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Main goal and tasks

Goal: asingle hardware—software solutions for control, monitoring and automation of the
critical infrastructure of the Source of Polarized lons (SPI).

In practice, for the SPI setup:
1. Transfer of the 12 polarization tags.

2. Integration of lab equipment over SCPI (supplies, generators, counters).
3. Voltage / current measurement (ADC, PLC).
4. Temperature and water-flow monitoring of cooled parts.

Main tasks
* Power-supply management for the polarization cells.

* Control of the signal generators (spin modes & polarization marks).

* Control and monitoring of multi-range DC power supplies.
* Feedback control via ADC/DAC crate modules (STM32).

Cooling parametersand  temperatures via a PLC.

Source of Polarized lons (SPI)

TpaHcnopTuposka Ha RFQ
MOHHOTIo nNy4yKa

AuccouunaTtop TNOJIAPU3daTOP

% [0 LA

Siemens PLC Pulse generator CAEN VX1730 DIG.

//" 6»
HakonurenbHan AueMKa
(zapagoo-obmeHHan o6iacTb)

3apsao-obMeHHbIM
MOHMU3aTOpP

2/17



SPI facility connection diagram

(spin modes control, (CAEN 16c¢h digitizer,
monitoring) vacuum system, detector setup)

Tango controls

SPI facility PC

Polarimeter_DAQ

file server-client
downloader for measurements

Control room PC

( Remote access ) C Remote access )
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Example configuration of a Quantum Composer 9520 digital signal generator

How digital signal generator delays work:

- Pink = 1 millisecond:;

- Blue =100 milliseconds;

- Green = 500 milliseconds
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L{uknozpamva padoms cmanobky SPI
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n———mm

1

2 Off
3 Off
4 Off
5 324
6 324
7 1->4
8 1->4
9 1->4
10 324
11 off
12

Each mode combines MFT / SFT / WFT radio-frequency transitions - defined vector (Pz) and tensor (Pzz) polarization;
4-bit code tags the mode in the data. Mode 12 = “False mode” (sync-error flag).

Required spin modes for the SPI
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5 channel

-

Output signals for polarizations cells control (QC2)

5channel

Polarization tag

—is ON:

RF WFT is on
dcycle
delayOs
width3s
Oncycle 1
Off cycle 2
Wait cycle 0
Amp 4.35V

7channel
SFT 0.5 A (2->6)

is ON:
dcycle
delay 5s
width4 s
Oncycle 1
Off cycle 2
Wait cycle 4
Amp 3.05V

8channel

SFT 1.75A (3-
>5) is ON:
dcycle

delay 5 s
width 4 s

On cycle 1
Off cycle 2
Wait cycle 1
Amp 3.05V

7 channel

8 channel ™

Pt
|
\

trigger from QC1

Polarization Polarizati
tag +is ON: on tagis
Dcycle 0
delay 0.009 s dcycle
width 4.9902s delayOs
On cycle 5 width 3 s
Off cycle 1 On cycle
Wait cycle O 1
Amp 4.35V Off cycle
2
Wait
cycle 2
Amp
495V

RF SFT is
ON

dcycle
delay
0.003 s
width 0.01

s
On cycle 5
Off cycle 1
Wait cycle
0

Amp 4.95
V

Trigger
from QC1

Trigger
Qc2

delay 0
s

width
0.00004
s

Amp5V

3 shannel :
NEgE

i T . '

2 channel

2

6|channel

3 ‘ ‘ I

trigger from QC1

4

Z2: 500V

g: 5 00V

W4 5.00V

M-200V

N DCIMS! DCTHQ DCTHQ CH1 - CH3
[0} fs 100mVofs —10 OVofs —17 7. VEnpty )

Signals for polarlzatlons tags (Duty cycle, On cycle, Off cycle Wait cycle examples)
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Control signal generator

sed to control the ignition, discharge, and accelerating-voltage units, as well as the H,/D, and D,/H; valves of the SPI (Source of Polarized lons) setup.

Previous solution — Quantum Composer 9520 Current solution — Custom 28-channel generator
Control panel | Settings |
Wait [ =t~ Delay | Width [ Amp [DCON [DCOFF| SAVE
+ [Eo /|:,—“_:to- AT S B S0 SO
G =] A Eow— A o) G
RF SFT{Z[ 1o | -”M o ED ) B3 B B |
| B G Gom o) F
== = P — Towed ]
]i:i“ :a_os]ﬂ ]‘ [2 ] ENO8 Q
G o o e sl T —
6,12 f }1,35”?27 ]Ljs | 7‘-‘% g;':.':::;::
”: 612 ‘(j'u‘zs]}rj”zi ‘,,:,37 .M"“‘ |

LabVIEW SCPI client (TCP/IP) + 8-channel pulse generator Altera Cyclone IV FPGA unit + software client (Modbus)

L
%% !{IH)KeHepKa

yHapoaHaa uH pHan
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Communication protocol (Modbus, request —response)

Tafnua CWHXPOHM33LMA  YNpaeneHWe ycTpodcTBOM
(3 YcTpoicTeo Wrmn 3anepwka NAMTENBHOC T Bkn. HuB.
Input registers (read-only): temperature, voltage, power; ' ara 020) pcowerp s sowc [l e
[ ) - H
p g y ' p ’ g ’ p ’ 2 Moaynatop BY auccouuatopa 903.5 MC 50 MKC ' it HeT
||n k Status; error cou nte rS. 3 A3 Knanaw H2(D2) gyroBoi MCTOMHMK 986.5 MC 158 MKC n na HeT
4 B 3anyck ocuunnorpaga GWinstek 997.2 MC 35 MKC ' na HeT
- Holding registers (read/write): per channel (24) — start 5 45 3anyex wacc-crextporeTpa  907.2 1 ke =na
. . 6 A6 3anyck ocy. Tektronix 987 Mc 2088 MKC na HET
Sourcel dE|ayl pU|Se Wldthl ampIItUde 0_12 V' 7 A7 3anyck 6noka nogxura 987.215 MC 35 MKC ' aa HEeT
8 A8 Janyck 6noka paspaga 997.235 Mc 158 MKC n 12 HET
- Pulses formed from the 10 MHz and 40 MHz system clocks. ||, ., 3JanyCK yck. HapaRewa wr.as v soomc [ a
16 B2 MponeTHuid (MHA.) AATYMK 987.2 MC 1 MKC ' na HeT
11 B3 ¥np. COIL2: BKn/BblKA 388 MC 1668 mc ' na HET
12 B4 Test 188 HC 1888 mMc n na HeT
13 B5S GWinstek karywku gyrosoro 480 MC 1068 MC ' na HeT
Request example 14 B6 TECT 30H3 NEHrMop 996.65 MC 5 MC n JiF HeT
15 B7 1668 1668666
01 06 00 OA 70 OC F8 OC -> Delay907.15 " "
16 B8 START FOR ADC 1 mMc 9808 Mc HeT HeT
ms
) 17 a1 START FOR ADC2 1 e 9999.36 c [N a2 HeT
01 06 00 OC 4E 20 E8 OC -> Width 500 ps .
18 C2 Actual start_test sig 1 mc 9988 MC HeT HeT
01 06 00 OE 00 11 F8 oC - OUtpUt ON 19 C3 test sign2 1 mc 408 Mc HET HeT
20 C4 1 mc 208 He HeT HET
2105 188 Hc 5080 mc HeT HeT
22 06 1 Mc 9808 MC HeT HET
2307 2488 HC 166888 Hc HeT HET
CP MH>xeHepKa
% Mex@gyHapoaHana MHXEHEDHaA WKoNa 24 c8 1 mc 1608 mc Hel Bl

Synchronization table — software client
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< > C @® localhost:3000

maestro
ws://localhost:7777
spi/epss13-24/modbus

OTKNHOUYNTECA

Spin-modes control and monitoring using TANGO controls

CucreMa CMHXPOHM3aLWMM UCTOYHWUKA
noaspusoBaHHbIX MOHOB SPI

mode-1

mode-2

mode-4

B+« B 3 ©

. CocroaHue: RUNNING

MoaknwoueHo k: spifepss13-24/modbus
10,93.114.88:502

@ Counters / Polarimetry / Spin Mode / SCADA - VX1730

Event Counters | Polarization (RUN) | Spin Mode (Tango) | Spin map | SCADA diagram |

High-level Frontend control panel

Current spin mode (raw / interpreted):

mode-3 +

last change: 2026-08-03 06:02:33

. connected

Tangeo connection

Device URL: 5

Attribute: | getCommandMame ‘ Start connection | Close connection | Refresh now |
Update settings

Update period: ms [ | Use CHANGE events (fallback: polling)
Spin mode history

2826-98-83 B5:57:89 mode-3 -+

2826-88-83 B5:57:54 mode-1 -3+

2826-88-83 B5:57:57 mode-2 -F o+

2826-88-83 B5:57:59 mode-4 =¥ -

2826-88-83 B6:88:53 mode-3 -F o+

2826-88-83 86:081:24 mode-1 -+

2826-88-83 B6:81:27 mode-4 - -

2826-88-83 B6:82:33 mode-3 -+
| Save log... Clear log

Polling 'getCommandName’ every 50 ms

Client side for current spin mode monitoring
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Spin-modes control and monitoring using TANGO controls

< > C @ localhost:3000
_ Cuctema CUHXPOHW3aLMKU NCTOUHWKA
Hactpoiikm
Nnoaspu3oBaHHbIXx MoHoB SPI
maestro

ws://localhost 7777

spi/epss13-24/modbus

mode-1 mode-2 mode-3

OTKAHOUMTLECA

High-level Frontend control panel

B x B3 @ :

. CoctoaHue: RUNNING

MoaknwousHo k: spifepss13-24/modbus
10:93.114.88:502

@ Counters / Polarimetry / Spin Mode / SCADA - V1730

Event Counters | Polarization (RUN) | Spin Mode (Tango) | Spinmap | SCADA diagram |

Current spin mode (raw / interpreted):

mode-4 -
last change: 2026-08-03 06:01:27
. connected

Tango connection

Device URL:

Attribute: | getCommandMame | Start connection

| Close connection | Refresh now ‘

Update settings

Update period: ms [ Use CHANGE events (fallback: polling)

Spin mode history

2826-88-83 @5:57:89 mode-3 ¥ o+
2826-88-83 85:57:54 mode-1 -F o+
2826-88-83 @5:57:57 mode-2 -F o+
2826-88-83 @5:57:59 mode-4 - -
2826-88-83 @5:88:53 mode-3 -3+
2826-88-83 85:81:24  mode-1 >+
2826-88-83 85:81:27 mode-4 - -

| Save log... || Clear log

Polling 'getCommandMame’ every 50 ms

Client side for current spin mode monitoring
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Power supplies for the polarization cells

MFT & WFT — GW Instek PSB-1400M (0-160 V, 0-10 A)

n Dunin_Gwisntek-1400.vi - m] X
File Edit View Project Operate Tools Window Help
S @n ? =
A

Lock Mode ( 0: Lock Panel, Allow Output OFF )

Run m ) Lock Panel, Allow Output OFF

SFT — Rohde & Schwarz SMB100A (RF)

Run ‘
VISA TCP/IP adress of ROHDE&SCHWARZ

[TCP|P0::10.93.114.341:in5t0::|NS1R
Pow (Level)
I 1]
13 I ] 13/ Level(Db)
Frequency
1100000 1 100000~ FREQUENCY
Phas
T =
13 S 13[3ehas
Output State 8
——————— utput state: [
[1 J oor S| m)
Error codes I Frequency settings notes I Control [ Heﬂﬁbea" 308

status code -

® i

source

~
v

\ sto |

LabVIEW client (TCP/IP with device library)

LabVIEW client (TCP/IP +SCPI requests)
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Polarization measurement algorithm

LU-20 linac

pulsed deuterons, 10 MeV

Bending separating magnet
+ water cooling

v
Stripper foil + aperture (C 5-10 um)

removes H,*

v

“He gas target + windows (mylar / SiN)

— § ———

After the CAEN digitizer the per-channel
spectra are histogrammed, then passed
to ROOT for normalization

& —

e ——— o

N

PIN diode LEFT 15°
a (alpha)

<& =

PIN diode LEFT 45° PIN diode RIGHT 15°
d (deuterons) o (alpha)

>

PIN diode RIGHT 45°

d (deuterons)

CAEN VX1730 digitizer

Build energy spectra (histograms)

Offline processing (ROOT)
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Key result

DAQ software development for CAEN VX1730 digitizer

B 10.93.114.2 — Mogkniouenue k yaanenHonty pabouemy crony

# CAEN VX1730 - Histogram Edition v7

Connection: [OPTICALLINK |=|  Link/PID/Host[3 | CUNI-_TNode: VME Addr: [0x00000000 |

Connect ‘ Disconnect ‘ ‘\mportXML”.| Save XML... |

Channels {row T: enable - row 2: trigger mask)

100 mV / 100 ns IR
B O & O ®OKODDOOOO000
To O X OB OKOODODDOOOODOD| &K
resolved at input rates up to 20 MHZ ‘App\y/Re-arm | Start (continuous) || Stop || Single SW Trigger ‘ Force SW Trigger || Reset Board ‘ Setup: [Analysisch  |v| Amp - g Auto-find || Start Simulation |Showh|stogram Save Waveforms... counters/po\anmmm‘ Trigger logic...
Quick setup: width| 100 |ns amp| 100 [mV thr®| 20 [ sofamp|neg [=| | Set&uapply | Prese|  |-|  Butten MaxeventsiBLT: 1023 | Readwticki |8 | Decodel/[1 [ 1mews  eusv: ok [ Auto-run after Apply % BUSV@Nb-1
Calibration: range(20 |v|Vpp extscalex| 10 | = 81221 my/is8 [ CAENScope dark waveform [ Dark GUI (panels + controls)
Waveform
1000 mV y 1OOI’IS y 1 MhZ, Duty CyCIe Event 48113 - 4 channel(s) shown - analysis ch3: depth = 26.7 mV
50% i F ==
1
Pulse waveform !
14000 4
1
(Up to 20Mhz Frequency). !
1
Record length 630 ns window |
]
No external trigger, i
0 - . - i
Vertical: c/div 5 , Horizontal pts/div 100 = |
. . - Wl )
Optical link connection |
o so0o T T T o o o !
a i
< 1
1
]
]
sooogl, !
]
i
1
4000 4 1
e e S OO v W A —— ' v MM AN AN AN P AN \ARANAAAAN A AN A
2000 4 f
1
1
i
|
ulﬂﬂﬂ 12'50 15‘00 17'50 ZUIUU ZZISU 25'00 27‘50 3000
Time (ns)
Zoom: left-drag = box zoom [kept], right-click = reset, wheel = zoom, dbl-click = reset
aAes Q= (x, y) = (2906., 7.60e+03)
Horizontal (all channels) Vertical (per channel)
Position (div) pts/div Post-trigger (%) Record Length m‘m
Fdge Ext trigger: - -
o " [ t- - " Rising oo oLy H Position c/div DC Offset Threshold
CAEN VX1730 digitizer v B[ w B[ > F[w= § "™ hoaowr | C c C C
[ o H[ w H[wm H[ on f

Histogram / waveform DAQ — test pulses from a Rigol DG1022 (1000 mV, 100 ns, 630 ns window, optical link) 13 /17



Beam polarization — definitions and counting algorithm

? Counters / Polarimetry / Spin Mode / SCADA - V1730

Counting algorithm

RUN state (running)

Step 0: Spin mode - . . . 5

cource: tango s - 118 4 PIN-diode channels run in counter mode; for every spin

ram: mode-3 bad =

state: + o Lo tag (+, 0, -) the counts N., No, N- are accumulated, then
AYY = 8,584 .

v combined by the formulas at left.

Step 1: NL (Left) Step 2: Vector asymmetry Pz {vector) %

+ @ eps = [NRB*NL - NL@*MR} +  +8.88 +- .88

LX) B J(NRE*NL + NL@*NR) | - +2.80 +- @.28

-8 Pz =eps / Ay

Step 1: NR (Right)
+ 8
ee
- a8

Step 1: NT (Transmission)
+8
ee
-8

Step 3: Tensor (scatter)
Pzz_v = (1/Ayy) (NMB/NM)
(NL/NL® + NR/NR® - 2}

Pzz (scatter) %
+ +8.88 +- 8.e8
- +8.88 +- 8.88

Step 1: NM (Monitor)
+ 8
ee
-8

Step 4: Tensor (transmission)

Pzz_t = -3.44%(1 -
(MMM} (NT/NTE) )

Pzz (transmission) %

o + +8.88 + 8.88

- +8.88 +- 8.88

spintag mCounter 2
+ +1

N. + +
0 0 No 0 =
- -1 N_ - +

Polarization calculations steps
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In what way polarization is measured with the CAEN system

1 - Calibration & setup

Fill *He target (0.1-0.2 bar), open gate valve, weak beam (1-10 nA), align on
detector max, record background.

2 - Sign switching
Set + spinmode, record C* L, C*_R over fixed pulses;

Switch to - spinmode, record C__L, C”_R; repeat > 10x.

3 - Online
Per cycle compute the asymmetry € and check it is stable cycle-to-cycle.

4 - Offline
Normalize to beam charge (Faraday cup), subtract background, compute r and ty,.

Vector polarization (Polarimeter Work Plan)

(CHCh) — (C/C)
(C1/C) +(Cp [Cp)

asymmetry

r—1
1

. 1/2
, (%) b=
Cr 0 211711

t 11 = Vector polarization

i T1 — analyzing power of e (, d)*He at the given energy and angle (calibration constant).
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Turbo pumps and vacuum control solution

# Polarimeter Integrated Vacuum Control v 1.0.0

THEME  Light/ Dark AUTO-MONTOR Q LOG Stop log

W Charts ‘ Connections ‘

log: pelarimeter_log_vacuum_all.txt

*

2826-88-82 19:13:81

VoltageSet[V] 3@ CurrentSet[A] @.5 | OVPSet[V] 31 ocPa] 1

OUTPUT OFF OUTPUT ON

Apply setpoints

CH1 CH2 CH3 CH4 CH5 CH&
= 8.01e+00 8.56e-05 = = =
mbar mbar mbar mbar mbar mbar
No sensor oK oK No sensor No sensor No sensor
AGILENT TWISTORR 74 FS — turbo pump Device info  ® online
Status Rotation Driving Temp pump Current Voltage Power
Normal 66000 11ee 21 173 36 7
Hz Hz iC méA A W
START STOP Freq. setpoint (1100-1350 Hz):  11@e Set Hz
VAT 642 — gate valve (shiber) Device info  ® online
STATUS Setpoint 25% Setpoint 50% Setpoint 75% set actusl
CLOSED N
OPEN 100% CLOSE 0% READ STATE
POSTION 75
0.0 % Custom opening (0-100 %): 1@ Go
MODE %
INIT
5 T
SORENSEN SGI 40/375 — DC power supply Deviceinfo  ® online
Status VOLTAGE CURRENT POWER
OUTPUT ON 3e.01 9.13 3.8
v A w

[*]

[4]
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Results and outlook

* A complete set of software modules in LabVIEW 2020 and Python/ PyQt covers control- the full

and-monitoring cycle of the SPI.
* Tango controls integration with a high-level frontend web interface.

* Integration with heterogeneous equipment over standard interfaces: UART, TCP/IP, Modbus TCP/IP.

* Event-driven architecture for reliability.

* DAQ software for CAEN VX1730 16 channel Digitizer 1.0 generation.
Energy Spectrum measurements feature implemented based on DRS4 evaluation board logic.

Present Future
In operation now on the SPI. To test with a more number of
(Source of Polarized lons). channels;

The study was supported by the Russian Science Foundation, | 10 obtain energy spectra;

Grant No. 25-72-30005, https://rscf.ru/project/25/72/30005/.
Thank you for your attention!
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Required spin modes In accordance with the technical requirements

12 modes (5 seconds each);

each signal set by its duty cycle — ON / OFF / WAIT — all locked to a common trigger.

TMonHas BpemeHHas AuarpaMma scex 12 Mof (KaXzas Mona = 5 cekyHa) = - —
BbIcOTa = ] KENTBIE MeTKM = B Ne 0N 2 1 e
: 10s  0.0000s Roll (SReady
MNOJNIHAA OUATPAMMA: 12 mop, - - -
MeTku nonspusauum yctaHoeku SPI T
5 channel
= = = ~ = - L]
71
&
£
20
31
-

7 charinel M ﬂ B ﬂ

8 channel

- - prz—=— scwe=—a—si=u

trigger from QC1

e —=ws=—asacy =] [ ] . 1]

4 3 3
=] o o
= = =
] 5 ] ] =R ] =R ]

Full timing diagram of all 12 polarization modes (MFT / WFT / SFT, Pz, Pzz, 1/1,)

0 o
o
O ® ® O ® O
: &
Y ' Y ¥ RTC:2023/11/:
SPI facility timing sequence example
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Feedback control and hardware interlocks

Feedback signals for polarization control (ADC, STM32) Hardware interlocks (Siemens PLC)

DC]
B Limit

L L Siemens PLC

(24 V input)

\

J Yolts/Div
L

Voltage

Invert

Hi S.00V CH2 1.00V

S00mY

Proteus 100 flow
switch series

1 DO DO

DO 2 DO 3 DO 4 DO 5 DO 6 DO 7 DO 8 DO 39 10
Boga Bopa Bopa Boga Boaa Boaa Boaa Boaa Boaa Boaa
ecTb ecTh ecTb ecTb ecTb ecTb ecTb ecTb ecTb ecTb

register 512 register 513 register 514 register 515 register 516 register 517 register 518 register 519 register 520 register 521

1 1 1 1 1 1 1 1 1 1

STOP monitoring

OWEN PR200 monitoring_Dunin_30_08 2022

https://www.proteusind.com/product/100-series-flow-switch/

Diagnostic signals - Python (PyQt) ADC chart - registrator PCB
Varian turbopump (PLC 24 V) - LabVIEW water-input LEDs

Yellow — high voltage on the first electrode of the extraction system;
Pink — ion current signal on the corner collector (Faraday cup) after the bending magnet (and the separating magnet performs separation of the beam into components such as H," ...);

Green — current in the power supply circuit of the high-voltage source; Blue — plasma source current pulse; The oscillogram is used to assess the correct operation of the SPI, specifically for the absence of breakdowns


https://www.proteusind.com/product/100-series-flow-switch/

Example waveforms (12 of 40048), baseline subtracted

0.5 1 fl
|
[ |
0.4 [
I
[ I
- |
3 || |
v 03 [l
L= | |
= [
E. | || |
= no ||
E [ (1]
11
HRl
0.1 - | i\
|
| l 1)
0.0 4 ey I - i e s Lok ST T oo s Ll L .._! AT Lk L oad i Lo o AR -_,, e rl:E\!!!h o ,,. o s e -
V o A I S o = & i e LB g R e a = & - - ‘.v‘_ W i ‘H_ il a2 e TN LTy
T T T T T T
0 500 1000 1500 2000 3000
Time (ns)
Energy spectrum (pulse-height histogram) with Gaussian fit
N = 40048 —— Measured spectrum
6000 W=0.0231 £ 00000V — Gaussian fit
o, = 0.0070 = 0.0000 V
FWHM = 0.0166 V (71.8 %)
soon 4 |x¥*/ndf =074
4000 o
© 3000 - |
2000
1000 -
0 - ﬁ JJ‘-LL 1 JJJ_LL
T T T T T T
0.0 0.2

0.4 0.6 0.8 10
Pulse amplitude (V)




