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Electro-optic longitudinal bunch profile
measurements
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Electro-optic crystals
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ErdeRiaction Laser Resolution limited by:
A - Crystal phonon resonance
- Crystal dispersion
- Phase mismatch between Coulombfield (THz) and laser (optical)
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Crossed polarizer vs. balanced detection
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Experimental setup at the VUV-FEL

to laser diagnostic
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- the laser system is housed outside the accelerator tunnel including
-4 nd, 15 fs Ti:Sa oscillator
-1 md, 30 fs Ti:Sa amplifier

- the laser beam is transported via a 20m vacuum transfer line

- current setup allows sampling, spectral and temporal decoding

- currently ZnTe (185um) and GaP (170um) crystal mounted
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Spectral Decoding

grating

optical

fs laser stretcher

'
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- the laser pulse is stretched in a spectrally sorted way (chirped),
the longitudinal structure of the bunch is therefore
encoded in the spectrum

- the instantaneous bandwidth of the chirped pulse needs to be
sufficient to represent the e-bunch structure
Tiim %/ To7¢
* Problem: amplitude modulation by THz pulse creates additional
frequency modulation,

—=broadening and artificial structures
limit = 250 fs (FWHM)
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Spectral Decoding

left:

Compressed bunches
during FEL operation,
400fs FWHM signal width

right:
Overcompressed
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Time jitter measured by EO-SD
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Time jitter detectable with 50 fs resolution:
- here 270 fs (rms) over 5 min incl. slow drifts
- without slow drifts typically <200 fs (rms)
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Temporal Decoding

fixed l l
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- the chirped laser pulse behind
the EO crystal is measured by a
short laser pulse with a single

shot cross correlation technique

>
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Temporal Decoding
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Temporal Decoding

EO signal
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Temporal Decoding

EO signal

110fs FWHM
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Deconvolution of the bunch profile

Image
T Resolution of camera/optics (25-30um, 50fs)
“blue light”
I Res. of cross correlation (50fs)
EO-signal
T ~sin¥(I'2), T ~E
EO modulation on laser polarisation (I')

Res. of EO crystal (120fs for 100 GaP
FLASH T ystal (1201 for 100um GaP)
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Deconvolution of the bunch profile

110fs Image
Deconvolution T Resolution of camera/optics (25-30um, 50fs)
(LuCy- [11 I |i h "
Richardson blue light
! algorithm) I Res. of cross correlation (50fs)
90fs EO-signal
l Square root T ~sin[/2), T ~E
120fs EO modulation on laser polarisation (I')
Res. of EO crystal (120fs for 100pm GaP
FLASH l T ystal Hm GaP)
Spansieisalnad <120fs e-bunch charge profile

= Currently at the physical limit of the EO crystal!
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Comparison of EO and LOLA signals
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Comparison of EO and LOLA signals

LolaB 2006 03 01 01 43 3380 lolaN 2006 03 01 02 46 2613
——squared Lola signal i
— EO signal D

EO signal/sqared LOLA signal

&FEL by FELIX, DESY, Dundee, Daresbury 01-May-2006

—_—— g e M e e — s~

—OS§;VUVFEL by FELIX, DESY, Dundee, Daresbury 01-May-2006

—

%35 4 45 5 55 6 65 5 55 6 65 7 75 8
2 time [ps] time [ps]
SASE conditions ACC1 phase 1° overcompression

FLASH

Free-Electron Laser
in Hamburg

EO at first bunch, LOLA at second bunch in the same bunch train

Bernd.Steffen@desy.de Bernd Steffen, FLS workshop, Hamburg, 18.05.2006



Comparison of EO and LOLA signals
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Comparison of EO and LOLA signals
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Spectral Decoding:

. gratlng
+ simple (laser) system ZnTe Ta) %
+ high repetition rate s laser ‘ optical ‘ I ‘ ‘E
. . P

- distorted signal for
e-bunches <200fs === = = = = — — _ — =
(400fs signal measured at FLASH)

Temporal Decoding: fixed l l

+ large time window . l delay >&|_

+ high resolution: 120fs (e-bunch) ¢ _I: optical F\ ZnTe ‘E BO
(110fs signal measured at FLASH) stretcher P P

- md laser pulse energy === 0o Mm@ —m — — — _*__)_ —_—— — =

- low repetition rate

Spatial Decoding:

+ simple laser system A g
cylindica

+ high resolution: 120fs (e-bunch)
(160fs signal measured at FLASH)
- more complex imaging optics %

’/
+ high repetition rate fs laser == {3lescope . PHX”P l‘ ccb
X
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