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Shanghai SR Facility
@ SINAP CAS

(under construction)

High Intensity Laser Facility
@ SIOM  CAS

(TW, X-ray Laser )

Two Big CAS Facilities in Shanghai

Long-term plan -- Combination of SR with High intensity Laser 
(new pump-probe system)



X-ray laser is generated with transient collisional excitation scheme
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Two pulse is used for pumping pulse to generate high gain transiently.

Collisional excitation

Plasma based X-ray Laser



Plasma based X-ray Laser

Similar to Single pulse of SASE FEL



108 coherent photons / pulse

Beam divergence

Diffraction limited 
divergence

Coherent time

Pulse duration

Coherent volume

Number of Coherent photon

Higher than the SOR x-rays !

Number of coherent photons 
= Number of the photons in the coherent volume
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X-ray Speckle

CCD

Inhomogeneous structure
In space and time
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Space time correlation function
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X-Ray Laser

Diffraction

13.9 nm, 7ps

θ
c a  c   a  c a  c

106℃

118℃

119℃

120℃

121℃

24℃

130℃

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

20 mrad
BaTiO3 with a/c 90o domains

Tc= 122oC

Picosecond X-Ray Speckles below TC

Tai  et. al., Phys. Rev. Lett. 89, 257602 (2002)



Picosecond X-Ray Speckles above TCPicosecond X-Ray Speckles above TC
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Profile of the x-ray beam 
scattered in the vertical direction
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Characteristic Cluster Parameters above Tc

Quadratic Kerr effect
|P|2 ~ |∆φ| =|∆n|

d

σs

|∆φ|
TD

(1) TD: a temperature where dynamic
Clusters have condensed into the 
the ferroelectric domains

(2) The increase of |P|2 indicates the
increase of coherent motion among
Ti ions.

(3) Tpeak indicates a temperature where
crossover from displacive to
relaxational phase transition occur,
since the increase of the fluctuation
among off-center sites will 
decoherence the polarization.

Tpeak
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Macroscopic Polarization Fluctuations
( Clusters’ Short-Range Correlation Strength )

★Macroscopic
average:
(σs/d)3 |P|

G= (1/d)3 (σs |P|)
★ Cluster’ dipole

potential

★ From fitting
G∝(T-Tc)-0.41±0.02



Proposed Image of Phase Transition for BaTiO3

T > TC T ≾ TC T << TC

Clusters in 
Paraelectric Phase

Ferroelectric
domain

Bunch of Clusters

< P >t = 0 < P >t≠ 0

Cooling



Intensity correlation Spectroscopy
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Experimental equipments for Intensity correlation
spectroscopy

X-ray laser target chamber

Speckle chamber

Delay chamber

ＣＣＤ

ＣＣＤ

cryostat

Streak camera
Turbo pump

Turbo pump

Beam spritter

Pump laser

Ag target

speckle

sample

Susceptibility measurement
Pump laser



3p

3d conduction band

3p

1-hole 
emission

2-hole 
emission

Inner shell Two hole excitation by electron impact
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n coherent photon 108個
Vc coherent volume (100µm)3

Γn level width 0.1eV
|x|      atomic radious 1nm
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Multilayered spherical
mirror

Transmission Grating
d=200nm

Spherical mirror
φ50mm, R=100mm

X-ray laser

Sample

CCD

53mm

14mm

Spot size on CCD  ~0.4 mm
separation 0.7 mm / 1 nm

Experimental set up

He-Ne laser
for alignment

0th1th
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Fluorescence spectrum after 2 hole excitation 
(Strongly correlated electron system)



Fluorescence spectrum after 2 hole excitation
(High Tc superconductor)
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１重項
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2-holes｠are｠created｠in｠an｠inner｠shell｠

of｠the｠same｠atom

Polarization｠in｠Charge｠and｠spin

2e+ Coulomb attractive force

Polarization｠in｠Charge
up spin

down spin

Polarization of 3d electrons due to 
two holes in 3p orbital

2e+ Coulomb attractive force

Triplet two 3p holesSinglet two 3p holes



New developments by means of 2 hole excitation spectroscopy

Ef

dn-1

Difference in emission spectrums from triplet state 
and from singlet state reflects the exchange parts of 
3d hole and 3p hole at final state.

From this difference, we can understand the orbital 
distribution in 3d LHB.

（These information are inaccessible by 1hole 
spectroscopy)



New Pump-probe system
- combination of SR and High intensity Laser-

(1) X-ray Laser: pump

Excitation to inaccessible states by SR or visible laser
Example: Inner shell 2 hole excitation

SR: probe

Physics, Chemistry, … of excited state.
Relaxation process etc.

(2) SR: pump

fs Laser: probe
Instantaneous observation of dynamic process

Non thermally excited states
Use of resonance

What kinds of new science will come ?

Basic Considerations



XRL Pump - SR Probe
Highly-excited state physics (chemistry, material science)

SR Pump - fs laser Probe
Ultra-fast excited state physics (chemistry, material science)

Possible Combinations



Thank you for your attention !


