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Borexino Physics

Solar program:

o ‘Be neutrinos (E = 0.862 MeV);
0 8B neutrinos (E < 14.06 MeV);
o Possibly pp-, pep- and CNO-neutrinos.

Study of geo-neutrinos;
Reactor antineutrinos;
Supernovae (SNEWS);
Beyond SM...
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Borexino detector

...located at the Gran Sasso underground laboratory
(3800 m.w.e.), central Italy.

Detection principle is neutrino-electron elastic
scattering in organic liquid scintillator, target mass is
2178 tons.

Energy threshold ~60 keV, counting rate ~30 HZz!
Energy resolution 6% @ 1 MeV (14% FWHM).
Spatial resolution 14 cm @ 1 MeV.

Detector is fully operative since 15 May 2007.
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Borexino detector

Scintillator:

278 t PC+PPO (1.5 g/1)

in a 150 um thick

inner nylon vessel (R =4.25 m)

Buffer region:
PC+DMP quencher (5 g/)
425 m<R<6.75m

el

QOuter nylon vessel:
R=5.50 m
(>*2Rn barrier)

Carbon steel plates

Stainless Steel Sphere:
R=6.75m

2212 PMTs

1350 m?

Water Tank:
v and n shield

n water C detector
208 PMTs in water
2100 m?

20 steel legs
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Borexino detector
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Detector radiopurity

Source Typical abundance Level achieved
14C/12C 10-'2 (cosmogenic) g/g (2.7 £0.6) - 108 g/g
238 2 - 10-%(dust) g/g (1.6 £0.1)- 10" g/g
(by 214Bi_214p0)
232Th 2 - 10 (dust) g/g (6.8+1.5)- 108 g/g
(by 212Bj-212Po)
222Rn 100 atoms/cm3 (air) ~ 10" g/g
(by 214Bi-214Po) emanation from materials (~1 cpd/100 tons)
210Po Surface contamination May 07: 70 cpd/ton
Sep 08: 7 cpd/ton
40K 2 - 106 (dust) g/g <3-10'®(90%) g/g
85Kr 1 Bg/m3 (air) (28 £ 7) cpd/100 tons
39Ar 17 mBg/m3 (air) << 85Kr

...Is a result of more than 15 years of work!




Solar 'Be neutrinos

C. Arpesella et al. (Borexino Collab.), Direct measurement of the "Be solar neutrino flux
with 192 days of Borexino data, Phys. Rev. Lett. 101, 091302 (2008).
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Solar 'Be neutrinos flux measured

No oscillation:

0 ®('Be) = (2.74 + 0.27) - 109 cm2 s~
MSW-LMA:

o ®('Be)=(5.18 £ 0.51) - 10° cm2 s

SSM prediction:
High-Z:
o ®('Be) =(5.07 £0.31) - 109 cm=? s
Low-Z:
o ®('Be) =(4.55+0.27) - 10° cm? s




Systematic uncertainties (%o)

Total Scintillator Mass 0.2 Fiducial Mass Ratio
Live Time (0.1 Detector Resp. Function
Efficiency of Cuts 0.3

Total Systematic Error

Calibration program is in progress, see below...



Counts/100 kaV

Solar 8B neutrinos

Energy spectrum before cosmogenic cut
(5 s after each muon):
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MSW-LMA prediction:
expected 8B neutrinos rate in
100 tons fiducial volume of BX
scintillator above 2.8 MeV:

R(3B) = 0.27 + 0.03 cpd

Measured rate in 100 tons
fiducial volume:

R(®B) = 0.26 + 0.04 + 0.02 cpd

astro-ph > arXiv:0808.2868



http://arxiv.org/list/astro-ph/recent
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Solar °B neutrinos flux

®(8B) = (2.65+0.44 £ 0.18) - 10 cm= s
(from the 2.8 MeV threshold)

Main sources of systematic errors:

1% 6% from the determination of
the 100 tons fiducial mass

1 3% uncertainty in the 8B rate
above 2.8 MeV from the
determination of the detector
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Flectron neutrino survival probability

Borexino has performed first simultaneous spectral
measurements both in vacuum-dominated ("Be) and
matter-enhanced (8B) neutrino oscillation (LMA) regions.

MEW-LMA prediction
0.8 : S — ® SNO data
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Borexino calibration

We plan to achieve 5% error in determination of ‘Be
solar neutrino flux.

Several calibration campaigns (on- and off-axis)
nave been performed starting from October 2008.
Radioactive source position inside the Borexino is
Known within 2 cm error. Calibrations are completed

by July 2009.

Study of alpha-, gamma- and proton quenching in
the Borexino liquid scintillator. Analysis of calibration
data are in progress.




Borexino calibration

Am-Be source inside the cross
above Borexino:
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Borexino calibration

Several gamma sources used:

-97Co (122 keV)

- 139Ce (166 keV)

- 203Hg (279 keV)

- 858r (514 keV)

- %Mn (835 keV)

- 85Zn (1115 keV)

-%0Co (1173 + 1332 keV)
- 40K (1461 keV)

Alpha source %22Rn
Neutron source 241Am-°Be

Data analysis are in progress!



Conclusions

Borexino has performed first real-time
measurement of 'Be solar neutrinos flux.

Direct measurement of 8B solar neutrinos flux
with the lowest threshold ever achieved by real-
time detector (2.8 MeV) was done.

Simultaneous spectral measurement in vacuum-
dominated (“Be-neutrinos) and matter-enhanced
(8B-neutrinos) oscillation (LMA) regions was
done for the first time by single detector.

More results are coming...
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Bonus

14C free (with fixed shape factor);

85Kr free; in principle can be bounded (correlated with 7Be)

210Pg; free (in another approach removed by statistical a/fB subtraction)
214Pb fixed at the value found for the number of 222Rn events

210Bi; free

’Be; free normalization for MSW(LMA) parameters

11C; free

CNO fixed @ SSM+MSW(LMA) (highly correlated with 210Bi);

fix pp and other solar neutrino contributions @ SSM+MSW(LMA)

Other contributions (still not completely excluded 4°K; isotopes from 238U
and 232Th decay chains in secular equilibrium) are found to be negligible
Light yield + one energy resolution parameter are free;

Birks' quenching model with parameter k; fixed at the (best-fit) value found
with CTF



	Recent results of the Borexino experiment
	Borexino Collaboration
	Borexino Physics
	Borexino Physics
	Solar neutrinos energy spectrum
	Solar neutrinos energy spectrum
	Solar neutrinos energy spectrum
	Borexino detector
	Borexino detector
	Borexino detector
	Detector radiopurity
	Solar 7Be neutrinos
	Solar 7Be neutrinos flux measured
	Systematic uncertainties (%)
	Solar 8B neutrinos
	Solar 8B neutrinos
	Solar 8B neutrinos flux
	Electron neutrino survival probability
	Borexino calibration
	Borexino calibration
	Borexino calibration
	Conclusions
	Bonus
	Bonus
	Bonus


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


