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~—Solar neutrino energy spectrum

mono-energetic 0.862 MeV 7Be-v
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Standard Solar Model: Neutrino fluxes vs solar metallicity

(metallicity — abundance of the elements above Helium)

() PP pep "Be 5B BN: 150: 17F:
(cm=s?) | (x10%) (x 10%) (x 109) (x 109) (x 10%) (x10%) (x 109)

BSo5 ™ 5.99 1.42 4.84 5.69 3.07 2.33 5.84
GS 98 )
BSo5 @ 6.06 1.45 434 4.51 2.01 1.45 3.25
AGSo50)

UBSos: Bahcall, Serenelli & Basu, Astrop] 621 (2005) L85
(2)Based on high metalicity model GS98: Grevesse & Sauval, Space Sci. Rev. 85, 161 (1998)
3)Based on new low metalicity model AGSos:
Asplund ,Grevesse & Sauval 2005, Nucl. Phys. A 777, 1 (2006).
BUT: incompatible with helioseismological measurements
Both (2) and (3) use Opacity Project opalicity
MEASURING for the first time the CNO-neutrino fluxes
would help to resolve the controversy!
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Low energy neutrinos:
flavor change dominated
by vacuum oscillations;

High energy neutrinos:
Resonant oscillations in matter
(MSW effect):

Effective electron neutrino mass
is increased due to the charge
current interactions

with electrons of the Sun

Transition region:

Decrease of the v, survival
probability (P,.)
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Low energy neutrinos:
flavor change dominated
by vacuum oscillations;

High energy neutrinos:
Resonant oscillations in matter
(MSW effect):

Effective electron neutrino mass
is increased due to the charge
current interactions

with electrons of the Sun

Transition region:

Decrease of the v, survival
probability (P,.)
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~ Scientific goals of Borexino

The first real-time measurement of sub-MeV solar neutrinos;

The first simultaneous measurement of solar neutrinos from the vacuum dominated
region (7Be-v - two measurements published) and from the matter-enhanced
oscillation region (8B-v - the first measurement below 5 MeV recently
submitted, see also talk of D. Franco in paralel session)

Precision measurement (at or below the level of 5%) of the 7Be-v rate: to test the
SSM and MSW-LMA solution of the Standard Solar Problem and look for
indications of the mass varying neutrinos or non-standard neutrino-matter
interactions influencing P,.;

To test the balance between the neutrino and photon luminosity of the Sun;

Check the 7% seasonal variation of the neutrino flux (confirm solar origin);

Under study: first measurement of the CNO neutrinos (sun metallicity controversy);
Under study: pep neutrinos - indirect constrain on the pp-flux;

High energy tail of pp neutrinos ?

Antineutrinos and geoneutrinos;

Supernovae neutrinos and antineutrinos;
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Detection principles in Borexino

Neutrino elastic scattering on electrons of liquid scintillator: e+v>e+v;
Scattered electrons cause the scintillation light production;
Advantages:

e Low energy threshold (0.2 MeV);

e Good energy resolution;

e Good position reconstruction;
Drawbacks

 Info about the neutrino directionality is lost ;

e v-induced events can’t be distinguished from the events of B/y
natural radioactivity;

Extreme radiopurity is a must!!!
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~~ Experimental site

M.Aquila
2370 m a.s.1

External
buildings

1038 m a.s.1. Borexino

963 m a.s.1

Undexground
Laboratoriaes

Borexino is located at the Laboratori
Nazionali del Gran Sasso, near
L’Aquila, shielded by 1400 m of
Rocks (3500 m water equivalent)
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Borexino Detector ——

Scintillator:

270 t PC+PPO (1.5 g/1)
in a 150 um thick

~

inner nylon vessel (R = 4.25 m)

Buffer region:
PC+DMP quencher (5 g/1)
4.25m<R<6.75 m

.

QOuter nylon vessel:

R=550m
(>**Rn barrier)

Carbon steel plates

Stainless Steel Sphere:

R=6.75 m
2212 PMTs
1350 m3

Water Tank:
v and n shield

nwater C detector
208 PMTs in water
2100 m3

20 steel legs
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Fi I I i ng 1/3 End Octobr 2006

Nylon Vessels

Inner: 8.5 m
Outer: 11.0 m

LAKN - Low Argon and
Krypton Nitrogen

Ultra-pure water

Foto taken with one of 7
CCD cameras placed
inside the detector

NOW 2008, Otranto, 6-13 September 2008 Livia Ludhova (Borexino collaboration)



/ \‘\

Ultra-pure water

photo: BOREXINO calibration
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ﬁctor fully filled on May 15" 2007

DAQ STARTS

BOREXINO
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Data acquisition and data structure

e Charged particles and y produce scintillation light: photons hit inner PMTs;
e DAQ trigger: > 25 inner PMTs (from 2212) are hit within 60-95 ns:

s > 16 us DAQ gate is opened; asE-
40— ) . =
= >  Time and charge of each hit detected; 0%
35— =
E . . . 35—
a0 >  Each trigger has its GPS time; =
= 30—
25 “cluster” of hits = real physical event 250
200 20F
155 5= >
105 10F-
5E- 5
0: ol oy b v Do Lweowes Logre g P vl gy 0: ,,,|,,,,|,,,n,|,,,,’-l]nd-!ﬂ’l,ﬂ,ﬁnnn,n,h,,n,|...n.h
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 O -15700 -15600 -15500 -15400 -15300 -15200 -15100 -15000
Time [ns] Time [ns]

e Outer detector gives a muon veto if at least 6 outer PMTs (from 208) fire;
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pF-——Detector pW

Lighth yield

!

1)  14C spectrum, B-decay 156 keV end point;
2)  C spectrum, B*decay 960 keV, triple coincidence with muon and neutron;
3) Global spectral fit (1*C, 21°Po, "Be edge);

~ 1%C energy spectrum i

(500 * 12) p.e./MeV ot SR PN, o
taking into account quenching factor o ._ !
Energy resolution (c): 10% @ 200 keV e N
6‘70 @ ].OOO keV m%—------ y

Spatial resolution: 35 cm @ 200 keV ‘iﬁj;;L;_;;;ff;;_'_'_;;';j;jjjjﬁ;;;E
(Scaling as N;lp/Z) 16 cm @ 500 keV bl 2 30 4 0 & To g0 -mnhitlsno

Fiducial volume definition

= the nominal Inner Vessel radius: 4.25 m (278.3 tons of scintillator)
= how to define fiducial volume of 100 tons?

1) rescaling background components known to be uniformly distributed within the scintillator
(**C bound in scintillator itself, capture of u-produced neutrons on protons)
2) using the sources with known position:

(Th emitted by the IV-nylon, y external background, teflon diffusers on the 1V surface)
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Background: %32Th and 238U content

. ——— Assuming secular equilibrium: N

232Th chain 238 chain
([ DN )
T =432.8 ns T =236 us
22Bj _L> 22Pg i & S 208Ph 214B31 _L’ 214Pgo — 210ph
C 2.25 MeV ~800 keV eq. ) < 3.2 MeV ~700 keV eq. -
(6.8+1.5) 1018 g(Th)/g Bulk contamination (1.6 0.1) 1077 g(U)g

Only few bulk candidates

mean vertical position (m)
= X ~
T | L | T T T T

)
T | T T

Y
I L

278 dlays |

A
T

2128i_212p0 50
centre of mass
position distribution 40

20

10

= |

0 05 1 15

e v ey I
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mean horizontal position (m)

0 v lom v Iemm el im0 L1l L1
2

5.5

mean radial position (m)




> Backwground: 210Pg and 8K

The bulk 238U and 2%2Th contamination is

210Pg:  end of 28U chain : AEgEHole
; «  The ?%Po background is NOT related neither tc
B-(61 keV) B-(1.2MeV) o 238U nor to #'°Pb contamination
210pp -» 210Bj -» 210pg -» 206ph « May 2007 ~80 counts/day/ton, t=204.6 days
o 210Ri : - .
Tw 2Ry 501 d 138.38 d bl Bl no direct evidence ---> free parameter in

the total fit, cannot be disentangled, in the 'Be
energy range, from the CNO

85K B-decay energy spectrum similar 85Kr is studied through :
to the "Be recoil electron
- wkr P emrb ', ®Rp
2 keV
687 keV 173 keV 514
=146 ms - BR: 0.43%
t=10.76y - BR: 99.56% Jrr :

Only 8 (B—y) coincidences selected in the inner vessel in 192 days
the 8Kr contamination (29+14) counts/day/100 ton
More statistics is needed - taken as a free parameter in the total fit
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Simulated spectrum of solar neutrinos
(detected via elastic scattering off electrons)

i
o

—— All solar neutrinos

"Be neutrinos

[

)

= —

S -

Lor

S 1=

x - 7 : : - :
- F Be Elastic scattering of mono-energetic neutrinos:
ol B - o

MELES Compton-like recoil spectrum

= -

Q N

S 107

S F

_5 -

E lﬂ'E_ N I I R l 1 l

o
e
=
o
o
o]
Q

.8 1 1.2 1.4 1.6 1.8 2
Energy [MeV]

A measured neutrino flux depends on:

- neutrino flux produced in the Sun (SSM: Standard Solar Model)
* neutrino survival probability

(LMA — Large Mixing Angle solution in the Am? — sin?20 parameter space)
* interaction cross section (cca. 1044 cm?!!)
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Expected MC spectrum: signal+irreducible background

BOREXINO expected spectrum with signal + irreducible backgrounds
—— Be7 =49 cpd/FV

1‘5103
@ =
2 5 m? = 7.58 x 10° eV? ano o dcpaty
x10" E1  sin220, = 0.87 06 = 1.08,
o EL SIN205,,=0. ——— "C =1.95 cpd/FV
108 ey | “e:1"c/2c=25%x 10"
g E ................... pp + p'Ep + EB
:105 EE 14C 233U + 232Th at 10-13 g/g
@ [
2404
gl e light yield = 500 p.e./MeV
Em:" =
tE F "Be —
3102 i+ o T
o R e S T
10 - -
15 PUsSTh T ey
10_1 :I 1 |§I 1 11 | I | | L1 —l | L1 1 1 | 1 1 1 1 | L1 1 1 | ______________________ | i
100 200 300 400 500 600 700 800 900 1000

Q.. [p.e]
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Data: o/P Stat. Subtraction Energy [MevV]
50 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
1 D | | | | I L L L I | | | | | | I L L L I | | | | | | I L L L I | | | | | | I | | L L | I | | | | | | I Analysis basic CutS
Measured Spectrum 1. prejected;
104 All data (scaled to FV) after basic cuts 2. Everything 2ms after p rejected;
After FV cut 3. Rndaughters before Bi-Po
L . coincidences vetoed;
— After statistical subtraction of o events

=
o
L5 ]

Expected Spectrum

==== Total Spectrum

7

=
<
HEll| EEEEI EEEII] BN e el

Data of 192 days

Counts/ (10 keV x day x 100 tons)
=
=1 =
- o

]
[ ] [ ] '] I [ ] [ ] '] I [ ] [ ] '] I [ ] [ ] [ ] I [ ] % [ ]

200 400 600 800 1000
Energy [photoelectrons]

1072
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— Fit: ¥°/HDF = 55/60

— "Be: 4913 cpd/100 tons
MCRAFCHND: 2032 cpd/100 tons

— Ugr: 2934 cpd/l00 tons

— Hgp 24%#]1 ecpd/l00 tons

ig?

i

107t

Counts/ (10 keV x day x 100 tons)

[ e |.'. l

i i i i i i i i i i i L 14 i i i i
@00 a0 800 1000 1200 1400 10D

Energy [keV]
Fit region 260-1670 keV

*Fit to the spectrum without and
with a—subtraction is performed

giving consistent results ‘
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Light yield: a free fit parameter;

Light quenching included Birks’
parametrization;

» 14C, IC and ®Kr free fit parameters;

‘Be: (49 3., cpd/100 tons

10°

— Fit: »"/WDF = 185/174
— "Be:; 4943 apd/100 tons
— IRi+CHO: 23:2 cpd/ 100 tons
— "Kr: 2523 cpd, /100 tons
— Hg: 25&1 epd/100 tons
'.Ic '.bc

1a'
in’
10"

10

CountsS (10 keV x day x 100 tons)

i i i I Ill
600

iii AT ' T T
g00 1000 1200 1400 1600 1800 2000
Energy [keV)

Fit region 160-2000 keV
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Systematic uncertainties

Source

Syst.error (1o)

Tot. scint. mass

Live Time

Efficiency of Cuts

Detector
Resp.Function

Fiducial Mass
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49 = 3gat * 45ys cPd/100 tons

Expected rate
(cpd/100 t)

No oscillation 75+ 4

BPS07(GS98)
HighZ

48 + 4

BPS07(AGS05) 44 + 4

LowZ

No-oscillation hypothesis
rejected at 40 level

Livia Ludhova (Borexino collaboration)




/ Neutrino magnetic moment

SMwith m, = 0: = 0 do)  2Gim,| , TY m.T
=— g, +0g+ l_E_ —0.9r =7

T - kinetic energy of scattered e dT " B yin
E, - neutrino energy

SM with m, > 0: p, > 0, (do-j 2 7Z'0£ezm (1
ml
EM T E

Sensitivity
enhanced
@ low energies

additional EM term s ——)
influencing the cross section
and thus the spectral shape

l Estimate8 Method 90% C.L.
1011 p
B

et cparion tosa SuperK 8B above 5 MeV <1

—— *1°Bi+CNO: 23%2 cpd/100 tons
— ®Kr: 25%3 cpd/100 tons

— iic: 25%1 cpd/100 toms Montanino et al. 7Be < 8,4
(Borexino data)

GEMMA Reactor anti-v <5.8

Currently the best experimental limit!

[
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o
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= =
- = 5 3 <2

o
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o
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Constraints on pp- & CNO-v fluxes after the ’Be measurement

/
It is possible to combine the results obtained by Borexino on 7Be flux with those obtained by
other experiments to constraint the fluxes of pp and CNO v,;

*The measured rate in Clorine and Gallium experiments can be written as:

‘Rk =ZfiRi,kPeiék
i K

_ ¢; (measured)
' ¢, (predicted)
R; =expected rate of source "i"" in experiment "k (nooscill.)

k = Homestake, Gallex
i = pp, pep, CNO "Be 8B Peeék =average survival probability for source "i"" in experiment" k"

‘R and P t*are calculated in the hypothesis of high-Z SSM and MSW LMA, ;
*R, are the rates actually measured by Clorine and Gallium experiments;

* fop = 0.87 + 0.07, measured by SNO and SuperK;

* f p.=1.02 0.10 is given by Borexino results;

*Performing a 2 based analysis with the additional luminosity constraint;

f o =1.005 ig'ggg (lo) Which is the best determination of pp flux
; 3.80 '(900/ C.L) (with luminosity constraint)
oo < 3. oC.L.
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B'V fluxes (see talk of D. Franco & arXiv 0808.2868 for details)

* The first simultaneous measurement of solar-v from the vacuum region
(7Be-v) and from the matter-enhanced oscillation region (¥B-v);

e The first measurement of 8B-v in real time below 5 MeV;

10"
1011
1010

10°

2

Flux on Earth (v /cm s)

10°
10’
10°
10°
10*
10°
10°

10’

" pep

'
'
|
1

- -1

B

/

Cl eX

1
Energy (MeV)

recently
ot heatrine sl by submitted to PRL

8 SK and SNO

Borexino threshold
for 8B measurement
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Measurement of the solar ®*B neutrino flux with 246 live days of Borexino and
observation of the MSW vacuum-matter transition
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1)
2)
3)
4)
5)

6)

Major background sources:

Muons;

Gammas from neutron capture;

Radon emanation from the nylon vessel;

Short lived (1 < 2 s) cosmogenic isotopes;
Long lived (t > 2 s) cosmogenic isotopes
(eC);

Bulk 3>Th contamination (2°8T1);

First real-time measurement above 2.8 MeV:

Rate. , gpey =(0.26 +0.04stat +0.02sys) counts/day/100 tons |(q)eE)§p |

Above 5 MeV in agreement with SNO and SuperK:
Rate.spey =(0.14 +0.03stat + 0.01sys) counts/day/100 tons
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ounts/1l MeV
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8B'V fluxes (see talk of D. Franco & arXiv 0808.2868 for details)

||IJII

BS07(GS98
MSW_LMA.

Non-oscillation excluded @ 4.2 ¢

l BS07(GS98)

|
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4 5 [
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2.8 MeV
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urvival probability after Borexino

—— MSW-LMA prediction
0.8 — ® SNO data
@® Borexino data

| First simultaneous measurement in

pp 7B e ® pp solar neutrinos from all experiments

-
= 0.6 -
E B
Ha]
o
S
& 04
=
2
Z
S 0.2+ -
L pep
0.0 e
0.1 1 10

Neutrino Energy [MeV]

Assuming high-Z SSM (BPS o7) the 8B rate
measurement corresponds to

P.. (3Be) =035 o0.10 @ 8.6 MeV mean energy

NOW 2008, Otranto, 6-13 September 2008

both vacuum-dominated and
matter-enhanced regions

Assuming high-Z SSM (BPS o07), the 7Be rate
measurement corresponds to

P.. ("Be) =0.56 o0.10 (15)

which is consistent with the number derived from
the global fit to all solar and reactor experiments
(S. Abe et al., arXiv: 0801.4589v2)

P.. ("Be) = 0.541 o0.017

We determine the survival probability for 7Be and
pp-V,, assuming BPSo7 and using input from
all solar experiments (Barger et al., PR (2002)
88, 011302)

P.. ("Be) =0.56 0.08
P.. (pp) = 0.57 0.09

Livia Ludhova (Borexino collaboration)



~—— Future: pep- and CNO-v fluxes

The main background for pep and
CNO analysis is *C

p+2C> p+"C+n(90%)

lt ~ 260 us

t~ 30 min!!

nC > 1B +et+v,

Muon

Spherical cut
around 2.2 y
to reject 11C event

Cylindrical cut

n+p-—>d+y (2.2 MeV)

« electronics improvement to detect all the

neutrons produced by a muon

— Changes in the electronics (Dec 07):
after each muon, 1.6 ms gate opened

- FADC implementation in parallel;

Example with several tens of neutrons detected:

sample event with many neutron (trigger type == 128) |

G
1200

L L 107
-1000 300 500

<1400

400
decoded hit time (ns)

Around m-track

Triple coincidence:
u, 2*511 keV, y (2.2 MeV)
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S(U+Th) [TNU]

f0}

TNU =1 event / 103? target proton / year
Np (Borex) = 1.8 103' target proton

ED
50
4n
3[;.

0}

(antineutrinos from the Earth, chains of U & Th, and K)
Signal H(U+Th) from Uranium and Thorium geo-neutrinos at Borexino

——— All heat radiogenic

Shigh —— ®

Prompt signal energy spectrum (model)

T T

-
i

——— geo-neuirinos

-
P

——- reacior neutrings

-
L=]

Events/{MeV x 300tons x 1yr)
L]

BSE
i prediction 4
Min BSE Fully Rad, :
. |I PN P IPEMIPINE IR IPRPE T " : o 1 15 2 25 .
0 5 10 15 20 25 W I 40 4 Prompt Energy, MeV
Heat (U+Th) [TW] 5.7 events from reactors (in geo-v E range)
Mantovani et al., TAUP 2007 BSE: 6.3 events from geoneutrinos

(per year and 300 tons, € = 80%, 1-2.6 MeV)
(Balata et al., 2006, ref. model Mantovani et al., 2004)

BSE: 30 evidence of geoneutrinos expected in 4 years of data
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Standard SN @ 10kpc

0.10

Normalized SN Neutrino Spectra

0.08 |-

0.06

0.04

dN/dE[1/MeV]

0.02

electron neutrino
electron anti-neutrino
p and 1 (anti)neutrino
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Neutrino Energy [MeV]

Spectrum of recoiled protons

P

dN/dT [1/MeV]

electron neutrino
electron anti-neutrino
p and t neutrino

0.2

f |
0.4 0.6 0.8 1.0

TF, Recoiled Proton Visible Energy [MeV]

%rexino potential on supernovae neutrinos

Borexino E; ., = 0.25 MeV

target mass 300 t

Detection channel | N events
ES S
(E, > 0.25 MeV)
Electron anti- 78
neutrinos
(E, > 1.8 MeV)
v-p ES 52 Can be used as
(E, > 0.25 MeV) an early alarm
RC(v,v)12C* 18
(Ey=15.1 MeV) .
2C(antiv,e 2B 3 Borexino plans
(E,iy > 14.3 MeV) CoiniiE

SNEWS

2C(v,e-)1?N 9

(E, > 17.3 MeV)

Livia Ludhova (Borexino collaboration)



%onclusions

—~

DONE

e Borexino performed the first real-time measurement of solar-v below the barrier
of natural radioactivity (4 MeV);

* The two measurements reported for 7Be-v favor MSW-LMA solution;
e The first real-time measurement of 8B-v above 2.8 MeV ;

* The first simultaneous measurement of solar neutrinos from the vacuum region
(7Be-v) and from the matter-enhanced oscillation region (8B-v);

* Best limits for pp- and CNO-v, combining information from all solar and reactor
experiments;

TO BE DONE

* Precision measurement (at or below the level of 5%) of the 7Be-v rate;
* Check the 7% seasonal variation of the neutrino flux (confirm solar origin);
* Under study: measurement of the CNO, pep and high-energy pp neutrinos;

» Strong potential in antineutrinos (geoneutrinos, reactor, from the Sun) and in
supernovae neutrinos and antineutrinos;
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—— MSW-LMA prediction

0.8 ; —————T @® SNO data

@® Borexino data

® pp solar neutrinos from all experiments
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Survival Probability
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pep
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Additional slides
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osmic ¢S

e pareidentified by the OD and by the ID
® OD eff: ~99%

B |D analysis based on pulse shape variables

B Deutsch variable: ratio between light in the concentrator
and total light

B Cluster mean time, peak position in time

® Estimated overall rejection factor > 104 (still
preliminary)

e After cuts, m not arelevant background for ‘Be

-~ Residual background: < 1 count /day/ 1 00 t

L S L S T T T

. muons!

=
™

-I.1IIII|

<

ID efficienq

scintillation events

mean time of the cluster [ns]
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time of the first peak in the cluster [ns]

Mans {10 =)

B (10 mrfey

Muon angular distributions
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Muon flux:(1.21+0.05)h*m




)gsition reconstructt

® Base on time of flight fit to hit-time distribution

—~

mMsS

® developed with MC, tested and validated in Borexino prototype CTF

® cross checked and tuned in Borexino on selected events (14C, 24Bi-24Po, 1C)

Radial distribution of 4C events
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s
B
i
o

T i
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Radius [m]

14C “bound” in the scintillator: homogeneous
The fit is compatible with the expected

r2-like shape with R=4.25m.
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| Bi-Po 214 Distance |
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~——a/p discrimination

Full separation at high energ

<

T Small deformation due to avera’ge 00— Bi
.“=_°.10.1 . . . . - MBi By 2pgy
s A SSS light reflectivity so0 -
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o n B
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~. [3. —> average pulse shapes
&, Pi 5CP P (0! 'B ) —> for i-time interval of 2 ns

(a +,B)

G = Z PS,  S;—>signal shape within a given At (2 ns)
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Techinques towards low-radioactivity

® | ow background nylon vessel fabricated in
hermetically sealed low radon clean room (~1 yr)

® Rapid transport of scintillator solvent (PC) from
production plant to underground lab to avoid
cosmogenic production of radioactivity ('Be)

® Underground purification plant to distill scintillator
components.

® Gas stripping of scintlllator with special nitrogen free
of radioactive 8Kr and ¥°Ar from air

® All materials electropolished SS or teflon, precision
cleaned with a dedicated cleaning module
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Background: 21°Po /

— End of %3®U chain :
p(61keV) B-(1.2MeV) O
210pp  _» 210Bj -» 210py -» 206Ph
t1/2 22.3y 5.01d 138.38 d stable

The bulk 238U and 232Th
contamination is negligible

The 219Po background is NOT related

neither to 238U nor to 219Pb

* Notin equilibrium with °Pb ! contamination

- 2°Po decavs as expected 210

210 -
Po vs * Bi

S T
[ =9 L ° T
o . 2°Po decay time: 204.6 days 10 ' T T
2 = 5 5 Total Expected Signal and Irriducible Backg. 1
S . ‘S S S —~ 10°F 210Pg  ——"po @ 60 cpd/100tons -
- g ——""Bi @ 60 cpd/100tons 3
- S 10 60 cpd/1ton 3
= b 3
= g0
- v
3 % 10°F
S 2 i
- =z 10'F 3
- = E
]
> 0
— H : : E E E H m ]0 E _§
0: 1 | 1 L 1 1 | L 1 L L | 1 L L1 | L 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 :
o 50 100 150 200 250 300 10" . . . ! .
- 210Bj Time, days 0.5 1.0 15 2.0

no direct evidence----> free parameter in the total fit Visible Energy [MeV]

cannot be disentangled, in the 7Be energy range, from the CNO
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monoenergetic

roton-proton cycle:

the main energy source in the Sun

99.77 % 0.23 %
ptp-=2H+e+p pte+tpsH+p,

'

p+°He — 3Het+y

l 84.7 % l 13.8 % v 201072 %
*He + *He — “He + 2p|| *He + “He —» "Be +y || *He + p— “He + et + »,

PP-I "
l 13.78 % l 0.02 %

Be+e - Li+ »,

!

: MNa+ dHe + 4He
monoenerag; Li+ p — 9He + “He

FP-II
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Solar Neutrino Survival Probability
r  a=————- MSW-LMA Prediction
o.8— 1 ----—-- MSW-LMA-NHSI Prediction
N MaVall Prediction
- - SNO Data
0.7 Ga/Cl Data Before Borexino
0.6 "
-'___-=_"‘-_-_"——-.I-.______
B.s - e I-, ‘-_"""--._
0.5__ "\| ‘-"»._
— I"\. -\-'"-.
r I|\\ \"'-."
0.4 " HL
0.3 el e 4}
0-2_ 1 1 1 1 11 I| _ | 1 1 1 1 |1 1 |
Before Borexino 1 E, [MeV] 10

We determine the survival probability for

7Be and pp-v,, assuming BPSo7 and using
input from all solar experiments (Barger g
et al., PR (2002) 88, 011302)

P..("Be) =0.56 0.08

P.. (pp) =0.57 o0.09
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Under the assuptions of High-Z SSM
(BPS 07) the 7Be rate measurement
corresponds to

P.. ("Be) = 0.56 0.1 (10)

which is consistent with the number
derived from the global fit to all solar
and reactor experiments (S. Abe et al.,
arXiv: 0801.4589v2)

P.. ("Be) = 0.541 o0.017

Solar Neutrino Survival Probability

——————— MSW-LMA Prediction

o.6— e MSW-LMA-NSI Prediction
——————— MaValN Prediction
L] SHO Data
0.7
i n Borexino Data
0.6 ' L Ga Data after Borexino

0.2 1 Lol 1 1 [ N R A |

After Borexino 1 E, [MeV] 10
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: What can Borexino say about other solar v sources?

Data: ot/ Stat. Subtraction Energy [MeV]
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Measured Spectrum

All data (scaled to fiducial volume size)
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