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Borexino

Location

Laboratori Nazionali del Gran Sasso —— —*

Borexino detector is located in the Apennine
mountains, with an access through one of the
longest underground tunnels in the world.

Over a kilometer of limestone rock provide pristine
muon shielding for the data




o 3600 m.w.e of rock (p)

o Cherenkov water detector




Radio-purity

Requirements

Interaction Scintillation
Vv e / //" n / * v-e scattering effect
. W e
* Indistinguishable from B/y
- / uv - backgrounds
) —> . * No directional signal
\ v \ W Critical to achieve lowest
0 \
background levels
Contamination Required Achieved Technique
14ac/12C <5.1018 2.7-1018 Crude oil / underground src
238 <10 g/g 1.6:10Y g/g Water extraction / Distillation
2R <10 g/g 6.8-1018 g/g Water extraction / Distillation
222Rn <1 mBg/t <1 mBg/t Materials low in 226Ra
210pg <1 mBg/t initially ~1 mBq/t Distillation, Decay(t,=138 d)
85Kr <0.1 mBq/t ~3 mBq/t LAKN sparging




Calibration

» Understanding detector’s response: position, energy, a/B discrimination
* Study Trigger Efficiency and PMT timing alignment
* Determine Fiducial Volume

Above all, preserve

Source location based on CCD cameras

Type Y

Src 57Co 139Ce 203Hg 855y 54Mn 657 60Co 40K

MeV 0122 | 0165 | 0279 | 0514 | 0834 | 11 112 14




Calibration

» Understanding detector’s response: position, energy, o/B discrimination
* Study Trigger Efficiency and PMT timing alignment
* Determine Fiducial Volume

Systematics

Livetime
Above all, preserve

Scintillator p

Source location based on CCD cameras Event Selection Loss

Scint/PMTs

— Position
Reconstruction
L
Energy Scale
TOTAL
Type Y
Src 57Co 139Ce 203Hg 855|' 54Mn GSZn GOCO 4OK

MeV 0122 | 0165 | 0279 | 0514 | 083 | 11 113 14
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Raw photoelectron charge spectrum
~740days

y from external src.

210pg - o subtracted

shoulder
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[Charge]



Analytical
Fit: y’/NDF = 99/95
"Be: 47.0 = 1.9 cpd/100 tons
"Kr: 24.6 = 3.2 cpd/100 tons
210,

Bi: 40.6 = 2.6 cpd/100 tons
c: 28.0 = 0.4 cpd/100 tons
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pPp- pep. CNO (Fixed)

Counts / (10 keV x day x 100 toms)

1200 1400 1600

Fit: ¥*/NDF = 141/138
"Be: 45.5 = 1.5 cpd/100 tons
®kr: 34.8 = 1.7 cpd/100 tons

*°si: 41.5 = 1.5 cpd/100 tons

*e: 28.9 = 0.2 cpd/100 tons
**®po: 488.8 = 7.3 cpd/100 tons
External: 4.5 = 0.7 cpd/100 tons

PP, pep, CNO (Fixed)

(10 keVv x day x 100 tons)

Alafi)
200 400 600 800 1000 1200 1400 1600
Energy [keV]




. Boraxino data
— best-fit
reactors V,

contribution from geoc-V,

Counts /5 keV 130 tons

Events/240p.e./252 6tonyear

1000 1500 3000
Light yvield of prompt positron event [p.e.]

spectrum of events in FV

spectrum after TFC wveto

ue rate = 27 - - *C rate = 2.5
pepvrate = 3.1 - CHOvlimit = 7.9
=:Bi rate = 55 {95% C.L.)
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Counts / (day x 100 ton x 0.01 MeV)
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Energy [MeV]




. Boraxino data
— best-fit
reactors V,

contribution from geoc-V,

Events/240p.e./252 6tonyear

1000 1500 3000
Light yvield of prompt positron event [p.e.]
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Counts [ 2 MeV [ 345.3 days
E e

-
L]

;
%
(=
o
=
L]
e
25 3
g
-l
"
B
s
—
.
3
]
8

12 14
Energy [MeV]




. Boraxino data
— best-fit
reactors V,

contribution from geoc-V,

Events/240p.e./252 6tonyear
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Light yvield of prompt positron event [p.e.]
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. Boraxino data
— best-fit
reactors V,

4] contribution from geo-W,

Events/240p.e./252 6tonyear

1000 1500 3000
Light yvield of prompt positron event [p.e.]

spectrum of events in FV

spectrum after TFC wveto

ue rate = 27 e rate = 2.5
— pepvrate = 3.1 CHOvlimit = 7.9

=:Bi rate = 55 {95% C.L.)

3.0-16.3 MeV 5.0-16.3 MeV

Rate [cpd/100t] 022+ 0.04 = 0.01 0.13 + 0.02 + 0.01
cpgzp [10° em™2s"'] 2.4 =0.4%0.1 27 +0.4 %02
DES /QES 0.88 + 0.19 1.08 = 0.23
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Rate
LS
o

exp

[cpd/100 t]
[10® cm2s™ 1]
JDES

3.0-16.3 MeV 5.0-16.3 MeV

0.22 £0.04 £0.01 0.13 £0.02 =0.01
24 £04=01 27£04£02
0.88 = 0.19 1.08 = 0.23
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Source Geo—v, Rate

[events /(100 ton-yr)]
Borexino 3973
BSE [16] 25702
BSE [5] 3.6
Max. Radiogenic Earth 3.9
Min. Radiogenic Earth 1.6

spectrum of events in FV
spectrum after TFC wveto
ue rate = 27

— pepvrate = 3.1
=gl rate = 55

e rate = 2.5
CHOvlimit = 7.9
(95% C.L.}




Source Geo—v, Rate
[events /(100 ton-yr)]

Borexino 3973

BSE [16] 25755

BSE [5] 3.6

Max. Radiogenic Earth 3.9

Min. Radiogenic Earth 1.6

MSW-LMA 1o

+{]

3.0-16.3 MeV 5.0-16.3 MeV . B Mcarin —

Ba -
E-ap-nnra:linn

BE - BNO LETA # Borexino

Rate [cpd/100 ] 022+ 0.04 +0.01 0.13 = 0.02  0.01 B - oo LeTa
®ES [105cm~2s7']  24=04=01  27%04=02 : %SW-LaA Prediction
DES, /DES 0.88 = 0.19 1.08 + 0.23

Pt v
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Future

* Borexino detector underwent a vast purification campaign during 2011, that
resulted in a significant reduction of the 8°Kr and 21°Bi backgrounds. As a result, it is
believed that the next three years, of phase Il, will deliver pristine quality of data for
further PEP/CNO study, as well as the seasonal variation analysis.
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* Precision determination of the nylon ot

vessel position in Borexino will allow up ok

to 100% increase in the available N . ,
. ) . ) ! 4.2; “‘\‘\\x‘)//

statistics, improving the signal count s \\\@//

rate with stable background. N I b

» The ultimate goal of Borexino it is to measure the 7B line with a lower than 3%
precision, that will be required for the calibration of the future LENS solar neutrino
detector.

 Borexino is also part of the “SuperNova Early Warning System” (SNEWS)
(~90% duty cycle)
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