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Lasing at 4.Xx nm

»First at 4.45
»First at 4.6
»First at 4.12




FLASH Aoyl

in Hamburg

SASE Characterization at 4.6 and 4.12 nm

Bart Faatz
DESY

FLASH Seminar

9-Nov-2010

@' HELMHOLTZ

| GEMEINSCHAFT




FLASH.

Free-Electron Laser
in Hamburg

RF stations Accelerating Structures

vV VYV Diagnostics v v v
s | s
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v'Intensity

v'Spectrum

v'Gain curve

v Transverse Coherence

v'Pulse length

v'SASE fluctuations/Statistics
v'"Harmonics (intensity/spectrum)
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First lasing in June at 4.45 nm (risky?)

SASE Tuning

FLASH.

Free-Electron Laser
in Hamburg
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Charge: #
Charge:

>12% loss due to MCP mesh
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Free-Electron Laser
in Hamburg

Wrong calibration?
| 0.84833 [ 0.84833

< 20 pulzes > Samples # = 635
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1 ) : . 2
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Relative energy spread

rms: 5.61 x 1072

sigma (gauss): 21677 x 1072
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During SASE conditions at
4.4nm with about 20uJ. -
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FLASH

ata C alacCle allQ cptemne
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L 130

200

50

SASE Intensity and Statistics
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Free-Electron Laser
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diff. 1st bunch to file y [mm]

B4 : ; 1 : ; : ! H H - ! : H i
0.6 — i i ! i i
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- | |
40,2 = ) 1 |
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T T

Bunches
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diff. 1st bunch to file y [mm]

1i6
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FLASH.

Free-Electron Laser
in Hamburg

G =34.0%

time [hh:mm:ss]

04:35:19 04:36:19 04:37:19 04:38:19 04:35

0 5 10 15 20
Bunches
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Pulse Energy (nJ)

FLASH.

Al o C alild CDLE Der atl 4.0 Free-Electron Laser
in Hamburg
100 - ) =
10+
: ' Gain length (m) =2.4t0 2.7 m
Coherence time (fs) = 3 fs?
1- //" Bandwidth = 0.5%7?
5 10 15 20 25 30

Position (m)

Comparison of 2 measurements at 4.6 nm
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Al C = all cpPLlLE Der at 4.0 Free-Electron Laser
in Hamburg

25% fluctuations 2> M=16 modes 33% fluctuations - M=9 modes

D T T d T T T T
0 5 10 15 20 25
z [m]

Pulse Length 30 to 50 fs?
l’;’)
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current (A

energy devaton (1073
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FLASH.

Free-Electron Laser
in Hamburg

Pulse Length measure-
ment with LOLA

What part is Lasing?
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FLASH.

CULE ) C = () & - Free-Electron Laser
in Hamburg

Spectrum measured at PG2 beamline
(lines are spikes, not noise)
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Intensity, a.u.

Intensity, a.u.

FLASH.

Al c = all CPLE NDer at 4.0 Free-Electron Laser
in Hamburg
At fundamental single shot
4000-
600000 - 3rd harmonic
500000 Spectra averaged over
2000 = 400000 40 shots for harmonics
? 300000-
§ ]
£ 200000-
0 455 ' 4.60 ' 4.65 100000-_ 2nd harmonic
Wavelength, nm 0 . . - . /\ . - .
1,0 1,5 2,0 2,5 3,0
Wavelength, nm
0,0005 | 3rd harmonic
0,0004 | this is spectra after correction by

_ calculated beamline transmission + Al
0,0008 | 700nm filter + spectrometer response
(in terms of intensity), and normalized
to fundamental (=devided by max

0,0001 | Intensity of fundamental)
| 2nd harmonic

0,0002 |

0,0000 |

1,0 1,2 14 16 1.8 20 22 24 Bart Faatz | FLASH Seminar | 9-Nov-2010
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Al © C all(Q cPDLE JE
Entﬂnsity%%ntansity#Pttanulbo%
Linae settings 1000kHz GMD=0K
#Bunch (es) : 11 Fressure = 1.067Te=-086
Start: 700 v =1000 V
Repet. 10 Gas type = EKrypten
Charge |115HAT---! Wavelength =  4.2832 nm
Charge: # 0.83043 Bperture I = S mm
Charge: 0.7925 Aperture II = 5 mm
Pyro for max. -0.97804
| start | stop |2010-09-25 : Counters
r ‘5 P Brint E
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. 100 |-
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Mean [ last 596 samples ] = 9.196e+01
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— Camera Timing
: ana
First bunch + 1
vow

saaa
Last bunch + 11
vewy

Eeam Pattnrnl

— Camera settings

Status Ok

PCO canera

Camera gain

AAAAA

vvvvv

use backg substr | @

Delay 200 ns
Aquisition tin 0 ms 10560 ns

Take background

FLASH.

Free-Electron Laser
in Hamburg

Mean

Max 2.1 at 4.275 nmn

Peak Widt/0.098wm/ 2.28 %

Spectrometer | ‘Experts settings

a.
g.1

it el
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12214 SERERREEERERE RN RN R RN R R R R
1220.8+  SERASRERRRRERRRRRERERRRRRE RRE
1220 . F11 11 : : | [ 1011
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.® >\
Bart Faatz | FLASH Seminar | 9-Nov-2010 DESY |



FLASH.

Al o = aAllC CDLCE Der at 4 Free-Electron Laser
in Hamburg

FLASH photon wavelength distribution (via DAQ)

— Camera Timing——— [ Camera settings Mean -ST'DP
Status 0k
= bb A
First bunch ; 1 [PCO canera
AAAL N
sna Camera gain + 999
Last bunch A SAAddd Max 7 at 4.1272 nn
Eean Fattern] | use backg substr | @ Peak Width0.18 mn / 4.33 %
Delay 200 ns
aquisition time 0 ms 600 ns | I haciaroue | Spectrometer | |Exnerts settingsl

3.6 3.8 e 4.2 4.4 4.6 4.8 o
Res= 1,Buf=46269130 Cnnl

for questions amnd comments, please contact Vladimir Rybnikov (4846)

T
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Gain curve at 4.6 and 4.12 nm
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spectral intensity in a.u.

FLASH.

ata G Al c C alild CPDLE JC Free-Electron Laser
in Hamburg
18‘_ single shot spectrum
16 - smoothed
1 another singleshot
14'_ o0 spectra avereaged
12 - max at 4.14 nm
10_‘ width: 0.19 nm FWHM
8- 4.5 % !
6 -
4 -
2 4
0 4 MR ... it sea e
36 38 40 42 44 46 48 50
wavelength in nm
KL
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Looking at the data: interpretation not finished
4.6 nm has a complete set
4.12 nm has only a partial set

= No saturation

FLASH.

Free-Electron Laser
in Hamburg

= Only spectrum at fundamental because transport to high resolution

spectrometer including harmonics not possible
More studies in 10 days for final measurements
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