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X-‐IFU	  

The	  X-‐IFU	  is	  a	  cryogenic	  X-‐ray	  spectrometer,	  based	  on	  an	  array	  of	  
3840	  Transi(on	  Edge	  Sensors	  (TES)	  of	  250	  μm	  side,	  7	  um	  
thickness,	  offering	  2.5	  eV	  spectral	  resolu(on,	  with	  ~5’’/pixel,	  over	  
a	  field	  of	  view	  of	  5	  arc	  minutes	  in	  diameter.	  
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High	  energy	  par(cles	  

Above	  120	  MeV	  par(cles	  can	  cross	  the	  spacecra`	  and	  
reach	  the	  focal	  plane	  from	  every	  direc(on.	  

MC	  
Simula(ons	  
(GEANT4)	  

There	  are	  no	  data	  
about	  NXB	  for	  X-‐ray	  

µcal	  in	  L2	  

Several	  steps:	

•  	  Define	  mass	  model	

• 	  Define	  radia.ve	  environment	

• 	  Define	  physics	

• 	  Valida.on	  and	  data	  analysis	  

EM	  

Ac.va.on	  

Set	  detail	  
level	  

• 	  Collabora(on	  with	  so`ware	  developers	

• 	  Simplified	  simula(ons	  to	  reproduce	  experimental	  data	

• 	  Reproduced	  Suzaku-‐XRS	  background	  for	  the	  first	  (me	

• 	  Development	  of	  realis(c	  data	  analysis	  so`ware	  	  
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Valida(on	  using	  Suzaku	  XRS	  data	  

simulation 
measured 

integrated bkg (simulation) 
integrated bkg (measured)    
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We	  reproduced	  all	  the	  components	  of	  the	  
background	  expected	  in	  L2	  in	  the	  worst	  case	  	  
(solar	  min),	  with	  a	  random	  distribu(on	  of	  

incoming	  direc(ons	  over	  a	  sphere	  
surrounding	  the	  geometrical	  model	  

Spacecraft: aluminum sphere	

Cryostat: modeled in great detail according to IXO specifics (conservative for ATHENA)	


The simulations 
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Underneath	  the	  TES	  array,	  an	  ac(ve	  
an(coincidence	  detector	  must	  be	  placed	  to	  
screen	  this	  par(cle	  background.	  
The	  ACD	  is	  also	  based	  on	  TES	  technology	  
(Macculi	  et	  al.	  2012,	  2013)	  

Without	  ACD	  the	  background	  can	  be	  rejected	  only	  
through	  paBern	  recogni(on	  and	  energy	  selec(on.	  
The	  residual	  bkg	  is	  3.1	  cts	  cm-‐2	  s-‐1	  
	  

It	  is	  composed	  mainly	  of	  MIP	  protons	  

First results: without ACD 



ACD	  inser(on	  

Cu	  K	  

Nb	  L	  	  
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Background	  composi(on	  

•  The	  last	  surface	  seen	  by	  the	  detector	  is	  the	  main	  source	  of	  background	  (~	  80%	  e-‐)	  	  
•  Structures	  far	  from	  the	  detector	  do	  not	  contribute	  significantly	  (secondaries	  blocked)	  
•  10%	  of	  the	  background	  	  comes	  from	  the	  supports	  	  
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Unrejected	  primary	  protons	  	  
geometrical	  distribu(on	  
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Background	  reduc(on	  

Factor	  10	  

Factor	  6	  

Puhng	  everything	  together	  we	  achieve	  a	  further	  bkg	  reduc(on	  of	  
a	  factor	  6,	  and	  reach	  the	  background	  level	  of	  0.05	  cts	  cm-‐2	  s-‐1	  

•  Reduce	  the	  distance	  between	  the	  TES	  
array	  and	  the	  	  ACD	  from	  2	  mm	  to	  1	  mm:	  
19%	  reduc(on	  

•  Kapton	  layer	  inside	  the	  Nb	  shield:	  	  
	  	  	  	  	  70%	  reduc(on	  

•  Kapton	  filter	  very	  close	  to	  the	  detector:	  
17%	  reduc(on	  

The	  bkg	  main	  components	  are	  secondary	  electrons	  and	  primary	  protons	  due	  to	  the	  ACD	  low	  
efficiency	  in	  the	  outer	  zones.	  We	  then	  improve	  the	  geometrical	  efficiency	  of	  the	  ACD	  and	  exploit	  
materials	  with	  low	  electron	  produc(on	  yield	  
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Summary	  

•  The	  main	  component	  of	  the	  par(cle	  bkg	  is	  MIP	  protons.	  However	  this	  
component	  is	  easily	  discriminated	  in	  every	  detector	  through	  energy/
paBern	  selec(on	  analysis	  

•  Once	  MIP	  are	  removed	  secondary	  low	  E	  electrons	  become	  the	  main	  
problem.	  They	  can	  be	  restrained	  exploi(ng	  materials	  with	  low	  
electron	  produc(on	  yield	  (low	  Z)	  and	  clever	  FPA	  design	  (see	  Loh	  et	  
al.	  2013,	  2014.).	  

•  In	  FI	  CCDs	  there	  is	  a	  non-‐sensi(ve	  layer	  that	  absorbs	  these	  low	  E	  
electrons,	  ac(ng	  as	  our	  kapton	  layer.	  Thus	  FI	  cameras	  exhibits	  a	  
background	  significantly	  lower	  than	  BI	  devices.	  
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