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16th	  October	  2014:	  
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The	  Millenium	  II	  phase	  

3	  new	  instruments	  
	  
3	  instrument	  upgrades	  
	  
new	  neutron	  guide	  system	  
	  
costs:	  ≈	  30	  M€	  
	  
Hme:	  2009	  -‐	  2015	  
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Total costs: 	
CU: 2.92 M€ 
ILL: 0.35 M€  
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Pressure-‐temperature	  phase	  diagram	  of	  TlCuCl3	  revealing	  quantum	  and	  
thermal	  criHcal	  dynamics	  .	  Measured	  @	  IN14,	  ILL.	  
	  
Merchant	  and	  al.,	  Nature	  Physics	  10	  (2014),	  p.373-‐379.	  

MagneHc	  moment	  
KineHc	  energies	  in	  	  meV	  range	  	  

The	  Neutron	  is	  a	  nuclear	  parHcle	  with:	  

MagneHc	  response	  of	  	  
Correlated	  electronic	  systems.	  

Science	  on	  ThALES	  
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High-‐Tc	  superconducHvity	  Heavy	  fermions	  

M.	  Kratochvilova	  et	  al.,	  
@	  Department	  of	  Condensed	  MaGer	  Physics,	  Charles	  University,	  Prague.	  

Oxide	  physics,	  
	  MulHferroics,	  

	   	   	  Skyrmions,	  	  	  
	   	   	  	  FrustraHon,	  ….	  

Science	  on	  ThALES	  

Quantum	  magneHsm	  

J.	  M.	  Tranquada,	  cond.	  mat.	  0512115v1	  

C.	  Varma,	  Nature	  468,	  p.184-‐185	  

Merchant	  and	  al.,	  Nature	  Physics	  10	  (2014),	  p.373-‐379.	  
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www.ill.fr/about/movies/animaHons/	  
A.	  Filhol,	  F.	  Vauquois,	  M.	  Boehm	  

‘Neutrons4Science’	  

Neutron	  magneHc	  spectroscopy:	  



‘Neutrons4Science’	  

‘Extreme’	  condiHons:	  

PA	  -‐	  Cryopad	  III	  

DiluHon	  inserts:	  	  T	  down	  to	  50	  mK	  	  	  

Magnetic 
field	
 Window	


Sample 
size	


10T, v	
 -5° to +5° vertical access, 
±130° horizontal access 

~ 1cm3	

12T, v	
 -3° to +10° vertical access 

15T, v	
 -2° to +2° vertical access 

Pressure	
 Window	
 Sample  	


40 kbar @ 300K���
20 kbar @ 20K	
 ~ 120° 

horizontal 
access 

Ø2.4 x 1.3 mm3 
Ø4.8 x 2.7 mm3 

100 kbar @ 300K���
50 kbar @ 20K	


Ø2.4 x 1.3 mm3 
Ø4.8 x 2.7 mm3 

SANE,	  ILL:	  	  



‘Neutrons4Science’	  

Flexibility	  in	  experimental	  
setup:	  
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The	  three	  axis	  Spectroscopy	  basics	  :	  

We	  measure:	  
Neutron	  energy	  transfers	  	  	  ΔE=	  Ein	  -‐	  Efinal	  	  	  	  at	  different	  scafering	  angles	  	  
	  

It	  is	  a	  sca4ering	  technique:	  	  
Mono-‐energeHc	  neutrons	  hit	  a	  target	  and	  are	  analyzed.	  	  

Ein	  

Efinal	  

ΔE	  =	  ΔE(Θ)	  

ConservaHon	  of	  energy	  	  
ConservaHon	  of	  momentum	  

We	  deduce:	  
Dynamics	  of	  many	  parHcle	  systems.	  
Binding	  forces.	  	  
	  



The	  TAS	  basics	  

Ei	  Ef	  

www.ill.fr/about/movies/animaHons/	  
A.	  Filhol,	  F.	  Vauquois,	  M.	  Boehm	  



Specifics	  of	  Neutron	  scafering	  

Low	  brilliance	  of	  the	  neutron	  source:	  

ILL	  High	  Flux	  Reactor,	  cold	  source: 	  1014	  n/s/cm2/st/A	  
	  
ESRF: 	   	   	   	  1021	  photons/s/mm2/mrad2/0.1%bw	  

Source	  flux:	  1015	  n/cm2/s	  

Neutron	  guides	  /	  primary	  opHcs	  
(see	  lecture	  P.	  Courtois)	  

Sample	  flux:	  108	  n/cm2/s	  

Detector	  count-‐rate:	  102	  n/min	  



Beam	  opHmizaHon:	  MC	  calculaHons	  

VS# Straight#guide#end#

Ellip1c#tapered#guide#

Sample#posi1on##

Virtual#Source#
Shielding#

Monochromator#

Rowland(Circle(

Sca/ering(Circle(

Lamella#Channel#

Monte	  Carlo	  (MC)	  ray-‐tracing	  calculaHons	  
	  
IntensiHes	  on	  absolute	  scales	  
(source	  distribuHon	  from	  MCNP)	  
	  
Packages:	  McStas,	  SimRes,	  Vitess	  

Virtual	  Instruments	  

©	  J.	  Šaroun,	  SimRes	  



Beam	  opHmizaHon:	  MC	  calculaHons	  
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M.	  Boehm	  et	  al.,	  	  J.Phys.	  Soc.	  Jap.	  82,	  	  SA026	  (2013).	  	  



Specifics	  of	  Neutron	  scafering	  

AcHvaHon	  of	  materials:	  
Neutron	  absorpHon	  leads	  to	  gamma	  acHvaHon	  

Aluminum	   1283	  cm	  

B4C	  	  (natural	  B)	   0.2	  cm	  

B4C	  	  (95%	  10B)	   0.05	  cm	  	  

10	  cm	  of	  Al	  leads	  to	  18%	  absorpHon	  

27Al	  (n,γ)	  28Al 	  Eγ=7.7	  MeV,	  	  	  th=2.2	  m	  

10B	  (n,α)	  7Li 	  Eγ=2.3	  MeV,	  	  	  th=0.02	  s	  

58Fe,	  th=44.6	  d	  	  
59Co,	  th=5.3	  y	  	  



Shielding	  opHmizaHon	  by	  MCNP	  

Flux in n/cm²/s 

Flux mainly thermal in the 
PEHD 

Flux mainly epithermal+fast 
elsewhere 

Thanks	  to	  S.	  Fuard	  (BCP)	  



Total	  weight:	  about	  60	  t	  

Angular	  range:	  36°	  <	  A2	  <	  135°	  
PosiHoning	  tolerance:	  ±	  0.01°	  

Shielding	  completely	  non-‐magneHc	  

RotaHon	  speed:	  ≈	  0.2°/s	  	  	  (10°/m)	  	  

HosHng	  3	  monochromators	  with	  the	  
posiHoning	  mechanics	  

Beam	  size	  exit:	  w	  x	  h	  ≈	  100	  x	  100	  mm2	  

©	  AVS,	  Elgoibar,	  Spain	  

SpecificaHons	  for	  the	  
monochromator	  shielding	  



©	  AVS,	  Elgoibar,	  Spain	  

MagneHc	  stray	  field	  on	  sample	  
posiHon:	  

Thanks	  to	  F.	  Thomas	  (BCP)	  



after detailed design study, 2011	
4 July 2014	


Thales	  	  -‐	  Primary	  spectrometer	  



July 2013	




December 2013	


July 2014	




July 2014	


February / March 2014	




July 2014	


February / March 2014	




July 2014	


March 2014	




July 2014	


March 2014	




Thales	  –	  opHcal	  elements	  

Guide	  changer	  for	  	  
focusing	  guide,	  	  
straight	  guide	  

Velocity	  
selector	  

Virtual	  
source	  

After feasibility phase	




Velocity	  selector,	  broad	  range	  filter	  

H.	  Friedrich	  et	  al.,	  Physica	  B	  156	  (1989),	  p.547	  



Velocity	  selector,	  broad	  range	  filter	  



Monochromator	  stage	  

After feasibility phase	


Si111 

180° 

PG002 

Heusler Lifting  
system 

Entrance  
window 

Exit 
window 



Monochromator	  stage	  



July 2014	


September 2014	




July 2014	


September 2014	




July 2014	


September 2014	




July 2014	


September 2014	




July 2014	


September 2014	
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Thales	  	  Team	  ILL,	  
	  Friday	  12/12/2014	  

Ready	  for	  the	  science!	  
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Thank	  you!	  
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Emmanuel,	  COURTOIS	  Pierre,	  	  DAVID	  Marc,	  DELPIERRE	  Jean-‐Marc,	  DIDIER	  Luc,	  DIXON	  Robert,	  
FOURNIER	   Adrien,	   FUARD	   Stephane,	   GANDELLI	   Roland,	   	   GERIGNY	   Isabelle,	   GIBERT	   Yves,	  
GIRAULT	   Alexandre,	   GLYN-‐JONES	   Brian,	   GROS	   Stephane,	   GUERIN	   Philippe,	   HETZLER	   Erwin,	  
IVENS	   Frederic,	   	   JACQUES	   Mark,	   	   JARRY	   Benoit,	   JENTSCHEL	   Michael,	   KREUZ	   Michael,	  
LACHAUME	   Pascal,	   LECHAT	   Alain,	   LOCATELLI	   Jerome,	  MAZIZILLI	   Thierry,	   MEMPHIS	   Yohan,	  
MENTHONNEX	   Catherine,	   MONON	   Christophe,	   	   MOUNIER	   Christophe,	   MUTTI	   Paolo,	  
PASTRELLO	   Gilles,	   PEROTTO	   Jean-‐Marie,	   PHILIPPE	   Xavier,	   	   POLLITT	   Andrew,	   RENCUREL	  
Fabrice,	   RIGNON	   Gilles,	   ROCHEX	   Gaelle,	   RUIZ	   Emilio,	   THOMAS	   Frederic,	   SALLAZ-‐DAMAZ	  
Sylvain,	   SILVESTRE	   Renaud,	   SIVES	   Ian,	   STIEFFENHOFER	  Gregory,	   SUTTLING	  Peter,	   TRIBOLET	  
Jean,	  VAN	  ESCH	  Patrick,	  WAGNER	  Philippe,	  WALTER	  MarHn	  

William	  Sterling,	  Charles	  Simon,	  Helmut	  Schober	  
Richard	  Wagner,	  Jose-‐Louis	  MarHnez,	  Andrew	  Harrison	  
Collin	  Carlile,	  ChrisHan	  Vezer	  	  

Ken	  Andersen,	  Arno	  Hiess	  
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