BNCT Demonstrator

e The Hungarian Academy of Sciences Center for Energy
Research is funding a 10 M€ Boron-Neutron Capture Therapy
(BNCT) technology demonstrator near Budapest

e Inthe fall of 2021, we were asked to implement Blinky-Lite for
the global control system interfacing and interconnecting the:

O

O
O
O

lon source

Radio Frequency Quadrupole (RFQ) particle accelerator
Radio Frequency (RF) Power amplifier

Lithium Target Station



RFOQ Particle Accelerator

e The RFQ isthe main component of the
BNCT technology demonstrator.

RF electrode(Vane)

o The RFQ accelerates protons to an energy of
2,500,000 Volts
o where the protons then hit a Lithium target to
produce thermal neutrons for therapy — p—
e The RFQ was manufactured by Time-Merit \"/
Co. Ltd from Hiroshima, Japan -
o Length: 3 meters T .;-!.1, _
o Weight: 4000 kg. - =
o Copper purity >99.99%, .
o machining precision: 30 um. x



RFO Timeline

e The RFQ was to be installed in November 2021 |
but postponed to March 2022 due to
Covid-19.

e InJanuary 2022, the lead engineer for the
Time-Merit RFQ left the company abruptly
due to Covid-19

o leaving no documentation for the the electronic
controls (RF regulation, cooling, vacuum)

e Time-Merit was unable to find a suitable
replacement.

e OnMarch1, 2022, we promised to redesign,
build, install and test the complete RFQ

control system
o byldune 2022
o We completed this task by 15-May-2022




All open source
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The Mirrotron RFQ Control System
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The Mirrotron Radio Frequency Quadrupole (RFQ) is part of a compact neutron source that is being built in Martonvasar Hungary. The
compact neutron source consists of five major systems




Mirrotron Applications
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Dashboard Application

M Bridge Control X M R&K-Power Amp X M LLRF
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Power Amp On
RF Power On
LLRF On
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Machine Permit and Alarm Scanner

M Machine Permit
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Post Mortem Application
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Logbook Application
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RF Power Amplifier

1.3 M€, solid state RF power amplifier (SSA) to
Blinky-Lite.

o Theamplifier consists of 84 power transistors with
12 independent parameters for a total of 1008
devices

o The amplifier provides 300kW @200MHz

o Modbus TCP interface

rk-pa.01.forwardPower
rk-pa.0l.reversePower
rk-pa.0l.alarmCode
rk-pa.01.warningCode
rk-pa.01.remoteStatus
rk-pa.01.watchDog

[
rk-pa.01.powerOn

rk-pa.01.powerStatus
rk-pa.01.rfOn
rk-pa.01.rfStatus
rk-pa.01.resetAlarm

rk-pa.0l.resetAll
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RFQ RF Regulation
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Blinky-Lite DSP Technology

e The fractional bandwidth of the RFQ is

0.0001
o sothe RF frequency to the RFQ must be
controlled to 1 partin Tmillion
o asthe cavity warms up and down though 300kW
of power cycles.
e To control with this precision, we

implemented a direct digital synthesizer

o onaXilinxZync 7010 SOC FPGA on the Red
Pitaya Stemlab 125-14

o and thendirectly mounted a Blinky-Lite tray to
the SOC memory giving real time control of the
RF system through Blinky-Lite

ADC1[32]

[cr

e This presents a whole new world of - T N e e e
possibilities for digital signal processing o
with secure web control! Sion s evon | oncoa

TIno[1] sel[1]
Tom[l]'




RFQ Cooling
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fg-vacuum.01.gauge1
|rfq-vacuum.01.gate10pen
|rfq-vacuum.01.gate1Closed

rfq-vacuum.01.turboSpeedl
rfq-vacuum.01.turboNoErrorl
rfg-vacuum.01.gauge2
|fg-vacuum.01 gate20pen
|rig-vacuum.01.gate2Closed
rfq-vacuum.0L.turboSpeed2
rfq-vacuum.01.turboNoError2
rfq-vacuum.01.gauge3
|rfg-vacuum.01.gauge4




Core Applications

M Core Applications X M LLRF

& > C & bl-mirrotron.com/core

MIRRSTReN 't Core Applications

Access Log

Scalar Plotter

Scalar Viewer

Vector Plotter

Settings Log

Scalar Archive Plotter

Alarm Scanner

Vector Archive Plotter

dmcginnis427

Logout
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Access and Settings Log

M Access Log

¢« 5 c

MIRReTReN

Stawt Date

unt
appO3PtrayNan

pps

appOs PtrayNames:

apps
appO37irayNames=01,01,01,01

apps
/appo1 PtrayNames=iniet cutiet
apps

app0aTrayNames:

app:

BpROIZtayNames=

apps

appOT trayNames=

apps

pozariem
apps
ppO3PIayNames=01
appoa?

wrayName:

x M LLRF

@ bl-mirrotron.com/access-log

Access Log

GetData

user city
amcgnniz427  Stockhok
amcgnniza27

amegnniz427

amegnnis

amegnnis4Z

amegnnisa2

amegnniz427

amcgnniza27

amcgnnis427

amcgnniza27

amegnniz427
amcgnniza27
amegnniz427
amcgnniza27

amcgnnis427

amegnnis42?

amcgnnisa27

amcgnnisa2

amecgnnisa2?

mob

mob

mob

mobe

mon

mote

mob

motse

mobe

ot

3.mobe

mobe
motse

mobee.tre
motiee.tre

mobee.tre

e

ot
mob

15p

H3G Access AB

Access AB
Access AB
Access AB

3G Access AB

3G Access AB

H3G Access AB
136 Access AB
H3G Access AB

H3G Access AB

Time
1015:38 AM
101529 AM
101321 A0
101318 AM
1012:01 AM
10:11:30 AM
1011

1011:29 AM
101018 AM
101013 AM
1008:13AM
10:08:06 AM
1006:42 AN
100

M Ssettings Log

¢« > c

1,01,01,01,01.¢

trayName==01,01,01,01,01,01.01 01
appoa?
trayNames=01,01,01,01,01.¢
appos?

01,01,01,01.¢

01,01,01,01.01.01,01

trayNames==01,01,01,01,01.01.0
poa?
trayNames=01,01,01,01,01 1
appoa?
trayNames=01,01,01,01,01.01.01,01
app0a?
trayNames=01,01,01,01,01.01.01 01
appoa?
trayNames=01,01,01,01,01 1l

appO37irayNames=01,01,01,01

appos?
1,01,01,01,01.€

01,01,01,01.¢
app08?

trayNames=01,01,01,01,01.01
appoa?

trayNames=01,01,01,01,01.¢
app0s?

trayNames=01,01,01,01,01.¢

appO37irayNames=01,01,01,01

01,01,01,01,01.¢

trayNames=01,01,01,01,01
appoa?
trayNames=01,01,01,01,01.¢
appoa?
trayNames=01,01,01,01,01.¢
appoa?
trayNames=01,01,01,01.01

X

gateGen125.01 | 2.70
_—gmeC{vﬂJ).ol 70.

gateGen125.01

gateGen125.01 | 270.82.1

gateGen125.01 | 2.7

gateGen125.01

Tsrc01

gateGen125.01 | 27082

gateGen125.01 | 2.7
phase detector.

o Tray Setting
phase detecto

01
phase detecto

01

phase detecto
o1

M LLRF

& bl-mirrotron.com/settings-log

amcgnnizs27

Stocknoim

Stocknotm

Stocknor

Stocknoim

amcgnniza2?

nisa27

omcgnnisa27  Stockholm

amcgnnis427  Stockhom

amcgnniz42

amcgnniza2

Cube
resetODS

mobke.tre. se

mobee tre ze

mobee tre se

mob

moble.tre e

mobie tre se

moble tre. se

mone

178, mobiee. tre s

178.mobke tre se

amcgnniza2?

Stockhoim 2

70.82.178.monte.

70.82.178.mobke tre

Stocknoim 270.82.178. mobie.tre.=




Archive Plotters and Export

M Sscalar Archive Plotter x M LLRF

&« > C @ bl-mirrotron.com/scalarArchivePlotter

MIRReFReN

Tray Name
ripower-scope

rig-vacuum

Time Plot

M Sscalar Archive Plotter x M LRF

& > C & bl-mirrotron.com/scalarArchivePlotter

MIRReTReN

Text Import - [rfpower-scope-01-reading-forward.csv]
Import

Characterset: | Unicode (UTF-8)
Language: Default - English (USA)
From row: 1 ot

Separator Options

Fixed width Separated by

Tab Comma Semicolon Space Other

Merge delimiters Trim spaces String delimiter:

Other Options

Format quoted field as text Detect special numbers
Fields

Standard
20.274,-0.01
80.282, -0.006
40.3, -0.007
00.322, -0.01
60.344, -0.01
20.37,-0.007
80.382, -0.009
40.407.-0.01

Cancel




RFO Online Documentation
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RF Erequency Source

Push RUN/STOP button.

The RUN indi
when the chill

v lights up

Press and hold 3 seconds
RUN/STOP button.

Turn off the chiller

Press and hold 3 seconds.
RUN/STOP button

MIRRSTRON (%) RFQ Manuals o MIRRSFRN (%) RFQ Manuals MIRRSFReN (%) RFQ Manuals

Vacuum System Startup + Vacuum System Startup Vacuum System Startup Vacuum System Startup

Vacuum System Shutdown + Vacuum System Shutdown + Vacuum System Shutdown + Vacuum System Shutdown +
Cooling System Startup + Cooling System Startup = Cooling System Startup - Cooling System Startup +
Cooling System Shutdown + Procedure 5 Procedure 6 Cooling System Shutdown +

Start up the chiller No.1 and No.2
Cooling System Maintenance + Check the leak. Cooling System Maintenance -
If you find 2 leak, turn off the chiller immediately.
[LLRF and Timing System - Add the water

Procedure 5

Add the Contolime K6300

Add the Contolime

4 L K8300) K6300

1,500me /L

The amount to add is 1,500 mg per liter of water.

Be sure to add the Contolime K6300 when you supply water.

Cooling System Shutdown * Cooling System Shutdown + If you don't add the Contolime K6300, the cavity will be
Cooling System Maintenance o+, (Cooling System Maintenance + St

LLRF and Timing System + LLRF and Timing System & LLRF and Timing System +
User + User H: User +




