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Research experience                                                     

2019.7~present: Postdoc, Advanced Photon Source, Argonne National 

Laboratory, USA 

Working on X-ray wavefront sensing and metrology. 

1. Dark-field X-ray microscopy.  

Build a dark-field X-ray microscopy using Polymeric lenses. The microscopy can 

achieve large field view and high resolution at same time. Developing a image 

position code to correct the vibration. 

2. Wavelet speckle tracking. 

The speckle vector tracking method has high spatial resolution but takes long time to 

process data. The wavelet transform was proposed to deal with the speckle tracking 

data and the experimental results show that the wavelet speckle tracking method is 

much faster for data process and at same time, the method was robust to noise. This 

wavelet speckle tracking method can improve the accuracy of the speckle vector 

tracking technique. 

3. Single-shot speckle tracking. 

A single-shot speckle tracking method was proposed using a coded phase mask. A 

new maximum-likelihood algorithm was developed to reconstruct the phase and 

amplitude using single image at same time. This method has low requirement for 

X-ray flux and coherence and has potential applications in medical image, wavefront 

in-situ sensing and ultrafast metrology.  

 

2017.7~2019.6: Postdoctoral research associate, John Adams Institute for 

Acceleration Science, Department of Physics, Imperial College London, London, 

United Kingdom 

Working on the high-power ultrafast laser system, diagnostic methods and 

laser-plasma acceleration. 

1. High power Ti: Sapphire laser system.  

Build a laser system, which consists of a Ti: Sapphire mode-locked laser, stretcher, a 

regenerative amplifier, a four-pass amplifier and a compressor. The laser system can 

generate 30 fs laser with pulse energy of 100mJ. A dispersion controller component, 

dazzler, is used to compensate the high order dispersion. The regenerative amplifier is 

designed to give a large mode size at the crystal so that it can amplify the stretched 

pulse to a maximum of 20mJ. Further upgrading is being designed to make the laser 



system to be 50TW output with high efficient dielectric grating compressor. A timing 

synchronization system and data acquisition program has been designed to achieve the 

precise timing synchronization of various pump lasers and femtosecond lasers. 

 

2. Ultrafast inner pulse imaging 

The normal method for ultrafast imaging is to image with a pulse train with variable 

time delays. Here we propose an inner pulse imaging method which can realize 

ultrafast imaging with only one pulse. With this method, the temporal resolution can 

be as low as femtosecond and nearly 100 temporal slices can be correctly obtained. 

This method may push ultrafast imaging to higher resolution for applications such as 

laser-plasma interaction and ultrafast material processing. 

 

3. Generalized ptychography method.  

The temporal ptychography can be used to measure ultrashort laser pulses with high 

resolution. However, the method is limited by the linear multiplication relationship of 

the laser and material. Considering that restriction, the temporal ptychography method 

is extended and generalized to any process whether it is linear or nonlinear process, 

which can provide broader application in the signal measurement. One potential 

application is the Kerr effect or other high order nonlinear phenomenon based 

temporal ptychography to measure HHG or mid-IR pulses. The generalized 

ptychography method also promises broad applications both in spatial and temporal 

phase measurement.  

 

2012.9~2017.6: Shanghai Institute of Optics and Fine Mechanics, Chinese 

Academy of Science, Shanghai, P. R. China, Ph. D 

Doctoral thesis topic: “Key technologies in the front-end of high-power laser 

systems” 

Working on high power laser system, fiber lasers and amplifiers and laser diagnostic 

methods. 

1. Polarizing fiber front-end for high power laser system.  

In order to achieve the inertial confinement fusion, high power laser with arbitrary 

waveform, broadened spectrum, high SNR and stability is necessary. However, the 

FM-AM modulation induced by the GVD and PMD in fiber disturbs the temporal 

profile. We propose the polarizing fiber front-end to eliminate the effect of FM-AM 

modulation. The polarizing fiber front-end is consisted of narrow-linewidth 

continuum laser, acoustic-optic modulators, fiber amplifiers, phase modulators, 

electro-optics modulators, high bandwidth electric amplifiers, arbitrary waveform 

generators and digital delay/pulse generators. All of the fiber component in the 

polarizing fiber front-end are made by polarizing fiber to suppress FM-AM 

modulation caused by PMD in fiber. The FM-AM modulation is theoretically and 

experimentally analyzed in a narrow-linewidth nanosecond laser front-end. After 

carefully optimization, the FM-AM modulation was suppressed successfully in the 

experiment. The laser front-end established in the experiment can generate arbitrary 

waveforms with high contrast, high stability, broadened spectrum, precisely temporal 



synchronization and signal-to-noise ratio, which gives better choice for the front-end 

of high-power laser system. 

 

2. High power photonic crystal fiber amplifier.  

A fiber amplifier with high gain, millijoule energy and excellent beam quality is 

desired in the high-power laser system. I have designed and established a photonic 

crystal fiber regenerative amplifier which can amplify a nanosecond pulse to 1mJ 

pulse energy and 200kW peak power. The SBS effect in the high-power fiber 

amplifier is successfully suppressed by spectral broadening. I have also compared the 

performance of the fiber regenerative amplifier with the two stages MOPA fiber 

amplifier, and it is found that the regenerative amplifier has advantages in 

compactness, cost, stability and nonlinear phase.  

 

3. High energy noise-like mode-locked fiber laser.  

A noise-like pulse is suitable for applications requiring incoherent laser due to its 

random temporal phase. Therefore, I have established a high energy noise-like 

mode-locked fiber laser using double-clad gain fiber to generate suitable laser with 

low incoherence for the high-power laser. The noise-like fiber laser can generate 

noise-like laser pulses with pulse energy of 820nJ and duration of 546ns. Besides the 

noise-like pulses, the mode-locked fiber laser can also generate burst-mode laser 

which is a pulse train containing 55 picosecond pulses. The burst-mode state has 

promising applications in the laser manufacturing. 

 

4. Mode-locked ultrashort fiber laser.  

A mode-locked fiber laser to generate the ultrashort pulses was investigated. To 

generate ultrashort pulses, a simple mode-locking technique, nonlinear polarization 

rotation (NPR), is implemented to achieve a dissipative soliton mode-locked fiber 

laser. Besides the fiber polarizer and polarization controllers, a bandpass filter with 

3dB width of 10nm is also necessary in the mode-locked fiber laser to generate stable 

dissipative soliton ultrashort pulses. After carefully adjusting the polarization in the 

fiber laser, a laser pulse with duration of 10ps and spectral width of 10nm was 

successfully generated at wavelength of 1053nm, which can be compressed to 100fs 

using gratings. Besides the NPR mode-locking technique, SESAM has also be 

implemented to build a mode-locked fiber laser. 

 

5. Temporal imaging based on the FWM in photonic crystal fiber.  

Temporal imaging is suitable to characterize the ultrashort pulse in real-time. I have 

also experimentally established a real-time temporal magnification system based on the 

FWM effect in high nonlinearity PCF. In the experiment, the temporal magnification 

factor was over 30 and the temporal resolution was 380fs, which is suitable for the 

measurement of ultrashort pulses. In addition, a new method was proposed to measure 

the temporal profile and temporal phase simultaneously using the temporal 

magnification structure.  

 



6. Single-shot full-field measurement technique for laser pulses.  

The measurement of temporal phase of ultrashort and short pulse is still a problem 

for single-shot laser. In order to measure the temporal phase of picosecond laser, I 

proposed a temporal annealing GS algorithm, which can correct the timing error of 

measurement, and a single-shot measurement structure. Through the single-shot 

measurement technique, the temporal profile and temporal phase of laser pulses can be 

iteratively retrieved based on the dispersion transformation. The algorithm and the 

structure have been verified experimentally and the result shows that the temporal 

phase can be accurately retrieved. This temporal annealing GS algorithm is practically 

applicable to achieve full-field measurement of single-shot laser. 

 

Research interests                                                       

X-ray wavefront sensing; X-ray metrology; High power ultrafast laser and amplifiers; 

laser acceleration; ultrafast X-ray generation; ultrafast imaging method; CPA and 

OPCPA technique; ultrafast diagnostic; nonlinear optics; ptychography phase 

imaging. 
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Paper in preparation                                                        

1. Z. Qiao, X. Shi, Z. Islam, and L. Assoufid, “A large field-of-view high-resolution 

hard X-ray microscope using polymer optics”, under review 

2. Z. Qiao, X. Shi, R. Celestre, T. Roth, and L. Assoufid, “Wavelet-transform-based 

speckle vector tracking method for X-ray phase imaging”, in preparation 

 

Participate in/submit paper to academic conferences                          

1. Annual academic conference of China Academy of Engineering Physics, 2018, 

Suzhou, China 

2. Christmas Meeting of the High Power Laser Science Community, 2017, 

Oxfordshire, United Kingdom 

3. Annual academic conference of China Academy of Engineering Physics, 2015, 

Shanghai, China 

4. Academic conference of High Power Laser Science and Applications, 2016, 

Suzhou, China. 

5. Conference on Lasers and Electro-Optics Pacific Rim, 2015, Busan, South Korea. 

 

Research & Education:                                                             

2019.6-present Advanced Photon Source, Argonne National Laboratory 

Postdoctoral research associate in X-ray wavefront sensing 

2017.7-2019.6 John Adams Institute, Physics of Plasma, Department of Physics, 

   Imperial College London  

Postdoctoral research associate in high power ultrafast laser 

system 

2012.7-2017.6 National Laboratory on High Power Lasers and Physics, Shanghai 

Institute of Optics and Fine Mechanics, Chinese Academy of Science, 

Shanghai, China  

Ph.D. in Optical Engineering 

Dissertation: Key technologies in the front-end of high power laser 

systems 



2008.7-2012.6 School of Astronautics, Harbin Institute of Technology (HIT), 

Harbin, Heilong Jiang, China 

B.S. in Electronic Science and Technology 

Dissertation: High energy hundred picoseconds pulse compression 

using SBS in Liquid 

 


