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First direct detection of CNO neutrinos:

the multivariate fitting strategy
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The importance of CNO neutrinos

CNO neutrinos have never been detected so far:

* Proof of energy production in the Sun via CNO cycle

e CNO cycle is xpected to be dominant for stars with
M>15M,

Metallicity problem:

Inconsistencies beetween solar models based on high
or low metallicity scenarios:

————

Cbg\% differ at ~30% level using
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The Borexino detector
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| Detection method: elastic scattering of neutrinos on electrons
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Borexino: a long story

2007 2012 2016 - 2020

—

Phase-l:

Solar neutrinos:

* "Be v: 1st observation (5%)+
absence of day/night

asymmetry;
® pep v: 1st observation;

| Phase-lI:
Solar neutrinos:

® pp v: 1st observation;

* "Be v flux seasonal modulation; |

¢ Comprehensive measurement
of of pp-chain (Nature 2018)

|
|
:

Phase-lIl:
New Results (this
talk): First direct

experimental

® 8B v with low threshold; ' Other: evidence of CNO
* CNO v best limit; e New limit on neutrino magnetic neutrinos
Other: moment

® (Geo-v evidence > 4.50;

® (Geo-v evidence > 5o0;

| Purification | Thermal
campaign Insulation
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Data selection - Backgrounds

| Internal backgrounds |

| — e —— ——

232Th and 238U are negligible ( ~ 10717 g/ g) after purifications campaign
210Bj reduced by a factor ~ 2, 3 Kr reduce by a factor ~ 5
210Po identified via a/ 3 discrimination

| External backgrounds {!

| B — e —— e

y’s produced from 20877 , 214B; and *YK radionuclides I

Reduced with FV selection and exploiting radial dependence

W
i Cosmogenic backgrounds
e produced by cosmic rays interaction
identified via three fold coincidence (TFC):
P Ho 5 11IB4+ et + U, Data-set divided in two samples:
u+ 2C - pu+ 11C+n W TFC-tagged (enriched in 11C) and |
n+p—=>d+y yey TFC-subtracred (depleted in ”Q |
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Challenges of CNO detection

The rate of v(CNO) is marginal (expected 3-5 cpd/100ton) with respect to the backgrounds:

0 T Sy _I_u_l_l_L_h
200 300 400 500 600 700 800 900
reconstructed energy [Photoelectrons]
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Challenges of CNO detection

The rate of v(CNO) is marginal (expected 3-5 cpd/100ton) with respect to the backgrounds:

The degeneracy between v(CNO), v(pep) and
210B;i spectral shapes limits Borexino sensitivity:

i No sensitivity to 2(CNO)
signal, but rather to the sum
of the interaction rates

300 400 500 600 700 800 900
reconstructed energy [Photoelectrons]
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Multivariate fit

Simultaneous fit of data through the optimization of the binned maximum likelihood:

Lok 1 0) = LT @) LT | 9) - Lpo(Kk | 0)

Uniform Component

—CNO-v Be-v and "B-v — External Component
pep-v  --external bkgs

> |_— Best Fit - yNDF = 77 / 61
--“Bi other bkgs . R
- Total fit: p-value = 0.3 ’ 1.

Events / 5N
Events / 5N_

Er‘\ergy [keV]
TFC-subtracted energy spectrum:
63.6% of exposure with 5.5% of '1C

Energy [keV]

TFC-tagged energy spectrum:

Radial distribution:
36.4% of exposure with 94.5% of !1C

improve external backgrounds rejection

Multivariate analysis technical features:

* Energy window: 0.32 - 2.64 MeV
* Phase-lll data-set: July 2016 - Feb 2020 (1072 days livetime)
 Fiducial Volumecut: r < 2.8m& — 1.8m <z < 2.2m)

* Three fold coincidence veto

* Free parameters: v(CNO), v(’Be), ''C, 8 Kr and externals
« Constrained parameters: v(pep) and ?!°Bi
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Results and conclusions

Fit w/o Systematics u““‘m - e e——
LG | L (CNO) fit result: 7.2:%2 cpd/100t (stat on

HZ-SSM 68% C.I.

‘,:—:—]] [

-y
ly) |

LZ-SSM 68% C.I.
Borexino 68% C.I.

Main sources of systematics include:
light yield, detector energy response,
210y shape, noise cut efficiency and He
peak position

Final systematics:|
+0.6 |

4 6 8 10 12 14 | X
CNO-v Rate [cpd/100t] - e

= — — |

stat + syst) |

Best fit resullts: 7.2ﬁ:9 C

o= ——
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