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LJJ Outline

* The SPS Low Level RF architecture (LIU-SPS)
= Cavities & amplifiers layout
= White-Rabbit
= LLRF architecture, cavity groups
* Layout
=  Faraday cage layout
= Cavity-Controllers crates
= (Cavities’ location

* Controls loops
= 200MHz Cavity-controller
= Voltage Setpoint & longitudinal Damper
= Polarloop
= One-Turn Delay Feedback (OTFB)
= One-Turn Delay Feedforward (FFWD)
* Cavity Voltage Setpoint (Vsp)
= Counter-phasing & Vector diagrams
= Voltage partitioning
*  Amplitude & Frequency modulation
= Amplitude Modulation (AM)
= Frequency modulation for lons
= lonsslip-stacking
* Controls & Observation
= Fixed displays
= Embedded signal acquisition
= OP high-level application (SNES, SPS RF power Control)
= Expert high-level applications (Inspector, Pegasus)
= Guru application
* Troubleshooting
= Basic checks (Remote, on-site)
= Low level RF loops (Remote, on-site)
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The SPS Low Level RF architecture (LIU-SPS)
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L J Cavities & amplifiers layout

* Six 200MHz Cavities
= four 3-section cavities —
= two 4-section cavities wm- ----- T
« Two 800MHz cavities A
two 3-section cavities

Fig — TWC 800MHz Cavity

TWC200C1 TWC200C2 TWC800C1 TWC200C3 TWC200C4 TWC200C5 TwC800C2 TWC200C6

v [ome] [owe]l [owe]l  [are] [ore] [ore]  [owe S0Caity  Type  Pnom  Viom  Vmin

1 3-section 1MW 1.97MV 500kV
| [ | [ [ 2 3-section 1MW 1.97MV 500kV
* * 3 4-section 1.6MW 3.35MV 500kV
\/ \/ \/ \/ \/ 4 3-section 1MW 1.97MV 500kV
Beam 5 3-section 1MW 1.97MV 500kV
— L L — - | - | NS 6 4-section 1.6MW 3.35MV 500kV
l: 200MHz Tetrodes — 1 3-section 200kwW 1.2MV 200kV
TWC 200MHz, 1 section 2 3-section 200kwW 1.2MV 200kV
_>_ 200MHz SSPA — Fig — SPS RF power and RF voltage (max peak)
—>— 80oMHz 10T TWC 800MHz, 1 section

Fig — SPS Cavity arrangement

More details on the SPS-LIU project in the 2020 OP shutdown lecture ‘

CE/RW “The new SPS LLRF” [1]
\ March 1st, 2023 BE-OP shutdown lectures 3
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L J LLRF architecture

* White-rabbit (WR) network

/ \
I "
. . . . fo.ex coaxial pcl AT -
 B-train (Magnetic bending field) . {Fberstoom Lic | S =R Bfeid [ o
I Fibers to SPS BA's SPS Trreq SR —sdanc| A
RF-Synchro

° RF tra|n (d|g|ta| FreV: FTWHl) CPS *:FiberstomomCFs_ Beam Control s —|A0C i |E| @

. RF-synchro| o fry <—| R I Veav SRpeam <‘JE Ref magnet
* Fixed clock (Beam-Control, TWC200) - i v S T 8-l
- Re-constructed from WR network e @ | oo ‘ iR I i \
L1 TewwRo) ‘!ﬁ‘-ﬂ Suich | R
® ‘ I fre, frev < "R | % |
Beam Control | L B 5 i
- Beam based loops (phase, synchro, radial loop,...) | Careday caey RO
_____ e et p [ Mastezrclt)ck |
* Cavity-controllers | - | ==l A
. : : ! e = v AEE _ ! !
- Cavity voltage field regulation | S o || e (1
ﬁ |\ CIDnll'Ollel‘ Clontroller ControllerJ Cunlroller‘ Front End | | Front End ||| | |
e 8x Pickup front-ends (PUAFE) @ | oo '
p ( ) . Surface building BA3 N/ L L
« 2x phase narrow band, 1x phase wide band e s Sl R
« 2x Radial narrow band, 2x Radial wide band
 1x Wall Current Monitor (Feedforward) (osesTunel 3 3| ... =3 | T
|
. . . | Beam [T°I°I] [f°I°L] [T°I°L] 1 = [
* RF-Synchro & RF distribution ) | ESEar o e e  — H
ig —LIU-SPS | TWC800  TWC800 _TWC200 ) ) Pigiﬂ';('s) Pi'z:_ﬁs)wcm |
« Inj/ext pulses, External References Architecture 1, '

More details on the SPS-LIU project in the 2020 OP shutdown lecture

C@ “The new SPS LLRF” [1]
March 1st, 2023 BE-OP shutdown lectures 4



LJJ White-Rabbit RF-train principle

* Ethernet network with precision timing protocol

Improved WR network/switch for RF train (low jitter, phase reproducibility)

Distributed Numerically Controlled Oscillators (NCO)
= Accumulator adds Frequency Tuning Word (FTW)

= Accumulator output = RF phase

= LUT (or Cordic) computes sin/cos

Fixed latency Ethernet links

FTWii

e

H1 Accumulator

= Deterministic reset for NCO
(absolute phase reference)

= Deterministic FTW update
. . . NCOs without WR timing
Link stabilisation from WR l

= reduces phase drifts

* Scalable : @@@ =

NCOs with WR timing

Fig John R. Gill, RF Signal Distribution over WR, J. Gill, Nov. 2019, BE
CERN
/W | March 1st 2023 BE-OP shutdown lectures 5



LJJ White-Rabbit RF-train in SPS LLRF Wi

* Digital RF frequency distribution /4
= FTW’s (frey, frev_on) i S

I . coaxial »{TDCI AT
|Fibers to/from LHC

u TWO AFTW (SI'p‘StaCk|ng) : :FiberstoSFSBA's- R/( ‘EXILW’@’B

WR
Switch

e

I Fibers toffrom CPS |
» NCO reset distribution ?‘35 o' A\ ) cetmagnet
i H H H H frevini i 5 § dv, dP l_‘f]f;‘ gz:xzims “jur B-field
* Cavity voltage setpoints distribution A =it | Ej R
i ! % & sm?:h B 1
* Absolute time oo - X
* timestamps 8 | M! k
* Beam-Control is the Master | B
* Reconstruction of the RF anywhere i s || vy |11 con
in the accelerator, even with fixed-frequency mmmmmmeeeg IR
. Surface building BA3
acceleration R e B
i s ks s )
—— (1
Fig — LIU-SPS : TWC800 TWC800 TWC200 TWC200 Radial ~ Phase oy :
Distributed NCO l\____________________________; _______ ,’i;(_______;___E'Cl‘fpfslf'ikfri(si___d,'
CE/RW
\ March 1st, 2023 BE-OP shutdown lectures



l J Cavity groups

RF1

)\

lons: batch 1 (1-7)

RF2

\

lons: batch 2 (8-14)

disciplined by the 1+

Group Siemens Philips Thale Electrosys
A B (o}
3-section | 3-section 4-section 3-section
1 (odd) TWC200C1 | TWC200C5 | TWC200C3 | TwC800C1
2 (even) TWC200C2 | TWC200C4 | TWC200C6 | TWC800C2
One 800MHz

sum of three
200MHz

Surface building BA3 a

SPS Tunnel

Beam

Fig — LIU-SPS
Cavity groups

March 1st, 2023

WR
Switch
l 1 Y Y Y Y Y \J
TWC TWC TWC TWC TWC TWC TWC TWC
Cavity Cavity Cavity Cavity Cavity Cavity Cavity Cavity
Controller Controller Controller Controller Controller Controller Controller Controller
A A Y A A A A A
< Cavity [*
Sum [ D
/V Bad -
Y \J Y \ Y )\ Y \
TWC TWC TWC TWC T™wWC TWC T™WC TWC
Front-end Front-end Front-end Front-end Front-end Front-end Front-end Front-end
A A A A A A
10T,

= o _
2 © — = © e
3 % g 3 3 £
o 3 g o 3 g
§ ] Q g o 3
Pz II ZII L | W by o = |
T— T T T T Tl |l Tl |l —T T— T T 1l |l Tl |l—=— x|
TWCS800C1 TWC200C1 TWC200C5 TWC200C3 TWC800C2 TWC200C2 TWC200C4 TWC200C6
3-sections 3-sections 4-sections 3-sections 3-sections 4-sections
Cavity group 2
Cavity group 1
(oDD) (EVEN)

BE-OP shutdown lectures

All Vcav
cables have
identical
length
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LJ LLRF localization

* Beam-Control, Cavity controllers, RF-Synchro, RF distribution: 870-R-002 (BA3, Faraday cage)
* RF distribution: 874-R-012 (CCR, Rack 0612)
* Transverse Damper (BA2):

BAS3, Faraday Cage

Beam ‘\
Observlatlon
I
RA | RA | RA RA | RA [ RA [ RA | RA | RA | RA | RA | RA|RA|RA|RA|RA|RA|RA|RA|RA|RA
& 9605 | 9606 | 9607 9614|9615 9616 | 9617 | 9618 | 9619 | 9620 | 9621 | 9622 | 9623 | 9624 | 9625 | 9626 | 9627 | 9628 | 9629 | 9630|9631
sssss tio .,?,‘P/
LL_[_A_]_4 ) ;r_l
<% HOM RF-BR RF Synchro Beam
™ Observation
=3
=
™
R
il
Interlock & = g —
2 RA
g ‘] RFPS242 9433
g - -
~”
"“:' RA | RA | RA | RA | RA | RA
9405 | 9406 | 9407 | 9408 | 9409|9410 l._egm
Master
RF distri N R D Racks for Beam Observation, D IT, CO, Fiber,
Electr. supply Beam-Control 200&800M OASIS Infrastructure
RRRRRRR PUAFE Cavity-controllels TR |:| Racks for LLRF CO Fiber,
Infrastructure
[[] Racks for Hawrre |:| Racks for RF power

Fig — SPS BA3 200&800MHz

. Fig — SPS BA3 — Faraday cage
Cavity-Controllers

cgfql
\ March 1st, 2023 BE-OP shutdown lectures 9



L J 200 & 800 MHz Cavity-Controllers crates

200MHz
An_alog 200MHz White-Rabbit 200MHz
Cavity Vector Sum switch (RF-Train) LLRF MicroTCA
(2x 3 cavities) —— — /.

800MHz C1
LLRF VME crate

800MHz C2
LLRF VME crate

...............

3U Analog front-ends
(1 per cavity)

nnnn

Y Y ;
800MHz 200MHz Fig — 200 & 800MHz Cavity- (| — S
Cavity-Controllers Cavity-Controllers controllers racks Fig — 200MHz LLRF, MicroTCA crate
CERN
\/wl | March 1st, 2023 BE-OP shutdown lectures 10



l J Cavities’ location
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CERN edms.cern.ch/ui/file/1155058/AB/spsInins0106-vAB.pdf

\ March 1st, 2023 BE-OP shutdown lectures 11



U

CE/RW
\

NS

March 1st, 2023

Controls loops

BE-OP shutdown lectures

12



|

|

|| White-
+—= rabbit

receiver

e e e e e

o
o P sy

R ] eRTM14+eRTM15
e CERN, BE-CEM-EDL
White-rabbit switch (  BE-CEM-EDL)
o ta.ge Fee olar [ } IcFwd
Setpoint Forward Loop FE
de_get ° Do \_‘
Veav FiFo
. =
= ‘ db . Power PreDriver
e eedbacl RF Limiter lant
oTFB P (CERN, SY-RF-FB)
Inl;r)l:ck C\:Stg)ler
RF calibration front-end
(CERN, SY-RF-FB) ity

Fig — SPS 200MHz Cavity-Controller
diagram: Feed-forward path

) Interlock
< 3 (CERN, SY-RF-FB)
= v . .!‘....-'. Y 4 -
CE/RW S1S8300-KU. DS8VM1 Noldl ,.’ 3to 4 RF combiners
’ ,\A 4
\\_/ March 1st, 2023 (Desy, Struck) BE-OP shutdown lectures «  (CERN, SY-RF-FB)
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l J 200MHz Cavity-controller - Feedback loops

1. Polar-loop T TR
1.  Gain & phase loop g Whive Gaznicg “’ég“ |
From BC : receiver :
2. 20us response time (CL) Frequency (FTW) e :_I:T:i
3. Reduce amplifier noise Voltage Setpoints e — pickup
4.  Compensate amplifier gain/phase drifts @ i i OTFF
- i i
2. RFfeedback (OTFB) long damper RENCO bl Badl el @ | e
1. One-Turn Delay Fdbk, BW = 4MHz Fomian | | Polar
2. Reduce transient beam loading Cavity Voltage M Fie b i i Loop
To BC Vcav, WS Phase RF : == e ! P"’D""':E
3. One-Turn FeedForward (OTFF) = Do —_ e B o plant
1. Measure beam current / FiFo i A (el oo
| [ box [ (PLC)
2.  Reduce transient beam loading _:Q—‘_lﬂ[f_fic_:?__ _"““-_“““_“"_""_""“_""_""“““"""“:_::5:1;&_; _________________ |
TR Tunnel RF
4. Longitudinal Damper @baek +OTFB |
avi

1. Dipole mode (phase modulation)

Fig — 200MHtz Cavity-Controller feedback loops [4]

cgf@l
\ March 1st, 2023

BE-OP shutdown lectures

Cable + amplifier delay = 3us
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l J Voltage Setpoint & longitudinal Damper =

ppppp
rrrrrrr

* Two functions per cavity for Voltage setpoint
+ amplitude, phase
+ update rate: frev

|||

From Beam

« Function resolution > 1ms (few exception <1ms)
* Functions generators in the Beam-Control for all 200MHz cavities I .
« Setpoints send over White-Rabbit to the Cavity-Controllers . e
+ Allow the Beam control to by-pass the functions (RF gymnastics)
» Static setpoint (scalars) selectable in the Cavity-Controllers for setting-up, *J
troubleshooting. L

. . . e . ig — ity- ller di : Vol i h
« Beam-Control sends phase kicks (dp) for Longitudinal damper, this is added Pl 757 200MIFz Cavity-Controller diagram: Voltage setpoint pat

to the setpoint phase
+ update rate: 20 MHz

+ Individual gain per cavity (non-multiplex) Gain
* Voltage interlock if below an amplitude threshold (400kV) — RF off %
dv, dp

. . Ampliude m interlock Exc
* Amplitude Modulation controlled (on/off) by the Beam-Control
Y
« AM rate: Frev, 4xfrev e . 1 oo
H ‘ectoria -
+ AMsha per (tra peZOidal RF on pUlSE) Setpoint Interpolator || combiner pipe ADDER —* Setpoint
Smooth voltage "18us
steps to minimize onorr | _AM
TX power Ramp | | SMPEr o AM enable
AM *

More details on the Cavity-Controllers functions specifications [4,5]

Fig — SPS 200MHz Voltage setpoint diagram (firmware)

cgfpw
\ March 1st, 2023 BE-OP shutdown lectures 15



lj Voltage Setpoint & longitudinal Damper

File

Help About

SPS 2023-02-20 14:05:02

* Expert settings only

RF Super NES o Bt

13 LHCPILOT | LHC PILOT Q20 2023 V1

Voltage | Phase

(Super Nukleus.
accElerating Synchrotron)

* for troubleshooting |

RF SNES ‘

1e6

=]

Lidrive TXpower = TXphase

VcavAmp.C1-ACQ VcavAmp.C2-ACQ VcavAmp.C3-ACQ

: : : ] —e] = 1
« Use Static setpoint (functions on/off) =1 | w [ » J |
M . 0.25 | 0.25 | 05 ‘
« This separates the Cavity-Controller from BC T T
o T et T -is
* Voltage interlock a@o =t mir ’!
» Interlock (RF off) if setpoint below amplitudeThreshold T S g e e s
Aa€Er» Q=
(400kV) e
o Cavity é Cavity z6 Cavity 3%9 Cavity ;9 Cavity s6 Cavity 56 All
output nabl

Voltage Setpoint

Polar Loop

FUNCTION

FUNCTION

FUNCTION FUNCTION

FUNCTION FUNCTION

Turn all STATIC

CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED Turn all OPEN

P | o+ [ ov 1 o+ [ ov T o T wemaov |
—— T - | - T - 1 = 1 o [ o]
orors — 1 | - | - [ ~ [ - [ ]
Fig — 200MHz Control, SNES — Static Setpoint
Cavity phasing | Ifferlock status ‘ Buffers config
Cavity 1 Cavity 2 Cavity 3 Cavity 4 Cavity 5 Cavity 6 =
Sum (& o © L o L
External (RF Power) @ (&) © © @
Local i) ) FinY =) &) &
vsp O O ©) (©) C ©) |
HiFreq (&) (@] (2] L] 1] ©
ftwH10nFreq O O O (@) (€] (@)
RfNco 4 O O o L] . I~

CERN
March 1st, 2023

BE-OP shutdown lectures

Fig — 200MHz Control, SNES — voltage interlock
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lJ Polar loop of the 200MHz cavities

* Restore open-loop phase for the Feedback
* First loop ON at RF on! (essential for feedback stability) s
* Reduce TX amplitude/phase noise and drifts = : o R

+ * Feedback
L1 OTFB

* Compensate for the TX non-linearity
Two loops:

°
« Gain loop
- Phase loop Phase & gain Fig — SPS 200MHz Cavity-Controller diagram: Polar-Loop path
corrections
S t . t' 125 MSPS 125/16 MSPS Pofrset 125 MSPS /
€ pOIn ’ 9 S|21 PseT £ Por Phase loop Per
. filter
VSp l CORDIC gy - L Lock | Phaseloop
status locked
Polar loop enable
GSET .
TW power: a of v, il
ICFWD el | Joomme, | W Loy S oo || -
Polar loop enable
Y
IQRF-Feeﬂhack G ; @ Drive Out
»—»  RF Limiter
Gain &
Fig — SPS 200MHz Polar Loop diagram (firmware) Phase Rorstor
Cw
\ March 1st, 2023 BE-OP shutdown lectures 17



J Polar loop of the 200MHz cavities

* Polar loop switches ON automatically if :

- TX power (IcFWD) above icFWDMin threshold (3-section:
15kW, 4-section: 5kW)

- Voltage setpoint (Vsp) above setMin threshold (350kV)
* Polar loop freezes if IcCFWD or Vsp below the thresholds
* Two loops:

- Gain loop

- Phase loop
* Troubleshooting

« Possibility to disable Polar-loop only if RF feedback is
disabled (OTFB)

« Check acquisition signals

later on you will see how to diagnose the

polar loop Acquisition signals

CE@’
\\ March 1st, 2023

File Help About

= SPS 20230224
=W a-

17:13:58

nnnnnnnnnn

RF SNES. |
(Super Nukleus
accElerating Synchrotron)

o

)

Votage | Phase | LLdrive TXpower | TXphase

108 VeaAmp CLACO

000

0000 0002 0004 0006 0008
Tieme frs]

AeEI Q=B

— BAmTS o KPMReerCS  — VSPAWACS  — olrlospGEnCs  — PolarlospPhase Cs

Fig — RF On ramp with polar loop closure (fdbk off)

BE-OP shutdown lectures




Vcav phase OL phase iy
: receiver !

lJ RF Feedback of the 200MHz cavities

Reduce beam-induced voltage at the fundamental (f;;) and on the revolution
frequency sidebands (f .., )
* To counteract coupled-bunch instabilities, gain on the synchrotron sidebands (fs) of
the revolution frequency lines (m=1 for dipole mode) fiz + (k- f.., +m-f,), kmeN.
* Bandwidth 4 MHz

* Two branches
+ Low pass branch (fundamental RF)
+ One-Turn Delay Feeback, Gain at the harmonic at the best compensate for the beam
induced voltage

Amplitude (dB) Phase (deg.) Fig — SPS 200MHz Cavity-Controller diagram: RF Feedback

Low pass branch

: Turn delay tracking
G
N frr (FTW)
/

+ - Huer

1
- T T T T T T T T 1
—a0000  K-foy 0 20000 40000 —40000  —20000 0 20000 40000 Setpoint L
0 Gain

HHPF s Comb

‘I O | Variable

A

rs ' OTFB
out

Modulator
Demodulator

»

—4000 —2000

T T T T T T T -P
2000 4000 —4000 —2000 0 2000 4000
’—b ATrev
FTW

Fig — 1T-Fdbk Gain at revolution and synchrotron i
K-frey frequencies sidebands SOingtné¥12;;h|%] ' 7 > NCO
OTFB
Fig — SPS 200MHz RF Feedback diagram (firmware)
CE/RW
\ March 1st, 2023 BE-OP shutdown lectures 19



o e T wioi | b € 160 aas 3033 Vi
e, ® - :
Voltage  Phase = LLdrive TXpower TX o
ssssss £ s —
(Super Nukleus
e earimp C14c0 s Vs C2.4c0 eauhmp 30
100 ; 10 : -
1
ars point ars
10
uso aso !
€ 035 028 os

’. —v:ue ‘
* RF Feedback closes at then end of RF ramp P S S e
* Expert settings only | i ) N Yt

eI QA= B

* Troubleshooting
- Disable/enable the RF feedback
« Switch to Static setpoint, Static frequency
« Check acquisition signals

Cavity phasing | Interlock status | Buffers config

Cavity 1 Cavity 2

Feedback ON
1

1
- Fig — SPS SNES — Polar loop enable, Feedback enable
&
‘ & &
&L
0.00 0.06 012 I 018 024 e UBO_K“‘M“S.ZG_ wum:.ﬂ Kumkuﬂﬂlﬁw(s D.54)“M“Bu"m R
RF ramp (256US)< ; > Fig — RF On ramp with polar loop closure
I (Fdbk on)
1

CE/RW Polar Loop ON
\ March 1st, 2023 BE-OP shutdown lectures 20



Measure beam current from wideband Pick-up

* Processed by a digital filter (H.,,p) to generate a drive that will best
compensate for the beam induced voltage

* Reduce transient beam loading already the 2" turn
* Improve transient beam loading compensation at head & tail of the
batch

Fig — SPS 200MHz Cavity-Controller diagram: Feed-forward path

Turn delay tracking fge (FTW)

Gain /

5 8
: O | Variable & = FFWD
Pickup i | delay |~ l § Herwo E T _bout
= a
A A
» ZF
» ATrev
FTW » NCO
Fig — SPS PUAFE FeedForward
(RA9405) PiCkUp Signal Fig — SPS 200MHz Feed-Forward diagram (firmware)

CE/RW —
\ March 1st, 2023 BE-OP shutdown lectures 21



l JJ Feedforward via 200MHz cavities

FFWD ON before injection, first action on 2" turn

OTFB
timings

[ ]
* For pLHC cycles
* Feedback low pass ON before injection
[ ]
* Optional (MD) FFWD on/off timings, OTFB off timings
5 00 C6, injection of 48x2.2ell
. —— One-turn delay feedback
; 1.751 —— One-turn delay feedback + feedforward
)
v 1.50-
(@)}
IS
9 1.25-
2 00— |
£ 1.004 f}—‘ 4
~0.75- t
' Injection

0.00 0.05

CERN

0.10 0.15 020 0.25 0.30
Time (ms)

Fig — 200MHz Cavity 6 voltage — Feedforward on (red)
and off (blue), courtesy of I. Karpov [2]

March 1st, 2023

OTFB ON only after the second turn — Timing! (avoid double compensation)

TN [ ENABIE | DisARE |

NCD

Fig — Inspector, — Cavity Control 200MHz, OTFB

@J SPS:Timing - Cavity Control 200MHz - SPS PRO INCA server - PRO CCDA - SPS.USER.SFTPRO1 [T E
File Edit View References Commands Contrel Programs Help
@ EaL | @ 01 Feb 2023 16:31:13 SPS - 09 SFTPRO1 | ISSIEL_PRO_MTE_LEI?E... 0

® Hardware

' References

U LSA DB

JAPC view for the SPS.USER.SFTPRO1 user mapped on the SFT_ PRO_MTE_L4780 2022 V1 LSA cycle.

OTFB Hcomb stop (cavity 1) SIX.MC-CTHL  DISABLED 0.00 650, 00 [} el
OTFB Hcomb stop (cavity 2) SIX MC-CTHL  DISABLED 0.00 650, 00 (]
OTFE Hcomb stop (cavity 3) SIX.MC-CTHL DISABLED 0.00 650, 80 a
OTFB Hcomb stop (cavity 4) SIX.MC-CTHL  DISABLED 0.00 650, 00 Q
OTFB Hcomb stop (cavity 5) SIX.MC-CTHL  DISABLED 0.00 650, 00 Q
OTFB Hcomb stop (cavity &) SIX.MC-CTHL  DISABLED 0.00 650, 00 o a
OTFB Hcomb start (cavity 1) SIX. MC-CTHL EMABLED 0.02 650,82 01 Feb 2023 16:31:00 200
OTFB Heomb start (cavity 2) SIX.MC-CTHL ENABLED 0.02 650,02 01 Feb 2023 16:31:00 200
OTFB Heomb start (cavity 3) SIX, MC-CTHL ENABLED 0.02 650,02 01 Feb 2023 16:31:00 200
OTFB Hcemb start (cavity 4) SIX.MC-CTHL EMABLED 0.02 650,02 0l Feb 2023 16:31:00 200
OTFB Hcomb start (cavity 5) SIX, MC-CTHL EMABLED 0.02 650,02 01 Feb 2023 16:31:00 200 | =|
OTFB Hcomb start (ca\rity_ (] SIX.MC-CTHL EMABLED 0.02 650,82 01 Feb 2023 16:31:00 200 [« |
Feedforward off (cavity 1) SK.W-SCY-CTML  DISABLED 0. 00 450. 00 - a2
Feedforward off (cavity 2] SK.¥-SCY-CTML  DISABLED 0.00 450. 00 )
Feedforward off (cavity 3) SK.V-SCY-CTML  DISABLED 0.00 450,00 5]
Feedforward off (cavity 4) SK.V-SCY-CTML  DISABLED 0.00 450, 00 [¢]
Feedforward off (cavity 5) SK.V-SCY-CTML  DISABLED 0.00 450, 00 a
Feedforward off (cavity &) S¥.V-SCY-CTML DISABLED 0,00 450, 00 [0 st
Feedforward on (cavity 1) S¥.V-SCY-CTML  DISAELED 155,00 505, 00 af—
Feedforward on (cavity 2) SK.V-SCY-CTML  DISABLED 155.00 505, 00 a9
Feedforward on (cavity 3) SK.W-SCY-CTML  DISABLED 155.00 B05. 00 )
Feedforward on (cavity 4) SK.W-SCY-CTML  DISABLED 155.00 B05. 00 5]
Feedforward on (cavity 5) SK.W-SCY-CTML  DISABLED 155.00 B05. 00 )
Feedforward on (cavity &) SK.W-5CY-CTML  DISABLED 155.00 605. 00 ) =
4] [*]

Fig — WorkingSet: Timing — Cavity Control 200MHz,
nominal configuration
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L J Feedforward via 200MHz cavities

* Expert settings only
* Except FFWD enable (output)

* Troubleshooting
- Disable/enable the Feedforward
- Disable/enable the RF Feedback

- Check acquisition signals
« Vcav at injection (first turns)
« Phase loop error at injection (first turns)

CE/RW
\ March 1st, 2023
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Fig — SPS SNES — FeedForward control
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Cavity Voltage Setpoint (Vsp)
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J Voltage functions & hierarchies

[ Settings Management x I

Source
. cyce Parameter Group [«] ] Property [=] Device/Property -
PRO *||QUADRUPOLES 4| |ACTwc200/TotalVoltageGroups SA.TWC200_Phase.C1/Function B
& =| |RF BEAM CONTROL ALLATIMControl/EconomyControl SA.TWC200_Phase.C2/Function
A ATAIA b RF BEAM CONTROL EXPERT ALLFuncGen/Function SA.TWC200_Phase.C3/Function TWC200/TotalVoltagefitotalvoltage
RA RA - RF BEAM OBSERVATION ALLNCO/ControlPPM SA.TWC200_Phase.C4/Function
RAD adma B RF CAVITY CONTROL 200 ALLNCO/FTWSources SA.TWC200_Phase.C5/Function
RF CAVITY CONTROL 200 EXPERT |_| [ALLSps200CavityLoop/Feedforward| ||SA.TWC200_Phase.C6/Function
B RF CAVITY CONTROL 800 || |ALLSps200CavityLoop/Localinterloc| | [SA.TWC200 Voltage.C1/Function
| |RF CAVITY CONTROL 800 EXPERT ALLSps200CavityLoop/OtfbCombpFilt| | EA.TWCZOO_VoItage.C2/Function 1= )
< i I»| | [RF CRAB | |ALLSps200CavityLoop/OtfbLowPass ™| |SA.TWC200 Voltage.C3/Function hd TWC200/TotalVoltageGroUpsiigroupl TWC200/TotalVoltageGroupstigroup2
= |RE Function Generators =[] Il D [« I b
= |aa52) Select All Select All Select All [ Hierarchy
0o ] ) 5]
[[]Show Sub Contexts I Parameter filters: none v|
¥ Setting Part: | ® Value O Target ) Correction ‘ Time Base: !@ Cycle () Beamprocess Injection‘ Trim History
:: _ _
' _ SA.TWC200 Voltage.Cl/Function#functionData
™
SA.TWC200_Voltage.C1/Function SA.TW(C200_Voltage.C2/Function
#functionData #functionData
| ] SA.TWC200_Voltage.C3/Function SA.TWC200_Voltage.C4/Function
#functionData #functionData
| ] SA.TWC200_Voltage.C5/Function SA.TWC200_Voltage.C6/Function
#functionData #functionData
| | SA.TWC200_Phase.C1/Function SA.TWC200_Phase.C2/Function
#functionData #functionData
| SA.TWC200_Phase.C3/Function SA.TWC200_Phase.C4/Function
#functionData #functionData
= Tegend. T ] SA.TWC200_Phase.C5/Function SA.TWC200_Phase.C6/Function
—— SA.TWC200_Voltage.Cl/Function#functionData #functionData #functionData
T T T T T
2000 4000 6000 8000 10000
Fig —200MHz Voltage partitioning hierarchies [6]

Fig — 200MHz Voltage setpoint function, cavity 1

More details on the SPS parameter Model [6]

CERN
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LJJ Counter-phasing & Vector diagrams

SPS 200MHz Votage partioning

* Minimum voltage setpoint (Vmin=500kV)

Vgroup 0 kV Vgroup 500 kV
= Required to operated normally the RF feedback w00 //{ N wl ‘ N
* If a lower voltage setpoint required: el N\ \| wol/ \
5
= 0 < Voltage Setpoint < 3:-Vmin (1.5MV) T o . ,
= Counter-phasing between 3 cavities (1 group) s N RO y
- two 3-section cavities
—400 \\J&/ / —400 \ //
- one 4-SeCtion CaVity —400 —200 0 200 400 —400 —-200 0 200 400 E 330kv
= 800MHz not phase locked to 200MHz if vector sum to ons Varoup 1000 kv o Vgroup 1500 kv .
low (~500 kV) 750 o
= Automatized: Make rule in LSA 0 N -
E. 0 = > 0 < = >
g ::z: \ )/ -500
—1000 -750 —500 _2\5‘,2“3;‘9 [k3]50 500 750 1000 —-1500 -1000 —SOOVOIta;)e v 500 1000 1500

More details on the Cavity-Controllers functions specifications [4,5]

Fig — 200MHz Conter-phasing vector for 1 group of 3 cavities

cgﬁw
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L JJ Voltage partitioning Regime: 1 2 : i

— Va
6000
» Total voltage from bucket area [6] ol — v
. . = —— Vgroug
* Total voltage distributed equally to two voltage %4000_
groups % 3000 -
£
* One function Vmax per cavity ~ 2000 1
* One scalar Vmin for all cavities (500kV) 10007 ]
0 T . T . T
* 3régimes varoup
= Regime 1: counter-phasing, Vcav=Vmin 150 - | — va
| — Vb
= Regime 2: interpolation between regime 1 & 3 100 - g — Ve
= Regime 3: partitioning with Vmax T 507
-V, Vg : 3-section cavities g °
- V. : 4-section cavity =
—100 + i
Ta= ?A+Z;+?c s % —150 1 i
___ Vg Ve =75V 0 1000 2000 | 3000 4000 5000 6000
s = Vatip+ic VeV Vgroup
re == fc _ ¢ € Fig —200MHz Voltage partitioning for 1 group of 3 cavities
Vatvetve Pa =P =¢c=0
CE/RW
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LJJ Voltage for RF gymnastics

CERN

Voltage jump scalar values (not visible in LSA functions)
Sent from Beam-Control to Cavity-controllers (White-Rabbit) -
Triggered by timing or external pulse (Awake)
Setpoint acquisition in embedded acquisition (£ decimation) * —

€

Modules

RF APP ALL - SFTPROL - SFT_PRO_MTE_L4780_2023_V1

‘E)]u c” ghagmann ¥ ‘ ‘@ SPS ‘V‘ |@C "

e B

cycle

HIRADMAT PILOT L8400 Q20 2022
Hiradmat_4inj_FB11100_FT500_Q20
LHC25ns Q20 2022 V1
LHC_BCMS_Q20 2022 V1
LHC_BCMS_Q20_2022 V2

ILOT_Q20_2022 V1
j_26_200_L3014_Q20_2022 V|
linj_26 200 L814 Q20 2022 V1
MD_25.92 55 270_Q20_2022 V1
MD 26 400 1inj FB60_FT850 Q20 2|
MD_26_12460_Q20_2022+1BP_FB_V:
MD_26_L2460_Q20_2022+2BP_FB_V
MD 26 17200 30 200 Q20 _North E
MD_26_1.7200_Q20_North_Extractio
MD 26 17200 Q26 North Extractio
MD_CRAB_26_270_L 8823 Q20_2022 |
MD_CRAB_26_270_L8823_Q26_2022,
FB14700 FT1688 Q2

Operation | Frequency Program | Loops | Rephasing | Bunch Rotation | Cavities | Timing |

Phase Jump
Settings SX.PhaseJumpEnable

EngbIC|Ext el Pils e Reference: SX.S-FTOP-CTML

MD_CRAB_5Inj_FB14700_FT2900_Q.

Enable:
AAAAA Adad
Phi: 180 deg Delay: 0.000
Yry YYYY YYY
AcqC: 4460 ms
REEET
Settings sll.VoltjJumpEnable
Enable External Pulse:
AA Ad Ak A
volt 1: 8.58nv Phase 1: 90.0deg
LA LAL S
“5.86 80.8
Volt 2: .Sanv Phase 2: .0 deg "
vy o'y Hfference: SX.S-FTOP-CTML
AA Ad Ak A llable:
volt 3: 9.58nv Phase 3: 90,0 deg ATV
W W o lay: 2.450
Ad A A TYYYY VYY
Volt 4; 0.50nv Phasea: -90.0deg M. 4462.450 ms
vy b A
AA Ad hhh A
Volt 5: 0.50ny Phase5: -90.0deg
vy v v
AA Ad YV
volt 6: 8.58nv Phase6: -90.0deg
LA LA
TWC200 RF OFF 2
i tus

MD_SFT_PRO_MTE_L1929 2022 V1

32.98_1 9400_PB82_Q:

MD_SCRUB_26_L27600_Q20_2022 V1

E200._L50 PB82 Q26 2

(0l OPERATIONAL

Cavity 1: ENABLED Delay: 400.0 ms
Cavity 2: ENABLED Delay: 400.0 ms
: ENABLED Delay: 400.0ms
Delay: 100.08ns Cavity 4: ENABLES Delay: 400.0ms
Yy vv Cavity 5: ENABLED Delay: 400.0 ms

Cavity 6: ENABLED Delay: 400.0 ms

Enable:

4l ] I v

SX.PhasejumpDisable
Reference: SX.S-FTOP-CTML

Enable:
FYYYY Y YY
Delay: 0. 600
vyvey vey
AcqC: 4460.600 ms

SX.VoltjumpDisable

Reference: SX.BEAM-OUT-CTML

Enable:
Adkhd Akk
Delay: 5.008
vrrey vev
AcqC: 9245 ms

Fig — RF APP ALL — Voltage jump settings for SFTPRO1

March 1st, 2023

SA.TWC200_Voltage.Cl/Function#functionData

L

S

0.71

0.6

0.5

= T
[E—_SA.TWC200_voltage. C1/Function#functionData|

4000

6000

8000

10000

Fig — 200MHz C1 Voltage setpoint function

File Help About

=] SPS 2023-02-24 17:34:54
E‘ > 4 8-

RF SNES
(Super Nukleus

accElerating Synchrotron)

RF Super

————
Voltage Phase  LLdrive  TX power  TX phase
1eg VeavAmp.C1-ACQ
1.00 4 | — \elue
i |' .
0.75 - |||| —— Setpoint
| -
~
0.50 - ! O 7
~ -
0.25 4
0.00
I 1 I I
186 VeavAmp. C4-ACO

Fig — 200MHz Control, SNES , C1 Voltage setpoint acquisition

BE-OP shutdown lectures
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Amplitude & Frequency modulation
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lJJ Amplitude modulation

* Proton cycles

= Reduce average RF power _

- Power coaxial lines: <750kW CW
- Exploit max RF peak power/voltage @ HH . |Iﬁ|
o -
C
o

Voltage [V1
9 N

Amplitude

= Rate: frev or 4xfrev
= Ramp: 500ns

* lons cycles h ”IT

= FM for Fixed-Frequency acceleration
= Frequencies outside amplifier/cavity range — RF off

nlitude

Voltage [V]

= lslvfl’ pertie: |
-+ SA.TWC200_expertVSPAmp. C5-ACQ/C | ckSyncAcquisition#data
-+ SA.TWCR00 e rtv VA cs ACDI'CI ckSyncAcq |l n#data

Time [ms]

List of Properties:

CE/R-NN _ 0.11 0.115 S 0.12 0.125
\ March 1st, 2023 _ _,_,, _ )
Fig — Cavity voltage (C5) at RF on



LJJ Frequency Modulation for LHC lons

flat top Time
~200.392
™ 4620*Frev

™ SA.Frevon function

* Fixed frequency acceleration (FFA) i
. . . [GeVi/c]
* Frequency while the cavity is '
= ON: Fgeon
= OFF: Fge o
* Injection:
" Feron = 4653-frev ~ 199.93 MHz o7
* Before ramp
A4653%Frev ¢ uug tunable
u FRF ON = 200.1M HZ ~~~~~~~~~~~~~~ Y,
= Optimised for RF power Tl e 2000
~{~199.93
* Interlock if frequencies out of range FF “ e85
T T LA SRR
FTW Rf frequency Description Fgrr ore
min | 198.400123 MHz | Minimum RF average frequency ~197.07
£ (ions FFA) 106 9"
RF_avg | max | 200.399942 MHz | Maximum RF frequency (450GeV) '
Min 199.560106 MHz | Minimum RF on frequency < > <
frE on | Max | 200.399942 MHz [Maximum RF frequency (450GeV) FSK on, AM on (@frev)

March 1st, 2023

Time

BE-OP shutdown lectures

FSK off, AM off

Fig — LHC lons cycle — RF frequencies
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lJJ Frequency Modulation for Fixed target lons

* Fixed frequency acceleration (FFA)
* Debunching on intermediate plateau: 26GeV/c
Cavities switched OFF
* Lowest RF frequency
= Re-capture Fgp oy = 199.57 MHz

More details on the Beam-Control OP shutdown lecture [9]

March 1st, 2023

p+ equ.
Momentum
[GeV/c]
380 —+
intermediate
flat top
.~26
17.07 |
" flat bottomn ramp ramp flat top Time
OV e tunable
~~~~~~~~~ B | ~200.391
~~~~~~~~~ : . : : 7
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~200.1 3 |
o ~199.93 ) | lilGZO*F
RF ON = < vy
Fer . ~1985 N N ~199.57 ; rev
o | re-capture 5
Frr orFF 3 R | |
\ - SA.Frevon function |
~196.9 | ‘ i =
< M N Time
FSK on, AM on (@4- frev) debunching FSK off, AM off

Fig — LHC lons cycle — RF frequencies
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lJJ lons slip-stacking

* Doubling of the total Pb beam intensity for HL-LHC
[X] by reducing bunch spacing to 50 ns

* This spacing cannot be produced in the PSB-PS chain

 The idea is therefore to [3]
1. Inject 2 to 7 batches with 100 ns bunch spacing

2. On an intermediate plateau, apply a frequency
difference between the two batches (3
cavities/batch) so that they slip in position

3. Let them drift until we get the 50 ns interleaving

4. Then move both RF to identical frequency (collapse
the buckets), increase voltage and let filamentation
create identical 50 ns spaced bunches.

| March 1st, 2023

T=x3x100ns + 6x150ns = 3us

100ns 150ns

A~
AN RO RO HRRRD RRRR RERR RONIR
batch 1 batch 2 batch 7
Fig — LHCION bunch pattern (2x 7 injections of 4 bunches)
{ )
088868 0066008 Injection
V e @ O O O (100ns bunch spacing)
B o A A A <
00000 .
..................................................................................... Start Of S“p_stack|ng
00
00000
..................................................................................... End of slip-stacking
,‘"\ A ,".‘\ Y
[ | " Re-capture
........................................................ (50ns bunch spacing)
Fig — lons slip-stacking principle
BE-OP shutdown lectures 33



LJJ lons slip-stacking — Amplitude modulation

* LHCION cycles Frev e e
. (RFNCO) I‘l
* AM & FM Modulation at 1xFrev o — e
* 9us RF on pulse (top), T R o o—:—'
Tar_oFF —Or | ? 0 . >
 4us/group for slip-stacking (intermediate plateau) ) o 1us el o t
c e . . . . i ot o
* Up to 14 injections, 4 bunches/inj, 100ns spacing fo00% - . ,
AM before :
slip-stacking |
0% : ]! »-
/1us| 41us  1us | t
— 100% :‘ I
AM group1 :
slip-stacking |
« 2 groups of cavities (#f;) o | A
during slip-stacking s | t
» 2 phase loops 100% |
* Real time bunch mask AM group? |
slip-stacking :
More details on the Beam-Control OP shutdown lecture [9] 0% — : = : : =t
— 2[;[;15 ESdns
CE/RW Fig — AM for lons slip-stacking
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Cavity Group splitting (AM)
Start slip-stacking @inj+7270ms

LJ Ions Slip-StaCking - CVCIe Transition @inj+5206.8ms}\

800MHz on @inj+5207ms

e Correction dV on the voltage groups FM off@inj+5080ms 800MHz off @inj+7280ms
function from slip-stacking APP Slippyry (200.1MHz)
 Two dFrev functions for slip-stacking 2000~ TrALIENSIY | e
frequenc / - 400
q Y 1750 - - - /“\___.‘__ : — ' ' , Very good
2 inj transmission
= 1500 + t { f
* Performances in 2022 with two batches ¢ : 300 _
g 1207 1stinj | | | | 3
only. & J | e
.. 5 L dv'! E
e 2x 7 batches to be commissioned for fé 10007 ' | | | | - | 200 £
LHC ions in 2023 2 5 AU N =
500 A i : : .
dfrevii /L  End slip-stacking @inj+8055ms
250 - - Y i '~ Recapture (voltage jump)
) e i ' 800MHz on @inj+8100ms
! : i 1__rv
° El) 20:00 40:00 i GDIGU i BDI(}O i lD(IIUO 12600
Fig — BCT, LHCION1 cycle 2022 Cydle time(msec) i |
(2 injections) eque ! |
CE/RW
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lJJ lons slip-stacking — Beam parameters

e 2 injections CyC|e ;50 e i bunch |ength:
* Bunch |ength ok without ﬁ"f” .&m\\r JW Lﬁﬁtiﬁiﬂi: 1.3to 1.8ns
bunCh rotation Dﬂn 4000 5000 Tm-e:eoo[i“] 7000 soo§ 9000 10000 11000 12000 avg: 1_6”8
* Bunch rotation available if needed o] e e
EZ: L _ e eSS
Fig — LHCION1 cycle, Bunch IengthTirne "
measurement
N
o1
>
n Z
o
c £
@)
N
2 :
Fig — Fast BCT, LHCION1 cycle
CE/RW
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lJJ LHC lons, Slip-stacking - BCT

* LLRF beyond the Faraday cage — RF to Bl over White-Rabbit
= Azimuthal compensation
= Delay compensation

Bucket (bunch)

Fig — LHCION1 cycle, Fact BCT Fig — LHCION1 cycle, Fact BCT with RF over White-Rabbit (WR2RF)
(Courtesy of Tom Levens) (Courtesy of Tom Levens)
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l J Fixed display : RF Low level status

* Status with cycles history

CERN

S0Pl -

TPROL | SFT_PRO_MTE_L47

01 Mar 2023 15:24:43 SPS - O
—

01 SFTPROL | SFT PRO MTE L4780 2..

f Cavities Status r RF Synchro r_Cavity 1 800MHz Signals r Cavity 2 BOOMHz Signals |

Controlled context SFTPRO1
Last received context SFTPROL
Refresh Context
User C1-200MHz C2-200MHz C3-200MHz C4-200MHz C5-200MHz C6-200MHz C1-800MHz C2-800MHz
SRILIESS TS SFTPRO1 - Disabled Disabled Disabled Disabled Disabled Betailz
Timestamp Cycle C1-200 C3-200 C6-200 C1-800 C2-800
15:24:42 SFTPRO1 Disabled Disabled Disabled Disabled Disabled -
15:24:36 LHCPILOT Disabled Disabled
15:24:24 MD1 Disabled Disabled
1502415 srTPRO1 Dicabled Disabled
15:24:09 LHEPILOT Disabled Disabled
15:23:56 MD1 Disabled Disabled =
152547 SFreRo1 Disabled Disabled
15:23:41 LHCPILOT Disabled Disabled
15:23:29 MD1 Disabled Disabled
15:23:20 SFTPRo1 Dizabled Disabled
15:23:13 LHCPILOT Disabled Disabled ||
15:23:01 MD1 Disabled Disabled
15:22:52 SFTPRo1 Disabled Disabled
15:22:46 LHCPILOT Disabled Disabled
15:22:33 MD1 Disabled Disabled
15:22:24 SFPRo1 Disabled Disabled
15:22:18 LHCPILOT Disabled Disabled
15:22:06 MD1 Disabled Disabled
152157 srTPRO1 Dicabled Disabled
15:21:51 LHEPILOT Disabled Disabled
15:21:38 MD1 Disabled Disabled
15.21.29 SFTeRo1 Disabled Disabled
15:21:23 LHCPILOT Disabled Disabled
15:21:11 MD1 Disabled Disabled
15:21:02 MD1 Disabled Disabled
15:21:02 MD1 Disabled Disabled
15:21:02 MD1 Disabled Disabled
- Mo Exception to display...
& 15:21:06 Error when refreshing RF Synchro table: NO_DATA_AVAILABLE_FOR_USER: Access point 'FcExtSelection/C. tionAcq' has no data for user 'SPS.USER.MD1': FESA_13021 The field 'rb_channelSelection' has no data for the cycle selector 'SPS.USER.MD1' (no set ... -

Fig — RF low level Fixed display, 200 & 800MHz cavities

March 1st, 2023
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l JJ Embedded signal acquisition

Expert tools

& gt
g"
-9“
"
&
&
e
| &
&
#
| #
| ¢ @
‘ B — #
| &
.
#
\ s
P
&
&
-~
s ke Ba B Eg £ o o
= e e R FrarisapianCs = Rolariowituse CS

Fig — Pegasus, signals acquisition at RF on

Expert

Acquisition

12 signals

OP

Acquisition

32 Flags

6 signals
32Flags

< 4AM pts

< 2048 pts

Adjustable
rate

Individual

| configuration

“Fixed”
rate
. | Common
configuration

March 1st, 2023

Fixed displays

VeavAmp.C3-ACQ

166 VeavAmp.C1-ACO 106 VeavAmp.C2-ACQ 1e6
1.00 | 100
—— \elue 15
07s — setpoint [ oo |
10 4
0550 0:50
025 N‘ 025 4 \’ 051 T
0.00 0.00 - 0.0
T T T T T T T T T T T
1e6 VcavAmp.C4-ACQ 1e6 VeavAmp.C5-ACQ 1e6 VecavAmp.C6-ACQ
1.00 1.00 |
15 4 1
075 0.75 4 ]
104
050 050
025 0.25 4 ] 05 T
0.00 0.00 00 4

T T T T T
0000 0002 0004 0006  0.008
Time [ms]

T T T
0000 0002 0004
Time [ms]

T
0.006

T
0.008

T
0.000

T
0.002

T T
0004 0006
Time [ms]

Fig — SNES, Vcav acquisition for 200MHz cavities, full cycle (SFTPRO1)

BE-OP shutdown lectures
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JJ OP high-level application (SNES) [SZ LTSS

Cavity voltage acquisition
* OP acquisition \

Cavity voltage setpoint acquisition

RF Super NES
File Help About

* Signals

SPS 20230224 17:34:54 13 HIRADMTZ | Hiradmat 4inj FB11100 FT500 Q20 2023 V1
|)_mgv ——————————— @spsup

= Cavity voltage & phase “otoge | rase | Leaive Tpawer | Wphase m

{Super Nukleus
accElerating Synchrotron)

. 1e6 VicavAmp.C1-ACQ 1e6 VeavAmp.C2-ACQ 1e6 VeavAmp.C3-ACQ
= LLRF drive (sent to TX) w0 Y Y —
it — f " fr
0.75 4 "\‘ setpoint | ¢ | ‘|‘|\ i
050 H 050 | 104 t
= TX power and phase — i
025 ‘ 025 . |
0.00 0.00 4 0.0 4
L] T T T T T T T T T T T T T T
* High-level control of the loops
1.00 4 - 1.00 4 T
: N 154 .
Nl 1
075 i 0.75 - I
104 1
* Interlock status ozl I |
025 4 0.25 - 05 4 -
LSA Context
0.00 4 0.00 4 0.0 4
, ' : y y y ' : : ' ' : : y ’
0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008
SFT PRO MTE L4780 20... Time [ms] Time [ms] Time [ms]
AWAKE 1iInj FB6C
HIRADMT1 HIRADMAT PILOT a/a € > ‘*’ Q = ”
LHC25NS
LHC1
LHC4 / 1inj_Q Cavity phasingd Interlock status  |Buffers config
LHCINDIV
LHCPILOT Cavity 1 Cavity 2 Cavity 3 Cavity 4 Cavity 5 Cavity 6 All
MD4
Interlocks
ol o © o o ) o
5 ¥ 5 5 o 5 rtar o
External (RF Power) &
© v © o © © — 1 - 1T ~ 1T + 1 - 1 + 1]
Local O (@) ® b L] L)
Vsp @] ) (@] @® () @® Long. damper OFF OFF OFF OFF OFF Turn all ON
ftwH1F
o 0 0 0 0 0 0 -
ftwH10nFreq @ ® (@) ® ® @
- ~ : : ~ ~ S —_— 1 - | - 1 - 1 - 1 - 1
I\ 1 ]
Fig — 200MHz Control, SNES Y

CERN Individual control global control
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L J OP high-level application (SPS RF Power Control) [l emsine

° OP acquisition 5 SPRPPGRET TSI TTes O

.
[ ] SI n a Is Cavity 1 (Siemens) on SFTPRO1 Cavity 3 (Thales) on SFTPRO1 Cavity 5 (Philips) on SFTPRO1
1,100,000 2,000,000 1,100,000
y F
1,000,000 1,000,000
. 1,750,000 e
= Cavity voltage & phase
800,000 300,000 800,000
= 700000 2 oo S 700000
= TX power and phase : : :
W r n £ 600,000 g & 800,000
E E 1,000,000 E
500,000 - 500,000
Z Z =
[ F I a gs 2 400,000 7 750000 3 400,000
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® Voltage @ SetPoint @ LSA @ Voltage @ SetPoint @ LSA ® Voltage @ SetPoint @ LSA
[Cavity200ExpertSignalsController] There are too many points to display (57936) for limiting on cavity 5, on cycle SPS.USER.SFTPRO1. ”
Nata ara nnt ninttad tn aunid maman: nenhlam Plaaca radiira tha niimhar nf nnint in tha FESA rlacc (All AraNatal

Fig — SPS RF Power Control, 200MHz signals acquisition
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lJJ Expert high-level application

CERN

Status on all cavities
Main settings
Signals acquisition
Advanced subpanels
= Cavity-Controllers
= White-Rabbit
= GBLinks
= Clock distri (eRTM)
= Acquisition settings
= etc.

March 1st, 2023

(] SPSREACQ Setti

TGM User

SFT_PRO_MTE L47...

Reload SC

~=iNFO =

LSA Context

Channel settings:

Duration

Decimation enabled

Decimation rate 20000
samples. 100000
Mode samples
sync to Rev

Trigger settings
Enabled
Delay) 150.00 ms

Reference event: | Start Cycle

Line: 5
Load Defaults

Push Settings

SA.TWC260_RfDrive.Channel.C5/ClockSyncConf @ SPS.USER.SFTPROL

2023-02-22 17:26:41,314 -

SA.THC260, RFOAITAM ch
2023-02-22 17

root

- INFO - Setting

aw\el C5/ClocksyncConf @ SPS.USER.SFTPROL
- root - INF

0 - Setting

SA.TWC268 V(av channel CS/(‘n(kS)nchnf @ SPS.USER.SFTPRO1

2023-02-22 17:26:41,318 -

root

- INFO - Setting

SA.TWC260_VSP. Channel.CS/ClockSyncConf @ SPS.USER.SFTPROL

2023-02-22 17:26:

2023-02-22 17

319 - root
SA.TWC268 ExpertF gs.thannel €5/ClockSyncCon @ SPS.USER.SFTPROL

- INFO - Setting

FO - Settin

- - a
SX.THC260, RfAchxtSTart €5/5ettings @ SPS.USER.SFTPROL

2023-02-22 17:26:41,372 -

2023-02-22 17:26:41,372 -

root -

root

INFO - Done!

- INFO - Done!

Fig — Expert Acquisition settings

200 C1 200 C2 800 C1

SetPoint [ ]
Drive [ ]
1TFB [ ]

Polar Loop
Output OPERATOR
Limiting .
RF On Request
Economy C G CYCLING CYCLING
Longitudinal Damper
Interlacks
PLC Alarms (Latched)
Cavity Loops Veto

FTCI Veto

) LLJ{,’T Main Panel

Thales (4 section)  Philips (3 section)  Philips (3 section)

200 C3

CYCLING

Inspector 3.5.49-'SPS200"MainREPanel’ - SPS.USER.SETPROT

Electrosys

200 C4 200 C5 800 C2

OPERATOR

CYCLING CYCLING

Cavity 5 ok

200 Cé6

SPS.USER.SFTPRO1

Thales (4 section)

MCHs

eRTM BO

eRTM (COy

WhiteRabbit

FTCI

GBLinks

Blow-Up

200 VC

200 Phases

Excitation (ALL)

Acq Settings

Pickup Frontends

Data rate =

Decimation rate_

Decimation rate

Clock rate

Nb Samples:
* Inspector < 100'000 pts
* Pegasus < 4Mpts (max)

8ns
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LJJ Expert high-level application

 Cavity-Controller

Expert acquisition

(Z) SPS LLRF Main Expert Panel

Inspector 3.5.49 - CC 200 C5 - SPS.USER.SFTPRO1
Fig — IcFwd acquisition at RF

X
on (no decimation)

SA.TWC200_CavityLoops.C5
e —— P —
IcFwd

Pickup

SPS200_MainRFPanel X €C 200 C5

FW Version

Amplitude 622.97 kV
=y @ gain locked
MM Version

@ phase locked

VoltageSetPoint

av/dp
Filling

R

Control
Longitudinal Damper

VCav BS Set-point
RFOut a
B

Fig — Vcav acquisition at RF on
(no decimation)

CERN

VCav/VSP
Be!ﬂ“ |
Output

Control
Limiter
Q o
— -
Out

VCav
Drive

Cavity Phase GEFS: | 7
[l Non-pPM
Il v

o L

tFlags.C5-ACQ

economy mode active

economy force pulse

Fig — TWC200 Cavity-Controller application

March 1st, 2023 BE-OP shutdown lectures



LJJ Expert acquisition - Pegasus

* All 200MHz signals in one plot
= All signals (included flags)
= Comparison between cavities
= Higher number of points
= Data saving (.csv) 8|
= Plot saving (.png)

* Available in CCM

-'I J} RF Pegasus (Acq App)

= Close the app if not used
(subscription)
* Acquisition settings
= Configure only active channels

= Use SPS Acq Settings to configure

all channel at once
| +J} SPS LLRF Acq Settings !

March 1st, 2023

2023-02-28 11:04:09,595 - root - INFO - Receiving signal from FRfOn.C5 @ SFTPRO1

bH

o RF Pegasus 0.5.4 - ‘Extra (crispy) bits...' AT e X
= J Display settings:
HIRADMT2 5
MDA V| Show legend (] m"‘h
SFTPRO1 SFT_PRO_MTE_LA780 2... Pause refresh 1) Rescale st_x\ ¥
HIRADMT1 HIRAD PILO A L e
LHC25NS Session: ©
LHC1 CMS_Q20_2 &
LHC4 V_1inj_Q20 B Load R save il ik
LHCINDIV 2 . . I S s
LHCPILOT LHC PILOT Manual limits: (] =
MD4 SFT_PRO (Il
ZERO SPS T Axis: B bl | l I I Y
N ’ FS x [ R R
Min/Max: 707 = 0 = l
Set
SRR | 2
2 & )
| Refresh users | S oalf
———t | &
All devices: Selected devices:
VSPAMD.C5 - & S
NSPEhese B rrfon.cs SFTPRO1 5 R :
OTFBAmMp.C5 ki oF
STrBRheca o [ VcavAmp.C5  SFTPRO1 2 &
RFOutPower.C5 o
REG bR e B VvcavPhase.C5 |SFTPRO1 2 b@ S
RfDriveAmp.C5 v
RfDrivePower.C5 I vspamp.cs SFTPRO1 (2 5
RfDrivePhase.C5 \3 A
i i s
IcFwdPhase.C5 &
PolarLoopGain.C5 3
PolarLoopPhase.C5
PolarLoopSPAmMp.C5 ‘ N
PolarLoopSPPhase.C5 & »
PickupPhase.C5 - Q| ¥
= ®
Filter: |c5 A
: S
+ Add | W Remove I »
= F
Channel settings: Trigger settings: 5‘\ A
- - T T T T T T y T T T
Samples: 65536 = Base event: | First Injection Y 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
R e ms — FRfON.C5 —— VcavAmp.C5 —— VcavPhaseC5 —— VSPAMP.CS ~—— IcFwdPower.C5
Decimation: | 20000 - Delay: 0.00 ms ~|
Frev sync 4 Push settings V| Enabled 4 Push settings A€ ‘i’ Q =~

530.48 ms, 14.20 kW, 44.54 kV, -164.26 deg

Fig — Pegasus, 200MHz signals acquisition

Do no subscribe to all signals at once!

1G Ethernet bandwidth limit
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LJJ Guru application

e LSA trim editor
* All settings in LSA

= Value generator
= Make rules

J' Settings Management x [

Source

Cycle

[ Parameter Group

| Property |+

\ Device/Property

Il | »
>4

QUADRUPOLES

RF BEAM CONTROL

RF BEAM CONTROL EXPERT

RF BEAM OBSERVATION

RF CAVITY CONTROL 200

RF CAVITY CONTROL 200 EXPERT
RF CAVITY CONTROL 800

[T

ACTwc200/TotalVoltageGroups A
ALLATIMControl/EconomyControl
ALLFuncGen/Function
ALLNCO/ControlPPM
ALLNCO/FTWSources
ALLSps200CavityLoop/Feedforward
ALLSps200CavityLoop/Locallnterloc

SA.TWC200_Phase.Cl/Function A
SA.TWC200_Phase.C2/Function
SA.TWC200_Phase.C3/Function
SA.TWC200_Phase.C4/Function
SA.TWC200_Phase.C5/Function
SA.TWC200 Phase.C6/Function

SA.TWC200 Voltage.Cl/Function

* Only tool for functions
* No copy of the settings

* Missing:

= RF CAVITY CONTROL 800 EXPERT ALLSps200CavityLoop/OtfbCombFilt, | |SA.TWC200_Voltage.C2/Function 3
. < D m 0 > | RF CRAB. - ’:LILSDszoocaViﬁIVLOOD/OtbeO]prJ;SI: S<I|\.TWC200 Volta(lﬂe.C3IFunction I ]PI:
u Pa rtICIe type dependant "’:j la152) BEﬂmﬁlﬂnﬁ:zﬁ:;f::'r Select All Select All I Hierarchy
o Ul0 OPERATIONAL 2, |aras) .2, |(1/19) £ |(r97)
= Specs: https://wikis.cern.ch/x/yZ9WCg |/Zshew subcontexts I arameter fitefs: hone 7]
: Setting Part: = ® Value () Target () Correction  Time Base: ;Z;iil Cycle () Beamprocess  Injection
SA.TWC200 Voltage.Cl/Function#functionData ]
ol .
= Except voltage functions os] ]
= Rely on settings generation 0.81
= By default: RF off (output enable)
0.6
Ii = Legend = = 5T
0.5 .TWC200_Voltage.Cl/Function#functionData
= settings for AM on protons cycle o 2000 6000 10000

= few settings for Slip-stacking

March 1st, 2023

BE-OP shutdown lectures

46



https://wikis.cern.ch/x/yZ9WCg

U

CE/RW
\

NS

March 1st, 2023

Troubleshooting
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l JJ Basic system checks

* Remote checks

= FEC connection? (ping, ssh or DIAMON)
FESA classes running? (ssh or DIAMON)
Power supplies ok?
White-Rabbit network
Grafana, Inspector

* On-site checks
= Power supplies (LEDs)
= Board failure (LEDs)
= Local Veto (FTCI)
= WR network switch

CE/RW
\ March 1st, 2023
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l J Basic system checks — Remote

1. FECs for the Cavity-Controllers
= cfu-ba3-allfbl
= cfv-ba3-allfb800c1, cfv-ba3-allfb800c1
= cfc-ba3-allgpsps2
2. FEC connection
= DIAMON (from CCM)
= try ping or ssh connection
3. _FESA classes running
= DIAMON services all green? I

= logged on the FEC (advanced boot state)
- ~$ lumensctl list

= Power supplies status
- CCM @& sPs Crates Monitoring

= Grafana (FEC, network, history, ...)
- CCM | 1 Micro TCA LLRF Monitoring |

March 1st, 2023

spE| Open File ...

o @ AWAKE (1)

- @ crs (71)

@ CTF (5)

o~ @ ELENA (3)

- @ 150 (9)

- @ LEI (@)

o @ LHC (92)

@ L3 (8)

- @ LNa (83)

o @ LN4TS (1)

@

- @ PsB (29)

o~ @ s18(6)

¢ § sps (73
_‘] cct-ba2-mox1
.-] cct-ba3-mox1
.] cct-ba3-mox2
.] cct-ba3-mox3
=) cfb-ba3-allattpkdet
,.] cfb-Iss3-apwlattenl
;;] cfc-ba2-allobsl
;_;] cfc-ba2-allobs2
‘.;J cfc-ba3-allgpsps2
._] cfc-bab-qaicc
._J cfc-ccr-allgpsps
i) cfi-ba3-abwim
i) cfi-ba3-allbgm

old Configurations »

DIAMON console [PROD] 2.5.49 - UNKNOWN as GUEST - RADIO FREQUENCY
Edit View Tools Filter

I [¢al[ mame ra1]

» . Accelerator Controls

. Access System

_ B-Train

‘_ Beam Instrumentation
‘_ Collimation

‘_ Cooling and Ventilation
. Cryogenics

. Dump Systems

. Experimental Areas

. Extraction Systems

‘. Frontend High Tension
‘. Injection Systems

. Machine Interlock Systems
_ Operation

. Power Converters
< Qps
. Radiation Protection

Targets and Dumps
. Transverse Feedback
. Vacuum

Status [N]

cfv-bab-allcrabl cfy-bab-allcrab2

| cfmbad-allfol  cfun-bad-allgp [WETETEIISET
ctiva-770-cris1 _[Lioiesbazealleri || iesbazsallerz |

&
-

description prio

i 11:39:55 Got 15 services for cfu-ba3-allfb1

-

BE-OP shutdown lectures
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lJJ Basic system checks — Remote

1. FECs for the Cavity-Controllers
= cfu-ba3-allfbl
= cfv-ba3-allfb800c1, cfv-ba3-allfb800c1
= cfc-ba3-allgpsps2
2. FEC connection
= DIAMON (from CCM)
= try ping or ssh connection
3. FESA classes running
= DIAMON services all green?

= |ogged on the FEC (advanced boot state)
- ~$ lumensctl list

= Power supplies status
- CCM @& SPS Crates Monitoring

= Grafana (FEC, network, history, ...)
- CCM | /® Micro TCA LLRF Monitoring |

\4
Boot sequence
order

ighégmé;;lecfu;l;a éilfhlj

¢ lumensctl list

US UNIT NAME
timservice
rf_hwacc LTIM
LTIM DU M o
ALLSps206ERTM DU _M Clock distri
ALLWR_DU_M
f}le_barr)rer White-Rabbit SynC
file_barrier_1
file_barrier_2
ALLSis8300_DU_M
file_barrier_3
file _barrier_4
ALLATIMControl DU _M ATIM
ALLNCO _DU_M

ALLFuncGen_DU_M NCO

ALLSps200CavityLoop DU M Functions
ALLExcitation DU M

ALLResampFixedToBeam DU _M
ALLGBLink DU M
ALLAcquisition DU M
ALLAcquisition DU M 1

Board management

Fig — FESA classes in CFU-BA3-ALLFB1 (200MHz)



JJ Basic system checks — Remote

1. FECs for the Cavity-Controllers
= cfu-ba3-allfbl
= cfv-ba3-allfb800c1, cfv-ba3-allfb800c1
= cfc-ba3-allgpsps2
2. FEC connection
= DIAMON (from CCM)
= try ping or ssh connection
3. FESA classes running
= DIAMON services all green?

= |logged on the FEC (advanced boot state)
- ~$ lumensctl list

= Power supplies status
- CCM @& sPs Crates Monitoring

rarana
- CCM

, hetwork, history, ...)
i® Micro TCA LLRF Monitoring |

March 1st, 2023

Inspector 3.5.49 - CrateManMonitoring

CrateManMonitoring X

Tol

Crate Monitoring

\
P12

cfv-ba2-alitrdamph1 cfv-ba2-alltrdamph2 cfv-ba3-allbol cfv-ba3-allbo2 cfv-ba3-allsyncl
cfv-ba2-alltrdampv1 cfv-ba2-alltrdampv2 cfv-ba3-allfb800c2 cfv-ba3-alldiagl

cfv-ba2-alitrdamp NV-ba3-allhbtfb

BA2 BA3
~ba2- cfv-ba3-allfb800c1

GREEN - all properties in
- properties in in

Fig — BA3 Crate monitoring (without MicroTCA)
Fan 1 RPM

Fan 4 RPM

iP3V3 39 A i

uM6VA SOURY umMi12v

iM6VA -26A iM12v

@ vovzvo @ bpmsv2
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l J Basic system checks — Remote

1. FECs for the Cavity-Controllers
= cfu-ba3-allfbl
= cfv-ba3-allfb800c1, cfv-ba3-allfb800c1
= cfc-ba3-allgpsps2
2. FEC connection
= DIAMON (from CCM)
= try ping or ssh connection
3. FESA classes running
= DIAMON services all green?

= |logged on the FEC (advanced boot state)
- ~$ lumensctl list

= Power supplies status
- CCM @& sPs Crates Monitoring

= Grafana (FEC, network, history, ...)
- CCM

® Micro TCA LLRF Monitoring |

B meec

MicroTCA Crates Status

oK OK

S i

ves

Fig — Grafana for CFUM-BA3-ALLFB1 (200MHz)
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L J Basic system checks — on-site

* Power supplies

= VME: rear power supplies (green LEDs)
= VME: Module Power LED

= MicroTCA: Power supplies, eRTM

= MicroTCA: Board failure (LEDs)

= Local Veto (FTCI)

= WR network switch

CE/RW
\ March 1st, 2023

Fig — TWC800 crate (Front)
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L J Basic system checks — on-site

* Power supplies

Status LED (green)

= VME: rear power supplies (green LEDs)

= VME: Module Power LED

= MicroTCA: Power supplies, eRTM
‘ = MicroTCA: Board failure (LEDs)

= Local Veto (FTCI)

= WR network switch

T 3 . '\ ¢
. .
2 SN " A
N 5y
==X ,\\\\\ U=l

foller modules (SIS8300)

Fig — Power supply, MCH Fig — Cavity-Co

Board powering status LED:

« off: ok
* Dblue: power down
CE/RW
\ March 1st, 2023 BE-OP shutdown lectures 54
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L J Basic system checks — on-site

* Power supplies

VME: rear power supplies (green LEDs)
VME: Module Power LED

MicroTCA: Power supplies, eRTM
MicroTCA: Board failure (LEDs)

Local Veto (FTCI) |

WR network switch

March 1st, 2023

“in1”: RF Power Local Veto

(PLC) /

Fig — Interlock module FTCI
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L J Basic system checks — on-site

* Power supplies
= VME: rear power supplies (green LEDs)
= VME: Module Power LED
= MicroTCA: Power supplies, eRTM
= MicroTCA: Board failure (LEDs)
= Local Veto (FTCI)
= WR network switch I

Power LED
(green)
Status LED
(green)
Fig — White-Rabbit swich status
SFPs LEDs
« left: green
« right: blinking orange (activity)
CE/RW
\ March 1st, 2023 BE-OP shutdown lectures 56
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lJJ Low Level RF loops

* Remote checks
= Switching loops (on/off)
= Expert acquisition (piquets or experts)

* On-site checks (piquet or expert)
= Cavity phasing
- Oscilloscope
- Vector voltmeter

= Cavity voltage spectrum
= RF power measurement

CE{W
\ March 1st, 2023
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lJJ Low Level RF loops — Remote checks

File Help About

* Disable the loops in a sequence =

= Static Voltage setpoint

= RF Feedback (OTFB) OFF
= Static frequency (NCO)
= PolarLoop OFF

= LLRF Output OFF

* Enable the loops in a sequence
= LLRF Output ON
= PolarLoop ON
= WR (RF-train) frequency (NCO)
= RF Feedback (OTFB) ON
= Voltage setpoint functions

SPS 2023-02-28 12:26:33

RF Super NES Pl Bes

(Super Nukleus
accElerating Synchrotron)

Qa®co

bH

c@
\

) March 1st, 2023

TGM User

HIRADMT2
MD1
SFTPRO1
HIRADMT1
LHC25NS
LHC1
LHC4
LHCINDIV
LHCPILOT
MD4
ZERO

LSA Context

SFT_PRO_MTE L4780 _20...
HIRADMAT PILOT L8400...

LHC25ns_Q20 2023 V1
LHC BCMS_Q20 2023 V1

LHC _INDIV_1inj Q20 202...
LHC _INDIV_4inj Q20 202..

LHC_PILOT_Q20 2023 V1

SFT_PRO _MD_aperture 2...

SPS _TIMING 2021 V1

NON_MULTIPLEXED SPS

Output Enable

i_’: HIRADMT2 | Hiradmat 4inj FB11100 FT500 Q20 2023 V1 @

| Voltage | Phase LLdrive =TXpower TX phase =
1e6 VcavAmp.C1-ACQ 1e6 VcavAmp.C2-ACQ 1e6 VcavAmp.C3-ACQ
1.00 4 — elue 1005 o 15 - il
0.75 i —— Setpoint | ¢ 5 H [
‘| ’ 10 4
0.50 - 0.50 - -
025 4 } 0.25 - ‘i ST
0.00 4 0.00 ~ 0.0
T T T T T T T T T T T T T T T
1e6 VcavAmp.C4-ACQ 1e6 VcavAmp.C5-ACQ 1e6 VcavAmp.C6-ACQ
1.00 - - 1.00 - " |
\f A/ ] 2] i
0.75 4 ‘” 0.75 Hl I
| | 1.0
050 - - 0.50 )ﬂ
025 4 } 025 i L I 5
0.00 0.00 4 - ; 0.0 4
T T T T T T T T T T T T T T T
0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008
Time [ms] Time [ms] Time [ms]
A€ Q=N X=0.00346 y=125.
|
Cavity phasing | Buffers config | Interlock status
Cavity 1 Cavity 2 Cavity 3 Cavity 4 Cavity 5 Cavity 6 Al

Interlocks g w w w U w

Voltage Setpoint FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION Turn all STATIC
Polar Loop CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED Turn all OPEN

Fig — SNES, Vcav acquisition with all system (loops) on

BE-OP shutdown lectures 58




l J Low Level RF loops — Remote checks

VeavAmp C5-ACO

VicavAmp. C5-ACO

VeavAmp. C5-ACQ

£O0000 - 600000 GO0000
400000 400000 - 400000 -
200000 - 200000 - 200000
| | o
0 0 - T T T T T
1 1 T T T T T T T T 0.000 0002 0.004 0006  0.008
0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008 T
. R . . ime [ms]
Fig — SNES, Vcav acquisition in various states Time [ms] Time [ms]

Cavity 5 Cavity 5 Cavity 5 Cavity 5 Cavity 5 Cavity 5
intetocks U U U < @)
Voltage Setpoint FUNCTION STATIC STATIC STATIC STATIC STATIC
Polar Loop CLOSED CLOSED CLOSED CLOSED OPEN OPEN
Fentioruae T
Long. damper OFF OFF OFF
Output Enable ON ON ON

166 VeavAmp.C5-ACQ VeavAmp.C5-ACQ VecavAmp.C5-ACQ
100 4 600000 - £00000
075 1 400000 - 400000 4
0.50 -
200000 - 200000
0.25 -
0.00 - T 07 T T T T T 0 T T T T T
L 1 I I
0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008
7 Time [ms] Time [ms] Time [ms]
CERN

/\

NS
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lJJ Summary

* The RF system is based on the following paradigms
= Use of the White Rabbit (WR) network
- keep the various nodes (cavities, beam-based measurements, Bl,...) in synchronism
- Transmission of the RF frequency as Numerical Word over the WR.
- Analog (fiber, copper) transmission of reference RF signals for legacy (Synchro with PS, Bl, etc.)
= All Beam-Control, TWC200 digital electronics clocked with a fixed frequency distributed by the WR
= Controls of TWC800 similar to TWC200, only expert acquisition.
= Beam-Control and TWC200 on a uTCA platform (COTS, in-house), TWC800 on VME (in-house)
* Controls & Diagnostics

= Cavity voltage Fixed displays (SNES, RF lowlevel status, Grafana) for daily operation
= Expert application for deeper analysis : Inspector, Pegasus
= Setting generation almost fully automatic (Value Generators and make rules)
= Basic sanity checks:
- Fixed displays
- FEC status, HW status

- Separate Cavity-Controller from Beam-Control (static frequency, static setpoint)
- Loops sequencings (on/off



l JJ References

[1] P. Baudrenghien, BE OP shutdown lecture 2022, The new SPS LLRF, JAPW, CERN, Geneva, Switzerland, Oct
2020. EDMS Doc 2422829, https://edms.cern.ch/document/2422829

[2] I. Karpov, LIU intensity ramp-up: longitudinal beam dynamics and RF aspects, JAPW dec 2022, CERN, Geneva,
Switzerland, Indico event 1194548, https://indico.cern.ch/event/1194548

[3] D. Boussard, Reduction of the apparent impedance of wide band accelerating cavities by rf feedback, IEEE Trans.
Nucl. Sci. 30 (1983) pp.2239, 10t Particle Accelerator Conference, Satna Fe, USA,, DOI: 10.1109/TNS.1983.4332774

[4] G. Hagmann, LIU-SPS LLRF TWC200 Functions specification, V1.0, CERN 2023, EDMS SPS-A-ES-0028,
https://edms.cern.ch/document/2342832

[5] G. Hagmann, LIU-SPS LLRF TWC800 Functions specification, V1.4, CERN 2020, EDMS SPS-A-ER-0003,
https://edms.cern.ch/document/1766989

[6] Kevin Li, Michael Schenk, The SPS RF high level parameter model, CERN January 28, 2022, private
communication

[7] J. Gill, RF Signal Distribution over WR, Nov. 2019, BE seminar
https://indico.cern.ch/event/865008/attachments/1949767/3236439/BE seminar WR Applications-RFoWR.pdf

[8] G. Hagmann, LIU-SPS LLRF TWC200 CAVITY-CONTROLLER ACWUISITION, V1.6, CERN 2022, EDMS SPS-A-ER-
0015, https://edms.cern.ch/document/2515873

[9] A. Spierer, BE OP shutdown lecture 2023, RF Beam Control, CERN 2023, https://indico.cern.ch/event/1238488/

CERN
\/-wl | March 1st, 2023 BE-OP shutdown lectures 61
N,


https://edms.cern.ch/document/2422829/2
https://indico.cern.ch/event/1194548
http://dx.doi.org/10.1109/TNS.1983.4332774
https://edms.cern.ch/document/2342832
https://edms.cern.ch/document/1766989
https://indico.cern.ch/event/865008/attachments/1949767/3236439/BE_seminar_WR_Applications-RFoWR.pdf
https://edms.cern.ch/document/2515873
https://indico.cern.ch/event/1238488/

