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Free-Electron Laser at Hamburg (FLASH)

> User facility for photon science community providing a puls
light source in the extreme ultraviolet and soft X-ray regime.

technologies for the European XFEL and ILC.
> Upgraded 2009 - 2010.
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Electron Energy: 0.4 ... 1.2 GeV Bunch repetition rate: 10 Hz
Photon wavelength: 4.5 ... 47 nm  Bunch frequency: 1... 3 MHz
Bunch charge: ... 3nC Bunch train length: 800 us

Vladimir Rybnikov | FLASH DAQ Data Management and Access Tools | PCaPAC2010 | Page 2



FLASH DAQ Architecture

e dCach Launched in Summer 2004

transfer =|I %

Shared - Petabyte = Collect and store LINAC beam relevant data in real time
memory Tape space = Provide data to feed-back and monitoring tools
Multicast =* Collect data for FLASH user experiments
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the VUV-FEL DAQ System
PCaPAC2008
TUPO10 Buffer Manager Implementation for the FLASH
Data Acquisition System
ICALEPC 2005
TU4A.2-50 Integrating a Fast Data Acquisition System
into the DOOCS Control System
ICALEPC 2007
WPPA21  DOOCS Camera System
\l/ RPPA25  The Data Acquisition System (DAQ)
of the FLASH Facility
ICALEPC 2009
MODO004 Evolution of the FLASH DAQ System
THPO086 A "Pluggable" API for High Level Software
Applications Based on the FLASH DAQ System




FLASH DAQ Data Flow
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FLASH DAQ Stream Configuration

Configuration via WEB

Window

W -FEL Diata Stream Configurator, logged user TTF2ZADM

ON/OFF clianm... | ‘ Change passwu...l Refresh l:hann...l Qait | |

.ow channels  Show }ast channels  Show |

BB 22 FAST_CHANNELS
F Go to First channel | Last channel | ‘ Save configur... | ‘ Close |
i Cuwrrent run type I1"'1"45‘11'-’“"—PG2
Filter condition I ﬂl Streams
E Fast channels Value Event types b 2 oE e 9 g 7 g Bl L
A" 71 [TTF2.DIAG/MCP.ADC /MCP1 MCP.ADC /MCP1 1 B EENNN S E S
o 72 [TTF2.DIAG/MCP.ADC/MCP2 MCP.ADC /MCP2 1 H HEENEEERNE
73 |TTF2.DIAG/MCP.ADC/MCP3 MCP.ADC /MCP3 1 H HENNDNEEE
=4 1 74 [TTF2.DIAG/TOROID/10DBCZ TOROID /10DBCZ 1 M B B S B
| 2 | 75 |[TTF2.DIAG/TOROID /1 2EXP TOROID /1 2EXP 1 [ TR
| 3 76 |TTF2.DIAG/TOROID/16BYP TOROID /16BYP 1 BEEET S E S O EE
4 77 |TTF2.DIAG/TOROID/1TCOL TOROID /1TCOL 1 N B S BN
| 5 78 |[TTF2.DIAG/TOROID/1UEC3 TOROID /1UBC3 1 [ N1 R e e
| 6 70 [TTF2.DIAG/TOROID /2UEC2 TOROID /2UBC2 1 | W NN NN N
| 7 | 80 |TTF2.DIAG/TOROID/3DEMODZ TOROID / 3SDEMOD2 1 [ BB I
| 8 | 81 |TTF2.DIAG/TOROID/3GUN TOROID /3GUN 1 B _|EEENEE O E
] 82 |TIF2.DIAG/TOROID/5DEC3 TOROID /5DBC3 1 EEEDEDNNEDN S S D
L 83 |TTF2.DIAG/TOROID,/7MATCH TOROID / TMATCH 1 BN e B BN S
| I 84 [TTF2.DIAG/TOROID /9DUMP TOROID /O9DUMP 1 [0
2 -[ 85 [TTF2.FEL/FEL.ADC/GMD.BDA GMD.ADC/GMD.BDA 1 H | _SnnsENN
| 86 |TTF2.FEL/FEL.ADC/GMD.TUNNEL GMD.ADC/GMD.TUNNEL |1 B NN N
e 87 |[TTF2.FEL/HASVUVPG2.CAM/CAMERAL HASVUVPG2.CAM/CAMER. [6 m e | B B |
1-No [T88 |[TTF2.FEL/HASVUVPGZ.CAM,CAMERAZ HASVUVPG2.CAM/CAMER |6 B EEEEE
;E: Markal -. .- r.r rrr.

Recarc: 71/106 | | | |
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FLASH DAQ Run Catalog, Index Files

DAQ data file names finding

Experiment

>

# of files RAW file names .

Time Period (Run#)

linac_main_run4902_file6885 20100926T122748.1.raw
EOS_THz stream_4 run4902 file161_20100926T114704.1.raw
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FLASH DAQ Data Files

Custom file format

| Event Header Basket le———
| Server Block Header Basket l¢

| Channel Basket |«

|

Channel Basket |

| Reference to EIT —
| Reference to EIT event type 0 |

Reference to EIT event type max (32)
— Reference to CDT

Reference to ECPT
Reference to EIDT

{ Reference to XCD |
| Reference to Event Header Basket —
| Reference to Server Block Header Basket —

Reference to First Channel Basket
Reference to FRT

3 steps to access data

 read File Reference Table
 read the channel basket

» decompress data if required
(ZLIB, LZO)
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FLASH DAQ Data Access Tools

Two access methods

NFS
| 33 7B i dCache
Tape
LOCAL ACCESISI ;
X
C++ | 5 < NFS
= —
84 2 oATA I 24 TB
JAVA g || O
D —
Q
(72]
MATLAB ()
3
A NF
< 1EXP
N
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FLASH DAQ Data Servers

Remote access

Time period, experiment, list of channels (XML)
dCache
Tape

End-user

client Staging

server

DAQ data "

server

m§
l

=
Finding files, extracting data
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FLASH DAQ Data Access Tools

MATLAB MEX functions Local, remote

Linux: Ubuntu 8.04, Ubuntu 10.04
Solaris: Solaris 8, Solaris 10
Mac OS X: 10.6

Windows (Java)
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C++ Based Tools

DAQ Data C++ framework

ttf2_ user init() initializes user's code\

SiEelElE ttf2_user loop() user's code gets DAQ data
Event ttf2_user end() user's final operations
ven '
DAQ data USER ttf2_user help() user's help
access, re-written Makefile -
libraries functions
Loop
NFS NFS/local

DATA I RESULTS
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Java Based Tools

FLASH DAQ FLASH DAQ JDDD expert
data GUI Data Converter panels

JDAAQ library to access DAQ Data
(local/remote data access)
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FLASH DAQ data GUI

o

FLASH DAQ data GUI v6.2.7 =miEa)

File Tools Events Options Memory freeftotal: 31.718/123.077 MB

FLASH DAQ data GUI
Selection parameters

Started | 08-Oct-2010 07:25:57 [Finished [ 08-Oct-2010 07:35:01 | Run| | Experiment [linac [=] | pataDir |

[ Channels I Files
All ) [ Selected

e e i ===

ﬁ THZ.ADC/ 2l TORQID/ZGUM

B THZ. ML 0.3 TTF2. DIAG/MAINS/IMECTOR/CHOO
THZ141.2DC/
[P TOROIDY

¥k, 10DBC2
ik, 11SMATCH
ke 12ZEXP

[k, 16BYVP

ke, 1TCOL

ke TUBC3

[ 2SDUMP
vk, 2UBC2

[k, 3GUN

k. SDBC3

e 7ORS

[k, SDUMP

[ TTFZ.DAQ/
[EP TTF2.DIAG)

| I 0 0 O 0 G, 0, O

o [ IRUND.TEMP/
o B Mans/
o EF INIECTOR/
e 23 CHOO
o [ SR.MOTOR/
TTF2.EXP/ =
TTF2.FEL/

[ TTFZ.MAGNETS/
b=l TTE? RES

[a]

request progress
Success

| Get Channels/Files || Start Display | | | | Cancel || Exit |

JFreeChart http://www.jfree.org/jfreechart/
Can be started from Web
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http://www.jfree.org/jfreechart/

FLASH DAQ data GUI (Visualization)

Single value

File Parameters Events

ENERGY.BYPASS/E_MEAN

850 =

0.0000000
[= ENERGY.BYPASS/E_MEAN:ENERGY.BYPASS/E_MEAN 645.8425]
09-5ep-2009 23:33:48_614: : 84020585

09-Sep-2009 22:33:47

(09-Sep-2009 23:33:48

i e i

Status: Events:12819 (71.193% connect: 593 ms data: 21 s) [Memory free/total/max: 60.280/174.719/1034.027 Mg

Waveform

File Parameters Events

TOROID/3GUN
2.00

s B

1.25

Y 1.00
0.75
0.50
0.25

0.00 \"“"_""_"_"-_"—"

700 800 900 1,000 1,100 1,200 1,300 1,400 1,500 1.600

us

21-5ep-2009 : 88832570 21-Sep-2009 02:53:29

21-5ep-2009 025310

‘<<|<| Go ... |>|>>‘

Status: Events:100 (100% ...|Mamor‘,/fra_efwtaumax: 77.170/101.057/1034.027 Ml
I
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Bit mask

. File

BIS/DW.104

Bits
o
o

13:53:20  13:53:25  13:53:30  13:53:35  13:53:40  13:53:45
Time

) = ) — s Ty ) D (e e e

Status: Events:150[

File Parameters Events Image

ICCD8.CAMERA/PCO

32x896:2 X:1121(2) Y:1(1

12-Feb-2009 14: : 88211413

12-Feb-2009 14:54:00 12-Feb-2009 14:55:00

‘<<|<| Go ... |>|>>

Status: Events:306 (100% con... [Memory fres/total/max: 129.500/536.013/1034.027 ME|

Combination

File Parameters Events

ICCD8.CAMERA/PCO.ROI

300 |

250
200 JI_ 1o W L
1l |
150 P Uy
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2001 j e e et

50
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12-Feb-2009 14:54:00 i BESLIELS

12-Feb-2009 14:55:00
L)

| << | < | Go ...
Status: Events:306 (10.. |I‘v|emowfree,"10taljmax: 146.928/554.762/1034.027 M|
A

e® .
DESY
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FLASH DAQ data GUI (Simple processing)

File Parameters Evenls

Histories Correlations

s ENERGY.BYPASS/ E_MEAN | File Parameters 4
E : ¥ t : i : E i : g | . .
- TOROID/ 3GUN:Q vs TOROID/3GUN:Q
I}
iu 846.7500 L3
Eg- 1.4
<t 846.5000 6‘ 1.3
=3 g 1.2
7 846.2500 D11
o m
w E 1.0
Z 846.0000
i
= é 0.9
E 845.7500 o 0:5

| Ll :
s (5]
7 845.5000 e 0.6
< 0.5
a
3__:! 845.2500 0.4 [
P
& 0.3 LE
{5 845.0000 0.3 04 05 06 07 O& 03 10 11 12 13 14 1.5
i 22:35 22:40 22:45 22:50 22:55 23:00 23:05 23:10 23:15 23:20 23:25 23:30 23:3 nc (TOROID/ 3GUN:Q)

Time
E B ncinc H
[ ENERGY.BYPASS/E_MEAN:ENERGY.BYPASS/E_MEAN_mean
Update plots Update plots

Status: Events:12819] [Memory fraz jrotal 25 398/175 768 M8 Status: Events:100| |Memary free/total: 26 903/101.057 MB[*

Histogram

ENERGY.BYPASS/E_MEAN

! File Parameters

845.00 B45.50 B45.75 B46.50
B ENERGY.BYPASS/E_MEAN:ENERGY.BYPASS/E_MEAN
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FLASH DAQ Data Converter

File Converter Events Show

Data selection

Started Finished Run First Run Last

GMD ' EXP1 | EXP2 |

FLASH DAQ Data Converter

50 bunches [}

Channels in header

Channels for data extraction

Channel [ Included

Channel

Inc

ed

SASE mean wave length |

bunch frequency

FSopen

FSclose

Wave Length

BDA lon_Current

BDA_Energy spect

TUNMEL_lon_Current

RRIEEEREIEIE

TUNMEL_Energy spect

Convert

Processed events: 0

Exit

Mostly used by the user experiments that have their own DAQ systems.

They need beam parameters

GUI converts FLASH DAQ Data to ASCII
Other format converters can be easily plugged in.

Vladimir Rybnikov | FLASH DAQ Data Management and Access Tools | PCaPAC2010 | Page 16



JDDD Expert Panels

[N o N a) DAQ_ACCx_coupler.xml
Coupler Interlocks ACC4 Klystron KLY4
C1, €32, €5, CF Interlocks 2, C4, TG, CE Interlocks
T =il ZACCa/0l 0 T0 7 =<l _zACCa/0l 5 _T0_15
— = A mC AT S_TO_T
TZOK PT1O00 7 I Sy T7O0K PT1000 8 e R S Ayn s TATIe
T3I00K IR Win 7 =cr AACCa/Dl 0 TO TI0DOK IR Win 8 = C7 8.ACCA/DI B TO 15
e— Coupler 7 n 1 e— Coupler 8
Fhotomultiplier 7 1 I Photomultiplier 8 11
Sparkdetector 7 - T - IL . - . Sparkdetector 8 . - T - . - .
&6 h 10 h 14 h 18 h 8. 9. 10. 9. 12 9. 1. 9. 16. 9. 18. 9.
8.0.2009 8.9.20090 8.9.20090 §.9.2009 2009 2009 2009 2009 2009 2009
[] Klystron infout, actual and from DA [MY ] Probe, €1 actual + €1-8 from DA
Eat0 [= Filament Current [AF i E T —— ==
- ! DAQ. crua 20
| 148 MB 15 A
Time range in cache: Memory I
O08-5ep-2009 12:58:44.000 08-5ep-2009 12:58:54.000 10
—1
5.0
Actual T: 08-Sep-2009 12:58:48.000 Event No.: 83398125 07 1 . . .
_10 | | 3] | | —— | | 10 2500 o.000 So0o.0 1000 1500 2000 2500
[s]l?ét(kW)] P reflected, C1 actual + C1-8 from DA
T T T T T T
S00.0 1000 iso0 1000 1500 2000 2500
] Coupler Light ] Coupler e—
6.0
5.0
4.0
3.0
2.0
- 1.0
e o P~
-0.10 3| T T T T -1.0 T T T T
0.000 500.0 1000 1500 2000 2500 o.000 S00.0 1000 1500 2000 2500

Finding an event of interest by DOOCS histories
Extracting DAQ data before and after the selected event
Plotting DAQ data along with the on-line data

Finding sources of problems
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MATLAB Based Tools

3 external MATLAB functions

daq_list serv() provide channel list for selected experiment and dates.
daq_read_serv() converts DAQ data to MATLARB structures (remote)
daq_read() convert DAQ data to MATLAB structures (local)

[a,err]=daq_read svr(name) ;
if err

err

return
end
names=fieldnames (a) ;
[n,nn]=size (names) ;

for i=l:n XML DAQ data request
b=getfield(a,char (names(i))) ;

$b.time (2) <DAQREQ>

%b.time(3? <ReqId id='1285571727'/>
nm=fieldnames(b) ; <TStart time='2010-09-26T22:41:00'/>
dO0=getfield(b,char (nm(l))) ; <TStop time='2010-09-26T23:10:46'/>

dl=getfield(b,char(nm(2))) ;

subplot(1,2,1) <Chan name='ICCD9.CAMERA/ANDOR.IDUS' />
plot(d0.data(1:100,:)); <Chan name='BPM/16DUMP' />

drawnow </DAQREQ>
subplot(1,2,2)

plot(dl.data(1:100,:));
drawnow

end
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<Exp name='EOS_THz'/>




Performance & Plans

Performance

=» DAQ is capable to store beam relevant information with the
rate 8000 bunch/sec (800 bunches at 10 Hz)

=> LINAC data (~26 TB) is available for 2 weeks

=» Request processing < 1sec

=> Data retrieval speed depends on disks performance and network
bandwidth

=> Typical extraction time for a channel (2000 floats) 0,1 — 0,2 ms/event

Plans

= Improving the tools
=> Adding new features (e.g. data preprocessing by DAQ data

servers)
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Thank you

Thank you for your attention!
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DAQ Data Volume

> DAQ produces on average 2 Tbyte/day

" Most accelerator data not taped but kept for 2 weeks on disk (migration).
" Photon diagnostics, experiment and R&D data kept on disk and taped (dCache).

" Rate OK right now — might require filtering and dedicated run configuration in future.

25
o9 | ~* Collected Data on Tape V4

(TB)
15
10
5 //
0 /\/

2005 2006 2007 2008 2009
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