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Status and prospects of the DLNP scientific programme for 2024 - 2030

Development of Scientific DLNP Infrastructure for
Research Using Semiconductor Detectors, Laser
Metrology, Electrons, Positrons and Cryogenic
Technology 04-2-1126-2015/2023

Biomedical and Radiation-Genetic Studies
Using Different Types of lonizing Radiation
04-2-1132-2017/2023

PAC 2023 Vladimir Glagolev
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Development of Scientific DLNP Infrastructure for Research Using Semiconductor Detectors,

& .
Laser Metrology, Electrons, Positrons and Cryogenic Technology 04-2-1126-2015/2023
Construction of the Project “Presicion Project "Development Project "Novel “GDH &
setup for laser metrology of experimental semiconductor SPASCHARM”
measurements with for accelerators techniques and detectors for Project
and detector applied research with fundamental
slow monochromatic and applied
" research"

electron testbeams in
DLNP (LINAC-200) complexes
— positron beams (PAS)




@5 Construction of the setup for measurements with electron testbeams in
DLNP (LINAC-200)
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Linear electron accelerator LINAC200 -
a new research faC|I|ty of DLNP JINR
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The machine
Based on refurbished 800 MeV MEA (NIKHEF)

LINAC200 = Injector, buncher and 4 (of 12) accelerating stations

Two beam lines are available 0.1 —35us
1T i I

- 20 MeV (after the 1st station) 1 ps bunches 1 — 25 Hz
every 350 ps
_ 20-200 MeV (after the 4th station).

The beam energy spread is about 1%

The beam current in a pulse can be set in the range from practically
zero values (single electrons in a bunch) to 80 mA (up to 10'* e~/ s)

The maximum average current is 2.5 yA.



Timeline

Renovation of Bldg. 118 is complete

LINAC200 commissioning is under way and expected to be completed
by summer 2023

The machine will continuously operate in 2024 - 2030

Three projects are in preparation:

*

» Testzone for detector R&D and applied studies

» Controllable generation of EM radiation by relativistic
electrons using functional materials

<+ Electron radiography
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L)

*

L)
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Test zone for detector R&D and applied studies

Goal: to construct an open access
user facility for particle detector R&D
and applied studies, including material
science, radiobiology etc.

« Beam characterization

« Photon and neutron beam
generation

« Precise dosimetry
o Infrastructure & Equipment

Setup for Alpide testing
at Linac-200



Controllable generation of EM radiation by relativistic
electrons using functional materials (Q ?

Goal: study of the basics of electromagnetic interactionsandnew L Ll
applications of controllable generation of electromagnetic radiation by FLAP LOI/I"FII/I
relativistic electrons using functional materials

Collaboration

. Study of relaxation of EM response of materials based on topological # benl'Y
insulators and Dirac semimetals with super-high electron mobility UKIVERSITY (BSU)
excited by bunched electron beam TOMSK

. POLYTECHNIC

. Explore the possibility of control of phonon response of I.I UNIVERSITY
metamaterials excited by bunched electron beams

. Investigation of polarization radiation generation by electron beam on @
surface structures with high local electron density e KEK

« Generation of intense ultra-monochromatic THz and sub-THz
radiation. Construction of the THz radiation source for radiobiological >
research

« Application to the accelerator diagnostics R&D




Electron radiography

Goal: Implementation of electron radiography technique,
construction of the electron microscope with an energy of 200
MeV to measure the density distribution in dynamic and static
objects with a linear density of up to 10 g/cm2.

. [Two radiography setups
- Fast processes, FOV 20 mm and resolution 100 um
- Static objects, FOV 10 mm and resolution 10 um

« Development of reconstruction methods and software

by
IDQ:_-;_IDG MM

 Study of dynamic processes in porous materials and non- o

ideal plasma of shock-compressed inert gases

« Development of new structural materials

National Research Center
"Kurchatov Institute"

. Flaw detection research.
Institute for Problems of Chemical Physics RAS



Education & training

LINAC200 is an excellent place to train
young scientists and engineers:

« Accelerator physics and technology
. Particle detector characterization

. Toy experiments (e.g. measurement of [N
nuclear form factors and GDR) | |

 Radiation material science, generation and PFag s
registration of synchrotron and THz }! <«
radiation, etc

Work together with the University Center



Accelerator R&D and upgrade plan

« Design and construction of the photoinjector
- Possible replacement of the electron gun

- R&D on generation of twisted electrons
(together with ITMO)

« Preparation of LINAC200 upgrade up to 800
MeV

- Refurbishing old MEA parts

- Upgrade of control and vacuum system




Thanks for participating in the commissioning

TOMSK TOMCKUN
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

Ministry of Science and Higher Education of the Russian Federation  MuMCTepCTao Hayxi 1 swcuiero oGpasosanis Poccuicrod deacpauym
Federal State Educational Higher Education
«National Research Tomsk Polytechnic University» (TPU)  y4peXaeHHe BbiCWero 06pa3osaHs
30, Lenin ave. Toms} .Russia  «HaUMOMANbHbIA UCCNEROBaTENbCKHI
Tel. 17-3822-606333, 473822701779,  TomcKuh nonuTexnueckwit yuvsepcutets (TT1Y)
Fax +7-3822-606444, e-mail: tpu@tpuru, tpuru  Nlenuna, np. 4. 30, . Tomc, 634050, Poccus
OKPO (National Classification of Enterprises and Organizations): 02069303,  Ten.s7-3823 606333, +7-3822-701779,
‘ompany Number: 027000890168, daKc +7-3822-60644. e-mail: tpu@tpu.ru, tpuru
VAT/KPP (Code of Reason for Registration)  OKIO 02069303, OTPH 1027000890168,
7018007264/701701001, BIC 016902004  VIHH/KIIM 7018007264/701701001, BYIK 016902004

08 11 20kl N 07T Jlupexropy OGbeIMHEHHOTO
Ha Ne oF MHCTHTYTA si/IePHBIX HCCIIeI0BaHUH
O npoBe/leHIH HeeeNoBaHHI AkaneMuKy

Tpy6uukony I'.B.

141980 MockoBckast 0611, T. JlyOHa,
yi1. Komnmo-Kropu, 1.6

Veaxaemslii I'puropuit Bragnmuposuy!

B nepros ¢ 10 mo 15 okTs6psi GHU3MKHM HAIIEro yHHBEPCHTETa NMPOBETH TECTOBBIH
ceaHc MO KaqMOPOBKE AMATHOCTHYECKOH ammapaTypbl Ha IMydYKe JJIEKTPOHOB YCKOPHTES
JIMHAK 200 B pamkax kostabopauuu FLAP (koopaunatop — a.¢.-M.H. A.A. Banaun). Ot
nvenn TITY Bbipakaio MpU3HATENBHOCTD KoJUIeKTHBY yekoputens JIMHAK 200 (pyk. — B.B.
KoBer) 3a BO3MOJKHOCTH BBINOJIHEHHMS KaJTHOPOBOYHBIX HW3MEPEHMH TNpH MpPOBeJEHHH
TyCKOHANA0UHBIX paboT Ha yecKopuTese. PazpabaTbiBaeMoe MarHoCTHYECKOe 000pyAOBaHHE
IITaHApPYeTCs  MCIOJNB30BaTh UL MOHHTOPHPOBaHHMS NapaMeTpOB BbIBEICHHOTO IydKa
HYyKJIOTPOHa, a TaKxke IMy4KoB Koyutaiizepa NICA.

Hazeloch Ha ycremHoe NpOJOJDKEHHE SKCIEPHMEHTAIBHBIX HCCIIeNOBaHUH 1
pasBuTHe coTpyannyecTBa ¢ OMSIM, B TOM uKCIie, IPH NOJTOTOBKE CTELHAINCTOB-(DH3NKOB.

Pextop JIA. Cennen

Cyxux JLT.
+7 (3822) 70-17-77
Sukhikh@tpu.ru

KyGanxun A.C.

LINAC200 RUN

MUHOBPHAYKU POCCUMA

HOMHOE Beal ¥ HUAY

O e YAPEXHE ME BLICLIET O OBPASOBAHNA ) ben
BENTOPOACKMIA TOCYOAPCTBEHHbIV HALIMOHATIbHbIN ‘BELGOROD STATE
ﬁlCCﬂEﬂOgATEJ'IbCKMﬁYHMBEPCV\TET» (HWY «BenlY») UNIVERSITY (BSU)

MoBeas! yn., A. 85, . Benropoa, 308015; e-mail: inffo@bsu.edu.ru,
Ten.: (4722) 30-12-11, pakc 30-10-12, Web: http://www.bsu.edu.ru
OKNO 02079230, OFPH 1023101664519, WHH/KNN 3123035312/312301001
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HUHCTHUTYTA SAEPHBIX MCCIIEI0BAH
TpyGuuxosy I'.B.

I'y60KOyBaKaeMbli T'puropuit BragumupoBuy!

HUY Benl'VY npuHsul yqacTe B [IyCKO-HAIa{0THBIX paboTax ¢ My4KaMu yCKOPEeH-
HBIX DJIEKTPOHOB JIMHEHHOIO YCKOPHUTEIT LINAC-200 O6beIlHHEHHOTO WHCTUTYTa S1Ep-
HBIX MCCIIE/IOBAHUMA.

BnarojapuM KOOpAHHATOPa xomtaGopaimyu FLAP AnToHa AlNKCaHAPOBHYA ban-
ZIMHA ¥ PYKOBOJHMTEJIS 3aIIyCKOM yCKOPHTEIIA LINAC-200 Banepus Bacunsesua KoGeua
3a IPEIOCTABIEHHYIO YHUKANBHYIO BO3MOXKHOCTD NPHHATE yuacTye B paboTax II0 IyCcKo-
HaJaJl04HbIX paboTax.

HUY «Benl'Y» BbIpakaeT 3aUHTEPECOBAHHOCTb B anbHeieM MPOBEACHHN COB-
MECTHBIX HCCIEJOBAHUN B paMKax HeATebHOCTH HAy4HO-MCCIIEI0BATEICKOH KoJabo-
pauun FLAP. B pamkax xoaGopaimy FLAP ycriemHo NpoBeACHE! MepBbIe npoGHbIE
n3Meperus. JIMHEeHHDIH yCKOPUTENb SJICKTPOHOB LINAC-200 yHuKaJ€H [0 CBOMM XapakK-
TepucTuKaM. TemaTHKa MpOBOAMMBIX HCCNe/I0BAHMI SIBISETCA OJHUM M3 NPUOPUTETHBIX
HATpaBJIeHnii pa3sBUTHs HAIIEro YHUBEPCHTETA. MbI TOTOBBI OCYLIECTBUTH WHTEILICKTY-
aNlbHBIH 1 MATepHATbHO-TEXHIYECKHH B/ B PAsBUTHE JAHHOTO HaIpaBJIeHUs dKCIIepH:
MeHTATBHBIX MCCIIe0BaHUil B BH/E Pa3paboTKH 1 CO3NaHMs Hay4YHO-MCCIIe10BATENbCKUY
CTaHHl/If;I JUIg A3Y4eHHs MEXaHU3MOB (bOpMHpOBaHPlS[ 3H5KTPOM3FHMTHOFO U3JTy4YeHH:
Iy4KaMH yCKOPEHHBIX SJICKTPOHOB. Hamra 1esTelbHOCTh TaKkke HallesleHa Ha pa3paboTK}
Y UCIIbITAHUE HOBBIX HEeWHBa3UBHBIX METONOB MOHHTOPI/IPOBBHI/IS{ IIy4KOB, KOTOpBIE 6}’}.\}’
HCIIOIB30BaThCA HA YCKOPHTEIBHOM KOMILUICKCE NICA.

S5 ownoe a8
PSS o OA
R

IIpopeKTOop 1o HayKe U MHHOBALHUAM Pennukos H.W.
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PAIBLHOE rocyaaper

Jupexropy MekmyHapoaHo
YHHTApHOE NpeANnpHATHE

POCCHIICKHIA &E,IEPAJTBHBII MeKIIPaBUTEILCTBEHHON OpraHU3alliu
SIIEPHBII LIEHTP OObeIMHEHHbIl HHCTUTYT SJIEPHBIX
Beepoceniicknii uccneaoBanuit, axagemuxky PAH

HAYYHO-HCCIeI0BATEILCKUITHHCTHTYT
IKCNEPUMEHTATBLHOI Ppu3nKH
(OIyIl «PRAN-BHUHUID»)

np. Mupa, 1.37,

r. Capos, Hikeropozckas 06:1., 607188
Daxkce: 83130 29494 E-mail: staff@vniief.ru
Teneraiir: 151535 «Mumosza»

OKIIO 07623615, OI'PH 1025202199791

WMHH 5254001230, KIIIT 525401001 r. Jly6ua, MockoBckas 061,

LE 1D, 2027 x 79505/919723 141980

Ha Ne or

Tpy6uukosy ["puropuio Brnaanmiposudy

yi. Konuno-Kiopu, 6

O [epeneKTHBe COBMECTHBIX padoT

VBaxaemsiit I'puropuit Bragumuposua!

BblpaxkaeM HCKpeHHIOK OJarollapHOCTh AMpEKUHH H pykoBoacTBy OWSIU 3a
OKa3aHHYIO MOJUIEPIKKY MEePBBIX (IPOOHBIX) dKCIEPHMEHTOB C IIyYKaMH yCKOPHTENIs
JIMHAK-200 u 3a T1peoCTaBIeHHYI  BO3MOXXHOCTh  OKCIIEPHMEHTAIBHOIO
TECTUPOBAHUA METOAUK HeﬁT’pOHHLIX l/l3MepeHHﬁ B peXXHNME IMyCKOHATaaO0IHBIX pa60'r
YCKOPHTEIS.

BoimonHenusle B 2022-M  roy M3MepeHUs] TeXHUYECKUX IapaMeTpoB
HEHTPOHHOI'0 MCTOYHHKA, IMOJy4aeMOTo TPU OOIYYeHHH PasHOrO THIA KOHBEPTOPOB
97EKTPOHHBIM IyykoMm yckopurens JIMHAK-200 moxaszanu peajibHYO MEpCIEKTHBY
paspaboTku ¥ co3JaHus KanuOpPOBOYHOrO CTeHAA JUIs METOJAMK HMITYIbCHBIX
HeHTpOoHHBIX u3MepeHuid. KannGposka anmaparypbl 0OpasLOBEIM  HEHTPOHHBIM
U3JIydeHHeM, KOTopoe MOXHO momydatk ¢ nmomomnisio JIMHAK-200, BoctpeboBana He
TolbKo moapaszenenusiMd BHUVD®, HO U ApyruMH OpraHM3allisIMH, B TOM YHCIIe,
ydacTHUKamu komnaboparuu FLAP.

OtzenpHyl0 GIarofapHocTh XOTeloch OBl BBIPA3UTh KOOPAHHATOPY padoT
A.A. BanauHy M KOMaHJE CHELMATHCTOB, 00ecHeYHBAONINX paboTy YCKOpHTENd BO
riase ¢ B.B. Kobeuem. PaccunreiBaem Ha jlapHeiiniee 1i010TBOPHOE COTPYAHHYECTBO
1 JIOCTHKEHHE HOBBIX Pe3y/IbTaTOB MUPOBOIO YPOBHSI.

W.o. qupexropa UDB A.O. binkon



Cost estimate (kUSD)

2024 2025 2026 2027 2028 2029 2030 Total
LINAC200
maintenance & 100 100 100 100 100 100 100 700
operation
Research projects 400 400 400 400 400 400 400 2800
Total 500 500 500 500 500 500 500 3500
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M.V. Lyablin V.V. Glagolev

The Precision Laser Inclinometer (basic idea)

Gravity vector
Laser source first position

e

QPr inclined position

Laser beam first position

e

-
-

Support inclined position

The main idea is to use the effect of horizontality of surface of the liquid.

Angular displacement of the laser beam reflected from the surface of the

liquid is proportional to the inclination of the support with cuvette with
liquid
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DEVELOPMENT OF DLNP SCIENTISTS

the Earth's surface deformations
by the Moon and the Sun

| Mw 7.0 Earthqualle

i Mw 7.8 Earthquake
054 Near Japan|

Near Equador

Unique detector of angular oscillations of the Earth's
surface in two orthogonal directions:

- frequency range - upper limit about 15 Hz ©

Microseismic Peak

- Sensitivity (laser reference beam stability) 10-° rad ;93‘ 0.1+
0,0
0,14
The device detects the angular inclinations of the 02
Earth's surface, excited by the Moon, the Sun, 0,3 | IS o e e
remote earthquakes, microseismic peaks and 0,4 - i
sources of industrial origin 1 :
° 057 15 Apri 16 April junaw
06 ——rr o = — = e — . =
24 36 48 60 72 84
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Increasing sensitivity of the VIRGO
gravity antenna using data from
inclinometers Creation of a software and
hardware complex based on PLI
for earthquake prediction

%—

Monitoring of angular
microseismic oscillations of
the Earth to determine the
possibilities of stabilization

of elements of colliders
NICA, LHC, etc.

— Norlh direciion
—— Western direction(]

g Magnitugie ME3.4
. Region EASTERNTURKE
- 2 Cats tme 200180302 1520:38.9yTC
o Locator| IEHTON 43ME E
j Depth. _§ km
-4
B 1
] 192km
8
VIRGO gravitational antenna - 2 PLIs have been 1520 1521 1522 1523 15:23 1524 1525 1525 1526
operating for more than 1 year. Time(h)

Two PLIs are used in the noise reduction system
of the North Mirror of the IGA VIRGO.
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Angular microseismic activity monitoring in the MPD hall of the NICA collider

Two Compact Precision Laser Inclinometers (CPLI) were installed in the MPD hall in spring 2022.

Data on microseismic activity of an industrial nature have been obtained, and the amplitudes of the angles of floor
oscillations in the MPD hall have been determined.

Monitoring of oscillations of the MPD hall base and supports of the magneto-optical elements of the NICA collider
will be continued with the installation of additional MPLs.

In the future, the largest microseismic noises sources will be defined and the compensatin%l feedbacks are going to
their interactions.

be implemented for the accelerator elements to stabilize the beam orbits and the region of

X direction
Y direction

inner time

04:00 08:00 12:00 16:00 20:00 00:00
Time UTC(h)




Using CPLI for Long-Term Earthquake Prediction

In Armenia, the International Geophysical Center "Garni Geophysical Observatory" hosts two PLIs. Angular microseismic
activity is being monitored in the Armenian Highlands. In 2022, it is planned to modernize one MPLI and in subsequent years
to create a network of several CPLIs in order to determine the zones of accumulation of seismic energy and predict
earthquakes.

An agreement was signed between JINR and the Institute of Seismology of the Academy of Sciences of the Republic of
Uzbekistan on the creation of a network of several CPLIs for long-term monitoring of changes in the Earth's surface for
earthquake prediction.

JINR signed an agreement with the Kamchatka Branch of the Federal Research Center "Unified Geophysical Service of the
Russian Academy of Sciences'" and Kamchatka State University named after V.I. Vitus Bering on the start of work on
forecasting earthquakes and volcanic activity on the Kamchatka Peninsula. Delivery of CPLI to Kamchatka and joint
monitoring activities are planned.

JINR is planning common works with the Center for Geophysical Monitoring of the National Academy of Sciences of the
Republic of Belarus on monitoring microseismic activity on the territory of the Republic of Belarus.
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COLLABORATION AGREEMENT

"

CONCERNING Tlupeigop W ato VTeepxaato
HoIi deie MO pexTop O H. o. pextopa ®I'BOY BO
THE DEVELOPMENT OF A SEISMIC ACTIVITY MONITORING SYSTEM WITH THE PRECISION ERTH /_»¥.B. Tpy6unkos Kay Eepunura
LASER INCLINOMETER FOR THE ADVANCED VIRGO EXPERIMENT & « i; L4 2022 1. ' E.C Nl;epxynos
REFERENCE KR4469/ATS/HL-LHC IHPOTOKOJI N Z/ 5;61‘/ S I 20mr

(THE “AGREEMENT”) L IR i g of
0 BBINOJIHEHHH COBMECTHOI HAYUHO-HCCIA0BATEILCKOK paﬁmmOﬁbhﬂlingﬂm‘,iﬁ HHCTHTYT sifepHbIX nece-
N i et

< s 3 ‘ AL HoroBop 0 Hay4HO-TEXHHYECKOM COTPYAHHYECTBE Me: TYT
" " aoBaunii B MHCTHTYT reodusukn n numenephoii ceiicvoornn nv. A Hasaposa HAH PM omMpH, Pecnyd- SIEPHBIX HeeT eﬁonaﬂzﬁ (OHSIN), K YA ’:Klly i
BETWEEN: THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (“CERN”), an JHKA APMEHHS! IOUIHCATH HACTOALLMH IIPOTOKO! B TTERRR = , Kamuyatckum dpuananom PaJLHOI0 HCC. TeJIbCKOro

Intergovemnmental Organization having its seat at Geneva, Switzerland, duly represented by uenrtpa «Exunas reodusmuueckas ciyx6a PAH» (K® ®HI] EI'C PAH) u Kamuatcknm
Fabiola Gianotti, Director-General, TocynapcTennbiv ynuBepcuterom uM. Butyca Bepunra (KamI'V um Burtyca Bepunra)

00beAUHEHNS YCHINH H COKPALUCHHS CPOKOB JIOCTHAKEHHS HAYUHO-TEXHHUECKHX PE3y/IbTATOB B MCCIEOBAHMAX M
AND: THE JOINT INSTITUTE FOR NUCLEAR RESEARCH (“JINR”), an Intergovemmental

Organization having its seat at Dubna, Russia, duly represented by Victor Matveev, Director-
General, BOZMOMNCHBIX 30H GO3HUKHOBCHUA CUTLHBIX 3EMICMPACEHIIL U UX NPOZHO3A,

paspaBoTKax B OGNACTH UPHEHNUS 2C00UNAMUNECKUX NPOUECCO8 1A MEPPUMOPUL APMERUN ¢ UebI0 CoIAGTEHUA Mexynaponias  MEXMpaBHTEIIsCTRCHHAR  OpranH3aus OGBEIMHEHHbI WHCTHTYT  sicpHbIX

uccresiosannit (OUSI) B nmue mupexropa TpyGHukoa I'puropus Bnamumuposmua, JIEHCTBYIOILEro Ha
ocoBanuy Ycrasa, Kamuarckuit punnan @enepaibHOro rocy 1apcTBEHHOrO GIOUKETHOTO YUPEKICH!s HayKi
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OObeIMHEHHOr0 WHCTUTYTa sAepHbIX ucciaepoBanuii TI.JlyOna (Poccuiickas
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MaoraGaputtoro IMpetusnortoro Jlaseproro Mukmromerpa (MILJIF). paboTh 1o Teme: «McceoRaTh paspelalole ClocoOHOCTH MaTOraGapiTHOTO

NPelM3HOHHOr0  JasepHoro  uHKkiuHoMerpa (MIUIM) B perucrpauuu
CelicMUYIeCKHX COGBITHII M YIIOBBIX KoneGaHHi MOBEPXHOCTH 3eMilH B CHCTEME
cellcMOoru4ecKoro MOHHMTOPHHIa Benapycu» (2023-2024 IT.).



Project “Presicion laser metrology for accelerators and detector complexes”

FTE 12 Young colleagues 6
Estimated cost, kUSD
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monochromatic positron beams (PAS)"
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Formation of slow positron flow

The most efficient and convenient radioactive isotope 22Na was chosen as a
source of positrons. The half-life of the isotope is 2.6 years, which makes it
suitable for long-term experiments. This isotope gives a relatively high
positron yield of ~ 90.5% of decays. In addition, the technology of its
manufacture is well developed, which ultimately affects the price of the
isotope. A source manufactured by iThemba LABS (Cape Town, RSA) is used.

Solid neon was chosen as the moderator of positrons - one of
the most effective moderators.

frozen neon

o7 + slovy positron
NE bearn (1.5 V)
%
l

2

scale | I I Positron source
1 2 3 cm scheme




Cryogenic source of slow monochromatic positrons

In November 2016, a cryogenic source of slow monochromatic
positrons based on a cryocooler was put into operation. The
closed loop helium system allowed to solve the problem of
limited operating time due to lack of the liquid helium. Also,
this scheme made it possible to reduce the source preparation
time from 6-7 hours to 3 hours.
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Typical slow positron spectrum from a cryogenic
source of slow monochromatic positrons. Full width at
a half magnitude is of 2 eV. The output of positrons is
3.3x10° positrons per second.
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Measurement Equipment for the Doppler Broadening of the Annihilation Line (DUAL) Method

The test samples are placed on a holder, which is
placed on a movable insulated vacuum inlet into the
vacuum chamber on the axis of the direct flow of
positrons from a cryogenic source of slow
monochromatic positrons. An adjustable negative
potential of up to 35 KV is applied to the samples.

Annihilation gamma quanta are detected by the | BEa.
HpGe detector of the company Ortec, which at a | §
quantum energy of 511 keV has a resolution of 1.2 |
keV. The detector signal is amplified and sent to a
multichannel analyzer connected to a computer,
where the spectrum of the annihilation process is
formed.

HpGe detector and control electronics unit



The PALS method on the monochromatic positron flow

Along with the DUAL method, the PALS method is also developed by the classical
scheme. PALS spectroscopy is performed on positrons of a standalone 22Na source.
This isotope emits in 3.3 ps after positron emission a gamma quantum of an energy of
1274 keV, which is used as the "Start" signal of the spectrometer to measure the
lifetime. The 'Stop'" signal is the registration of coincidences of two annihilation
gamma quanta with an energy of 511 keV (a channel with the formation of
paraPositronium). The difference in the time of registration of the first and second
signals gives the value of the positron lifetime. The disadvantage of the classical PALS
method is the wide range of positron energies from the source and the difficulty of
determining the depth of the detected defects. To do this, it is necessary to reduce the
thickness of the sample in layers, repeating the measurements each time.

1 — sample and two photomultiplier
2 — lifetime spectrometer

3 — voltage source

4 -PC

The disadvantages of classical PALS can be solved by creating an ordered flow of monochromatic positrons.
Monochromatizating is described above. Ordering occurs when positrons pass through a resonator (Ugy Fig.1.) to which a
pulsed high-frequency voltage of special shape is applied. Then the positrons are accelerated in a static electric field (U,,
Fig.1.) and get the target. Due to special shape U, positrons come to the sample at the same time.

e source
I Channel ‘J; ™ % I
E, +
Trap
I T
| L ,—J
‘U A iU ’ -
Wy

Fig.1. Scheme of the channel for the formation of
an ordered positron flow

The special resonator is
assembled and installed in a
vacuum chamber to obtain more
monochromatic positron spectra.




Sample preparation

We have several devices to prepare samples in various ways:

Vacuum oven 1000 degrees Celsius for
sample annealing

Studies of thin-layer or multilayer
samples can be effectively carried out
using reactive ion etching.

Ion source



Consumers

Sector research

Analysis of physical properties of metals and compounds W, WC, WC+6%Co, WC+10%Co under the action of ionizing
radiation. Investigation of defects caused by ionizing radiation, investigation of changes in structure and surface by various
spectroscopic methods.

LNP

Polymer nanocomposites are perspective materials for use in intelligent microelectronic devices, capacitors, high-voltage
electrical insulation, etc.

Tomsk Polytechnic University (Tomsk)

In nuclear power and space exploration, there are problems associated with the effect of radiation on structural materials and
with a reduction in their service life. To solve these problems, scientists propose to use a coating of zirconium and niobium
nanolayers.

M. V. Lomonosov NARFU (Arkhangelsk)

Currently, diamonds are widely used in science and technology. However, the properties of diamond due to its defects have not
been fully studied. In addition to optical methods, positron annihilation spectroscopy (PAS) can be successfully used to study
defects in diamonds. Positrons can detect vacancies, small and large clusters of vacancies induced by irradiation, providing
information about their size, concentration and chemical environment.

Rzhanov Institute of Semiconductor Physics Siberian Branch of Russian Academy of Sciences (Novosibirsk)

The development of photonic devices based on GeSiSn materials compatible with silicon technology in the infrared range of
about 2 microns and above opens the possibility of using these devices in such areas as sensorics (gas and biological sensors),
biomedical diagnostics and environmental monitoring, as well as astrophysics.




Publications

A far from complete list of articles in the framework of the project:

Journal: Materials
Title: Investigation of Nitrogen and Vacancy Defects in Synthetic Diamond Plates by Positron
Annihilation Spectroscopy (in print)

Journal: Crystals
Title: Detection of defects in synthetic diamond plates by positron annihilation spectroscopy method

Journal: Coatings
Title: The Microstructure of Zr/Nb Nanoscale Multilayer Coatings Irradiated with Helium Ions

Journal: Journal of Applied Physics
Title: Point defect creation by proton and carbon irradiation of a-Ga203

Journal: Acta Metallurgica Sinica (English Letters)
Title: Surface and Subsurface Defects Studies of Dental Alloys Exposed to Sandblasting
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Cost estimate (kUSD)

2024 2025 2026 2027 2028 2029 2030 Total

50 40 35 35 35 30 50 275
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Project "Novel semiconductor detectors for fundamental and applied research”

G.A. Shelkov, V.A. Rozhkov

Conducting scientific and methodological studies of high-resolution hybrid matrix
detectors for high energy physics and the atomic nucleus, as well as semiconductor
detectors with increased radiation resistance
Development of scientific cooperation with research institutes to explore the
possibility of application developed detectors in other fields of science and technology.
Development of infrastructure for studying the properties of semiconductor

detectors, including tests on beam particles for use by JINR groups and institutes of the
Member States.

One of the main goal is the creation of an independent detector for medical

radiography and tomography, which has new capabilities for measuring the energy of
each registered X-ray gamma-quantum.



Widepix detector:

* 15 Medipix 3RX in one row
* 256x3840 pixels

* Size of pixel - 55x55 mkm

* Si sensor



The main advantage of hybrid pixel semiconductor detectors 1s the ability to
1dentify substances on roentgenogram using its ability to measure the energy of
recorded y-quanta.

|[dentification substances by the behavior of the
absorption cross section in the region of the K-line

Hybrid pixel semiconductor detector | = o e energy
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Identification of substances on 2D radiograms due to the
energy information.

2D X-ray roentgenogram of three
plastic tubes D = 5 mm with solutions
of different substances. The
concentration of the solutions was
adjusted so that the absorption
coefficients of X-ray in all samples

were equal.
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Identification of substances on 3D tomograms.
Reconstruction of 3D tomograms

Without the use of energy

: : Using spectroscopic information
information

Gd/GNFs ox

Gd/GNFs ox

La(NOs3)36H20
Nd/GNFs ox La(NO3)3-6H20

NA/GNFsox = - i NA(NO3)36H:0

La/GNFs ox

- Gd(NOs)s6H20 Nd(NOs)s6H20

Gd(NO3)3-6H20

35
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Cost estimate

(KUSD)

2024 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | Total
Materials and equipment | 130 110 |100 |80 80 60 60 620
Scientific trips 40 30 30 30 30 30 30 220
Sum 170 (140 |130 |110 (110 |90 90 840
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A Study of the Nucleon Spin Structure in
Strong and Electromagnetic Interactions

| B
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The Gerasimov Drell-Hearn, GDH, sum-rule
for polarized photoproduction from a
| polarized nucleon within a polarized
nuclear target.

m?2

i v o
/d [53/2(1’) - 01/2(7/)} = - K2
0

The GDH-Collaboration (A2) has chosen to perform the measurement of the integrand of the sum rule
at two accelerators: Elsa in Bonn and Mami in Mainz, Germany. The measurements at Mami are

dedicated to the lower energy part up to 800 MeV while, with an overlap, the measurements at Elsa
address photon energies of 600 MeV through 3 GeV.



Microwave ==

System —=
TR -

Cryostat

Control
System

Pumping System

Main parameters

Working parameters of the dilution cryostat are in agreement with the
technical requirements:

-Tom =23 mK;

- polarization relaxation time = 1500 hours (at T=30 mK);
- time to cool from room temperature = 5 hours;

- LHe consumption in the frozen spin mode = 2 Vhour

Internal holding coils provide longitudinal/ transverse field 0.4 Tesla at
30A

Any combinations of beam and target polarizations are possible

Two-part insert makes the sample loading operation easy and
convenient

1.5 K radiation shield

25 K radiation shield

r SHe/“He Dilution stage
Toin ®23mK
Polarization = 94%

. Relaxation = 1500 hours
=

,”ﬁ Separator (3K) and Evaporator (1.2K)
: precooling stages (*He)

Internal longitudinal Holding coil

(solenoid coil manufactured of 0.227-pm multifilamental NbTi cable and

consisting of four layers, each having 600 turns wound around a 0.3-mm
thick copper holder, T = 1.5 K)

v




Research and development for polarization equipment for MESA accelerator

Energy-Recovery-Linac (ERL) accelerator
technology, which enables very high
electron-beam luminosities on internal
targets at low energies. One of aims for the
new electron accelerator MESA is to
measure the weak mixing angle in electron-
proton scattering with a precision of 0.13%.
The beam polarization significantly
contributes to this measurement. The Moller
polarimeter proposed by V.Luppov and
E.Chudakov opens the way to reach a
sufficiently accurate determination of
polarization. Research and development for
polarization equipment for MESA is already
started. At the moment the polarized atomic
hydrogen target is under construction by
Mainz-JINR team. The important parts of
this “polarized atomic hydrogen target” is
Dilution Refrigerator) where JINR (Sector
of Low Temperature, DLNP) have a long-
term experience. GSI Helmholtzzentrum
asked DLNP to manufacturing (GSI —
Purchase order # 4500189093) main parts
of this Cryostat.

Here you can see any main part of this
Dilution Refrigerator after production
and tests at DLNP area.

Mecuan:c

DLNP colleagues create the Dilution
gRefrigerator for polarized hydrogen
target - fundamental element for the
physics program at MESA



At the National Research Center SPASCHARM experimen’raI se.Tup

"Kurchatov Institute” - IHEP, an
experiment with a fixed target
"SPASCHARM" is being prepared for

The cryostat production for polarized proton target
is the task for our colleagues
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Further Development of
development of methods and programs
methods, for creating cyclotron-
technologies,

' type accelerators.
SChedUIE mOdes Development and

upgrade of cyclotrons
for medical application

and provision of
radiotherapy

Main parameters of MSC 230

Magnet type

Final energy, MeV
Pole radius, mm
Mean magn. field (center), T

Weight, tonnes

A*Turn number

RF frequency, MHz

Harmonic number

Number of RF cavities
Voltage, center/extraction kV
RF power, kW

+ Low power consumption.
* Reasonable size.

* Minimum engineering efforts and challenges.
* High quality of the beam.

Beam intensity, pA
Extraction type

Dzhelepov Laboratory of Nuclear Problems

Biomedical and Radiation-Genetic Studies Using Different Types
of lonizing Radiation 04-2-1132-2017/2023

Study of the
radioprotective
properties of the Damage
suppressor (Dsup)
protein on a model
organism D.melanogaster
and the human cell
culture HEK293

Compact, SC coil,
‘warm yoke
PIG
230
1080
A7/

1.7x3.9

100 E 3,0E+06 —e—Control —@—Dsup
50/700 £
70990 Z 200406
106.5 ]
: E 1,0E+06
40/100 L e
& u T ¥ *

55
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Days

10 12

£sD sy Phasotron, DLNP JINR, p*, 4 Gy

ics of the Cell

RADIOGENE:
Molecular genetics of
radiation-induced
changes at the gene,
genome and
transcriptome level in
Drosophila
melanogaster




Laboratory of Nuclear Problems

Project “Further development of methods, technologies, schedule modes and
provision of radiotherapy “

G.V. Mitsyn S.L. Yakovenko

The main goal of the Project is realization of medical-biological and clinical investigations at
the Medico-Technical Complex (MTC) based at the Phasotron of the DLNP, to study the effectiveness
of hadron radiotherapy, modernization of the equipment and devices and development of new
methods of radiotherapy and associated radiobiological accompaniment of cancer patients.
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Milestones of activity:

1967 — the beginning of the research roton therapy;

1968 —1974 — first 84 patients treated with protons;

1975 —1986 — upgrading of the accelerator and construction of.a
Medico-Technical Complex for hadron therapy;

1987-1996 — treating of 40 patients with protons, mostly with uterin
cervix cancer;

1999, December — inauguration of a Radiological Department of the
Dubna hospital;

1999-2019, June — about 1300 patients underwent proton radiothe-
rapy courses. Realization of the technique for 3D conformal proton
radiotherapy.



Layer-stacking technique of irradiation is under

development
A target volume 1s virtually divided into several thin layers in the
depth direction using a Multi-Leaf Collimator and a Dynamic
Range Shifter . These imaginary individual layers are irradiated
with the non-modified proton beam, different beam. energies
(ranges), and conformal fields.

Variable modiudaltion \ Proton bean
{ompensafor / Treafment volume .- ’

Forming collimalars

Dynamic Range Shiffer
Mult~L eaf Colltimaltor

=

Compensator
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—
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Three-Dimensional Computer Treatment Planning

A 3D treatment planning software have been developed . A set of
dosimetric measurements utilizing heterogeneous “Alderson
phantom” and radiochromic films has-been performed to verify
calculation algorithm with good coincidence_of calculated and
measured dose distributions.

-10 0 10 20 30 40 50 60 70 80 90 100110120130140150160
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For one of the diseases treated at the MTC, namely

intracranial arteriovenous malformation (AVM) a statistical
analysis of the treatment results was carried out earlier.
Over the past 3 years, we processed the results of proton
therapy of chordomas and chondrosarcomas of the skull
base for total of 28 patients. The average tumor volume
was 42 cm? (3.9 cm3-154 cm3). The average total dose to
the tumour was equal to 73 Gy (63-80 Gy). Dose to critical
structures did not exceed tolerant values.

According to the statistical analysis, the following
conclusions can be drawn: proton radiosurgery
and radiotherapy conducted with the beams of the

R Phasotron is a highly effective and safe
method of treatment of AVM of the brain, including
AVM of Erqe size, as well as the chordomas and
chondrosarcomas of the skull base, which, due to
the close location the critical structures of the
brain, are the most mplex of all intracranial
targets. The results obtained aresclose with the
data of other centers of proton ther




Studies in the Field of Radiation Biology

It was shown that both preliminary and subsequent, and simultaneous with
laser radiation irradiation of fibroblasts in mice leads to an increase in the
survival of cells exposed to gamma-radiation or protons. According to the
results of the research, 3 patents for inventions were obtained, several
compact devices for radiation protection of biological objects in the
experiment were designed, which have already shown high efficiency in
radiation protection of the skin and mucous membranes of patients
undergoing radiotherapy in the MTC.

tissues after exposure to neutrons, protons and gamma quanta”.

Researches have also been started on the flash-irradiation of normal and
tumor cells, as well as mice, with the Phasotron proton beam of 660 MeV
with a dose rate of about 70 Gy/s. Radiobiological reactions (clonogenic
survival, cell proliferative activity, cytogenetic damage (micronuclear test,
YH2AX- foxy) are studied, the formation of reactive oxygen species is
investigated.
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Joint work is being carried out within the framework of the cooperation program with South
frica (iThemba LABS) on the topic "Neurochemical studies of neurotransmitters in brain



Project “Further development of methods, technologies, schedule modes and
provision of radiotherapy”

MTC

FTE 18 Young colleagues 4




@ Development of methods and programs for creating cyclotron-type accelerators.
\ Development and upgrade of cyclotrons for medical application

g JOINT INSTITUTE
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G.A. Karamysheva

- MSC 230 is cyclotron designed for biomedical and
preclinical research in proton therapy and radiation
biology

- MSC 230is an isochronous cyclotron with V;ﬁ#,‘g"
superconducting coils of the main magnet

- The maximum energy of the beam is 230 MeV, the

weight of the magnet is about 100 tons

: A : : - Lifti
- Designed for delivering high dose rate irradiation for Sy'stt';;

FLASH therapy studies >

- An agreement on technical cooperation with NIIEFA -
(St. Petersburg) on the design of the MSC 230 for the
JINR Innovation Center is signed
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Project leader Kravchenko Elena

Tardigrades have a well-developed
nervous system, with the brain, muscle,
digestive and other systems, consisting of
differentiated tissues.

Found in all biomes from the Arctic to
the Antarctic, on mountain peaks, in deep-sea
springs and cold mud springs in the west of
Greenland.

Dzhelepov Laboratory of Nuclear Problems

Study of the radioprotective properties of the Damage suppressor (Dsup) protein on a
model organism D.melanogaster and the human cell culture HEK293

Tardigrades belong to the group of the most radiation-resistant animals on
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Tardigrades are a model organism for studying the influence of space conditions
on living organisms

FOTON-M3 mission

TARDIS (Jonsson et al., 2008), RoTaRad (Persson et al.,
2011), TARSE (Rebecchi et al., 2011, 2009)

TARDIS (Tardigrades in Space) tardigrades were exposed to space
vacuum (10-° Pa), space radiation (100 mGy) and UV radiation for
10 days.

Exposure to vacuum and cosmic radiation did not significantly affect
survival. (Jonsson et al., 2016, 2008).

o

Current Biology ColPress

Tardigrades survive exposure to space in
low Earth orbit

K. Ingemar Jénsson ! & &, Elke Rabbow 2, Ralph O. Schill ¥, Mats Harms-Ringdahl %, Petra Rettberg ?
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http://teamtardigrades.blogspot.com/



Molecular mechanisms of radioresistance in tardigrades

In 2016, the genome of Ramazzottius varieornatus, one of the most radioresistant tardigrade
species, was sequenced (Hashimoto et al., 2016).

After comparing R. varieornatus proteins with all known proteins from other organisms, a unique
Damage suppressor (Dsup) protein was found, which is present only in tardigrades. This protein
is responsible for the unique radioresistance.

The structure of Dsup protein
modeling with I-TASSER

DLNP JINR Sector of Molecular Genetics of the Cell



We created model lines of Drosophila and human cell cultures in which Dsup was expressed. After irradiation with gamma
rays at a dose of 500 Gy, Drosophila with Dsup survived 40% better. After irradiation with protons at a dose of 4 Gy, human

Al B . Human cell culture
\\ { Fruit fly
\ 4,0E+06 -
Dl
R EE
0% ".. g 3,0E+06 - —e—Control —@—Dsup
= |
g 1 :
- 06 ‘- 2
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oz
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= = Control .} =—Controlsy = = #13 =17 Days

MT-25, FLNR JINR, v, 500 Gy Phasotron, DLNP JINR, p*, 4 Gy
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Model of Dsup structure derived from experimental data (DAMMIF package)
Experiments in collaboration with FLNP JINR (SAXS and DLS)

DLNP JINR Sector of Molecular Genetics of the Cell



Dsup can be used in

Biotechnology: for increasing of radiation resistance in agricultural and biotech organisms

Astrobiology&Spaceflight biology: development of model organisms for non-human space studies and
pharmacological support of cosmonauts and their microbiomes

Pharmacy: stabilizer and cryoprotectant of vaccines and other DNA/RNA-containing pharmaceuticals for
effective manufacturing, transportation and conservation

Medicine: antidote agent for radiotherapy, chemotherapy and other harsh medical procedures or as
capsule for radiopharmaceuticals

Ecglogy: creation of biotechnological cultures for bioremediation of toxic solutions as wastes of nuclear
industry

DLNP JINR Sector of Molecular Genetics of the Cell



The main results of the project

-Dsup protein is an effective radioprotector that increases radioresistance
of model organisms

-Dsup protein affects some other biological processes

-Dsup is rod-shaped DNA binding protein

Plans

-development of a system with controlled switching on and off activity of Dsup
in living model organism (D.melanogaster)

-ATAC sequencing for evaluation the effect of Dsup on DNA compaction

in the nucleus



Study of the radioprotective properties of the Damage suppressor (Dsup) protein on a
model organism D.melanogaster and the human cell culture HEK293

FTE 10 Young colleagues 6

Estimated cost, kUSD

40 40 40 40 40 40 40 280
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RADIOGENE: Molecular genetics of radiation-induced changes at the gene, genome
and transcriptome level in Drosophila melanogaster

Authors: :

|.D. Alexandrov, M.V. Alexandrova, K.P. Afanasyeva, S.V. Korablinova, L.N. Korovina, N.V. Orlova,
A.N. Rusakovich, O.P. Solodilova, N.E. Kharchenko




opatopus O6beanHeHHBI

lePHbIX npobnem 8 MHCTUTYT AAEPHbIX
' ( ucecneaoBaHum

Problem:
Forecasting (prediction) de novo mutations in the progeny of irradiated - DNA isolation and
parents. Identification . sample preparation construction of
of mutants \\\:. genome DNA library

exposure of Drosophila

Relevance:
- melanogaster males

The problem remains poorly studied so far, despite the growth of
human contact with ionizing radiation on Earth and in space and the
growing threat of nuclear catastrophes.

amplification of
gene fragment |
under study

Goal of the project:
Investigation of the molecular nature and rate of de novo gene and
genome mutations in the progeny of irradiated Drosophila Sanger's sequensing

LI

-

r
melanogaster males. ' Il p — Vi
U ‘ —_—

Approaches:

1. Sanger’s sequencing of inherited radiation-induced mutations of
individual genes;

2. Genome-wide sequencing of progeny of irradiated parents
(illumina).

genome-wide
sequensing

bioinformatics processing of genomic data

Types of radiation used :
y-rays ®9Co (E=1,3 MeV, LET=0,3keV/um, 5-60 Gy) Stages of implementation of two approaches for sequence
monoenergetic reactor neutrons (E=0.85 MeV, LET=78 keV/um, analysis of DNA changes at the gene and genome levels.

2.5-20 Gy).
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Fregoesnay
We analyzed irradiation results at the level of individual 9,0€-02
genes and at the level of the whole genome. jgigi
6,0E-02
The genomic approach makes it possible to obtain data 5,0E-02
on all heritable induced changes for several genomes in 4,0E-02
one experiment in a short time. 3,0E-02
2,0E-02
1,0E-02
Among the detected changes, deletions and
chromosomal exchanges predominate. 4,08-07
3,5E-07
3,0E-07
Their frequency per 1 Gy per genome is almost 4 orders -
of magnitude higher than per 1 Gy per gene. 2,0€-07
1,5E-07
These data show that progeny can inherit many more LOE07
changes at the genomic level than previously thought, ;z;zi
when studied at the level of individual genes. Genome number frequency Gene number frequency

H Deletions B Exchanges

Comparative frequency of two main types of DNA changes (deletions and chromosomal
exchanges), recovered by Sanger’s sequencing of 5 gene studied and genome-wide
sequencing of the progeny genomes.
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RADIOGENE: Molecular genetics of radiation-induced changes at the gene, genome and transcriptome level in
Drosophila melanogaster

FTE 10 Young colleagues 4

“Cost estimate (kUSD)

2024 2025 2026 2027 2028 2029 2030 Total
40 30 30 40 30 30 30 230







BACKUP



Main fields of the researches:
* Development of the techniques for-proton radiotherapy;

 Clinical research:
* Dosimetry of therapeutic hadron beams;

» Radiobiology.
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