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Micro Research Finland (MRF) based
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Universal Modules
- TTL5V output
- TTLinput
- Optical fiber

« You don’t know MRF ? Come to the Timing Workshop on Thursday »
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L B B
Timing Topology

m Timing System, Micro Research Finland (MRF) based:
Master Oscillator 10MH: ® 5 EVMS

\ —_— @ GPS \
Y - 20EVRs

m 176MHz Clock + Meridian GPS (PPS, 10MHz, NTP
server)

lr—) m Distribute timestamping and synchronization
m HEBT is not in our scope (but room planned for it)
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EVM Master
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Pulse Generation
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Some MTCA EVR examples

MTCA Backplane

T31

EVR

Output Optical

Py signa
) | Input

D InputOutput ol1]2]3

Chopper Magnetron

EVR Injector
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IFC1410 + ADC3117

Output

[ ) Input

T56 : GPM

T54: RF Gate

T53_2b : Stop RF Cavd
TS3_2a: Stop RF Cavd
TS3_1b : Stop RF Cav2
TS3_1a : Stop RF Cavl
T52 : Beam Presence
TS1:TUB

8NN

MTCA Backplane

A
3
A 4 ¥
Py - Y Y mr_\ )‘__\r AAAA
RFFI
EVR LLRF x2 LLRF x2 4 cavities
universe
TTL input
1 0 - \
‘f ) 4 A AAAA
TS5_1a ShutBeam
k
TS5_1b ShutBeam
$5_2a ShutBeam™"
55_2b ShutBeam=")
TS7_1PP
TS7_2 PPS StopRF PLC
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Machine Protection System N &

Beam destination master (BDM)
controls that conditions to get
the beam to a destination are

Timing (TMG) is the heart of the MPS
creating or shutting the beam pulse

through chopper and magnetronand [ [ [ |[ | checked. Linked to all PLC all
being the messenger of the shutbeam '

event

gean along the accelerator through
estination Basam .
Destination PrOfl n et

Request

Devices

StopBeam|:>

oo E=> Beam

redundancy g Source blocker  Chopper

Softinfos ::>

Hardinfos:> ‘L l
Section Beam Current Transmission is Curtents _} L) >
checking current of the beam all along (eeere ) (e . A
the accelerator and compare them. % i & '

16/12/2025 10

@ Overview of the MRF timing system



A
Machine Protection System N &

m During a shutbeam
m All the pulses are immediatly interrupted
m Sequence continue, but Beam Presence and Chopper pulses are masked

PULSE FAISCEAU

m—— agnetron == RF Chopper Beam Presence Intersection
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Timing + MPS

Mstr s \"‘“\,W @ - m Each of these EVRs is part of the MPS.

176MHz

« The EVR Injector is the one that will shut down, chopper
and magnetron,

- The EVR BDM is the link with the PLC BDM; requests to

V—’ shut the beam will come from there.

Comex3

‘ e « The EVRs LLRF will cut the RF and request a shutbeam.
- The EVRs SBCT and BPM will request a shutbeam.

"

flii\ li . /[_7.\
EVM

EVM
fanout/concentrator fanout/concentrator

123 45[8[7~ Bnan BH —{'1234557/
A

5

UTC by NTP

EVR
Injector

Iy

INJECTOR

fanout/concentrator Tanol.m'con[:emmmr

/ . I | v == = val
EVR LLRF EVR EVR IPG EVRLLRF | EVRLLRF EVRLLRF | EVRLLRF EVRLLRF | EVRLLRF
RFQRBN1.3  BPM1.4 SBCT + EC1 4 Ecs.5 EYREMMIE | evRwses || ECtd Ecs.7 |EVREFMTE | “pcq g Ec57 EVRBPMi4| | EVRLLRF EVS:';‘F EVR BPM1-4
MEBT diag (PCle cM1 cM1 cM2 cM2 cM3 cM3 R M4 ohid cm
I C | EVR300+ \

IFB300)

MEBT

@ Overview of the MRF timing system 16/02/2028 12



Timing + MPS

« Use of the upstream event principle
« An input of the EVR is triggered, and an event is
sent upstream and redistributed by the EVM Master
to all EVRs.
« Cons: Cannot use delay compensation because MPS
events cannot be delayed.
=> Recently solved by Jukka: creation of a priority event
that is not delayed. Presentation and demonstration during
the Timing Workshop. o
Gabriel (CEA) has almost finished integrating this new
function into the mrfioc2 EPICS driver. A

EVR2
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Section Beam Current Transmission (SBCT) N &

,.,._r—_

=
= The Section Beam Current Transmission checks the beam &7 ""\\\6‘\\
current along the accelerator and compares the ' e
measurements (ACCTs, Faraday cups, chopper...). b i
o= kot v et aber acpt e scer 7
ppe{jRFQ:[:lCM1[:CM2[___CM3[:CM4 \
l Victor N.

Section Beam
Transmission Current

S

m MTCA IOxOS based :
- ADC3117 : 20 channels, 5 MSamples/sec, £10 V
- DIO3118 datasheet : 16 1/O

.+ MTCA.4 AMC : IFC1410 (FPGA Xilinx Kintex Ultrascale +
CPU PPC)
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Section Beam Current Transmission (SBCT)

beam current (A)

Different functions implemented

Current differences

Beam Amplitude checking
Beam On/Off management

Etc ...

beam gate

L

AR

time (s)

time (s)

ACCT1
ACCT 2
1 1
' 1
. : Max beam-on ampltude
B - ----
Max beam-off ampltude
--------------- time (s)

beam on

time (s)

4

be: time (s)

beam off )

A\ 4

beam forbidden zone
beam allowed zone
alarm disabled

beam forbidden zone

positive threshold

time (s)

>
l negative thresold

3 - o Shut (@] ShutBeam Sa @ Current
High it
Lower priority Alarm checking addition
cu|9um
Mo fr Non, T
® Beam on off beamOff,beamOn Si6 | @) Droop Sa ® Pulse
compensation checkiny
management I P g pulse
I ol Alarm
Jh 1 Sa
bdamOff !
U, @ sSignal I (®) nk Filtering @ Filtering i Current
s120 selection difference
I current
S # Alarm
! ’ Sr | (5) Droop
[ (@) Filterin: adiust @ Buffer
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Section Beam Current Transmission (SBCT) N &

) \
m EPICS i |

m epicsComGen or “Epics comme jaime” : generates communication between FPGA
registers and EPICS PVs

m 1300 PVs EPICS

scope - dynamic channels
overview chO!chl!ich2!ch3|ch4!ch5 ch6

Victor N.

«[ [+ ] o[l ufir £ [a[a o] [ x]] >~ | s [ER-CO)-cRE cu L ce

o £ 4.03

0 0.005 0.015 0.025 0.035 0.045  0.055 0.065 0.075  0.085 0.0998

__|beamgate | |shytbeam | chopperalarm | |8. BAC: over beam [ ]10.CDO | ]10.CD2| /10.CD 4
__|chopper gate | |jn PM [ 12. BOOM [ 8. BAC: not expected beam | /10.CD1 [ /10.CD 3

@ Overview of the MRF timing system 16/12/2025 16



Beam Destination Master (BDM)

m Beam destination master (BDM) controls that
conditions to get the beam to a destination
are checked. Linked to all PLC all along the
accelerator through

m Siemens PLC based

m S7PLC (read) / Modbus (write) (no opc-ua yet at
the time)

m PLCParsertool generate communication between
PLC registers and EPICS PVs

(N

Katy

@ Overview of the MRF timing system

BDM Beam Destination

Network Status

Beam DestinationCh | 7| | | Peman "‘°°""“‘°”s‘ ". Previous MBT DB1 conditions ACKNOWLEDGE
EISBB
O ese } — () MEBT Vacuum Gate Valve 131 Opened @ - e
) wrrc | () MEBT Vacuum Gate Valve 221 Opened
LBT BB
© s | () MEBT Quadrupole 5 Power Supply Status
() weToBL FrC ‘7 — . MEBT Quadrupole 6 Power Supply Status . e
@ wveror e . MEBT Quadrupole 7 Power Supply Status . Stop Beam
() weTo2FrC ‘ — . MEBT Quadrupole 8 Power Supply Status . mmmmmm
@ saw ‘ () MEBT Slits 2 Ready
@ saws  saw () MEBT Slits 3 Ready @ uiiise .
@ saus | scwsieec () HARPS 01 Idle OK o
. SCLW! ‘ SCL WS2 _. MEBT Fast Faraday Cup 1 Home Position
@ saw | scLwszrgc . MEBT Fast Faraday Cup 2 Home Position
@ saw | scuwss () MEBT Faraday Cup Beam Position
® = ; SN ' CM1 Gate Valve 03 Closed
‘ END
" Used next Beam Dest




Beam control
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Beam control

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 us), the
following SNL sequence is launched.

— Time
Pulse width

Pulse du cle

Limit Pulse Width

Reietion rate

Planned Beam Configuration

—lon
® PROTON

DEUTERON

— Current

GUCVAN 2 7050 Meviu |
Destination veT.o2 -~ EIEEEEE

Max Average I.
Apply
Settings

Example of configuration for destination MEBT Diagnostic box 2

@ Overview of the MRF timing system

\l_/ Change destination

BDM ShutBeam
Cav shutbeam
TMG Shutbeam
SBCT Shutbeam
- —_ T—
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Beam control

L B B

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 us), the
following SNL sequence is launched.

« Beam Destination master (BDM)

e Check Beam condition for a beam destination

BDM Beam Destination

Network Status

Beam DestinationCh 2

. EIS BB

. LBTFC

. LBT BB

. MBT DB1 FFC
. MBT DB2

. MBT DB2 FFC

@ vt
O sawsierc
O saws2
Q-
O saws:

. SCLWS3 FFC

. END

MBT DB1 FFC

MBT DB2

MBT DB2 FFC

SCL Ws1

SCL WS1FFC

SCL ws2

SCL WS2 FFC

SCL ws3

SCL WS3FFC

'_. Previous MBT DB1 conditions

. MEBT Vacuum Gate Valve 131 Opened

. . MEBT Vacuum Gate Valve 221 Opened

. MEBT Quadrupole 5 Power Supply Status
. MEBT Quadrupole 6 Power Supply Status
. MEBT Quadrupole 7 Power Supply Status
. MEBT Quadrupole 8 Power Supply Status
() MEBT Slits 2 Ready

() MEBT Slits 3 Ready

() HARPS 01 Idle OK

_. MEBT Fast Faraday Cup 1 Home Position

. MEBT Fast Faraday Cup 2 Home Position

i . MEBT Faraday Cup Beam Position

() cM1 Gate Valve 03 Closed

+Used for other next Beam Destina

ACKNOWLEDGE

. SBCT alarm resetoff |

. Start Beam
@ sroen
. Shut Beam

. Network Status 2

Example of configuration for destination MEBT Diagnostic box 2

@ Overview of the MRF timing system

“'-«T—F- Change destination
BDM ShutBeam
Cav shutbeam
TMG Shutbeam
SBCT Shutbeam

Apply New setlings
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Beam control : : &

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 pus), the
following SNL sequence is launched.

« Beam Destination master (BDM)
e Check Beam condition for a beam destination

« Section Beam Current Transportation (SBCT)
* Configure security to reach a beam destination.

ACCT ACCT FC AcCCT ACCT ACCT ACCT ACCT BDM ShutBeam l,f’ /_\
Cav shutbeam M pw

Black Box TMG Shutbeam
_ Chopper RF@ | [ ] cmt | (] om2 | (] cm3 | [| om4 SBCT Shutheam
l
Magnetron
A ' Apply Mew settings
345 e e ] ” l I
L X8 -

Change destination

EVR
(TMG) Section Beam
PLC Transmission Current
(BDM) ¢

Example of configuration for destination MEBT Diagnostic box 2

@ Overview of the MRF timing system 16/12/2025 21
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Beam control : : &

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 pus), the
following SNL sequence is launched. ?

 Beam Destination master (BDM) SBCT

e Check Beam condition for a beam destination
« Section Beam Current Transportation (SBCT)
* Configure security to reach a beam destination.

« Cavity Application (CAV)

Change destination

e Check that every cavity up to the beam destination is BOM ShutBeam N
THMG Shutbeam . MPW
up and ready. SECT Shutbean .
e A cavity is READY for operation if : ] e
ply Mew settings

 the LLRFis ON,

* the LLRFisin regulation mode,

 the measured accelerating voltage has
reached the target accelerating voltage
and is stable enough,

e the external alarm is enabled.

Example of configuration for destination MEBT Diagnostic box 2 : RFQ + 3 Rebunchers

@ Overview of the MRF timing system 16/12/2025 22
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Beam control : : %

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 us), the
following SNL sequence is launched.

Beam Destination master (BDM) BDM SBCT
* Check Beam conditions for a give beam destination

Section Beam Current Transportation (SBCT)
 Set correct configuration to reach a beam destination. CAV

CaV| ty Ap p I | Catl O n (CAV) Change destination

* Checks that every cavity up to the beam destination is BOM ShulBeam
up and ready. SBCT Shutbeam

Max Pulse Width (MPW)
e According to the destination and inserted elements,

Apply New setlings

TMG

authorize a maximum current to avoid damaging any
equipment. é
* For destination MEBT Diagnostic box 2 FFC, the beam '

hits a Fast Faraday Cup, which is a fragile equipment,
so only a very low beam current is authorized.

a Overview of the MRF timing system 16/12/2025 23



Beam control

WN’ W

When the operator asks for a pilot beam (default configuration: 1 Hz, 50 us), the

following SNL sequence is launched.

Beam Destination master (BDM)
* Check Beam condition for a beam destination
« Section Beam Current Transportation (SBCT)
* Configure security to reach a beam destination.
« Cavity Application (CAV)

e Check that every cavity up to the beam destination is

up and ready.
« Max Pulse Width (MPW)

e According to destination and element inserted will
authorize a maximum current in order to do not
damage any equipment.

 Timing (TMG)

e Checks that the optical fiber network up to this

destination is working properly.

a Overview of the MRF timing system

i,

BDM SBCT

Change destination

BDM ShutBeam
Cav shutbeam
TMG Shutbeam
SBCT Shutbeam

Apply New setlings

16/12/2025 24



Beam control

Beam Operation Mode (BOM)

L B B

e — 3w — s
FEC Lt EFC FEC SBCT
rr—
Ton settin Enel settin —Time Peak Current setti Achieved Destination
[ eroron [l ooonevs Jlssooooo0us] row: [ so000un | - 4
’7 — Change destination
T I
SBCT ala
Ty —— MPs Sections " ‘ EDM ShutBeam
~ Time ~Ton Reset SBCT Cav shutbeam
) ° ¢ ) TMG Shutbeam
Ise width PROTON . )
FH—_ Ny ST | ST g shutbeam ‘ SBCT Shulbeam
T ~Current | SCTAems  Acknowledge TV
pocoss | oot — e __ |
Limit Puise Wik T BOM Beam Destinaion ~._ Apply New seffings
Speton s v T e sursen ]
Err T [ 6000000 un | g |
Energy e — som
Destination MeToB? - IEICEENE oo @ Max Pulse Widih
LLRF MEBT
wean
¥l
LLRF CM3 (
L IN
LLRE CM4 (

STOP SEQUENCE

@ Overview of the MRF timing system
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Conclusion

« For now it gives great satisfaction for
the commissioning of the MEBT of
SARAF.

« SBCT is still in active development and
testing.

* We hope to test everything soon with
the first cryomodule.

* Perspective
* MRF will be used for Titan accelerator
in Saclay (MPS not included this time)
* MRF + MPS architecture has been
proposed for pre-project for ICONE
accelerator.

(“Introduction to the software and hardware platforms for the

Pre-Project of the ICONE Accelerator — Spring EPICS Meeting
2025)

@ Overview of the MRF timing system

Start Beam I::>
Stop Beam |:>

Shut Beam
Shut Beam ....,.4..,
redundancy -y

Soft infos |—_I_—f>

Beam
configuration

[

Beam

Desfination Beam

Destination

BPM T >
NBLM T >

Hard infos | : >

Beam Upetalinn Mode

Beam
Destnat|un

Beam Stoppers

Status
insertion

:; Status '

Devices

Q!

N

Chopper

Status

SBCT

Pulse Width
MazMin

Currents ﬁ

[ ACCTs l FC ‘
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Cea O MRF TIMING SYSTEM DESIGN AT SARAF
*October 2021
*DOI: 10.18429/JACoW-ICALEPCS2021-THPV022

/@3

7. 1 MACHINE PROTECTION SYSTEM AT SARAF
*October 2023
*DOI:

*10.18429/JACoW-ICALEPCS2023-THPDP102

Merc' O EPICS CONTROL SYSTEM FOR BEAM OPERATION
AT SARAF LINAC ACCELERATOR
*September 2025
DOI: CEA SACLAY

*10.18429/JACoW-ICALEPCS2025-THPDQ098
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L
Check Optical fiber connection N %

Check TX (upstream) connexion. Front
Native in the driver through PV S(PREFIX):Link-Sts

Check RX (downstream) connexion
Not native in EVR, we need to use EVM informations and knowing

in which positions are connected the EVR. Indicated in the cmd of

—» EVG
the EVR — ¥l |
When more than 1 floor we need to know the « full path ». EVM — { \ H ‘ ‘ |
Master + EVM Fanout HWW‘”
= Snicet 38" ) DOWNMSTREAM
o i =TT epl ( “»’;L : . _ ) ‘ \ ‘ EVR1
i < iocPrefixEnw<cmd
LLRF EVR configuration
(o)o)o)o) X))
Out0 In0
Tyl S Ui Lt B
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RF conditioning

 Pilot Beam Mode

e Standard mode where all EVMs and EVRs are connected as one

tree.
e Beam

* RF Conditioning Mode

* We can dissociate any EVM from the rest to make it

autonomous.

e Allows independant RF conditioning operation.

A

omex

EVM Master

EVM
fanout/concentrato

[1]2]a]4]s 8|7}

T

hnmﬂm:s‘!h'alﬂr

A
EVRLLRF | EVRLIRF
EC1.4 EC5.8
cmi M1
VRae
IFB300)
MEBT

@ Overview of the MRF timing system

.
=]s]7}

L j

EVREAWI® evewhes | Ects

RF conditioning for cryomodule 2-3-4

L

Pilot Beam
Mode

" @)

“ilz]a]«]s]e 7}~

EVM EVM EVM
fanout/concentrator fanout/concentrator fanout/concentrator

—|1 2 3456 7}—/’

#

23456 1234567

RF Conditioning
Mode

2

EVM
main EVM

112 3/4/5/6 7

&) @ i

‘ ianoutrcl;:)\:genh'alur ‘ fanout/concentrator . fanout/concentrator
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