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otivation

timeschedule as presented to PSC in 09/2007

01/2008

-Completion of FIR beamline

2007/2008
- Development of ONLINE photondiagnostic
- Comissioning of FIR beamline

- (Pilot) VUV — IR pump probe experiments

2009

iIf approved: -> establish FIR beamline as optional user facility
for pump probe experiments at FLASH
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. . »
Motivation @

planned photondiagnostic station DP4

Same image
as in exp.!

Aim:
ONLINE photondiagnostic of:

* beamprofile

* power/pulse energy
e spectral content

* beamprofile

* pulse duration

-> studies of dependence on
areas in beamprofile

fs Laser
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llaboration

Photondiagnostic collaboration for the
FIR undulator beamline at FLASH

Goal:

» gather expertise and equipment to perform source and
beamline diagnostic during comissioning of the beamline

» develope dedicated (ONLINE) photondiagnostic for the
user facility

current Members:

M. Gensch, M. Yurkov, E. Schneidmiller, V. Kocharyan, U. Fruehling
E. Saldin, S Dusterer, N. Stojanovic (DESY), Wolfgang Seidel
(FZ Rossendorf), Ullrich Schade, Jongseok Lee (BESSY),

Heinz-Wilhelm Hibers, Alexei Semenov (DLR) A. Azima (UHH)
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Status of the beamline
Comissioning

Next Steps
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of 2007
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Photondiagnostic Shift

on 14.11. 2007

Completed at time of measurement
14.11. 2007
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®
tal hall 3%

.
. .
«** Synchrotron beamline

Optical delay 9
chamber

Th o w W w h h h w

Pump-Probe
EXxp.

beamline length aligned on 6.1.2008 by arrival
time of ps laser pulses at fast photodiode in exp.
(uncertainity 30 ps).

-> found temporal overlap central on delay translational stage!

Michael Gensch  \EDASHSeminar = 19.2.2008
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view into otical delay chambr
e bidirectional repeatability: < +/- 5 um (measured and specified)
-> allows scans with 30 fs steps

e maximum translation 200 mm
-> maximum delay +/- 0.66 ns

Michael Gensch  'FUASHSeminar
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®
tal hall 3%

“"‘ Diamond
) ““ Window
VUV beamline s (after 43 m)

Optical delay 9
chamber

Th o w W w h h h w

Y

DP3
l . . . .
Pump-Probe Photondiagnostic Elegtrondlagnostlc
E p. | Station (DP4) Station (U HH)
Xperimenta . from 05/2008
Station (DP5) same image than
in pump probe
exp.!

completed (pumped down) 15.1. 2008
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doi: 10. 1016/j infrared 2007.12.032

\\."

- W : e Delay cham ber
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Photondiag-
nostic station
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M. Gensch et. al., ,New infrared undulator beamline at FLASH*, Infrared Phys. Techn. (2008),

19.2.2008
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Next Steps
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IR Beamline Comissioning — project description
Project leader: M. Gensch

Collaborators: M. Gensch, M. Yurkov, E. Schneidmiller, E. Saldin (DESY), U. Schade
(BESSY), W. Seidel (FZ Rossendorf), H-W. Hiibers, A. Semenov (DLR)

Number of shifts required: ¢ (of which 3 shifts can be carried out parasitically provided
electron beam is going through the FIR undulator, we would like to work in multi bunch
mode most of the time)

Abstract:

This project is aiming to continue the IR beamline commissioning part in the “IR-VUV pump
probe beamline commissioning” project which was appointed several shifts in the previous
beamtime period. Constructional delays caused that the IR Beamline was not completed in
time to perform the aspired commuissioning tasks. Apart from one single shift the time was
used to align and prepare the VUV diagnostic and optics for the VUV-IR overlap in the pump
probe experimental chamber.

For this one shift in November 2007 the first 50 meters of the future IR Beamline, were
provisionally taken into operation (in a tremendous effort by the HASYLAB vacuum group).
The radiation was then analyzed at a provisional measurement port in the FLASH
experimental hall. Spectra, beamprofile and power of the undulator could be measured for the
first time using various equipment provided in parallel by a recently formed photondiagnostic
collaboration. Although these measurements seem exceptional for the very limited time that
was available they are by no means satisfactory. A number of alignment problems within the
beamline but also of the FIR undulator could be identified and now have to be tackled by the
different responsible technical groups. This means that the provisional alignment of the
beamline into the experimental hall will be lost. It is presently hoped that in December
mounting of the hardware of the beamline in the experimental hall will be completed. First
rough alignment of the various sophisticated optics is hoped to take place in January but will
again have to start from scratch. The below described goals of the in all required 6 shifts are
mandatory before work on the electrondiagnostic (A. Willner) or the VUV photondiagnostic
project (U. Friihling) can start.

Michael Gensch  'FUASHSeminar

planned work in KWO05

e alignment of beamline with laser’s
(including all DP’s in exp. hall)
e alignment with undulator radiation

e power measurement
» spectral diagnostic
» studies of beamprofile at DP3/DP4

» check dependencies on undulator
tune

» measurement of pulse duration using
direct detectors and possibly E/O
sampling

New issue:

measurement of VIS-NIR content

in VUV BL3 (laser safety)

19.2.2008 13
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nnel

M2 moved out VUV beam

FIR beam Y-._

Source diagnostic in diagnostic port 1 (DP 1)
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ICCD, power meter, ...

IR camera
(1 — 1000 pum)

viewport

mIirrors

photon diagnostic station DP1: looking on M1 === N
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] Pump Probe
Experimental d DP3
station (DP5) / = . ‘ Photondiag- : : Electro?dti_agnostic
q ] * station
| - nostic station % Aol gl (from 05/2008)
F J DP4
i N\
\
\ - . - - -
_ view showing Photondiagnostic station and
. - ¥ DP3 (soon to be electrondiagnostic port)
B, . \ Photondiag-
LE . nostic station
(DP4)
N
N
N\
N

DP3
<+— view down stream in the experimental hall
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o VUV beamline “""

BL3 :

. Optical delay

chamber

InGaAs
Photodiod
odel EOT 3040

spectral range: 900 — 1700 nm

measurements were done ,parasitically”
during a electron beam diagnostic shift
at DP3
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Diamond
Window
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FIR beam
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at DP3
DP1

tune to nominal wavelength, through band pass filter:

70 pm 75 pm 80 pm 85 um
€ Stat © Stop Seale  Rangs [ Crosshar | & Golors - o == 2T . = - = e
— TIE N FCusor | ¢ Grayscale
12 = I Apetus |
Coavg 5B K21 Lens W ColorBar | ©

90 pm 95 pm 100 pm 104 pm

Pointing stability for different tunes OK?

ez |

good beamprofile/optimum transmission

at DP3

at DP3

tuned to 60 pm  tuned to 70 pm sl T T . T =]
| | tune to nominal 85 pm
o : o 250/ with band pass filter ‘
035} ! ! g L
5 ; : 2 = 200 -
g 0% i | 3 — e
2 ! 1 ] 150 | D
‘@ 025f ! ! O | i =
c 1 1 = 2
2 ! v 100 c -
£  opa20f ! ! | : &
! 50k linear! <= |
0.15 : L
0 L 1 " 1 L 1 L 1

56 58 60 62 ©4 66 68 70 72 74 76 T8 80 82

wavelength/um

0 5 10 15 20 25 30
number of bunches

e
|
1
|

slightly detuned?! -> 1.8 +/- 0.3 uJ pulse energy -> calibration underway
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| GEMEINSCHAFT beampro 1. comparison s/
09/2007 01/2008
" Start © Stop Scale Range [ Crosshair | & Colors " Start © Stop Scale Range [ Crosshair | & Colors

28 - W Cursor © Grayscale 280 W Cursor " Grayscale
12 Z‘ [ Aperture - 12 Z‘ [ Aperture

O Awg * Sum AN [ Lens ™ ColorBar Ay & Sum K2 " Lens W Color Bar

.

Close - B Close

What happened? Do we see more of the source? Misalignment of M1? Waveguide effects?
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9T tune to nominal 85 pm

2501 with band pass filter

= 200}

150

100

M. Gensch et. al.

linear!

50

number of bunches
->11/2007: 1.8 +/- 0.3 uJ pulse enerqgy

Michael Gensch FUASHSeminar
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Frosms  power -mp 5%

9T tune to nominal 85 pm

250 With band pass filter

= 200}

150

100

M. Gensch et. al.

' |
50 linear!

number of bunches

->11/2007: 1.8 +/- 0.3 uJ pulse enerqgy
-> (01/2008: ~ 0.5 ud pulse enerqy?!

Michael Gensch ~ FUASHSeminar
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:: tuned to: 110 pm  raw data! -
. 3
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> 150 pm 8:1
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60 80 100 120 140 160 180 200

wavelength / um

detune seems to scale with the wavelength
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wavelength /um

tune for pump probe experiment

/0 80 90 100 110 120 130 140 150

pulse energy at beginning of shift:
0.5 uJ (with b.p.)

6 uJ (full beam)

Michael Gensch ~ 'FUASHSeminar

B tl.ljnel t0'85ll,l,rﬁ I ' M. Gensch for the IR plhoton.'coll__-
. full beam ;
! with bandpass fllter
- - | i
« - -~ filter curve -
; ) ’ * \ (transmission ~70%)
.B I\“/ \
c
g
g
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a 2r ) background of
Tr ) 4.7 pJ
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-100-80 -60 -40 -20 0 20 40 60 80 100
degree / ° (reading of polarizer)

considering unpolarized background beam seems almost to 100% polarized!

Michael Gensch  \EDASHSeminar = 19.2.2008 24



@ HELMHOLTZ

| GEMEINSCHAFT

'4." l | ' - _—J.'. |
G =08 RN B

p—

- ._.Jl - — i 0 - o
g 4 U S— e A
1 Pump Probe I = _
| Experimental ’ 1 ey
S gt L
Lt r y o (NG ! A

station (DP5)

ot e

Michael Gensch ~ FUASHSeminar

19.2.2008

25



@' HELMHOLTZ

| GEMEINSCHAFT

VUV beamline

e

ptical delay
chamber

™

1
Photondiagnostic

Pump-Probe

Experimental Station

station same image than
in pump probe
exp.!
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Crystalline quartz
window

ossh Colors
urser Graysca

. full beam through 100 micron band pass
\-x‘1 q“. = Fango : ‘: r % ~.‘ -..o : 5 Fa ‘:I“ r .:

P8: f= 100 mm

———same image as in experiment

P8

polarizer & band pass filter

19.2.2008

Michael Gensch
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Crystalline quartz pointing OK for whole delay travel range!

n pump probe exp.

window

A= -70 000 pm A= +70 000 pm

e i = e g = Ay

P8: f= 100 mm

T———same image as in experiment

/(0@

| DESY |

ey

P8

polarizer & band pass filter

19.2.2008
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Crystalline quartz pointing OK for whole delay travel range!

n pump probe exp.

window

A= -70 000 pm A= +70 000 pm

e i = e g = Ay

P8: f= 100 mm

T———same image as in experiment

/(0@

| DESY |

ey

P8

polarizer & band pass filter

19.2.2008

Michael Gensch

29



/ﬁ‘ HELMHOLTZ

| GEMEINSCHAFT residudal 3/personal safety YO

InGaAs diode at the end of BL3:

2 bunches

1 bunch
O bunches

TTF2.FEL/FEL.ADC/GMD.EDA2/CHO7 .RANW

0.

-0.002

23:59 8.2, 0:01 0:02 EI:IEIE
7.2.08 2008 8.2.08 8.2.08 8.2.08

Special thanx to Oliver, Arik and Elke for doing even studies during their shift

for more info see log book

Michael Gensch 19.2.2008 30
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Power: sub pJ in diagnostic ports?

Spectral content: fundamental shifted by 5 — 15 micrometers

detune scales with wavelength

Timestructure: ps established (present limit of detection by HeB
180 ps)

Studies of focus in pump probe experiment at DP4:
->sub 1 mm size
-> Alignment of optical delay checked

First attempt to do E/O sampling -> not enough time

Optical delay works nicely and reliably

Beamline alignment/undulator performance: suboptimal

-> start of , pilotexperiments*”

Michael Gensch  'FUASHSeminar
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Next Steps
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Lessons learned or first ,User” request:

pump probe:

e power/pulse energy measurement (optimum shot to shot) X
e attenuator (broad band?) (X)

o finer steps for delay (as fine as possible) (X)

» exchangable spectral filters (X)

« measurement of spectral content during the experiment X

e automatize delay/data aquisation X

e more pulse energy X

Electrondiagnostic:

e take DP2 into operation
. ?

General beamline issues:

» take cameras into operation X

e remote control of picomotors in tunnel

e improve positioning of M2, (M3, T4)

» aditional screen chambers in s- beamline and infront of pump probe exp. (X)
« ,laser shutters“/interlock (X)

Michael Gensch  'FUASHSeminar

19.2.2008 34



@' HELMHOLTZ

| GEMEINSCHAFT

Ne

-> will continue throughout 2008, need to still use DP3 until 05/2008
* optimize power and beamprofile
* measure pulse duration with E/O sampling

» analyze spectral content of higher harmonics
-> are 2/3 color pump probe experiments possible?

 study spectral content, power, polarization, pulse duration across
beamprofile in Pump Probe experiment

-> there will be dependencies, which?

e study properties of residual optical/NIR radiation
-> ideas for a crosscorrelator?!
-> |aser safety

e source diagnostics -> waveguide effects

» take new beamline features (e.g. attenuator) into operation.

Michael Gensch  \EDASHSeminar = 19.2.2008
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timeschedule as presented to PSC in 09/2007

01/2008
-Completion of FIR beamline

2007/2008

- Development of ONLINE photondiagnostic
- Comissioning of FIR beamline

@ VUV - IR pump probe experi@

1 contact for FIR beamline related issues: M. Gensch (J. Feldhaus)
|

|

: -> collect ideas for pump probe experiments

1 to be prepared for future requirements/modifications of beamline or
| FIR photondiagnostic

Michael Gensch  \EDASHSeminar = 19.2.2008
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Streaking of photoelectrons running

(DESY/UHH)
FLASH — Spider (DESY/Celia/lUHH),
7 medium term?
U. Fruehling, M. Gensch, E. Ploenjes, M. Wieland, .
M. Drescher
FLASH
FLASH-SPIDER
Reconstruction of ultrashort FEL pulses
[ T T T T T T T —— 1

1 contact for FIR beamline related issues: M. Gensch (J. Feldhaus)
|

|

|

: -> collect ideas for pump probe experiments

1 to be prepared for future requirements/modifications of beamline or
! FIR photondiagnostic
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