
Nu	  Anomalies	  at	  Short	  	  Baseline	  
• Interes3ng	  hints	  from	  short	  baseline	  oscilla3on	  
experiments	  
• Future	  experiments	  to	  address	  results	  

• MicroBooNE	  and	  LAr1	  
• European	  program	  

Bonnie	  Fleming	  
NuFACT	  
July	  25,	  2012	  
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For	  many	  years	  we’ve	  been	  working	  to	  understand	  neutrinos	  and	  the	  	  
many	  open	  ques3ons	  and	  worldwide	  program	  to	  address	  these…	  

• Neutrinos	  have	  mix	  and	  have	  mass	  –	  YES!	  
• How	  do	  they	  get	  their	  mass?	  
• Can	  the	  universe	  predict	  their	  mass?	  
• What	  is	  the	  nature	  of	  the	  neutrino?	  
• What	  is	  the	  ordering	  of	  the	  neutrino	  masses?	  
• Are	  there	  sterile	  neutrinos?	  	  (Short	  Baselines)	  
• Do	  neutrinos	  violate	  CP?	   	  (Long	  Baselines)	  



7/25/12	   3	  

This	  past	  year	  in	  neutrino	  physics:	  

• Developing	  short	  baseline	  oscilla3on	  anomalies	  suggest	  new	  
physics	  in	  neutrino	  sector	  (sterile	  neutrino?)	  –	  generate	  lots	  of	  
a\en3on…	  

Hints	  from	  Experiments	  
• LSND	  anomaly	  
• MiniBooNE	  anomalies	  
• Reactor	  Anomaly	  	  
• Gallex	  and	  Sage	  data	  

Where	  to	  address	  these?	  Two	  different	  philosophies….	  
• Decay	  at	  Rest	  sources	  (SNS)	  
• Reactor	  and	  Source	  experiments	  
• Accelerator	  experiments	  

	  Growing	  interest	  in	  hints,	  many	  conferences,	  papers,	  and	  
new	  ideas	  on	  how	  to	  address	  them	  	  



MiniBooNE	  Neutrino	  Oscilla3on	  Results	  
A.A.	  Aguilar-‐Arevalo	  et	  al.,	  PRL	  102,	  101802	  (2009)	  

•  Excess of events observed 
at lower energy: 
128.8 ± 20.4 ± 38.3 (3.0σ) 

•  Shape not consistent with 
simple 2ν oscillations 

•  Magnitude consistent 
with LSND 

•  Anomaly Mediated Neutrino-Photon 
Interactions at Finite Baryon Density: Jeffrey 
A. Harvey, Christopher T. Hill, & Richard J. Hill, 
arXiv:0708.1281 

•  CP-Violation 3+2 Model: Maltoni & Schwetz, 
arXiv:0705.0107; T. Goldman, G. J. 
Stephenson Jr., B. H. J. McKellar, Phys. Rev. 
D75 (2007) 091301. 

•  Extra Dimensions 3+1 Model: Pas, Pakvasa, & 
Weiler, Phys. Rev. D72 (2005) 095017 

•  Lorentz Violation: Katori, Kostelecky, & 
Tayloe,  Phys. Rev. D74 (2006) 105009 

•  CPT Violation 3+1 Model: Barger, Marfatia, & 
Whisnant, Phys. Lett. B576 (2003) 303 

•  New Gauge Boson with Sterile Neutrinos: 
Ann E. Nelson & Jonathan Walsh, arXiv:
0711.1363 
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MiniBooNE	  An3neutrino	  Oscilla3on	  Results	  
update	  of	  A.	  A.	  Aguilar-‐Arevalo,	  Phys.	  Rev.	  Le\.	  105,	  181801	  (2010)	  	  	  

  8.58E20	  POT	  (~50%	  more	  data	  than	  published	  and	  new	  K+	  
constraint	  from	  SciBooNE)	  

  Excess	  =	  57.7+-‐18.8+/-‐22.4	  (200-‐3000	  MeV)	  	  	  	  	  

Preliminary	  
July	  2011	  
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The reactor antineutrino anomaly	


6	  

  New Reactor antineutrino Spectra 

  Net 3% upward shift in energy-averaged 
fluxes   

  Phys. Rev. C83, 054615, 2011   

  Recent re-analysis of 19 reactor neutrino 
results 

  Neutron life time correction & Off-
equilibrium effects  

  Phys. Rev. D83, 073006, 2011 

  µ = 0.943±0.023 (2.5 sigma effect) 

  At least three alternatives: 
  Wrong prediction of ν-spectra ? 
  Bias in all experiments ? 
  New physics at short baselines: 

 Mixing with 4th ν-state  	
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Improved	  reactor	  neutrino	  spectra	  
• Re-‐evalua3on	  of	  IBD	  cross	  sec3ons	  (neutron	  life3me	  updated)	  
• Include	  long	  lived	  	  radioisotopes	  in	  reactors	  

Observed/Predicted	  averaged	  event	  ra3o	  =	  0.927	  ±	  0.023	  (~3	  σ)	  

T.	  Lasserre	  



R=0.86+-‐0.05	  	  
(observed/predicted	  rate)	  

  Neutrinos	  detected	  through	  radiochemical	  coun3ng	  of	  Ge	  
nuclei:	  71Ga+νe-‐>

71Ge+e-‐	  
  GALLEX	  and	  SAGE	  calibra3on	  runs	  with	  intense	  MCi	  

sources	  (νe)	  
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The 1981 ILL Grenoble neutrino experiment 
 ILL Reactor : pure 235U ; Compact core ; Detector at 8.8 m  

 Reanalysis in 1995 by part of the collaboration to account for 
overestimation of flux at ILL reactor by 10%... Affects the rate only 

 Large errors, but a striking pattern is seen by eye ? 

H. Kwon et al., Phys. Rev. D24 1097 (1981). 
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Story	  of	  Short	  Baseline	  Oscilla3ons	  coming	  together…..	  
How	  can	  we	  confirm/rule	  out	  these	  signals?	  

• Two	  philosophies:	  
• Test	  exactly	  what	  has	  been	  seen	  with	  a	  more	  sensi3ve	  experiment	  
• Look	  for	  “smoking	  gun”	  oscilla3on	  wiggles	  over	  very	  short	  baselines	  
but	  the	  right	  L/E	   Pursue	  both…	  

Anomaly	   Type	   Channel	   Significace	  

LSND	   DAR	   νbar	  CC	   3.8σ	  

MiniBooNE	   SBL	  Accelerator	   ν	  CC	   3.0σ	  

MiniBooNE	   SBL	  Accelerator	   νbar	  CC	   1.7σ	  

Gallium/Sage	   Source	  –e	  
capture	  

ν	  CC	   2.7σ	  

Reactor	   Beta-‐decay	   	  νbar	   3.0σ	  
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Propsal	   Reactor	   Baseline	   Status	  

Nucifer	  
(Saclay)	  

Osiris	  
70MW	  

7	   Taking	  Data	  

Stereo	  
(Genoble)	  

ILL	  
50	  MW	  

10	   Proposal	  

SCRAMM	  
(CA)	  

San-‐Onofre	  
3	  GW	  

24	   Proposal	  

NIST	  
(US)	  

NCNR	  
20	  MW	  	  

4-‐11	   Proposal	  

NEUTRINO4	   SM3	  
100	  MW	  

6-‐12	   Proposal	  

SCRAMM	  
(Idaho)	  

ATR	  
150	  MW	  

12	   Proposal	  

DANSS	  
(Russia)	  

KNPP	  
3	  GW	  

14	   Fabrica3on	  

Reactor	  experiments	  to	  search	  for	  sterile	  neutrino….	  
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Reactor	  experiments	  probe	  “Terra	  Incognita”	  
and	  look	  	  for	  indica3on	  of	  oscilla3ons……	  
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Species	   Source	   Experiment	   Status	  

νe	   51Cr	   Baksan	   Proposal	  

νe	   51Cr	   LENS	   Proposal	  

νe	   51Cr	   Borexino	   Proposal	  

νe	   51Cr	   SNO+	   Proposal	  

νe	   37Ar	   Richochet	   Proposal	  

νe	   144Ce	   CeLAND	   Proposal	  

νe	   144Ce	   Daya-‐Bay	   Proposal	  

Source	  Experiments	  
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A	  144Ce	  kCi	  AnG-‐neutrino	  Source	  Experiment	  	  

  A 50 kCi anti-ν source (10 g of 144Ce) in the middle of a large LS detector 
  Inside a thick 35 cm W-Cu shielding  background free 
  Energy-dependent oscillating pattern in event spatial distribution 

M. Cribier, M Fechner, T. Lasserre, et al. 
arXiv:1107.2335, 95%CL contours 
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144Ce − 50 kCi − 1 y − W.Cu shield: 30/5cm, 95% CL   

Same as red curve but shape only

Reactor ν anomaly, PRD 83 073006 (2011), 95% CL

Reactor ν anomaly, PRD 83 073006 (2011), 90% CL

Detectors which could be used for this idea include Kamland, SNO+, or Borexino… 
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OscSNS	  
  Spalla3on	  neutron	  source	  at	  ORNL	  
  1GeV	  protons	  on	  Hg	  target	  (1.4MW)	  

  Free	  source	  of	  neutrinos	  

  Well	  understood	  flux	  of	  neutrinos	  
  Can	  repeat	  the	  LSND	  measurement	  at	  ~5	  sigma	  in	  one	  year!	  

16	  7/24/12	  
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Stopped	  DAR	  cyclotron	  	  beam	  to	  look	  for	  oscilla3ons	  (both	  electron	  
an3-‐neutrino	  appearance	  and	  electron	  neutrino	  disappearance)	  	  over	  

meters	  using	  liquid	  scin3llator	  based	  detectors	  (NOvA	  or	  LENA)	  

arXiv:1105.4984	  [hep-‐ph]	  

See	  varia3ons	  in	  L/E	  in	  the	  detector	  
Differen3ate	  between	  sterile	  neutrino	  

models	  
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Accelerator	  based	  experiments:	  

At	  FNAL:	  
• MicroBooNE	  (under	  construc3on)	  
• LAr1:	  two	  detector	  follow	  on	  to	  MicroBooNE	  (proposal)	  

At	  CERN	  
• CERN	  SPS:	  two-‐three	  detector	  expt	  in	  North	  Area	  
(proposal)	  



The MicroBooNE experiment 
Capability to resolve particle interactions:  reduce backgrounds, identify and 

   improve signal 

Liquid	  Argon	  Time	  Projec3on	  Chamber	  
Use	  topology	  and	  dE/dx	  to	  differen3ate	  

electrons	  (signal)	  from	  gammas	  
(background)	  indis3nguishable	  in	  

Cerenkov	  imaging	  detectors	  

Electron	  neutrino	  candidate	  from	  
ArgoNeuT	  

LArTPC	  detector	  to	  address	  the	  
MiniBooNE	  low	  energy	  excess	  and	  
measure	  a	  suite	  of	  low	  energy	  

neutrino	  cross	  sec3ons	  

7/24/12	   19	  



Physics	  and	  Development	  Goals	  
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 	  	  Demonstrate	  photon	  –	  electron	  

	  iden3fica3on	  
 	  	  Develop	  cold	  electronics	  

  Implementa3on	  of	  cold	  CMOS	  
electronics	   	  in	  Liquid	  Argon	  	  

 	  	  Purity:	  	  Test	  of	  GAr	  purge	  in	  large,	  
	  fully	  instrumented	  vessel	  	  	  

 	  	  Refine	  sensi3vity	  es3mates	  for	  next	  
	  genera3on	  detectors	  	  

 	  Test	  ability	  to	  run	  on/near	  surface	  for	  
proton	  decay	  
 	  	  Develop	  tools	  for	  analysis	  
 	  	  Develop	  cost	  scaling	  model	  for	  larger	  

	  detectors	  

MicroBooNE	  LAr	  TPC	  	  
	  Development	  Goals	  

 	  MiniBooNE	  low	  energy	  
	  excess	  

 	  Suite	  of	  low	  energy	  cross	  
	  sec3on	  measurements	  

MicroBooNE	  Physics	  



General	  Description:	  LArTPCs	  
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  Passing	  charged	  par3cles	  ionize	  Argon	  

  Electric	  fields	  dri{	  electrons	  meters	  to	  wire	  chamber	  planes	  

  Induc3on/Collec3on	  planes	  image	  charge,	  record	  dE/dx	  



General	  Description:	  LArTPCs	  
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ArgoNeuT	  candidate	  	  neutrino	  interac3ons	  



7/24/12	   23	  



7/24/12	   24	  



Collaboration	  
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 	  Brookhaven	  Lab:	  	  H.	  Chen,	  J.	  Farrell,	  F.	  Lanni,	  D.	  Lissauer,	  D.	  Makowiecki,	  J.	  Mead,	  V.	  
Radeka,	  S.	  Rescia,	  J.	  Sondericker,	  C.	  Thorn,	  B.	  Yu	  
 	  Columbia	  University:	  L.	  Camilleri,	  R.	  Carr,	  G.	  Cheng,	  G.	  Karagiorgi,	  C.	  Mariani,	  B.	  
Seligman,	  M.	  Shaevitz,	  B.	  Willis**,	  B.	  Sippach,	  C.	  Chi	  
 	  FermiLab:	  B.	  Baller,	  C.	  James,	  H.	  Jostlein,	  S.	  Pordes,	  G.	  Rameika,	  J.	  Raaf,	  B.	  Rebel,	  R.	  
Schmi\,	  D.	  Schmitz,	  J.	  Wu,	  G.	  Zeller*	  
 	  Kansas	  State	  University:	  T.	  Bolton,	  G.	  Horton-‐Smith,	  D.	  McKee	  
 	  Los	  Alamos	  Lab:	  G.	  Garvey,	  J.	  Gonzales,	  B.	  Louis,	  C.	  Mauger,	  G.	  Mills,	  Z.	  Pavlovic,	  R.	  
Van	  de	  Water,	  H.	  White	  
 	  MassachuseIs	  InsKtute	  of	  Technology:	  W.	  Barle\a,	  L.	  Bugel,	  J.	  Conrad,	  C.	  Ignarra,	  
B.	  Jones,	  T.	  Katori,	  T.	  Smidt,	  A.	  Prakash	  
 	  Michigan	  State	  University:	  C.	  Bromberg,	  D.	  Edmunds	  
 	  Princeton	  University:	  K.	  McDonald,	  C.	  Lu,	  Q.	  He	  
 	  St.	  Marys:	  P.	  Nienaber	  
 	  Syracuse	  University:	  	  M.	  Soderberg	  
 University	  of	  Bern:	  A.	  Ereditato,	  I.	  Kreslo,	  M.	  Weber	  
 	  University	  of	  CincinnaK:	  R.	  Johnson	  
 	  University	  of	  Texas	  at	  AusKn:	  S.	  Kopp,	  K.	  Lang	  
 	  Yale	  University:	  C.	  Brasco,	  F.	  Cavanna,	  E.	  Church,	  B.	  T.	  Fleming*,	  R.	  Guene\e,	  	  K.	  
Partyka,	  A.	  Szelc,	  	  E.	  Klein,	  J.	  Lozier,	  O.	  Palmara	  

*=Spokespersons 

14	  insKtuKons	  
~75	  collaborators	  

NSF	  funded/DOE	  funded	  
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decay region 
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? 

FNAL booster 
(8 GeV protons)  

µ	  →	  e	  νµ νe 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  K→	  π	  e	  νe 

Intrinsic νes: 0.5% 
Wrong-Sign ν: 6% • Detector	  posi3oned	  in	  

(nearly)	  the	  same	  place	  as	  
MiniBooNE	  
• Observe	  same	  neutrino	  flux	  in	  
which	  MiniBooNE	  observed	  
the	  low	  energy	  excess	  
• Differen3ate	  excess	  as	  
electrons	  or	  photons	  

MicroBooNE:	  

7/24/12	   26	  
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Look where we’re going

23

MicroBooNE, starting in 2013
(TPC is 2.6x2.3x10.4 m)

Kiloton-scale LArTPC

θ13, leptonic CP violation, proton decay, mass hierarchy, tau neutrinos, maximal θ23, burst/diffuse supernova 
neutrinos, sterile neutrino(s), neutrino cross sections, nucleonic short range correlations, axial vector 
mass, strange spin component of the nucleon, non-standard neutrino interactions, ...

Field cage, anode and	

 cathode planes	


The microBooNE detector

• 170 tons total liquid argon 

• 86 tons active volume (60t fiducial)

• TPC dimensions: 2.5m x 2.3m x 10.4m

• 30 PMTs

Field cage
Field cage, anode and

 cathode planes
Cross section of TPC 

inside cryostat
7

• Beam	  on	  view	  of	  
TPC.	  
• Ioniza3on	  electrons	  
dri{ed	  to	  beam	  right	  
through	  wire	  
chamber	  planes	  
• HV	  on	  cathode	  plane	  
at	  beam	  le{	  	  
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� Assembly�at�Dzero
� Introduced by Craig Thorn; details in Layout�of�detector�and�

i iIntroduced�by�Craig�Thorn;�details�in�
afternoon�plenary�talks�under�the�
Detector�Assembly�Planning�heading

� Installation�at�the�enclosure

supporting�systems�in�
the�enclosure

� Moving�the�vessel�to�the�enclosure�
given�by�John�Voirin,�afternoon�
plenary

� Rack & cabling layout planning� Rack�&�cabling�layout�planning�
presented�by�Linda�Bagby,�afternoon�
plenary

� Cryogenics�installation�described�by�y g y
Jim�Kilmer,�afternoon�plenary

� ORC�process�and�other�ES&H�topics�
described�by�C�James,�afternoon�
plenaryplenary

18,19�January,�2012 Directors�CD3�Review 10

WBS$1.6$Experiment$Infrastructure$
7$which$is$the$Interface$to:$
LArTF$GPP$Project$677782$

Dixon&Bogert&

�����
��	�������&

January&18,&2012&

Liquid	  Argon	  Test	  Facility	  at	  Fermilab	  

Beginning	  of	  March	  
Beginning	  of	  May	  
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R.	  Guene\e	  
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R.	  Guene\e	  



MicroBooNE	  at	  470m	  on	  the	  BNB	  

33	  7/24/12	  



A	  longer	  term	  program	  of	  short	  baseline	  oscilla3on	  physics	  at	  
Fermilab	  

MiniBooNE/MicroBooNE	  team	  studying	  physics	  poten3al	  of	  phased	  program	  
	  to	  address	  this	  physics.	  	  -‐-‐	  Work	  in	  progress…	  	  

Example:	  
• Phase	  0:	  Con3nued	  running	  of	  MiniBooNE	  in	  an3-‐neutrino	  mode	  

Booster	  
Neutrino	  Beam	  

Source	  

now	  
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A	  longer	  term	  program	  of	  short	  baseline	  oscilla3on	  physics	  at	  
Fermilab	  

MiniBooNE/MicroBooNE	  team	  studying	  physics	  poten3al	  of	  phased	  program	  
	  to	  address	  this	  physics.	  	  -‐-‐	  Work	  in	  progress…	  	  

Example:	  
• Phase	  0:	  Con3nued	  running	  of	  MiniBooNE	  in	  an3-‐neutrino	  mode	  
• Phase	  1:	  MicroBooNE	  run	  in	  neutrino	  mode	  to	  address	  low	  energy	  excess	  

Booster	  
Neutrino	  Beam	  

Source	  

Now	  

2013	  
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A	  longer	  term	  program	  of	  short	  baseline	  oscilla3on	  physics	  at	  
Fermilab	  

MiniBooNE/MicroBooNE	  team	  studying	  physics	  poten3al	  of	  phased	  program	  
	  to	  address	  this	  physics.	  	  -‐-‐	  Work	  in	  progress…	  	  

Example:	  
• Phase	  0:	  Con3nued	  running	  of	  MiniBooNE	  in	  an3-‐neutrino	  mode	  
• Phase	  1:	  MicroBooNE	  run	  in	  neutrino	  mode	  to	  address	  low	  energy	  excess	  
• Phase	  2:	  Near/Far	  comparison:	  	  MicroBooNE	  (at	  200m)	  and	  Large	  1kton	  
scale	  LArTPC	  address	  an3-‐neutrino	  results	  (at	  700m)	  	  

Booster	  
Neutrino	  Beam	  

Source	  

Now	  

2013	  

201?	  
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Program	  on	  Booster	  Neutrino	  Beamline	  

Neutrino	  
Source	  

37	  

Could	  also	  use	  NUMI	  Beam	  at	  
short	  baselines	  –	  LArTPC	  detectors	  
at	  1km(NOvA	  near	  detector	  site)	  
and	  a	  new	  site	  at	  about	  1.6km	  



1Kton	  LAr	  detector	  

38	  

•  This	  1kton	  detector	  will	  address	  the	  an3-‐neutrino	  anomalies	  and	  serve	  as	  an	  
engineering	  prototype	  for	  long	  baseline	  program	  

•  The	  present	  design	  is	  a	  TPC	  constructed	  of	  an	  array	  of	  modular	  units:	  	  

	   	  -‐	  Anode	  Plane	  Assemblies	  (APAs	  2.5m	  wide,	  7m	  high	  and	  	  10cm	  thick),	  which	  contain	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  the	  wires	  and	  scin3lla3on	  light	  detec3on	  system	  and	  instrumented	  with	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  cold	  electronics	  

	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Cathode	  Plane	  Assemblies	  (CPAs	  2.5m	  wide	  and	  7m	  high),	  which	  provide	  the	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  high	  voltage	  electrode	  to	  create	  the	  dri{	  field	  

	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Field	  Cage	  Panels	  which	  shape	  the	  uniform	  electric	  field	  of	  500	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  V/cm	  between	  	  the	  APAs	  and	  CPAs	  

	  	  	  	  	  All	  the	  ac3ve	  detector	  elements	  	  
	  	  	  	  are	  arrayed	  inside	  a	  membrane	  	  

	  	  	  	  style	  cryostat	  and	  	  

	  	  	  	  immersed	  in	  ultra-‐high	  	  

	  	  	  	  purity	  LAr,	  maintained	  	  

	  	  	  	  by	  the	  cryogenic	  system.	  
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Membrane	  cryostat	  dimensions:	  
	  ~10m	  in	  width,	  ~11m	  in	  height	  

and	  	  ~16m	  in	  length	  

39	  

In	  addi3on	  to	  the	  physics	  program,	  LAr1	  will	  
have	  a	  development	  program	  serving	  as	  the	  
engineering	  prototype	  for	  LArTPCs	  for	  long	  
baseline	  CP	  Viola3on	  Searches	  (e.g.:	  LBNE).	  

1Kton	  LAr	  detector	  

Arrangement	  of	  APAs,	  CPAs,	  and	  field	  cage	  panels	  



*	  3+1	  neutrino	  model	  

LAr1	  sensi3vity*	  to	  MiniBooNE	  an3-‐neutrino	  anomalies	  	  
	  Reference	  configura3on:	  MicroBooNE	  at	  200m	  and	  LAr1	  at	  700m	  

40	  

Fiducial	  volumes	  assumed	  for	  
MicroBooNE	  and	  Lar1	  are	  61t	  and	  

695t	  respec3vely.	  

3-‐5	  years	  with	  	  
present	  running	  condi3ons	  

7/24/12	  
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G.	  Karagiorgi	  
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Example	  event	  excess	  over	  background	  
Total	  sample	  of	  νμ	  interac3ons	  =	  ~150k	  

R.	  Guene\e	  
G.	  Karagiorgi	  



NuMI	  beamline	  

MicroBooNE	  “sees”	  both	  the	  Booster	  Neutrino	  
Beam	  and	  an	  off-‐axis	  component	  of	  the	  NuMI	  beam	  

In	  addi3on	  to	  νe	  appearance	  –	  can	  also	  look	  for	  
NC	  disappearance,	  νμ	  disappearance….	  
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MicroBooNE	  +	  LAr1	  can	  also	  probe	  neutrino	  mode	  oscilla3ons…	  

R.	  Guene\e	  
G.	  Karagiorgi	  
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Accelerator	  based	  experiments:	  

At	  FNAL:	  
• MicroBooNE	  (under	  construc3on)	  
• LAr1:	  two	  detector	  follow	  on	  to	  MicroBooNE	  (proposal)	  

At	  CERN	  
• CERN	  SPS:	  two-‐three	  detector	  expt	  in	  North	  Area	  
(proposal)	  
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A	  number	  of	  interes3ng	  experimental	  hints	  at	  Short	  
Baselines…	  

Many	  ideas	  on	  how	  to	  address	  these	  anomalies	  –	  with	  a	  
handful	  of	  those	  ideas	  presented	  here	  	  

Are	  these	  hints	  of	  Sterile	  neutrinos	  or	  other	  new	  physics?	  

7/24/12	   50	  

Summary	  

+	   ???	  
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Backups	  
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MiniBooNE:	  
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• Mini	  Booster	  Neutrino	  Experiment	  to	  look	  for	  electron	  
neutrino	  appearance	  in	  a	  primarily	  muon	  neutrino	  beam	  
• Neutrino	  beam	  created	  using	  protons	  from	  the	  Fermilab	  
Booster	  
• Muon	  neutrinos	  travel	  ~500m	  to	  detector	  
• Detector:	  12m	  in	  diameter	  lined	  with	  1500	  Photo	  
Mul3plier	  tubes	  looking	  for	  Cerenkov	  signature	  of	  electron	  
vs.	  muon	  neutrinos	  



MiniBooNE	  Neutrino	  Oscilla3on	  Results	  
A.A.	  Aguilar-‐Arevalo	  et	  al.,	  PRL	  102,	  101802	  (2009)	  

  6.46e20	  POT	  
  No	  excess	  of	  events	  at	  higher	  

energy	  (E>475	  MeV)	  
  Ruled	  out	  simple	  2ν	  oscilla3ons	  

as	  LSND	  explana3on	  (assuming	  
no	  CP	  viola3on)	  	  

SIGNAL	  REGION	  

Phys.	  Rev.	  LeI.	  98,	  231801	  (2007)	  
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Oscilla3on	  interpreta3on	  
  8.58E20	  POT	  
  Oscilla3ons	  favored	  over	  background	  only	  

hypotheses	  at	  97.6%	  CL	  (model	  
dependent)	  

  No	  assump3on	  made	  about	  low	  energy	  
excess	  
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L/E	  Comparison	  	  
of	  LSND	  &	  MiniBooNE	  An3neutrino	  mode	  

55	  

Preliminary	  
July	  2011	  

Karmen	  reports	  no	  signal	  	  
around	  L/E	  ~	  0.5	  
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