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Use	
  of	
  fibre	
  gra,ng	
  sensors	
  for	
  monitoring	
  and	
  mapping	
  environmental,	
  mechanical	
  and	
  dosimetric	
  parameters	
  
in	
  harsh	
  environments	
  with	
  high	
  level	
  of	
  ionizing	
  radia,on	
  (CERN	
  facili,es,	
  Nuclear	
  power	
  plants,	
  …)
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The  CMS  beam  pipe  is  part  of  the  Large  Hadron  Collider  (LHC)  and  it   is  the  place  where  the  high  
energy  proton-­‐proton  collisions  take  place.  It  is  made  of  a  beryllium  tube  secBon,  3m  long  with  a  
central   diameter   of   45mm   and   0.8mm   thickness   wall,   sealed   on   the   two   extremiBes   with   two  
conical  aluminum  secBons,  each  1.5m  long.  Our  monitoring  system  consists  of  four  “naked”  glass  
28SMF  fibers  placed  along  the  cardinal  longitudinal  posiBons  on  beam  pipe  cross  secBon.  On  each  
fiber,  16  FBGs  have  been  manufactured:  7  are  glued  on  the  BP  to  measure  the  local  strain  and  the  
remaining  9  are  leY  unglued  but  in  contact  with  the  BP  in  order  to  work  as  local  thermometers  and  
as   temperature   compensators   for   the   adjacent   strain   sensors.   This   innovaBve   FBGs   SHM   system  
will  be  a  milestone  for  any  future  beam  pipe  monitoring  in  High  Energy  Physics  domain.
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Defini'on	
  of	
  new	
  tests	
  aimed	
  to	
  quan'fy	
  
experimentally	
   the	
   effect	
   of	
   the	
   effec've	
  
ionizing	
   radia'on	
   dose	
   absorbed	
   by	
   the	
  
sensors	
  during	
  a	
  typical	
  LHC	
  run,	
  with	
  the	
  
real	
  dose	
  rate.

State	
  of	
  art	
  of	
  the	
  ionizing	
  radia>ons	
  effects	
  on	
  FBG	
  

The  Bragg  Wavelength  ShiY  depends  on  the  way  the  
FBG  is  wri]en  and  on  the  fibre  opBc  type  …

Developing	
  a	
  new,	
  fibre	
  gra'ng	
  based,	
  dosimeter	
  for	
  low	
  dose,	
  up	
  to	
  the	
  kGy

Fibre  graBngs  refracBve  index  sensors:    

LPG,	
  etched	
  FBG,	
  >lted	
  FBG	
  
+	
  

Chemical  soluBon  sensiBve  to  ionizing  radiaBon:  

Fricke,	
  or	
  ferrous	
  sulphate,	
  dosimeter	
  
+	
  

AddiBonal,  rad  hard,  temperature  sensor:  

femtosecond	
  IR	
  fibre	
  Bragg	
  gra>ng

Future	
  developments

Radia'on	
  effects	
  tests	
  on	
  LPG	
  and	
  FBG	
  at	
  CERN	
  
Fibre	
  gra'ng	
  dosimeter	
  R&D

Monitoring	
  and	
  detailed	
  analysis	
  of	
  the	
  beam	
  pipe	
  
structural	
  oscilla'ons	
  induced	
  by	
  the	
  B-­‐field	
  varia'ons

Key	
  feutures	
  
• High  sensiBvity  
• Immunity  to  electromagneBc  interference  
• Lightweight  
• VersaBlity    
• Absence  of  electronic  circuitry  in  the  measurement  area  
• MulBplexing  capability  
• ReducBon  of  cabling  complexity


