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Timing and Data Acquisition Concept 
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FLASH2  --  XFEL 

1st BC 2nd BC 

FLASH2 

Gun ACC1 ACC39 ACC23 ACC45  ACC67 sFLASH SASE 

~4.1 – 44 nm 

EXP. Hall 

FLASH1 

L3 L2 L1 

I1 

I2 

BC 0 BC 1 BC 2 SASE 1 

SASE 4 

XFEL 
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Keeping Hardware and 
Software Compatible … 
Keeping Hardware and 
Software Compatible … 



Bunches in XFEL 

 The XFEL can produce 27 000 bunches per second 

100 ms 0.6 ms 

<= 2700 bunches in main linac 

bunches in experiment B 

bunches in experiment A 
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New Timing System for XFEL and FLASH 
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9.028 MHZ as the base frequency: 
• Bunch spacing >= 1 / 4.5MHz 
• 1 or 3 MHz bunch spacing are possible 
• FLASH compatibility 

MO 
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mains 

Event & Pattern 

Receiver 

Sync. 
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... 



Trigger Distribution 
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32 Bit Bunch Pattern Defines Every Bunch 
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Charge:  Alternative: 
No bunch  No bunch 
Low: < 0.1 nC < 0.125 nC 
0.1 – 1 nC  0.125 – 0.25 nC 
High: > 1 nC  0.25 – 0.5 nC 
TBD   0.5 – 1 nC 
TBD   1 – 2 nC 
TBD   > 2 nC 
TBD   free 
- 
1. Laser 
2. Laser 
3. Laser 

 
XFEL: 
•TDS Inj 
•TDS BC1 
•TDS BC2 
•Wire Scanner 

Photon line deflection (mirror in) 

! Charge ranges: To be changed ! 

FLASH: 
•- 
•- 
•LOLA 
•Wire Scanner 

FLASH: 
• - 
• - 
• FLASH 3 e- 
• FLASH 2 e- 
• FLASH 1 e- 
•- 

XFEL: 
• SASE 5 special mode 
• SASE 4 special mode 
• SASE 3 special mode 
• SASE 2 e- 
• SASE 1 e- 
• Main dump 

‘Distortions’ to ignore 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 



Section Pattern for XFEL and FLASH (MPS) 
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1st BC 2nd BC 

FLASH2 

Gun ACC1 ACC39 ACC23 ACC45  ACC67 sFLASH SASE 

~4.1 – 44 nm 

EXP. Hall 

FLASH1 

L3 L2 L1 

I1 

I2 

BC 0 BC 1 BC 2 SASE 1 

SASE 4 

XFEL 

P-FLASH 
FLASH 3 

SASE 6++ 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

SASE 3-5: 

e.g. “fresh bunch mode” 



Beam Modes: max. # of Bunches in Section, 32 bit Word (MPS) 
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1 S M F 1 S M F 1 S M F 1 S M F 1 S M F 1 S M F - - - - - - - - 

FLASH2 

FLASH1 

L3 L2 L1 

I1 

I2 

BC 0 BC 1 BC 2 SASE 1 

SASE 4 

XFEL 

1 Single 

S <= 30 

M <= 300 / 500 

F Full 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 



Timing System With Restrictions by MPS 
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Example: 4 Bunches in FLASH1, 2 in FLASH2 
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FLASH1 FLASH2 

… … … … 

Bunch 
200 pC 

8 * 
No bunch 

Kicker gap 

700 µs 1364.6 µs 
1 MHz 0.5 MHz 

5972 * 
No bunch 

… … 

Bunch 
50 pC 

8 * 
No bunch 

1212 * 
No bunch 

Length of  
pattern table = 7222 

= 800µs*1300MHz/144 



The New Timing System for FLASH 

• All MicroTCA systems will 
connect to the new 
system 

• VME remains on old 
9 MHz timing 
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First step (shown): 
Old system is master. 
Second step: 
New timing is master 

First step (shown): 
Old system is master. 
Second step: 
New timing is master 



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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New Timing Module 
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4 * General I/O 

Optional RTM: 
9 transmitters,  

Further triggers or clocks 

MicroTCA backplane: 
TCLKA and TCLKB,  

8 * M-LVDS 



Timing AMC Block Diagram 
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FPGA Handles Triggers and Tables 
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Timing: One Channel (out of 22) Block Diagram 
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Controlling the Injector Laser 
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Example: Timing Connections within a MicroTCA Crate 
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LLRF with different Settings FLASH 1 / 2 / 3 
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FLASH1 FLASH2 FLASH3 

FLASH1 FLASH2 FLASH3 

RF response Requested RF Pulse shape 



Gun Control Panel 
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FLASH 1   FLASH 2 



New Software for MicroTCA 
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Toroid Front-end Software 
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SIS8300 SIS8300 

Driver Driver 
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Toroid Server 

Loc 1 Loc 1 

DAQ 

s5 

Toroid 1 Toroid 1 

Ethernet 

SAMPLE_FREQ = e.g. 108,3 MHz 
<pre_samples> = PRE_BUNCH_TIME * SAMPLE_FREQ 

700µs - <pre_samples> / SAMPLE_FREQ 

Hardware 
Trigger 

First possible bunch: 700 µs 

Bunch_inc : SAMPLE_FREQ * 144 / 1300 * 9MHZ_DIV [samples] 

Bold text: property 

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_FREQ 
Inc. = Bunch_inc / SAMPLE_FREQ  
 
SAMPLE.FLASH1 = N_before_first + IDX.1 / 9MHZ_DIV 
SAMPLE.FLASH2 = N_before_first + IDX.2 / 9MHZ_DIV 

Header:  sample_freq 
 pre_samples 
Data: length 
 samples[length] 

IDX.1 
IDX.2 
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From timing 

History [FLASH1] 



Main Timing Server 
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Main Timing Server 
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Calc table from properties 

 

Data to DAQ: 

Bunch Pattern, MacroPulseNumber, ShotID, Time, BeamMode, 

Section Pattern, First and Last Bunch Position of Beam Lines 

Property Description 

FIRST_BUNCH_INDEX.1/2 int 1. Bunch of FLASH 1/2 in pattern table 

FIRST_BUNCH_POSITION.1/2 float 1. Bunch FLASH 1/2 in µs 

LAST_BUNCH_POSITION.1/2 float Last Bunch FLASH 1 in µs 

ENABLE.1/2 int Single bit to enable bunches in FLASH1/2 

NUMBER_BUNCHES.1/2 int Fills the number of bunches into the table 

REP_RATE.1/2 int Repetition rate of the bunches (enum) 

CHARGE_RANGE.1/2 int Charge range filled into table (enum) 

LASER_SELECT.1/2 int Selected laser for bunches in FLASH1/2 

ORDER_BEAMLINES int 0: FLASH1, FLASH2; 1: FLASH2, FLASH1 

MACRO_PULSE_NUMBER int Unique number 

SHOT_ID Int ID of the cycle type 

BEAM_MODE Int Max allowed number of bunches in section 

SECTION_PATTERN Int Beam permission in sections 
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