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Fast Time-resolved Diffraction

ID09B, ESRF: Michael Wulff, Maciej Lorenc, Qingyu Kong, Manuela Lo Russo, Marco Cammarata,
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Bridged(C,H,l) + I in liquid methanol
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Time resolved diffraction experiments: optical pump & x-ray probe
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Bunch modes for timing experiments at the ESRF

4-bunch mode
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Hybrid mode: 24 x 8+1 bunches
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Pulse profile measured with a streak camera
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spectral flux: ph/0.1%/pulse(10mA)
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The femtosecond laser

Regenerative Amplifier (Hurricane)

Femtosecond oscillator
(MIRA)

CW pump
(VERDI)

Wavelength tunability from UV to IR!
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absorption

Absorption spectrum of C,H,I, in methanol

Temperature and Expansion Correction obtained by selectively exciting C-H and O-H bonds in methanol
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Principle in pump & probe experiments

Integrating detector(CCD)

Laser pulse
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time
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Data collection with the CCD camera

CCD-frame

Triplet pictures: diff(n) = on(n) - %2 (off(n-1) + off(n))
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Potential energy curves for I, in CCl,
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Diffraction from a diatomic molecule
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Energy conversation in X-ray volume on time scales < 1 ms.

I, in CCl,(1:500)

= 8
’ < dist(l,*, 1,*) > =50 A
l,
P
@ 8
@©
7 @
® 8
®
8 - s
2
® = with | :C/
8 | (wG)
8 L
Temperature becomes locally uniform in ~ 100 ps

Energy leaves the X-ray volume (0.1mm)3 ~ 1ms
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A typical radial data set for dS(qg, ) : recombination of L * in liquid CH,OH
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DS[r, ]is a measure of the change in the radial electron density.

Bratos et al., Chemical Physics 304, 245 —-251, (2004)
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Calculating the g- and r-space signatures for a transition

C,H,l, + hv(267nm) & C,H,l +1
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DS[r] (a.u.)

8.0E-04

6.0E-04

4.0E-04

2.0E-04

0.0E+00

-2.0E-04

-4.0E-04

-6.0E-04

-8.0E-04

-1.0E-03

Radial map of C,H,I,* in methanol(CH;OH) at 100 ps
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Present parameters:

dt =50- 150ps
dt.. =0.1-1ps

dty_royire =2- 3PS
dt

laser/RF~ — 2- 3pS

X -ray

Gives dt » 50 - 150 ps

camera
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Towards more accurate delay measurements
APD detector requirements:

1/ sensitive from X-rays to IR (0.05 — 5 nm)
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Pop-up GaAs photoconductor for delay measurents.

Active area 3.5 x 4.5 mm2, 0.15 mm thick. Bias voltage +400 V.

Made by Francois Foulon, CEA/Saclay.

Lecroy Wavemaster 6820A,
6 GHz, rising edge ~ 75 ps
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Measuring the delay of the X-ray pulse with a GaAs photo detector and a 3 GHz oscilloscope
Laser wavelength 530 nm, X-ray wavelength 0.07 nm.
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Shift in X-ray position(ps)

60

Time stability of the X-ray pulse in 16-bunch mode
( GaAs detector recorded with our Wavemaster Lecroy 8620A 6-GHz oscilloscope )
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Using ring integrals to check the spatial overlap of the laser excitation in real time.
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Finding time-zero with an “on-line signal” from the sample
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Scattered intensity in a single pixel element(simulation). CCl, in a single pixel
(Liquid CCl4, t = 0.3 mm, detx = 43.0 mm, dl = 64.276 Mn, E = 18.2 keV, 1,=1.8 x 101!ph/s/100mA)
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Detected photons on CCD
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Array detector for pump probe liquid diffraction

Dream : to record excited & non-excited images on pulse n and n+ 1, i.e. nearly simultaneously

Chopper selects 2 X-ray pulses in 16 bunch mode
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Requirements:

1200 1200

1/ minimum 100 x 100 pixels

2/ pixel size 0.2 x 0.2 mm? (20 x 20 mm?)

3/ time resolution: 10 ns

4/ gated photon-counting in two channels
delayed by 176 nm
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Prospect:
: Faster and more stable data as beams and
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X-ray pulse amplitude(V)

Future area detector: chopper selects two pulses in 16 bunch mode:
The non-excited and excited spectra are recorded on the same sample and (nearly) the same x-ray beam
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