD Array for Large Event Throughput .................................. 27 
Griseld Deda, Idham Hafizh, Marco Carminati, Carlo Fiorini 

Results with the TOFHIR2X Revision of the Front-End ASIC of the CMS MTD Barrel Timing 
Layer ................................................................................................................................................................... 30 

T. Niknejad, E. Albuquerque, A. Benaglia, A. Boletti, R. Bugalho, F. De Guio, M. Firlej, T. 
Fiutowski, R. Francisco, M. Gallinaro, A. Ghezzi, M. Idzik, M. Lucchini, M. Malberti, J. 
Moron, L. Oliveira, M. Pisano, N. Redaelli, J. C. Silva, R. Silva, M. Silveira, K. Swientek, T. 
Tabarelli De Fatis, J. Varela 



Fiber Tracker Readout BETA ASIC for the High Energy Cosmic Radiation Detection (HERD) 
Facility ................................................................................................................................................................ 35 

A. Sanmukh, S. Gomez, A. Comerma, J. Mauricio, R. Manera, A. Iraola, A. Sanuy, X. Wu, P. 
Azzarello, C. Perrina, D. Gascon 

GASEOUS DETECTORS I 

Rate Capability of Large-Area Triple-GEM Detectors and New Foil Design for the Innermost 
Station, ME0, of the CMS Endcap Muon System .............................................................................................. 38 

M. Bianco, F. Fallavollita, D. Fiorina, A. Pellecchia, L. F. Ramirez Garcia, N. Rosi, P. 
Verwilligen 

Commissioning and Installation of the New small-Diameter Muon Drift Tube (sMDT) Detectors 
for the Phase-I Upgrade of the ATLAS Muon Spectrometer ............................................................................. 43 

G. H. Eberwein, O. Kortner, H. Kroha, M. Rendel, P Rieck, D. Soyk, E. Voevodina, V. 
Walbrecht 

Performance of the New Readout Electronics for the ATLAS (s)MDT Chambers and Future 
Colliders at High Background Rates .................................................................................................................. 47 

G. H. Eberwein, O. Kortner, H. Kroha, E. Voevodina 

NEUTRON IMAGING 

Neutron Imaging Using Organic Glass Scintillators .......................................................................................... 51 
Shaun D. Clarke, Ricardo Lopez, Nathan Giha, William Steinberger, Sara A. Pozzi 

NUCLEAR POWER AND REACTOR APPLICATIONS 

An In-Situ Alpha Air Monitor for the Retrieval of Fuel Debris at the Fukushima Daiichi Nuclear 
Power Station ..................................................................................................................................................... 54 

F. Honda, Y. Tsubota, Y. Tamakuma, S. Tokonami, A. Ikeda-Ohno, T. Nakagawa 

Improvement of Clearance Reliability for Plastic and Metal Mixture Waste Using CT .................................... 57 
Hiroaki Tagawa, Jun Kawarabayashi, Taiki Yoshii, Naoto Hagura 

NSS POSTER I 

A Low Noise, High Linearity DC-Coupled APD Readout ASIC for Electromagnetic Calorimeter in 
Super Tau-Charm Factory .................................................................................................................................. 61 

Z. Li, J. Wang, C. Liu, R. Zheng, X. Luo, Y. Hu 

Low Noise Front-End Electronics for a CZT-based Gamma-ray Spectrometer ................................................. 63 
Maoyuan Zhao, Changqing Feng, Ziheng Zhou, Yichao Wang, Zhe Cao, Ping Cao, Qi An 

Design of a Current-Mode Front-End Readout ASIC Featured 100 pC and 20 Mcps for High-Speed 
Photon Counting ................................................................................................................................................. 68 

J. W. Wang, Q. S. Xu, B. Wang, J. H. Geng, P. Huang, W. Gao 

Design of a Low-Power Front-End Readout ASIC Based on Energy-Efficient Amplifiers, Featured 
126 E-(rms), 0.6 mW/Channel for Si-PIN Detectors .......................................................................................... 70 

B. Wang, S. Chen, J. Cheng, J. Geng, J. Wang, Q. Mao, P. Huang, W. Gao 



The Design of a Fast Front-End Readout ASIC for Time Correction with Low Voltage .................................. 72 
Ziwei. Zhao, Ran. Zheng, Jiale. Li, Haonan. Zhang, Feifei. Xue, Jia. Wang, Xiaomin. Wei, 
Yann. Hu 

Ultra-Low Power Discrete-Time Readout for CMOS Radiation Sensors .......................................................... 74 
S. Durando 

Clock Distribution and Synchronization Based on DDS for SHINE .................................................................. 77 
Jiajun Qin, Jinliang Gu, Lei Zhao, Yichun Fan, Jiayu Zhu, Zouyi Jiang, Shubin Liu, Qi An 

Design and Implementation of Readout Electronic Trigger for Dark Matter Prototype Detector 
Based on Liquid Argon ...................................................................................................................................... 80 

Keqing Zhao, Shubin Liu, Zhongtao Shen, Qin Zhao, Hanlin Yu, Xing Zhu 

Design of Waveform Digitizing Front-End Electronics for a Prototype Multi-purpose TPC at CSNS 
Back-n ................................................................................................................................................................ 84 

Zhen Chen, Changqing Feng, Haolei Chen, Ruirui Fan, Han Yi, Jiaqi Wang, Shubin Liu 

Front-End Electronics Under High Water Pressure for Hyper-Kamiokande Experiment .................................. 89 
Shota Izumiyama, Yousuke Kataoka, Yasuhiro Takemoto, Yoshinari Hayato, Takumi Suzuki, 
Yohei Yamaguchi, Masahiro Kuze 

A Trigger Demonstrator for the L0 Muon Barrel Trigger of the ATLAS Experiment for HL-LHC.................. 94 
A. Albano, A. Aloisio, M. Corradi, V. Izzo, R. Vari 

High-Performance Reconfigurable Digital Instrument for Multi–Channel Time Measurements ...................... 97 
E. Ronconi, F. Garzetti, N. Corna, N. Lusardi, S. Salgaro, A. Costa, A. Geraci 

High-Performance Synchronization Algorithms for Multiple Time-to-Digital Converters ............................. 101 
F. Garzetti, N. Lusardi, N. Corna, E. Ronconi, A. Costa, S. Salgaro, G. Meanti, A. Geraci 

FPGA-Based SiPM Timestamp Detection Setup for High Timing Resolution TOF-PET Application ........... 106 
N. Lusardi, F. Garzetti, S. Salgaro, N. Corna, E. Ronconi, A. Costa, A. Geraci, E. Ripiccini, 
F. Gramuglia, T. Milanese, C. Bruschini, E. Charbon 

Design of a Low Power Digital MCA Module for In-Situ Environmental Gamma-ray Measurement ............ 111 
Ziheng Zhou, Changqing Feng, Maoyuan Zhao, Yichao Wang, Zhe Cao, Ping Cao, Qi An 

Data AcQuisition System Development for a New 262k Photon Counting Pixel Detector at the 
SOLEIL Synchrotron........................................................................................................................................ 116 

Eh. Ait Mansour, F. Orsini, A. Dawiec 

Architecture and First Characterization of the Microstrip Silicon Detector Data Acquisition of the 
FOOT Experiment ............................................................................................................................................ 120 

Mattia Barbanera, Keida Kanxheri, Giovanni Ambrosi, Gianluigi Silvestre, Silvia Biondi, 
Riccardo Ridolfi, Mauro Villa, Damiano Aisa, Mirco Caprai, Maria Ionica, Pisana Placidi, 
Leonello Servoli 

Readout Electronics and Development of a Double-Sided Strip Design LiInSe2 Neutron Imaging 
Detector ............................................................................................................................................................ 124 

M. A. Benkechkache, L. Drouet, J. Gallagher, R. Golduber, E. D. Lukosi 

Statistical Evaluation of Field of View in Airborne Radiation Survey by Comparison with the 
Ground-Based Survey ...................................................................................................................................... 128 

Miyuki Sasaki, Yukihisa Sanada 



Feasibility Analysis of X-Ray Backscatter Imaging Inside Pipeline and Intelligent Defect 
Recognition ...................................................................................................................................................... 130 

Hui Li, Hua Li, Deyuan Li, Xuewen Yan, Mengqing Niu, Xiaodong Zhang 

Isotope Recognition in Gamma Spectra by Using an Image Driven Hopfield Neural Network ...................... 133 
Luis Valdez, Miltiadis Alamaniotis 

Compton Imaging Capability of Spherical Detector System Design Based on GAGG Scintillators ............... 135 
Xiuzuo Liang, Lei Shuai, Meichan Feng, Jiajia Zhai, Yantao Liu, Zhiming Zhang, Cunfeng 
Wei, Long Wei 

Growth of Ternary Eutectic Scintillators for High Resolution Radiation Imaging .......................................... 137 
Yui Takizawa, Kei Kamada, Naoko Kutsuzawa, Masao Yoshino, Seiich Yamamoto, Kyoung 
Jin Kim, Rikito Murakami, Vladimir V. Kochurikhin, Akira Yoshikawa 

Development of a Compact and Portable High-Sensitivity Omnidirectional Compton Camera with 
Detector Rotation Function .............................................................................................................................. 141 

Saki Ishikawa, Hiroshi Muraishi, Ryoji Enomoto, Hideaki Katagiri, Mika Kagaya, Takara 
Watanabe, Daisuke Kano, Satoshi Nakamura, Yusuke Watanabe, Hiromichi Ishiyama 

Potential and Application of Large-Area Si(Li) Detectors Developed for the GAPS Project .......................... 144 
Hideyuki Fuke, Yuki Shimizu, Masayoshi Kozai, Field Rogers, Kerstin Perez, Charles J. 
Hailey 

Contribution of Interface State and Bulk Damages to the Dark Current Increase in SOI Pixel Sensor 
with Pinned Depleted Diode Structure ............................................................................................................. 147 

Hisanori Suzuki, Ikuo Kurachi, Kazuhiko Hara 

Trench-MWPC 3He Detector for XtremeD Neutron Diffraction Instrument ................................................... 151 
D. Barkats, J. C. Buffet, S. Cuccaro, B. Guerard, F. Lafont, J. Marchal, J. Pentenero, N. 
Sartor 

Progress of TPC Detection Technology Development for ILD Detector at e+e- Collider ................................ 159 
L. Yu, H. Qi, M. Titov 

Magnetic Field Imaging by Cosmic-Ray Muon (Magic-µ) – Concept and Overview – .................................. 162 
Tadahiro Kin, Hamid Basiri, Eduardo Cortina Gil, Andrea Giammanco 

Verification of the Applicability of Water Cherenkov Detector to Active Neutron Method and 
Development of a Prototype Detector .............................................................................................................. 164 

Kosuke Tanabe, Masao Komeda, Yosuke Toh, Yasunori Kitamura, Tsuyoshi Misawa, Hiroshi 
Sagara 

Developing Delayed Gamma-Ray Spectroscopy for Reprocessing Plant Nuclear Safeguards: 
Neutron Detection System Development ......................................................................................................... 167 

Hee-Jae Lee, Douglas Chase Rodriguez, Fabiana Rossi, Mitsuo Koizumi, Tohn Takahashi 

X-Ray Backscatter Security Inspection with Enhanced Depth of Effective Detection and Material 
Discrimination .................................................................................................................................................. 170 

Anatoli Arodzero, Vijay Alreja, Salime Boucher, Paul Burstein, Petr Kulinich, Richard C. 
Lanza, Vincent Palermo, Minh Tran 

The End-Of-Substructure Card for the ATLAS ITk Strip Detector: Status of the Electronics Design 
and Results from Recent Quality Control Tests ............................................................................................... 174 

Artur Boebel, Harald Ceslik, Mogens Dam, Sergio Diez, Ingrid M. Gregor, Peter Gottlicher, 
James Michael Keaveney, Joash Nicholas Naidoo, Max Nikoi Van Der Merwe, Jan Oechsle, 
Stefan Schmitt, Marcel Stanitzki, Rickard Strom, Jane Wyngaard 



Ageing of Ge/Si and CZT Samples for Sensors and Laue Lenses of Future Gamma-Ray 
Astrophysics Telescopes .................................................................................................................................. 178 

R. M. Curado Da Silva, M. Bettelli, E. Caroli, C. Ferrari, L. Ferro, R. Lolli, J. M. Maia, J. 
Mingacho, M. Moita, E. Virgilli, A. Zappettini 

Investigation of LED Stimulated Recovery of Radiation Damage in Optical Materials .................................. 185 
K. K. Sahbaz, B. Bilki, H. Dapo, G. Karslioglu, C. Kaya, M. Kaya, M. Tosun 

Study on 3D Dose Real-Time Measurement Technology Based on New Scintillating Gels ........................... 188 
Xuewen Yan, Hua Li, Liang He, Hui Zhang, Haijing Jin, Xiongxin Dai, Xiaodong Zhang 

Employing Total Ionizing Dose Effect in PN-Junction Photodetectors Implemented in Standard 
CMOS Technology for Dosimetry Application ................................................................................................ 190 

Razieh Khalili, Abdollah Pil-Ali, Sahar Adnani, Mohammad Azim Karami 

ANALOG & DIGITAL, DAQ, COMPUTING, IMAGING 

Optimization Simulations for a Gamma-Ray Calibration Standard for a Cyclic Neutron Activation 
Analysis Pneumatic System at the Penn State Breazeale Reactor .................................................................... 193 

Chad A. Lani, Bruce D. Pierson, Stephanie M. Lyons, Marek Flaska 

SCINTILLATORS, SCINTILLATION DETECTORS 

Performance Study of Plastic Scintillators Coupled to SiPM for Fast-Timing Measurements ........................ 197 
J. Benito, M. Garcia-Diez, V. Sanchez-Tembleque, L. M. Fraile, J. M. Udias 

HIGH RESOLUTION CIRCUITS FOR TIMING AND SPECTROSCOPY 

Operation and Performance of Timespot1: A High Time-Resolution 28 Nm CMOS Pixel Read-Out 
ASIC ................................................................................................................................................................. 200 

Sandro Cadeddu, Luca Frontini, Adriano Lai, Valentino Liberali, Lorenzo Piccolo, Angelo 
Rivetti, Alberto Stabile 

Multi-Channel High-Resolution Digital-to-Time Pattern Generator IP-Core for FPGAs and SoCs ................ 203 
N. Corna, E. Ronconi, N. Lusardi, F. Garzetti, S. Salgaro, A. Costa, F. Ferraresi, A. Geraci 

Amplifier-Discriminator ASICs to Read Out Thin Ultra-Fast Silicon Detectors for Ps Resolution................. 207 
A. Martinez Rojas, M. Ferrero, N. Cartiglia, R. Arcidiacono, F. Siviera, L. Menzio, M. 
Tornago, V. Sola, F. Fausti, J. Olave, M. Mandurrino 

Optimization of Charge Amplifier Reset Quiescent Current in LArASIC ....................................................... 211 
V. N. Manyam, G. Deptuch, S. Gao, E. Tarpara, N. Khan, H. Chen, G. Carini 

A 2 Gbps Custom LVDS Transceiver for the ARCADIA Project ................................................................... 213 
M. Pezzoli, L. Gaioni, M. Manghisoni, L. Ratti, V. Re, G. Traversi 



GASEOUS DETECTORS II 

Operation of the CGEM Detector ..................................................................................................................... 217 
Lia Lavezzi, Antonio Amoroso, Stefano Bagnasco, Rinaldo Baldini Ferroli, Ilaria Balossino, 
Monica Bertani, Diego Bettoni, Fabrizio Bianchi, Alberto Bortone, Alessandro Calcaterra, 
Stefano Cerioni, Stefano Chiozzi, Gianluigi Cibinetto, Fabio Cossio, Angelo Cotta Ramusino, 
Giorgio Cotto, Manuel Dioniso Da Rocha Rolo, Francesca De Mori, Marco Destefanis, 
Federico Evangelisti, Riccardo Farinelli, Luciano Fava, Giulietto Felici, Luciano Gaido, 
Sara Garbolino, Isabella Garzia, Maurizio Gatta, Giuseppe Giraudo, Stefano Gramigna, 
Michela Greco, Stefano Lusso, Marco Maggiora, Roberto Malaguti, Alessio Mangoni, 
Simonetta Marcello, Michele Melchiorri, Giulio Mezzadri, Marco Mignone, Sara Morgante, 
Simone Pacetti, Piero Patteri, Angelo Rivetti, Marco Scodeggio, Stefano Sosio, Stefano 
Spataro, Richard Wheadon 

Fast Neutron Spectroscopy with a High-Pressure Nitrogen-filled Large Volume Spherical 
Proportional Counter ........................................................................................................................................ 222 

I. Giomataris, I. Katsioulas, P. Knights, I. Manthos, J. Matthews, T. Neep, K. Nikolopoulos, 
T. Papaevangelou, B. Phoenix, R. Ward 

SEMICONDUCTOR DETECTORS I 

Cross-Talk and RTS Noise Characterization of 1- And 2-Tier CMOS SPADs in a 150 Nm Process .............. 225 
Lodovico Ratti, P. Brogi, G. Collazuol, G.-F. Dalla Betta, P. S. Marrocchesi, J. Minga, F. 
Morsani, L. Pancheri, G. Torilla, C. Vacchi 

Development of a Monolithic 166-Pixel SDD-based Module for Electron Detection ..................................... 229 
M. Gugiatti, P. King, M. Carminati, F. Edzards, C. Fiorini, S. Mertens, P. Lechner, D. 
Siegmann, K. Urban 

Fabrication and Characterization of High Aspect Ratio Amorphous Silicon Based Microchannel 
Plates ................................................................................................................................................................ 233 

S. Frey, M. Beygi, J. Loffler, C. Ballif, N. Wyrsch 

SCINTILLATION DETECTORS I 

Characterization of Light Output Response and Anisotropy in Deuterated Trans-Stilbene ............................. 236 
J. Zhou, N. Gaughan, F. D. Becchetti, R. O. Torres-Isea, M. Febbraro, N. Zaitseva, A. Di 
Fulvio 

DAQ TRIGGER HIGH ENERGY PHYSICS 

Commissioning of the FASER Trigger and Data Acquisition Prior to Proton-Proton Collision Data-
taking at the LHC ............................................................................................................................................. 240 

Claire Antel 

Performance of the Amplifier-Shaper-discriminator ASICs Produced for the ATLAS MDT 
Chambers at the HL-LHC ................................................................................................................................ 244 

S. Abovyan, V. Danielyan, A. Grasser, O. Kortner, H. Kroha, R. Richter, S. Simeonov 

The Data Acquisition System to Test and Characterize the Pixel Detector Modules of the CMS 
Inner Tracker for the High Luminosity Upgrade of LHC................................................................................. 246 

Mauro E. Dinardo 



Athena: A 192-Channel Analog Pulse Processing and Data Acquisition Platform .......................................... 253 
Pietro King, Umberto Corona, Matteo Gugiatti, Marco Carminati, Carlo Fiorini 

HOMELAND SECURITY I: RADIATION DETECTION APPLICATIONS AND NUCLEAR 
SAFEGUARDS 

Developing Delayed Gamma-Ray Spectroscopy for Reprocessing Plant Nuclear Safeguards: Fissile 
Nuclide Content Analysis ................................................................................................................................. 256 

Douglas C. Rodriguez, Kamel Abbas, Mitsuo Koizumi, Hee-Jae Lee, Stefan Nonneman, Bent 
Pedersen, Fabiana Rossi, Tohn Takahashi 

Special Nuclear Material Detection Using Trans-Stilbene and Artificial Neural Network .............................. 259 
Abbas J. Jinia, Tessa E. Maurer, Shaun D. Clarke, Hun-Seok Kim, David D. Wentzloff, Sara 
A. Pozzi 

SCINTILLATOR II 

Development of Multi-Mode Organic Glass Scintillators for Nuclear Physics Applications .......................... 262 
Urmila Shirwadkar, Edgar Van Loef, Tawan Jamdee, Lakshmi Soundara Pandian, Nathaniel 
Kaneshige, Jarek Glodo, Patrick L. Feng, Lucas Nguyen, Annabelle Benin, Remco G. T. 
Zegers, Jorge Pereira, Cavan Maher, Kanai S. Shah 

Bulk Growth and Performance of Cs2HfCl6, Tl2HfCl6, and Tl2ZrCl6 Intrinsic Scintillators ............................ 266 
R. Hawrami, E. Ariesanti, A. Burger, S. Motakef 

NUCLEAR AND HIGH ENERGY PHYSICS I 

Proof of Concept for a Scintillator Powder Calorimeter .................................................................................. 268 
Giulia Hull, Jacques Lefrancois, Nazar Semkiv, Andrii Kotenko, Sergey Barsuk, Marie-
Helene Schune, Dominique Breton, Anatael Cabrera 

Precision Timing with LYSO:Ce Crystals and SiPM Sensors in the CMS MTD Barrel Timing 
Layer ................................................................................................................................................................. 272 

A. Ghezzi 

Report of LuAG:Ce Ceramic Fibers for the RADiCAL Detector Concept ...................................................... 276 
Chen Hu, Liyuan Zhang, Ren-Yuan Zhu, Anhua Wu, Jiang Li, Liangbi Su 

COMPUTER MODELING II 

Grasshopper, a Geant4 Front End: Validation and Benchmarking ................................................................... 279 
Areg Danagoulian, Jacob N. Miske, Ethan A. Klein 

Agile Path Planning for Radiation Source Searching with Aerial Drones ........................................................ 286 
Quan Zhou, Caleb J. Redding, Hairong Qi, Jason Hayward 



PHOTODETECTORS I 

Capacitively Coupled LAPPDs with 2D Pixelated Readout Planes for Time of Flight and Ring 
Imaging Cherenkov Applications ..................................................................................................................... 288 

A. Kiselev, M. Alfred, R. Alrashidi, A. Alsayegh, M. Aviles, B. Azmoun, S. Butler, M. Chiu, T. 
Cremer, K. Dehmelt, A. Deshpande, M. Foley, P. Garg, C. Hamel, M. Harvey, X. He, A. Holt, 
T. K. Hemmick, S. Kuudaar, A. Lyashenko, L. Mwibanda, M. Minot, S. Nelson, S. Park, M. 
Popecki, M. L. Purschke, C. M. Sarsour, C. Scarlett, B. Schmookler, M. Stochaj, C. Walne, P. 
Whitney, C. Woody, J. Xie 

Study of Optimal Segmentation for Active Hybrid Single-Photon Sensors ..................................................... 294 
Rafel Manera, Sergio Gomez, Michael Campbell, Jose Maria Fernandez-Tenllado, Joan 
Mauricio, David Sanchez, Nuria Egidos, Franco N. Bandi, Rafael Ballabriga, David Gascon 

Long Term Aging Test of the New PMTs for the HL-LHC ATLAS Hadron Calorimeter Upgrade ............... 297 
Giulia Di Gregorio 

Performance of 50 Cm Photomultiplier Tube for Hyper-Kamiokande ............................................................ 300 
Yuto Maekawa, Chiori Fujisawa, Yasuhiro Nishimura 

GASEOUS DETECTORS, NUCLEAR AND HIGH ENERGY PHYSICS 

Gas and Irradiation Studies for the Micromegas Detectors of the ATLAS New Small Wheel ........................ 303 
Ivan Gnesion 

Study of GEM Foil Etching Techniques on Detector Performance .................................................................. 314 
F. Ivone, K. Hoepfner, H. Keller 

The GEM (GE1/1) Station of the CMS Muon Detector: Status, Commissioning and Early 
Performance Studies ......................................................................................................................................... 317 

Federica M. Simone, Rosamaria Venditti 

Digital Hadron Calorimetry .............................................................................................................................. 322 
B. Bilki, Y. Guler, Y. Onel, J. Repond, L. Xia 

DAQ TRIGGER NON-HIGH ENERGY PHYSICS 

Readout Electronics Design for a Cosmic Ray Muon Imaging System ........................................................... 327 
Zeyu Wang, Yonggang Wang, Zheng Liang, Cheng Li 

An Encoding Readout Scheme for Micromegas Detector Used in Muography ............................................... 329 
Jianguo Liu, Shubin Liu, Yulin Liu, Yu Wang, Zhongtao Shen, Changqing Feng, Zhiyong 
Zhang 

Development of an FPGA-Based Readout System of CMOS Image Sensor Toward Future Satellite 
Missions ........................................................................................................................................................... 333 

Naoki Ogino, Makoto Arimoto, Tatsuya Sawano, Daisuke Yonetoku, Hatsune Goto, Takeru 
Fujii, Junko S. Hiraga, Kensyo Sei, Ayumi Yamamoto, Takanori Sakamoto, Yoichi Yatsu, 
Tatehiro Mihara 

Readout of Large Capacitance SiPMs by Weak Coupling to Charge Sensitive Amplifier .............................. 335 
Thomas Tsang, Shanshan Gao, Sergio Rescia, Hucheng Chen, Veljko Radeka 



PHOTODETECTORS II - SOLID STATE 

Modelisation of Light Transmission Through Surfaces with Thin Film Optical Coating in Geant4 ............... 337 
L. Cappellugola, S. Curtoni, M. Dupont, C.-H. Sung, V. Sharyy, C. Thibault, D. Yvon, C. 
Morel 

Performance of Black Silicon Photodiodes for VUV Detection in Noble Liquids ........................................... 342 
Thomas Tsang 

ASTROPHYSICS 

Science and Mission Status of EUSO-SPB2 .................................................................................................... 344 
Valentina Scotti 

NSS POSTER II 

High-Channel Count FPGA-based Single-Phase Shift-Clock Fast-Counter Time-to-Digital 
Converter .......................................................................................................................................................... 346 

N. Lusardi, S. Salgaro, A. Costa, N. Corna, G. Garzetti, E. Ronconi, A. Geraci 

Design of a Multichannel 10~14 Bits, 1 MSamples/s, Event-Driven Single-Slope Ramp ADC for 
Dark Matter Particle Detection ......................................................................................................................... 350 

J. Geng, W. Jiao, C. Yu, B. Wang, J. Wang, T. Pu, Y. Qian, J. Kong, W. Gao 

Design and Development of a Front-End Readout ASIC for APD-Based STCF Electromagnetic 
Calorimeter ....................................................................................................................................................... 352 

Chao. Liu, Ran. Zheng, Xuelei. Huang, Ziwei Zhao, Feifei. Xue, Jia. Wang, Xiaomin. Wei, 
Yann. Hu 

A LDO-Based Distributed Power Management System for High Voltage CMOS Sensors ............................. 355 
Edoardo Bianco 

A Zynq SoC-Based Miniaturized Generic Electronics Module for CMOS Pixel Beam Telescope ................. 359 
Yao Teng, Changqing Feng, Yi Liu, Shubin Liu 

Automatic Threshold Calibration for MVT-Based All Digital PET ................................................................. 364 
Lei Fang, Bo Zhang, Bingxuan Li, Chaofan Zhang, Qingguo Xie, Peng Xiao 

A New Method of Implementing Vernier TDC in a Xilinx Kintex-7 FPGA ................................................... 366 
Jianfeng Zhang, Yonggang Wang 

Digital Architecture for Multi-Channel Histogram Computation in Real-Time .............................................. 369 
A. Costa, N. Corna, E. Ronconi, S. Salgaro, F. Garzetti, N. Lusardi, A. Geraci 

Fully FPGA-Based Innovative Detection Setup for High-Resolution Time Resolved Experiments ................ 374 
F. Garzetti, N. Corna, N. Lusardi, A. Costa, E. Ronconi, S. Salgaro, A. Geraci, G. Brajnik, S. 
Carrato, G. Cautero, M. Cautero, R. Sergo, L. Stebel 

Upgraded Data Readout and Transmission Electronics for the Resistive Plate Chambers of the 
ATLAS Muon Trigger System for the High Luminosity LHC ........................................................................ 379 

M. Corradi, P. Gkountoumis, E. Kyriakis-Bitzaros, I. Longarini, I. Mesolongitis, F. Morodei, 
R. Vari, K. Zachariadou 



Prototype Read-Out and Control Electronics for a Hybrid PMT/SiPM Gamma-Ray Camera ......................... 383 
Maria Ruiz-Gonzalez, R. Garrett Richards, Kimberly J. Doty, Matthew A. Kupinski, Phillip H. 
Kuo, Michael A. King, Lars R. Furenlid 

Firmware Development of the PCI-Express-based High-Speed Readout Board in the Upgrade of 
the Belle II DAQ System .................................................................................................................................. 386 

Y.-T. Lai, M. Bessner, D. Biswas, D. Charlet, D. Levit, O. Hartbrich, T. Higuchi, R. Itoh, E. 
Jules, P. Kapusta, T. Kunigo, M. Nakao, K. Nishimura, E. Plaige, H. Purwar, P. Robbe, R. 
Sugiura, S. Y. Suzuki, M. Taurigna, G. Varner, S. Yamada, Q.-D. Zhou 

An ATCA-Based Prototype Data Readout System for Multi Wire Drift Chamber in Nuclear and 
Particle Physics Experiment ............................................................................................................................. 389 

Tao Chen, Zhe Cao, Changqing Ye, Lei Zhao, Changqing Feng, Qi An 

Data Acquisition Software for LAr Prototype Detector for Direct Dark Matter Detection .............................. 393 
Hanlin Yu, Shubin Liu, Zhongtao Shen, Keqing Zhao, Xing Zhu 

Time Digitization Firmware for the New Drift Tubes Electronics for HL-LHC .............................................. 397 
Alvaro Navarro-Tobar 

Performance of the ATLAS Electron, Photon and Hadronic Tau Triggers in Run 2 and Prospects 
for Run 3 ........................................................................................................................................................... 401 

Adrian Salvador Salas 

Development of a Fuzzy Logic Representation Library of Radioisotopes with Application to 
Nuclear Security ............................................................................................................................................... 405 

Jaylen Lawrence, Miltiadis Alamaniotis 

Investigating Machine Learning Solutions for High-Speed Data Analysis and Imaging of a Single 
Photon Counting Detector with Picosecond Timing Resolution ...................................................................... 407 

A. Markfort, A. Baranov, T. M. Conneely, A. Duran, J. Lapington, J. Milnes, A. Mudrov, I. 
Tyukin 

Measurements of Small-Angle X-ray Scattering for Cement Paste Samples with Light Water and 
Heavy Water ..................................................................................................................................................... 411 

Kaoru Y. Hara, Yuka Morinaga, Yuya Yoda, Masato Ohnuma 

Developing Ce: LiYSiO4 Ceramic Scintillators for Neutron Detection ........................................................... 413 
C. L. Wang, C. Li, L. Li, J. K. Zhao 

A Comparison of Photoluminescence and Decay Time for LYSO:Ce Crystals at 22, -35 and -60 °C ............ 418 
Chen Hu, Liyuan Zhang, Ren-Yuan Zhu, Jason Trevor, Adi Bornheim, Nan Lu, Maria 
Spiropulu 

“Pero”, Wearable Pen-Like Detector for Detection and Identification of Radioactive Contamination 
of Skin Wounds in Nuclear Medicine .............................................................................................................. 421 

Pavel Fojtik, Tomas Marek, Jan Tous, Irina Shestakova, Olivier Philip 

Development of CoRDIA: A High-Speed Imaging Detector, for Diffraction-Limited Synchrotron 
Rings and Continuous-Wave Free Electron Lasers .......................................................................................... 424 

A. Marras, A. Klujev, T. Laurus, D. Pennicard, U. Trunk, C. B. Wunderer, T. Hemperek, T. 
Kamilaris, H. Krueger, T. Wang, H. Graafsma 

Correlations in Signals Generated by Runaway Electrons in the GOLEM Tokamak Measured 
Using the Timepix3 Detection Modules ........................................................................................................... 426 

Stepan Malec, Vladimir Linhart, Vojtech Svoboda 



Response of 3D Sensor Coupled with Timepix3 Detector in Mixed Relativistic Heavy Ion Beam ................. 432 
Tianqi Gao, Cinzia Da Via, Benedikt Bergmann, Petr Burian, Christer Frojdh, Stanislav 
Pospisil 

Designing the Muon System of a Muon Collider Experiment: Requirements from Muon 
Reconstruction and Technological Solutions ................................................................................................... 438 

C. Aime, N. Bartosik, M. Casarsa, C. Riccardi, P. Salvini, I. Vai 

Construction and Testing of a 3D Printed Resistive Plate Counter .................................................................. 440 
Stefano Colafranceschi, Aiwu Zhang, Ethan Beiler, Chris Dana, Jacob Horsley, Hebron 
Mekuria, Levi Peachey-Stoner, Reuben Peachey-Stoner 

A Cosmic Ray Muon Spectrometer Using Pressurized Gaseous Cherenkov Radiators ................................... 442 
Junghyun Bae, Stylianos Chatzidakis 

Developing DGS for Reprocessing Plant Nuclear Safeguards: Designing a Compact Instrument .................. 444 
Fabiana Rossi, Kamel Abbas, Mitsuo Koizumi, Hee-Jae Lee, Stefan Nonneman, Bent 
Pedersen, Douglas C. Rodriguez, Tohn Takahashi 

Characterization of a 9-MV Linear Accelerator Using Spectroscopy and Dosimetry ...................................... 449 
Christopher A. Meert, Noora Ba Sunbul, Michael J. King, Martha M. Matuszak, Shaun D. 
Clarke, Issam El Naqa, Sara A. Pozzi 

Time and Energy Resolution of Organic Glass Scintillators for Radionuclide Monitoring ............................. 452 
Leah M. Clark, Tessa E. Maurer, Stefano Marin, Nathan P. Giha, Shaun D. Clarke, Sara A. 
Pozzi 

Radiography Scatter Estimation for Accurate Material Quantification ............................................................ 456 
Andrew J. Gilbert, Luke A. Campbell, Nikhil Deshmukh, Richard S. Wittman 

Development of New NiO-Doped Silicate Glass for Poly-capillary Neutron Optics ....................................... 458 
Deyuan Li, Weiting Xie, Xuewen Yan, Xiaodong Zhang 

Feasibility Study of a Smart Rad-Hard Fast Detection System for Radioactive Ion Beam Tagging 
and Diagnostics ................................................................................................................................................ 460 

C. Altana, G. Cardella, A. Castoldi, M. Costa, E. De Filippo, E. Geraci, B. Gnoffo, C. 
Guazzoni, C. Maiolino, N. S. Martorana, A. Pagano, E. V. Pagano, S. Pirrone, G. Politi, F. 
Risitano, F. Rizzo, A. D. Russo, P. Russotto, A. Trifirò, M. Trimarchi, S. Tudisco 

Design of High Position Resolution Tracking Detector for Cosmic Ray Muon Tomography ......................... 464 
Jiajia Zhai, Haohui Tang, Xianchao Huang, Zhiming Zhang, Cunfeng Wei, Long Wei 

Analysis of Mass-Production Data of the GAPS Si(Li) Detectors Using Data-mining Methods ..................... 467 
M. Kozai, K. Tokunaga, H. Fuke, T. Erjavec, C. J. Hailey, C. Kato, N. Madden, K. Munakata, 
K. Perez, F. Rogers, N. Saffold, Y. Shimizu, M. Xiao 

Simulation of the Effect of Neutron Radiation on the Caesium Lead Bromide ............................................... 472 
Zhongming Zhang, Michael D. Aspinall 

Recent Progress of Large Size BaF2:Y Crystals for Future HEP Experiments ................................................ 474 
Chen Hu, Liyuan Zhang, Ren-Yuan Zhu, Junfeng Chen, Mingrong Zhang 

Total Ionizing Dose Effects on a COTS Microcontroller ................................................................................. 477 
Runcheng Liang, Faguo Chen, Rong Guo, Jing Zhang, Ri Zhao, Zhaoxing Liu 

Radiation Damage and Recovery Mechanisms of Various Scintillators and Fibers ......................................... 480 
J. W. Wetzel, B. Bilki, N. Bostan, O. K. Koseyan, Y. Onel, E. Tiras, D. Winn 



Internal Dosimetry in Diagnostic Nuclear Medicine Using Monte Carlo Techniques ..................................... 484 
M. Karimipourfard, S. Sina, M. Sadeghi, S. Karimkhani, A. Zabihi 

SYNCHROTRON RADIATION 

XIDER: First Prototypes and Results with the Digital Integration Readout Scheme ....................................... 486 
M. Williams, P. Busca, M. Collonge, P. Fajardo, P. Fischer, T. Martin, M. Ritzert, M. Ruat, 
D. Schimansky 

High Rate SDD-Based Spectrometer for Energy-Dispersive X-ray Fluorescence Detection ........................... 490 
G. Utica, M. Carminati, E. Fabbrica, G. Ticchi, G. Deda, G. Borghi, N. Zorzi, P. Cloetens, C. 
Cohen, M. Salome, G. Falkenberg, C. Fiorini 

Simulation Studies for the Electron Gun Based Magnetic Probe ..................................................................... 493 
Srinidhi Bheesette, Marcos Turqueti 

New Fast Photon Counting Hybrid Pixel Detector for Synchrotron Applications Developed at 
SOLEIL Synchrotron........................................................................................................................................ 495 

A. Dawiec, C. Bacchi, J. Bisou, P. Grybos, B. Kanoute, P. Maj, C. Menneglier, R. Szczygiel, 
G. Thibaux, F. Orsini 

First Soft X-Ray Quantum Efficiency Measurements on Microwave Annealed Thin-Entrance 
Window Sensors ............................................................................................................................................... 500 

Julie D. Segal, Christopher J. Kenney, Eric Gullikson, Jeffrey M. Kowalski, Jeffrey E. 
Kowalski, Lisa Rozario, Jasmin Hasi, Lorenzo Rota, Angelo Dragone 

NUCLEAR AND HIGH ENERGY PHYSICS II 

An Innovative Neutron Spectrometer for the Characterization of Complex Neutron Fields ............................ 503 
P. Casolaro, I. Mateu, L. Mercolli, A. Pola, D. Rastelli, P. Scampoli, S. Braccini 

I-TED: Compton Imaging and Machine-Learning Techniques for Enhanced Sensitivity Neutron 
Capture Time-of-flight Measurements ............................................................................................................. 506 

J. Lerendegui-Marco, V. Babiano-Suarez, J. Balibrea-Correa, L. Caballero, D. Calvo, C. 
Domingo-Pardo, I. Ladarescu 

Ultimate Performance of the FARCOS Detection System ............................................................................... 513 
L. Acosta, L. Auditore, C. Boiano, G. Cardella, A. Castoldi, M. D’Andrea, E. De Filippo, S. 
De Luca, F. Favela, F. Fichera, N. Giudice, B. Gnoffo, A. Grimaldi, C. Guazzoni, G. 
Lanzalone, F. Librizzi, C. Maiolino, N. S. Martorana, S. Norella, A. Pagano, E. V. Pagano, 
M. Papa, T. Parsani, G. Passaro, S. Pirrone, G. Politi, L. Quattrocchi, F. Risitano, F. Rizzo, 
P. Russotto, G. Saccà, G. Salemi, D. Sciliberto, V. L. Sicari, A. Trifirò, M. Trimarchi 

Neutron-Gamma Correlation Analysis Using the Fission Sphere (FS-3) ......................................................... 516 
Stefano Marin, M. Stephan Okar, Leah M. Clark, Isabel E. Hernandez, Shaun D. Clarke, Sara 
A. Pozzi 



Study of Performance of Different Photodetectors and Electrical Signal for Fast Detection in Fifty 
Litres CYGNO Prototype (LIME) .................................................................................................................... 519 

F. D. Amaro, E. Baracchini, L. Benussi, S. Bianco, C. Capoccia, M. Caponero, D. S. 
Cardoso, G. Cavoto, A. Cortez, I. A. Costa, E. Dane, G. Dho, F. Di Giambattista, E. Di 
Marco, G. D’Imperio, F. Iacoangeli, H. P. Lima, G. S. P. Lopes, G. Maccarrone, R. D. P. 
Mano, M. Marafini, R. R. Marcelo Gregorio, G. Mazzitelli, A. G. McLean, A. Messina, C. M. 
B. Monteiro, R. A. Nobrega, I. F. Pains, E. Paoletti, L. Passamonti, A. Pelosi, F. Petrucci, S. 
Piacentini, D. Piccolo, D. Pierluigi, D. Pinci, A. Prajapati, F. Renga, R. J. C. Roque, F. 
Rosatelli, A. Russo, J. M. F. Dos Santos, G. Saviano, N. J. C. Spooner, R. Tesauro, S. 
Tomassini, S. Torelli 

SEMICONDUCTOR DETECTORS II 

A Complete in-Laboratory Characterization of 3D Trench-Type Silicon Pixel Sensors .................................. 524 
Mauro Aresti, Davide Brundu, Alessandro Cardini, Andrea Contu, Gian Matteo Cossu, Gian-
Franco Dalla Betta, Michela Garau, Adriano Lai, Andrea Lampis, Angelo Loi 

Fabrication of Different LGAD-Based Devices at BNL .................................................................................. 529 
Gabriele Giacomini, Wei Chen, Gabriele D’Amen, Enrico Rossi, Alessandro Tricoli, Artur 
Apresyan, Ryan Heller, Ronald Lipton, Karri Di Petrillo, Carolyn Gee, Simone Mazza, 
Hartmut Sadrozinski, Bruce Schumm, Abraham Seiden, Yuzhan Zhao, Rafiqul Islam 

In-Situ Annealing of Radiated Low Gain Avalanche Detector for Performance Recovery ............................. 533 
Xingan Zhang, Wenxin Lv, Lin Zhang, Yu Peng, Menglin Qiu, Guangfu Wang, Ru Yang, Kun 
Liang, Dejun Han 

Development of AC-LGADs for Large-Scale High-Precision Time and Position Measurements ................... 535 
S. M. Mazza, E. Ryan, S. Hyslop, C. Gee, R. Padilla, Y. Zhao, F. McKinney-Martinez, M. 
Nizam, J. Ott, H. F.-W. Sadrozinski, A. Seiden, B. Schumm, R. Arcidiacono, N. Cartiglia, M. 
Ferrero, M. Mandurrino, V. Sola, M. Boscardin, G. Borghi, G. Paternoster, F. Ficorella, M. 
Centis Vignali, G. F. Dalla Betta, L. Pancheri, A. Tricoli, G. Giacomini, G. D’Amen, W. 
Chen, S. Robinson 

UNCONVENTIONAL DETECTORS 

Purification Efficiency and Radon Emanation of Gas Purifiers Used with Pure and Binary Gas 
Mixtures for Gaseous Dark Matter Detectors ................................................................................................... 542 

K. Altenmuller, J. F. Castel, S. Cebrian, T. Dafni, D. Diez-Ibanez, J. Galan, J. Galindo, J. A. 
Garcia, I. G. Irastorza, I. Katsioulas, P. Knights, G. Luzon, I. Manthos, C. Margalejo, J. 
Matthews, K. Mavrokoridis, H. Mirallas, T. Neep, K. Nikolopoulos, L. Obis, A. Ortiz De 
Solorzano, O. Perez, B. Philippou, R. Ward 

SCINTILLATION DETECTORS II 

High-DR High-Resolution Gamma-Ray Spectroscopy with 3" LaBr3 and SiPMs ........................................... 545 
Davide Di Vita, Luca Buonanno, Fabio Canclini, Giacomo Ticchi, Marco Carminati, Franco 
Camera, Carlo Fiorini 

Neutron Counting in Mixed Neutron-Gamma Fields with Common NaI(Tl) Detectors .................................. 548 
Guntram Pausch, Achim Kreuels, Falko Scherwinski, Yong Kong, Mathias Kuster, Ralf 
Lentering, Andreas Wolf, Juergen R. Stein 



MIC 

SIMULATION AND MODELING OF MEDICAL IMAGING SYSTEMS 

A Collimatorless Detector for in Vivo 225Ac Tomography: A Feasibility Study .............................................. 550 
Javier Caravaca, Yifan Zheng, Yoonsuk Huh, Grant T. Gullberg, Youngho Seo 

Imaging Performance of AdaptiSPECT-C for 99mTc/123I Single- And Dual-Isotope Imaging ......................... 553 
Benjamin Auer, Kesava S. Kalluri, Clifford Lindsay, Jan De Beenhouwer, R. Garrett 
Richards, Micaehla May, Matthew A. Kupinski, Phillip H. Kuo, Lars R. Furenlid, Michael A. 
King 

In Silico Comparison of Additive and Subtractive Charge Sharing Correction Algorithms at 
Medically Relevant Fluxes in Pixelated X-Ray Photon Counting Multispectral Detectors ............................. 556 

Oliver Pickford Scienti, Dimitra G Darambara 

NEW RADIATION DETECTOR TECHNOLOGIES FOR MEDICAL IMAGING 

Design Considerations for 3D Position Sensitive Scintillation Detectors that Achieve 100 Ps 
Coincidence Time Resolution .......................................................................................................................... 558 

Shirin Pourashraf, Zhixiang Zhao, Andrea Gonzalez - Montoro, Joshua W. Cates, Jun Yeon 
Won, Jae Sung Lee, Craig S. Levin 

Using Neural Networks for Impact Position Estimation in a PET Prototype Based on Glued 
Monolithic Crystals .......................................................................................................................................... 561 

Marta Freire, Sara Echegoyen, Luis F. Vidal, Celia Valladares, Andrea Gonzalez-Montoro, 
Marina Vergara, Jose F. Toledo, Maria J. Rodriguez-Alvarez, Filomeno Sanchez, Antonio J. 
Gonzalez 

Characterization of a PET Detector Based on Semi-Monolithic Crystals ........................................................ 565 
John Barrio, Neus Cucarella, Marta Freire, Efthymios Lamprou, Jose M. Benlloch, Antonio 
J. Gonzalez 

Physical Considerations for Cherenkov Radiation Based Coincidence Time Resolution 
Measurements in BGO ..................................................................................................................................... 568 

Andrea Gonzalez-Montoro, Shirin Pourashraf, Joshua W Cates, Stefano Merzi, Alberto Gola, 
Giacomo Borghi, Craig S Levin 

TOMOGRAPHIC RECONSTRUCTION 

Feasibility of Image Reconstruction from Triple Modality Data of Yttrium-90 .............................................. 571 
Daniel Deidda, Ana Denis-Bacelar, Andrew Fenwick, Kelley Ferreira, Warda Heetun, Brian 
F Hutton, James Scuffham, Andrew P. Robinson, Kris Thielemans 

Dense Syn-Net: Inter-Modal and Self-Guided Deep Learned PET-MR Reconstruction ................................. 574 
Guillaume Corda-D’Incan, Julia A. Schnabel, Andrew J. Reader 

Investigation of Joint Image Reconstructions for a Dual-Panel Breast TOF PET Scanner .............................. 579 
Yusheng Li, Suleman Surti, Joel S. Karp, Samuel Matej 

Fast List-Mode Reconstruction of Sparse TOF PET Data with Non-smooth Priors ........................................ 582 
Georg Schramm, Martin Holler 



Fast Regularized Material Decomposition for Spectral X-Ray Systems Using an Empirical Model ............... 585 
Frederic Jolivet, Johan Nuyts 

MIC-POSTER I 

Investigation of Single-Layer GAGG: Ce and LYSO: Ce Multi-Pixel Detectors for Measurement of 
Polarization Correlations of Annihilation Quanta ............................................................................................ 589 

Mihael Makek, Damir Bosnar, Ana Marija Kožuljevic, Zdenka Kuncic, Siddharth Parashari, 
Luka Pavelic, Petar Žugec 

DOI- And TOF-Capable PET Array Detectors Using Double-Ended Light Readout and Stripline-
Based Row and Column Electronics Readout .................................................................................................. 592 

Fei Wang, Chien-Min Kao, Yuexuan Hua, Heejong Kim, Woon-Seng Choong, Qingguo Xie 

Towards TOF Improvements: Metascintillator Simulation Using BaF2 as Fast Scintillator ............................ 596 
Laura Moliner, Georgios Konstantinou, Jose Maria Benlloch, Paul Lecoq 

Assessment of Silicon Drift Detector Timing Performance for Proton Therapy Application .......................... 600 
S. Di Giacomo, G. Utica, M. Carminati, G. Borghi, A. Picciotto, C. Fiorini 

Test Setup and Data Selection Protocols for the Measurement of Metascintillator CTR ................................. 604 
Riccardo Latella, Antonio J. Gonzalez, John Barrio, Jose M. Benlloch, Paul Lecoq, Georgios 
Konstantinou 

LAPPD Waveform Response to Annihilation Gammas Incident on BGO Crystals ........................................ 608 
Worstell William, Bläckberg Lisa, Feng Yuemeng, Butler Satya, Hamel Cole, Minot Michael, 
Popecki Mark, Sabet Hamid 

Development of a GPU-Based Fast Computational Simulation Code for Quantitative Evaluation of 
Scattered Radiation ........................................................................................................................................... 611 

Shota Sezai, Kazumi Murata, Yoshiyuki Nyui, Koichi Ogawa 

Signal-To-Noise Ratio of Na-22 Source in High Background Environment with a High Resolution 
PET Scanner ..................................................................................................................................................... 613 

Andrej Studen, Vladimir Cindro, Neal H. Clinthorne, Harris Kagan, Shane Smith, Dejan 
Žontar 

Accurate Monte Carlo Modeling and Performance Evaluation of a Total-Body PET Scanner ........................ 617 
Hadi Rezaei, Peyman Sheikhzadeh, Pardis Ghafarian, Habib Zaidi, Mohammad Reza Ay 

DeepGATE: A Multilayer Perceptron Model for the Assessment of PET Spatial Resolution and 
Sensitivity Using Monte Carlo Simulations ..................................................................................................... 620 

A. Sanaat, M. Jamalizadeh, H. Arabi, H. Zaidi 

Double Sided Strip Detector Versus Homogeneous Scatterers in a Compton Camera System ........................ 623 
Maria Mikeli, Mina-Ermioni Tomazinaki, Efstathios Stiliaris 

MR-Compatibility of Detector Modules for a Second-Generation RF-Penetrable Brain TOF-PET 
Insert for Simultaneous PET/MRI .................................................................................................................... 626 

Qian Dong, Zander Adams, Ronald D. Watkins, Salar Sajedi, Chen-Ming Chang, Ilaria 
Sacco, Craig S. Levin 

Investigation of a Novel Approach for RF Shielding of PET Detectors in PET/MR Imaging ......................... 629 
Zander Adams, Qian Dong, Ronald D. Watkins, Craig S. Levin 



Effects of Inter-Crystal Optical Separation Layers on Unwanted Light Crosstalk and on 
Performance Parameters of the SAFIR PET/MR Scanner ............................................................................... 632 

Pascal Bebie, Werner Lustermann, Christian Ritzer, Roman Wixinger, Gunther Dissertori 

PET Imaging Performance of a Dedicated Breast PET-DBT (BPET-DBT) Scanner ...................................... 634 
Srilalan Krishnamoorthy, Emmanuel Morales, William J. Ashmanskas, Matthew E. Werner, 
Trevor L. Vent, Andrew D. A. Maidment, Joel S. Karp, Suleman Surti 

Characterization of a High-Resolution Multi-focal SPECT Collimator ........................................................... 636 
Francesc Massanes, A. Hans Vija 

Bone and Soft-Tissue Images Extraction Through Derivation of Effective Atomic Number Image 
Using Photon-Counting Detector ..................................................................................................................... 639 

Cheonghae Lee, Hiroaki Hayashi, Natsumi Kimoto, Tatsuya Maeda, Miku Ando, Yuki 
Kanazawa, Akitoshi Katsumata, Shuichiro Yamamoto, Masahiro Okada 

Feasibility of Few-View Projection Tomosynthesis for Four-Dimensional Angiography ............................... 644 
Kensuke Hori, Takahisa Koike, Kiichi Tadano, Takeyuki Hashimoto 

Automatic Deep Learning Based Calculation of Water Equivalent Diameter from 2D CT Localizer 
Image ................................................................................................................................................................ 649 

Y. Salimi, A. Akhavanallaf, I. Shiri, A. Sanaat, A. Saberi Manesh, H. Arabi, H. Zaidi 

Single-Exposure, Single-Mask, Edge-Illumination X-ray Phase-Contrast Imaging Using a 7.8-µm 
Pixel Pitch Direct Conversion X-ray Detector ................................................................................................. 652 

Abdollah Pil-Ali, Sahar Adnani, Christopher C. Scott, Alessandro Olivo, Karim S. Karim 

The Effect of Loss Functions on Denoising and Reconstructing Sinograms Based on Deep 
Learning Methodologies ................................................................................................................................... 655 

Charalambos Chrysostomou 

Proximal Gradient Based Anisotropic TV-L0 Reconstruction for Linear Tomosynthesis ............................... 659 
Daniel Hadhazi, Gabor Horvath 

Super-Resolution Image Reconstruction for PET Using Joint Sparse Coding and Non-local 
Regularizations ................................................................................................................................................. 666 

X. Ren, S.-J. Lee 

Improve Image Quality of High Spatial Resolution SPECT by Deep Image Prior .......................................... 669 
Akito Yabe, Yuta Tsushima, Kenta Fukuhara, Keisuke Matsubara, Kazuhiro Koshino, Hiroshi 
Watabe, Tsutomu Zeniya 

Time-Of Flight (TOF) Image Synthesis from non-TOF PET Using Deep Learning........................................ 672 
Amirhossein Sanaat, Azadeh Akhavanallaf, Isaac Shiri, Yazdan Salimi, Hossein Arabi, Habib 
Zaidi 

Recent Progress in STIR 5.0 ............................................................................................................................ 674 
Ander Biguri, Palak Wadhwa, Daniel Deidda, Georg Schramm, Kuan-Hao Su, Charles W. 
Stearns, Robert Twyman, Evgueni Ovtchinnikov, Kris Thielemans 

A Novel Attention-Based Convolutional Neural Network for Joint Denoising and Partial Volume 
Correction of Low-dose PET Images ............................................................................................................... 677 

Mohammad-Saber Azimi, Alireza Kamali-Asl, Mohammad-Reza Ay, Hossein Arabi, Habib 
Zaidi 



Impact of Using Prior Knowledge on Attenuation and Scatter Correction of Brain 18F-FDG PET 
Images in the Image Domain ............................................................................................................................ 680 

Reza Jahangir, Alireza Kamali-Asl, Hossein Arabi, Habib Zaidi 

Comparison of Scatter Correction Methods in a Multi-Pinhole SPECT .......................................................... 683 
Ryo Shimada, Kazumi Murata, Koichi Ogawa 

An Adaptive Deadtime Model for Better Quantification in PET ..................................................................... 686 
Mehmet Aykac, Vladimir Y. Panin 

Correcting Spatial Positioning Errors in Pre-Defined Hardware Attenuation Correction Maps for 
PET/MR ........................................................................................................................................................... 691 

Paul Schleyer 

A Bayesian Optimization Approach for Attenuation Correction in SPECT Brain Imaging ............................. 697 
Loizos Koutsantonis, Ayman Makki, Tiago Carneiro, Emmanuel Kieffer, Pascal Bouvry 

Identification of Noisy Labels in Deep Learning-Based Synthetic CT Generation from MR Images ............. 701 
Hossein Arabi, Habib Zaidi 

Energy Spectrum Related Multi-Modalities Suited Effective Dead-time Correction Method ......................... 704 
Yilin Liu, Jianxun Wang, Songsong Tang, Yun Dong 

Comparison of 12 Machine Learning Methods for Polar Map Classification in Cardiac Perfusion 
PET ................................................................................................................................................................... 707 

Jarmo Teuho, Jussi Schultz, Riku Klen, Antti Saraste, Naoaki Ono, Shigehiko Kanaya 

Prediction Error Propagation: A Novel Strategy to Enhance Performance of Deep Learning Models 
in Seminal Segmentation .................................................................................................................................. 710 

Reza Karimzadeh, Emad Fatemizadeh, Hossein Arabi, Habib Zaidi 

Lightweight Method for the Rapid Diagnosis of Coronavirus Disease 2019 from Chest X-Ray 
Images Using Deep Learning Technique ......................................................................................................... 713 

Amir Sorayaie Azar, Ali Ghafari, Mohammad Ostadi Najar, Samin Babaei Rikan, Reza 
Ghafari, Maryam Farajpouri Khamene, Peyman Sheikhzadeh 

Influence of Speed Motion in Dedicated Open Geometry PET System ........................................................... 718 
David Cascales-Pico, Hector Espinos-Morato, Marina Vergara, Efthymios Lamprou, Gabriel 
Canizares, J. M. Benlloch, Antonio J. Gonzalez, Filomeno Sanchez, Maria J. Rodriguez-
Alvarez 

Diversified Training Manifolds and Augmented Testing for Improved Deep Learned Radionuclide 
Reconstruction .................................................................................................................................................. 721 

Joshua Moo, Paul K. Marsden, Kunal Vyas, Andrew J. Reader 

SURE-Based Stopping Strategy for Fine-tunable Supervised PET Image Denoising ...................................... 724 
Jianan Cui, Kuang Gong, Ning Guo, Scott Wollenweber, Floris Jansen, Huafeng Liu, 
Quanzheng Li 

PET-QA-Net: Towards Routine PET Image Artifact Detection and Correction Using Deep 
Convolutional Neural Networks ....................................................................................................................... 727 

Isaac Shiri, Amirhossein Sanaat, Yazdan Salimi, Azadeh Akhavanallaf, Hossein Arabi, Arman 
Rahmim, Habib Zaidi 

A Continuous Deep Learning Model for Brain PET Image Denoising in Medical Internet of Things ............ 730 
Amirhossein Sanaat, Habib Zaidi 



Histopathological Subtype Phenotype Decoding Using Harmonized PET/CT Image Radiomics 
Features and Machine Learning ....................................................................................................................... 732 

Zahra Khodabakhshi, Mehdi Amini, Ghasem Hajianfar, Mehrdad Oveisi, Isaac Shiri, Habib. 
Zaidi 

On the Removal of Inter/Intra Observer Variability of PET Radiomics Features ............................................ 735 
Isaac Shiri, Mehdi Amini, Ghasem Hajianfar, Atlas Haddadi Avval, Amirhossein Sanaat, 
Hossein Arabi, Habib Zaidi 

Survival Prognostic Modeling Using PET/CT Image Radiomics: The Quest for Optimal 
Approaches ....................................................................................................................................................... 738 

M. Amini, G. Hajianfar, M. Nazari, G. Mehri-Kakavand, I. Shiri, H. Zaidi 

Assessment of Defect Detection in Post-Filtering and Deep Learning Denoising Strategies for 
Reduced Dose Myocardial Perfusion SPECT Employing Human and Polar Map Observers .......................... 741 

P. Hendrik Pretorius, Junchi Liu, Kesava Kalluri, Michael A. King, Ben Auer, Clifford 
Lindsay, Arda Konik, Yongyi Yang, Miles N. Wernick 

Optimizing Marker Design to Improve Precision of Optical Camera-Based Rigid-Body Motion 
Tracking and Correction in Medical Imaging .................................................................................................. 744 

Jonathan Fisher, Chris C. Kim, Andrew Groll, Craig S. Levin 

Deep Learning Denoising in Histo-Projection TOF Data Non-Rigid Motion Estimation and 
Correction ......................................................................................................................................................... 747 

Eva E Panin, Deepak Bharkhada, Vladimir Y Panin 

Training with Probability Map: An Effective Framework for Deep Learning Training with Multi-
Observer Labeled Datasets ............................................................................................................................... 752 

Hossein Arabi, Habib Zaidi 

An Investigation for Colorectal Cancer Early Diagnosis Using Hessian Vector-Based Texture 
Features ............................................................................................................................................................ 755 

Weiguo Cao, Marc J. Pomeroy, Yongfeng Gao, Almas F. Abbasi, Jela Bandovic, Perry J. 
Pickhardt, Zhengrong Liang 

Low-Dose Covid-19 CT Imaging: Noise-to-noise Versus Supervised Deep Learning-based 
Denoising ......................................................................................................................................................... 759 

Hossein Arabi, Faeze Gholamiankhah, Samaneh Mostafapour, Seyedjafar Shojaerazavi, 
Nouraddin Abdi Goushbolagh, Habib Zaidi 

ComBat Harmonization of Image Reconstruction Parameters to Improve the Repeatability of 
Radiomics Features .......................................................................................................................................... 762 

Ghasem Hajianfar, Atlas Haddadi Avval, Maziar Sabouri, Maziar Khateri, Elnaz Jenabi, 
Parham Geramifar, Mehrdad Oveisi, Isaac Shiri, Habib Zaidi 

An Automated and High Precision Quantitative Analysis of the ACR Phantom ............................................. 765 
P. J. Markiewicz, Casper Da Costa-Luis, J. Dickson, A. Barnes, G. Krokos, J. Mackewn, T. 
Clark, C. Wimberley, G. Macnaught, M. M. Yaqub, J. D. Gispert, B. F. Hutton, P. Marsden, 
A. Hammers, A. J. Reader, S. Ourselin, K. Herholz, J. C. Matthews, F. Barkhof 

A New Strategy for Range Verification in Proton Therapy: The Coaxial Approach ....................................... 768 
F. Hueso-Gonzalez, J. V. Casana, A. Fernandez Prieto, A. Gallas Torreira, E. Lemos Cid, A. 
Ros Garcia, P. Vazquez Regueiro, G. Llosa 

The Effects of Magnetic Field Along with Nanoparticles on DNA Damage Induced by a Carbon 
Beam: A Monte Carlo Study ............................................................................................................................ 771 

Payman Rafiepour, Sedigheh Sina, Seyed Mohammad Javad Mortazavi, Azam Zabihi 



A Study About the Localization Accuracy of a Virtual Fluoroscopy System .................................................. 774 
Odran Pivot, Laurent Desbat, Philippe Cinquin 

Development and Evaluation of a PET Dedicated for On-Line Imaging and Proton Beam-Range 
Measurement .................................................................................................................................................... 777 

Dongxu Yang, Xinyi Cheng, Yiping Shao 

MIC-POSTER II 

Sub-Surface Laser Engraving in Thick Hexagonal Scintillation Crystals ........................................................ 780 
D. Perez-Benito, R. Chil, L. A. Hidalgo-Torres, J. J. Vaquero 

Evaluation of Crystal Arrays for Accurate Positioning and Timing PET Detectors ........................................ 784 
Celia Valladares, Efthymios Lamprou, Antonio J. Gonzalez, John Barrio, Neus Cucarella, 
Marta Freire, Luis F. Vidal, Jose M. Benlloch 

A Fast Timing Layer Concept for a Compton-TOF-PET Module.................................................................... 787 
Roberto Cala’, Nicolaus Kratochwil, Stefan Gundacker, Andrea Polesel, Marco Paganoni, 
Etiennette Auffray, Marco Pizzichemi 

Detection of Sub-Terahertz Waves Modulated by Ionization-induced Charge Carriers Using a Sub-
wavelength Antenna ......................................................................................................................................... 792 

Yushin Kim, Diana Jeong, Ryan Coffee, Craig S. Levin 

Integration and Testing of the Hybrid Gamma Cameras for AdaptiSPECT-C ................................................. 795 
R. Garrett Richards, Maria Ruiz-Gonzalez, Kimberly J. Doty, Benjamin Auer, Matthew A. 
Kupinski, Michael A. King, Phillip H. Kuo, Lars R. Furenlid 

A Position-Sensitive Microstrip Detector Using Amorphous Selenium Photoconductor ................................ 798 
Sahar Adnani, Abdollah Pil-Ali, Celal Con, Karim S. Karim 

Enabling High-Resolution (~2 mm Or Better) Brain Imaging with a Standard Clinical Whole-Body 
PET: Simulation Study ..................................................................................................................................... 801 

Kai Wang, Jing Wang, Yiping Shao 

Monte-Carlo Modelling of a WristPET Scanner for Non-Invasive Measurement of the Arterial 
Input Function .................................................................................................................................................. 804 

Mercy I. Akerele, Sadek A. Nehmeh 

An Analytical Model for Compton Cameras Efficiency Estimation ................................................................ 809 
Aicha Bourkadi Idrissi, Ilenia D'Adda, Luca Buonanno, Marco Carminati, Carlo Fiorini 

Depth-of-Interaction Reconstruction in NeuroEXPLORER ............................................................................ 812 
Tao Feng, Liuchun He, Aaron Selfridge, Hongdi Li 

Performance of Detector Modules for a Second-Generation RF-Penetrable Brain TOF-PET Insert 
for Simultaneous PET/MRI .............................................................................................................................. 815 

Qian Dong, Salar Sajedi, Zander Adams, Chen-Ming Chang, Ilaria Sacco, Ronald D. 
Watkins, Craig S. Levin 

Imaging Ability of the Compton Imaging System (Gri+) for Thyroid Phantom Filled with 99mTc .................. 818 
H. Alshammari, L. Harkness-Brennan, A. Boston, A. Caffery, E. Rintoul, E. Fittock, D. 
Judson, J. Platt, T. Woodroof, S. Kalantan, P. Nolan 



3D Position Estimation for the AdaptiSPECT-C Modular Gamma-Ray Cameras ........................................... 821 
Kimberly J. Doty, Matthew A. Kupinski, R. Garrett Richards, Maria Ruiz-Gonzalez, Michael 
A. King, Phillip H. Kuo, Lars R. Furenlid 

Reduction of the Low Energy Threshold Through New Modular Data Acquisition Electronics for 
Cross-Strip Cadmium Zinc Telluride (CZT) Based PET System ..................................................................... 824 

Yuli Wang, Shiva Abbaszadeh 

Implications of the Partial Ring Design for a Clinical SPECT Insert ............................................................... 827 
Ashley Morahan, Kjell Erlandsson, John Dickson, Ilenia D’Adda, Marco Carminati, Carlo 
Fiorini, Brian F Hutton 

Gantry Design and Fabrication for a Stationary Adaptive SPECT System ...................................................... 830 
R. Garrett Richards, Micaehla May, Michael Gardiner, Geno Bechetti, Kesava S. Kalluri, 
Benjamin Auer, Michael A. King, Phillip H. Kuo, Lars R. Furenlid 

Monte Carlo Simulation of a Preclinical CZT PET System to Investigate Multi-Interaction Events .............. 833 
Riley Stanford-Hill, Andrew Groll, Craig S. Levin 

An Enhancement Technology on Fluoroscopy Imaging Using Xray Fluorescence ......................................... 836 
Zhenyao Yan, Liang Li, Rui Qiu, Zhiqiang Chen, Li Zhang 

A Monte-Carlo Simulation Approach to Mie Scattering Via a New Invertible Function ................................ 840 
Aristotelis-Nikolaos Rapsomanikis, Efstathios Stiliaris 

A Novel Iterative Prior Fusion-Based Metal Artifact Reduction for CT Imaging: An Experimental 
Phantom Study ................................................................................................................................................. 846 

Mohammad Ghorbanzadeh, Seyed Abolfazl Hosseini, Bijan Vosoughi Vahdat, Azadeh 
Akhavanllaf, Hossein Arabi, Habib Zaidi 

TOF Modeling with a Double Gaussian Function ............................................................................................ 849 
Hancong Xu, Liuchun He, Debin Hu, Qing Ye, Yilin Liu, Yang Lv, Yun Dong 

Overlapping Scanning Arcs of Limited-Angular Range for Dual-Energy CT ................................................. 852 
Buxin Chen, Zheng Zhang, Dan Xia, Emil Y. Sidky, Xiaochuan Pan 

Image Reconstruction from Real Dual Energy CT Data Using an Analytical Energy Response 
Model ............................................................................................................................................................... 856 

Viktor Haase, Katharina Hahn, Harald Schondube, Karl Stierstorfer, Andreas Maier, 
Frederic Noo 

Ring Artifacts Elimination Method in Computed Tomography Using Sparsity-Induced Norms ..................... 860 
Mona Selim, Essam A. Rashed, Mohammed A. Atiea, Hiroyuki Kudo 

Compton-ANN: Bringing Artificial Intelligence to Compton Image Reconstruction ...................................... 862 
Mina-Ermioni Tomazinaki, Maria Mikeli, Efstathios Stiliaris 

Resolution Modelling Based on Monte Carlo Simulation for uMI Panorama PET/CT System ....................... 865 
Liuchun He, Debin Hu, Hancong Xu, Yilin Liu, Yang Lv, Guiyu Li, Yun Dong 

Attenuation Correction for Myocardial Perfusion SPECT Imaging in the Image Domain .............................. 868 
Samaneh Mostafapour, Faeze Gholamiankhah, Sirwan Maroufpour, Mehdi Momennezhad, 
Mohsen Asadinezhad, Seyed Rasoul Zakavi, Hossein Arabi, Habib Zaidi 



Federated Learning-Based Deep Learning Model for PET Attenuation and Scatter Correction: A 
Multi-Center Study ........................................................................................................................................... 871 

Isaac Shiri, Alireza Vafaei Sadr, Amirhossein Sanaat, Sohrab Ferdowsi, Hossein Arabi, 
Habib Zaidi 

Prediction of CT Images from PET Images Using Deep Learning Approach for Small Animal 
Systems ............................................................................................................................................................. 874 

Kouhei Nakanishi, Seiichi Yamamoto, Tadashi Watabe 

Randoms Correction Based on Time Sampled Compressed Delayed Events .................................................. 877 
Vladimir Y Panin, Mehmet Aykac 

Component-Based Normalization for a 1-Millimeter Resolution Clinical PET System Comprising 
10 Billion LORs Using Analytical Estimations with GPU Acceleration ......................................................... 881 

Myungheon Chin, Derek Innes, Garry Chinn, Craig S. Levin 

X-Net: A Novel Deep Learning Architecture with High-resolution Feature Maps for Image 
Segmentation .................................................................................................................................................... 884 

Reza Karimzadeh, Nona Rajabi, Alireza Khodabakhsh, Faeze Taghavi, Emad Fatemizadeh, 
Hossein Arabi, Habib Zaidi 

Automatic Archiving and Classification of Positron Emission Tomography Images Using Deep 
Learning Models at Different Scan Times ........................................................................................................ 887 

Ali Ghafari, Peyman Sheikhzadeh 

Deep Attention-Based Seminal Segmentation: A Practical Deep Learning Framework for Accurate 
Segmentation of the Hippocampus from Magnetic Resonance Images ........................................................... 891 

Hanieh Arabian, Alireza Karimian, Reza Rasti, Hossein Arabi, Habib Zaidi 

A Strategy for Obtaining an Accurate Image Derived Input Function in Dynamic Brain FDG PET ............... 894 
Ju-Chieh Kevin Cheng, Connor Bevington, Jordan Hanania, Vesna Sossi 

Prediction of Myocardial Function After Coronary Artery Bypass Graft Using Cardiac Magnetic 
Resonance Imaging Radiomics ........................................................................................................................ 897 

Fatemeh Arian, Atlas Haddadi Avval, Shayan Mostafaei, Zahra Shahbazi, Ahmad Bitarafan 
Rajabi, Kiara Rezaei Kalantari, Kianosh Kasani, Zahra Bagherpour, Mehrdad Oveisi, Isaac 
Shiri, Habib Zaidi 

Holistic MRI-Based Prognostic Model Development Using Genomic and Histopathologic Features 
in Glioblastoma Patients ................................................................................................................................... 900 

Atlas Haddadi Avval, Shayan Mostafaei, Mehrdad Oveisi, Isaac Shiri, Habib Zaidi 

Lymphovascular Invasion Prediction in Lung Cancer Using Multi-Segmentation PET Radiomics 
and Multi-Machine Learning Algorithms ......................................................................................................... 903 

Seyyed Ali Hosseini, Ghasem Hajianfar, Isaac Shiri, Habib Zaidi 

PET Image Radiomics Feature Variability in Lung Cancer: Impact of Image Segmentation .......................... 906 
Seyyed Ali Hosseini, Ghasem Hajianfar, Isaac Shiri, Habib Zaidi 

Automatic Clinical Report Generation of Thyroid Scintigraphy Using Natural Language Processing 
and Bayesian Convolutional Neural Network .................................................................................................. 909 

Abdollah Saberi, Sarah Saneei, Yazdan Salimi, Isaac Shiri, Habib Zaidi 

Super-Resolution PET Brain Imaging Using Deep Learning ........................................................................... 912 
Sijin Ren, Juan Liu, Huidong Xie, Takuya Toyonaga, Niloufarsadat Mirian, Ming-Kai Chen, 
Mariam Aboian, Richard Carson, Chi Liu 



PET Image Denoising Using Unsupervised Domain Translation .................................................................... 918 
Masoud Malekzadeh, Tzu-An Song, Joyita Dutta 

Learning from Multiple Annotators: Hierarchical Deep Learning Training Scheme for Prostate 
Gleason Cancer Grading ................................................................................................................................... 920 

Hossein Arabi, Habib Zaidi 

Reducing Scan Duration and Radiation Dose in Cerebral CT Perfusion Imaging Using a Recurrent 
Neural Network ................................................................................................................................................ 923 

Mahdieh Dashtbani Moghari, Amirhossein Sanaat, Noel Young, Krystal Moore, Roger R. 
Fulton, Habib Zaidi, Andre Kyme 

Application of RISE in SPECT Myocardial Perfusion Imaging, Using a Cardiac Phantom ............................ 926 
Aikaterini Keliri, Loizos Koutsantonis, Efstathios Stiliaris, Yiannis Parpottas, Giorgos 
Charitou, Sotiris Panagi, Costas N. Papanicolas 

Preliminary Study on 3D Dose Measurement Using Scintillation Gel and Optical Emission 
Computed Tomography .................................................................................................................................... 931 

Haijing Jin, Hua Li, Xuewen Yan, Liang He, Xiaodong Zhang 

PSD Neutron Discrimination for Dose Monitoring Applications in Particle Therapy ..................................... 933 
Luca Buonanno, Margherita Gaito, Davide Di Vita, Ilenia D’Adda, Anita Caracciolo, 
Lorenzo Malentacca, Franco Camera, Marco Carminati, Carlo Fiorini 

Timepix3-Based Single Layer X-ray Fluorescence Compton Camera ............................................................. 937 
Chuanpeng Wu, Jiaxing Wen, Yuge Zhang, Ming Zeng, Liang Li 

Quantitative Imaging of Non-Standard Radionuclides with Long Axial Field-of-View PET .......................... 941 
Margaret E. Daube-Witherspoon, Joshua Scheuermann, Stephen McDonald, Wilson Lin, 
Eduardo Aluicio-Sarduy, Todd E. Barnhart, Jennifer Pyles, Jonathan W. Engle, Suzanne E. 
Lapi, Joel S. Karp 

STUDENT PAPER AWARD COMPETITION 

Deep Generative Modelling for Enhanced Monte Carlo Simulation of Radionuclide Imaging Data ............... 945 
Joshua Moo, Paul Marsden, Kunal Vyas, Andrew J. Reader 

DENOISING AND SEGMENTATION USING DEEP LEARNING APPROACHES 

Uncertainty Prediction for Deep Learning-Based Image Denoising in Low-dose CT Imaging ....................... 949 
Dufan Wu, Yutong Xie, Quanzheng Li 

PET Denoising and Uncertainty Estimation Based on NVAE Model .............................................................. 951 
Jianan Cui, Yutong Xie, Kuang Gong, Kyungsang Kim, Jaewon Yang, Peder Larson, Thomas 
Hope, Spencer Behr, Youngho Seo, Huafeng Liu, Quanzheng Li 

A Novel Unsupervised COVID-19 Lesion Segmentation from CT Images Based-on the Lung 
Tissue Detection ............................................................................................................................................... 954 

Faeze Gholamiankhah, Samaneh Mostafapour, Nouraddin Abdi Goushbolagh, Seyedjafar 
Shojaerazavi, Hossein Arabi, Habib Zaidi 

Pathological Prostate Gleason Score Prediction Using MRI Radiomics and Machine Learning 
Algorithms ........................................................................................................................................................ 957 

Soroush Bagheri, Ghasem Hajianfar, Abdollah Saberi, Mehrdad Oveisi, Isaac Shiri, Habib 
Zaidi 



HIGH RESOLUTION IMAGING SYSTEMS 

Open-Field Mouse Brain PET: Towards a System for Simultaneous Brain PET and Behavioral 
Analysis in Small Animals ............................................................................................................................... 960 

F. E. Enriquez-Mier-Y-Teran, O. Brandt, S. I. Kwon, X. Bai, J. Bec, M. S. Judenhofer, P. 
Peng, S. R. Cherry, S. R. Meikle, A. Z. Kyme 

PARAMETRIC IMAGING AND MOTION CORRECTION 

Direct Ki PATLAK Generation Without Using the Input Function Guided by Deep-Learning 
Methods ............................................................................................................................................................ 963 

Neda Zaker, Kamal Haddad, Reza Faghihi, Hossein Arabi, Habib Zaidi 

Image-Domain Bootstrapping of PET Time-Course Data for Assessment of Uncertainty in 
Complex Regional Summaries of Mapped Kinetics ......................................................................................... 966 

Fengyun Gu, Qi Wu, Finbarr O’Sullivan 

Motion Correction for Direct Whole Body Parametric PET with Symmetric and Inverse Consistent 
Deformable Image Registration ........................................................................................................................ 969 

Jicun Hu, Ludovic Sibille, David Pigg, Bruce Spottiswoode 

CLINICAL EMISSION SYSTEMS AND IMAGE QUALITY ASSESSMENT 

Optimization of a Hybrid PET (HyPET) Detector for Prostate Cancer Imaging ............................................. 974 
Robert S. Miyaoka, William C. J. Hunter, Larry A. Pierce, Robert Harrison, Efthymios 
Lamprou, John Barrio, Celia Valladares, Antonio J. Gonzalez 

Design of an Ultra-Low-dose, Stationary, Tomographic Molecular Breast Imaging System .......................... 978 
Brian F. Hutton, Kjell Erlandsson, Andras Wirth, Ian Baistow, Kris Thielemans, Alexander 
Cherlin 

Pre-Training and Transfer Learning for Training Set Reduction and Improving Automated 
Assessments of Clinical PET Image Quality .................................................................................................... 981 

Jessica B. Hopson, Radhouene Neji, Joel T. Dunn, Veerle Kersemans, Colm J. McGinnity, 
Andrew J. Reader, Alexander Hammers 

3D Printing of Germanium-68 PET Phantoms ................................................................................................. 984 
Lorenz P. Meier, Tilman Läppchen, Axel Rominger, Michael Hentschel, George A. Prenosil 

X-RAY AND CT 

Preliminary Investigation of Directional-TV-based Image Reconstruction from Limited-angular-
range Data with Two Orthogonal Arcs ............................................................................................................. 988 

Zheng Zhang, Buxin Chen, Dan Xia, Emil Y. Sikdy, Xiaochuan Pan 

A Feasibility Study of Digital Tomosynthesis System Using a Moving Carbon Nanotube Array ................... 991 
Hyeongseok Kim, Jeongtae Soh, Uijin Jeong, Sanghoon Cho, Mikiko Ito, Young-Jun Jung, 
Tae-Hyung Kim, Seungryong Cho 

Deep Learning-Based Fully Automated Scan Range Detection in Chest CT Imaging .................................... 994 
Y. Salimi, A. Akhavanallaf, I. Shiri, Z. Mansouri, A. Saberimanesh, A. Sanaat, M. Pakbin, D. 
Askari, S. Sandoughdaran, E. Sharifipour, H. Arabi, H. Zaidi 



Performance Estimate of MPPC-Based PC-CT System and Initial Results of CT Image Contrast ................. 997 
D. Sato, M. Arimoto, K. Yoshiura, T. Mizuno, K. Aiga, H. Kawashima, S. Kobayashi, J. 
Kataoka, T. Toyoda, M. Sagisaka, H. Ikeda, S. Terazawa, S. Shiota 

Bridge-Assisted Micropillar Structure for High-Aspect Ratio X-ray Grating Fabrication ............................. 1000 
Abdollah Pil-Ali, Sahar Adnani, Celal Con, Zain H. Warsi, Karim S. Karim 

SCATTER AND ATTENUATION CORRECTIONS 

Data-Driven, Energy-based Scatter Estimation for PET ................................................................................ 1003 
Nikos Efthimiou, Joel S. Karp, Suleman Surti 

PET Scatter Correction Using Energy Based Trues Estimation ..................................................................... 1006 
Harshali Bal, Vladimir Y. Panin, Maurizio Conti 

Fully 3D Scatter Estimation in Axially Long FOV PETCT Scanners: Residual Estimation 
Approach ........................................................................................................................................................ 1009 

Harshali Bal, Vladimir Y. Panin, Joshua Schaefferkoetter, Jorge Cabello, Maurizio Conti 

Evaluation of Down-Scatter Contamination in Multi-Pinhole 123I-IMP Brain Perfusion SPECT 
Imaging ........................................................................................................................................................... 1013 

Benjamin Auer, Jan De Beenhouwer, Kesava S. Kalluri, Clifford Lindsay, R. Garrett 
Richards, Micaehla May, Matthew A. Kupinski, Phillip H. Kuo, Lars R. Furenlid, Michael A. 
King 

Investigation of Direct and Indirect Approaches of Deep-Learning-Based Attenuation Correction 
for General Purpose and Dedicated Cardiac SPECT Scanners....................................................................... 1016 

Xiongchao Chen, Bo Zhou, Huidong Xie, Luyao Shi, Hui Liu, Chi Liu 

Preliminary Performance Evaluation of Deep Learning-Based Attenuation Corrections for 
Myocardial Perfusion SPECT ........................................................................................................................ 1018 

Yu Du, Jingzhang Sun, Greta S. P. Mok 

MIC-POSTER III 

Improved Timing Resolution of the Depth of Interaction Detector Using Partial Sub-Surface Laser 
Engraving ....................................................................................................................................................... 1021 

Toshiaki Sakai, Kento Hakamata, Hidemoto Yamauchi, Nakahiro Satoh, Hiroshi Uchida, 
Tsuyoshi Kosugi 

Experimental Characterization of Embeddable Machine Learning Reconstruction Algorithms for 
Anger Cameras ............................................................................................................................................... 1025 

Luca Buonanno, Beatrice Pedretti, Ilenia D’Adda, Carlo Alaimo, Marco Carminati, Carlo 
Fiorini 

Computational Approach to Design a Liquid Argon Time-Of-flight Positron Emission Tomography 
(LAr-TOF-PET) Scanner Using Monte Carlo Method ................................................................................... 1028 

A. Zabihi, M. Wada, A. Ramirez, A. Renshaw, X. Li, C. Galbiati, Michela Lai, D. Franco, F. 
Gabriele 

Simulation Study of Compton Camera Design for 3D High-Resolution Prompt Gamma Imaging 
with Low Background Noise .......................................................................................................................... 1031 

Zhiyang Yao, Yongshun Xiao 



A Multi-Purpose Clinical PET Scanner with Dynamic Gantry Design .......................................................... 1034 
Amirhossein Sanaat, Mahdi Jamalizadeh, Hadi Khanmohammadi, Hossein Arabi, Habib 
Zaidi 

A Demonstration of STIR-GATE-Connection ............................................................................................... 1037 
Robert Twyman, Ludovica Brusaferri, Elise C. Emond, Francesca Leek, Simon Arridge, Brian 
F. Hutton, Vesna Cuplov, Kris Thielemans 

The Effect of a Partial Shoulder PET Ring in the NeuroEXPLORER Design ............................................... 1040 
Tao Feng, Liuchun He, Jeffrey Schmall, Hongdi Li 

Simulation Study of a Non-Human Primate PET System Based on a DOI-Capability Detector 
Block .............................................................................................................................................................. 1043 

Li Cheng, Mengle Xue, Yingcai Ji, Shuai Huang, Nianming Jiang, Yaqiang Liu 

Pilot Results of Detectors Enhancing TOF and DOI Capabilities, Suitable for TB-PET ............................... 1046 
Gabriel Canizares, John Barrio, Neus Cucarella, David Sanchez, Marta Freire, Celia 
Valladares, Andrea Gonzalez-Montoro, Santiago Jimenez-Serrano, Alejandro Lucero, 
Constantino Morera, Efthymios Lamprou, Julio Barbera, Luis F. Vidal, Jose M. Benlloch, 
Antonio J. Gonzalez 

System Form Modifications and Data Corrections for a Radiofrequency Penetrable PET Insert for 
Simultaneous PET/MRI .................................................................................................................................. 1049 

A. Groll, J. Fisher, D. Innes, C. S. Levin 

A Dynamic Pinhole Aperture Control System ............................................................................................... 1052 
Micaehla May, Laura Sawyer, Maria Ruiz-Gonzalez, R. Garrett Richards, Benjamin Auer, 
Kesava S. Kalluri, Michael A. King, Matthew A. Kupinski, Phillip H. Kuo, Lars R. Furenlid 

Characterization of 1mm Cross-Strip 3D CZT Detectors for PET Imaging Application ............................... 1054 
Yingguo Li, Changxu Pei, Meilou Liu, Jing Wen, Qinghua Zhang, Chuan Huang, Yongzhi Yin, 
Gongping Li, Ximeng Chen 

Addressing Light Distribution Truncation and 3D Impact Positioning in PET: Edgeless Approach ............. 1058 
Marta Freire, Gabriel Canizares, Andrea Gonzalez-Montoro, Carlos Correcher, Laura 
Moliner, Stuart S. Berr, Mark B. Williams, Antonio J. Gonzalez 

Testing of Singles Processing Unit for a Brain PET ...................................................................................... 1061 
Kairen Chen, Lei Zhao, Lingyan Zhang, Jiaming Lu, Jiajun Qin, Shubin Liu, Qi An 

Biasing Studies for Multi-Electrode Interaction Positioning in a High Resolution CZT PET System ........... 1064 
C. Zampa, A. Groll, R. Stanford-Hill, C. S. Levin 

Pseudo-Square Tomosynthesis Trajectory for Interventional Lung Procedures ............................................. 1067 
Junaid R. Rajput, Alexander Preuhs, Guenter Lauritsch, Andreas Maier 

Image Quality Improvement of Breast Specimen Imaging on Cone Beam CT Using Iterative 
Reconstruction: A Phantom Study ................................................................................................................. 1069 

Sorapong Aootaphao, Saowapak S. Thongvigitmanee, Puttisak Puttawibul, Pairash 
Thajchayapong 

A 7.8-µm Pixel Pitch Direct Conversion X-ray Detector for High-Resolution Intraoral 
Tomosynthesis Application ............................................................................................................................ 1072 

Abdollah Pil-Ali, Sahar Adnani, Christopher C. Scott, Karim S. Karim 

A Data-Driven Reconstruction Technique Based on Newton’s Method for Emission Tomography ............. 1075 
Loizos Koutsantonis, Tiago Carneiro, Emmanuel Kieffer, Frederic Pinel, Pascal Bouvry 



Transmission Tomography Extension to the Open-Source OMEGA Software ............................................. 1081 
Ville-Veikko Wettenhovi, Marko Vauhkonen, Ville Kolehmainen 

An Iterative Dynamic Dual-Energy CT Model for Multi-Energy CT Imaging .............................................. 1086 
Yidi Yao, Liang Li, Zhiqiang Chen 

NiftyPET: Fast Quantitative Image Reconstruction for a New Brain PET Camera CareMiBrain ................. 1089 
C. Morera-Ballester, S. Jimenez-Serrano, S. Beschwitz, F. Schmidt, P. J. Markiewicz 

Attenuation Map Generation with Cross-Vendor and Cross-Tracer Transfer Learning for Cardiac 
SPECT ............................................................................................................................................................ 1092 

Xiongchao Chen, P Hendrik Pretorius, Bo Zhou, Hui Liu, Karen Johnson, Michael A King, 
Chi Liu 

Scatter Correction with Image-Domain Interpolation for TOF Helmet-Type PET ........................................ 1094 
Hideaki Tashima, Go Akamatsu, Taichi Yamashita, Taiga Yamaya 

Deep Learning-Assisted Simultaneous MRI-based Attenuation Correction and Full-Dose Synthesis 
from Non-Attenuated Low-Dose PET Images ............................................................................................... 1096 

Amirhossein Sanaat, Isaac Shiri, Yazdan Salimi, Hossein Arabi, Habib Zaidi 

Deep Learning-Assisted MRI-based Attenuation Correction in Multitracer Brain PET Imaging .................. 1099 
A. Sanaat, I. Shiri, Y. Salimi, H. Arabi, A. Ghavabesh, H. Zaidi 

Statistical CT Sinogram Generation from Time-Of-flight PET Data Using Kernel Methods in the 
Projection Space ............................................................................................................................................. 1102 

Yansong Zhu, Guobao Wang 

Evaluation of a Generative Adversarial Network for MR-Based PET Attenuation Correction in 
PET/MR ......................................................................................................................................................... 1105 

Emily Anaya, Craig Levin 

Energy-Based Scatter Estimation in Patient Scans Acquired with an SiPM PET Scanner ............................ 1108 
James J. Hamill, Silvano Gnesin, John Prior 

A Comparative Analysis of Two Deep Learning Architectures for the Automatic Segmentation of 
Vestibular Schwannoma ................................................................................................................................. 1113 

Margarete Kattau, Ben Glocker, Dimitra Darambara 

ATB-Net: A Novel Attention-based Convolutional Neural Network for Predicting Full-dose from 
Low-dose PET Images ................................................................................................................................... 1116 

Mohammad-Saber Azimi, Alireza Kamali-Asl, Mohammad-Reza Ay, Hossein Arabi, Habib 
Zaidi 

Detecting Dopamine Release Via PCA of Residuals ..................................................................................... 1119 
Connor W. J. Bevington, Jordan U. Hanania, Ju-Chieh Kevin Cheng, Vesna Sossi 

Generation and Evaluation of Different Modality of Medical Image Based on GAN ................................... 1122 
Chikato Yamasoba, Tetsuya Tozaki, Michio Senda 

Analysis of Characteristics of Lesion Tissue Based on Curvature of Four-Dimensional Hypersphere 
Using FDG-PET Images ................................................................................................................................. 1125 

Sho Asato, Tetsuya Tozaki, Michio Senda 



A Novel Unsupervised Approach for COVID-19 Lung Lesion Detection Based on Object 
Completion Technique ................................................................................................................................... 1129 

Samaneh Mostafapour, Faeze Gholamiankhah, Nouraddin Abdi Goushbolagh, Seyedjafar 
Shojaerazavi, Hossein Arabi, Habib Zaidi 

Assessment of Arterial Wall Calcification with CT and Micro-Calcification with 18F-NaF PET ................ 1132 
Mamdouh S. Al-Enezi, Eric Lavallee, Eric Turcotte, Abdelouahed Khalil, Tamas Fulop, 
Michel Nguyen, M’Hamed Bentourkia 

Cardiac Pattern Recognition from SPECT Images Using Machine Learning Algorithms ............................. 1135 
Maziar Sabouri, Ghasem Hajianfar, Mehdi Amini, Zahra Hosseini, Shabnam Madadi, Tahere 
Ghaedian, Morteza Ghassed, Fereydon Rastgou, Ahmad Bitarafan Rajabi, Isaac Shiri, Habib 
Zaidi 

Dual Input Scintigraphy Image-Based Fused Deep Neural Networks for Bone Abnormalities 
Detection and Differentiation ......................................................................................................................... 1138 

Ghasem Hajianfar, Maziar Sabouri, Soroush Bagheri, Yazdan Salimi, Mehrdad Oveisi, Isaac 
Shiri, Habib Zaidi 

Comparison of Motion Correction Methods Incorporating Motion Modelling for PET/CT Using a 
Single Breath Hold Attenuation Map ............................................................................................................. 1141 

Alexander C. Whitehead, Ander Biguri, Kuan-Hao Su, Scott D. Wollenweber, Charles W. 
Stearns, Brian F. Hutton, Jamie R. McClelland, Kris Thielemans 

Systematic Evaluation of the Impact of Involuntary Motion in Whole Body Dynamic PET ......................... 1145 
Ander Biguri, Fotis Kotasidis, Alexander C. Whitehead, Irene Burger, Brian F. Hutton, Kris 
Thielemans 

Artificial Neural Network Algorithm to Cluster and Visualize Phantom Experiment Data ........................... 1148 
Emad Alsyed, Rhodri Smith, Lee Bartley, Christopher Marshall, Emiliano Spezi 

Does Prior Knowledge Enhance Accuracy of Deep Learning-Assisted Semantic Segmentation? ................ 1152 
Hossein Arabi, Habib Zaidi 

Step-And-shoot Dynamic Whole-body PET Parametric Imaging with Weighted Expectation 
Maximization Algorithm ................................................................................................................................ 1155 

Qing Ye, Yizhang Zhao, Hancong Xu, Yang Lv, Yun Dong 

Parametric FDG PET Quantification, Segmentation and Classification of Primary Brain Tumors in 
Human GBM .................................................................................................................................................. 1158 

Robert S. Schetlick, Thomas Eluvathingal Muttikkal, Jose M. Reyes, Prem P. Batchala, 
Joseph H. Donahue, Sohil H. Patel, David Schiff, Bijoy K. Kundu 

Quantitative Evaluation of Synthesized Brain PET Using a Variational Autoencoder .................................. 1163 
R. John, J. Penning, H. Chandler, P. Fielding, C. Marshall, R. Smith 

Improved PET Tomographic Image Reconstruction by Employing the RISE Method .................................. 1167 
Christos Lemesios, Panayiotis Hadjitheodorou, Loizos Koutsantonis, Alexis Vrachimis, 
Nikolaos Zamboglou, Costas N. Papanicolas 

Design of a 3D Printed Respiratory Motion Thoracic Phantom ..................................................................... 1171 
A. A. Abd. Rahni, S. M. Mustaza, S. S. Mokri, N. A. Azmi, R. Ahmad, R. Ramli, W. N. Wan 
Abdul Rahman 



MIC-POSTER IV 

Evaluation of a PET Detector for a Next Generation Preclinical PET/EPRI ................................................. 1177 
Heejong Kim, Yuexuan Hua, Chin-Tu Chen, Qingguo Xie, Boris Epel, Subramanian 
Sundramoorthy, Howard Halpern, Chien-Min Kao 

Reading a Hexagonal Matrix of SiPMs with a Dedicated ASIC .................................................................... 1180 
R. Chil, D. Perez-Benito, L. A. Hidalgo-Torres, J. J Vaquero 

Dynamic Time-Over-Threshold Readout for Improved Energy Linearity in PET Detectors that 
Achieve 100 Ps CTR ...................................................................................................................................... 1182 

Shirin Pourashraf, Andrea Gonzalez-Montoro, Joshua W. Cates, Zhixiang Zhao, Jun Yeon 
Won, Jae Sung Lee, Craig S. Levin 

Experimental Study on the Light Output of the Photonic Crystals Fabricated Using Femtosecond 
Laser ............................................................................................................................................................... 1185 

Xin Yu, Xi Zhang, Siwei Xie, Jianfeng Xu, Qiyu Peng 

Initial Evaluation of a TOF, Open-Ring PET Scanner with Continuous Variable Diameter ......................... 1188 
Bingxuan Li, Bo Zhang, Lei Fang, Lingli Yang, Peng Xiao, Xiaolin Chen, Qingguo Xie 

Introduction of Spread Field Imaging—a Novel High Performance Collimation for SPECT ....................... 1190 
Zhiping Mu, Zhong Tao, Frederic Fahey 

Optimization Through Monte Carlo Simulations of a Novel High-Resolution Brain-PET System 
Based on Resistive Plate Chambers ................................................................................................................ 1194 

Ana Luisa Lopes, Miguel Couceiro, Paulo Crespo, Paulo Fonte 

First Investigation of List Mode MLEM Reconstruction for Fast DC-SPECT System Design 
Optimization ................................................................................................................................................... 1199 

Yuemeng Feng, Lisa Bläckberg, Georges El Fakhri, William Worstell, Hamid Sabet 

Initial Investigations of Pinhole Numbers and Projection Views in Multi-Pinhole Brain SPECT ................. 1202 
Wenbo Huang, Greta S. P. Mok 

Coupling of 18F-NaF and 18F-FDG PET/CT Dynamic Imaging for the Detection of Arterial 
Inflammation .................................................................................................................................................. 1205 

Abdelillah Douhi, Mamdouh S. Al-Enezi, Abdelouahed Khalil, Tamas Fulop, Eric Turcotte, 
Michel Nguyen, M’Hamed Bentourkia 

Performance Assessment of a High-Resolution Small Animal CZT PET System ......................................... 1210 
A. Groll, R. Stanford-Hill, C. S. Levin 

Multi-Material Decomposition Methods of Dual-Energy CT Images, Revisited ........................................... 1213 
Daxin Shi 

Spectral Distortion Correction of Photon-Counting CT with Machine Learning ........................................... 1217 
Kazumi Murata, Koichi Ogawa 

Improvement of the Spatial Resolution with a Deconvolution Method for a Multi-Pinhole SPECT 
System ............................................................................................................................................................ 1219 

Michi Okoshi, Kazumi Murata, Koichi Ogawa 

Low-Dose Direct PET Image Reconstruction Using Channel Attention for Deep Neural Network .............. 1222 
Tuo Yin, Takashi Obi 



Implementation and Image Quality Benefit of a Hybrid-Space PET Point Spread Function ......................... 1226 
Timothy W. Deller, Sangtae Ahn, Floris P. Jansen, Georg Schramm, Kristen A. Wangerin, 
Matthew G. Spangler-Bickell, Charles W. Stearns, Mohammad Mehdi Khalighi 

Positron Range Modeling for Low-Dose Rb-82 Cardiac PET ....................................................................... 1231 
Chung Chan, Wenyuan Qi, Li Yang, Evren Asma, Jeff Kolthammer 

The Reconstruction Method Using Compressed Sensing and Convolutional Neural Network for 
PROPELLER MRI in Head ............................................................................................................................ 1234 

Yuta Matsumoto, Kensuke Hori, Kiichi Tadano, Shigehide Kuhara, Yuta Endo, Takeyuki 
Hashimoto 

MLEM-Based Reconstruction with a New Stochastic Enhancement for Compton Imaging ......................... 1239 
Mina-Ermioni Tomazinaki, Maria Mikeli, Efstathios Stiliaris 

Towards Accurate Partial Volume Correction – Perturbation for SPECT Resolution Estimation ................. 1242 
Rebecca Gillen, Kjell Erlandsson, Ana M Denis-Bacelar, Kris Thielemans, Brian F Hutton, 
Sarah McQuaid 

Deep Active Learning Model for Adaptive PET Attenuation and Scatter Correction in Multi-
Centric Studies ............................................................................................................................................... 1245 

Isaac Shiri, Amirhossein Sanaat, Esmail Jafari, Rezvan Samimi, Maziar Khateri, Peyman 
Sheikhzadeh, Parham Geramifar, Habibollah Dadgar, Hossein Arabi, Majid Assadi, Carlos 
Uribe, Arman Rahmim, Habib Zaidi 

Deep-PVC: A Deep Learning Model for Synthesizing Full-Dose Partial Volume Corrected PET 
Images from Low-Dose Images ..................................................................................................................... 1248 

A. Sanaat, A. Boehringer, A. Ghavabesh, I. Shiri, Y. Salimi, H. Arabi, H. Zaidi 

Transmission-Less Attenuation Correction for Full and Partial Ring PET Scanners ..................................... 1251 
Marina Beguin, Volker Commichau, Judith Flock, Cristian Fuentes, Tony Lomax, Shubhangi 
Makkar, Keegan McNamara, Mauro Oddo, John O. Prior, Christian Ritzer, Damien C. 
Weber, Carla Winterhalter, Gunther Dissertori 

Locating Radio-Frequency Coils for Inclusion in MR-based PET Photon Attenuation Correction in 
Simultaneous PET/MRI .................................................................................................................................. 1253 

Emily Anaya, Paul Schleyer, Craig Levin 

Deep Learning-Based Attenuation Correction Strategies in the Sinogram Domain ....................................... 1256 
Hossein Arabi, Habib Zaidi 

An Integrated Framework of Projection and Attenuation Correction for Quantitative SPECT/CT 
Reconstruction ................................................................................................................................................ 1259 

Li Cheng, Fan Liu, Lilei Gao, Lifeng Sun, Yansong Hou, Yaqiang Liu 

Blood Input Function Estimation in Positron Emission Tomography with Deep Learning ........................... 1262 
Dora Varnyú, Laszlo Szirmay-Kalos 

Knowledge Distillation: A Strategy to Enhance the Performance of Deep Learning-Based Seminal 
Segmentation .................................................................................................................................................. 1269 

Reza Karimzadeh, Emad Fatemizadeh, Hossein Arabi, Habib Zaidi 

Investigation of Noise Reduction in Low-Dose SPECT Myocardial Perfusion Images with a 
Generative Adversarial Network .................................................................................................................... 1272 

Narges Aghakhan Olia, Alireza Kamali-Asl, Sanaz Hariri Tabrizi, Parham Geramifar, 
Peyman Sheikhzadeh, Hossein Arabi, Habib Zaidi 



Evaluation of Data Driven Respiratory Signal Extraction Methods from Cone-Beam CT Using 
MR-based Digital Phantoms ........................................................................................................................... 1275 

A. T. Mohd Amin, S. S. Mokri, R. Ahmad, A. A. Abd. Rahni 

Does Prior Knowledge in the Form of Multiple Low-Dose PET Images (at Different Dose Levels) 
Improve Standard-Dose PET Prediction? ....................................................................................................... 1278 

Behnoush Sanaei, Reza Faghihi, Hossein Arabi, Habib Zaidi 

Delay Calibration for Ultrasound Computed Tomography System Using Neural Network .......................... 1281 
Ning Shen, Hongjian Wang, Xiaoxu Lei, Shoujian Yu, Xiaoling Xia 

Deep Learning-Based Dosimetry in Radionuclide Therapy: is it Worth the Effort? ...................................... 1285 
A. Akhavanallaf, Y. Salimi, I. Shiri, H. Arabi, X. Hou, J. M. Beauregard, A. Rahmim, H. Zaidi 

Lung Cancer Recurrence Prediction Using Radiomics Features of PET Tumor Sub-Volumes and 
Multi-Machine Learning Algorithms ............................................................................................................. 1288 

Seyyed Ali Hosseini, Ghasem Hajianfar, Isaac Shiri, Habib Zaidi 

An Efficient End-To-end Convolutional Neural Network for Classification of Diabetic Retinopathy 
Using ResNet .................................................................................................................................................. 1291 

Faical Alaoui Abdalaoui Slimani, M’Hamed Bentourkia 

Deep Learning-Based Low-dose Cardiac Gated SPECT: Implementation in Projection Space vs. 
Image Space ................................................................................................................................................... 1294 

Narges Aghakhan Olia, Alireza Kamali-Asl, Sanaz Hariri Tabrizi, Parham Geramifar, 
Peyman Sheikhzadeh, Hossein Arabi, Habib Zaidi 

Segmentation of the Hippocampus Head and Body: Comparison of Single Annotator and Multi-
Annotator ........................................................................................................................................................ 1297 

Hossein Arabi, Habib Zaidi 

U-Net Based Estimation of Functional Connectivity from Time Series Multi-Channel EEG from 
Schizophrenia Patients .................................................................................................................................... 1300 

Alireza Khodabakhsh, Hossein Arabi, Habib Zaidi 

vPET-ABC: Voxel-wise Approximate Bayesian Inference for Parametric Imaging of 
Neurotransmitter Release ............................................................................................................................... 1304 

C. Grazian, G. Emvalomenos, G. Angelis, Y. Fan, S. R. Meikle 

Self-Guided and MR-Guided Deep-Learned Post-Reconstruction PET Processing ...................................... 1307 
Guillaume Corda-D’Incan, Julia A. Schnabel, Andrew J. Reader 

Generative Adversarial Network "Steerability" for Brain PET Image Generation ........................................ 1310 
J. Penning, R. John, H. Chandler, P. Fielding, C. Marshall, R. Smith 

Challenges in Optimization of a Stationary Tomographic Molecular Breast Imaging System ...................... 1314 
Kjell Erlandsson, Andras Wirth, Kris Thielemans, Ian Baistow, Alexander Cherlin, Brian F. 
Hutton 

Design of Readout Electronics for Dose Monitoring Detectors in Hadrontherapy ........................................ 1317 
Fabio Canclini, Ilenia D’Adda, Luca Buonanno, Marco Carminati, Carlo Fiorini 

Compton Imaging Study for Dose Monitoring in Carbon Therapy ................................................................ 1320 
Chuan Huang, Jing Wen, Dian Guo, Qinghua Zhang, Changxu Pei, Yingguo Li, Yongzhi Yin, 
Haibo Peng 



BENEdiCTE (Boron Enhanced NEutron CapTurE) Gamma-Ray Detection Module ................................... 1325 
Anita Caracciolo, Davide Di Vita, Luca Buonanno, Ilenia D’Adda, Marco Carminati, Andrew 
Chacon, Marissa Kielly, Mitra Safavi-Naeini, Carlo Fiorini 

SPACE-CHARGE EFFECTS AND DETECTOR POLARIZATION 

Hadron Therapy Range Verification Via Machine-Learning Aided Prompt-Gamma Imaging ...................... 1328 
J. Balibrea-Correa, J. Lerendegui-Marco, V. Babiano-Suarez, C. Domingo-Pardo, I. 
Ladarescu, C. Guerrero, T. Rodriguez-Gonzalez, M. C. Jimenez-Ramos 

The Effect of CT Dose Reduction on Proton Therapy Dose Calculation and Plan Optimization: A 
Phantom Study ............................................................................................................................................... 1335 

Masoud Elhamiasl, Koen Salvo, Edmond Sterpin, Johan Nuyts 

MOTION CORRECTION AND IMAGE ENHANCEMENT 

Development of a Robust Head Tracking System Through Virtual and Physical Optimization .................... 1338 
Kesava S. Kalluri, Clifford Lindsay, R. Garrett Richards, Micaehla May, Benjamin Auer, 
Phillip H. Kuo, Lars R. Furenlid, Michael A. King 

Post-Reconstruction PET Resolution Modelling by Synthesised Image Reconstruction ............................... 1341 
Laurence Vass, Andrew J. Reader 

Autonomous Timing Calibration for Time-Of-Flight PET ............................................................................ 1345 
Yusheng Li 

RTSD 

OPENING 

Evaluation of the Spectroscopic Performance of 3D CZT Drift Strip Detectors ............................................ 1348 
N. Auricchio, E. Caroli, S. Del Sordo, L. Abbene, A. Buttacavoli, F. Principato, G. Gerardi, J. 
B. Stephen, M. Bettelli, N. Sarzi Amade, S. Zanettini, A. Zappettini, N. Protti, S. Altieri 

PIXEL DETECTOR 

EMPIX: A High Dynamic Range Diamond Pixel Detector for Ultra-Fast Electron Diffraction and 
Microscopy ..................................................................................................................................................... 1356 

T. Wei, Z. Deng, X. Wang, R. Li 

RTSD POSTERS 

A Miniaturized Gamma-Ray Spectrometer Based on CdZnTe Semiconductor and BGO Scintillator .......... 1363 
Yichao Wang, Changqing Feng, Peng Lin, Deyi Wang, Wenzhang Xie, Qingxin Lei, Chenyu 
Shan, Maoyuan Zhao, Ziheng Zhou, Shubin Liu 

ASTENA’s Polarimetric Prospects ................................................................................................................ 1368 
M. Moita, L. Ferro, E. Caroli, E. Virgilli, F. Frontera, J. B. Stephen, R. M. Curado Da Silva, 
J. M. Maia, S. Del Sordo 

Defect Structure and Spectroscopic Properties of CdTe-Based X- And Gamma-Ray Detectors ................... 1375 
O. Maslyanchuk, M. Solovan, I. Boledzyuk, I. Fodchuk, V. Gnatyuk, T. Aoki 



IMAGING 

A New Concept for a Low-Dose Stationary Tomographic Molecular Breast Imaging Camera Using 
3D Position Sensitive CZT Detectors ............................................................................................................. 1379 

Alexander Cherlin, Andras Wirth, Kjell Erlandsson, Ian Baistow, Kris Thielemans, Brian F 
Hutton 

Event Reconstruction in Radiation Detectors Using Convolutional Neural Networks .................................. 1382 
Srutarshi Banerjee, Miesher Rodrigues, Alexander Hans Vija, Aggelos K. Katsaggelos 

TIBR, SIC AND AMORPHOUS SEICONDUCTOR 

Analysis of Position-Sensitive Capacitive Frisch-Grid TlBr Detectors .......................................................... 1385 
A. Kargar, A. Bolotnikov, C. A. Brown, G. A. Carini, J. Christian, L. Cirignano, A. 
Dellapenna, G. Deptuch, J. Fried, S. Herrmann, H. Kim, G. Pinaroli, M. R. Koslowsky, S. 
Miryala, E. Raguzin, C.-R. Deane, A. L. Miller, K. Shah, M. B. Smith, M. R. Squillante, M. S. 
Squillante, A. J. Valente, J. Tower, Y. Ogorodnik, E. Weststrate, K. S. Shah 

IMAGING APPLICATIONS AND SYSTEMS 

Improving the Real-Time Sub-Millimeter Contaminants Detection Capability of XSpectra® ....................... 1394 
B. Garavelli, D. Macera, D. Rizzo, M. Sammartini 

SEMICONDUCTOR MATERIALS 

Effects of Surface Passivation on CdZnTeSe Nuclear Detectors ................................................................... 1396 
Stephen U. Egarievwe, Utpal N. Roy, Ezekiel O. Agbalagba, Amir H. Davis, Mordecai B. 
Israel, Parion L. Alexander, Ralph B. James 

The Effect of Post-Growth Thermal Annealing on CdZnTe Crystals Grown by Vertical Gradient 
Freeze Technique ........................................................................................................................................... 1398 

M. Unal, O. B. Balbasi, M. C. Karaman, G. Celik, A. M. Genc, M. Parlak, R. Turan 

Cadmium Magnesium Telluride for Next Generation X-Ray Free Electron Laser, Synchrotron and 
Many Other Applications ............................................................................................................................... 1404 

Henry Chen, Sue Kutcher, Julie Wen, Sudhir Trivedi, Jing Cheng, Genyu Chen, Roman 
Sobolewski 

SCIENTIST AWARD AND SEMICONDUCTOR MATERIALS 

Results of Alpha Irradiation of Diamond Sensors .......................................................................................... 1410 
Gabriele Giacomini, Gabriella A. Carini, Connie Rose Deane, Alfred Dellapenna, Grzegorz 
Deptuch, Lorenzo Fabris, Sven Herrmann, James Kierstead, Ivan Kotov, Seth McConchie, 
Erik Muller, Giovanni Pinaroli, Donald Pinelli, Sergio Rescia, Enrico Rossi 



SPACE-CHARGE EFFECTS AND DETECTOR POLARIZATION 

Comparative Studies of CdZnTe, CdMnTe, and CdZnTeSe Materials for Room-Temperature 
Nuclear Detection Applications ...................................................................................................................... 1413 

Stephen U. Egarievwe, Stephan D. Soto, Simeon W. Sykes, Leslie J. Fuller, Quentin J. 
Alsbrooks, Mohammad A. Alim, Utpal N. Roy, Ezekiel O. Agbalagba, Mebougna L. Drabro, 
Ralph B. James 

JOINT SESSION 

JOINT NSS MIC RTSD 

Spectrally Encoded Schlieren Imaging for Ionizing Radiation Detection Via Modulation of Optical 
Properties ........................................................................................................................................................ 1415 

Diana Jeong, Li Tao, Yushin Kim, Ryan N. Coffee, Craig S. Levin 

JOINT NSS MIC 

Architecture and Characterization of a CMOS 3D-Stacked FSI Multi-Channel Digital SiPM for 
Time-of-Flight PET Applications ................................................................................................................... 1418 

Francesco Gramuglia, Andrada Muntean, Carlo Alberto Fenoglio, Esteban Venialgo, 
Myung-Jae Lee, Scott Lindner, Makoto Motoyoshi, Andrei Ardelean, Claudio Bruschini, 
Edoardo Charbon 

SPAD Microcells with 12.1 Ps SPTR for SiPMs in TOF-PET Applications ................................................. 1420 
Francesco Gramuglia, Ming-Lo Wu, Myung-Jae Lee, Claudio Bruschini, Edoardo Charbon 

A Process to Colorize and Assess Visualizations of Noisy X-Ray Computed Tomography 
Hyperspectral Data of Materials with Similar Spectral Signatures ................................................................ 1422 

Joshua Clifford, Emily Kemp, Ben Limpanukorn, Edward S. Jimenez 

JOINT NSS - RTSD 

First Characterization of AC-LGAD Sensors Using a Readout ASIC ........................................................... 1430 
G. D’Amen, W. Chen, C. De La Taille, G. Giacomini, D. Marchand, M. Morenas, C. Munoz 
Camacho, E. Rossi, N. Seguin-Moreau, L. Serin, A. Tricoli, P.-K. Wang 

High-Resolution 3-D CZT Drift Strip Detectors for Prompt Gamma Ray and Neutron Detection in 
BNCT ............................................................................................................................................................. 1436 

A. Buttacavoli, F. Principato, G. Gerardi, N. Auricchio, E. Caroli, S. Zanettini, M. Bettelli, A. 
Zappettini, S. Altieri, N. Protti, L. Abbene 

Detection of Recoil Electron Tracks Using an SOI Pixel Sensor for an Advanced Compton Camera .......... 1439 
Mika Kagaya, Hideaki Katagiri, Ryo Kato, Naomi Tojo, Ayaki Takeda, Kenji Shimazoe, 
Takeshi Go Tsuru, Takaaki Tanaka, Mizuki Uenomachi, Lan Zhang 



WORKSHOP 

RADIATION MEASUREMENT FOR ACCELERATING FUKUSHIMA'S ENVIRONMENTAL 
RECOVERY AND DECOMMISSIONING - 10 YEARS AFTER THE FUKUSHIMA 
NUCLEAR DISASTER 

Experience for Fukushima Environmental Radiation Monitoring and Application for Preparedness 
of Post-Accident ............................................................................................................................................. 1443 

Yukihisa Sanada 

ADVANCED TECHNOLOGIES FOR FUTURE LARGE-SCALE NEUTRINO EXPERIMENTS 

Development of the DUNE Detector for the Deep Underground Neutrino Experiment ................................ 1448 
Nikolina Ilic 

QUANTUM SENSING FOR BIOMEDICAL APPLICATION 

Positronium and Quantum Entanglement Imaging: A New Trend in Positron Emission 
Tomography ................................................................................................................................................... 1452 

Pawel Moskal 

Quantum Sensing for Biomedical Applications ............................................................................................. 1455 
K. Shimazoe, H. Tomita, D. Watts, P. Moskal, A. Kagawa, P. G. Thirolf, D. Budker, C. S. 
Levin 

Author Index 
 




