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Q: Is There a Compelling Scientific Need for a 

Light Source with Unique New Capability?

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)

ÅFLASH has established a FEL facility for 

VUV/XUV range (with a developing UK interest) 

THE PRESENT LANDSCAPE



WE NEED A FACILITY FOR 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 complexmatter



What Extra Capability Do We Need For 

This New Science?

ÅHigh temporal resolution pump-probe needs 

~20fs pulses and excellent temporal 

synchronization 

ÅStructural methods (e.g. XAS) need multi-keV 

photons

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



We Need A:

ÅULTRAFAST

ÅHIGH BRIGHTNESS

ÅSOFT X-RAY

ÅHIGH REP-RATE 

LIGHT SOURCE



New science enabled by an ultra-fast bright 

light source covering THz to Soft X-ray range



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



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  



STRUCTURAL DYNAMICS UNDERLYING PHYSICAL 

AND CHEMICAL CHANGES

 

 

 

Probe changes in atomic, electronic and magnetic structure following electronic or

lattice excitation: New window into ultra-fast dynamics in condensed matter and

chemical reactions

New Pump-Probe Measurements of Structural Dynamics:

UV-THz short pulse pump to trigger change

Soft X-ray to probe

Dynamics studied by varying pump-probe delay


