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XMCD microscopy with synchronized soft X-ray and 

laser pulses at PETRA III for time-resolved studies 
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We present first results of a new full-field transmission X-ray microscope (TXM) for the soft X-ray 

beamline P04 at PETRA III. A flat-top illumination field of 20 µm diameter is generated by a 

grating condenser and the sample plane is imaged by a micro zone plate with outermost zone width 

of 50 nm. The microscope is built into a mobile endstation vacuum system with in-house developed 

encoded three-axis piezo motorized stages for high accuracy positioning of all microscopy-

components inside the chambers. For further experiments the X-ray microscope will be equipped 

with a synchronized femtosecond laser system to implement a time-resolved detection of transient 

magnetic states in nanostructured media using a pump-probe scheme.  

The TXM is fully operational and first images of nanostructured magnetic test samples have been 

obtained at the cobalt L3 edge (778 eV) with a magnification of up to 700 (Fig.1).  

So far, the achieved spatial resolution allows for discerning features down to 70 nm. This is 

sufficient for imaging of nanostructured dots of ~100nm size the experiment currently aims for. A 

clear magnetic contrast could not be achieved so far due to the limited spectral resolving power 

available during these measurements in the very early stage of beamline  

commissioning. 

 

Figure 1: (left) Siemens star with transmission of ~75 %, diameter of D = 40 µm and n =50 spokes imaged 
with the TXM (flat-field corrected, right) TXM image of nanostructured magnetic cobalt-platinum (Co/Pt) 
multilayer system with a transmission of ~75 % at the cobalt L3 edge (778 eV). The red labels indicate the 
dot diameter while the black labels specify the minimum distance between two dots (dark image subtracted). 



Project I-20120127 Progress report 2012 2 /2 

Figure 2: Current status of the laser synchronisation system. Shown is the signal from both sources, PETRA 

III and the 3
rd

 harmonic of the laser system on the same photodiode. The time scale is 5 ns/div and the 

voltage scale is 100 mV/div. The residual jitter between both signals is ~15ps (RMS). 

For full capabilities, the microscope will be combined with a synchronized fs-laser system for 

performing pump-probe studies of the magnetic switching properties of the nanostructured arrays. 

Fig. 2 shows a result obtained with the developed synchronization electronics for synchronizing the 

laser system to the storage ring. The two photon pulses exhibit a residual jitter of 15 ps. Since this 

jitter is short in comparison to the pulse length of the PETRA III pulses of about 44 ps (RMS) [1], 

pump-probe experiments reaching a temporal resolution limited only by the synchrotron pulse 

duration become possible. Recent measurements suggest an even smaller jitter in the range of a few 

picoseconds (data not shown). 

The next beam time will be dedicated to perform first time-resolved experiments on the magnetic 

nanostructures. For this, the laser will be used to generate a transient magnetic pulse for switching 

the magnetic spins out of their equilibrium state and observe the realignment for different delays 

applied between switching and imaging. 
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