Timing System &
Bunch Pattern Server

Or: What you never wanted to know about the timing system but were forced to find out.

« x2timer & Bunch Pattern
« Beam Distribution at the XFEL
* Virtual XFEL Demo
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The x2timer Timing Board

° G e n e rates p reCiS i O n CI OCkS a n d tri g g e rS XFEL_MainTiming.xml XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE — O X

Special Bunch Bunch Pattern Table | MPS & Limits | Main Timing Controls E:J L SendiocLog|
. . . ain Operating pecial Bunches unc attern Table Iimits
«  Can be transmitter or receiver (multi-star topology) or e | e

d . Operation mode: O Laser stand-alone
- 10.0 Hz INJECTOR rate:
Sta n a I O n e m LINAC rate: Allowed bunch train: @ for laser stand-alone

Injector lasers' P-cell: <> Laser stand-alone permit
[ ]
Present I n mOSt MTCA Crates Allow beam User-defined pattern active

« Main DOOCS interface: x2timer server ey
(Arthur Aghababyan, Olaf HenSIer) Number of Bunches: AAAa ‘: Number of Bunches: :AAA : Number of Bunches: 18 ?

vVvvVvv va vvVvvVvv

Injector Laser 1 Laser 1 Injector Laser 2 Laser 2
A A AN

A Spn N
Charge: g ég Charge: g . gég nc

RF Flat-Top 1 RF Flat-Top 2 RF Flat-Top 3
Flat-Top Start: bs Flat-Top Start: ps Flat-Top Start: bs
Flat-Top Duration: us Flat-Top Duration: us Flat-Top Duration: 19.1— 18

Current Bunches: 0 Current Bunches: 0 Current Bunches: 0

Seed/user lasers: enabled Seed/user lasers: disabled | Seed/user lasers: disabled

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
t

Injector Laser Setup
Laser 1 Rep Rate: w Laser 2 Rep Rate And Bunch Numbe... w State Machine Enabled:

Special bunches: A -disabled B - disabled C - disabled D - disabled
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x2timer Servers in the DOOCS N

= jddd 16.4/18.7.94 15.2.3 Ifroehli@MCS10BUEROS1 rpc_testxml FLASH.DIAG/TIMER/LASER1/

File View Help

Facility Filter

I oo
FLASH.DIAG

Device Filter

v |LASER1

filtered Il
sorted [l

Properties Filter
9

50HZ DIVIDER

OTR.OPTIC.MOVER
OTR.RESET
SFLASH.IMGPROCES! /ML

—|SFLASH.PH.EN.ML

SIS8160DMA

| |§S!s8300DMA

FLASH.SIM.MAGNETS
FLASH.SYNC
FLASH.SYSTEM
FLASH.TANGO
FLASH.UTIL

SPECIAL_BUNCHES ML
TAMC532DMA
TEST.ENERGY_EROFILE
THZFL2.BL.MOTHR
THZFL2.CRISP4IOTOR
TIMER

TIMER.CENTRA
TIMINGINFO

TOROID

TOROID.ML
TOROIDDMA
WIRESCAN
WIRESCAN.ADAPTER
WIRESCAN.DETEC
WIRESCAN.DIO
WIRESCAN.HV
[WIRESCAN.MOTOR
[WIRESCAN.POSITION

4

FSLA__________________ ¥

- IFLASHCPUT\ME1 _SVR
FLASHCPUTIME1.0
FLASHCPUTIME1.1
FLASHCPUTIME1.2
FLASHCPUTIME1.3
FLASHCPUTIME1.4
FLASHCPULASER1._SVR
LASER1
FLASHCPULASER2._SVR
LASER2
FLASHCPULASER3._SVR
LASER3
FLASHCPUDIAG1._SVR
DIAG1
FLASHCPUDIAG2._SVR
DIAG2
FLASHCPUDIAG3._SVR
DIAG3
FLASHCPUDIAG4._SVR
DIAG4
FLASHCPUDIAGS8._SVR
DIAG8
FLASH2CPUDIAG1._SVR
F2DIAG1
FLASH2CPUDIAG3. SVR

DOOCS hosts= flashcpulaser1 lib = 610489682 ( server_mask = 4 auth

FLASH.DIAG/TIMER/LASER1/*

®

Plot All Locations [l Show All Locations|
Refresh Table Show Value

filling...

NANE device instance

STS §n.Status word

STS.ERROR pending error status

STS.NE@WERROR new error detected

STS.EREDRMASK disable new_error

STS.ONLWME device on-line status

SET.ONLEE command to set on-line

ERROR eral error code
ERROR.SR combined error
ERROR.T)M error message
SYS_MASHbit mask: systems the
FCT_CODfhe location code
FCT_PANEN the panel to open for this
FCT_INCLEDE individual server-side
X_POS position in meter in the
Z_POS thilibosition in meter in the
Z_POS.9BRING the position as

0 0.0 297.0 1610364235 online
online

0

220

0.0
0.0

DEVICEMNFO edit info about the device

0 0.0 492.0 1612259627 Device

LOG sql¥er log messages (text format)

2021-01-26T709:08:40 online2021-01...
[2021-0T-26 TU3:U8:40 ONINE

LOG_JML server log

LOGEATML.LAST latest server log

online (2021-01-26T09:36:25)

LOMFLAST latest server log message

online (2021-01-26T09:36:25)

LG .REGEX a regular expression for
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dmespace

x2timer servers are ubiquitous:

SINBAD.DIAG/TIMER
SINBAD.DIAG/TIMER.CENTRAL
FLASH.DIAG/TIMER
FLASH.DIAG/TIMER.CENTRAL
XFEL.DIAG/TIMER
XFEL.DIAG/TIMER.CENTRAL
XFEL_SIM.DIAG/TIMER
XFEL_SIM.DIAG/TIMER.CENTRAL
KALDERA.DIAG/TIMER
TEST.DIAG/TIMER
TEST.XFEL/TIMER
LAB.*/TIMER
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x2timer Legacy Mode

* Up to three beam regions (“flat-tops”)

 Between the beam regions, the LLRF may change
amplitude & phase freely

« Bunches are only possible inside the beam regions

*  Only one type of bunch per beam region (same injector
laser, destination, charge, ...)

« Simple - Can be used directly from x2timer server

* No longer supported
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bunch charge

RF amplitude

~

y

time

y

time
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x2timer User-Defined Mode

*  (Almost) arbitrary number of beam regions

* Bunch types, lasers, destinations, and beam regions are
decoupled

 Programmed via a huge pattern table

 New pattern tables are sent to the x2timer at 10 Hz by the
bunch pattern server

+ Used at FLASH, XFEL, PITZ, KALDERA, ...
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The Timing Pattern in Detalil

* The timing pattern is an information block that
is distributed by the timing system before each
macropulse.

« Timing boards generate triggers from it.

« Hard- and software uses it to classify
bunches/pulses.

 Table with 7222 entries
 9.028 MHz raster (110.8 ns step)
 Covers a time span of 800 ps

« Each entry is described by a 32-bit integer
(“timing word”)
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idx O

Timing Pattern

idx 7221

700 ps

1500 s

Timing Word
special flags destination seed/user lasers inj. lasers charge
0 - ==
[ LT[ [ Jof P [ [ [ [T []] |ofsf2f«[ ][]
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e58s5-8s § a0 B
S0c=-8D = o o8 Q8
2 Jdg Egx @ ) o o % o
Oy ®» EX g < = oo L e
9\9%5_%;8 3 n w 0 No bunch
Sass5s62 ¢ Lo
w208 & 2 30pC
LoXL3oer ¢ 3 40pC
pre & © XFEL FLASH 5 90pC
E = g 0 None None 6 130pC
¥ R 1 Lasers/a (r) 7 180pC
x5 |2 T8D FLASH 2 8 250 pC
g X 3 G1D (r) 9 360pC
= 4 T4D FLASH 1 10 500 pC
® 5 11D (r 11 710pC
% 6 B1D (r) 12 1000 pC
7 B2D (r) 13 1420 pC
8 TLD FLASH 3/fwd 14 2000 pC
() (r 15 No limit
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Beam Distribution at the XFEL
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Beam Distribution Scheme

Beam Distribution Kicker
to T1/SASE2 M= Slow (tens of ps)
| ‘ 8 Vertical kick (up)

TLD Kicker
N Fast (4.5 MHz)
W Horizontal kick (left)

Lambertson Septum
W Horizontal deflection (left)

Lambertson Septum

W Vertical deflection (up) raiqht
straig

4x8 N 4x8 |- 4x8 H 4x8
A6 A7 ... A24 A25

BC2
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Fresh Bunch Mode: Implementation

Lasing in SA1 induces energy spread => less or no lasing in SA3

Lasing can be suppressed
B on individual bunches
W by exciting a trajectory oscillation with a fast kicker (soft kick).

TL SA2

v ~~ PPt

TLD T4D
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Fresh Bunch Mode: Implementation

Lasing in SA1 induces energy spread => less or no lasing in SA3

Lasing can be suppressed
B on individual bunches
W by exciting a trajectory oscillation with a fast kicker.

TL SA2

Y ~~ PPt

Horizontal kick

TLD T4D

Static horizontal correction
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Fresh Bunch Mode: Implementation

Lasing in SA1 induces energy spread => less or no lasing in SA3

Lasing can be suppressed
B on individual bunches
W by exciting a trajectory oscillation with a fast kicker.

TL SA2

Va ~~ PPt

Static horizontal correction T4 D
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Fresh Bunch Mode: Additional Kick in T4

There is a “TLD-type” kicker in the T4 section, in front of SA3.
It is fired for SA1 bunches to increase the oscillation amplitude in SA3.

an ~~ PPt Horizontal T4 kick

14D

Static horizontal correction

SA3
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Beam Distribution: Get Your Kicks

Four types of kicks can be triggered by the timing system:

Kick to TLD (fast)
Destination: TLD

Kick to south branch/SASE2 (slow)
Destination: T5D or Bit: “SA2”

Soft kick (fast, one of the TLD kickers)
Bit: “SK” (Soft Kick)

T4 kick in front of SASE3 (fast)
Bit: “T4”

DESY

| ] bunch_pattern_server_pulse_types.xml XFELUTIL/BUNCH_PATTERN/PATTERN_BUILDER/PULSE_TYPE_O

- MACHINE PATTERN: PULSE TYPES

European
XFEL

Add Pulse Type

ID Description Destination Kickers, TDS, etc.
X o |[No bunch | [None |v| ClExie  [iXinderela [JSoftkick []SA2  []T4kick
1 Xin B2 WSc SK SA2 T4 TR Dech Exi —— i seedpép lasers \——inj. laser N g
[ I [ | I ] [ [ I | I I [ | [ I I ]
31 28 24 20 16 12 8 X2 X1
X l¢|[e1D | [c1D |v| CIExile  [IXinderela [JSoftkik []SA2  []T4 kick
" Xin B2 WSc SK SA2 T4 TR Dech Exi — inati seed/p&p |; N —— inj. lasers E
[ I I I I I — I [ I I I [ I I I [
X % 24 20 16 12 8 X2 x1
B ‘H D ‘ [n D ‘vi [ Exile []Xinderela [ ]Softkick [ |SA2 []T4 kick
" Xin B2 WSc SK SA2 T4 TR Dech Exi — seed/p&p |; I ——ini. lasers E
—— I o — D ) |
31 % 24 20 16 12 8 X2 X1
X m ‘31 D ‘ B1D v| [JExile  [Xinderela []Softkick []SA2 [1T4 kick
" Xin B2 WSc SK SA2 T4 TR Dech Exi —— inatit seed/p&p |; v—im laser: g
S B s Y S A B A 5 s B |
. 31 2 24 20 16 12 8 X2 X1
9 )
) @ ‘B2D ‘ IBQD ‘v‘ [JExile  []Xinderela []Softkick [1SA2  []T4kick
F\)‘ | " | Xin ] B2 WSc SK SA2 T4 TR Dech Exi — i : | : seed/p&p la: °|' : | | \l,—im laser: E H
|)\J 31 28 24 20 16 12 8 X2 X1
I~
q [ﬂ [TLD ‘ TLD | [JExile [ ]Xinderela [ |Softkick [ |SA2 []T4 kick
f‘) " Xin B2 WSc SK SA2 T4 TR Dech Exi — il seed/p&p |; —— N} lasers E
n —— I T T T T T T 1 T T T T ¢ pepey
— 31 % 24 20 16 12 8 X2 x1
—J
r\\‘ @ ‘SA1 ‘ h4D ‘ M ["] Exile []Xinderela [ |Softkick [ |SA2 [v] T4 kick
5 " Xin B2 WSc SK SA2 T4 TR Dech Exi — seed/p&p lasers ——Ini. lasers H
= —— S I B = - |
= 31 2 24 20 16 12 8 X2 X1
"
D = [2][sne | [rsp v| CJExile  [JXinderela []Softkick [/SA2  []T4kick
“r:rl | " | Xin ‘ B2 WSc SK SA2 T4 TR Dech Exi ,—l inatit ; ‘ | : seed/p&p |; : | | ] \l,—im laser: f E
r“‘) 31 28 24 20 16 12 8 X2 X1
(N Iy :
q @ ‘SAS ‘ ‘TAD b [JExile  []Xinderela [v]Softkick []SA2 [[]T4 kick
e 1 Xin B2 WSc SK SA2 T4 TR Dech Exi ,— destinati seedpp | ——inj. lasers H
-~ . — — 1 5 Y Y T T T poper
: 31 28 24 20 16 12 8 X2 X1
)
O X [a][sne | [ro || ClExile  [Ixinderela [JSoftkick []SA2  []T4 kick
(O 1 Xin B2 WSc SK SA2 T4 TR Dech Exi —— seed/p&p | ——inj lasers E
~ [ I [ [ | [ [ [ I [ I I [ ﬂ
- 31 % 24 20 1 2 8 X2 x1
Send to xfellog... \ Help




Live from the Virtual XFEL

DESY. Page 15



Live from the Virtual XFEL

=W bunch_pattern_server_pattern_builderxm| FLASH_SIM.UTIL/BUNCH_PATTERN/PATTERN_BUILDER/PULSE_TYPE_0

Virtual
FLASH

1. Pulse Types

Edit Pulse Types

1: FLASH1 + 2:FLASH2 -
« T:TestForlLaser

0:No Bunch -«
L: Laser standalone

F:FLASHForward + G: Gun Nepal 1

* g:GunNepal2 -

2. Pulse Patterns

[_] RF transition

[A] Add Pattern Remove Pattern ‘
[A] Base Frequency: [1003 kHz |+ Add Sub-Pattern |
~ Start Time Description Sub-Pattern # Ticks # Repetitions
X[ 7000y [rash 1 Jk N
[ RF transition 11111111111111111111111111111111111111111113111111111111 v v v vovv
E - AAAAN AANAN AN
8097 us  oap o N 8
el ow_____ N 386 7316.60
X 919, s [FLASH 2 2 [N %38 °%5.60
ST 0080 773008
'Y‘ - AAAAN
949.2= 0
| I N 55

BUNCH PATTERN SERVER: PATTERN BUILDER (MACHINE PATTERN)

4. Bunch Counters

BUNCH_COUNTER_1 Pulse IDs generating these bunches:

FLASH1

BUNCH_COUNTER_2 Pulse IDs generating these bunches:

FLASH2

BUNCH_COUNTER_2  Pulse IDs generating these bunches:

[FLASHFwd

BUNCH_COUNTER_4
Diagn ‘

Pulse IDs generating these bunches

Excess b

| Excess bunches at the end of the train are replaced by

Excess bunches at the end of the train are replaced by:

Excess bunches at the end of the train are replaced by:| 0

hes at the end of the train are replaced by:‘ 0

1

g

gl 1]

(x|

vVvv

vVvvVv

AAAN

AAAAN

AAAAN

(A AAY

AAAAN

vVvvVvyvVv

5. Tail Clean-Up

Remove the following pulse types from the end of the pattern: [

...but leave this many tail pulses untouched: [

11

6. Pattern Sequence
[Al

= |m

Sequence

3. Charge / Intensity Profiles

Edit Profile Rules...

Profile #1 (Bunch charge): +200 pC for pulse type 2

« +110 pC for pulse type 1

7. Review Pattern

Show |Machine Tag [A] hd

[A]

700 800 900 000 1100 1200 1300

=

View Pattern... | Open the Pattern Viewer in a separate window.

14

00

1500

1600
[us]

5 9h
" 17.10.2025

- (m] X

8. Apply, Save & Load
1003 kHz, 110x1, 110x0, 30x2, 0x0

Send this pattern to the timing system and switch it to
user mode.

Apply & Switch

Bl bunch_pattern_server.xml FLASH_SIM.UTIL/BUNCH_PATTERN/CONTROL/

[m] X

Virtual
FLASH

 Main | ChargelLasers |

Operation mode: () FLASH1 (D) FLASH2 (@) FLF

BUNCH PATTERN SERVER

Special Functions 7' Expert ' Log ‘

_ n Pattern Prese
14

Bunch Type 1

Beam allowed: Pattern sequence: [A]

User-defined pattern active Pattern: 1003 kHz, 110x1, 110%0, 30x2, 0x0
Auto-adjust RF flat-tops:

Bunch Type 2

Bunch Type 3 ’ Bunch Type 4 ‘

FLASH1 FLASH2 FLASHFwd Diagn

AAAN ANANNAN ANANAN AAAN
Requested number of bunches: u n n u

vvvv \AAAYS VVVV \AAAY

Current number of bunches: 12 24 0 0 Total: 36

[+ ] I - [

User control allowed

9:50
17.10.2025

Clear All Limits
Clear Limit #

AAAAN

9:40
17.10.2025

9:20
17.10.2025

9:10
17.10.2025

Beam limits: 0

#
vVVvVvVvvVv
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Pattern Builder. Pattern Viewer. Send to ttflog.. Help




Subtrains — Reflecting the Pattern in the Control System

A subtrain is the set of all
bunches in a macropulse that
share some common feature.
Seven of them are defined at
FLASH.

They appear mainly in property
names:

X.FLASH2.TRAIN.MEAN_ PKPK
the mean value and peak-to-peak

variation over all bunches of
subtrain FLASH2
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ALL contains all bunches.

FLASH1 contains all bunches with destination
FLASH1

FLASH2 contains all bunches with destination
FLASH2.

FLASH3 contains all bunches with destination
FLASHfwd.

LASER1 contains all bunches produced by the
first injector laser

LASERZ2 contains all bunches produced by the
first injector laser

LASER3 contains all bunches produced by the
fhird injector laser
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