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Timing and Data Acquisition Concept

Console Applications: access to all components
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FLASH2 -- XFEL
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Keeping Hardware and
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Bunches in XFEL

® The XFEL can produce 27 000 bunches per second

bunches in experiment A

i I
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Bunch Compressaor e _ _ _
Collimation Section
Linac '

"

Beam Switchyard

<= 2700 bunches in main linac

bunches in experiment B

19.03.2013 Kay Rehlich DESY MCS4 4



New Timing System for XFEL and FLASH

Transmitter L = const.

Receiver

Event & Pattern

Trigger

Receiver
Bunc
Pattern

>

Clocks

S

>

(+12) 108.333 MHz
(+288) 4.514 MHz
(+144) 9.028 MHz

L<—|

7

|

50 Hz Timing Events &
mains g Pattern Table
FLASH

Y

9.028 MHZ as the base frequency: XFEL

* Bunch spacing >= 1/ 4.5MHz f = 4.5MHz

+ 1 or 3 MHz bunch spacing are possible e

* FLASH compatibility
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Trigger Distribution

Central Global

External Dela Events Local
Dela
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LI |
L1
11
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ADC sampling time -
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32 Bit Bunch Pattern Defines Every Bunch

I Charge ranges: To be changed !

‘Distortions’ to ignore Charge: Alternative:
No bunch No bunch
FLASH: XFEL: Low: < 0.1 nC <0.125nC
.............. . *TDS Inj 0.1-1nC 0.125-0.25nC
---------- .- *TDS BC1 High: > 1 nC 0.25-0.5nC
....... *LOLA *TDS BC2 TBD 0.5-1nC
- *Wire Scanner *Wire Scanner TBD 1-2nC
_ _ o TBD >2nC
- Photon line deflection (mirror in) TBD free
1. Laser
2. Laser
3. Laser
|31|30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 ]4|]3E 1110 9 8 7 6 5 4 3 2 1 0
| FLASH: XFEL:
Lo * SASE 5 special mode
-------- .- * SASE 4 special mode
L * FLASH 3 e- * SASE 3 special mode
m=mmmmmmmmnnee * FLASH 2 e- * SASE 2 e-

* FLASH 1 e- *SASE 1 e-
.- * Main dump

19.03.2013 Kay Rehlich DESY MCS4 7



Section Pattern for XFEL and FLASH (MPS)

Gun ACC1 Acc3g ACC23

ACC45 ACC67

sFLASH SASE

~4.1 — 44 nm
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Beam Modes: max. # of Bunches in Section, 32 bit Word (MPS)

FLASH1

FLASH2

Single

<=30

<=300 /500

1|S|IM|F|1|S|M|F|1|S|M|F 1|S|IM|F|1]|S|M

Full

31 30 29 28 27 26 25 24 23 22 2N _20 19 18 17 15 14 13»12 11 10 9

[\

BC2 SASEL SIS

XFEL
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Timin

-
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g System With Restrictions by MPS

{ Max #
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From MPS

T

N

3 N

Pattern Corrected
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| Operator Distributed
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alc. tot charge
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Example: 4 Bunches in FLASH1, 2 in FLASH2

FLASH1 Kicker gap FLASH2
1
700 us —  S1MHz —— 364'; - 0.5 MHz

I||||||||I||||||||I||||||||I||||||||||||||||||||||||||||||||||||||||||||||||||||L,|||||||I|||||||||||||||||I|||||||||||||||||||||||||||||||||||| 2 :

Length of
pattern table = 7222
= 800pus*1300MHz/144

.';‘ \

Bunch 8 * 5972 * ST 8 * ‘ 1212 *
200 pC |  No bunch No bunch 50 pC “No bunch | | No bunch
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The New Timing System for FLASH

First step (shown):

* All MicroTCA systems will et
Second step:
connect to the new New timing is master
system Central Timing L/TOA Old Central Timing VME

e VME remains on old
9 MHz timing

g R
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Features of the New Timing

 More outputs, more functions, better
resolution

* Distributes bunch patterns

* Fiber optical distribution

* Based on 1.3 GHz (old 9.028 MHz)

* Less jitter

* Trigger and clock distribution on backplane
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Optional RTM:
9 transmitters,

Further triggers or clocks

MicroTCA backplane:
TCLKA and TCLKB,

19.03.2013

8 * M-LVDS

New Timing Module

it

Transmitter
Piggyback

SR 5
» — a
E ® - O un
g = |—'-o%
il L] :__.i 5 8_
n - = )
! * o o o i o 5
== AL o
' CIRC el =2
.: L] » L] (] Eé -]
; e e TellE o
L3 i '\—_'C\-'—"
- s e e -

2 * Trigger out
1 * Clock out

2 * Trigger out
1 * Clock out

2 * Trigger out
1 * Clock out

4 * General I/O
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Timing AMC Block Diagram

3 ¢h. Transmitler Mezzanine

nﬂmq‘ﬁr

Ref clock in

114.285 MHz

=
=
=

g

MicroTCA Backplane

Churt

" TCLKB

TRRET

Tr

o
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FPGA Handles Triggers and Tables

or

Pattern (table),
MacroPulse #,

FSM &

RTM conhector

measurement

Data of the Encoded Event Trigger
[ Event ] [ Event delay 32 bit ]
N\

N
ﬁ TrigBlk \

’ \3 o T
| /
— //

< ——p Clk, Trig
> //\ B

<<= K - Clk, Trig
< 108 MHz

NS
Sync ° Position [sec] J RJ45

[Tra nsmitter-Receiver DeIayJ F—_
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Timing: One Channel (out of 22) Block Diagram

i | ( ‘/
Pattern (table), tl,-srfiL H
Event#, ... . select
Delayed ‘ '

Data of the Encoded Event Trigger

[ Event [ CMD ] [ Event delay 32 bit ]

] L Location Pattern 32 bit ]

€
/ Rng
Vi Global data
i clock " a
! ——— : 2 * 540 MHz A &
-
)4 Ch. select E
* \lobal Sune—— >
= —>

[ Event select

&rigBlk

L Fine Delay 10 bit ]

Delay 24bit Width 24bit

Front
Clk, Trig

108 MHz

Up-Counter

Position [sec] J

Register with local PCle access
[Transmitter-Receiver DeIayJ [ ]
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Controlling the Injector Laser

New Timing Receiver

S >
=X a 13.542 MHz 108.33 MHz
2E B o
Q
2% |5 :
a|Z |E S v
LA ol & vV _
FPGA: Laser Output Triggers fast FB
It::dulat’_t c1‘Emm AOM)
FPiezo tuning of n_l 3.5 M 2 108 MHz
cavity length __—,H
_ Example layout , = 27 MHz
— of a laser round irip
€ ————— \H
Faraday Stabilized by
Pockels cell, Rotator quartz tubes

£ 8
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Example: Timing Connections within a MicroTCA Crate

Nthe et

o

Toroid Protection System

upstream
downstream

LLRF <€

Interlocks

Device status

MPS link <€

\
MPS
;lb FPGA
RTM DAMC 2

Central Timing -

1.3GHz

19.03.2013
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MTCA Crate

Backplane
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LLRF with different Settings FLASH1/2/3

D':IQ

-hm

M

'4
220.F '
U_
S \
5 - -4 -
205. F 1 | 6. |.|.|||||||.|.|

[MV] Vectorsum ampll. ACC45 [deg] Vectorsum Phase ACC45
215.—;
= : I I 1 I | I
400 200 \% /Z{ 1100. 1600, \%{Uﬂ.
Res= 1.Buf= 0 s1 Res= 1.Buf us]
/ \ FLASH1 FLASH2 FLASH3

25 A 14- 5
e T 1

230.—§

225.—§ \ i S /-\
FLASH1 FLASH2 FLASH3

RF response Requested RF Pulse shape

19.03.2013 Kay Rehlich DESY MCS4 20



Gun Control Panel

FLASH 1

\

8e 0o CUN_Operation.xm| TTF2.RF/LLRF.CONTROLLER/GUMN/ \
- LLRF r MP5S - Toroid \
T H {to protects cold vacuum [nc] Toroid§GUN . [nC]; Bif=5
Pfwd SP 3.85 SCREENS ~ 3 v
WV e 17.6 sqri(kWw) GUN I E
7.60 IDUMP -~ |s=q| GUNRF 0.8
Phase 5P =i PERMIT 3
V| Feedforward |7 Corr. -6.9 deg 1ACC1 — 0.4 l
Pulselength 4255. R g e e 0 LA AR MR AR L
gt |7 Feedback |7 Rotation Expert | Don't move the GUM section screens now! 550 650 750 850 050
[ns]
 RF Power rWater rLaser
Power Meter
% HV (kV) Peak Measurement Interlock Water | Temp. | Operation | PulseCtrl |
x 102.4 W OSFE MM e sprk
Details il L MW JECT [ e e - 75.77°C
RESET || Hz0 5 i AT 2.0 triggers
Pulse Length 425 us Iris 3 hr :
rfl pwr detail Rep Rate 10 Hz Cell 1 70.49 °C block laser |
before reset
switch feedback off Tuning | GunTempHelp I safety shutter open |
Pwd {ampl) |- sampled at Prfl ampl} |- sampled at
Pfwd (phase) | AN | ?UOE‘ Prfl (phase) | A | 565&‘ -Magnets -LLRF Vectorsum
[sqruddy]  Forward power ampl. [sqrudy]  Reflected power ampl. Main Sol Bucking Dipole [MAL] Amplitude
93 59 | | ||
solenoid -31?-15 -317
13.5 20, 4.
11.5 15. Bucking 37.0 37 5.8 B
i.5 L
10. L Dipole 0.00 0.00 3.6 -
3.5 5. i
-0.3 0 rVacuum > ] I ' l I
550 630 750 850 950 550 650 750 830 950 520 600 700 730 ga0 953
] s e |
[ ]18I]. Fo.rward power phase [ ]16I]. Reflected power phase °l Pl
H 0.0001 -2 1
120. H A \
60, . 1.0e-06 -4 1y
20.
0 a0 1.0e-08 -6. lll
-60. - " LT TP T PPr I T T TTTTITY FERRrT T
-120. -100. 1.0e-10 _8.—
-180. T T T I T -160. T T T 1'09_126 hl LU B '13| h' L | '19 o -10. T T T T T I T
330 630 730 850 [usgeﬁl:? 850 [usg‘;ig 15 B A EPANE SIS 550 650 750 8§50 QSH
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New Software for MicroTCA

Ethernet >

: DOOCS
CRRToroid M Function

Server

—p O0MQ
=P Messaging

SIS8300 server

Timing DOOCS <
Server Device f_)
Server o
©
=
Dev node
Linux
Driver Driver Driver
x1timer or S1S8300 “e SIS8300 AMC

x2timer
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R

foro

Toroid Server

SIS8300

iﬁ DMA server

-

Bold text: property

19.03.2013

Y

Ethemct—>

9MHZ_DIV=9,3,2,1=> 1, 3, 4.5, 9 MHz bunch rate
N_before_first = int (pre_samples / Bunch_inc)
Spectrum parameters:

Offset = 700 — N_before_first * Bunch_inc / SAMPLE_FR
Inc. = Bunch_inc / SAMPLE_FREQ

Toroid Front-end Software

First possible bunch: 700 pus — History [FLASH1]

8 00 New

ncl = SGUNTCHARSE 10 [nC]; Buraty 10222
0.2

SAMPLE.FLASH1 = N_before_first /9MHZ_DIV | ,]
SAMPLE.FLASH2 = N_before_first / OMHZ_DIV |02
F rom t| m | n uﬁ 0 ﬁéﬁ ﬁél] ﬁ}ﬁ i RD\ 7&5 Tél] 7+5 E&ID BéS ﬁ]ﬁsl:]l
Bunch_inc : SAMPLE_FREQ * 144 / 1300 * 9MHZ_DIV [samples] Header: sample_freq
< pre_samples
ta: length
samples(length]
@00 New
[ADC counts] = Torwid SGUN [ADT counts]: Buf=4070574] [ADC counts] = Toreid 3§UN [ADT counts]; Buf=40708767)
3.425+04 3.4250+04 \
3.375e+04] 3.375e+04
3.3508+04 3.350e+04
3325e+041 Hardware 3.325e+04]
3.300e+04 . 3.300e+04
3.275e+04 Trigge er 3.275e+04
3.2508+04 L 3.2608+04
3.225e+04 v f.- r-' r_ 3.225¢+04 TR anaa
3.200e+04 3.200e+04 T
3'1?59“1390. 692. 694. 696. 698, 700. 702. 704. 3'1?59+0299.9 700. 700.1 700.2
[us] [us]
<pre_samples>= PRE_BUNCH_TIME * SAMPLE_FREQ >l<
N SAMPLE_FREQ = e.g. 108,3 MHz

700us - <pre_samples>/ SAMPLE_FREQ

Kay Rehlich DESY MCS4
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Main Timing Server

MainTiming.xm!

Main Operating | Table Editor | Expert |

Main Timing Controls

Order of Bunches in Beam Lines:

FLASH1
Enable: [ [

Number of Bunches: 2

Reption Rate:

Charge Range:
tser: [T 7]

1.Bunch Position: "33 ks

Last Bunch Pasition: 239 us

FLASH 2

Enabie: [

Number of Bunches: 7§

Repition Rate:

Charge Range:
Laser: 2 [+]

1. Bunch Position: "~ 333 ps

Last Bunch Position: §gg us

FLASH 3

Saﬂ Qﬁﬂ IBbﬂ

11hﬂ 1200
1

¢

Main Timing Server

Calc table from properties

FIRST_BUNCH_INDEX.1/2
FIRST_BUNCH_POSITION.1/2
LAST_BUNCH_POSITION.1/2
ENABLE.1/2
NUMBER_BUNCHES.1/2
REP_RATE.1/2
CHARGE_RANGE.1/2
LASER_SELECT.1/2
ORDER_BEAMLINES
MACRO_PULSE_NUMBER
SHOT_ID

BEAM_MODE
SECTION_PATTERN

| Data to DAQ:

int
float
float
int
int
int
int
int
int
int
Int
Int

Int

1. Bunch of FLASH 1/2 in pattern table

1. Bunch FLASH 1/2 in ps

Last Bunch FLASH 1 in ps

Single bit to enable bunches in FLASH1/2
Fills the number of bunches into the table
Repetition rate of the bunches (enum)
Charge range filled into table (enum)
Selected laser for bunches in FLASH1/2

0: FLASH1, FLASH2; 1: FLASH2, FLASH1
Unique number

ID of the cycle type

Max allowed number of bunches in section

Beam permission in sections

Bunch Pattern, MacroPulseNumber, ShotlD, Time, BeamMode,
Section Pattern, First and Last Bunch Position of Beam Lines

Kay Rehlich DESY MCS4
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