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Ultrafast







Elemental sensitivity
• See the invisibles 
(buried interface) 
• Nano-scale resolution
• Quantitative information
• Photon-in photon-out:

applied E or B
• Weakly interacting
Nanomagnet are not switched
• Coherence properties

Dynamic properties

Why use X-rays?

Chemical sensitivity

Dynamic properties



18 orders

Brilliance is Coherence

18 orders
of magnitude
In 5 decades!

12 orders
of magnitude
In 6 decades



Coherent X-ray Scattering

• Coherence length smaller than 
illumination area
• Information about sample statistics

• Coherence length larger than 
illumination area
• Information about true sample 

 longitudinal(temporal) ~l2/Dl
 transverse (spatial) ~ L.q

dS.q=l/2p

• Information about true sample 
structure

Application:
- Sample fingerprint
- Dynamics 
- Imaging



• Nanoscale dynamics
• Lensless imaging

• Ultrafast Demagnetization

• Single-shot Imaging



Magnetic Multilayes

 Sputtering: Fe (0.44 Å /sec.) and Gd (1.82 Å/sec.)
 Perpendicular magnetic anisotropy (PMA)
 Stripe domains: shape and surface anisotropy 

energies are roughly equal
 Domain Dynamics and intermittent switching



Template guided block copolymer
- Magnetic data storage
- Nanoscale electronics
- High efficient membrane for energy



Micromagnetic Simulation



Micromagnetic Simulation
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GdFeTb(40nm thick 4nm cell)



Coherent Resonant Magnetic Scattering 



Resonant Magnetic Scattering 



out-of-plane (OOP)



Magnetic Memory
(Barkhausen noise)

under preparation



Coherent Resonant Magnetic Scattering 





A. Tripathi, J. Mohanty et al. Proc Natl Acad Sci USA 108(33), 13393-13398 (2011)





Better Than Superman X-Ray Microscope Enables Nanovision
Fox Video, Fox News, UCSD News, Popular Science, MSNBC, MRS, Photonics, Sciencedaily,
Physorg, , Nanotechnow, Livejournal, Innovation Report, Physnews, Labspaces, Eurekaalert,
Esciencenews, Scienceblog, UPI, Rdmag, Firstscience, Technews
India Coverage:
Yahoo News, TheHindu, Zee Tech News, Andhranews, Dailyindia



Ultrafast Demagnetization



Ultrafast Demagnetization



• reproduce optical results
• characteristic demagnetization time constant below 1 ps



FEL only

IR+FEL 

• Change of the domain size in only some 100 fs over a large area 
• Movement of domain walls is much slower! 
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Micromagnetic Simulation
Case 1: Wiggly domains

stripes wigglyrandom



Case 2: tilted easy axis (weak anisotropy)

Micromagnetic Simulation

(0 0 1) (0 1 1)(0 0.5 1)

- wider domain
- less contrast



Our stand point



Our stand point



Single-shot Imaging



Single-shot Imaging



X-ray Holography



Single-shot imaging



PRL 108, 267403 (2012)



• Nanoscale dynamics
• Lensless imaging

• Ultrafast Demagnetization

• Single-shot Imaging



30-30-50-20 (CoPt) 30-10-50-20

ground state

Quantum Dot Cellular Automata

0mT800mT

ground state, 1st dot flipped



y-component z-component Stray field: 14nm above
The sample: MFM

800nm, 40nm thick Co film

x-component

Frustrated Magnetism



Domain Domain wall

Micromagnetic Simulation

• Magnetic Hysteresis
• Magnetic domain in multilayers
• Field and temperature induced dynamics
• Magnetic dot lattice: role of size, 
defect, pinning sites


