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Reactor	
  anKneutrino	
  anomaly	
  
Re-­‐evaluaKon	
  of	
  reactor	
  anKneutrino	
  fluxes	
  è	
  6.5	
  %	
  deficit	
  in	
  obs.	
  fluxes	
  (2.7	
  σ)	
  
Similar	
  (2.7	
  σ)	
  Gallium	
  anomaly	
  (deficit	
  observed	
  in	
  calibraKon	
  runs	
  of	
  Ga	
  exps)	
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Robs/pred=0.935±0.024	
  	
  

Phys.Rev.	
  D83	
  (2011)	
  073006	
  

2.7	
  σ	
  	
  

	
  
Could	
  be	
  explained	
  by	
  sterile	
  ν,	
  Δm2	
  ~	
  2	
  eV2,	
  sin2(2θee)	
  ~	
  0.1,	
  Losc	
  ≈	
  4m	
  



The	
  STEREO	
  experiment	
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Closest	
  cell	
  
Furthest	
  cell	
  

•  Not	
  just	
  another	
  flux	
  measurement:	
  in	
  very	
  short	
  baselines,	
  
search	
  for	
  oscillaKon	
  imprint	
  on	
  ν	
  energy	
  spectrum	
  

8	
  m	
  

ILL	
  reactor	
  
core	
  

μ	
  veto	
  

Polyethylene	
  

Pb	
  

Liquid	
  scinKllator	
  

PMTs	
  



The	
  STEREO	
  detector	
  
•  ν	
  detecKon	
  via	
  inverse	
  beta	
  decay:	
  	
  
•  Signature:	
  prompt	
  (e+	
  annihilaKon)	
  
AND	
  delayed	
  (n	
  capture	
  on	
  Gd)	
  ~	
  15	
  μs	
  later	
  

	
  
•  E(ν)	
  ≈	
  E(prompt)	
  +	
  0.78	
  MeV	
  
•  Good	
  energy	
  resoluKon!	
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νe + p→ e+ + n
n+Gd→Gd +γs
e+ + e− → γγ

Σγ	
  ≈	
  8	
  MeV	
  

•  Segmented	
  detector	
  (6	
  cells)	
  è	
  L	
  dependence	
  
•  2m3	
  Gd-­‐loaded	
  target	
  surrounded	
  by	
  unloaded	
  

liquid	
  scinKllator	
  to	
  recover	
  escaping	
  γ’s	
  

Gd-­‐loaded	
  liquid	
  scinKllator	
  

Not	
  
loaded	
  
liquid	
  
scint	
  

Not	
  
loaded	
  
liquid	
  
scint	
  

PMTs	
  



ILL	
  reactor	
  
•  Since	
  <Losc>	
  ≈	
  4	
  m,	
  need	
  

VERY	
  COMPACT	
  nuclear	
  
reactor	
  core	
  

•  InsKtute	
  Laue-­‐Langevin	
  
(Grenoble,	
  France),	
  
diameter	
  =	
  39	
  cm	
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•  58	
  MW,	
  	
  	
  	
  high	
  235U	
  enrichment	
  
•  3	
  to	
  4	
  cycles/year,	
  50	
  days/cycle	
  
•  Water	
  channel	
  overburden,	
  15	
  m.w.e.	
  
•  STEREO	
  baseline	
  <L>	
  =	
  10	
  m	
  
•  High	
  γ	
  and	
  n	
  flux	
  



Backgrounds	
  
•  On	
  site	
  measurements	
  (γ,	
  n,	
  μ)	
  

	
  

•  High	
  γ	
  and	
  n	
  flux	
  è	
  accidentals,	
  
correlated	
  background:	
  
nfast	
  è	
  proton	
  recoil	
  (prompt)	
  +	
  n	
  capture	
  
(delayed)	
  

–  Concrete+Pb	
  plug	
  for	
  neutron	
  line	
  
–  B4C	
  and	
  Pb	
  on	
  walls	
  of	
  nearby	
  sources	
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St
er
eo
	
  

B4C	
  
Pb	
  

core	
  

SpectreGamma_Cal
Entries    6.633463e+07
Mean     3645
RMS      1585
Underflow       0
Overflow   0.001796
Integral   67.24
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Backgrounds	
  
•  On	
  site	
  measurements	
  (γ,	
  n,	
  μ)	
  

•  High	
  γ	
  and	
  n	
  flux	
  from	
  reactor	
  
•  nfast	
  è	
  p	
  recoil	
  (prompt)	
  +	
  n	
  capture	
  (del.)	
  
•  Shield	
  STEREO	
  from	
  them:	
  

–  Concrete+Pb	
  plug	
  for	
  neutron	
  line	
  
–  B4C	
  and	
  Pb	
  on	
  walls	
  of	
  nearby	
  sources	
  
–  CH2	
  and	
  Pb	
  envelope	
  around	
  detector	
  

•  PSD	
  in	
  liquid	
  scinKllator	
  for	
  nfast	
  
•  nfast	
  from	
  cosmic	
  rays	
  

–  Water	
  channel	
  overburden	
  (15	
  mwe)	
  
–  Muon	
  veto	
  above	
  detector	
  
–  Reactor	
  OFF	
  measurement	
  

•  Check	
  background	
  models	
  by	
  shixing	
  
detector	
  along	
  axis	
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Borated	
  CH2	
  

Muon	
  detector	
  

Pb	
  
Borated	
  CH2	
  

PSD	
  



Detector	
  response	
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Minimise	
  asymmetries	
  among	
  cells.	
  
•  No	
  difference	
  in	
  ν	
  energy	
  reconstrucKon	
  expected.	
  
(RMS	
  ≈	
  12%	
  for	
  Evis	
  ≈	
  3	
  MeV)	
  
•  4%	
  difference	
  in	
  neutron	
  efficiency	
  
due	
  to	
  lack	
  of	
  Gd	
  in	
  Gamma	
  Catcher	
  
(61%	
  centre	
  vs	
  57%	
  border)	
  

2	
  MeV	
  e+	
  

Centre	
  
Border	
  

Evis	
  (MeV)	
   Evis	
  (MeV)	
  

Evis	
  from	
  n	
  captures	
  

GC	
  

PMTs	
  
GC	
  

Gd-­‐loaded	
  
liquid	
  scinKllator	
  



CalibraKon	
  system	
  
•  Energy	
  scale	
  and	
  neutron	
  

capture	
  efficiency	
  
•  Detector	
  response	
  

inhomogeneiKes	
  (Z	
  dependence,	
  
centre	
  vs	
  border)	
  

•  Time	
  stability	
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Radioactive 
source trolley 

Na-22 & PM 
(Z dependence) 

RadioacKve	
  sources	
  
LED	
  emi|ers	
  +	
  opKc	
  fibers	
  

Fixed	
  frame	
  

ElevaKon	
  motors	
  

Trapezoidal	
  screw	
  

Pantograph	
  system	
  

Cable	
  return	
  tube	
  

Source	
  tube	
  

Moving	
  
Source	
  
holder	
  



Prototypes	
  
•  Prototypes	
  of	
  inner	
  detector,	
  muon	
  veto,	
  electronics,	
  DAQ,	
  LED	
  monitoring,	
  

radioacKve	
  source	
  calibraKon,	
  produced	
  and	
  tested	
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ProducKon	
  
•  Most	
  items	
  in	
  producKon	
  or	
  call	
  for	
  tenders	
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Expected	
  sensiKvity	
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§  300	
  days,	
  ~480	
  νe/day	
  

§  L0	
  =	
  10.0	
  m	
  

§  Eprompt>2	
  MeV	
  
	
  	
  	
  	
  	
  	
  Edelayed>5	
  MeV	
  

§  δEscale	
  =	
  2%	
  

§  All	
  syst.	
  of	
  predicted	
  spectra	
  

§  S/B	
  =	
  1.5,	
  1/E	
  +	
  flat	
  

§  Norm:	
  
-­‐	
  3.7%	
  absolute	
  norm.	
  
-­‐	
  1.7%	
  relaKve	
  norm.	
  between	
  
cells	
  



Timeline	
  
•  Oct	
  2013	
  –	
  France’s	
  ANR	
  funding	
  
•  2013-­‐2015	
  –	
  design	
  and	
  producKon;	
  background	
  studies	
  at	
  ILL	
  

and	
  addiKonal	
  shielding	
  
•  First	
  half	
  of	
  2016	
  –	
  installaKon,	
  mounKng,	
  commissionning	
  
•  June	
  2016	
  –	
  Filling	
  of	
  detector	
  with	
  liquid	
  scinKllator	
  
•  Summer	
  2016	
  –	
  start	
  of	
  data	
  taking	
  
•  Late	
  2016/early	
  2017	
  –	
  first	
  physics	
  results	
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Conclusions	
  

•  STEREO	
  will	
  test	
  the	
  Reactor	
  AnKneutrino	
  Anomaly	
  
and	
  has	
  the	
  sensiKvity	
  to	
  exclude	
  or	
  confirm	
  the	
  
sterile	
  ν	
  hypothesis	
  

•  Data	
  taking	
  to	
  start	
  in	
  Summer	
  2016	
  

•  Stay	
  tuned!	
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BACK	
  UP	
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Reactor	
  ν	
  flux	
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PRC83,	
  054615	
  (2011)	
   PRC84,	
  024617	
  (2011)	
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Kopp	
  et	
  al,	
  JHEP	
  1305:050,	
  2013	
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Reactor+Ga	
  anomalies	
  fit	
  

•  Both	
  reactor	
  and	
  Ga	
  anomalies	
  can	
  be	
  explained	
  by	
  1	
  sterile	
  ν	
  

Δm2	
  ~	
  2	
  eV2	
  

sin2(2θee)	
  ~	
  0.2	
  
Losc	
  ~	
  2m	
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Na22 
source 

	
  	
  γ	
  2 
Towards target through gamma catcher 

LYSO cristal 
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PMT	
  


