
Lecture 3: 
solar neutrinos

PhD Cycle XXXIV

Suggested textbook: “Neutrino astrophysics”, J.Bahcall
Solar models: arXiv:1611.09867v4
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•Spectroscopic observations of 
the external layers of the sun 
prefer lower Z than C/N/O

• but neutrino fluxes seem to 
indicate preference for High Z 
(HZ) from older models 
(GS98)

• plus....
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aka “helioseismology”

https://indico.desy.de/indico/event/18666/session/3/contribution/1/material/slides/0.pdf

Speed of sound and opacity K probe matter / Z in Sun’s core
connected to neutrinos
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https://indico.desy.de/indico/event/18666/session/3/contribution/1/material/slides/0.pdf
https://indico.desy.de/indico/event/18666/session/3/contribution/1/material/slides/0.pdf


cobs = inversion: inference of sound speed from 
oscillation relations (δν) + opacity (photon 

scattering in the Sun’s core)

Fractional sound speed difference

 Two helioseismic quantities widely used in 
assessing the quality of SSMs are the surface 
helium abundance YS  and the location of the 
bottom of the convective envelope RCZ .

Low Z (less heavy 
elements than He)

High Z (more heavy 
elements than He)
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The solar metallicity problem 

 
 

-  Need	 to	 measure	 CNO	 neutrinos,	 but	 difficult	 to	 extract	 the	 very	 low	 signal	 from	
background,	mainly	due	to	210Bi	and	11C.			

-  Due	to	the	ambiguity	metallicity-opacity,	 important	to	complement	also	with	the	accurate	
determina5on	of	7Be	and/or	8B	flux.		

-  Difficulty	 of	 the	 measurements	 and	 possibiliDes	 for	 present	 and	 future	 experiments	
(Borexino,	SNO+,	others).		

TheoreDcal	predicDons,	in	different	SSM	versions	(high	Z,	low	Z	and	low	Z	with	increased	opacity),	and	
experimental	results	for	the	7Be	and	8B	ν	and	the	main	components	of	CNO	cycle.		
Taken	from	A.	M.	Serenelli,	“A	special	Borexino	event	-	Borexino	Mini-Workshop”,	Sept.	5	2014		
	
	

V.Antonelli

Unfortunately reducing the SSM uncertainties is hard (astronomical/hydro-dynamical 
constraints not well controlled)

18



• radio-chemical: counting only, 
low threshold, but no directional
• water: directional (Cherenkov), 
cheap, but high threshold because 
of bkgs
• liquid scintillator:  (e- 
scattering) purified, expensive, not 
directional

Some
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The most recent Borexino 
measurement

 LS ES: purified, expensive, no directional

M. Agostini  et al. [BOREXINO Collaboration], 
Nature 562 (2018) no.7728, 505

Phase I: https://arxiv.org/abs/1308.0443v2
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Be7
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Background levels  

 
 

Radio isotope   Source  Typical level  Required level  
14 C  (β) 

(would be essential 
for pp ν) 

Intrinsic in LAB. E < 156 keV 
->  fixes the low E threshold  

≈  10-12 g/g  < 10-17 g/g 
 

238U  
232Th 

Dust, metallic . 
Attention to 210Bi (β) from 210Pb 

out of equilibrium. Requires 
spectral shape analysis. 

 10-5-10-6 g/g < 10-16 g/g 

40K (β, γ) Dust, PPO in Liquid Scintillator.         2 x 10-6 g/g < 10-17 g/g 
210 Po (α) 

(strongly reduced 
with  PSD ) 

        Surface contamination from 
222Rn  

      < 7 cpd/t  

    222Rn (α) Materials, rock   < 10 cpd/100 t   
85Kr (β) Air from nuclear weapon. 

Spectral shape similar to e- recoil 
spectrum from 7Be ν. 

≈ 1 Bq/m3 

 
 < 30 cpd/100 t 
 

39Ar (β) Air, cosmogenic 17 mBq/m3    < 1  cpd/100 t 
7Be Cosmogenic ≈ 3·10-2 Bq/t    <10-6 Bq/t 

Required	values	of	the	main	backgrounds	in	Borexino	exp.,	assumed	as	reference	case.		
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Some considerations on 14C

• 14C is produced in atmospheric neutrons interactions with 14N

• it ends up mixed with 12C on the Earth, which the pseudo-
cumene (LS) is made of

• can’t be purified out (same chemical composition as 12C)

• but it has a very small abundance in Bx: 14C /12C =10-18 g/g

• Therefore, one can fit most of 7Be spectrum from 200 keV 
on without being flooded by 14C electrons
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Analysis/fits/PSD
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Back-up
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•   SK, SNO and KL  investigated only the high energy part of solar ν 
spectrum (above 4-5 MeV). Up to few years ago the low energy part  (main 
component) of the spectrum studied only by radiochemical exp. 

•  Borexino: first real time exp. exploring the sub-MeV region and isolating 
the monochromatic Berillium line. 

• Measurement of 7Be line (0.862 MeV) and 8B spectrum 

No oscill. hypothesis ruled out at 5 σ ; 

 good agreement with LMA: 48±4 counts/(day·100 tons)  

 - 2009 Calibration campaign: reduce systematic uncertainties and tune 
reconstruction algorithm and MC simulations. Significant reduction of uncertainties 
on the E scale and fiducial volume: from a 6% for both factors to a global 
uncertainty of 2.7%.  
7Be Interaction Rate: 46.0 ± 1.5(stat)+1.5(-1.6) (syst) counts/(day·100 tons).  

Cannot discriminate between high and low Z SSM.   	

 8B , with low Ethresh. (T_e > 3 MeV): compatible but less stringent  	

   

The sub-MeV analysis: Borexino 
V.Antonelli
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Comparison with Kamland

Low level of contamination from 14C allow to gain 7Be statistics in 
the fit
“Pile-up” of two 14C decays in the same window releasing a high 
total energy is very suppressed

•was evaluated with special triggers

Phys. Rev. C 92, 055808
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Progresses in 8B flux experimental determination and comparison with solar models 

8B ν flux: φ=5.25±0.16(stat.)±0.12(syst.)×106 cm-2 s-1 , consistent both with SSMs high-Z (BPS09 
(GS98) φ=5.58±0.78×106 cm-2 s-1) and low-Z (BPS09 (AGSS09) (φ=4.59±0.64×106 cm-2 s-1 ))

V.Antonelli
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