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ÅX-ray Thermal Diffuse Scattering (TDS) 

ÅX-ray thermal diffuse scattering (TDS) can be used to measure:  single-crystal elastic properties of any crystalline materials 

(include opaque materials) using regular diffraction setups. Incorporation of DAC in TDS experiment is possible. 

ÅNew anisotropic elasticity measurement method for high-pressure mineral physics field. 

ÅUniversal Membrane cap for most DACs 

Å convert screw-driven DAC into membrane-driven DAC ð remote pressure control 

ÅUniversal cap that could fit different DACs without losing DAC opening 

ÅStandard òcheapó resistive heater for DAC 

ÅCheap, reusable, standard heaters (~$10/pc comparing with >$200/pc) 

ÅWebsite Modification 

Å TAB meeting ppts, Notes 

Å Tools: including instructions for downloads 

Å Techniques and Facilities: into to all COMPRES facilities at APS; Updates to technical development 

Å Facilities 

ÅPX2 commissioning, membrane tubing system in 13BMC 

ÅSector 34, add-in viewing and optical system for high-pressure experiments 

ÅData base 

Å IEDA-kickoff workshop 



2014.11 join COMPTECH 

2014.12 13BMC PX2 commissioning  Ambient TDS measurement: sample suitable for DAC, Si (15um thick) 

2015.1 design of the first version universal membrane cap 1st test on W-Al2O3 heaters  Website major revision: Tools 

2015.2 received the 1st set of modified W-Al2O3 heaters Website rearrange Preparation for TDS beam time 

2015.3 1st TDS measurement with flight-path setup at 13BMC 1st high pressure (HP) TDS measurement on Si at 13BMC 

2015.4 1st python code for getting Si single-crystal elasticity tensor from TDS: based on BVK model TDS sensitivity test 

2015.5 1st python code for getting single-crystal elasticity tensor from TDS: crystals (any symmetry) Website revision: Facilities 

2015.6 Received the 1st version of membrane cap Website revision: Techniques COMPRES annual meeting present TDS results 

2015.7 1st HP TDS on foresterite at 34ID 1st HP TDS on foresterite at 13IDC Membrane tubing installed in 13BMC 

2015.8 HP TDS measurement on foresterite  up to 40GPa at13BMC 1st W-Al2O3 heater test in DAC  

2015.9 Testing new inversion algorism for TDS data analysis 1st heater user: U of Arizona 

2015.10 MS&T meeting in OH (1week); advertise PX2 TDS at 34 beam time Data Base: IEDA Alliance Kickoff workshop 

2015.11 TDS at BMC beam time UNM visit (3days) 1st use of membrane  control system at 13BMC during beam time 

2015.12 AGU meeting present TDS results Membrane cap finished and tested with DAC for the 1st time TDS at IDC beam time 

2016.1 Portable optical and sample viewing System Design Testing new TDS data extraction code for both 34IDE data and IDC BMC   

Time Line:  



Shape of the TDS signal tells how anisotropic the sound velocities are: 

X-ray thermal diffuse scattering (TDS) is caused by lattice thermal vibrations (phonons). 

Example of single crystal Si ambient condition 

More and 

more 

anisotropic 

Project  

timeline: 

Ideal fit    10% more         15% more           20% more 

Major effect during 2015.10-2016.1: 

New Data extraction code: 34IDE (python code) and 13IDC, BMC (IDL program within ATREX) 

New inversion algorism: intensity scaling factor fitting within each individual image 



ÅCurrent Status: 

ÅSample testing: 

ÅAmbient condition: Si (100) (111) and forsterite (111) 

ÅHigh-pressure: Si (100) (~ 6GPa); forsterite (111) (~40GPa)  

ÅExperimental Setup:  

Å Angular scan approach + Pilatus100K:13BMC 13IDC (beam size 30µm) 

Å Energy scan to find Brag peaks, then monochromatic beam for TDS measurement (MarCCD) 34ID 

ÅSoftware development:  

Å TDS calculation : micro BV model for Si and Macro-single crystal elasticity model for all crystals  

Å Data inversion : new optimized inversion code with better efficiency for lower symmetry materials  

Å Data extraction:   graphical output from ATREX for Angular scan data (with Przemek) 

  data output from IgorLaueGo + python for energy scan data (with Ruqing) 

 

 

 

13IDC and BMC 34ID 



Data extraction:   graphical output from ATREX for Angular scan data (with Przemek) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Utilizing the obtained 11 peaks and angles to get 

Lattice parameters with constrained symmetry (SPEC does 

not do that ð it treats everything as triclinic) 

 

2. UB matrix can be read into the ATREX software for hkl 

calculation of each pixel. 

 

3. Detector calibration can be made according to the mesh 

scan result.  

1. Crystal orientation: 2 peaks (partially solved by using >8 peaks) ð but SPEC has limitation: no symmetry constrain 

2. Detector X-Y to HKL conversion: originally assuming polynormial fit H(x,y) K(x,y) , L(x,y) 




