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Outlines ‘Q b et
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* Kicker and bucket pattern (Bai)

* Introduction (Bai)

* B2B transfer procedure (Bai)
* Synchronization methods (Bai)

* Example: U2e+ B2B transfer from SIS18 to
SIS100 (Bai)

* Functional implementation (Thibault)
* Task sharing (Thibault)
* Functional specification and requirements

(Thibault) S
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* Bucket : a bucket defines the potential
well in (E,_ ,f) - phase space, where

the particles can be trapped.

* Bunch : a bunch defines the packet of
particles gathered within a bucket.

1

1

1
SI1S18-dump

>

pbarTarget FRSTargeﬂ

* Focus mainly on the B2B transfer from SIS18 to SIS100

* Firstly tested in B2B transfer from ESR to CRYRING.
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Kicker & Bucket patterrﬁ%'ﬂﬁ"’

Assumption:

* Virtual cavity is located at the extraction/injection kicker
position.

* There is no distance between two virtual cavities.
* Bucket #0 and #1

SIS18 revolution
frequency marker |

requen I I I

SIS100 revolution |
frequency marker

time

@SIS18
Extraction Kick

SIS100 revolution
frequency marker

v

time

S1S100
@ Injection Kick

SR: Signal Reproduction module producing SIS100 revolution signal at SIS18, which labels bucket #0.
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Consideration:

1. Bucket pattern (#2 and #3)

S1S18 revolution

frequency marker | | | | | | >
@SIS18 ) ' s

time

SI1S100 revolution

delaybucket
frequency marker — "

SIS18 . . >
@ traction Kick time
1
S1S100 revolution delay,, .,
frequency marker >
@SIS100

Injection Kick time

SR: Signal Reproduction module producing SIS100 revolution signal at SIS18, which labels bucket #0.
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Kicker & Bucket patterrﬁ%? A

Consideration:

1. Bucket pattern (#2 and #3) TOF
2. Time Of Flight (TOF)

SIS18 revolution # QOF
frequency marker | I | I | | |<—> | | |
@SIS18 ’ ' '

v

time

1
SI1S100 revolution | ? O

frequency marker
time
Extraction Kic@

@SIS18
Injection Kick

v

SI1S100 revolution

frequency marker
@SI1S100

\4

time
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Kicker & Bucket patterrﬁjilg_f’*;

Consideration:

1. Bucket pattern (#2 and #3)
2. Time Of Flight (TOF)
3. Distance between virtual cavity and transport line (t, andt, )

#0
tsrc-l--l-OF-'-ttrg
SIS18 revolution < >
frequency marker I | | | | | | | ‘
@SIS18 ] ’ ’ tim;
1
SIS100 revolution 3 @
frequency marker -
@sis ol
Extraction Kchk @ 2
SIS100 revolution | | e
frequency marker >
@SIS100 .

Injection Kick
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Kicker & Bucket patter

Consideration:

1. Bucket pattern (#2 and #3)
2. Time Of Flight (TOF)
3. Distance between virtual cavity and transport line (t, andt,,)

4. Extraction and injection kicker delay (Dext and Dinj)

#0
t, +TOF+t,
SIS18 revolution > >
frequency marker | | | | | I I I ‘
@SIS18 1 —
4 1
S1S100 revolution | O 3 Q
frequency marker ‘
SIS18 D |t [aoE >
¢ ) «_m| time
Extraction Kick @ (( 2)
SIS100 revolution | @I o

frequency marker I D,
@SIS100 — ime
Injection Kick
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Supply PR .
oo Cavity input signal |
Virtual
cavity
SIS100
Virtual
cavity
Ring location corresponding
to group DDS
1. Synchronization window calculation
EVT_START_B2B
Phase 1 Synchronization window B2B Status _
prediction Ext kick check t'm?
SIS18 >
\
Phase info from Synch window from Extract kick info B2B status
WR S1S100 to SIS18 S1S18 to WR network Inject kick info Beam injection ts |
network ] 1 g
Phase Synchronization window
prediction Inj kick -
SI1S100 >
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Synchronization metho

'Y Phase Shlft method Synchronization window

Source synchrotron

A A AR AIAAIDL

Features

* Adiabaticity
* Infinite synchronization
ransfer window

T“;ig;il’ifmw AR UEA

fdiarget=

h 'frevtarg s

AG L — A6 = 0° ae 10

Source synchrotron;

t »

Target synchrotrop !

ceﬁwuiwv Ao

fl_rla rget= f /___,__1,\.

transfer

hef @0t | ¥

H " v . -' :: !
\ Maximum Synchronlzatlonwmdow _/ A@

O Bunch
Q Bucket
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* B2B transfer time is

predictable

* Phase jump

Features

* Bunch and bucket center

Mismatch

* Mismatch within the

synchronization window is
better than 1°

* Only choice for some pair

of machines

* Automatically beating
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Example: U2+ B2B from SIS18 to SIS100 ‘M@ tﬁé
phase shift method

From SIS18, four batches of the U%* at 200 MeV/u, each of two bunches,
are injected into eight out of ten buckets of SIS100.
f &

.4.'?-.ir

yz+ SIS18 SI1S100

1576 ms U2+ SIS18 SuperCycle Energy 200MevVv/u 200Mev/u

1.5T2MH§| +150Hz {¢=—=====

S72MHz [7= 7 o Ak rT | Circumferen 216.72 m 1083.6m
N i 1 o I : ce
Ion van : ! o I :
[ ' 1 1 I )
0.43MHz . e / L W : : I ! Ratio 3]
| [ | (L | | | !
L —— — — —> _
- a.: ! ! ;: 2 o (.  time Cavity 1.572MHz 1.572MHz
IEETE 3130 o Lo ! frequency
: _ W I i _ w 1 1 1 I
L2 o228 3 piom ;
2 38l 2 o1 a3l ' h 2 10
g Siig £ 32
=43P 51 3121 ) )
'8 e > B Phase shift  <Parabola modulation for
. s g— S | S 18
............................ *Max 64Hz/ms
............................. *Offset 150Hz _
T *7ms for phase shfit 180°
e 7 Synchronization winaow B2B Status .
prediction Ext kick check t|m?
WR 1 g
network ) o
Phase info from Synch window from Extract kick info B2B status
SIS100 to SIS18 SIS18 to WR network Inject kick info Beam injectionts |
SIS100 1 ‘ ’
Phase Synchronization window
prediction Inj kick -
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el
Example: U***B2B from SIS18 to SIS100,v
frequency beating method EJ.

ft 1576 ms U28* SIS18 SuperCycle

..; 28+

1.572MHz+200Hz

SIS18 SI1S100

1 ) :
Loy BVARRE o 11 |
1.572MHz K AR Lo 1o ' Energy 200Mev/u  200Mev/u
[ - oy 1o 1 !
(I : (N 11 ' :
0.43MHz {00 SN . Lo . Circumferen 216.72m  1083.6m
— 1 —_— —t —t L Ce
R R 1o 1o !
L3 13 L3131 1o l .
i @ | ) AN E : : Lo . Ratio 5
= 5&3:"%; 2 glg’lg o I i
5 2128 & g§%3 ' Cavity 1.572MHz ~ 1.572MHz
° 2,88 7 2,878 . frequency
S §_,_'| ! SIN
FEWL 15! h 2 10
............................. Frequency  <Detune 200Hz for SIS18
~~~~~~~~~~~~~ beating *Beating period 5 ms
..................... *Bunch and bucket
S T center mismatch + 0.46°
SIS18 .
Phase 7 I Synchronization winaow B2B Status .
prediction Ext kick check t|m?
WR 1 >
network ) o
Phase info from Synch window from Extract kick info B2B status
SIS100 to SIS18 SIS18 to WR network Inject kick info Beam injectionts |
SIS100 ! ‘ g
Phase Synchronization window
prediction Inj kick -
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Functional specification and implenﬁ*

< BUTiS g\ BuTiS SM
ource \ ] 3
Synchrotron v v
Phase Bucket marker
| shift  signal reproduction
BuTiS SM Pscu SCU SM MPS  Kicker ignition
w v s foe oo 4
- Phase _, B2B Kicker B2B status
prediction ><° Calculation trigger check
WR network
- ; BuTiS SM
Target N
Synchrotron
BuTis Kicker ignition
& s‘ vvw |
- Phase Kicker
prediction trigger
WR network
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Functional specification and implem

EVT_START B2B

SI1S18 Trigger SCU
Trigger decision
Kicker electronics A |:

SIS18 Ref SCU
h=1 DDS

SI1S18 Copy SCU |
Signal reproduction 4_1
REF DDS

81SIS

SIS18 B2B SCU N

Phase advance predictiqi 1. Phase measurement & Prediction ‘| &
Phase correction [T e V_L

Phase shift

AO0 4
[~ FUUUS LLLLES)

v

| WR network Y

v

SIS100 Trigger SCU v
Trigger decision
Kicker electronics |:

001SIS

SIS100 B2B SCU
Phase advance predictic e S e
Phase correction |

Phase shift

v
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y : Source
y Synchrotron
£
obL
\\ Splitter
WR network
Target \
Synchrotron
5“‘ BuTiS

\ 1
U Phase 1\
| Ei?predictionﬁ% | - ulyyer

>
-

WR network
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Functional specification and implem

EVT_START B2B

81SIS

SI1S18 Trigger SCU

Trigger decision

Kicker electronics

SIS18 Ref SCU

h=1 DDS

A

SI1S18 Copy SCU

Signal reproduction

REF DDS

SI1S18 B2B SCU

EVT_START B2B

1. Phase measurement & Prediction

hase advance predictid JP
Phase correction v ||
Phase shift ~
< 566us > g
| WR network 2.Phase info from SIS100 to SIS18 || .

00lSIS

SIS100Trigger SCU

Trigger decision

Kicker electronics

T T TOrOo T T TT TT T OO T UT T O T |

SIS100 B2B SCU

hase advance predictig

Phase correction

Phase shift

\4
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Functional specification and imple

- N BuTiS g\
y Source \ |
Synchrotron \
y \ Vi
| Ph
|

BuTiS |

"

57 Phase L/
_prediction

WR network &I WR-Switch

N |

o e ) | Data Master >
4 Synchrotron N ()

WR-Switch

BuTiS

i

77777777 Phase .'
o0l rediction 55U
< prediction 55

WR network
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Functional specification and implem

EVT_START_B28B

SIS18 Trigger SCU
Trigger decision

Kicker electronics 1. Phase measurement & Prediction Il
2. Phase info from S1S100 to SIS18

EVT_START_B2B

SIS18 Ref SCU
h=1 DDS o

81SIS

L

SIS18 Copy SCU <&

Signal reproduction 00 4_1

REF DDS 4

N -

SIS18 B2B SCU HCalenlatiomsynchwintoNand phasescoragtion .(Qbaﬁist“f.t.) 1 $
Phase advance predictig B = )

Phase correction o v

Phase shift

v

| WR network

v

SIS100 Trigger SCU Y
Trigger decision
Kicker electronics |:

001lSIS

SIS100 B2B SCU

Phase advance predictid

Phase correction
Phase shift

A 4
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Functional specification and implem

EVT_S‘:I'ART_BZB

8LSIS

P

SIS18 Trigger SCU

Trigger decision

Kicker electronics

SIS18 Ref SCU

h=1 DDS

SIS18 Copy SCU

Signal reproduction

REF DDS

EVT_START B2B

1. Phase measurement & Prediction
2. Phase info from SIS100 to SIS18

3. Calculation synchronization window and phase correction

(phase shift) y

< N
[ ZITTS

SI1S18 B2B SCU

hase advance predictig

Phase correction

Phase shift

A Transfer phase correction value to signal reproduction modulel]
4. Produce phase shift proflle Phac<e shift method
= |

| WR network

T TO OO OD [P T OTTTT

\ 4

4. Beglnnlng of the synchronlzatlon wmdow to WR network

v

00LSIS

P

SIS100 Trigger SCU

Trigger decision

Kicker electronics

SIS100 B2B SCU

hase advance predictid

Phase correction

Phase shift
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Functional specification and implem

EVT_START_B28B

SI1S18 Trigger SCU
Trigger decision
Kicker electronics 3 A
eth©
SIS18 Ref SCU o4 (O
h=1 DDS sW's, Phase shift for group DDS
A
(L) < 7ms >
(£ SI1S18 Copy SCU
® | Signal reproduction 9. Reproductlon pf trle rgvolutlon §|gnal of SIS1QO at SIS1§§|
REF DDS . .
S1S18 B2B SCU
Phase advance predictig {F
Phase correction .
Phase shift >
\
| WR network Y
SIS100 Trigger SCU EVT_START_B2B
oL Trigger decisio.n 1. Phase measurement & Prediction
g Kicker electronics 2. Phase information from SIS100 to SIS18
o 3. Calculation synchronization window and phase correction
S | sIS100 B2B SCU (phase shift)
iy 4. Transfer phase correction value to signal reproduction module
Phase advance predictic Produce phase shift profile (phase shift)
Phase correction Send beginning of the synchronization window to WR network
Phase shift >
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Functional specification and imple

_d ) BUTIS gm
y Source \ |
Synchrotron

\ i BoB Supply room
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BuTiS
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°°" prediction 3¢V | -
N pre ODL
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WR network
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Functional specification and implemﬁlli,ti

EVT_START_B28B

SIS18 Trigger SCU
Trigger decision 6.Produce trigger signal
Kicker electronics
SIS18 Ref SCU
h=1 DDS
0p) EVT_START_B2B
9 S1S18 Copy SCU | 1. Phase measurement & Prediction
(0] - . 2. Phase information from SIS100 to SIS18
Signal reproduction 3. Calculation synchronization window and phase correction
REF DDS (phase shift)
@ 4. Transfer phase correction value to signal reproduction module
SIS18 B2B SCU Produce phase shift profile (phase shift)
Phase advance predictig *F Send beginning of the synchronization window to WR network
Phase correction 4 5. Reproduction of the revolution signal of SIS100 at SIS18
Phase shift Phase shift for group DDS (phase shift)
| WR network | T | >
SIS100 Trigger SCU v
C£ Trigger decision 6.Produce trigger signal
(0)) Kicker electronics
—
o
© | sIS100 B2B SCU
Phase advance predictig
Phase correction
Phase shift -
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Functio

EVT_START_B28B

nal specification and implem

Synchronization window

81SIS

SIS18 Trigger SCU

Trigger decision

A
_l

|-
I i

Kicker electronics

<10ms

7 .Extraction kic

SIS18 Ref SCU

>
Y

h=1 DDS

EVT_START B2B

SIS18 Copy SCU

. Phase measurement & Prediction

Signal reproduction

1
f:l 2. Phase information from SIS100 to SIS18
B 3

REF DDS

. Calculation synchronization window and phase correction
(phase shift)

SI1S18 B2B SCU

4. Transfer phase correction value to signal reproduction module
Produce phase shift profile (phase shift)

hase advance predictig

*F Send beginning of the synchronization window to WR network

Phase correction

v L 5. Reproduction of the revolution signal of SIS100 at SIS18

Phase shift

Phase shift for group DDS (phase shift)
6. Produce extraction and injection trigger signals

| WR network

| Y |

v

001SIS

SIS100 Trigger SCU

A/

Trigger decision

Kicker electronics

-

7.Injection kick

SIS100 B2B SCU

hase advance predictid

Phase correction

Phase shift

v
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Functional specification and imple

BuTiS SM
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Functional specification and implemﬁlli,ti

EVT_START_B28B

81SIS

SI1S18 Trigger SCU

Trigger decision

Kicker electronics

SIS18 Ref SCU

h=1 DDS

SI1S18 Copy SCU

Signal reproduction

REF DDS

SI1S18 B2B SCU

i

hase advance predictig

Phase correction

8.Trigger timestamp & Kicker timestamp

EVT_START B2B

1. Phase measurement & Prediction
2.
3. Calculation synchronization window and phase correction

Phase information from SIS100 to SIS18

(phase shift)

. Transfer phase correction value to signal reproduction module

Produce phase shift profile (phase shift)
Send beginning of the synchronization window to WR network

. Reproduction of the revolution signal of SIS100 at SIS18

Phase shift for group DDS (phase shift)

00lSIS

Trigger decision

Kicker electronics

SIS100 B2B SCU

hase advance predictig

Phase correction

Phase shift

Phase shift 6. Produqe extracjti(.)n qnd injection trigger signals
7. Extraction and injection kick
| WR network .
SIS100 Trigger SCU v 8.Trigger timestamp & Kicker timestamp :|
Wm
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Functional specification and implemﬁlli,ti

EVT_START_B28B

SI1S18 Trigger SCU
EVT_START_B2B

Trigger decision

ALl Gl 1 D 1. Phase measurement & Prediction
2. Phase information from SIS100 to SIS18
SIS18 Ref SCU 3. Calculation synchronization window and phase correction
h=1 DDS (phase shift)
n 4. Transfer phase correction value to signal reproduction module
a Produce phase shift profile (phase shift)
sis18 C scu Send beginning of the synchronization window to WR network
a ; opy : ‘_j 5. Reproduction of the revolution signal of SIS100 at SIS18
Signal reproduction a Phase shift for group DDS (phase shift)
REF DDS 6. Produce extraction and injection trigger signals
7. Extraction and injection kick
SIS18 B2B SCU 8. Collection of trigger timestamp and Kicker timestamp
Phase advance predictig &
Phase correction | L 4 w .
Phase shift T R
A
| WR network 9.S1S18 trigger ts & kicker ts to SIS18 B2B SCU |1 Y
9.SIS100 trigger ts & kicker ts to SIS18 B2B SCUJ, u
SIS100 Trigger SCU v
2 Trigger decision
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)
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Phase correction
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Functional specification and implemﬁlli,ti

EVT_START_B28B

SIS18 Trigger SCU

Trigger decision

Kicker electronics A D

SIS18 Ref SCU

h=1 DDS
A
2
(£ SI1S18 Copy SCU 1
G0 | signal reproduction 4]
REF DDS
SI1S18 B2B SCU 10.B2B transfer status check ‘|
Phase advance predictig i% |
Phase correction . ous >
Phase shift EVT_START_B2B
— 1. Phase measurement & Prediction
| WR network 2. Phase information from SIS100 to SIS18 Y >
3. Calculation synchronization window and phase correction
: (phase shift)
SISTOO Trlgge.r.SCU 4. Transfer phase correction value to signal reproduction module

» Trigger decision Produce phase shift profile (phase shift)
wn Kicker electronics Send beginning of the synchronization window to WR network
8 5. Reproduction of the revolution signal of SIS100 at SIS18
o Phase shift for group DDS (phase shift)

SIS100 B2B SC[_J . . Produce extraction and injection trigger signals

Phase advance predictig . Extraction and injection kick

. Collection of trigger timestamp and Kicker timestamp
. Transfer SIS18 trigger timestamp and kicker timestamp to

Phase correction
Phase shift

© 0o ~NO®

v

SIS18 B2B SCU
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Functional specification and implem

EVT_START_B28B

81SIS

SI1S18 Trigger SCU

Trigger decision

Kicker electronics

SIS18 Ref SCU

h=1 DDS

SI1S18 Copy SCU

Signal reproduction

REF DDS

SI1S18 B2B SCU

hase advance predictig

Phase correction

EVT_START B2B

1. Phase measurement & Prediction

2. Phase information from SIS100 to SI1S18

3. Calculation synchronization window and phase correction

(phase shift)

4. Transfer phase correction value to signal reproduction module
Produce phase shift profile (phase shift)
Send beginning of the synchronization window to WR network

. Reproduction of the revolution signal of SIS100 at SIS18
Phase shift for group DDS (phase shift)

. Produce extraction and injection trigger signals

. Extraction and injection kick

. Collection of trigger timestamp and Kicker timestamp

. Transfer SIS18 trigger timestamp and kicker timestamp to
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Functional specification and implemﬁljiqti_

EVT_START_B28B

81SIS

SI1S18 Trigger SCU

Trigger decision

Kicker electronics

SIS18 Ref SCU

h=1 DDS

SI1S18 Copy SCU

Signal reproduction

EVT_START B2B

1. Phase measurement & Prediction

2. Phase information from SIS100 to SIS18

3. Calculation synchronization window and phase correction

(phase shift)

4. Transfer phase correction value to signal reproduction module
Produce phase shift profile (phase shift)
Send beginning of the synchronization window to WR network

. Reproduction of the revolution signal of SIS100 at SIS18
Phase shift for group DDS (phase shift)
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REF DDS

. Produce extraction and injection trigger signals

. Extraction and injection kick

SI1S18 B2B SCU

. Collection of trigger timestamp and Kicker timestamp
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hase advance predictig

Phase correction

. Transfer SIS18 trigger timestamp and kicker timestamp to
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< 10. B2B transfer status check
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Kicker electronics

SIS100 B2B SCU
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Phase correction
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Functio

EVT_START_B28B

EVT B2B_STATUS
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SI1S18 Trigger SCU
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Trigger decision

Kicker electronics

EVT_START B2B

. Phase measurement & Prediction

SIS18 Ref SCU

. Phase information from SIS100 to SIS18
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h=1 DDS

. Calculation synchronization window and phase correction

&— (phase shift)

4. Transfer phase correction value to signal reproduction module
Produce phase shift profile (phase shift)

SI1S18 Copy SCU

Send beginning of the synchronization window to WR network

Signal reproduction

A_:I 5. Reproduction of the revolution signal of SIS100 at SIS18

REF DDS

Phase shift for group DDS (phase shift)

00lSIS

6. Produce extraction and injection trigger signals
7. Extraction and injection kick
SIS18 B2B SCU_ . 8. Collection of trigger timestamp and Kicker timestamp
hase advance predictig \a 9. Transfer SIS18 trigger timestamp and kicker timestamp to
Phase correction |« SIS18 B2B SCU
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11. Transfer B2B transfer status and beam injection timestamp to
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Trigger decision

Kicker electronics
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hase advance predictig

Phase correction

Phase shift
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Task sharing

Hardware VIEW

e SCU CSCO (Hardware)

* MHU PBRF

*  WR network CSCO (Timing group)

DM CSCO (Timing group)

* Infrastructure (LM32, VHDL code) CSCO (Timing group)
* DDS PBRF

Software VIEW

* Sychronization window calculation (B)

* Phase shift and correction calculation (B)
* B2B status check (B) MHU ?
* Send/receive to/from WR network (B)
*  B2B FESA configuration (B)

* Phase shift profile and phase shift (T)
* Signal reproduction (T)

* Phase advance measurement and prediction (T)

Responsible for
B2B ?
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) ! I
Functional Requirements J‘? R

* All B2B transfers for FAIR

* Phase shift and frequency beating method

* Maximum synchronization time. E.g. 10 ms for U2%*
from SIS18 to SIS100

* Bunch to bucket center mismatch less than 1°.

* Timing messages for beam instrumentation (Bl)

* Inhibit and emergency extraction signals from the
Machine Protection System (MPS)

* B2B transfer status back to the DM

* Flexible bucket filling pattern
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Thank you for your attention !
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