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*Flerov Laboratory of Nuclear Reactions was founded in the Joint Institute for Nuclear Research in 1957,
FLNR carries out research in the field of heavy ion physics in three main directions:
- Synthesis and properties of nuclei at the stability limits
- Accelerator complex of ion beams of stable and radioactive nuclides (DRIBs-I11)

- Radiation effects and physical bases of nanotechnology, radioanalytical and
radioisotope investigations at the FLNR accelerators
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4 cyclotrons and Microtron
Beam operation time : ~ 6 000 hours/year/per machine of beams ON physical targets

T U-400M
DC-280  U-400R v-g00M [
SHE Factory Nuclear reactions RIBs research
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, AT DC250

2018 First Beam 84Kr
2019 3377 12C, 40Ar, “8 Ca, 8Kr
2020 3705 40Ar, 48 Ca, *8Ti
2021 5357 8 Ca, “8Ti , 52Cr
2022 6037 4OAr, 48Ca, 48Ti , 5254Cr
Main paramceters of the DC-28(0)
parameters design | realized
Ton souree DECRIS-PM - 14 GHz on the HV platform (U,,,,=60KY )
Injecting beam potential Up 1o 80 keViZ AN - T2RY ke /2
A2 4+7.5 AA4 (A7) - 6,86 (MCa'T)
Energy 4+8 MeV/n 4,01 =7 MeVin
Ton (for DECRIS-PM) 4136 | 12 (B0 B4 (MK 1Y
Intensity (A-50) =10 ppA 1043 ppA (YA, 7.7 ppA (BCa')
Magnetic fiell level 0.6+1.3T I N8+1.23T
K factor 250
Dee voltage 20130 kY | 130 kY
Power of RF generator 2x30 kKW
Flut-top dee voltage 2013 KV | 13 kY
Pawer of Flat-top generator 232 kW
Emittance less tham 30 m mm mrad I
Aceelerator effectivity =80 51,9 % (BCa''h S MeVin § pmkA)

Configuration of the DC-280 v
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Stability of the Ca-48 beam during 1 month of work

DC-280. The basic facility of the Superheavy Element Factory — DC-280 cyclotron — provided 5357 h of beam-time for research in 2021. During this period, the novel
gas-filled separator GFS-2 was employed for conducting experiments on the synthesis of element 114 (flerovium) in the 242Pu + 48Ca reaction, element 115 (Moscovium) in
the 243Am + 48Ca reaction, and element 112 (copernicium) in the 238U + 48Ca reaction. The experiment on the synthesis of Mc lasted for 1820 h; Fl, for 410 h; and Cn, for
810 h. The energy of ions extracted from the cyclotron could be smoothly varied, which was of particular importance for experiments conducted at the SHE Factory. Thus,
the intensity of the beams of 46Ca ions in experiments varied from 0.05 up to 7.7 ppA. Work on adjusting the acceleration modes for the 5254Cr10+ and “8Ti% ions continued.
The intensity of the accelerated 52Cr beam reached 2.4 puA, and the intensities of the beams of 54Cr and “8Ti ions were 2.2 and 1 puA, respectively. In addition, preparations

were complete for experiments at a new physics set-up GFS-3.



U400M Fiiin

Cucrembl CnucoK nnaHupyembix pabor

AKCManbHaA MHXKeKUUA 3ameHa «tennoro» ECR ncrtouHmka DECRIS-2 —> DECRIS-2M

3ameHa KaTyweK OCHOBHOIo MarH1Ta

MarHuTHble nsmepeHusn

MarHuTHaa cuctema

LMKNOTPOHa KoppeKunsa marHUTHOro nons (KomneHcauusa nepsoi rapMoHUKM)

YcTaHOBKa AO/IMHHbIX WWMMMOB

BoccTaHOBNEHME KOPPEKTUPYIOLLMX KaTyLeK

3ameHa cMcTeMbl NepemMeLLEeHMUA M KOHTAKTHbIX FPYMM 3aKOpaumnBatoLmX NaacTuH
pe3oHaTopoB

YckopsAwLaa cuctema N
HoBas cuctema aBTONOACTPOMKM YacTOTbl (EMKOCTHAA)

Hosas d)m,a,epHaﬂ JINHUA C CUCTEMOM COrNacoBaHMA

Hosble TOKOBble I'Ip06HMKM

O6opyaoBaHue umknotpoHa | [lopaboTka cucTembl BbIBOAA MyYKa

Cuctema NPOBEPKM MNONOKEHUA LLEeHTPa OpOUTbI NyYKa

BakyymHas cuctema 3ameHa 060pyf0BaHUA Ha COBPeMEeHHoe.

3ameHa BaKyyMmHoro obopyaoBaHusa

KaHanbl nyykos
HoBble 3n1eMeHTbl AMArHOCTUKM

Cuctema ynpasneHua Hosasa cucrtema ynpasneHun
Npaduk mopepHusaumm Y-400M — ML-400
Ne| Pa6ortbl 2023 2024 2025 2026 2027 2028 2029
M ‘ g 5 1 1
vao-viao| MoASPHUSIMR | | | PaGotaMu-400




The cyclotron electro-

' magnet with 4-meter

pole diameter since
2020 is under
reconstruction now that
includes a replacement
of magnet main coil,
corrections  of  the
magnetic field at the

S central region and at the

extraction radius. For

il measurements and

shimming of cyclotron
magnetic  field the
automatic mapping
system,
based on 14 Hall
probes, was created.

2019 Project
fon E (Mev/u) omA) E (Mev/u) (omA)
L 3 5 39 10
e 30 3 3 5
BN 27 05 51 2
s) 3 05 20 15
2Ne 5 03 50 1
%3 20 0.12 24 02
%Ca 34 - B 01
St 36 0.01 20 01

U-400M. As part of the U-400M cyclotron upgrade project, the
main magnet coils were replaced with a new set-in collaboration
with the OO0 NPO GKMP, Bryansk. The novel components
were connected to the power supply and cooling system; a
magnetic field measuring system was installed.

Another major enhancement involved an upgrade of
operational elements and manufacturing of novel components for
the vacuum system and for the cooling and control systems of the
U-400M cyclotron.

The start-up of U-400M is planned for the beginning of 2024.
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Npaduk mogepHusaumum Y-400M — ML -400
Ne| Pa6ortbl 2023 2024 2025 2026 2027 2028

MopepHH3AIHA
Y-400M— MII-400

MopepHusalmsa | ~ PaBota ML-400
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Main cyclotron parameters

Parametersc U400 U400R
Az range 5+12 4+12
Magnetic field 1.93+21T 0.8+1.8T
K factor 530+625 100+500
RF modes 2 2,3,4,5,6
Injection potential 1020 KV 10-50 kV 1. Increasing the intensity of ion beams with mass A = 50 and energy ~ 6 MeV/nucleon to 2.5 puA.
lon energy range 3+20 MeV/n 0.8+27 MeV/n 2. Ensuring ion energy variation by 5 times, with an accuracy of AE/E=5%10-3 .
Number of sectors 4 4 3. Reducing the induction of the average magnetic field from 1.9+2.1Tt00.8+1.8T.
Number of dees 2 2

4. Vacuum system upgrade. Vacuum improvement.

Beam extraction stripping Stripping, deflector
Power consuption 1 MW 0.4 MW 5. Ensuring the energy spread of the beam on the target - 10-3.

U-400. A wide variety of scientific and applied investigations in heavy-ion physics were conducted using the U-400 cyclotron. In 2023, the cyclotron provided 6595 h of
beamtime. Most of the operation time was devoted to the implementation of the program focused on studying the beams of 22N ions (SHELS set-up), “6Ti ions (chemical set-
up, SHELS), #8Ca ions (CORSET, SHELS, MAVR), and 56Fe ions (MAVR). In addition, experiments on accelerating 238U ions were carried out.

Applied studies (SEE tests and material science) were also conducted employing the U-400 cyclotron.
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COBIIaHl/Ie HOBBIX JKCIICPUMECHTAJBbHBIX YCTAHOBOK

Pabotbl B no mogepHusauum Y-400 — Y-400P

Pabotbl

2029

®du3. YCTaHOBKH

2023 2024 2025 2026 2027 2028

I'IpoerTMEpoPaHue Komnnemau,urq MoOHTaX, Hanazka
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* TpaHCcOpTUPOBKA YCKOPEHHOTO IyYKa
* Tpan3ur kommyunukanui us3 3a. 131 8 HI3
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Inanme 131 - .
HoBblii 3xcriepuMeHTAIbLHBIN 3&
\\: / BNEKTPOLEHTPOMOHTAX I - - - v
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Ha4gago Maii 2023 1.

Oxonuyanne Mroms 2026 1.

HOBbIW BKCTEPUMEHTASIBHBIV
3AN YCKOPWTENS Y-400P

b N

1=

[Tnomans 3actpoiiku 3qanus: 2073 m? ; O6Las mwiomaib
3naHus: 4565,7 M2 ;

3nanue Oynetr umMeTh 4 ITAKA:

1-ii aTaxk:

TEXHOJIOTHYEeCKHe CHCTEMBbI;

2-i dTaK:

CAHIILII03 M BBIXOIbI K (pu3kaduHam;

3-H dTaK:

H3MepHUTeJIbHble KOMHATHI U CepBEPHbIE,;
4-¥ yTaK:

HCTOYHUKM MUTAHUS (PU3YCTAHOBOK.




St U400 ===> U400R (HoBbIii DKciepuMeHTAIbLHbII 32J1)

HoBbii 3KCNepUMEHTaNbHbIA 3a0
InekmpolleHmpoMoHmaic

M, 01.01.2024 2024 2025 2026
r r r r r r r L4 r r r r r r r r r r r r r r r r r r
1 2 3 4 5 6 7 B 9 10 11 12 1 2 3 4 5 6 7 B 9 10 11 12 1 2 3 4 5
3apaqa HAYARD IABEPLIEHME
PocteepK (1-4 3axBaThK) 01.01.24| 04.03.24
YCTPOACTBO MOHOMMTHBIX CTEH M NEPEKPbITMIA Ha oTMeTke -0.100 - +24.000 | 01.02.24| 30.12.24
NecTHUYHBIE MapLLKM, HAPYHHAA NeCTHMUA. CTPeMAHKK 09.01.24| 30.12.24
YTennenue ¢yHpameHTa 01.08.24| 15.09.24
DaxBepKOBbIE KOMOHHDI 01.08.24| 30.12.24
YCTpoACTBO NEpEropojoK 01.08.24| 31.10.24
MpoekTHble paboTel No NPOKNAAKE HHIMEHEDHBIX CETER 01.01.24| 01.03.24
MpoKnagKa MHKEHEPHbIX ceTeil 01.06.24| 01.10.24
OTgenouHble paboTel BHYTPW NOMELEHMIA 01.03.25| 30.12.25
OTAenouHble paboTel CHAPY#M 30aHKA 16.09.24| 30.12.25
MOHTaM¥ MHKEHE PHBIX CUCTEM 30aHUA 01.01.25| 28.02.26
MoHTas ACPK n CBuC 01.05.25| 28.02.26
OpraHn3auuna Npoesaos 01.07.25| 01.01.26
BnaroycTpoicTBo TEPPUTORKK 01.07.25| 01.01.26
MHP paboTsl 01.10.25| 01.04.26
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Cucrema akCHMaJIbHOH HHKEKIMHU
* HOBBIC BHYTPEHHHUE COJICHOMUbI
* HOBBINA HH(IEKTOP
MarautHasi cucTemMa
* HOBBIE€ KOPPEKTUPYIOIINE KATYIIKU
* HOBas IIEHTpajIbHas 00IacTh
HoBas BakyyMHas cucrema
* HOBBIE BhICOKOBaKyymHbIe Hacochl (TMH, Kpuo)
* MOJEpHH3AIUs JIMHUN POPBAKYYMHON OTKAYKU
* HOBBIE AJIEMEHTHI CUCTEMbI JUATHOCTUKHU
HoBas yckopsiromasi cucrema
* HOBBIC PE30HAHCHbBIE OAKU
* HOBBIE MTPUBO/IbI 3aKPYUYHUBAIOIIECH TIACTHHBI
* HOBBIE CHCTEMBI MOACTPOUKH YacTOThI (TpuMMmep AlTH)
Hosas BY cucrema
* HOBBIE T€HEPATOPHI
* HoBas GuaepHas TUHUS
HoBas cucrema BbIBOAA
* JJEKTPOCTATUYECKUN NeIEKTOP
* MarHUTHbBIE KaHaMbI (3 IIT.)
CucremMa TPAaHCNIOPTUPOBKH MMyYKa
* HOBBIW KaHAJI B HOBBIN KCIEPUMEHTAIBHBIN KOPITYC
* MOJAEpPHM3ALHUS CYLIECTBYIOIIUX KAHAJIOB
MonepHu3anusi CMCTeMbl IMTAHUS U YIIPABJICHUS
MonepHu3anusi CMCTEMbI OXJIAMKICHHUS
HoBasi cuctema CBUC n ACPK

Pat6ouue nuarpammsl Y-400 u Y-400P

Pa6ouyan gnarpamma Y-400P |
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123 48 510+ Sl 1452¢ 8y i1+ 20N g2+ 1201
16+ 5010+ 4B g8 507+ 40,5+ 4845+ 4B
20N65+ 54Cr11+ SUTi8+ 54CrE+ 4ECa6+ SACr6+ SOTi5+ 54Cr5+
40Ar10+ 56Fell+ SGFeS+ 50Ti6+ 56Fe6+ 56Fe5+
4812+ 6apj13+ N 64N+ BaNi T+ 64Ni6+
132Xe33+ 238U40* 132Xela+ 132Xe13+ 132X812+ 238 j20+
1.  VYBenuueHHe HHTEHCHBHOCTHU ITyYKOB HOHOB CPEIHUX Macc
¢ sHeprueit 6 MaB/Hyxkion 10 2.5 ppA
2.  IlnaBnHas Bapuanus sHepruu 2-20 MsB/Hyxkion ¢
ToyHoCThI0O AE/E=5-103 .
3. YMensbiuenue ypoHs MarautHoro nosus 0.8-1.8 T
4.  PeMOHT U 3aM€Ha BBILIEAIINX U3 CTPOSI CUCTEM
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Typical ion beam parameters of U400 and U400R CncTema BbIBOAA YCKOPEHHOTO Ny4Ka:
U400 U400R (expected) | BuiBoa gedbnektopom Bulsoa nepe3apaaxkomn

lon lon energy Output lon Ion energy | Output (ESD, MC], MC2, MC3) (foil probes FP1 and FP2)

[MeV/u] intensity [MeV/u] intensity
‘He! |- : “He* [64+27 23 puA **
6He ™ |11 3-107 pps OHe 1* 2.8+144 (1-5)107 pps
SHel' [7.9 . $Hel? [1.6+27 100 pps
Wiy 55070 5 ppA Q2 1.6+8 19.5 ppA **
g 7.8;10.5;: 158 4.4 puA 10y o 6.4 +27 5.8 puA **
APt [38;5.1* 1.7 ppA 40 Ar 4t 1+5.1 10 puA
BCas |3.7;53* 1.2 puA BCa® |1.6+8 2.5 puA
Hear 8011177 * I ppA 800 7 2111 2.1 puA
WTi s | 3.6;5.1% 0.4 puA OTi O 141521 1 puA
B Fett [3.8:54* 0.7 ppuA B Fe?* 1.2+7.5 I puA
MRS [3.0:4.4 % 0.3 puA “Re™ [08:35 [14ppa
136Xeld |33:4.6:6.9 * 008 puA 2 Xel22 [08+15 1-0.3 ppA

ey | 15413 1- 0.1 ppA

CvcTema TPaHCNOPTUPOBKM YCKOPEHHOTO Ny4Ka:

TM3ITM4
(8" R=3.1 ™)
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Neutron and Gamma activation analysis.

Production and accumulation of nuclides and tracers for
radiochemical and environmental studies.

Conducting diffraction studies using x-ray bremsstrahlung.
Study of nuclear reaction induced by g-quanta

Biological and genetics research

Hardness tests...

parameters
Energy range 5to 25 MeV
Average beam current 20 mkA
y-ray flux 104 pps
Thermal neutron flux 10° pps cm™
Fast neutron flux 1012 pps
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Commissioned: 1985 -
Reconstructed: 2002

= Setups:

« polymer film irradiation unit with uniform implantation

» over a 600x200 mm target
* box for material science research

Parameters
Accelerated ions 22\e+4 AWAr7
56F@+10 86K +15
127 |+22 132Xe+23
132Xe+24 182w+32

184\\/+31 184\\/+32

A/Z ratio 55-5.95
lon energy 0.9-1.2 MeV/A
Pole diameter 1m
Vacuum 5-10® Torr
86K r15* beam intensity 1.4-10%2 pps

132Xe?3* beam intensity ~ 10% pps




Science for life - applied physics researches I-'n.r'jﬁif

Interactions of accelerated heavy ion beams with matter : projectile + target

Since middle of 1970 track membrane technology based on HIB were realized at U300 in FLNR.

.. In 2024

- Creation and development of track membranes (nuclear filters) and the heavy ion induced modification
of materials.

- Activation analysis, applied radiochemistry and production of high purity isotopes (methodology !!!).
- lon-implantation nanotechnology and radiation materials science.

- Testing of electronic components (avionics and space electronics) for radiation hardness.
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Scanning electron microscopy

JOINT INSTITUTE

Multi-functional chemical laboratory
(studies of heavy ion irradiation effects,
modification of materials, polymers,
membranes)

FESEM Hitachi SU8020 SEM Hitachi S3400N
Resolution of 1 nm at 15 kV Resolution of 1 nm at 15 kV
X-ray element microanalysis (EDS) EDS, WDS
Deceleration mode (500 eV) Electron backscattering diffraction

X-ray photoelectron spectroscopy K-Alpha

NTEGRA Spectra — Atomic force microscopy
(AFM)/ Confocal Raman & Fluorescence Porolux

KRUESS DSA100
system

Chemical analysis of thin layers and surfaces

Studies of nanostructures induced by single ion impact on
the surface of solids; depth-resolved Raman and
photoluminescence spectra Precise characterization of ultra- and NVvestigations of static and dynamic

microfiltration membranes wetting phenomena



lon track etching technology I-'u'ir""'"ga?/

Variety of pore shapes in track-etched membranes

Cylindrical Doubly conical Cigar-like Highly asymmetric with
bullet-like tip

Cylindrical, parallel, Bow tie like Cylindrical, non-parallel Typical commercial TM with
all tilted at an angle of 45° (typical commercial TM with large pores

small pores)



Radiation stability of oxide nanoparticles in ODS alloys against swift heavy ion
irradiation simulating fission fragments impact

ODS = Oxide Dispersion Strengthened alloys:
Ferritic matrix + 5+50 nm size thermally stable oxides dispersed within it

Strengthening principle in ODS alloys:
Nanoparticles are obstacles to dislocation glide

ODS steels are promising candidates for fuel cladding

Microstructure of 167 MeV Xe ion irradiated EP450 ODS specimen.
lon fluence is 102 cm-2.

5:__';9'" Dark spots are amorphous latent tracks in Y, Ti,O, nanoparticles.

HRTEM micrograph micrographs of latent tracks in Y, Ti,O N
in EP450 ODS steel showing the amorphous nature of ion
tracks




UL Testing of electronic components (avionics and space electronics)
for radiation hardness.

rmrum_?_ \,

Question to be answered — what will be if...you have TOO much species in your “sandwich”....
or ONE is already enough ???

- What does it mean for FLNR ??

Using the accelerator complex to irradiate the DUT (Device Under Test) with the heavy ion
beams (with well-known characteristics).

- What does it mean for Users ??

To observe response and operate the DUT under exposure online.

back-end /
"Advanced Packaging'

Goal:
Obtaining experimental data within Earth limits to predict SEE rate in space.

3 dedicated beamlines with E=3+64 MeV/n.
Since 2008, more then 5000 devices has been tested.

front-end

FEOL |

*Courtesy to Wiki



New dedicated applied science facility at FLNR Accelerator Complex. |: i

Heavy ion beam parameters do these all-sort practical applications need in 202? ?

lon track technology needs:

- energy > 1 MeV per nucleon

- lons from Ne up to Bi

- Intensity with Xe (as example) 1x10%2 ¢t

- lrradiation zone 650*250 mm (1-2 MeV/n) and 325*190mm (4,8 AMeV/n)
- Beam uniformity 5 %

- Casemate - “green area” - people around irradiation chamber

- Oversize irradiation chamber => dedicated beam line

Radiation materials science:

- energy up more than 1 MeV per nucleon

- lons from Ne upto Bior U

- Intensity with Xe (as example) 1x10%2 ¢t

- Irradiation zone @30 mm (1-2 AMeV) and @20 mm (4,8 AMeV)

- Dedicated beam line due to specific T° requirements and sample preparation procedure.

Testing of electronic component (SEE testing):
- Energy, which could provide the ion range in Si around 50 mkm - 4,8 MeV per nucleon
(70% timing is LowEnergyMode)
lons from Ne up to Bi (Ne, Ar, Kr, Xe, Au, Bi)
- LET up to 100 MeV/(mgxcm?)
- Intensity 1x10° ¢'1xcm-?
- Irradiation zone 200*200 mm at least
- Dedicated beam line due to specific requirements and sample preparation procedure.
- Cocktail beam — quick switching between ion types.



New dedicated applied science facility at FLNR Accelerator Complex. ._mﬁ/ "
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What we need from cyclotron to fit applied science requirements?

- 24*%7*365 ~ 7000 of beam time

- Simplicity of operation

- Time stability

- Beam cocktail

- Relatively cheap in use — beam time costs

- Factory approach/routinely use - "turning lathe*

- Economy factor: to use the existing stuff
Administrative issues:

The new accelerator complex should solve the following tasks:

« reduce the application program of the main cyclotrons U400(R) and U400M in order to be more focused on the scientific tasks of the
Laboratory (SHE, radioactive ions and exotic nucleus are required more accelerator time);

« increase the energy of heavy ion beams for the production of nuclear filters to at least 2 MeV/n, which will allow irradiating polymer
films up to 30 microns thick and fits new standards in this field;

« provide energy of 4.8 MeV/n of heavy ion beams for testing chips for radiation resistance and fits new standards in this field;.



L New dedicated applied science facility at FLNR Accelerator Complex.
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Dismantling of the U200 cyclotron and old stuff removing
Geo surveys (determine bearing capacity of soil and quality of old basement constructions)
Building renovation

Vacuum system + main chamber (new) Technical Issues of DC-140.

Colling system (new) - range of ions from O to Bi,

Control system (new) - external beam injection from ECR ion source,
Axial injection (partly new) - 10N energies.

Beam extraction (new) 2.124 MeV/nucleon (A/Z=7.35 — 8.25).

Cyclotron magnetic structure (upgrade)
RF system (upgrade)
Magnet main coils (new) Physical installations:

Beamlines (upgrade . . L :

Safet featlfr(fsg(new)) - installation for scientific and applied research,
y - facility for irradiation of polymer films,

--------- - installation for testing of electronic components.

4.8 MeV/nucleon (A/Z=4.9 - 5.5).

U-4008 IC-100
Light exotic l | Applied research
nuclei

Sketch of 10’2018
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DC-140 Design Study
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General layout of the DC140 facility: vault of the cyclotron and experimental setup halls.
Detailed equipment and systems arrangement.

Radfation materials Sefence

DC40-TX_13_04_22.rvtpng
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Release of the DS documentation

Concept — Design — Realization
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Step by step => 2024
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Control room,
Accelerator hall,
Experimental channels halls
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Cospanue YK AL-140
000 "Macmepllpom" u /18P 2024 2025

04 05 | 06 07 08 09 10 | 11 12 01 | 02 | 03 04 05 06

ObuwecTponTentHble paboTsl

09.01.24 | 15.00.24
(beToHHbIe, meTannukckue, JICTK KoHCTpYKLMK)

YCTaHOBKA 31€MEHTOB UHIKEHEPHbIX CUCTEM
(razooumcTKa, BEHTUNALMA, KAHAM3a LM, DNEKTPHK], 01.07.24 | 15.10.24
cnaboTouHble ceTu)

MaroToBneHune 1 NoAroToBKa 31€MEHTOB LIUKNOTPOHA A48
MOHTaa (3nemenTsl BY cucTembl, pe3oHaTophbl, 3NEMEHTbI 05.02.24 | 15.10.24
BbIBOZAA, 3/IEMHTbI KaHaJI0B, CYNMopPTHI, ...)

MOHTaK 31eMEeHTOB UHHEHEePHbIX CUCTEM LMKNOTPOHA
(cucTema oxnamaenve, nuHum BY nutanus, BY renHepatopol, ...)

01.10.24 | 30.11.24

Cbopka LMKNOTPOHA

(yckopAwolan cMcTeMa, KaHabl TDAHCTIOPTMPOBKM, BaKyyMHaA 23.11.24| 03.03.25
cucTema, -..)

MownTax cuctem ACPK n CBMC 15.09.24 | 03.03.25
MHP cucrem YK AL-140 03.03.25 | 02.04.25
MHP YK AU-140 02.04.25 | 09.04.25
TecTbl € YCKOPEHHbIM My4KOM 10.04.25 | 01.07.25

W///’/////// %;;J/Wf ""“"i’?’/“?‘éﬁ:ﬁ”” "’*”’7

70% of testing time is using “low-energy” mode (3-6 MeV/nucl)
20% of testing time is using “middle-energy” mode (9-12 MeV/nucl)
10% of testing time is using “high-energy” mode (13-64 MeV/nucl)
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YckoputenbHbIiv komnnekce J19P OGN 8 2024 roay.
HexkoTopbIie acnekTbl NpUKNAAHBIX UCCIeA0BAHUN.
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