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Solar neutrinos

The Borexino detector

The CNO measurement

°
°
@ The data hangling features
°
@ Conclusions
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neutrino sources
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Solar neutrino sources
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Solar neutrino problem: Solar models

—— B16-GS98
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Solar neutrino problem: Solar models
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Borexino detector

Borexino is a liquid scintillator neutrino detector, located in Hall C of
Gran Sasso National Laboratory (LNGS)
.

L'AQUILA CERN

TERAMO

LNGS tunnels Borexino detector
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Borexino construction

Borexino Experiment

External water tank 18m ¢

Stainless steel sphere 13.7m ¢
(1320 m3 PC)

Nylon outer vessel 11.0 m ¢

Rope tendons

2200 Thorn EMI 8" PMTs
(1800 with light collectors
400 without light collectors) Nylon inner vessel 8.5m ¢

Fiducial volume 6.0m ¢

) Scintillator
Steel plates in

concrete for extra
shielding-

10m x 10m x 10cm
4m x 4m x 4cm
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Borexino construction
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Radiopurity of the detector

Isoto Typical abundance Borexino orexino-| Borexino-ll
(source) goals
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Borexino backgrounds

10* =
Total spectrum E— Ar = 0.4 cpd/100 tons
" Be_cosme = 0,349 cpd/100 tons “*Bi - 89.3 cpd100 tons
¢ - 0.55 epa/100 tone —— ""C_28¢cpasi00 tons

"G = 405,093 mBg/ton == "Cpileup = 95.6 cpd/100 tons

10* - Ext_""*Bi = 0.86 cpd/100 tons - Ext_*K =0.55 cpd/100 tons
- Ext_**T1=3.35 cpd’104 fons — “K=1 cpdA00 tons
**Kr = 30 epd/100 tons 4 by = 1.62 cpd/100 tons
s %o = 21.17 cpditon “*po = 162 cpdr100 tons
10 22 AN = 1.62 cpd/00 tons mTh_chain_alphas = 0.57 cpd/100 tons

** U_chain_alphas = 1.71 cpd/100 tons +i(® Bk = 0.46 cpd100 tons

wl” Be)_ =2.04 cpd/100 tons —_ Wi Be)_, = 47.6 cpd/100 tons
w{CNO) = 5.36 cpd100 tons vipep! = 28 cpd/ 100 tons

vipp) = 135 cpd/100 tons

Events / (day x 100 tons x 10 p.e.)
[

600 800 1000 1200 1400
Photoelectrons [Light yield = 500 p.e./MeV]
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11C discrimination

M Track three-fold

i 2B m
coincidence

ac m

Events

n Capture

e

e+ 0 p Chn

. . 54
At ~ 250 ps: norm likelihood

n+p—=d* = d+v(2.2MeV)

At ~ 30 min:
UC 5 B+ et +v (+0.96 MeV)

Normalized likelihood of TOF
position reconstruction gives
additional information on e™ /e~
content

TFC algorithm gives efficiency of
92.4 + 4% for the price of 36 %
live time loss
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210Bj upper limit

The final LPoF fit is then per-
formed on the aligned dataset in
20 - 25 tonnes, depending on the
method, on approximately 6000 -
9000 21°Po events. The final 2°Bi
upper limit including all systematic
w7 ws w9 an a0 uncertainties is

Time 10.8 £ 1 counts/day/100 tonnes.
210Pg evolution fitted by 10 cm

z-slices within x2 + y? < 2 m? on
monthly basis
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Directional sensitivity
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Directional sensitivity

Phase [+1I+111 CID CNO-v rate posterior distribution

E — CID posterior distribution . . .
0.16F The angular distribution could be

[ CID posterior 68% CI
< (0.4 . . .
ot [zssvssc fitted with uniform MC background
oo [izsswssct and a neutrino component giving a

=
T

result on the CNO rate.

The likelihood obtained could be
used independently or be injected
in a standard spectral fit.
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Detector response modelling

The detector response is described with two approaches:

Monte-Carlo simulation: Analytical modeling

@ High-precision simulation @ Dedicated response model
(Borexino Coll. (O. Ju. Smirnov. Instruments
arXiv:1704.02291 (2017).) and Experimental Techniques

@ Rigid response without free No.2 (2003))
parameters @ Free parameters allowing to

@ Some of effects could be out follow detector evolution
of scope @ More event flux correlations

The two approaches were used for cross-checks
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analysis approach

The analysis is based on spectral fit with binned maximum likelihood
method:

L= Lo X Lenh X Lradial X Lpos_iik X Lcip X LBi_pull

Additional information is provided through radial, pulse-shape and CID
distribution fits as well as through pull terms for values estimated
independently (e.g. 2'°Bi )
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Spectral fit results

Events / 5N,
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spectrum according to the full
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fit of the radial event distribution
performed with MC PDFs
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Spectral fit results
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Results of the Borexino CNO

measurement

The outcoming measurements of
the CNO rate are
e 7.272%8 counts/day/100
tonnes without Bi constraint;
no-CNO hypothesis including
the pep constraint only is
rejected at 5.30 level

@ 6.7733 counts/day/100
tonnes with Bi constraint;
no-CNO hypothesis including
the pep constraint is rejected
at =~ 8 o level
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Conclusions

@ The updated CNO measurements have been performed

o 7.2728 counts/day/100 tonnes are obtained without Bi
constraint; no-CNO hypothesis is rejected at 5.30 level

@ 6.7752 counts/day/100 tonnes is the ultimate result; no-CNO
hypothesis is rejected at ~ 8 o level
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