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▪  The	
  ATLAS	
  detector	
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▪  Aims	
  

▪  Plastic	
  structure	
  

▪  EPR	
  

▪  Results	
  and	
  Summary	
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The	
  ATLAS	
  Detector	
  

•  Largest	
  of	
  4	
  detectors	
  in	
  
the	
  LHC	
  

•  Tile	
  Calorimeter	
  
(TileCal)	
  situated	
  in	
  the	
  
inner	
  detector	
  

•  Able	
  to	
  detect	
  energetic	
  
particles:	
  hadrons,	
  
quarks,	
  jets…	
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The	
  Minium	
  Bias	
  Trigger	
  Scintillator	
  
plastics	
  

•  Located	
  on	
  EndCaps	
  
of	
  ATLAS	
  detector	
  

•  Installed	
  at	
  2.08<|η|
<3.75	
  around	
  beam	
  
pipe	
  	
  

•  Part	
  of	
  the	
  Level	
  1	
  
Trigger	
  system	
  

•  32	
  in	
  total,	
  16	
  on	
  both	
  
EndCaps	
  

•  Track	
  trajectories	
  of	
  
energetic	
  particles	
  

	
  

http://www.atlas.ch/photos/atlas_photos/selected-­‐photos/events/run203602_evt82614360_VP1DetailFull.png	
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MBTS	
  Continued	
  

•  2	
  cm	
  thick	
  	
  

•  Polystyrene	
  base	
  plastics	
  

•  Susceptible	
  to	
  radiation	
  
damage	
  due	
  to	
  low	
  to	
  
medium	
  energy	
  particle	
  
interaction	
  

•  Due	
  to	
  be	
  replaced	
  
because	
  of	
  lack	
  of	
  
efficiency	
  	
  

5	
  



Radiation	
  Environment	
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Our	
  aims	
  are	
  then	
  to:	
  

Find	
  a	
  replacement	
  

▪  From	
  6	
  plastic	
  grades,	
  
which	
  one	
  is	
  best?	
  

Polyvinyl-­‐toluene	
  (PVT)	
  
based	
  Eljen	
  samples:	
  

–  EJ200	
  
–  EJ208	
  
–  EJ260	
  
–  Bicron	
  

Polystyrene	
  based	
  samples	
  
–  Dubna	
  
–  Protvino 	
  	
  

Understand	
  the	
  damage	
  

▪  How	
  can	
  we	
  
characterize	
  damage	
  to	
  
the	
  different	
  plastics?	
  

Using	
  electron	
  
paramagnetic	
  resonance	
  
(EPR)	
  

Post	
  density	
  functional	
  
theory	
  (DFT)	
  calculations	
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The	
  plastics	
  

The	
  PVT	
  samples	
  

▪  Two	
  blue	
  and	
  one	
  green	
  
emitting	
  scintillator:	
  
EJ200,	
  EJ208,	
  EJ260,	
  
Bicron	
  

▪  Organic	
  dopants	
  

The	
  polystyrene	
  samples	
  

§  Three	
  blue	
  emitting	
  
scintillators:	
  Dubna,	
  
Protvino	
  

§  Organic	
  dopants:	
  
POPOP,	
  p-­‐TP	
  

	
  

C-­‐H	
  bonds	
  are	
  most	
  likely	
  to	
  break	
  in	
  both	
  samples[1,2]	
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DFT	
  Set	
  Up	
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VASP	
  

Quantum	
  Espresso	
  



Sample	
  preparation	
  	
  

SRIM	
  (Stopping	
  Range	
  of	
  Ions	
  in	
  Matter)	
  

~470µm	
  
~250µm	
   iThemba	
  Labs,	
  Gauteng	
  

6	
  MeV	
  protons	
  

Irradiated	
  sample	
  

All	
  six	
  plastics	
  to	
  be	
  
irradiated	
  to	
  6	
  
different	
  doses	
  and	
  
compared	
  to	
  an	
  un-­‐
irradiated	
  sample	
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Electron	
  Paramagnetic	
  Resonance	
  

EPR	
  probes	
  the	
  electronic	
  
structure	
  of	
  the	
  samples	
  by	
  
looking	
  at	
  their	
  unpaired	
  
electrons	
  and	
  ions	
  

Bz	
  

NMR	
  Lab,	
  
University	
  of	
  
Witwatersra
nd	
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Sample	
  Spectra	
  and	
  Analysis	
  

 / ndf 2χ  7.619 / 12
Prob   0.8141

   α  0.0334± 0.8046 
n         0.0± 127.4 
Mean      0.0±  3477 

   σ  0.0065± 0.5722 
N         27.9±  4477 
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ATLAS Work in Progress

EJ260 with dosage 8 MGy at 80K
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•  g-­‐factor:	
  gives	
  information	
  about	
  environment	
  spins	
  see	
  
•  T2*	
  :	
  spin-­‐spin	
  relaxation	
  time	
  
•  Spin	
  density:	
  number	
  of	
  spins	
  per	
  sample	
  



Results:	
  g-­‐factor	
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Results:	
  Relaxation	
  Time	
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Results:	
  Spin	
  density	
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DFT	
  Results	
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•  Hyperfine	
  tensor	
  principle	
  components	
  change	
  as	
  samples	
  are	
  damaged	
  
effecting	
  principle	
  components	
  of	
  the	
  g-­‐tensor	
  



In	
  summary…	
  

•  Structural	
  damage	
  to	
  plastic	
  scintillators	
  
cause	
  them	
  to	
  deteriorate	
  	
  

•  C-­‐H	
  bonds	
  are	
  most	
  likely	
  to	
  break	
  causing	
  a	
  
shift	
  in	
  the	
  g-­‐factor	
  away	
  from	
  the	
  free	
  
electron,	
  a	
  decrease	
  in	
  relaxation	
  time	
  due	
  
to	
  hyperfine	
  parameters,	
  and	
  an	
  increase	
  in	
  
spin	
  density	
  

•  All	
  six	
  plastic	
  scintillators	
  to	
  be	
  tested	
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Thank	
  you	
  to	
  

•  SA	
  CERN	
  
•  NRF	
  
•  iThemba	
  LABS,	
  Gauteng	
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Back	
  Up:	
  The	
  Scintillation	
  Mechanism	
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Back	
  Up:	
  The	
  Crystal	
  Ball	
  Fit	
  

My	
  Parameters	
  

20	
  



Back	
  Up:	
  post	
  DFT	
  details	
  

•  QE-­‐GIPAW	
  (Gauge-­‐Including	
  Projector-­‐Augmented	
  Wave)	
  used	
  to	
  calculate	
  EPR	
  parameters	
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