[
|

H

‘ Current institution: Universita degli studi di Milano
| —

Luca Pelicci2

| (for

Tinstitut
2RWTH

the Borexino collaboration)
lucapelicci@gmail.com

fiir Kernphysik, Forschungszentrum Jilich, Germany
Aachen University - Physics Institute Ill B, Aachen, Germany

NE
gt
il

Final CNO solar neutrino measurement with Borexino:
directionality measurement and spectral analysis ‘J JULICH
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- The importance of CNO neutrinos
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i @ Hydrogen to Helium fusion sequences in the Sun:
@ pp-chain ( ~ 0.99 - Lg);
- et N[0 581 20104 70] @ CNO cycle (~ 0.01 - Lg).
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- e cNo =~ @ Proof of existance of Carbon - Nitrogen - Oxygen

s °y°'e O subeycle [ V] (CNO) cycle in nature.
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@ Dominant process for stars with M > 1.5 M.
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Solution for the metallicity problem?

he Standard Solar Model (SSM) describes the evolution of the Sun with input
arameters (e.g. initial metal abundances) calibrated with observables (e.g. current

surface metal abundaces) [1]
o Different photospheric measurements give different surface metal abundances (High-Z
vs Low-Z) —» Metallicity problem: only SSMs based on LZ assumptions align with

helioseismology [2]

®(v,) offer a separate observable to test the metallicity of the Sun:
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CD(CNO) is the perfect probe (~28% difference between HZ and LZ)
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Solar neutrino identification via sub-dominant but fast

Cherenkov light
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Borexino detector [3]

Stainiess steel sphere | @ Location: Laboratori Nazionali del Gran
N \ LI | Sasso (LNGS), Iltaly

'"'ef"a'PMTs o @ Detection channel: neutrino-electron
, - elastic scattering

&2212 nominal PMTs to detect light
@ Unprecedented level of radiopurity

@ High effective light yield (~500 p.e./MeV
for 2000 PMTs)

& Low energy threshold (~0.12 MeV)

& Good energy (~5% at 1 MeV) and position
resolution (~10 cm at 1 MeV) ‘
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e 'Be-v, pep-v and SB-v 1st = Comprehensive @CNO measurement (2020 [5] and
observation measurement of pp-chain 2022 [6]) N 1

@ Directional measurement of (Nature 2018) [4] CW.
TBe-v xzrDlrectlonaI measurement

| of CNO solar neutrinos [7] |

| Comprehensive spectroscopy of solar-v from pp-chain and CNO cycle

Data selection: Region of Interest for CNO analysis | CID fitin ROICNO:){Z(NU, dvche Argir)

Previously: gvch calibrated on y calibrations in Phase-|

(Phase-I+1I+11l) constraining non-CNO contributions to SSM predictions

Ny ined to SSM predictions
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Minimization of a full 2D likelihood function with non-equidistant binning:

- 2D - -
EMV(H)zg oy b(@ E,R) - Zy_ Tag(e E) - Z,,,(0) - L20p(0)

Energy projection Radial projection

N,

108 200 300 400 500 600 700 800 900
S R e - ey 7 -
E — CNO-v — 7Be~v and 8B-v r — Tot_al fit
r —PepP-v  ___ cosmogenic ''C g — Uniform component o
10 5 o . ex‘emg backgrounds 10 E - -- External backgrounds component AT
- £ other backgrounds c F
© 10° E — Total fit: p-value = 0.2 E " [
e E 2 10°F
c = =t E
[ 2 o £
a 1OF e
C 10
og g
1 AL L i 15 |
1000 1500 2000 2500 0 0.5 1 5 2 25 3
Energy [keV] Radius [m]
1 L]
M
Constraints

1. pep—r constraint: pep-v = 2.74 £ 0.04 cpd/1 00 t (solar Iuminositv constraint + global analysis of solar data)
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2. 219Bj constraint through 210Po: 21OPb L2 2108 R 210pg L2214, 206 P,
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= Minimum 210Po rate €—» 210Bj upper limit
R(21°Pomin) = R(21%Bi) + R(21°PoV) > R(219Bi)
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The @@mbmed analysis

CID results are included as external pull terms based on Ny posteriors:
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Combined analysis (w/ systematics)
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