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Accelerator layout
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Jupexropy JIAI

B.A. beanskosy

Yiaxaembiit Bagum Anekcaniponny!

JlaGoparopua paauanHoHHO GHOIOTHH BBIPAXKACT 3aMHTEPECOBAHHOCTDL B BBEACHHH
B 9KCILTYaTaluio JHHEHHoro yckoputens s1ekrponos JIMHAK-200. McnonssoBanue my4kon
YCKOPEHHBIX 2JIEKTPOHOB PasiIHYHBIX DHEPIHIi NIPEIyCMOTPEHO B paMKax Hcc/e10Bannii no
jasym npoektam Temel JIPE 05-7-1077-2009 «MccnenoBanms OHOTOIHYECKOTO JCHCTBHSA
HOHUZMPYIOIMX  HMIIYYEHHIT ¢ pasHbiMH  QH3MUECKMMM  XapakrepucTukammy. Taoxe
corpyannky JIPB ygacTsyior B MexkiyHapoiHoi kosutabopatmu FLAP.

JUia npoBeieHus  pamoOHOIOIMYeckHX M OMO(GUINYECKHX  MCCIeIoBaHMIT
HEOOXOIMMBI [Ty YKM FaMMa-KBaHTOB ¢ sHepruei 6oiee | MaB, KoTopbie MOAKHO NOJYYHTH Ha
BBIBO/IC YICKTPOHHOrO Iyuka sHeprueii 20 MaB ¢ ucnonb3oBaineM MuIlIEHH-KOHBEpTEpa.
BakHO OTMETHTL TAaKKE BOIMOKHOCTL 0O/IyHeHHs 00pasloB ¢ peaisalueil pexHMoB
HU3KOH M BBICOKOIH MommuocTei ao3pl. Jlas psaga ucciegoBanuii 1Mo paaHauHoHHOMN
OesomacHOCTH TpedyIoTes MIEKTPOHBI oJiee BHICOKUX YHEPTHil, UTO GVJCT BO3MOKHBIM Ha
BBIBOZIE ITyuka c aueprueii 200 MaB. B pamkax konnadopauun FLAP npeanoaaraercs
CO3/1aHHE YCKOPHTEIBHOTO HMCTOYHHKA TCPAreploBOrO M3/IYHCHHS C MEPECTPaHBACMBIM
CHEKTPOM JUIA panHoOHOIOrHYecKX ueeaeaosanuii JIPB.

Cumraem, wto BBejaenue B IKcrutyaraumio ycranoskn JIMHAK-200 pacumput
BO3MOKHOCTH paiMoOHoI0rnyeckux sxenepumertor 8 OMSIH.

(/)_ B S

Jupexrop JIPB A.H. byraii

o1 aran 7 oo - p -Z/ 1YP0 Tlupekropy J1aGopaTopuH syiepHBIX TpoGiieM
bemsikory B.A.
Veaxaembrit Bayim Anekcaniposuy,

Jlunedinbiii  yckoputens snektponos JIMHAK-200, rorossumiics K BBOAy B

akcrutyaranuio B Jlabopartopun siepHBIX mpoGiieM, sSBJISETCS Ype3BE 0 BocTpeh

HHCTPYMEHTOM JUISl HCHIBITAHUA H KaIHOPOBKH JICTEKTOPOB U smepﬂo‘(bmnuecmx YCTaHOBOK

M NPHKJIAJIHBIX KAHANIOB YCKOPHTEIbHOro kKommiekca NICA.

B 4acTHOCTH, OATOTOBKA K HCTILITAHKSA JETEKTOPOB JUTA MPKYTHPYIOLIMX U BbIBEACHHBIX
nyuxos Hyxsotpona n Bycrepa, a Taioke pa3paboTka H HCIILITAaHHS TPOTOTHIIOB IETEKTOPOB U
ycranoBok MPD u SPD Moryr mpoBOAMTLCS € HMCIIOJIB30BAHHEM ITHHEHHOTO YCKOPHTEJst

DICKTPOHOB.

Creayer OTMETHTh INMPOKYIO TNPOrpaMMy SKCIEPHMEHTAIbHLIX — HCCIE0BaHHMI
dyHIAMEHTAIBHOMN W PHKJIATHON HAMPABICHHOCTH B PAMKAX Pa3BHBAIONIEHCS MEKIYHAPOIHOH

Kosabopaun FLAP.

Jlabopartopuss (u3MKM BBICOKHX 3HEPIMii 3aMHTEpECOBaHAa B CKOpeiileM BBOJC B
IKCIUIyaTauuio Junelinoro yekopurenst anektponos JIMHAK-200 u npoBesieHHH COBMECTHBIX

MCCJIC/IOBaHHH HA HEM.

Jlupekrop JIOBD A.B. Byrenko

A. Trifonov
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Relevance

Jlupextopy JISITT
beansaxosy B.A.

05 09, 2023 N 032-0:3//4'5&

Veaxxaembrit Baaum Anexcangposnu!

YuelGHo-Hayunbiii LenTp obpawaeTes k Bam ¢ npoen0oii 08 opranusaiy a0cTyna K
JIMHAK-200, nociie BBOAa YCKOPHTE/IS B 9KCILTYaTALNIO, H CO3/IaHHA YCA0BHIT paboTnl /uia
peaiuzaunn  00pasoBarebHbIX mporpamy YHIL Beuay Gonemoil BOCTpeOOBAHHOCTH B
napraepckux oprammsammax OMAM kak B cTpaHax ywacTHMUAX, TaK M J1€KO 3a MX
TipesieTIaMH.

Kak Brl 3naete. npakruycckite HaBbiKi, HEOOXOMMBIE HHKCHEPY -y CKOPHTENbIIHKY
Wi GUIMKY-IKCTIEPHMEHTATODY, KK NPARUIO TPYAHO NOMYYHTH B YHHBEPCHTETE, NO3TOMY
€ LEbIO HHTEHCHDHKAIIMK 0GPa3oBATENLHBIX NPOIPaMM B 00.1aCTH IIOATOTOBKH HHYKEHEPHO-
TCXHHYECKUX cnennanuctos ais Muetutyra u rocyaapers-uienos OMSIH u B cooTBeTCTRHI
¢ pemienuem KITIT ot 25-26 mapra 2014 r. 611 opranuzosana HayuHo-HHxeHepHas rpynna
VHIL.

K nacrosiemy BpeMeHH paspaCoranusiii rpynnoit Muaenepurii npaktinkym YHIL
BKITIOYACT TMPAKTHKYMBI [0 IEKTPOHHKE. OCHOBAM $/IEPHON (M3MKH M JcTeKTOpam
sncMenTapubIX  dacTui. CBY W BakyyMmHOM TexHHKe., aBTOMatH3alMu (DHIHUCCKUX
YCTaHOBOK, BechbMa BOCTpeOOBaHHBIE MAPTHEPCKHMH YHHBEPCHTETAMM M MEHLYHAPOIHBIX
cryjenyeckumu  nporpamMamu YHIL CreayionmM. OYeHb OKHIGEMBIM. IIArOM MO
pﬂBHTMlO TNOATIOTOBKH CIICLHAIHCTOB GBL'IB GBI BO3MOKHOCTH oﬁyqeuvm C HCTIOJAB30BAHHCM
peanbHoro yckopurens, C aroit nensio wa JIMHAK-200 JISIT OUSIH cospagres yueGHit
YY4CTOK, HAa KOTOPOM IIAHMPYETCH Peanu3alis MPaKTHUECKHX YYeOHBIX KypCcoB [0
YCTPOICTBY YCKOPHTE!IS M AHAIHOCTHKE MY4YKa.

Ileaepoit ayauTopmeil NpakTHKYMOB Ha YckopuTene OyayT Kak CTYACHTH H
ACIMPaHTEl YCKOPHTEIBHBIX H TEXHHYCCKHX CNEUHaIbHOCTE, Tak H cotpyanukn OWSN n
TOCYIapCTB-YICHOB, YbA JCATECJALHOCTL CBA3ZAHA ¢ YCKOPHUTCIAMH, B paMKax NOBLILICHUA
kpanndukaunn. Joctyn k JIMHAK-200 nact rakae YHIL gononsnTenbHble BO3MOKHOCTH
10 PaCIMPEHHIO MEKTYHAPOIHOrO coTpyaHnyecTsa OVSAM u nomyaspusaniy Haykm.

Ipocum nomepkars passurue yueGHoro yuactka yekopurens JTAHAK-200 n
BhIIGIEHHE MYYKOBOTO BPEMEHH JUIA Peain3aluy 06pa3oBaTeIBEHEIX MPOrpaMM B oGmacTi
MOATOTOBKA HHKEHEPHO-TEXHUYeCKHX Kaapos s OUSH u rocynapers-uichos.

Jupexrop YHIT S = JIB. Kamanun

O*ZBEKISTON RESPUBLIKASI FANLAR AKADEMIYASI

U 100047, Toshkent shakri, akad Yahyo G*ulomov ko*chasi, 70-uy. i (+998) 71 2333967

WWW.a devonxom@academy vz, cor

academy.uz

11.09.2023
Ne 1/1255-1903
Nupexropy
€HIoro My
AACPHBIX HCCTEAOBANMIL,
akagemnky PAH
I'.B. TpyGunxosy

aybokoysas tii Cpuropuii Baa, H

COTpYIHUCCTBO MEKAY HAYUHLIMK H 06pa30BATCABHLIMNA HeHTpaMn Yiberucrana
1w OMSAH 5 ofaactn CHeKTPOCKOIMYECKHX Heeae oBanmnit 8 Jlabopatopun siepHbIx
HpOdIEM Hateer Gosee HeM NOIYBEKOBYIO HCTOpHio. Tpaauusonto, ueasMu namero
COTPYAHMYCCTBA RIIKIOTCS COBMECTHRIC (YHIAMEHTANLHBIC HCCIeA0BalNs Ha 0a30BbIX
yeranoskax  JIIIT w0 noaroTopka  BHICOKOKBANM(HUMPOBAHKBIX  DUIMKOB-
IKCTICPUMEHTATOPOB.

Brejemie s oxcnayaranmio anueiinoro  yekopureas auexrponos JIMHAK-200
HOSBOANT  CYMICCTREHNO PACUIIPHTL HAIIE YYaCTHC B MCCIACAOBATENLCKUX MPOEKTAX
OWSAN. Pesyantarsl IpeaBapHTebitbe
(horosaepHbIX peakuumii, He:

CIHCPHMEHTOR O H3YUCHHIO MHOTOHYKIOHHBIX

Ae10BANMI0 MEXaHH3Ma olpasosanns
HEITPOHOACHUIITHLIN  AJlep, M JIP., BBINOIHEHHLIX B TCCTOBOM pPEKHME 3aIycKa
VCKOPHTCAA ¢ YHACTHEM COTPY/IMNKOR Y30eKucTana (COINalicHie O COTPYAHMUCCTES
100-11/1). CHICTEILCTRYIOT 0 TIEPCHEKTHBHOCTH HIHPOKOMACIITABHBIX
(DYHAGMEHTAILIBMN 1t NPHKAANLIX Mecheaonannii ¢ uenonbsosausem JIMHAK-200,
5 TON YHCIC. CRATANNBLIX € HACPHON MEAMUMHOM

Mbl BBIPQAACM HCCOMHCHHYIO TIO/UICPKKY CKOpEHlIeMY BBEJACHHIO YCKOPHTEIs
JIMHAK-200 B 2Kenayarauuio i Haualy (poBEACHHS MOTHOMACIITAGHBIX (GHINICCKIX

HecacaoRanit
C rayGokum ysasennes,

Hoanomounnii Hpeacrasnreas
Ipasureancraa Pecny
Viberueran n OUSIM,
upesmaent AH PY3 b.C. A0 1mmen
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Main systems of the LINAC-200 accelerator

« Electron Gun

« Acceleration & RF

« Magnetic system

 New Control system

« Beam Diagnostics

 New Radiation Safety system & Interlock and Alarm

system
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Electron Gun

Type Thermionic
Max. energy 400 keV
Peak beam current 300 mA
Normalized emittance |8 m - mm - mrad
Beam diameter 1,5 mm
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Acceleration & RF

Total length, m 55
Number of short (3.7 m) sections 3
Number of long (7.3 m) sections 4
Frequency, MHz 2856
Wave type T™W
Field mode 21/3
Filling time, ps 1.3
vg/C range 0.0093-0.0389
Shunt impedance, MQ/m 56.5-48
Iris aperture: diameter, mm 32-17
thickness, mm 5.84
Number of klystrons 4
RF power: peak, MW 10
mean, KW 20

A. Trifonov
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Functional diagram of the RF system
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Magnetic system

.

lenoidal Focusing
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Quadrupole Focusing and Steering Magnets Control

24 KORAD power
supplies

« 22(30V,5A)
« 2 (60V,3A)

Ethernet to RS485 Modules for communication
with power supplies

converter

r‘hm‘E

Control System Server
Yy w
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A
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Quadrupole Focusing and Steering Magnets control system layout
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Quadrupole Focusing and Steering Magnets

Control

A. Trifonov
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Quadrupole Focusing and Steering Magnets Control

Magnetic Elements Control System

File
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Requirements for the New Control System

Main requirements for the new control system:

high reliability

serviceability

using standard interfaces for communication between components
possibility of future modifications and extensions

possibility of using existing developments of the world community

A. Trifonov
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TANGO-based Control System

Java, C++, Python

MATLAB

Client

Linux, Windows

[ | TANGO Software Bus

Linux, Windows

Official website: https://www.tango-controls.orq/

ﬁﬁ
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https://www.tango-controls.org/

Control System Concept

( Graphical user interface

(~ Beam users equipment

TANGO Beam
Clients users
Software software
[ Data transmission channels (1 GbE, RS-485) ]
[ AR ] [ TANGO Software Bus ]
Analog signals Di |tal signals w (Controlling acceleratorw [ -
. e g elements Control system servers (Linux)
Lo 0 J Lo o OJ 00 . O [[ 2 | [ o | [ 259 —
device Database .
Database archiving
A A servers backup
A 72 A 7 \ 4
[ LINAC-200 ]
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Example — Master oscillator controls

SCPI server

Ethernet

m STANFORD RESEARCH SYSTEMS 8 MODEL 5G384 B DC to 4.05 GHz SIGNAL GENERATOR

= PUTS
x 25 Mz

uuuuuu

Socket

RIS
WAL

Device Server

SoH: M

RUMERIC EN

Control system server

——

TANGO

SG-384
Device Server

TANGO

Operator PC

SG-384
Client App
GUI
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Example — Master oscillator controls

B MasterOscillator

Frequency, MHz

+ 2 8 5 6 . O 0

Amplitude, dBm

- 0 o 5 . 6 0

Remote control enabled

&) Class Properties
¢ &l Device Properties
W' Socket
¢+ 4 Commands
o State
o Status
v disp_frequency
v disp_ampl_typeN
v checkError
v goToRemoteControl
v goTolocalControl
' conectionStatus
¢ By Scalar Attributes
W' Frequency
' Amplitude
' chEnable
JSpectrum Attributes
@ Image Attributes
br Forwarded Attributes
@ Pipes
¢ S States
v
v

#
#~_Tango DeviceImpl
+ State
+ Status
+ ---

?.

J

»x_SG380
+ State
+ Status
&b sos
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Local Control

* For local control Weintek MT8071iP interface panels are used.

« In addition to displaying the local control graphical interface, the Weintek MT8071iP
panel acts as a Modbus server.

M Modbus TCP /
RTUoverTCP

Ethernet

Control
object

Modbus RTU
Hardware

HMI Panel

A. Trifonov  Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR 18



Beam Diagnostics

Beam current transformer _ _ Compton radiation monitor
Traveling wave monitor (TWM)
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Beam Diagnostics
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The software for data acquisition from Rigol DS1000Z and MSO/DS4000

Oscilloscope Daka Acquisition and VisUalization

Enter Device IP Address ... Add )

2, Import CSV

» Control Module communicates with
the oscilloscope to control various
settings, including turning specific
channels on and off, adjusting
horizontal and vertical scale values,
and capturing screenshots of the
oscilloscope display. The backend for
the control module is implemented
using Django, which  handles
communication with the oscilloscope
via Ethernet.

& Archived Data

Archived Images

A
"\

THEME MODE

» Visualization __Module fetches
waveform data from the oscilloscope
and displays it. The use of sockets
ensures quick data transfer and
updates, enhancing the reliability and
responsiveness of the visualization
module. Flask is used to handle
socket connections for real-time data
fetching, providing a reliable two-way
communication channel between the
oscilloscope and the application.

g Backup / Restore

» Data Archiving Module is
developed using Flask and
Python, with PostgreSQL
and Timescale DB for data
storage. This module
provides functionalities to
save oscilloscope data to the
database and retrieve it
based on specified IP
addresses, start times and
end times.

A. Trifonov
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The software for data acquisition from Rigol DS1000Z and MSO/DS4000

CR Scope 1 MS04024 — 192.168.0.251 @ CR Scope 2 DS1104 — 192.168.0.252 @

Status: Connected Status: Connected

Checked : 07-09-2024, 19:04:41 Checked : 07-09-2024, 19:15:43
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I | I ] { I @D CH1_Beam Gun | | ‘ | ‘ ‘ l ‘ ‘ @D CH1_BeamEP1
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AL [ R oo AR ANNOONIT @ o
"] \____,.—/ \"\.,._/— @D CH4_Testname L—J L_ L_ L_ L u L' L_ L_ L L L @D CH4_Testname
| HiBEHE i I RN R
I I 1 Status: Not Archiving / / / / / / / / / / / / Status: Not Archiving
o— FUN RPN R RFIRPRAST
Status: ACQ Stoped v v v v v, 74 V v \v4 v Vv 173 Status: ACQ Stoped
EEE RS R R s

_ B . B
Time Scale 200 Hs - Time Scale 1 ms -

Channel 1 Channel 2 Channel 3 Channel 4 Channel 1 Channel 2 Channel 3 Channel 4

] ] [] ] ] B ] B
200 mV 5V S5V 5V 20V N/A 20V 2V
™ & -] -] -] -] " a -] -]
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Radiation safety system & Interlock and alarm system

LR
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Accelerator Control Room
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Rooms for Beam Users
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Beam characteristics

EP1 EP2 EP3 EP4
Electron energy, MeV 5-25 25-60 60-130 | 130-200
Pulse duration, ps 0,2-3,5
Max. pulse current, mA 80
Pulse repetition rate, Hz 1-50 1-25
o I
MOD 4 MOD 3 MOD 2 MOD 1
ICT
1IZ)
» T
r PECE
| | | -
| | | | I l INJECTOR Electron gun I
e— A04 i A03 e A02 e KO “phe— A00 — >
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Beam characteristics

« Each pulse consists of a sequence of bunches with a
duration of 1 ps and an interval between bunches of 350 ps
* Intensity from 102 to 1013 e’/s

* The transverse size of the extracted beam is ~1.5—5 mm
« Max. average current 5 yA

* Possible to produce photon and neutron beams

A. Trifonov  Linear electron accelerator LINAC-200 as a core for a new test beam facility at DLNP JINR
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Accelerator layout
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Beam Extraction Points

Beam extraction point Ne4 (EP4) Beam extraction point Nel (EP1)

A. Trifonov
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Accelerator layout
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Beam Extraction Points

A
53227
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, Beam extraction point Ne2 (EP2)
Beam extraction point Ne3 (EP3)
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Research program
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Particle detectors R&D

« Study of monolithic active pixel detectors (MAPS) Alpide,
determination of their efficiency, spatial resolution, study of the
mechanism of cluster formation

* Research and optimization of the prototype electromagnetic
calorimeter of the SPD facility and its calibration in the range of 50-
200 MeV

* Response study, determination of efficiency, spatial resolution of
straw detectors for the SPD experiment

* Investigation of pulsed (up to 10,000 particles per 50 ns) loading of
MCP-based detectors depending on the frequency of arrival of
subsequent pulses

* Investigation of characteristics (efficiency, spatial resolution,
maximum load) of bulk Micromegas gas detectors

+ Study of the response of neutron pulse detectors, development of
detectors for determining the fluence and energy spectrum of
neutrons for dynamic neutronography and neutron resonance
spectroscopy.

Drift straw chamber?

1 - Volkov A., Evtoukhovich P., Kravchenko M., Kuno Y., Mihara S., Nishiguchi H., Pavlov A., Tsamalaidze Z. Properties of straw tubes for the tracking detector of the COMET experiment //
Nucl. Instrum. Meth. A, — 2021. — V. 1004. — P. 165242.
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Applied research

* Investigation of radiation hardness of GaAs and SiC
semiconductors

« Irradiation of living organisms.

« Study of the possibility of irradiation with short pulses
and development of appropriate methods of
microdosimetry.

« Obtaining small quantities of radioisotopes for
radiochemical research using gamma rays with an
energy of 20-200 MeV, which complements the
capabilities of the FLNR microtron

 Electronic radiography of fast processes in gases.
 Creation of a terahertz radiation source for
radiobiological research

/ Faraday cup . lrradiated sensor Electron beam

Test setup for radiation
damage studies
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Nuclear physics experiments

 Measurement of isotope vyields and verification of
nuclear models in the 20-200 MeV range

« Measurement of the cross section for the production of
photoneutrons on various targets in the energy range of
gamma rays 20-200 MeV

 Study of multiparticle photonuclear reactions

A. Trifonov
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Education and training

The  educational program includes the
development of practical training at the LINAC-200
facility in the following areas:

» Accelerator physics and technologies (magnetic
optics, RF technology, vacuum, automation control
systems, beam diagnostics)

* Elementary particle detectors (study of the
response of gas, scintillation and semiconductor
detectors)

* Applied problems (radiation materials science,
generation and registration of synchrotron and
terahertz radiation)
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Terahertz radiation source and beam diagnostics R&D

« Approbation of the method for measuring the position and shape of the charge density
distribution of relativistic electron beams using a monitor based on the measurement of the
characteristic X-ray radiation spectra.

« Study of the processes of passage of relativistic electrons through micro- and nano-
capillaries, including those with a structure along the axis.

« Study of the diffraction mechanisms of radiation in the vacuum ultraviolet and soft X-ray
regions under conditions of anomalous dispersion for diffracted photons

» Measuring the average length of micro-bunches and the length of the bunch chain using
Vavilov-Cherenkov radiation in the diffraction mode

« Stimulation mode (stimulated emission) during generation of THz radiation

» Approbation of a method for measuring the transverse profile of an electron beam based
on multi-angle scanning

* Measurement of the volumetric shape of the electron beam using multi-angle scanning.
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FLAP Collaboration
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Future prospects

 Increasing the accelerator energy up to 400 MeV — 2026

* In the future it is possible to increase the energy up to 800 MeV
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Conclusion

« The preparation of documentation for commissioning and then
operation is nearing completion.

 In order to coordinate the research programs of beam users an
Organizational and Program Committee is being established.

« Two beam extraction points (EP1, EP4) are available;
EP3 — has been assembled and needs to be tested:;
EP2 — under development.

 The test beam facility will be open for particle detectors and beam
diagnostics R&D, nuclear physics experiments, material irradiation,
radiobiological and other studies.
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Development of Scientific DLNP Infrastructure for Research

Using Semiconductor Detectors, laser Metrology, Electrons, \ ___

Positrons and Cryogenic Technology ﬂ
08-2-1126-2015

for Nuclear Research

Design and development of a test zone for methodological studies of  Science erines nations
detectors at a linear electron accelerator LINAC-200 in the DLNP TOGETHER
08-2-1126-1-2024/2028

Joint Institute

Linear electron accelerator LINAC-200 as a

core for a new test beam facility at DLNP JINR
Status report

Aleksei Trifonov (on behalf of LINAC-200 team)
Dzhelepov Laboratory of Nuclear Problems

60th meeting of the PAC for Nuclear Physics, January 23, 2025
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Electron Gun
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TANGO Controls — TANGO Database

« TANGO Database is used to store the system structure and configuration information for
devices.

« Database interface is implemented as a special TANGO Device. Only MySQL (MariaDB)
IS supported.

« Each database has its own access point, which is determined by the
TANGO_HOST = host:port environment variable.

« Several databases can operate simultaneously.

TANGO
Request to connect
to a device with the Database

specified ID

Registering in the
database, getting
properties

TANGO
Device

Direct
communication
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Solenoidal Focusing Magnets Power Supply Control

SP600Client
P51 PS2\ / PS3\ / PS4\ / PS5 / PSG \

Set

Uset+ 3 0 O . 0 O V

lset 4+ 1 0 . 0 O O A

Meas
U meas HDD A
| meas {D A
P meas DDD W

The device is in RUNNING state. Mode: CC
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Historical background — DELSY project

AmPS - Amsterdam Pulse“Str
NIKHEF, Amsterdam, Netherlands 4
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Terahertz radiation source

Generation of coherent Cherenkov diffraction radiation in GHz
and sub-THz ranges

Simplified scheme of experiment )
Target model and photo of the target manufactured for experiments at LINAC-200.

’detector - /'735 _
radiation K
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