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PrinciplePrinciple

 A strong A strong νν source in source in
the middle of a largethe middle of a large
detectordetector

 Elastic scattering onElastic scattering on
electronselectrons

 A good resolution inA good resolution in
positionposition

νν νν

νννν
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Basic formulaBasic formula

 A real oscillation functionA real oscillation function
of the radiusof the radius
 No distortionNo distortion
 Direct proofDirect proof
 Distinct signatures in time,Distinct signatures in time,

space from backgroundsspace from backgrounds
 Limited by spatialLimited by spatial

resolution resolution σσrr for  for ΔΔmm22  ≈≈ 6 6
eVeV2  ;  2  ;  LLoscosc  ≈≈  σσrr

 More sophisticatedMore sophisticated
analysisanalysis
 Frequency scanFrequency scan
 Fold all phasesFold all phases
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Elastic interaction cross sectionElastic interaction cross section

 Cross sectionCross section

 Compton edgeCompton edge

 TTmaxmax : :

 High statisticsHigh statistics
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14C threshold
250 keV

! in 10-45 cm2
total > 250 keV > 500 keV

Source ! ! # inter ! # inter delay #days #int/d
51Cr 4,68 2,32 41984 0,41 7330 5 120 706
37Ar 5,5 3,1 60913 0,94 18471 14 152 711
65Zn 5,39 3,75 221363 2,62 154891 7 360 884
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3737Ar neutrino sourceAr neutrino source
 Recipe for 1 MCi Recipe for 1 MCi (russian style)(russian style)

 Take 330 kg of natural Ca0Take 330 kg of natural Ca0
 Cook it in a Cook it in a fast neutronfast neutron flux flux

(> 2 MeV) for 160 d(> 2 MeV) for 160 d
 BN600 in RussiaBN600 in Russia

 Poor it in acid to extract gasesPoor it in acid to extract gases
(Ar)(Ar)

 Fill a can (6 liter STP/MCi)Fill a can (6 liter STP/MCi)
 Keep it freshKeep it fresh

 13 W13 W

 Already made it onceAlready made it once
 0.4 MCi in SAGE0.4 MCi in SAGE

 Reliable absolute activityReliable absolute activity
measurement < measurement < ≈≈ 1% ? 1% ?
 Diluted sample in proportionalDiluted sample in proportional

countercounter
 No impurities ; only Auger & softNo impurities ; only Auger & soft

X-rays (2.4 keV)X-rays (2.4 keV)



February 8, 2011February 8, 2011
Michel CribierMichel Cribier

77/12/12

5151Cr neutrino sourceCr neutrino source
 Recipe Recipe (french style)(french style)

 Take 40 kg of enrichedTake 40 kg of enriched
in in 5050Cr ( 4%->38%)Cr ( 4%->38%)

 Still in SaclayStill in Saclay
 Cook it in a Cook it in a thermalthermal

neutronneutron flux for 25 d flux for 25 d
 Siloé at GrenobleSiloé at Grenoble

(dismantled)(dismantled)
 Osiris ?Osiris ?

 Serve it hotServe it hot
 300 W300 W

 Already made it 3Already made it 3
timestimes
 2 x 2 MCi in Gallex2 x 2 MCi in Gallex
 .6 MCi in SAGE.6 MCi in SAGE

 γ γ  320 keV in 10 %320 keV in 10 %
Heavy shielding (tungsten)Heavy shielding (tungsten)
180 W/MCi180 W/MCi
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6565Zn neutrino sourceZn neutrino source

 PossiblePossible  reciperecipe
 For 1 MCiFor 1 MCi
 Take Take ≈≈ 100 kg of nat. Zn 100 kg of nat. Zn
 Cook it in a Cook it in a thermal neutronthermal neutron

flux flux ((≈≈ 10 101515 n/cm2.s)  n/cm2.s) for for ≈≈ 30 days 30 days

 γγ  1.156 MeV in 50.6 %1.156 MeV in 50.6 %
 3460 W/MCi  !!!3460 W/MCi  !!!

 AdvantageAdvantage
 higher Ehigher Eνν => bigger L => bigger Loscosc

 Much less intense source alreadyMuch less intense source already
mademade
 Axion searchesAxion searches
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Experiment inExperiment in
SNO+SNO+

 ««  1 MCi1 MCi » » in the center of in the center of
the detectorthe detector
 Activity at end of irradiationActivity at end of irradiation

 Simulation with realSimulation with real
number of eventsnumber of events
 Taking into account delayTaking into account delay

due to preparation,due to preparation,
transporttransport……

 No efficiency cutsNo efficiency cuts
 No backgroundNo background
 For other detectorsFor other detectors

 Scale withScale with
 Radius of tankRadius of tank
 # e# e--/cm/cm33
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LimitationsLimitations

 Need a very goodNeed a very good
spatial resolutionspatial resolution
≈≈ 10 cm 10 cm

 Rather limitedRather limited
sensitivity in sensitivity in ΔΔmm22

 below 3 eVbelow 3 eV22

 Interesting range ?Interesting range ?

 With With 3737Ar and wellAr and well
known cross-sectionknown cross-section
 Rate => sinRate => sin22(2(2θθnewnew))
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Similar projectsSimilar projects

 5151Cr in metalic GaCr in metalic Ga
 V. Gavrin et al.V. Gavrin et al.

arXiv:1006.2103arXiv:1006.2103
 Why not Why not 3737Ar ?Ar ?

 5151Cr in LENSCr in LENS
 R. Raghavan et al.R. Raghavan et al.

PRD 75, 093006PRD 75, 093006

 BorexinoBorexino
 See M.Wurm/S.SchoenertSee M.Wurm/S.Schoenert
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ConclusionsConclusions

 After short base line reactor experiments (likeAfter short base line reactor experiments (like
Nucifer), if Nucifer), if ΔΔmm22 in the range 0.5 - 3 eV in the range 0.5 - 3 eV22, a , a νν
source experiment seems the right thing to dosource experiment seems the right thing to do

 Technical problems have been solved already inTechnical problems have been solved already in
the pastthe past

 Politics, safety rulesPolitics, safety rules……changed and makes suchchanged and makes such
an effort challengingan effort challenging

 3737Ar or Ar or 5151Cr, no clear preferences : make the oneCr, no clear preferences : make the one
we canwe can
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Fabrication of the Fabrication of the 5151Cr Cr νν source source

 Enrichment in Enrichment in 5050CrCr
 < 0.5 % of 50Cr used< 0.5 % of 50Cr used

per sourceper source

 Small grainsSmall grains
 ≈≈ 1 mm 1 mm33 size size

 Maximisation of the n flux Maximisation of the n flux ≈≈ 5.2 10 5.2 101313 n/cm n/cm22.s.s


