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Objective 

Spectrum                     Line emission: diffraction, crystallographyp , y g p y
Bremsstrahlung : x-ray absorption spectroscopy

Ultrashort pulse          Time resolved diffraction, time-gated imaging, 
ultrafast spectroscopy……

Most researches focus on: I f i f

Small source size      Better spatial coherence  and better image resolution

Most researches focus on:
• Spectral and temporal properties
• Mechanism for the x-ray generation
• Conversion efficiency

Information of  
spatial 

tiConversion efficiency
• Source size 
• Applications

properties 
needed!!!
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Lasers, target, and
experimental environmentsexperimental environments

X-ray energy distribution measurement 
• Single-stage multi-pass-amplifierSingle stage multi pass amplifier 
• 22fs, 0.8mJ on target at 400Hz
• in vacuum

X ray source size measurementX-ray source size measurement           
• Regenerative amplifier
• 33fs, 3mJ on target at 500Hz

i fl i h li i t• in flowing helium environment
Bixue Hou, et. al., Appl. Phys. Lett. 92, 161501 (2008)

• Focusing: 1.3µm (FWHM) with f/1.2 paraboloidal mirror  g µ ( ) p
+Deformable mirror

Focal intensity: >2×1018W/cm2

• Target: 10mm-thick 100mm-diameter polished Mo disc
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Target: 10mm-thick, 100mm-diameter polished Mo disc



Experimental setup
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Angular distribution of x-ray emission
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Total x-ray energy Kα energy 



Comparing with other results

(a) Total x rays (4–20 keV)

Laser parameters:
10Hz, 41fs, 70mJ
Intensity: 1 3×1017Intensity: 1.3×10

W/cm2

Calculated focal spot:
~20µm (b) Kα emissionµ

Target:    Cu
( ) α

Hironaka, et. al, Appl. 
Phys. Lett. 77, 4110 

(2000)

Oct 28, 2008 6ICUIL '2008, Tongli, China

P-polarized                          S-polarized 
( )



Projection images of GaAs edge 

@ 0.3 ° @ 81 °
Magnification :

44

26m
m

Target 
surface

Measure the horizontal size Measure the vertical size 
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Measure the horizontal size 



Source shape and 2-location model

81°

V
16.5µm

12.5µm

Angle H-size (µm) Compare V-size (µm)

0 1° 6 0±0 5 < 7 0±0 5

Vacuum

0.1°
6µm

0.1 6.0±0.5 < 7.0±0.5

0.3° 5.5±0.5 < 8.5±1

4.2° 10.5±0.5 ~ 9.0±0.5

Solid material
4.2 10.5±0.5 9.0±0.5

8° 10.0±0.5 ~ 9.5±0.5

23° 13.0±1 > 9.5±0.5 Ponderomotive force 
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81° 16.5±2 > 12.5±1.5



Projection images of GaAs edge 

@ 0.3 ° @ 81 °

Target surface Ratio of averaged pixel gray values: 1202/168=7 2
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Target surface Ratio of averaged pixel gray values: 1202/168=7.2



Conclusion

Spatial energy distribution of x-ray emission  is measured

• p-pump

• Total x-ray

s-pump

Ka x-raymore isotropic than

• Tightly focus 

Total x ray 

Loose focus 

Ka x ray more isotropic than 

Source sizes are measured from different direction

• From 0°to a couple of degree:                  V> H

F l f d t 10° V H• From a couple of degree to 10°:                V~H

• From 10°up:                                              V<H

We observed that laser based x ray source is 3 dimensional
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We observed that laser -based x-ray source is 3-dimensional



Objective 

Spectrum
Line emission (narrow band): diffraction crystallographyLine emission (narrow band): diffraction, crystallography

A. Rousse, et. al. Nature, 410, 65 (2001), A. Bonvalet, et. al. Opt. Lett. 31, 2753 (2006)

Bremsstrahlung (broadband): x-ray absorption spectroscopy
Y. Jiang, et. al. J. opt. Soc. Am. B, 20, 229 (2003)

Ultrashort pulse duration 
Ti l d diff ti ti t d i i lt f tTime resolved diffraction, time-gated imaging, ultrafast     

spectroscopy         C. Rischel, et. al.,  Nature, 390, 490 (1997)

Small source size 
Better spatial coherence -------- phase contrast imaging

D. Boschetto, et. al. Appl. Phys. Lett. 90, 011106 (2007)

Better image resolution medical imagingBetter image resolution -------- medical imaging
A. Krol, et. al., Med. Phys. 24, 725, (1997)
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Knife-edge measurement
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X-ray spectra from Mo target 
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X-ray spectrum in Vacuum X-ray spectrum in Flowing Helium
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Bixue Hou, et. al., Opt. Express 16, 17695(2008)



X-ray generation in flowing helium

Deformable Mirror

Translation stage

Flowing He

Laser Beam
Translation stage 
& target

GaAs edge

GaAs Edge

F/1 Magnet

Flowing He

paraboloid Magnet

He tube
Lead shielding box

Magnet He tube

Bixue Hou, Appl. Phys. Lett, 92, 
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X-ray CCD 161501, 2008


