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&l = FERMI overview

* FERMI is a seeded Free Electron Laser operating in
the extreme ultraviolet and soft x-ray region ~ I

* the machine produces intense, short pulses of light (of
the order 100 fs) and pulse energies (up to 300 pJ)

* light source can be tuned in wavelength and polarized

* a user laser is available for pump-probe experiments

* the pulse repetition rate is 10 Hz, scheduled to be -y T iy e
increased to 50 Hz in 2014 . —— ' 'If--._’" _f “_L.':!

* three end-stations installed: DiProl, EIS, LDM

* FERMI is open to external user experiments since
December 2012
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TIMEX end station

* probing fundamental properties of dense matter under extreme thermodynamic

conditions

* 2D sample scan, pump & probe experiments

* heavy use of FEL wavelength tuning

* absorption and transmission detectors acquired by a CAEN digitizer (1 GS/s,
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q Segrone DIPROI end station

* single shot Coherent Diffraction Imaging
experiments

* diffraction patterns are measured by a
Princeton CCD (2048x2048 pixels, 16 bit depth)

* pump & probe experiments

* uses FEL wavelength tuning and light
polarization

* Images from

F. Capotondi et al., “Coherent imaging using seeded free-electron laser
pulses with variable polarization: First results and research
opportunities”, Review of Scientific Instruments, Vol. 84 - 5 (2013)
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q Sreroone LDM end station

* Low Density Matter investigations

* a pulsed valve provides a jet of atomic,
molecular and cluster targets

* pump & probe experiments

* uses FEL wavelength tuning and light
polarization

* Velocity Map Imaging spectrometer
based on a sCMOS Andor R Neo camera
(2560x2160 pixels, 16 bit depth)

* Time Of Flight mass spectrometer based
on a CAEN digitizer (VX1751, 1 GS/s, 10
bits, 8 channels)

* data throughput ~120 MB/s

* Images from:
V. Lyamayev et al., “A modular end-station for atomic, molecular,
and cluster science at the low density matter beamline of
FERMI”, J. Phys. B: At. Mol. Opt. Phys. Vol. 46 - 16 (2013)
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FUNDAMENTAL REQUIREMENTS

1) Data must be acquired and tagged with the corresponding FEL pulse
identification number (bunchnumber)

2) Number and type of data sources continuously change, the acquisition
framework should be easily configurable

3) To fully meet the users experimental requirements the framework
should allow for easy adaptation and implementation of new
experimental procedures and sequences

4) Keep it simple and reusable

7
5) Development based on TANGO TA N GQ
) ®

Connecting things together
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Experiment level
si’.f.ps EXECUTER

L

Data storage level

— FERMIDAQ
Source N

Data Data Data
Source 1 Source 2 Source 3

Instrumentation level

System overview

The development has been broken
up in three logical levels:

* at EXPERIMENT level there is the script
engine EXECUTER, capable of
implementing different experimental
sequences in the form of Python scripts

* at DATA STORAGE level there is a single
centralized, configurable software device,
named FERMIDAQ, that organizes and
stores data coming from multiple sources

* At INSTRUMENTATION level there are
multiple  shot-by-shot data  acquisition
devices, capable of buffering and exporting
data tagged with the bunchnumber
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Data source devices

For each FEL instrument, a C++ Tango device has been developed
following few common guidelines:

* shot-by-shot acquired data must be tagged with a bunchnumber and

memorized in a local buffer

* a standard Tango command must exist for retrieving data relative to a

range of bunchnumbers

* a Tango attribute containing the last acquired value must exist

 data comes from scientific and
diagnostic instrumentation

 data type ranges from single
floating values to 16-bit images

* the bunchnumber value s
distributed using the RNM software
infrastructure, which implements a
data-transparent memory sharing
among computers

RNM

Datum1
Buffer

DatumN

| Buffer

Real time
BunchNumber

@ TANGO C++
@ DAQ Device

getDatum1(bn1,bn2\>

getDatumN(bn1,bn2
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FERMIDAQ device

Core of the data storage phase in the FEL experiment, it is a Python
Tango device that continuously collects and saves shot-by-shot data and

metadata.

DATA DATA
source 1 source 2

Tango Device DAQ1 | | DAQ2 | ...
FERMIDAQ @ : DAQ thread pool

ﬁ
CEG ‘ ;: STOR1| |[STOR2

o U

DATA
source N

DAQN

STORN

U

STORE thread pool

* multiple acquisition threads, one for each
data source (61-71 data sources per
experiment)

» data sources are defined in an XML file
* data saved in HDF5 archives
* multiple storage threads, one for each file

* after each file completion a “trigger
action” can be performed (post
processing)

The data storage system is based on the Gluster 3.3 filesystem with 250 TB
homogeneously distributed over five Linux machines with a 10 GbE connection.
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q Sincrcone FERMIDAQ XML configuration

<attribute type = 'meta’>
<name>general_info/diproi_status/slu_delay_pos</name>
<tango_attr>diproi/slu/corvus_dpi_02/Position1</tango_attr>
</attribute>

<!-- PICOAMMETER -->

<attribute type='sync'>
<name>scalar/ch1</name>
<tango_attr>diproi/pam/01/CH1Data</tango_attr>
<acq_class>ScalarAttribDaq</acq_class>
<metadata name='IntegrationTime'>
diproi/pam/01/IntegrationTime will be saved to HDF5
</metadata>
<metadata name='Range'>
diproi/pam/01/Range
</metadata>

</attribute>

File Window Tools Help

=2 @ mm|

File/URL |/mnt/breakwater/netjonlineddiproifstorefinvestigations/

(] F2_Image_27_60563687.h5 || B TableView - ch2 - Jsca
ExperimentalComments Tahble mﬂ
f bunches ‘
o general_infa ...................................... — ]
o= adres = 0
Qp 1 4] 0.0
¢ @ scalar 1 0.0
B bch_counter ; gg
ﬁ : 4 0.0
; 5 0.0
B chz mt 6 0.0
B chz 7 0.0
8 0.0
i cha 55 g 0.0
B iom sh a : 10 0.0
) L 11 0.0
B iom_sh_b : 12 0.0
B iom_sh c : 13 0.0
L 14 0.0
5 iom sh d > 1c nn

chl (§820720)
64-bit floating-point, 100
Mumber of attributes = 2
Range =0
IntegrationTime = 10.0

[ Log Info L Metadata |
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q EXECUTER device

* the EXECUTER application is a highly flexible Python Tango device, capable
of executing generic external Python scripts

* experimental scripts are written in an external file

* input variables or result viewers can be dynamically added as dynamic Tango
attributes

Tango Device

1/O Variables

=4

o i)

:> Log Messages
Python CFG

File Dynamic
with attributes

GUNEI

(11

Start/Abort Scripts

exp. functions

Main advantages of such approach are the
T simplicity and the flexibility that allowed for
reduced lines of code and significant speedup of
any new developments.
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The graphical interface

w EIS-TIMEX CONTINUOUS DAQ (on pcl-timex-ehf-01)

SENE

EIS-TIMEX CONTINUOUS DAQ

'DAQ no-shutter ctrlg‘ DAQ full DAQ N-SHOTS |

Project Experiment: DataSet: START O STOP
20124017 52.0nm 52.0 foil-051LFafterHF The device is in OFF state.
Data log message:
ciao Ciao
Shots/File 1000 Acq. N files 1

highly customizable QT/QTango application

installed on all the end stations

* appearance and content defined in an XML file

* in the EXECUTER section, each tab is related to a
different script

 the FERMIDAQ section allows to monitor and
enable/disable data-sources

T CREN T - PADRES_VALVE2 -
[J AH401B chl BunchNumber OPEN ranos °
3] caen, AREA_CHI — CLOSED Integration Time | 1.0 [ms]
CLOSE
Wavelength
37.3 [nm]

FER'\"?,
@elettra

FermiDaq Status

STANDBY
Acqg. Shots 1020
- Abort
Acq. Files 1

& Endstation | @& photon_diagnostics ¢ photon_source |

[ eis-timex/caen_area_ch0 OFF
eis-timex/caen_area_chl OFF
eis-timex/caen_area_ch2 OFF
[] eis-timex/caen_area_ch3 OFF
[ eis-timex/caen_ch0 OFF
eis-timex/caen_chl OFF
eis-timex/caen_ch2 OFF
[] eis-timex/caen_ch3 OFF
eis-timex/pam_1_chl OFF
eis-timex/pam_1_ch2 OFF
[] eis-timex/pam_1_ch3 OFF
[] eis-timex/pam_1_ch4 OFF
eis-timex/pam_2_chl OFF
eis-timex/pam_2_ch2 OFF
[] eis-timex/pam_2_ch3 OFF
[] eis-timex/pam_2_ch4 OFF
mmexport/spec/spec_hor_peak_area OFF
mmexport/spec/spec_hor_peak_fwhm OFF
mmexport/spec/spec_hor_peak_height OFF
mmexport/spec/spec_hor_peak_pos OFF
mmexport/spec/spec_hor_spectrum OFF
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3 new end-stations under construction:
* TIMER
* MAGNEDYN
* TERAFERMI

upgrade of the repetition rate of the facility to 50 Hz scheduled for 2014:

there is the need to minimize the communication overhead, by
transforming the data acquisition devices to active UDP sources

Data
Source 1 UPD data > QMQ
Data The Simplest Wa nect Pieces
UPD dat
Source 2 - > To subscribe§
[

MIDAQ
ﬁ Lightweight Communications and Marshalling @

=3
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DONKI TOOLS
Python applications that help users in doing donkey works

0 E

DONKII.0G DONKIMAGE

DONKI 2

Roberto Borghes - ICALEPCS 2013

14



Elettra

Sncrotrone DonkiLog

LOgEO0K = LB 2015107 17 =10 48 HtmI (onpcl-timex=eni-01)| [ e |
File Edit Format Plugins About
[1 ‘y open [] save - & @ d|= = = = Ecolor

)

[=J Insert Image () LogBook Upload (g Screenshot

=== Fri Jul 19 19:40:26 2013 - Data acquisition started - SAMPLE STATIC WITHOUT BACKGROUND

=== FelSource = FELL; Wavelength = 42.300862338; GasAttenuatorPress = 5.64e-07;Padres_SeedFilter = OffBeam
=>>> Manipulater [ X_pos = 1.700: Y_pos = 3.000; Z_pos = 80.002; PHI_pos = 0.030; THETA_pos = -2.585 ]

>>> AH401B_1 [ IntegrationTime_ms = 1.0; Range = 1 ] - AH401B_2 [ IntegrationTime_ms = 1.0; Range =11
>>> Data Saved to: RUN16/Ge_42.3nm/42.3nm_x100_nosample_001

>>> Fri Jul 19 19:42:09 2013 - Data acquisition done

wavelength change: now 41.7 nm

timing -1977.39 ps —> -1977.59 ps (200 fs)

A ccd-pesp _pos.0l <@pcl-padres-pos-01> =0
— Optics Dat
ptics Data - 15.5 position X
Source [ 0.07 [nm]
| FEL1 - 13.9 position Y
Grating | 0.60 [mm]
| Gl max value
- 124
Pitch 209 [a.u.]
| 989.89 [urad
[ ! # px max val
Roll - 10.8 l—U
| -299.17 [urad]
Spot Area
Diffraction Ord -
raction Order 9.3 [18-28 nm.mm]
| 1
Intensity
Wawvelength
- 7.7 | 10614908
| 41.70 [nm]
Sigma H
Sigma V
—Spectrum Values — = AG 4.37 [mm]
Wawvelength Phase
| 41.87 [nm] -0.00 [deg]
FWHM T 31
I 0.05 [nm]
Peak =

=
DONKII.0G

more than an electronic logbook

PyQt based (linux and windows)
produces HTML or PDF documents

text messages can be added from
remote (e.g. from a DAQ application)

* screenshots can be added locally or
from remote

* custom plugins can be added

|

K|

B
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DonKimag e (on nxgw.esce el etira . triestesit) e

File Edit Operations Processing View ?

H B8 [&]s ¢ L W.om @4 E LR e E b w

'

Browsing ® Image visualization panel [E5]

H¥ HDFExplorer | BF FermiExplorer 0 -

HDFBrowser

< @ /Run_002_37162497.h5

@ Background_Period
@ ExperimentalComments
@ bunches

- @& digitizer
P @ channels

P @ endstation

P @ photon_diagnostics

[ @ photon_source

P @ user_laser

- & vmi
HE

f >
DONKIMAGE

220

* a user friendly FERMI data viewer

* developed in PyQt, is based on
guidata, guigwt and Sift

* HDF5 archive browser
* data plotting tools

* custom FERMI dataset viewer
plugin

400 —
Main panel 5]

~ Signals | = Images

i000: Run_002_37162497.h5/vmi/andor/37162502 7

.i002: Run_002_37162497.h5/vmi/andor_mean

600 —

Properties

Title | Run_002_37162497.h5/vmi/andor/37162499 l

Data
1 910 x 910 |E|

4 71.000
T 2794.000

800 —

J Metadata | B
T U T ‘ T U T U T U T U T U T U T

<« Apply | 0 200 400 600 800

Curve plotting panel | Image visualization panel |
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DonkiPy

0.5

05

Permissions: RW

End-of-lines: LF  Encoding: ASCII

& Spyder E“E“ZI
File Edit Search Source Run Tools View ? .
A A & e » 2> ®H | - QF A BRSO
Editor - fhome/rob/lavoro/spyder-2.0.12/test_plot_macro.py @ ® DonkiPy @®
.’—\..,‘ A test plot_macro.py = [B Q" DonkiPy Library :
P A < LIBRARIES -
1 from donkipylib import # 3 b Syrmep_PSGen N
gprint ****** Starting DEMO #®##¥xxsxxss \n" Dm.;fpy V teﬁ%d::ve DONK I PY
;print "Status = ", test dev.Status() :":_? double_scalar
6 print "Double scalar = ",test dev.double scalar ¥ Status
7  Experiment_Details
& test dev.double scalar = 4.3 <+ MACROS
9 + Pl . .
13 vave data = test_dev.ave ~azrmmem| * enhanced Python scripting
12 Plot.waveplot(wave data, "Wave data") waveplot enVIFOnment
Plot data array
Usage example: ® dGVG'Oped aS a p|Ug|n fOF
, , a = Plot.waveplot(data,label Spyder |n PyQt
,/ N * specific library modules and
/ macros can be added with docs
Console
/ ~. x (@ wecmeaopy x | ® transparent access to control
/ *xxx¥ Starting DEMD ¥¥#sx¥xsxsxsx System pOintS
/ Status = The device is in RUNNING | .
— . Double scalar = -230.090872175 ) probably WI” be merged Wlth
D donklmage as data processing
platform
|
Console | Internal console |

Line: 12 Column: 37
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