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Outline 

•  R&D on X-ray power meter 
•  Timing diagnostics 

-  High resolution time tool 
-  R&D on high sensitivity time tool 

•  R&D on wavefront sensors (see B. Schlotter’s X-ray 
optics presentation) 

•  Gas filamentation studies 
-  Thermodynamic and hydrodynamic simulations 
-  Recent experimental results 

•  Gas fluorescence imaging 
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X-ray Absolute Intensity Measurements at XPP 

•  In-house beamtime for absolute hard x-ray intensity 
measurements at XPP - multi-lab collaboration (2015) 
-  Large foot print, requires differential pumping 
-  Not practical for routine operation 
-  Pyroelectric laser power meter tested 
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DESY/PTB 
(Germany) 

SACLA/AIST 
(Japan) 

LCLS@XPP 
(US) 

6 - 9.5 keV 

Pyroelectric 
Laser power meter 
(swapped in/out) 

Courtesy of S. Song, et al 



R&D on X-ray Power Meters 

•  Goal: develop portable, compact, possible commercially 
available FEL power meter 
-  Measure absolute X-ray intensity 
-  Possibly single-shot capable 

•  Solutions being evaluated 
-  Thermopile sensors 

•  Average measurement from temperature change 
•  Al absorber 

-  Pyroelectric sensors 
•  Single-pulse measurement 
•  Maximum repetition rate limited to few kHz 

-  Testing using in-house LCLS@SXR, Nov. 16-17, 2016 
•  Compare thermopile, pyroelectric power meters with GMD 
•  Photon energy range: 500 – 2000 keV 
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A Successful Pump-Probe Experiment 

•  Requiring accurate intensity and timing measurements 
-  Measure relative intensity well to < 0.1% (LUSI hard X-ray IPM), 

upgrade is currently underway to increase dynamic range 
-  Measure timing btw pump/probe < 10’s fs or few fs, and post 

processing data 
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fs lattice dynamics in Bismuth  
photoexcited Peierls’ distortion 

* D. M. Fritz et al, Sci. 315, 5812 (2007). 

Courtesy of D. Zhu, L. H. Lemke, et al 
*but if not available, averaging is an option 
(inefficient  S/N ~ 1/√#) 
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LCLS-I Enables Timing of Order 20 fs RMS 
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•  LCLS-I convolves ~100 fs RMS 
timing jitter between RF and X-rays 
with ~50 -100 fs timing jitter between 
RF and optical lasers 

•  X-ray/optical cross-correlation 
measurements allow post-processing 
to ~10 fs RMS, and slow-feedback 
for drift 

~250 fs 

Courtesy of A. Fry, et al 



LCLS High Resolution Time Tool 

•  Latest resolution ~ 1 fs rms using spectral encoding 
-  Contract is based on transmission, requires strong FEL 
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Bionta et al, Opt. Express, 19, 21855 (2011) 
Lemke et al, Proc. SPIE 8778, 87780S (2013)  
Harmand et al, Nat. Photonics, 7, 215 (2013) 
Schorb et al, Appl. Phys. Lett. 100, 121107 (2012) 
Hartmann et al, Nat. Photonics, 8, 706 (2014) 



X-ray FEL Pulses Interaction w/ Liquid 

•  Proof-of-concept results w/ ISE are encouraging 
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Gas Filamentation by Ultrashort Optical Pulses 

•  1st reported in ultra-short intensity optical laser 
-  “Hole burning” effect induced by fs lasers in gas, leading to 

density depression with slow recovery time of ms 
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Ti:Sapphire 800 nm 40 fs 
0.72 mJ/pulse at 20 Hz 
100 µm FWHM 
 
N2 at 1 atm pressure 
Up to 10-20% density depression 
recovery time ~ 1 ms 
 
Interferometer technique 
after one pulse 

Y-H. Cheng, et al, Opt. Express 4, 4740 (2013)  



Gas Filamentation by X-ray FEL Pulses 
(concern for LCLS-II high rep rate) 

•  Confirmed by similar ultra-short 
optical laser experiment 
-  Optical-pump and optical probe (done, 

Don and Eric, table-top setup ) 
-  X-ray-pump and optical probe, installed in 

the LCLS FEE, test on 10/25/2106 
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0μs 1μs 2μs 3μs

4μs 5μs 10μs 20μs

50μs 100μs

20 Torr

Courtesy: Dr. Eric Galtier 
(SLAC-MEC)  

FEL 

Using Ar gas, 14.7 m long 
volume, up to 10 torr 
Differential pumping w/ 1st 
variable (impedance) apertures 
to reduce conductance 



11 

Thermodynamic Steady-State & Transient Simulations  
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Courtesy of Y. Feng, J. Krzywinski, et al 



Testing Using Fast Diodes and Digitizers 
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•  On average the measured pulse energy of p2 after gas 
will be higher 
-  p1 will see higher average gas density than p2 
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Scattering 
  target 

Fast diode 

Fast digitizer(Aquris) 

165 mm, filled Ar (0 to 193 torr) 
6.5 keV, focused to 100 µm 
Δt = 122 ns 

Courtesy of Y. Feng, D. Schafer, S. Song, D. 
Zhu, C. Weninger, et al 



Preliminary Results (IH-X119, Oct. 3-4 2016) 
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For p = 0 torr, I12/I11 /(I22/I21) = 1.00 
For p = 193 torr, I12/I11 /(I22/I21) = 1.11 è 11% effect 

I11 I12 I22 I21 

I11 I12 I22 I21 



Hydrodynamic Simulations 
(PI: B. Yang, Univ. of Taxes at Arlington)  
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•  Including macroscopic motions (shock waves) and 
thermal diffusion 
-  Development of filament ~ µs time scales 
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3D plots of density, velocity, temperature and pressure fields at z= 0 over r-t 

Courtesy of B. Yang, J. Wu, Y. Feng 



Gas Fluorescence Imaging 
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•  Optical imaging of ambient air irradiated by X-ray FEL 
-  Non-invasive X-ray BPM and intensity monitor, especially for SXR 
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Courtesy of C. Weninger, D. Zhu, Y. Feng 


