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Reflectometry: an introduction  
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Reflectometry at ESS: FREIA and ESTIA 



Reflectometry at ESS: FREIA and ESTIA 

Horizontal Reflectometer 
(FREIA)  
 
Suitable for liquids  
(limited angular range)  

Vertical Reflectometer 
(ESTIA)  
 
Not suitable for liquids 
More versatile 
(wide angle range) 
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q =(4π/λ) sin(θ)  

sample 
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Vertical ToF Reflectometer 
 

It can work in 3 different modes: 
 

q =(4π/λ) sin(θ)  





Conventional Reflectivity mode 

 
 
 

detector 

sample 

The flux at sample is spread on about 5x1cm2 area maximum. On detector, due to 
divergence, will be same flux (below critical edge R=1) on 2mm x 6cm area; then 
about 105 n/s/Å/mm2 (at peak).  



λ-θ encoding 
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The flux is spread on a wider detector surface with respect to the conventional 
reflectometry mode. Spatial resolution (0.5mm) is needed to resolve the different 
theta. 



High intensity mode 

 
 
 

detector 

sample 

The flux is spread on a wider detector surface with respect to the conventional 
reflectometry mode. Spatial resolution (0.5mm) is needed to resolve the different 
theta.  
 
In the high-intensity mode about 105x105mm2 area of the detector is illuminated 
with 108 n/s, i.e. 104 n/s/mm2 (at peak). 
The final optimal detector size is 40x25cm2. 
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Max local rate 105 n/s/Å/mm2 •  Conventional refl.        105 n/s/Å/mm2  
•  High intensity mode    104 n/s/Å/mm2  

Spatial resolution  4mm x 1mm  4mm x 0.5mm 
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The ESS requirements 
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The Multi-Blade project 

Wigner Research Institute 

Budapest Neutron Centre 

Task 4.2 Neutron Detectors – The Intensity Frontier 

Sept. 15 Sept. 16 Sept. 17 Sept. 18 

Deliverable	  

Milestone	  

3 years 

The key objective of WP4 is the technological  
evolution of neutron detectors in terms of  
resolution, intensity and dimensions.  



Partners Involved 

Wigner	  Research	  InsMtute	  
(Dezsõ	  Varga	  and	  Eszter	  Dian)	  

	  
LU	  has	  a	  long	  story	  of	  developing	  novel	  parMcle	  detectors	  for	  hosMle	  parMcle	  accelerator.	  
LU	  has	  completed	  the	  construcMon	  of	  the	  Source-‐TesMng	  Facility	  for	  prototype	  commissioning.	  
Their	  experience	  with	  developing	  and	  tesMng	  detectors	  will	  be	  crucial	  for	  the	  task	  in	  WP4.	  	  

BNC-‐Wigner	  is	  the	  largest	  organizaMon	  in	  Hungary	  comprising	  45	  research	  group	  of	  various	  profile.	  
BNC-‐Wigner	  has	  a	  long	  tradiMon	  in	  working	  with	  industrial	  companies;	  in	  10y	  over	  25	  companies	  of	  	  
various	  size	  and	  profile	  were	  involved	  in	  technology	  transfer	  related	  to	  neutron	  developments.	  
BNC-‐Wigner	  will	  support	  with	  the	  detector	  development	  required	  in	  the	  intensity	  fronMer	  task	  in	  WP4.	  

ESS	  Detector	  Group	  
(Francesco	  Piscitelli)	  

Division	  of	  Nuclear	  Physics	  
(Kevin	  Fissum)	  



 
concept introduced in 2005 
 
 
 
 
 
 
 
 
proof of concept in 2012 

University of Perugia 

Institut Laue-Langevin 

Institut Laue-Langevin 

The Multi-Blade project 
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10B4C Samples 

100 nm 

300 nm 

1 µm 1 µm 

300 nm 

100 nm 

Si(001) Al 
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4 cassette demonstrator: 



4 cassette demonstrator: 
 
 

Results: 
 
•  Measured Efficiency 45% at 2.5Å 

•  Spatial Resolution 4mm x 280μm  
 
•  Counting rate capability ~5000 n/s/mm2 at 2.5Å 
      (limited by the electronics) 
 
•  Atmospheric pressure operation  

(thin vessel window, low scattering)  
(cost effective materials) 
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Spatial resolution  4mm x 1mm  4mm x 0.5mm 
 

The ESS requirements 



4 cassette demonstrator: 
 
 

Results: 
 
•  Measured Efficiency 45% at 2.5Å 

•  Spatial Resolution 4mm x 280μm  

•  Counting rate capability ~5000 n/s/mm2 at 2.5Å 
      (limited by the electronics) 
 
•  Atmospheric pressure operation  

(thin vessel window, low scattering)  
(cost effective materials) 

 

The state of the art 

Max local rate 105 n/s/Å/mm2 •  Conventional refl.        105 n/s/Å/mm2  
•  High intensity mode    104 n/s/Å/mm2  

Spatial resolution  4mm x 1mm  4mm x 0.5mm 
 

The ESS requirements 

x10	  

x20	  

x300	  



4 cassette demonstrator: 
 
 

Results: 
 
•  Measured Efficiency 45% at 2.5Å 

•  Spatial Resolution 4mm x 280μm  

•  Counting rate capability ~5000 n/s/mm2 at 2.5Å 
      (limited by the electronics) 
 
•  Atmospheric pressure operation  

(thin vessel window, low scattering)  
(cost effective materials) 

 

The state of the art 

Max local rate 105 n/s/Å/mm2 •  Conventional refl.        105 n/s/Å/mm2  
•  High intensity mode    104 n/s/Å/mm2  

Spatial resolution  4mm x 1mm  4mm x 0.5mm 
 

The ESS requirements 

x10	  

x20	  

x300	  



4 cassette demonstrator: 
 
 

Results: 
 
•  Measured Efficiency 45% at 2.5Å 

•  Spatial Resolution 4mm x 280μm  

•  Counting rate capability ~5000 n/s/mm2 at 2.5Å 
      (limited by the electronics) 
 
•  Atmospheric pressure operation  

(thin vessel window, low scattering)  
(cost effective materials) 

 

Next demonstrator: 
 
•  Counting rate capability 

•  Overlap and uniformity 
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Next demonstrator (9 cassettes): 
 
•  Counting rate capability 

•  Overlap and uniformity 

•  Build	  technology	  prototype	  
•  Tests	  at	  both	  beam	  line	  and	  Reflectometry	  beam	  line	  
	  
•  Electric	  filed	  modeling	  
•  TesMng	  and	  availability	  of	  beam	  line	  	  
•  Build	  technology	  prototype	  
•  Data	  analysis	  	  

•  Detailed	  GEANT4	  on	  detector	  performance	  

	  
	  
	  
	  

All three partners will work together on the final detector for the ESS Reflectometers   



D4.2	  CounMng	  rate	  capability	  
D4.6	  Detector	  CharacterizaMon	  	  
D4.12	  Reflectometry	  detector	  
	  
MS12	  Improvement	  of	  the	  MulM-‐Blade	  design	  
MS16	  Improvement	  of	  the	  counMng	  rate	  cap.	  
MS20	  CharacterizaMon	  of	  the	  demonstrator	  
MS29	  1st	  Detector	  construcMon	  

Sept. 15 Sept. 16 Sept. 17 Sept. 18 

Planning	  	  	  	  	  

ImplementaMon	  

Deliverable	  

Milestone	  

Milestones & Deliverables 

Task 4.2 Neutron Detectors – The Intensity Frontier 



Wigner Research Institute 

Budapest Neutron Centre 

Meeting at BNC - December 2015 
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Materials evaluation 
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Any material holding the strips at 5deg scatters too much!  
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10B4C	  

Old Design          
scattered or absorbed flux 

Materials evaluation 
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At 5deg not much survives to the 10B4C 

-  Substrate as thick as necessary  
-  Kapton (strips) shielded by 10B4C 
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                                   New Design 

Materials evaluation 



~7 µm single-side	  

200x300mm2 Al-plates single-side coated	  

1mm              2mm              3mm	  

1mm	  

2mm	  

3mm	  
2mm	  

Planarity is an issue on large surfaces	  
Materials evaluation 

10B4C	  

Si	  



cassette 

Al2O3 substrate 

Advantages:  
planarity, electrical insulation (strips can be deposited?) 
 
Disadvantages: 
Availability in large surfaces? 
Brittle! 
 
 

10B4C good adhesion 

1mm	   2mm	  

1mm	  

100x100mm2	  

10B4C	  

Al2O3 	  



Multi-Blade mechanical design 
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10x10cm2 demonstrator 
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Assembly completed in December 2015 



1 blade area:  ~120x120 mm2 

9 cassettes (10 blades) 
Coating area: ~ 10x120x120 mm2 (single side) 
Detector active area: ~10x9x120mm2=90x120mm2 





HV on! (at EMBLA) 



Demonstrator ready! 
 
Tests to come:  

•  SF (Lund University) - Now 
•  BNC (Budapest) - February 
•  Real instrument - … 

 
 



Thank you. 


