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bending M1
VUV - undulators FIR - undulator magnet
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R _R.. \
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s e ;
Undulator parameters*:

* type: planar electromagnetic undulator
* Gap: 40 mm

* Period length: 400 mm

* Number of periods: 9

o K-value3 —49

Undulator performance:

e naturally synchronized to VUV pulse

* pulse energy: more than 10 uJ

» spectral range tunable from 10 to 200 um (possibly shorter)
* pulse duration 0.3to 6 ps

*More information: V. Borisov, Proceedings of EPAC 2006, Edinburgh, 26-30 June 2006, p.3595.; O. Grimm, Proceedings of FEL 2007,
Novosibirsk, to be published
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pulse duration pulse energy

6 ps 25
— 200 um
3.1ps P 20+
e
_ 100 um
1.5 ps 5 15
(M) ;
50 um 5 energy in central cone
0.3 ps 10} for 1nC and form factor
—n 1 from ref. 1
10 um 5 ) . courtesy of O. Grimm
— 50 100 150 200
time Wavelength (um)

[1] W. Ackermann et. al., Nature Photonics 1 (2007) 336 - 342.

NIR content? -> FIR undulator counts presently as class 4 source, can be
Worked only in dedicted shifts (study time!)
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requirements:

e spectral range: 1! — 200 um

 timestructure/wavefront needs to be transported!

 spatial and temporal overlap with VUV pulse from
same electron bunch -> upper limit for length!

A ;
' TOF
courtesy of M. Drescher
&

=
Bl

FIR-Beam VUV'FEL}A‘
o d

Elecirc Fied (Mt

| T § '
)
i
@

aaaaaaaa

PETRA tunnel
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requirements: « spectral range: 1! — 200 pm
ted!
rom
-> 63 m beamline
F|_ ] ] unnel
T & ‘mﬂj -> 7 focussing mirrors
= | ‘-..'-."-.\.3’/
eminraoe [ -> 8 planar mirrors shutdown — 07/2007

FIR-Beam VUV'FEL}A‘
o d

-> 9 mirror chambers
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top view: M5 M6
T4 / Vg
T1 T2 f=4000 mm 14 \_ -
f=8000 mm  f=13000 mm o, YN
"""" : - T6 (delay) M7 sample p1 \
N E h FIR -Pige TS §=4000 mm f=150
560 (y) T = m /"_'S_-'P_ib?'TEZOOO'Tn_nT ................................. _
#_._F_.Fﬁp.e_ ................. PETRA  — —
M1 T3
M3 f= 6000 mm
Evaluation with THz Transport* & ZEMAX using Gaussian beams and numerical sources
Source T1 T2 T3 T4 Diamond T5 T6
window
3.
*www.desy.de/schmidtb/THzTransport/ THztransport.m
Michael Gensch _ar 08.01.2008 10
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tunnel

synchrotron beam VUV beam
( streak camera)

FIR beam

Boundary conditions:

1. Parasitic use to normal
FLASH operation

-> 4 x 10kg mirrors need to
be moved in and out of the
beampipe on short notice

and precisely
2. Use existing vacuum 3. 43 m beampipe in
pipe through PETRA particlefree UHV!

storage ring : _
Michael Gensch  \FUASHSeminar  08.01.2008 11




@' HELMHOLTZ

| GEMEINSCHAFT

VUV

Synchrotron ¢

(visible)

FIR

pling

synchrotron beam VUV beam
(visible)

FIR beam
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ntal hall

Optical delay s
chamber

|

Pump-Probe

A -'-I.:Il ’EI_ 1
w :::I::;f_ﬂ: '-‘-:W :

I Electrondiagnostic
Photondiagnostic Station (U HH)

Station from 05/2008
same image than

in pump probe

exp.!

o

Michael Gensch  \FUASHSeminar  08.01.2008 13
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>

Photondiagnostic Shift

on 14.11. 2007

Completed at time of measurement
14.11. 2007
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provi

diagnostic port 3

| station

completed 13.11.2007 — just in time for shift!

Michael Gensch

08.01.2008
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station

485

269

completed 13.11.2007 — just in time for shift!
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P1: f= 290 mm
P2: f= 350 mm
P3: f= 250 mm

Michael Gensch  FLASHSeminar
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4'*|€'EESEEELFT First light: bea ffilter measurements (5%

full beam 100 um band pass filter system

¢ Start ¢ Slop  Scale Range  Crosshair & Colore & Start ¢ Stop  Scale Range B ezl @ Colors
,17& E - Ji ¥ Cursor ~ Grayscale . W AT ¢ Grayscale
=] - Aperture o ’Tj ™ Aperture )
~ g © sum A? ™ Lens I~ Color Bar (o C Avg © Sum = o Lens LIS olerBan )

Close |

15 % of intensity™

Michael Gensch ‘- Seminar 08.01.2008 19



- /0@
filter measurements 2§

__/

P e First lightSiees

calculation 100 um band pass filter system
oy M oo e

3THz , y= 1000. at S50665.

~ Avg ~ Sum LYs ™ Lens I~ Color Bar «

aperture  r= 6.3mm unbllocked

Close ‘

Michael Gensch 08.01.2008 20
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70 um 85 um

104 pm

Pointing stability OK?

_minar 08.01.2008 21
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G vz First light

70 ur
- 0.08 —————

— _ fllter curve from QMC =
0.07 | 2 N )
0.06 | o/ )
S oo0s5F EXp. . | <
5 I « ©
g 0.04 . S ]
g 0.03F o % |
NOVur ‘ T °
S e B 0021 > |
T— 0.01 | ) .
oo+ o
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wavelength/um
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P1: f=290 mm
P2: f= 350 mm
P3: f=190 mm
P4/P5:
f=101.6 mm

D:
pyro + PE window

Michael Gens 08.01.2008 23
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tics

tuned to 60 pm  tuned to 70 um

intensity/a.u.

.1.

0.40 +——

0.35

0.30 |

0.25

M. Gensch et. al.

0.20

0.15

—— o o < —

AR ) A A LY
56 58 60 62 64 66 68 70 72 74 76 78 80 82
wavelength/um
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intensity/a.u.

tuned to 60 um

0.40

tuned to 70 um

0.35 ﬂ

0.30

0.25

0.20

———————— — — — — - —] f—

0.15

\

AN

10 A ..\A?‘/A L At ‘ b e LS

7

M. Gensch et. al.

N\

56 58 60 62 64 66 68 70‘72 74 76 78 80 82

wavelength/um
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3rd harmonic?

1.6 .

1.0}

' raw data =
14H M
B (b}

=
1.2 transmission § |
of humide air 8

0.8

Intensity/a.u.

20 30 40 50 60 70 80
wavelength/um

Michael Gensch  FLASHSeminar
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with correction:

1. for instrument function

intensity/a.u.

for comparison

of spectral contents

-> purged set up needed

M. Gensch et. al. i

20

30

40 50 60 70 80
wavelength/um

2. ....different assumed water vapor contents
= E
k= \A =
20‘3I0‘4I0‘50‘6I0‘70‘8I0 20'3‘0'4|0'50'6|0‘70'8|0
wavelength/um wavelength/um
Michael Gensch  \FUASHSeminar  08.01.2008 27
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P1: f= 290 mm

P2:1=330 mm | o punches -> 1.5 uW full beam
P3: f= 200 mm 0.5 pW with filter

Calibration measurement before
each measurement (filter produces 30 x4W)

Michael Gensch  FLASHSeminar

08.01.2008 28
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with 100 um band pass filter

M. Gensch et. al.

100 | l
50! linear! ]
O \ \ \ | \ | \ | \ |
0 5 10 15 20 25 30

number of bunches

5 bunches/s =9 uyW -> (1.8 +/- 0.3) uJ pulse energy?
Michael Gensch  FLASHSeminar

08.01.2008 29



/fﬁ'HELMHDLTZ Flr

| GEMEINSCHAFT

l‘/
ents %k

N — 1800 ————————————————————————
300F | _ - 1600 |
- with filter | Lol TUll beam
250 | ] _
- _ 1200 | _
= 200} 3| = S
27 = | = 1000} -
2" 150 °l 2 o
2 150} o1 2 soof <
c I O 1 c o
© 100} o4 g 600r O
c c c c
— L 8 R —_— 400 | . I 8 _
50 - .
| linear! 2] oof nonlinear! =
O | s | s | s | s | | L O 1 1 1 | 1 | 1 | | 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

number of bunches

number of bunches

Michael Gensch  "UFDASHSeminar  08.01.2008
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120

100 -

oo
o
I T

60

power/uW

M. Gensch et. al.

20

50 52 54 56 58 60 62 64 66
phase/°
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P1: f= 290 mm
P2: f= 350 mm
P3: f= 200 mm

|_ 200 pm

100 um

50 um

10 um

timé

pulse duration < 180 ps established

Michael Gensch  FLASHSeminar
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Measurement of:

Beamprofile: close to simulation, slightly elliptically

Power: calibration under way, uJ Level ???

Spectral content: fundamental shifted by 5 - 10 micrometers

Timestructure: sub ns established (present limit of detection)

-> next shifts end of january!
-> photondiagnostic collaboration established

Michael Gensch  \FUASHSeminar  08.01.2008 33



# neLmnoLrz Phot lon for the @)
| GEMEINSCHAFT FI t FLASH <

Goal:

e gather expertise and equipment to perform source and
beamline diagnhostic during comissioning of the beamline

» develope dedicated (ONLINE) photondiagnostic for the
user facility

Members (so far):
M. Gensch, M. Yurkov, E. Schneidmiller,

U. Fruehling, E. Saldin, V. Kocharyan (DESY),
Wolfgang Seidel (FZ Rossendorf),
Ullrich Schade, Jongseok Lee (BESSY),
Heinz-Wilhelm Hubers, Alexel Semenov (DLR)

Michael Gensch  FLASHSeminar
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01/2008

-Completion of FIR beamline
2008

- Development of ONLINE photondiagnostic
- Comissioning of FIR beamline

- (Pilot) VUV — IR pump probe experiments
2009

If approved: -> establish FIR beamline as optional user facility
for pump probe experiments at FLASH

Michael Gensch  \FUASHSeminar  08.01.2008

35



@' HELMHOLTZ

| GEMEINSCHAFT

Outlook obe experiments

foreseen photondiagnostic:

e Single shot spectrometer

e Single shot E/O, spatial decoding ONLINE!?
 Single shot beam profile

* IR -FIR Powermeter

(currently under development in collaboration with
external groups: ELBE, DLR,BESSY, PTB)

ne

o

VUV/IR Photondtagnostic station:
pump-probe i . .
experimental station | -> Same Image as In experiment!

Michael Gensch  \FUASHSeminar  08.01.2008
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