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Strahlparameter
Particle symbol
Ladung
Teilchenzahl
Beam Mode
Unilac VirtAcc
Unilac keine Anforderung
Unilac kein Strahl

Extraktion
Targetenergie
Extraktionssteifigkeit
Extraktionsfrequenz
Hor. Arbeitspunkt QH (Flattop)
Hor. Arbeitspunkt QH (Extr.)
Vert. Arbeitspunkt QV (Flattop)
Vert. Arbeitspunkt QV (Extr.)
Radiallage (Extraktion)

Multi-Multiturn Injektion
Anzahl Injektionen
Kiahlzeit
Kohlerbump x (Position)
Kiahlerbump x (Winkel)
Kuhlerbump y (Position)
Kahlerbump y (Winkel)
GS10KX1 Korrektur
G510KX2 Korrektur

HF Betriebsmode
Harmonischenzahl
Zweiharmonisch
HF sequentiell
BE 1,3,4,5,2
Kavitatentransfer aktiv

Schnelle Extraktion
Kickwinkel
vordefinierter Bunch2Bucket Mode
Bunch2Bucket Mode (Eingabe)
Bunch2Bucket Trigger Verschiebung

Bunch2Bucket Phasen Differenz

Commissioning BPC SIS18 (11./12.7.2025)
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Injektion
Injektionsenergie
Injektionssteifigkeit
Injektionsfrequenz
Hor. Arbeitspunkt QH (Inj.)
Vert. Arbeitspunkt QV (Inj.)
Radiallage (Injektion)

Multiturn Injektion
Bumper-Abfallzeit
Bumper-Amplitude
Unilac-Verschiebung
Chopper-Verzoegerung
Chopper-Fenster
Chopper Korrekturwinkel
GTK7MUS Korrekturwinkel
GS12MU3I Korrekturwinkel
I-Septum Korrekturwinkel

Rampe und HF-Amplitude
Verrundungszeit
Rampensteilheit
Einfangzeit
Impulsbreite (DC)
Bucketfill (Bunching)
Bucketfill (Ramp)
Bucketfill (Pre-Extraction)

Extraktionsbeulen
M-Septum-Bump
Bypass Korrekturwinkel
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Exp.268: Participants (11./12. 7.2025) F'\IR iI= 5= 1L

Steering and Evaluation
B. Zipfel - Coordination, Preparation & FCT-Color plots,

D. Lens - Evaluation, Coordination & Triggering Data Acquisition

K. Grol3 - HKR, & LSA , Data Acquisition Data Supply (Yokogawa2)

H. Klingbeil - Evaluation DC-Trafo, FCT-Signal & Acg-PC, Data Acquisition Data Supply (Yokogawal)
G. Thomin - Configuration, Acquisition und Analysis DSP-Systems BPC/ESR-BE1/SISBE1&BE?2

Preparation and Configuration Hardware und Data Acquisition and Control
C. Thielmann Monitoring and saving DC-Trafo-Data

C. Reinwald - Data Acquisition additional Scope

J.Wegmann - Triggering Data Acquisition und Data Acquisition SIS18-cycles (Scope data)
S. Orth - Data Acquisition Group-DDS Data (Scope)

M. Hardieck - Hardware Devellopement, Implementation and Preparation

C. Schmidt - HKR/, Trimming
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Topology including an Optical Mixing Unit

FAR ==mx

Beam Phase Contol & Bunch to Bucket (Phase Shift Module)

PhaseCal KO-shift
optional optional
> B2B
Q
Q
>
ﬁ FCT Bunch Rate I
e
© ‘ 4
O AGC.Mixer SCU & A B C D
o analog preprocessing Group-DDS
o %oTn;. BPC-DSP Modules
c Phase HL | H4 | H2 | H2
‘—! Conv. }
E| onL I 4 AR Rev | Ferrite | MAL | MA
= | ]
Conv.
OTR
RF-Matrix

GSI Helmholtzzentrum fir Schwerionenforschung GmbH
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Beam Phase Contol & Bunch to Bucket (Phase Shift Module)

PhaseCal KO-shift
optional optional ' FIB3

i OMU
—_—

New
FiT Bunch Rate I g

AGC.Mixer
‘analog preprocessing

NN VYV

y
SCU & A B C D
Group-DDS
Modules

& Data Suppl

Phase H1 | H4 | H2 || H2
4 AR Rev | Ferrite | MAL | MA
| | I
i
RF-Matrix
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Topology BPC now available F'\IR iI= 5= 1L

Beam Phase Contol & Bunch to Bucket (Phase Shift Module)

PhaseCal KO-shift
optional optional
> B2B
Q
Q
>
ﬁ FCT Bunch Rate I
e
© ‘ 4
O AGC.Mixer SCU & A B C D
o analog preprocessing Group-DDS
g %oTn;. BPC-DSP Modules
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Conv.
OTR >
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Topology BPC now available F'\IR iI= 5= 1L

Beam Phase Contol & Bunch to Bucket (Phase Shift Module)

e
Q.
Q
>
ﬁ FCT Bunch Rate
e
% ' J_l
O AGC.Mixer SCU & A B C D
o analog preprocessing Group-DDS
o %oTné. BPC-DSP Modules
- Phase H1 H4 H2 H2
‘—! Conv. }
E| onL I 4 AR Rev | Ferrite | MAL | MA
= | ]
RF-Matrix
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Beam Phase Control acting on Group-DDS Phase Reference (real time recording)

Demo of BPC phase modulation on 1IMHz RF-signal

)HELP
P i
—
1
= |
1
— %
- i
blue: phase modulated
_ group-DDS
_ : phase reference
group-DDS
Edge En
2> 500nY 3° 500mY 4: H00mV . .
) DC1MG DC MG 7 the phase shift between the
L ¥ofs 80, On — signals is caused by the
CLOSE . .
e difference in length of the patch
cables to the scope
28.11.2025 8
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Beam Phase Control acting on Group-DDS Phase Reference

Demo of BPC phase modulation on 1IMHz RF-signal
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Getting Access to BPC in ParamModi F'\IR iI= 5= 1L

"2

Datei Bearbeiten Extra Hilfe

ParamModi @ DEV A - OX

& 5‘ [v] _—W 14. Mai 2025, 15:01 | Uber
( ParamModi - Resident | ParamModi - Expert TTrim
[-] Kontexte CRATCH JF SIS18 FAST HHT 20250512 153009

o=k SCRATCH_AW_CRYRING_FAST_20240709 132911 EXTRACTEDL
SCRATCH AW SIS18_FAST_HHD_20250219 131701
SCRATCH_BP_CRYRING_FAST_20250211_132226_EXTRACTED1 Ring | Extraktion | Ring Injektion | Ring Magnete und HF | Ring HF | Ring spezial | SIS18: IPM | SIS18: Modi |

SCRATCH HL ESR_FAST HTR_20241205_MULTI EXTR EXTRACTEDL Ring Orbitbeule (vertikal) ] Ring Orbitkorrektur (horizontal) I Ring Orbitkorrektur (vertikal) |” Ring Extraktion Ring schnelle Extraktion

v

?

SCHATCHL A S1518 PAST WHD. 20240229/074 718 BXIRACTEDL Suche | AEGTests BIM | Schornstein | Extraktionslinie | FRS Strahlfuhrung | HEBT-Export | Ring Orbitbeul al) |
SCRATCH_HL_SI518_SLOW_HHD_20240516_155512_EXTRACTEDL ||| =
- RATCH_IK 2024 04_02_mexp_EXTRACTEDL HF Betriebsmode Experte I~

'SCRATCH JF_SIS18_FAST_HHT_20250512 153009! Harmonischenzahl 2| HF Manipulationszeit (Kavitaten Tr... | Undehned‘\ ms

Zweiharmonisch || HF i iten (Merging | Undefined| ms —

S e I e Ct atte rl l £ SCRATCH JP_UL_TKU_20250311_133817_EXTRACTEDL y ! X
SCRATCH_JP_UN_UZ6_20250311_134337_EXTRACTEDL HF sequentiell %) Phase Change (Merging) v
SCRATCH_RM_SIS18_FAST HHD_20241127 145726 BE 1,3,4,5,2 [false, true, true Strahlphasenreglung ein
= = TEST_HL_SISL00_GAMMAT_1H1_20201209_EXTRACTEDL R T 1 -
% UNILAC_NON MUX RF Manipulation LREBUNCHIN%v Spill Kavitat ein - L
. - Zielharmonische 4 Spill Kavitat Amplitud |___Undefined] kv

Kavitatentransfer aktiv (] Bunch Rotation aktiv m|
Bunch Rotation Offset m Hs
- Cavity Mode Enum
u S e Tab < R I n g H F > Cavity Mode 2D (Injection)
Cavity Mode 2D (Bunching) \—Iﬂ
Cavity Mode 2D (Ramp) [ 1l

Cavity Mode 2D (RF-Manipulation) | i

switch Option e *

Cavity Mode 2D (Extraction) | I}

Cavity Mode 2D (Post-Extraction) | il
|

Bucketfill (injection)
< tra p aS e n re g e u n g > Bucketfill (Bunching) [0, 1.a3)]

Bucketfill (Ramp) 1[1.43, 1.43)]]
Bucketfill (RF manipulation) {143, 1.43)]]
Bucketfill (Pre-Extraction)
Bucketfill (Extraction)
Bucketfill (Post-Extraction)
DualH (Injection)

DualH (Bunching) \ [1-1.0, -1.0]]

DualH (Ramp) [0 1op)
DualH (RF-Mani [ (0. Loy]
DualH (Pre-Extraction) [0, -Lon]

check values for Bucketfill (U =
| T p———

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 10




FCT Scope Acquisition F'\IR I=5= II
Data Set 1 (well adjusted machine cycle) Data Set 8 (BPC has no effect on proper cycles)

---------------------

-----------------------------------------

___________________________________________________

P - pe=_ 3 ----ERC____ L. ___ B SRR WS CER LS (R B

......

/ | The U”® machine cycle was well adjusted, no unwanted
4 phase oscillations in the acceleration cycle itself,
Z / — phase jumps were introduced intentionally.

long time scale — trace no.

short time scale [s] - samples no. -
time base 3.5us @250MHz

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 11



Exciting Bunch Phase Oscillations F'\IR iI= 5= 1L

2 DC TRA Acqlode : Normal
CH2 o 0.200¥/div i bl R e — 100kS/s  50Oms/div
Position = 1.89 div Wain :500.0k

AMP RAMP

3 GAPBET . . 9.000Y oo ~oo.9.000¥ 14 SWAB3

BLEON - 0laoy /o

phase variations
| .. ... . | ontargetphase
00 ' famp

Stopped 14 Edge CH1:1 EVENT F
2025/07/12 02:47:51.82217976 Single 3.000v

X :File
202b/07/12 02:48:09

Fast phase displacements were added for both cavities on the target phase signal from CCS Data Supply.

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 12
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/

FCT Scope Acquisition

BPC helps with phase
space preservation

Data Set 4

Data Set 5

'OuU @de)] — 3jeas awn Buoj

time base 3.5us @250MHz

short time scale [s] - samples no.

13

28.11.2025

B. Zipfel (RRF)
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BPC helps with phase
space preservation

:____._du_._u__;____:_____:_
90 i

.

=] ' +0
(IRl __::_______:_7__

A

FCT Scope
Data Set 5

14
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Offline Scope Data Spectral Analysis F'\IR I=5= II

Data Set 5 Data Set 4
BPC off BPC on
phase
A i e o s
\ bunch |
amplitude | \
L : ~_
(acc.ramp) cavities coupling in

phase
misalignment

It is obvious that the BPC helps to keep the ion beam on track, thereby reducing beam loss.

the FCT signal.

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 15



Observations on Beam Current Monitor (DC-Trafo) F'\IR I=5= II

- SIS DCCT @ PRO A _ O X
DCCT - GS09DT ML
H 83 @ E E SIS18_FAST_HHD_RRF_MD2_20250711_VAR2.C1 ~| | € i) @ 20250712 00:0833

The infl uence Of the B PC ¥ Connection Partial U... Beamin || ShowEv... Show Star. .. Show M... Zer... Set Refe...

O n h e i O n beam Can be Last Acquisit... 2025-07-12 00:08:16.376 SIS18_FAST_HHD_RRF_MD2_20250711_VAR2.C1 FAIR.SELECTOR.C=8:T=300:5=4:P...
t Device: GS09DT ML -

Frequency: 1kHz - Mode: | Intensity M

easily evaluated using the e oo L@
online DC-transformer zoom: 38 o)1

5.0E8

"NOLLOVHLXT Wv3g and

0 sses
. Selected Process ID: ﬁ
|||On|t0r. 1.93E8 s o) EBDEB
Range Mode MANUAL - RETICES SvE) > 2568 !
— — . [ 'Intensity [1085]'
ge: % 2.0EB 1.08551, 2.598122287608044E

Actual Range: 10mA (4) 1.5E8

The DC-Trafo was used it | /
to evaluate Current BPC_ 0.00 0.25 0.50 0.75  1.00 T.ilr.;:[sj 1.50 1.5 2.00 .

Reset

f tion d th 0 g
Con Igura |On urlng e e Mode: | Current v_ 50 ié 2
- . _ | ] L] ‘o
experiment. e (10 bala@ L0
Data . i= i
[ UnderRange | Over Range oor: (3% .*. = I 3.50 2 g
Data Error - i2
1.88.. ] I5 g
= H =]
Device - mA (avg) E 230 H =
Connected E 2.00 |
Sync WR Locked | -
Pwr Cable OK | 30
Modules 1.00
[ ADC I 10 |
[ FTRN | Conn. Box | .50 U
0.00
| o = | 000 025 050 /475 100 125 150 175 2.00 225 2.50
CMwWpro 'a.acc.gsl.ae: v 4 }[5]
> Detailed Status forced phase offsets
00:07:41- INFO [11 Jul 2025 22:07:41,682] () - update pattern list | between bunCh and A

R e = T

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) cavity frequency 28.11.2025 16



Deeper Analysis using DSP Phase Recordings F'\IR iI= 5= 1L

Data Set 5 enforcgd _phase synchronous
variation ohase offset
& Show AR Phase Difference
&, Zoom In s l___iin_lnax ®ave
€, Zoom Out ‘ ‘
2.00
£ Loft ‘ ‘
= | o I
- Right z 100 N VA e A A A . | I |
8 . |\fbw:5¢. ,Hl‘/r ﬁ‘K\;l FI':L _4' -E:L..'I,'H__\':L _J' urlk._l'l,_ *l!::'s—-—1lj|lh“||:r-—HJk _Jh}q"'.__}lk I.
<« All Loft 2 g ) - ] '. r ,H..
£ Y S St e
» All Right 3
i -1.00
= Align
2.00
info
& Export T 0.40 0.60 0.80 1.00 1.20 1.40 1.80 1.80 2.00 2.14
Degroes Time /s
acCc. ramp
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DSP Phase Difference Recordings (Details)

FPhase Difference ¢ rad

Data Set 5
BPC off

010

000 0
2.0 :
993.08 958,00 9800 00000 100200

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

Phase Difference

100400

1008.00

Time / ms

1008.00

1010.00

101200

Omin @max Qe

1014.00

1018.00

101832

B. Zipfel (RRF)

Phase Difference ¢ rad

FAR ==x

Data Set 4

0.2

010

0.05
933.35

BPC on

Phose Difference

relaxation time:
interval shortened

-
«

Omin @max Qave

996.00 99800 100000 100200 100400 100800

Time / ms

A
LLE T T L L L T T
LR

e e e e e

100800 101000 101200 101400 101600 1018.60
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EXP 241: firsttime Test BPC in ESR (23.5.2025) F'\IR I=5= II

Participants
Steering and Evaluation

B. Zipfel - Coordination & Preparation, FCT-Color plots

D. Lens - Coordination HKR, & LSA

H. Klingbeil - Evaluation DC-Trafo, FCT-Signal & Acg-PC

G. Thomin - Configuration, Acquisition und Analysis DSP-Systems BPC/ESR-BE1/SISBE1&BE?2

Preparation and Configuration Hardware und Data Acquisition and Control

D. Penza - Data Acquisition Group-DDS Data ESR (Scope Data)
J.Wegmann - Data Acquisition Group-DDS Data S1S18 (Scope Data)
D. Ziegelmann & K.Grol3 -  Data Acquisition Data Supply (Yokogawal SIS)

C.Thielmann - Data Acquisition Data Supply (Yokogawa2 ESR)
M. Hardieck - Hardware Implementation and Preparation

C. Wetzel - HKR

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 19



Simplified Topology and Special Modification for ESR F'\IR iI= 5= 1L

BPC at ESR

local attivation of the system:
for invaltj input signals the DSP does Bunch Rate

not send control telegrams any more
SV

G,T FCT
= !
§ AGC.Mixer SCU & A B
= c analog preprocessing Group-DDS
onv.
ODL BPC-DSP Modules
Phase H2 H1
: I I references Ferrite § BB
Implemented

RF-Matrix

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 20



Phase Diffarance f rad

DSP recording FCT-Signal F'\IR I=5= II

LSA Pattern: SIS18 FAST ESR RRF MD_ 202505 (lons: C1?)
Data Set 1026

Phase Difference

min  @max @ave
3.14———v.d-| r-—— e S

0.00 - " —— e — e e
1.00
-2.00
-3.14
-0.40 0.00 0.50 1. 1.50 2.00 2.50 3.50 4.00 4.50 5.00 5.50 8.00 6.60
ESR enforced :
R . debunching
injection oscillations
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Effect of the ESR-BPC F'\IR I= 5= 1

Phase Difference

Data Set 1026 _ Ormin Omax @ae

BPC on
Parameters: :
passband factor £
f=469 5
gain factor £
kp=-6
_D'?égs.za 210.00 220,00 230,00 240,00 250.00 \ 280.00 270.00 280.00 280.00 300,00 310,00 319.87
Timea / ms
@ min  @max  Wave
1.88
1.80
1.60 I \
1.40
Eorz )
E .00
2 L A
£ oso0 M oA
Data Set 1025 3 HNAAA A
£ 0.80 t i i | "'., I.,'r'x.vi-.._._ﬁ___‘,—.,‘._.
BPC off 040 i yvy™"
0.20 { v
I U
0.00 (i
4'1133.5? \ 210.00 220.00 230.00 240.00 250.00 280.00 270.00 280.00 200.00 300.00 310,00 32122

Tima/ms
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Best Parameter set for ESR-BPC

Data Set 10
BPC on

Parameters:
passband factor
f=450

gain factor
kp=-1.84

Data Set 1025
BPC off

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

Phase Difference [ rad

Fhase Difference  rad

FAR ==mx

relaxation
time
- — _’.

Phase Difference

@ min @max @ sve

040

0.20

0.00

-0
280.00

1000

.08
162.4T7 170.00 180.00 210,00 220.00 230,00 24000 250.00 280.00 270,00 280.00 a17.02

Time / ms

Phase Difference

.relaxation time
; »>

@min  @msx @ave

1.88
1.80

1.80

o.80

.80

0.40

0.20

0.00
270.00

280.00

230.00 280.00

Time ! ms

-0.10
158.95 170.00 180.00 180.00 210.00 220.00 240.00 250.00
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Summary & Outlook F'\IR iI= 5= 1L

BPC implemented so far and ready for operation and activation via ParamModi

- New: BPC now useable for GSl-experts

- New: SIS18 System is integrated in CCS in combination with ferrite cavities

- New: System was tested in single and parallel operation of BE1 and BE2

- New: ESR hardware is installed and the first run was done successfully with BE1

Restrictions and ongoing work
- SIS18 works only with Ferrite Cavities (regularly h=4)

- Stepwise integration is in work (for MA-Cavities and RF-matrix control via FESA)
- for ESR the integration in control system is not yet implemented

Feel free to use the new functionality in SIS18 and gain experience

In case of problems or any unexpected behavior or the system is ineffective, please contact the RRF
department. (B. Zipfel, D. Lens, M. Hardieck, G. Thomin, ...)

GSI Helmholtzzentrum fir Schwerionenforschung GmbH B. Zipfel (RRF) 28.11.2025 24
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Additional Transparencies F'\IR I=5= II

additional slides for explanation purposes following

GSI Helmholtzzentrum fir Schwerionenforschung GmbH



Intentional Phase shift and undesired Oscillations F'\IR I=5= 1

{8} DSO-C7-5/2672025-14:23:20-1P6

MDE 26 May 2025 base | T Trgger | € Display | # Cursors | ) MRS

1TV 4750V 58V 1750V 173 0|@|@|
Bunch to Bucket HE o T pe—
-500 0mV ! i
SIS18 to ESR i

pot Generator

Parasitic Synchrotron
Oscillations

Phase shift
induced by B2B

¥ %) ED osu 1424 —
seses
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Accellerating Phase (synchronous phase) F.\IR === 1L

Data set 33

hig [de '
y s [deg] phi,
> N | calculated by LSA
30 nhm M ‘:w |
| | ‘ L

=" l | M | ! “‘. A1 ‘

25 %
E i , Brho
o h ‘ w Py | il calculated by LSA

= 20 L (Hs ‘ i i
g |
"o | |
— 15 :
o
)
=
o 10
=
o
5 , “I
0 2000004 400000 60000 800000 10g$000 1200000 140000 1600000 1800000
‘ time [us
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Hardware DSP System 2.Generation F'\IR iI= 5= 1L

1§ - Sx
=7
L N D

B s i e i

2. Gen DSP-System

/

solololo

‘‘‘‘‘‘

C 0 1 Out2 t3
| ~ oip | o9 00 09
| D | 06 00 09
E Opt. o 'V N U:‘ T " T IN [thernet
: ut 0 DOL ool OoTR
o ANE T N ';}\é‘
F
:
i i
B
— = = i
a By - P, _,{,iv’;
@ .

the Dual-DSP-Hardware provides several analog RF-in/fout and optical in/out for
streaming data like measurements, ramped parameter and control signals
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Sychrotron Frequency F-\IR
Ramped Parameter iI=S= 1L

CEL-Modul used to convert analog ramped 56667
output to swTaesr _ s 9500

digital optical streaming data

optical streaming data adapts
control loop to different beam dynamics
at injection, acceleration and flattop
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Multiplexer Protype

FIB3 Hardware
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Stream Multiplexing Configuration
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OMU Firmware and Software (M. Hardieck)
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