Pa3zpaboTka mporpaMMHOro o0eCIeueHus OIS
CHUCTEM YyIIPaBJICHUS U MOHUTOPHUHTA
IKCOECPUMEHTANbHBIX YCTaHOBOK SP| 1 APOL

3acenaHue YckoputenbHoun cekumm HTC J1IOB

[Noarotosun lyHnH Huknta Baragummposuny
NHXKeHep YckoputenoHoro otaeneHna Nel HOOUMKH Cektopa Ne4
27.08.2025



Lenb

e Co3aaHue KOMMIEKCHOM NPOrpammHoO-annapaTHon nanatdopmbl ANA
yAa/I€HHOro ynpaBneHna, MOHUTOPUHIA U aBTOMATU3ALMM KNHOUYEBbLIX CUCTEM
dU3NYECKUX YCTAHOBOK.

Kntoyesble 3aaaun:
* YnpasneHne UCTOYHUKaMM NUTAHUA MONAPU3ALUUNOHHbBIX AYEeK.

* KOHTpPONb reHepaTopoB CUrHas0B A5 610KOB NoAKura, paspasaa u yck.
HaNpPAXKeHns

* MOHUTOPUHI NapaMeTpoB AaBneHUA U TemnepaTtypbl Yyepes [1/1K.

* NHTerpaumna ynpaBaeHmnAa KPUOreHHOM CUCTEMOMN.

* I3amepeHmne cteneHn nonapusaymm (M3smepeHne ramma KBaHTos oKo10 3.5 m38
NBYX rJieyax)
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3agayn aBTtomaTtusaumm omanvyeckmnx yctTaHOBOK
SPI (Source of Polarized lons) n APoL (Absolute Polarimeter for SPD NICA)

Source of Polarized lons (SPI)

TpaHcnopTMpoBKa Ha RFQ
MOHHOTO MyyKa ;

2) JlabopaTtopHoe obGopyaoBaHue C MPOTOKOSIOM
SCPI

(MCTOYHUKN NUTaHUA, reHepaTopbl UMMYIbLCOB,

YyacToToMepbl)

HakonuTenbHas ayeiika ~ =
(3apapo-o6meHHas obnacTb)

auccouuaTtop nonapusatop

3apano-06MeHHbIM
MOHU3ATOP

3) U3amepeHue HanpsiKeHUs U Toka

" -
4
2 /= SIIIII V7777777770 /ca

LuMEL
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Co3paHHbIN NoNb30BaTeNIbCKUN MHTepdenc NCTOYHUKA NUTaHUA
GW Instek 1400M (0-160V, 0 -10 A, 400W)

I3} Dunin_Gwisntek-1400.vi - O X
File Edit View Project Operate Tools Window Help 3 MCTquMK nMUTaHUA
bR @ Il 2 =1 ucnonb3yeTcAa Ans obecneyeHus padboThbl
| Lock Mode (0 : Lock Panel, Allow Output OFF ) ~  cneayrowmx nonsaApu3aymMoHHbIX fAYeeK:
Run ] Settings ]:} Lock Panel, Allow Output OFF 0 - SFT
, , - MFT
4 6
0 \ /160 0 /10 ‘
Voltage Set levelM ' 2 CﬁrtéﬁtSétlevéiW | :AC AL ( pes-718000 © " uaremiie
' Protection Tripped? Y
I40,000 ]1,000 .
@ Shutdown Tripped? B 160.0.
60 80 100 | 4 6 @ 0P Tripped? oy 0.00.
20 A ey 120140 2 - ; 8 '
- X \ U i 160 0 \ / 10 :OCPTIWZ
; : . ‘ o ) OVP Tripped?
: , ) ovp Voltage
Output ON ActualVoltagelevelM Actual Current Level (A) iﬂso zj§40 '
- v |40,053 @ cc|-0,002 T
Power(\ﬂatts)’:';i-o \,b \-)34 }1
O outVoltage Trigger State Trigger control Polarity Vt1 (0V) +leading  VE2 (0V) - trailing
(] OFF/ON ﬁPosmve jzxooo 4,000 Coafiz 4 33 20
v




Co3gaHHbIN Nonb30oBaTeNbLCKUN NHTEepenc
undpoBoro reHeparopa curHanoB Quantum Composer 9520

PeannsoBaHHble PYHKLMUN:
1) HacTtpoWka amnanTyasbl,
ANUTENBbHOCTU U 33 EPKKN;

Wait \mp
+ glo » | i = :; : = B = :  oft/on Exthhz
SR =L ' — o 1| 2) BbIBOp pexxvma paboTbl
—— M & W= G : e 1| s oiton | Ecniig o v (Single, Deycle, Busrt);
0 |[S[o | ffmsmm SES | } & 125 (o | (LA | S e ’ ’ ’
RF SFT|Z 3) HacTpoiika 3anycka ot
BHYTPEHHEero
- WU BHELLHEro TPUrrepa;
SFT 0.5 &
(2-56) o 4) Pabota no SCPI yepes
SET 1755 TCP/IP Ethernet.
(3- 5 5) il
=

Ncnonb3yeTca ana ynpasneHua 610KaMu NOAMKUra, pa3paaa U YCKop. HanpaxeHua, KnanaHamu H2/D2 n D2/H2
YctaHoBKu SPI (Source of Polarized lons) Coaiin 5 u3 20~



uncppoBoro reHeparopa curHanoBs Quantum Composer 9520

PaboTa 3agepxek undpoBoro
reHepaTopa CUrHanos:

- Po3oBbiti = 1 munnucekyHaa; | i , =

- CnHun

- 3enéHbin = 500 MUNTNNCEKYHA. [k i v v i 5

100 munnucekyHa,

NMpumep KoHpUrypaumm

CBA3b BXOAa

DCTH

lNonoca

lNonxag

fleamrenb

ABTO

Bra

_.. ajibue
61=060ns __1/61=1. 0dHz Edge & @B 00 7oy |

1: 2.00V | 5.00v____4: 5. 00V | /2

Empty ofs JOOnVUfs -10. 3Viofs -15. 4V,
: £:0.00000Hz  100kS 500k points RTC:2024/07/24 23:43:37

Wusepcus

- 2ch Wait
PO30BbIN;
- 3ch Wait

CUHUN;

- 4ch Wait
3eNEHbIN.

Uumﬁzﬁmm paoome! ycmaxobku SPI

g
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ABTOMaTM3aUNA U3IMEPEHUN KaNnMOopPoOBOYHOro 00 LEMa

Siemens LOGO controller

Pressure ,atm "
p—— ‘ 192.168.0.3
0,0746 Filename =
~ C:\Users\ADM\Documents\logs\ :
l" dunin_siemens.tdt .@
Jomo log fil -

Cuctema M3amepeHma MHTEHCUBHOCTU U
rr— npodunna aTOMHOIO NMy4yKa

, VI BakyymHas namna KomnpeccuoHan Absolute
aB/IeHus ONp,  Vear*tp, OPcq FOPAYMM KaTOAOMGS Tpy6ka gauge
(\' T at mp, R-Teqq Ot Ca\llg)lzar:‘l:n By ook 5o

Fine adjustment

dopmyna ana pacyera

valve
Compression
Atomic  yolyme

<=8 beam

Hot-cathode

Lﬂvg 5 qauae
ot comp
5.',;,'... ’
< ) [Byxocesoi :;
pressure sensor ) ' MaHWUMyNATop
g.E.A.l..i. 1 ,.

oo 04 000s ooce

BA 601 KannbpoBouHbiit Mpumep " Cnaiin 7 u3 20
KoHTponnep B-RAX 3400 obvem KannbpoBOYHON KPUBOIA



Ona namepeHnsi abConoTHOrO 3Ha4YeHUa U 3HAKOB Monspusaunm rnyyvkoB NPOTOHOB UK
HenTpoHoB Ha konnavgepe NICA cospaetca abcontoTHbin nonapumetp (APol) ¢
BHYTPEHHEN NOMAPU30BaHHON MULLIEHBLIO A8 CTPYM aTOMapHOro Bogopoaa/aentepus.

A6contoTHblit nonapumertp (Apol)

.
\

AGCONIOTHLIN NONAPUMETP UCNONb3yeTCcA ANSA

- NamepeHus
nonapusaummn ny4vka Ha
yctaHoBke NICA

- onpegeneHna BUAHUS
LWyMa Ha nonspusaumio
noboro obopynoBaHu4

NICA

- KOHTpoOnd CTENEHN
nonapusaummn nydka Bo
Bpem4 paboThl
Konnanaepa
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Part of Apol parameters that we need to control and
monitor

[TapameTpbl ANA

MOHUTOPWUHTIA .
d BOAﬂHoﬁ KOHTYp dpamMmeTpbl ANA ynpasaeHUA
oxnaxaeHusa (10 * Pexxum KpnoHacoca (BK/1,BblK/)
AATYNKOB) * Pexkum Komnpeccopa (BK/1,BbIKN)

* Komnpeccop CKOPOCTb
pacxoaa BoAbl

* [Ipouecc PereHepauuu

KpMOCUCTEMDbI

* Compressor (CrapT,0T™meHa, Bbik/iloueHue)
AaBneHne KOMNpeccopa Ha . yana43 (CHpoc, MpoayBOUHbIN,
nopaye/Bo3sBparte

dopBaKyyMHbIi)

* Cryosystem TemnepaTtypbl
nepsou U BTOPOM
KpuoreHHou ctyneHnu (K)

» KnanaHa (Cbpoc,
[MpoayBOYHbIN,

dopBaKyyMHbI)
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1) Brooks Cryosystem diagram for APolL

HELIX INTERCOMPONENT NETWORK

ON-BOARD /S REMOTE

. ol

~

HOST RS-232

24 VDC

[locTaHOBKa 33434M:

TpebyeTca  yOAaAN€HHbIN  MOHUTOPUHT WU

ynpasaeHue yepes nporpammHoe

obecneyeHune Ha K. Heobxoanma

COMPRESSOR HELIX INTERCOMPONENT NETWORK BO3MOXHOCTb byayuien nHuterpaumm ¢ SCADA-
ADDRESS - CHANNEL C v
CUCTEMOMN.
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CTpyKTypa KOMaHAbl
3anpocos M oTBeTa

Full regeneration start:
2450 3031 4E31 600D (HEX)

$PO1N1" (ASCII)

Compressor ON:

2450 3230 4131 540D (HEX)
$P20A1T (ASCII)

Get supply pressure:
2450 3230 4F3F 310D (HEX)
SP2007?1 (ASCIl),

CTPYKTYypa KOMMYHUKALLMOHHOTO NaKeTa
cuctembl On-Board IS Controller:

* A starting flag character: S for
ASCII (24 hex%

* P and a cryopump or
compressor address, when
communicating with a
cryopump or compressor on
the network

e (examples: POO=cryopump #0;
P20 = compressor #0) Or N
when communicating directly
to the Controller

* Message dependent Data
Field Characters

* Message Checksum Character

* An ASCII carriage return (CR)
code (OD hex)
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ANrOPUTM PacYE€Ta KOHTPOJSIbHOM CYMMb
nns Brooks Cryosystem

Checksum calculation algorithm

1)Sum all bytes from an array of ASCII
characters to each other

2)logically multiply the sum from step 1
by the mask 11,000,000 (192 in

decimal)

3)divide the number from step 2 by
mask 100 00 00 ( 64 in DEC)

4) The resulting number from step 1
XOR the number from step 3

5)Result from step 4 logically multiply
(AND) by mask 111 111 in HEX (63 DEC)

6) 48 (DEC) + result from step 5 = CRC

Check sum calculation (C#)

private void buttonl_Click(object sender, EventArgs e)

var a = Convert.ToInt32(textBox2.Text, 16);

var b = C ert.ToInt32(textBox3.Text, 16);
var ¢ = Convert.ToInt32(textBox5.Text, 16);
var d = Convert.ToInt32(textBox4.Text, 16);

var f = Convert.ToInt32(textBox1l.Text, 16);

var s = Convert.ToInt32(textBox12.Text, 16);

var ss = Convert.ToInt32(textBox13.Text, 16);

// var f = Convert.ToInt32(textBox1l.Text, 16);

var result =a+b+c+d+f + s + ss;

// textBoxl.Text = (Convert.ToString(result, 2).PadLeft(8, '0"'));
// ©b11111111 ~ ©b100= ©b11110111

int h = 192; //maska

int z = 63; //maska

int mask76d bin = result & h;

textBox6.Text = (Convert.ToString(mask76d bin, 2).PadLeft(8, '0'));
int realmask= mask76d bin / 64;

textBox7.Text = (Convert.ToString(realmask, 2).PadLeft(8, '0"));
int xor_result = realmask ~ result;

textBox8.Text = (Convert.ToString(xor_result, 2).PadLeft(8, '0'));
int maskds5de = xor_result & z;

textBox9.Text = (Convert.ToString(maskd5de, 2).PadLeft(8, '0'));
int addende = 48 + maskd5de;

textBox10.Text = (Convert.ToString(addende, 2).PadLeft(8, '©'));
//hex representation of checksum

string shex = Convert.ToString(addende, 16);

textBox1.Text = shex;
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LabVIEW control software for cryopump system

Features:

* Direct control for cryopump

and/or compressor
(2 types of regeneration,

supply/return pressure
monitoring, water flowrate

*\alves status and control
(Purge, Exaust, Rough)

* Event driven

*First and second

stage temperatures

Regeneration | Compressor | Cryopump \ Advanced ‘

Monitoring
start/stop

Read Regeneration
State HEX

Read Regeneration

Read system status State ASCII

Read number of
regeneration cycles

Read First Stage
Temperature

Read Regeneration error
description

Read Second Stage

Temperature

Full Regeneration START

Fast Regeneration START

Abort Regeneration

SHUTDOWN

Start Fuil Regeneration
that stops
after cryopump is warm (330K)

Temperatures Return pressure Supply pressure Water flowrate
First stage, K Second stage, K Bar Bar
31 33 1 12
100- 100- Psig Psig Wate Flow Rate (gallons/min)
: : 1595 174 363
80- 80- p—T— - v P &7
: i /500 7 P 500 < G255 N
: o { 400 600 : { 400 600 A. 15 35 . 2
602 - / 300 700 \ / 300 700 \ [/ ! 4.5
3 = 8 AL \ [Cos 457\
a [~ 200 800 7| [~200 8007\ | N
0 [ == I [ Fo 5-]
: | 100 900 | 100 900 ./ | /
20~ W 1000 /A 000 / ‘
2 5/ . N
0= :
Valves Statuses
Exhaust Purge Rough Cryopump motor TC gauge Power reset Power reset2  Compressor (ON/OFF)

@OV

DJIVO9 U

User interface (LabVIEW project)

[ ploto [~ |

COM port settings Response ASCIl from Cryopump bytes read
[ comao |2} ] || [0 |
C — J L
baud rate Response HEX from Cryopump Status
— ( Y r 2}
=1 [ 9600 ’ \ ‘ \
data bits 2
(= ‘7 ‘“ code description
= X Command understood and
parity resultant rep.ly (if any) follows.
= o) No power failure or reset has
:‘[Even occured since last
- o acknowledgement
stop bits 7 g
r ~ Regeneration abort eror code description
=0 LabVIEW-PC error out
;I oo ’ status code
ow control _j
= 5 g fo
: None 0
Temperature chart ‘ Pressure chart | Flowrate chart ‘
35+
32
v
5
B
o
-9
£
£
=1 |
0 284

Time

PROGRAM STOP
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Water monitoring for Apol

Coolant loop monitoring (water)

I

| il

Dwyer P2 flow switches
(8 DI, 2 Al -voltage)

10 channels

Cmanin 14 us 20



10 channels water monitoring for APol
Features:

OWEN PR200 monitoring_Dunin_30_08_2022

S—

Owen PR200 micnitoring tocl
VISA [+ RTU 7] al2ion] [or it {®] |JINR, Dunin Nikita, 21.02.2021
]

Monitoring | - |
DO 1 DO 2 DO 3 DO 4 DO 5 DO 6 Do7 DO 8 DO 9 DO 10

ejeleleleleloo)o e

ecTb eCTb ECTb

Ta[False ~

Boaer ner|~{r 4312

register 512

1

1| False 't

flow coptrol

ecTb ecTb

ecTh ecTb ecTb ecTh ecTb

- . Ui number of inputs
register 512 register 513 register 514 register 513 register 516 register 517 register 518 register 519 register 320 register 521 parity
;Eig
1 1 1 1 1 1 1 1 1 1 ﬁ

WFelke -}

B
p
-
>
T..

I‘J_tl
1
[ False 't

STOP manitoring

OWEMN PR200 menitering_Dunin_30_08_2022

* Modbus protocol implementation

* Possibility to control different electrical
loads with Owen PR200 PLC

[False ~]
i A—
= S ’n |c
Se— [Boas ner]
n = e
e ‘ M 1 False 't

. register 320

DClQ

14 Falze ‘t

W[ False ]
{ra521]
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MpumeHeHune ®IY ana namepeHmna nonapusauum (SPD)

B pamkax npoekta NICA no nporpamme nonspu3aLMOHHbIX WUCCNefoBaHUN B PU3MKE BbICOKUX
SHEPrnm MCNoAb3yeTcs MCTOYHMK MNOAAPU30BAHHbLIX WMOHOB SPI AnA nonydyeHma NoAApM30BaAHHbLIX
My4YKOB MPOTOHOB M AENTPOHOB

[11Aa N3mepeHna n KOHTPOAA CTeNeHU NONAPU3ALMM YCKOPEHHbIX NYYKOB Npeanonaraetca paspaboTka
NONAPUMETPOB HU3KUX M BBICOKMX SHEPTUN.

na nsmepeHuna nonapmsaLim ny4yka npoToHOB Ha Bbixoae M3 SPI (Npu HU3KUX SHeprmuax B AnanasoHe
100-125 KaB) byaeT MCnoib30BaThCA NOAAPUMETP C MCMOAb30BaHMEM peakumm cananus D(p,y)2He

, [[le B Ka4ecTBe M1LLIEHM BbibpaH TBepAblin AeUTUPOBaHbIA NOJINITUNEH.

B maHHOM cnyyae notpebyeTcA MamepeHMe ramma KBAHTOB OKOs0 3.5 m3IB AByx nsevax,
NO3TOMYy HeobXxoAMMO OAHOBPEMEHHO CYuTaTb ABa U Bosnee KaHana WMAM aHaNM3MpPOBaTb
AaHHble Cc ABYX U Bonee ycTponCTB.

M3BECTHO, YTO MOHM3UPYIOLLEee n3nyyeHme (ramma m 6eta mM3nyyeHuns) Npm B3aMmMoaenCcTBUm
CO CUMHTUINPYIOLLMM BELLECTBOM MOPOXKAAET U3NYYEHME B ONTUYECKOM AMana3oHe B BMAE
bOTOHOB.

B dusnKe CUMHTUANATOPOB MNEPBbIM U LIMPOKO MCMOAb3yeMbiM GOTOAETEKTOPOM CTas
$OTOINEKTPOHHLIN  YMHOXMTeNb. COOTBETCTBEHHO, ANA peructpaunm ¢$oTtoHoB bObina
pa3paboTaHa AeTeKTopHaA cuctema Ha ocHose @IV,

Cnaiig 16 us 20



CTpYKTYypHaA cxema AeTeKTopoB Ha oCHoBe PIY

_________________________________________________________ AHANOTOBR .
_ (HAN
P34 1 Yo AU+ 5
_____ 1 RAMHUSB]|
T S | [e— |
o L ----- T nopogon Lo ;
[lemexmapHas cucmema (WTHA/T Moduns cdopa danmsx
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[eTeKTopHaa cucrema Ha ocHoBe PIY ¢ BGO cumHTUANATOPOM

Dimensions of BGO crystal is 20*20*40 LV User interface for RIGOL DS4024
Power supply—5 V. ot drr | satins |

VISA resource

15 USB0:0¢ 1ABT:0x04B1:DS4A213400116:INSTR =] Elapsed Time (s) Impulse counter Ppgositive Peak Impulse trigger

Internal high-voltage power supply circuit - 103 41 omm :)

Channel 1 =]
;
E— | Min Peak

- - -1.125 Current time

: Vertical Scale '

: rtical Scale

W 11:28:02
Time between two last impulses |_1’1 with v, 30/09/22

] AUTOSET .
VNSRRI 0,210184 Amlitude
- . Configure instrument Channel? ] 1 square =10 m A (G
0 H13543-01 3 CHANT 4‘ =

i

Export Data

@  PUSH TO PAUSE
M quit

rrrrr

| 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 €50 675 700
Time

5]

. ' Single photoelectron BGO cosmic shower
Photon counting module Amplitude 30-45mB ,length 15-18 ns Amplitude 160-250mB ,length 500-600 n

with 32bit ARM controller Milandr

LV User interface for H7155 Counting module

Mporpamma c6opa AaHHBIX ¢ ®IY |Hac|poum| Scope |
Hacmpoixu UART woto 1M |

““ E DC POWER SUPPLY ~»tu/////

100-

VISA resource name Run/STOP SWITCH Stop
coms |- '

qudnte(m) MNpouurats 6aiit
$15200 | ;;‘1000 7o
data bits (8) s
® e
parity (0:none) £ °
2 None | .

0} n 0 0 0 0 v 0 0 v D 0 g
0 100 200 300 400 S&) 6&) 70 800 90 1000 1100 1200 1300 |‘l50
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Op,HOKaHaanble AeTeKTopbl Ha ocHoBe PIY Ana ramma cneKTpocKkonuum

oy ACP - [Bxoa 1] -
MY Okna Waiin Bpemsa Crapr OuncrinTs ,J.EucTEnE ¥npasnerme Mamepenne Ycorpoidictee  MNomows
Bron1: 0-0:01:11 BESAHTE @ HEPrHID NOMEYSHHOrD Mapkeparad e Maprep 1 == 0O ¥= =2BEE

1130 = 0 =] ov [GE] _cance Maprep 2 x= 640 = E17

HMurerpan= 20733311

=1
10 =

Msmeperite muka

Srepria: 113000keV =329 32 waH.
Pazpewenne: 174,88keV =174,88 wan.
HenunefinocTe: -800,68keV =-800,68 kan.=-19, 5479 %

1280 1920 2560 3200 2840

Bricokae oK
o = Carcel

PucyHok 3 Cnekmp Cs137 8 CBUHUOBOM KOs/1UMAmope
Lemekmop 23505

#A¥ ACP - [Bxoa 1] g i

AV Owna ®aiin  Bpema Crapr  Ouwncture  [eiictene  ¥npasnenwe Mamepenne Ycorpoiicrso  Momowy

Bxon1: 0-0:07:40 BESAUTE OHBPrHIO NOMBMEHHOrD rapkepavi nv._ Mapkep1ix= 120 = 116
= = [ 2 = an@s - i
RECTE I I (Y [OE] _Cancery omsi™= £

MHrerpan= 4012200

PucyHOK 1. Obwul uod demeKmOpHou cucme/vlb/ 1076

] Ba0 =) 3200 3ga0

Town | Buicoros
Msmepenie niixa 2 cancel
Sreprua:; 1130,00keV =836,88 kan.
Paspeiuenue: 584, 78keV =584,78 wan.
HenuneiinocTe: -203,12keV =-293,12 kaH.=-7,1562 %

Famma cnekmp Co60. [lemekmop 23506 (McmoyHuK Haxooumcs cboKy be3 c8UHU0B020 KOMHCYXA)
PucyHoK 2. AHanoz2o8wil cuzHan om Co60. Caiin 19 u3 20



Pe3ynbTaThl:

* Pa3paboTaH KomnaeKkc NporpaMmmHbIx
moaynen B cpege LabVIEW 2020 ansa
NOJIHOIO LKA YNPABAEHUA U MOHUTOPUHTIA
3KCNEePUMEHTA/IbHOW YCTAaHOBKM.

e ObecneyeHa MHTerpaLUmsa c pasHOPOaAHbIM
obopyaoBaHMem yepes cTaHAAPTHbIE
nHtepdemcol (UART, TCP/IP, Modbus TCP IP).

* [lpymeHeHa cobbITUMHO-OPNEHTUPOBAHHASA
apXUTEKTYpa AN NOBbILLEHNA HAAEXKHOCTW.

[ToumeHeHue:

HacTtoAaulee Bpema:
JKcnayaTtauma B yctaHosKe SPI
(Source of Polarized lons).

[lepcneKTuBa:

byayulee npyumeHeHUe B HOBOW
yctaHoBKe ApOL.

(Absolute Polarimeter for SPD)



MeToauka co3gaHnAa NamMepuTeribHOU MHOrokaHanbHOU CUCTEMbI

Lugpabou TTL cuzvan

F 9
[Inama Pezucmpamapa
| 1
i =00 flozvseckas || Komponnep| !
; Cxema |
i ﬁﬁgﬂjﬂﬂﬂ?ﬁﬂ/ﬂf’ﬂb umurabnadesys MU/?QHL?}U i
oo mrmrm et rm e mrm e :
Nemosruk _ _
UMaHLS [Inama @34 naama denumeneu Hanpsxerus, naama BeicokobonsmHex npeadpasobameneu Ananozobul]
et L A S -
o265 1] e kAo L1 evco o34 |d o3 1 Ly
| pedpasobamens koutepmep [T\ KﬂHﬁPﬂWEP‘_I_ . ;
i denumenel
! 2 J_ HANpAX eHus
|
; MO U o3y 3 L
i HV korbepmep
|
/MEQUMEHES AT VSMEQUME/LHIE DA o omomomomooemmmmme )
e ]
I | I !
: Yewnmsme s Juckpururamop— Poprupobamens— HCPL 0601 _5_ : Seunumens = luckpumuramop—Papmupobamens—HCPL 0601 : ’1
i ishaper) amongpa_| i {shaper) anmanapa i
| 1 ‘ » |
' , A Buidi cuz | i AHanozobsid cuzkan i
: YSeunumenop=» Hﬂ-ﬁg ;;égj*ﬂﬁ : i Yeunumens=» LEMO pasbem i
i i [ |
L o e e e e immimm— J L ____ J
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anIHLWIn MOAYJIbHOCTU ,D,eTEKTOpHOVI CUCTeMbI

2. I3mepuTesbHasi mjiata
(mpenycHIHTEIH — YCHJIMTEIIH)

| PMTI PMT 2 PMT 3 PMT 4
Kl= 0,2 Om 0,2 Om 0,2 Om 0,3 Om
Dl= 1,08 mOm | 1,234 mOm | 1,234 mOm | 1,082 mOm
D3=| 1,608 mOm | 2,007 mOm | 2,007 mOm | 1,609 mOm
D5=| 2,018mOm | 2,779 mOm | 2,780 mOm | 2,019 mOm
D7=| 2,312mO0m | 3,551 mOm | 3,552m0m | 2,313 mOm
D9= | 2,488 mOm | 4,323 mOm | 4,325 m0m | 2,489 mOm
A= 2,646 mOm | 5,193 mOm | 5,196 mOm 2,646 mOm
D10=| 2,532 mO0m | 4,707 mOm | 4,710 mOm | 2,533 mOm
D8=| 2414mO0m | 3,937 mOm | 3,939 mOm | 2,415 mOm
D6=| 2,180 mOm | 3,165mO0Om | 3,166 MOm | 2,181 mOm
= 1,828m0Om | 2,392 mOm | 2,394 mOm | 1,828 mOm
D2=] 1,359mOm | 1,620 MOm | 1,621 m0Om | 1,360 mOm

3. lenurenn +
H3mepureabHas miara

4. Coopka +
BrLIcOKOBOJLTHBLIE

IJ1aThl

PMT 1 PMT 2 PMT 3 PMT 4
D1= 221,3B 22198 22198 22168
Dz = 286,7 B 287,18 287,1B 286,7 B
D3 = 351,7B 352,3 B 352,2B 35168
D4= | 417,7B 418 B 418 B 4176 B
D5 = 485 B 486 B 486 B 485 B
D6 = 556 B 557 B 557 B 556 B
D7 = 632B 6318 631B 6318
D8 = 711B 711B 711B 711B
= 798 B 798 B 798 B 798 B
D10= | 894 B 894 B 894 B 894 B
A= 991 B 992 B 991 B 991 B

5. Coopka + @Y

6. C66pKa +

Perucrparop
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Count

Dark current from Hamamatsu PMT {Channels 1 and 2)

140000

120000 A

100000 A

80000

60000 -

40000 -

20000 4

=== 1le (Electronics and Preamps noise_Gaussian_fit)

=== Vavilov-Cherenkov glass emission for PMT enter window_Gaussian_fit)
—a~ Lagrangian Fit (3-5 mV Electronics and preAmps noise)

1 PMT 1 - PMT4 Signal 1ch_Hamamatsu_3M 79224 _231206_Idb1000 0.6

B PMT 1-PMT1 VETOL Signal 2ch_Hamamatsu _3M 79058 231019 I1db1000 0.2

Electronics noise 3 mV {preams + HV/

(1e Gaussian Fit:

(60 mV vavilov-Cherenkov Gaussian Fit:|
Mean = 21.69 mV |

Mean = 60.63 mV
sigma = 7.54 mv
|Dispersion = 56.83 mV?|

Sigma = 1.39 mv
| Dispersion = 1.92 mV*

Vavilov Cherenkov emission of the PMT glass
ol

20 40 60 80
Voltage (mv)

Pacuér
HMHTEHCHBHOCTH
I nuka 60 mV:

N _ 1984 _

time 19140

0,103
=0.1Hz

Hagano n3mepennit
9:35
14:54

t =5 gacos 19 munyT
t=19140 sec

N(60 mV):
N_1 xanana = 1306
N_2 xanana = 1984

[upuna
OJTHOBJIEKTPOHHOT
0 IUKa =

CUTIMa BTOPUYHOIO
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PMT window

direction




Spectrometer components

Detector (gamma-spectrometer) consists of

1) 10x10x30mm (size of active area) scintillator Csl (T1),

2) SiPM (SensL — Ireland),

3) Preamplifier,

4) ADC,

5) FPGA(Altera) and Microchip microprocessor unit with USBxpress chip
(Silicon labs).

All components, are placed on 2 of the original circuit boards, including analog and digital electronics,
signal processing circuit, and the full supply chain of the spectrometer.

It is configured as a monoblock with the digital Why C5|(T|) 2
interface connector.

This interface allows to connect to any external
processing device via the USB.

Additionally the digital frequency output proportional 1) its large light output [photons / MeV],
to the level of ionizing radiation.

The scintillation crystal CslI(TI) was chosen
because of

2) high atomic numbers,

3)as well as because of its peak in the spectrum of
the luminescence peak sensitivity close to Si-PMT.




Communication
protocol

Port settings: 921600 / 8-N-1;

Device communication works as “Request” — “ Response” model.

All “Requests” 1 “Responses” — has their unique codes(see table):

I
Hex P

ZDLE 0x18  Prefix
ZDLEE 88 0x58  Exclusive prefix
START 240 OxFO  Start of the data packet
STOP 15 OxOF K
Example of request ORI

| ZDLE | START ZDLE STOP

Example of response
o a1 [l 2 [ 3 [ .. | N#3 [ N+ [ N+5 [ N+6 |

ZDLE START CMD D[O] D[N] CRC  ZDLE STOP

CRC - checksum
CRC — how to calculate it: First value of CRC is 0;

CRC= CRC xor CMD xor DI0] ... xor D[N].
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Main algorithm

ReadTimeout

WriteTimeout

ﬁp =
Sk
Timeou

|C}pen | |E‘+aud,."rate| |Write|

-2

Dpen ek

Elapsed time

alrih:- I 45.

= =1
Ficad Clar:

921600

read request

[RADATEH RT-3.0 SiPM spectrometer |

JINE, MPD collaboration, Engineering
support group, Dunin Mikita

si-pa
FT -3

w10

Build XY Graph2

Alnput

CP5

o
]

¥ Input

RT-3.0 SiPM RADATEH

I
4
[T iy

Enable XY Graph

H errar out ¥

L. » Enable

kerror in (no errol

DELTA
7]

=ik
Temperature

=2

)

Dead time 2[%]
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Reset - Reset
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Requested Information

USBxpress DLL library

MumDevices out

Mumber of devices connected to HOST

3 '|Enu
&

4k

DeviceString out

dbc

Get Vendor ID, Package ID , Device description

HighVersion out

Get DLL version LowVersion out

This function returns the number of devices connected to the host.

SLSTATUS WIMAPI 5I_GetMumDevices(
LPDWORD lpdwMNumDevices

X
error in (no error) rE#rLT[ error out
[t b 1 EE_:! ?!"‘?!mh@
I3 1 .
'-'“I'-'“ — MNumDevices out

DWORD dwDeviceMu

DWORD dwFlags
b3

m,

LPVOID IpvDeviceString,

SLSTATUS WINAPI SI_GetProductString(

This function returns a null terminated serial number (5/M) string or product description string for
the device specified by an index passed in DeviceMum. The index for the first device is 0 and the
last device is the value returned by SI_GetMumDevices -1,

.  [Err-
error in (no error) =] error out
I Fat Moot B 1 Bl S e
I3+
[TETH TR 1 1
£ DeviceString out
[IEFN HXEE Fab« |

DeviceNum
{
Requested Information

Obtains the version of the DLL that is currently in use.
The version is returned in two DWORD values,
HighVersion and LowVersion. This corresponds to
version A.B.C.D where A = (HighVersion »>> 16) &
0xFFFF, B = HighVersion & 0xFFFF, C = (LowVersion
=» 16) 8 0xFFFF and D = LowVersion & OxFFFF.

error in (no error) |_E#rirl error out
P o Wl 31 EE 7 ?!"?!:nr?-'n
I 1
[TEEN MNET]
[TEEN MYET]

HighVersion cut

LowVersion out
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Features:

- Wide temperature range (-10 to 55°C);
- Average service life - not less than 15 years;

1) Magnetic field resistance

magnetic fields of industrial frequency with a

voltage of 800 A/ m, quality criterion - A;

2) Sinusoidal vibration resistance

sinusoidal vibration in the frequency range from 10 to
500 Hz and an offset amplitude for frequencies below the
transition frequency of 0.075 mm;

3)Strokes resistance with an acceleration of 100 m/ s2,
a shock pulse duration of 2 - 50 ms, a shock repetition
rate of 60 -180 per minute.

Possibility usage:
» Dosimetry systems

to assess the extent of damage of the
radioactive equipment for personal
dosimetry.

Modes of operation

Amplitude analysis of gamma radiation,
measurement of EDR and ED of photon
radiation.

Dose rate range of gamma-
radiation

0.01 - 5000uSv/h

3. | Energy range of gamma- from 20 keV to 2.5 MeV, from -10 to 55°C
radiation
4. | Settings range thresholds DR from 0.01 to 5000 uSv/h
5. | Instability of readings when 5%
measuring the dose rate for
continuous operation 8 hours,
no more than
6. | Calibration less than 60 sec
7. | Terms of Use:
- ambient temperature range; |from -10 to 55°C;
— the relative humidity;
— atmospheric pressure up to 98% when 35°C,;
from 84 to 106.7 kPa
8. | Ingress Protection IP65
9. [Power consumption 25 mW
10. | Indicators of reliability MTBF - not less than 20000 hours;
average service life - not less than 15 years
11. | Interface -USB
-RS485, CAN ( its possible with hardware
and firmware upgrade)
12. | Dimensions 20x30x60 MM
13. | Connector 1-GND;
2-+(4-12)V;
3-+D (CAN L);
4--D;

5- Alarm




