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A. Alikhanyan is the National Science Laboratory of Armenia
Yerevan Physics Institute



Change the World with Science
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PASSION FOR SCIENCE: Facing global challenges
June 20, 2022
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A ALIKHANYAI

Natinnal 1ahorator

Armenia was a scientific center in the Soviet Union
Produced Computers on 5 yr plans of Soviet Union

Scientific Firsts:
Internet to Armenia — First in the region
Two neutrino double beta decay
7 GeV electron accelerator in the 70’s
(Helped build 6 GeV electron accelerator CEBAF in USA in the 90’s)



A. ALIKHANYAN NATIONAL SCIENCE LABORATORY
OF
ARMENIA

Soviet Union >3000 scientists and staff (4500 Max)

Today 350 people

6 GeV electron accelerator (until 1991)

75 MeV electron LINAC (upgrade 2018)

18 MeV cyclotron (operational since 2019)
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Science Publications

WeB of Science - Thomson Reuters
Publications

MSRC, 2 app 11

IChe, 17
[ CANDLE, 16
r IBCH, 11

RAU, 53 : I0CH, 3

IChP, 12 AUA 32

BAO, 15
IMB, 26

AUA, 19
Asht (IPRIRE), 56

CANDLE, 12

AM&RC. g

RAL, 62

YSMU, 143

YSU 189
YSU 256

WeB of Science - Thomson Reuters

WeB of Science - Thomson Reuters a8
Publications

Publications

Armenia - 2019 (1052) Armenia - 2020 (990) Armenia - 2021 (959)
2019 2020 - *-2'0'21 -
Swph <punn. <nniu. <puw. <nnu. <punn. <nniu.
Luyjumuwmu i 1273 25800 1142 26078 059 25743
UuaL 411 17600 325 17648 251 17251
% 32% 68% 28% 68% 26% 67%




Publications in international journals
2019

COVID-19

Center of Excellence
In
The Region

| 2 3

| 54 scientists + 107 engineers and technicians
354 people



The National Science Laboratory concept is new in Armenia?
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Concept is originally German: Wilhelm Kaiser and now Max Planck Institutes
Science: World Class Research

Education: Training and education of next generation of STEM scientists
Economy of Armenia: Impacts of applied sciences to economic growth
Health,Wealth and Defense: Protection of the borders, health of the people of
Armenia, impact on innovations and technologies



ISION: AANL to remain as a Feglonal center ot excellence in high energy
physics, astrophysics, nuclear physics and nuclear medicine and related
applications to advance scientific research, healthcare, 1T, and economic

development.
Approach: (Build on existing strengths + develop new ones)

Research, Scientific Infrastructure, & Education



\in') A. ALIKHANYAN

A.Alikhanyan is the National Science Laboratory of Armenia
Yerevan Physics Institute
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Isotopes
Division

Cosmic Ray i
Division
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Experimental %" ‘Theoretical
. Division - Division, *

7 Divisions +
Isotopes Production and Research Division (10 yrs ago)
Quantum Technologies new group (2022)



National Laboratory
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Science: World Class Research

Vision: AANL is to be a regional center of excellence in high
energy physics, nuclear physics, and astrophysics,
material science, and applications



International Collaborations: Worldwide Big Experiments
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Today: A Alikhanyan is center of scientific engagements
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7 Ge detectors: MIT, Notre Dame (USA)
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THEORY ICTP Proposal:
DIVISION - >
A regional center:

Leveraging the Science reputation

”‘L\:\?\t\;\‘l:\\' _
S MATlm:qm Education: M.Sc.
THEURHI‘.ALHNSIFS“\ Collaborations with AUA (language English)

STEM workforce inflow into Armenia

Many International Collaborators: For Regional Center
ICTP: Italy

AUA: Armenia

AANL:



CRD + Experimental Division:
New Detector Developments

. i b) Incident muon spectra
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Advanced Detector Laboratory 20,21 o
R

A total-body small animal PET scanner with a 4-layer DOI detector

Experimental phantom imaging results - A M .‘m‘c
(a) Radial spatial resolution (b) Axial sensitivity profile () Derenzo phantom @center E’m Meus Ama'am

Total-body small animal PET (TBSAP) scanner
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a) WHOLE-BODY o O e lmaglng of
e | SMall Animals

monoltiic Instrumentation and Applications

scintillator

b) BRAIN c) BREAST d) RODENT e ) Springer
3 \ phoshor
3 scintillator -~
Z photodetector r

photodetector
signals

New Detector Development

PET imaging of small animals and plants

e) TOTAL-BODY



Radiobiology at AANL
Radioisotope Tracers in Industry

Radioisotopes can be detected with high sensitivity, spurious amounts attached to material
allows tracing the material (George de Hevesy, lecture 3).

Frequent application in medical industries and agricultural industries. Further applications

are the tracing of chemical reactions with the radioisotope replacing a stable isotope.
Other applications are the measurement of wear and tear of new materials, with

radioisotopes introduced at the surface.

Irradiated

Gamma Ray
Detector

Irradiated
Rod
Bearings

-—

Lead -
Shielding

—_F
External Heat
Oil Pump Exchanger

Sump

Wear and tear on engine parts
by measuring the increase of
radioactivity in the lubricant

Up-take of nutrients doted with radioactive
phosphorus (*2P T,,,=14.26 d) in plants.



Advances in New Materials
NMaterials Resistant to Radiation, Corrosion, Robust

Science
Research I

aaae- - Biophysics . * Droplets
P = BT i, | '\ *» Gaseous — premixed and
non-premixed

« High pressure/Supercritical
.+ Solid fuels

+ Biological macromolecules * Adiabatic two-phase flow
« Biomaterials/Biofilms » Boiling and condensation

- Biological physics * Capillary flow

\ « Biofluids » Interfacial phenomena
» Cryogenic propellant
storage and transfer

p- <
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Materials Science

/' Complex Fluids
+ Glasses and ceramics . Fundamental Physics P
* Granular materials » Colloids
% ; o Quantum coherence and ,. - Liquid crystals
entanglement \
o RRgineis and oran cs * Quantum interferometry and Lo8me
Maryann C. Wythers LSS conductons precision measurements T

Editor x * Quantum matter
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» Complex plasmas
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Experimental Division: Accelerator Complex
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Radiation shield

Unloading

|8 MeV Cyclotron
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1000 Class Cleanroom: 2022
Accelerator Complex for Irradiation
Academy Institute of Physical Chemistry




FIRST 1000 CLASS CLEAN ROOM IN
ARMENIA




xS

WHO WILL CONDUCT RESEARCH IN ?\656

\
THE CLEANROOM? a®

Research teams from o
e

A. I. Alikhanyan National Science Laboratory
Chemical Physics Institute, NAS RA
Institute of Physical Research, NAS RA
Yerevan State University
Armenian State Pedagogical University
Private Sector

University of Notre Dame (USA)



FACILITY:
CYCLONE 18/18
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EXPANDING THE
TOOLCHEST
FOR
ISOTOPES

International Collaborators:

|AEA

U of Birmingham, U of Surrey, UK
U of Notre Dame

Armenia:

(Pharmaceutical Institute) |
Institute of Biochemistry after H. Buniatyan e
UNESCO Chair-Life Sciences International Postgraduate Education




Therapeutic Isotopes: Big Advance in Cancer Treatment
Targeted Radioisotope Therapy

B, alpha, and Auger electrons

Isotopes that decay by the emission of -, alpha, and Auger electrons can be used
to kill/damage tumor cells

Challenge is in the delivery of the radioisotope
Must be highly selective and targeting the tumor (antibodies)

Examples: ?°Y or 3! do not need targeting since they naturally accumulate



Theranostic Approach The theranostic approach in nuclear medicine

( Radionuclide 1 B

_ e T

‘( For therapy: For diagnostics:
[~ or alpha- f* or gamma-
emitters emitters

{ Linking molecule )

couples diagnostic imaging and therapy using the
same molecule or at least very similar molecules,
which are either radiolabeled differently or given ir
different dosages.

Example |:iodine-131 and lutetium-177 are
gamma and beta emitters; thus, these agents can be
used for both imaging and therapy.

Example 2:iodine-123 (gamma emitter) and
iodine-131 (gamma and beta emitters)
/ Cell Example 3: yttrium-86/yttrium-90
Example 4: terbium isotopes (Tb): '>2Tb (beta

plus emitter), °>°Tb (gamma emitter), '°Tb (alpha
emitter), and '®'Tb (beta minus particle).
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Yerevan State University
Polytechnic University
AANL

EcoAtom — company in Armenia

ORNL, INL (USA)
FRANCE



ACCELERATING ADVANCED REACTOR
DEMONSTRATION & DEPLOYMENT

" NATRIUM REACTOR
DOMETEST BED 2028 | TERRAPOWER & GE
2023-2024 | NRIC -2 Ll — m ®

HERMES

2026| KAIROS
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BASIC RESEARCH NEEDS FOR
Scientific Machine Learning

Core Technologies for Artificial Intelligence

A

.......

Department of Energy
Advanced Scientific

Computing Research

U.S. DEPARTMENT OF

ENERGY

4 <= | Harvard
| Business
Review

Locate the company’s R&D
near the talent.

RESEARCH & DEVELOPMENT

Why Companies and Universities
Should Forge Long-Term
Collaborations

by Kenneth R. Lutchen

AAAAAAAAAAAAAA




Research/University and IT

Curt Hillegas
Director of Research
Computing, OIT Academic
Services and PICSciE

Chuck Augustine
Senior Manager,
Systems and Data Base
Management, Enterprise
Infrastructure Services, OIT

Paul LaMarche
Vice Provost for Space
Programming and Planning,
Office of the Provost

Bill Sirocky
Principal Consultant, Mission
Critical Engineering

Matthew Petty John Ziegler Donna Tatro
Machine Room Manager, Director, Director,
Enterprise Infrastructure Off-Campus Development, Enterprise Infrastructure
Services, OIT Facilities Services, OIT
Data Center Strategy ||
Team o
—
Russ Kurtz
Rob Caputo
V.Iad Suric Principal Consultant, DC QTO‘ DC Sllalegy, 2
Project Manager St Requirements and Financial
rategy .
Modeling
Princeton CSTechnology

University of Maryland

THE “BRENDAN IRIBE CEN

DeepMind for Google

DeepMind for Google takes
cutting-edge machine learning
research pioneered by
DeepMind and uses it to have
real-world impact at Google scale.

Nissan, Microsoft, UBER




Production Capability Improvements: Modernize




Societal Applications: Patents, Production Capabilities
Covid 19:

Nanoparticle masks

Resin 3-D printed masks

Ozonators Collaborations with

TESLA N\ Bio-molecular
{(le’rgls\ E R Institute
NV | _
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State SC|en Mmittee new
International €S Navy/Army

World Bank HUB proposal

Armenian Society of Fellows — Institute of Advanced Studies
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Cultural Heritage
New Beginning in Arniis
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STARMUS VI

50 years on MARS

Sept. 5-10, 2022
.Yerevan'Armenia

theplanet

Starmus combines art, musicand science to enhance
- thescience communication.

. We want to engage humanityin the biggest questlprf A
~ ofour time & %, Sy




