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New Frontiers in Nanoscale and 

Ultra-Fast Imaging



Frontiers In Science for the 21st

Century Include

ÅNanometre scale imaging of arbitrary objects 
in their native state: Capturing a living cell at 
nanometre resolution

ÅMeasuring the mechanisms of physical, 
chemical and biochemical processes at the 
atomic scale: Making molecular movies

ÅControlling electronic processes in matter: 
Directing attosecond dynamics



Nanometer Spatial and Femtosecond Temporal 

Resolution is Needed to Meet These Challenges



ÅStorage rings already satisfy needs of a huge 
volume of research, e.g. structural studies with 
hard X-rays 

ÅLasers based methods for ultra-fast science in 
the IR-UV range

ÅUK is an enthusiastic member/supporter of hard 
X-ray laser projects (XFEL/LCLS) and of FLASH

THE PRESENT LANDSCAPE

- Limited Temporal Resolution

ïLimited direct structural information

- SASE, not reproducible X-ray pulse chaotic and jitter high

- Pulse train time structure ill suited to many applications

NLS will employ seeding and a CW superconducting LINAC 

to provide high rep-rate trains of coherent X-ray pulses



What New Capability Will NLS Have to 

Enable This New Science?

ÅHigh temporal resolution pump-probe with ~20fs 
pulses and excellent temporal synchronization 

ÅSeeded ïand so pulses highly coherent, 
reproducible and synchronized

ÅMulti-keV photons to permit structural methods 
(e.g. XAS)

ÅHigh peak brightness to wavelengths <1nm 
needed for single-shot imaging techniques

ÅHigh repetition rate/reproducible pulses needed 
to enable a whole new range of time-resolved 
measurements where high signal/noise is 
demanded



KEY NEW SCIENCE

§IMAGING NANOSCALE STRUCTURES. 

Instantaneousimagesof nanoscaleobjects with nanometre resolution at

any desiredmoment.

§CAPTURING FLUCTUATING AND RAPIDLY EVOLVING SYSTEMS.

Characterizing the rapid intrinsic evolution and fluctuations in the positions

of the constituentswithin matter.

§ STRUCTURAL DYNAMICS UNDERLYING PHYSICAL AND

CHEMICAL CHANGES.

Following the structural dynamics governing physical, chemical and

biochemicalchangesby using laserpump- X-ray probe techniques.

§ULTRA -FAST DYNAMICS IN MULTI -ELECTRON SYSTEMS.

Capability for measuring the multi -electron quantum dynamics that are

presentin all matter

* Science Case Available at www.newlightsource.org



IMAGING NANOSCALE STRUCTURES

Imaging of Isolated Objects by Coherent Diffraction 

Imaging

X-ray pulse

Isolated 

nano-object 

Instantaneous capture 

of:

Shape

Atomic Structure

Magnetic structure

Electronic properties

in Nanoscale Objects

AND

Biological Systems

< 5 fs - 20 fs

300 eV - 1 keV

Scattering pattern

Reconstruced image

To capture ñsoftò systems

like biomaterials need to 

use ñDiffract and Destroyò



Live unmodified picoplankton

FLASH, Hamburg March 2007

Single shot ~10 fs diffraction pattern recorded at a wavelength of 13.5 nm 

of a picoplankton organism.  

1 micron

Reconstructed image

DESY, Uppsala, SLAC, LLNL Collaboration
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From Janos Hajdu (Uppsala)

Biological x-ray imaging would be extended 

into water window and beyond with

prospects for 1nm feature resolution in 

instantaneously recorded images



Potential Resolution in Single Shot 

Imaging of Non-Reproducible Objects to 

<1nm
(a): Achievable resolution as a 

function of pulse length at different 

wavelengths. 

(b): Number of photons per ɛm 

that would be needed in the pulse 

to achieve a selected resolution. 

Bergh et al.

3-D images with depth information

can be achieved by stereoscopic/

holographic methods in live cells

to ~1nm resolution.



Need short pulses (~10fs), high brightness (>1012 photons/pulse)

with < 1 nm X-rays



Key Problems That Can Be 

Resolved Include:

Imaging intact condensed 

chromosomes

The functioning of the 

nuclear pore complex

Macromolecular function can be visualised within a living cell

Breakthroughs will impact drug design and medicine



Pairs of X-ray pulses

Fluctuating 

System

r(x,y,z,t) 

capture

I(Q,t)*I(Q,t + t)

t

CAPTURING FLUCTUATING AND RAPIDLY EVOLVING 

SYSTEMS

Spontaneous dynamics in condensed matter: Correlation 

Spectroscopy

Delay < 1 fs - 100 ns

300 eV - >5 keV

Ultra-fast Bright Soft X-rays 

Enable: 

Time Resolved Holography

Ultra-fast XPCS

Multiple exposures

only work for ñhardò

samples



CAPTURING FLUCTUATING AND RAPIDLY EVOLVING SYSTEMS.

Probing the state of high energy density plasmas in the warm dense 

matter where the Coulomb interaction is comparable to the thermal energy

New Opportunities:

-Creation of uniform WDM 

Samples with 50eV - >1keV

-X-ray Thompson scattering

- X-ray TR interferometry

- X-ray resonant pumping  



Key Problems That Can Be 

Tackled Include:

Imaging complex quasi-particles 

including Cooper pairs

Establishing the EOS of warm

dense matter

Could lead to breakthroughs in areas as diverse as 

high Tc superconductors  and fusion energy  


