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Flux	
  and	
  Brightness	
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Flux: 	
   	
  number	
  of	
  photons	
  /	
  sec	
  	
  
	
  
	
  
	
  
Brightness: 	
  	
  	
  	
  	
  	
  	
  Number	
  of	
  photons	
  	
  	
  	
  	
  	
  	
  	
  _	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  sec	
  ·∙	
  mrad2	
  ·∙	
  mm2	
  ·∙	
  0.1%	
  bw	
  



Why	
  do	
  users	
  come	
  to	
  synchrotrons	
  ?	
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Rotating anodea 	

Bending Magneth 	

         	

Undulatorb	



•  Diode signalc 	

0.060 µA 	

 	

21.2 µA 	

 	

 	

84.8 µA	


•  Flux 	

 	

1.4·109 	

 	

5·1011 	

 	

 	

2·1012 	

	



•  Focal spot sized,e 	

0.3 x 0.3 mm2 	

0.085 x 0.045 mm2 	

 	

0.085 x 0.008 mm2 	


•  Divergenced,e 	

2.37 x 2.57 mrad2 	

2.0 x 0.23 mrad2 	

 	

0.42 x 0.06 mrad2	



•  Bandwidthf,g 	

0.18·10-3 	

	

 	

0.14·10-3 	

 	

 	

0.16·10-3 	



•  Brightness 	

1.4·1010 	

 	

2·1015 	

    	

 	

7.2·1017 	

 	

 	



a Nonius FR 591 (50 KV, 100 mA, 5 KW, 6000 rpm, slit size: 0.75 mm2 and 0.55 mm2)	


b SLS U19 at 8.048 keV and 400 mA	


c Sintef 12 µm PIN diode with 20 µm Al 	


d MSC Blue-3 Optics configuration (Yang et al., Acta Cryst. (1999), D55, 1681 - 1689)	


e for focus at the High Resolution Diffractometer	


f  A. Thompson, CCP4 Study Weekend, 1999	


g Si(111) monochromator	


h SLS X06DA  	



•  Flux ratio 	

 	

1 	

 	

350 	

 	

      	

1420	


•  Brightness Ratio 	

1 	

 	

1.4·105 	

      	

 	

5·107 	

	





Time	
  Structure	
  	
  
Synchrotron	
  sources	
  are	
  stroboscopic	
  sources	
  with	
  a	
  well	
  defined	
  0me	
  structure:	
  	
  	
  
•  circumference	
  
•  RF	
  frequency	
  and	
  bunch	
  filling	
  paMern	
  	
  

•  Ideally	
  suited	
  for	
  0me	
  resolved	
  experiments	
  	
  
•  More	
  challenging	
  for	
  coun0ng	
  detectors	
  	
  

43	
  ps	
  (RMS)	
  

SLS low α 	

 1.88 ns	

 8 ps (RMS) 	


SLS Femto	

 1 ms 	

 150 fs 	
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Current	
  detectors	
  	
  
Imaging	
  plates	
  	
  
+ 	
  large	
  area,	
  cheap	
  	
  
+ 	
  good	
  resolu0on	
  (~	
  50	
  µm)	
  
-­‐  	
  calibra0on	
  1	
  %	
  (ghos0ng,	
  driXs,	
  deexcita0on)	
  	
  
-­‐  	
  very	
  slow	
  readout	
  (minutes)	
  	
  

•  CCDs	
  
+ large	
  areas	
  
• lower	
  read-­‐noise	
  and	
  dark	
  current	
  	
  
• fast	
  readout	
  (0.1	
  -­‐	
  10	
  s)	
  
- PSF	
  and	
  DQE	
  limited	
  by	
  light	
  scaMering	
  and	
  fibre	
  op0c	
  taper	
  	
  	
  
- limited	
  dynamic	
  range	
  (104)	
  	
  
- low	
  high	
  energy	
  efficiency	
  	
  

•  Energy	
  dispersive	
  detectors	
  
- low	
  count	
  rate	
  capability	
  	
  
- small	
  effec0ve	
  area	
  and	
  bulky	
  	
  	
  
- expensive	
  	
  

•  	
  	
  

	
  

• Synchrotron experiments are almost always detector limited and future XFEL and ERC experiments will be 
even more, unless new dedicated detectors will be developed   	



• Innovative experiments cannot be optimally implemented with current detector technologies	
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Experimental	
  Challenges	
  
Dynamic Range 	

 > 106  	

 SAXS, PX, CDI, Diffuse Scattering, 	



Surface Diffraction	



Count rate	

 > 1 MHz	


> 10 MHz	



PX, CDI	


Material science	



Single Photon 
Counting	



SAXS, PX, CDI, Diffuse Scattering, 	


Surface Diffraction	



Pixel Size 	

 < 50 µm	


< 10 µm	



PX	


micro diffraction, CDI, tomography 	



Point Spread 
Function	



<1% @ 1.1 pix	


<0.01% @ 2pix	

 PX, diffuse scattering, CDI 	



Frame rates 	

 100 Hz full frame	


25 kHz subframe	



PX, diffuse scattering, surface diffraction	


XPCS, sSAXS, CDI, tomography	



Triggering/Gating	

 ~ 1 ns	

 Time resolved diffraction, XAS, XFS 	



Energy Resolution	

  window ~300 eV	


analog spectrum 	



Diffraction Experiments, XAS 	


X-ray absorption spectroscopies	



Energy range	

 5 - 20 keV	


5  - 100 keV	



PX, CDI, SAXS  	


Material Science, powder diffraction 	



Engineering 	

 seamless	


vacuum compatible	



PX, CDI, tomography 	


SAXS, nano-micro-diffraction, surface diff	



Radiation 
Hardness	

 > 100MRad 	

 Diffraction (HP), CDI, SAXS 	
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CCD  PILATUS   
16 bit (65 535 ADU)  20 bit (1 048 575 counts) 

Dynamic	
  Range	
  and	
  Point	
  Spread	
  Func?on	
  

9	
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Insulin,	
  Data	
  taken	
  at	
  SLS	
  X10SA	
  



Hybrid	
  pixel:	
  noise	
  free	
  detec?on	
  

•  No	
  readout-­‐noise	
  
•  No	
  dark-­‐current.	
  

100K	
  detector	
  
0 

1 

2 

3 

[counts] 

100 m
s 

background radiation visible 

total number of counts: 0 

 1 hour 
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11 
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Energy	
  Discrimina?on	
  
Energy	
  threshold	
  of	
  8	
  keV	
  
Fluorescence	
  suppression	
  of:	
  
Al	
  (1.5	
  keV),	
  Fe	
  (6.4	
  keV)	
  

Energy	
  threshold	
  of	
  10	
  keV	
  
Fluorescence	
  suppression	
  of:	
  
Al	
  (1.5	
  kev),	
  Fe	
  (6.4	
  keV),	
  Cu	
  (8	
  keV)	
  

Sample:	
  Icosahedral	
  Al-­‐Cu-­‐Fe	
  quasicrystal	
  
Weber	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.,	
  41	
  (2008)	
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Diffrac?on	
  Experiment	
  

•  Schema0c	
  view	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diffrac0on	
  
paMern	
  of	
  RuBisCo	
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PILATUS	
  6M	
  Pixel	
  Detector	
  
6M at Detector Lab	

 6M at SLS beamline X06SA	



Pixels: 
2’463 (x) • 2’527 (y) = 6’224’001

Active area: 424 • 435 mm2 ; dead area: 8.4 %

Frame rate: 12.5 Hz; with 2.3 ms dead time

Noise free counter  


In operation since June 2007 


AIDA	
  2012	
  -­‐	
  SR	
  Applica0ons	
  	
   13	
  



PILATUS	
  :	
  New	
  Opportuni?es	
  in	
  MX	
  
c 	
  Con0nuous	
  shuMer-­‐free	
  data	
  acquisi0on	
  
c  	
  elimina0on	
  of	
  systema0c	
  errors	
  
c  	
  fastest	
  way	
  to	
  collect	
  data	
  (1-­‐2	
  min/180°	
  to	
  3	
  sec/60°)	
  	
  

c 	
  Fine	
  φ-­‐slicing	
  in	
  con0nuous	
  mode	
  

c 	
  Possibility	
  to	
  take	
  high	
  redundancy,	
  low	
  exposure	
  data	
  

c 	
  Simultaneous	
  collec0on	
  of	
  low	
  and	
  high	
  resolu0on	
  data	
  

c 	
  Diffuse	
  scaMering	
  experiments	
  
• T.	
  Weber	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.	
  (2008),	
  41,	
  1	
  	
  
• A.	
  Bosak	
  et	
  al.,	
  PRL	
  103,	
  076403,	
  (2009)	
  	
  	
  

c 	
  Room	
  temperature	
  data	
  collec0on	
  with	
  less	
  radia0on	
  damage	
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1
5	
  



Fine	
  ϕ-­‐slicing	
  and	
  background	
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Wide	
  ϕ-­‐slicing	
  
•  Large	
  Δϕ	
  (Δϕ	
  >	
  ξ)	
  
•  Large	
  overlap	
  of	
  reflec0ons	
  
and	
  background	
  along	
  ϕ	
  

•  Few	
  images	
  

Fine	
  ϕ-­‐slicing	
  
•  Small	
  Δϕ	
  (Δϕ	
  <<	
  ξ)	
  
•  Minimal	
  overlap	
  of	
  reflec0ons	
  
and	
  background	
  along	
  ϕ	
  

•  Many	
  images	
  



Highest	
  shell	
  sta?s?cs	
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•  Best	
  data	
  at	
  Δϕ	
  =	
  ½	
  mosaicity	
  (σϕ)	
  
•  Highest	
  shell	
  sta0s0cs	
  improve	
  substan0ally	
  
=>	
  fine-­‐slicing	
  extents	
  maximum	
  resolu0on	
  of	
  data	
  set	
  

Op0mal	
  Δϕ	
  ≈	
  ½	
  σϕ	
  
Op0mal	
  Δϕ	
  ≈	
  ½	
  σϕ	
  



Comparison	
  with	
  CCD	
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  Courtesy	
  of	
  Dr.	
  Robin	
  Owen,	
  DLS,	
  I24	
  



Scanning SAXS at SLS X12SA 
•   high brightness 
•   moderate focus 
•   fast, high dynamic range, low noise detector 

U19	
  in-­‐vacuum	
  undulator	
  

20	
  µm	
  x	
  5	
  µm	
  (FWHM)	
  

PILATUS	
  2M	
  

KEY	
  ADVANTAGE	
  
•  Dynamic	
  range	
  of	
  20	
  bit	
  
•  Noise-­‐free	
  counter	
  
•  High	
  frame	
  rate	
  	
  
•  2.3	
  ms	
  dead	
  0me	
  
•  Triggerable	
  	
  
•  Large	
  area	
  

AIDA	
  2012	
  -­‐	
  SR	
  Applica0ons	
  	
   19	
  



Scanning	
  SAXS	
  of	
  human	
  femoral	
  head	
  

50	
  mm	
  

Beam	
  size	
  :	
  20	
  micrometer	
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Human	
  femoral	
  head:	
  area	
  with	
  thick	
  car?lage	
  

car0lage	
  

scale	
  bar	
  1	
  mm	
  

channels	
  

colour	
  codes	
  
orienta0on	
  

57	
  –	
  78nm	
  
structures	
  

ligament	
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  Ptychography	
  and	
  Tomography	
  

704 scan points  × 181 angles (±90˚) 

     ≈ 125’000 coherent diffraction patterns


Specimen 

•  murine femur (mid-shaft) 

•  dehydrated

•  resin-embedded

•  cut with focused ion beam
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M. Dierolf et al., Nature, 467, (2010), 436  


Quan?ta?ve	
  Results	
  
	
  
•  voxel	
  size	
  (65nm)3	
  

•  uncertainty	
  within	
  
voxel	
  is	
  0.04	
  e-­‐/Å-­‐3	
  	
  
	
  
•  significantly	
  higher	
  
sensi0vity	
  for	
  larger	
  
volumes,	
  e.g.,	
  0.2%	
  
equiv.	
  to	
  <0.001	
  e-­‐/Å-­‐3	
  

(1µm3)	
  

Sample: mouse femur
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DUBBLE	
  CRG	
  at	
  ESRF	
  (1M	
  &	
  300K)	
  

24	
  

…the first publication…concerns an fast crystallization experiment with a data quality that is as nice as the first cool 
beer after a 15 km hike on a very warm day. (It even makes me poetic...) WIM BRAS, Feb 2011 ESRF  
 
Real-­‐Time	
  WAXD	
  Detec7on	
  of	
  Mesophase	
  Development	
  during	
  Quenching	
  of	
  Propene/Ethylene	
  Copolymers	
  
Macromolecules	
  2010,	
  43,	
  10208–10212	
  DOI:	
  10.1021/ma1022499 
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PD	
  with	
  MYTHEN	
  at	
  Synchrotrons	
  
X04SA	
  Powder	
  Diffractometer	
  

•  1	
  MYTHEN	
  detector	
  layer	
  
•  2	
  He	
  box	
  	
  
•  3	
  analyser	
  crystal	
  detector	
  
•  4	
  diffractometer	
  axis	
  	
  
•  5	
  beam	
  pipe	
  
•  6	
  Si	
  microstrip	
  detector	
  
•  7	
  front-­‐end	
  electronics	
  	
  
•  8	
  connector	
  to	
  DAQ	
  system	
  

MYTHEN	
  detector	
  	
  
•  120	
  °	
  equiv.	
  to	
  30720	
  channel	
  
•  50	
  µm	
  strip	
  pitch	
  (4	
  mdeg)	
  
•  10	
  frames	
  per	
  second	
  at	
  24	
  bit	
  

25	
  
A.	
  Bergamaschi	
  et	
  al.,	
  JSR	
  17,	
  (2010),	
  653	
  
F.	
  Gozzo,	
  Z.	
  Kristallogr.	
  225	
  (2010)	
  616–624	
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2θ (degrees) 

Na2Ca3Al2F14 (NAC)  
 with MYTHEN II 

2θ (degrees)	
  

In
te
ns
ity

	
  (a
rb
.	
  u
ni
ts
)	
  

Posi0on	
  of	
  the	
  peaks	
  à	
  	
  
	
  	
  size	
  and	
  dimension	
  of	
  the	
  unit	
  cell	
  	
  
	
  
Shape	
  of	
  the	
  peaks	
  à	
  
	
  	
  proper0es	
  of	
  the	
  materials	
  	
  
	
  
	
  
High	
  FWHM	
  resolu?on	
  

Large	
  dynamic	
  
range	
  

Intensity	
  ra0os	
  of	
  the	
  peaks	
  à	
  type	
  
and	
  loca0on	
  of	
  atoms	
  

~	
  1’000’000	
  counts	
  on	
  the	
  main	
  	
  
peak	
  and	
  <200	
  at	
  high	
  2θ	
  angles	
  

MYTHEN	
  applica?ons	
  at	
  synchrotrons	
  

§  Parallel	
  detec0on	
   	
   	
   	
  => 	
  Fingerprin0ng,	
  phase	
  analysis	
  
	
   	
   	
   	
   	
  =>	
   	
  Minimisa0on	
  of	
  radia0on	
  damage	
  

§  High	
  FWHM-­‐	
  and	
  d-­‐spacing	
  resolu0on 	
  => 	
  Structural	
  solu0on	
  and	
  refinement	
  
§  Temporal	
  resolu0on 	
   	
   	
  => 	
  Kine0c	
  studies	
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Self-­‐Propaga?ng	
  Exothermic	
  Reac?ons	
  

27	
  

In-situ measurements: Speed and Angular Coverage	
  

Fadenberger	
  et	
  al.	
  Appl.	
  Phys.	
  LeM.	
  97,	
  144101	
  (2010)	
  

Image	
  of	
  the	
  glowing	
  foil	
  

1	
  ms	
  	
  
8	
  ms	
  	
  

60	
  µm	
  Ni0.9V0.1-­‐Al	
  foils	
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Summary	
  

DECTRIS	
  photon	
  coun0ng	
  
detectors	
  overcome	
  most	
  
limita0ons	
  of	
  previous	
  
technologies	
  
	
  
Advanced	
  data	
  acquisi0on	
  
protocols	
  improve	
  data	
  quality	
  	
  
	
  
Novel	
  experiments	
  enabled	
  by	
  
detector	
  proper0es	
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thank you for your attention	


AIDA	
  2012	
  -­‐	
  SR	
  Applica0ons	
  	
   29	
  


