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Standard Solar Model: Neutrino fluxes vs solar metallicity
(metallicity — abundance of the elements above Helium)

BN: 150
(cm: 2s (x 1010) (x 108) (x 109) (x 106) (x 10%) (x 10%) (x 109)

BSos 5.99 1.42 4.84 3.07 2.33 5.84
GS 98 )
BSo5 @ 6.06 1.45 4.34 4.51 2.01 1.45 3.25
AGSo0553)

WUBSos: Bahcall, Serenelli & Basu, Astrop] 621 (2005) L85
(2)Based on high metalicity model GSg8: Grevesse & Sauval, Space Sci. Rev. 85, 161 (1998)
)Based on new low metalicity model AGSos (factor ~2):

Asplund ,Grevesse & Sauval 2005, Nucl. Phys. A 777, 1 (2006).

BUT: incompatible with helioseismological measurements

MEASURING for the first time the CNO-neutrino fluxes
would help to resolve the controversy!
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Solar -v survival probability BEF

Solar Neutrino Survival Probability :
Low energy neutrinos (pp):
N —— MSW-LMAR Prediction 3
0.8 flavor change dominated
- ) SO Data by vacuum oscillations;
07— . 3a/Cl Data Before Borexino
- High energy neutrinos (®B):
e Resonant oscillations in matter
n.=u F Tl (MSW effect):
- A Effective electron neutrino mass
o.a . is increased due to the charge
- —t } . % i current interactions
0.3 with electrons of the Sun
E:;' B e '1 e '1'0 Transition region (7Be):
efore Borexino :
By eVl Decrease of the v, survival
- . robability (P
Vacuum regime Matter regime P Y (Pee)

Transition region of 1-2 MeV:
First time observed by Borexino
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Solar -v survival probability

Solar Neutrino Survival Probability

M3W=-LMA Prediction

D.ﬂ_— ——————— MSW=-LMA=-NSI Prediction
e e MaVaN Prediction
[ . SNO Data
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Transition region of 1-2 MeV:
First time observed by Borexino
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Low energy neutrinos (pp)
flavor change dominated
by vacuum oscillations;

High energy neutrinos (®B):
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 (7Be):
Decrease of the v, survival
probability (P,.)



Scientific goals of Borexino

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

The first simultaneous measurement of solar neutrinos from the transition region (7Be-v -
two measurements published) and from the matter-enhanced oscillation region (3B-v -
the first measurement below 5 MeV submitted)

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 as well as 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;

* Scattered electrons cause the scintillation light production;
* Advantages:

* 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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F Experimental site

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)

Stainless Steel Sphere:
= R=6.75 m
4 ! o [ e 2212 PMTs

o g0 m>

Buffer region:

PC+DMP quencher (5g/1) [F— :’;

4.25m<R<6.75m

-

QOuter nylon vessel:

R=5.50m
(>>>Rn barrier)

N

Water Tank:
vand n shield

u water C detector
208 PMTs in water
2100 m3

Carbon steel plates

20 steel legs
[
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/
Filling 1/3

Nylon Vessels
Inner: 8.5 m
Outer: 1.0 m

LAKN - Low Argon and
Krypton Nitrogen '

Ultra-pure water

Foto taken with one of 7
CCD cameras placed
inside the detector
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Filling 2/3

March 2007

Liquid scintillator

Ultra-pure water

photo: BOREXINO calibration
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= Detector filling completed ‘on May 15t 2007
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Data acquisition and data structure

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

455" > 16 us DAQ gate is opened; 452—

40 . . =

W » Time and charge of each hit detected; 40

wt | | | > Eachtrigger hasits GPStime; e
E 30—

25 “cluster” of hits = real physical event 25)-

202— 20;-

152— 15f— >

10F- 10

5E- 55

0:|| e o b o b oo Twe e oy w T o 0wy | :,,,,|‘,,‘|,‘,n,\,,,,P]I-L'Jh’l,ﬂ,ﬁnnn,n,l,,,n,l...n.h
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 O 0 -15700 -15600 -15500 -15400 -15300 -15200 -15100 -15000

Time [ns] Time [ns]

« Outer detector gives amuon veto if at least 6 outer PMTs (from 208) fire;
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etector perform

Ligh'l‘h yield 1)  4C spectrum, B decay 156 keV end point;
1 2) YC spectrum, B+ decay 960 keV, triple coincidence with muon and neutron;

3) Global spectral fit (**C, 1%Po, "Be edge);

14C energy spectrum .

(500 + 12) p.e./MeV e

taking into account quenching factor 1o ¢ : :

Energy resolu.rion: 100/o @ 200 kev ng_.. e + TSSO, AT _:
8% @ 400 keV " /

Spatial resolution: 35 cm @ 200 keV ‘ijLﬁ;;;';'_;;_l;ﬁf_;;;_;;:L;;ilﬂﬁ

(SCG“ng as Ngilz ) 16 cm @ 500 kev o w20 30 0 s e) 10 80 I;D"hit;no

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 IV surface)
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Background: %%°Th and 4%

. Assuming secular equilibrium: —

232Th chain

T =432.8 ns

el

& VP 9
?// IVAC ¥

2IZBi

&

2121)0 Tt 208Pb
~800 keV eq.

\

o

233U chain

-

.

&

B4

214Bi ___ﬁ____, 214P0 *___QC___, 210Pb
3.2 MeV ~700 keV eq.

T =236 s

J

(6.8+1.5) x 1018 g(Th)/g

Bulk contamination

(1.6 £ 0.1) x 107 g(U)/g

Only few bulk candidates in the FV

E [
§ T
2 B e
o
3 e
T L
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Backaground: 219Pq

«Q

nd 85Kr

210Pg:  end of 28U chain :

B-(61keV) B-(1.2MeV) O
216D, 5 2lop: o 210p, [ 206ph ¢
t1, 223y 5.01d 138.38 d stable

The bulk 238U and 23?Th contamination is
negligible

The ?19Po background is NOT related neither
to 228U nor to #'°Pb contamination

May 2007 ~80 counts/day, t=204.6 days
210Bj no direct evidence ---> free parameter

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

85Kr B-decay energy spectrum similar
to the "Be recoil electron

85Kr is studied through :

85K r B 850 h 85K p » 85mRb Y, 85Rp
687 keV - 173 keV 514 keV
1=10.76y - BR: 99.56% " t=1.46ms - BR:0.43%

Only 8 (B—y) coincidences selected in the inner vessel in 192 days
the 85Kr contamination (29+14) counts/day/100 ton
More statistics is needed - taken as a free parameter in the total fit
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—— All solar neutrinos

"Be neutrinos

[
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Elastic scattering of mono-ener getic neutrinos:
Compton-likerecoil spectrum
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Energy [MeV]

A measured neutrino flux depends on:

« neutrino flux produced in the Sun (SSM: Standard Solar M odel)
 neutrino survival probability

(LMA — Large Mixing Angle solution in the Am? — sin°20 parameter space)
e interaction cross section (cca. 104 cm?!)
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Expected M C spectrum: signal+irreducible background

BOREXINO expected spectrum with signal + irreducible backgrounds

—— Be7 =49 cpd/FV
_ 5 _\y2 ——— CNO =5 cpd/FV
S-m: =7.58 x 10” eV "G = 15 cpd/FV
sin® 20,, = 0.87 — "C=1.95 cpd/Fv

---------- "“c:"c/'*c=2.5x 10"

................... pp + p'Ep + BB
14C 233U + 232Th at 10-"."3 g/g

I:!:_Hlm| IIIIIIH] IIIIIH[| [ TITT

light yield = 500 p.e./MeV

pp+pep+°B

238\ ) 4+ 232Th

II|§IIII|IIII|II—||IIII|IIII|IIII|Illllllllllli.:'

100 200 300 400 500 600 700 800 900 1000
Q... [p-e]

IIIIIIH] [ TITRI T T
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Data: ot/p Stat. Subtraction Energy [MeV]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

1 05 | | I | | | | | | I | | | | | | I | | | | | | I | | | | | | I | | | | | | I | | | | | | I | | L L | I | | | | | | I AnaIYSis Cuts
Measured Spectrum 1. prejected;
10° All data (scaled to fiducial volume size 2 fg;eercﬁgl;ng 2ms after
After analysis cuts 3. Rn dal(ljghters beforg Bi-Po
.. . coincidences vetoed;
5 — After statistical subtraction of o events v
10 4. FVcut;

Expected Spectrum

==== Total Spectrum
-=-=-- "Be

2

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

192 days of data

=
=
b

200 400 600 800
Energy [photoelectrons]
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Spectral fit

— °Bi+CNO: 20%*2 cpd/100 tons -Light yleld a free fit parameter;

Fit between 100-800 p.e.;

Light quenching included
(Birks’ parametrization);

o 14C, 11C and &Kr
free fit parameters;

w [
E F — Fit: y’/NDF = 55/60
3 107 [— Be: 49%3 cpd/100 tons|
- - — ®Kr: 29%4 cpd/100 tons
" i —— ng: 24%1 cpd/100 tons
s 10F
P =
o [
° -
> 1
1] =
= = | ¥
S F
= 10t
I F
m -
- | 10°F
g 10— E_ ] ] ] I ] ] ] I ] ] ] ] ] I ] ] ] I ] ] ] I E E
o 200 400 600 800 1000 1200 140 B 10* E_
Energy [keV] o -
S 10° =
X =
> 10% -
*Fit to the spectrum without and ® ok
with o—subtraction is performed > b
giving consistent results =
S —
m -
FECN S
7 . 5 F
Be: (49 = 3) cpd/100 tons | S .-

— Fit: y!/NDF = 185/174
|— "Be: 49t3 cpd/100 tons|

— 2'Bi+CNO: 23%2 cpd/100 tons
— BKr: 25%3 cpd/100 tons
— 11g; 2521 cpd/100 tons

.....\/.|.|\‘\|\.\|.\

200 100 600 800 1000 1200 1400 1600 1800 2000
Energy [keV]



Systematic uncertainties

Source

Syst.error (10)

Tot. scint. mass

Live Time

Efficiency of Cuts

49 + 3stat x 4sys de/ 100 tons

Expected rate
(cpd/100 t)

Detector
Resp.Function

No oscillation

5+4

BPS07(GS98)

Fiducial Mass

HighZ

48 + 4

BPS07(AGSO05)
LowZ

44 + 4

No-oscillation hypothesis
rejected at 46 level

[CPP - Istanbul - October 2008
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Solar Neutrino Survival Probability

= MSW-IMA Prediction
o.8— -+ MSW-LMA-HSI Prediction
I MaVal Prediction
- SHO Data
0.7— = Ga/Cl Data Before Borexino
C T
0.6 "
= _ ]
e T T
ﬂ-s : "\ I; _‘-_'-'h"‘--
0.5— Y el
= Y ~.
- [ T .
- 1oy -‘-"h
. “
0-4__ 5 ‘\ = -
| o —i "‘_
L B TR :_;:,%l: _—
0.3 NPT
0_2_ ] [ T B I B ] I [T N N B
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
et al., PR (2002) 88, 011302)

P.. ("Be) = 0.56 * 0.08

Pee (pp) = 0.5710.09

[CPP - Istanbul - Oc

- e MSW-LMA Prediction
O.B_— ——————— HMSW-LMA-NSI Prediction

e MaVaN Prediction

- . SHO Data
0-7_—

i p N = Borexino Data

- " n Ga Data after Borexino
0.6:_ 5

A = --L__

L - - ————

L - -
0.5— o ~-

C Y ~u

— 1‘\ \"_‘_

L 1y -~

L} -

0'4__ % ‘\ "‘LH

[ % » ‘1‘_%

Y2 ~

- e e e e e B _—
0.3— NP L L
0_2_ ! T N B M B | ! ] [ N A |
After Borexino 1 E. [MeV] 10

Under the assuptions of High-Z SSM (BPS o07)
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.. (7Be) = 0.541 + 0.017

Solar Neutrino Survival Probability




Neutrino magnetic moment

SMwithm,=0:u,=0

T - kinetic energy of scattered e
E, - neutrino energy

do

(_

dTW

_2Gm, T mT
gL +gR +|1- ngR
T E, E’

SM with m, > 0: pu, > 0,

additional EM term =———————)

influencing the cross section
and thus the spectral shape

l

[
[}
n

— Fit: y°/NDF = 185/174

|— "Be: 49i3 cpd/100 toms|
— **Bi+CNO: 2332
— %Rr: 25%3 cpd/100 tons
— il¢: 25%1 cpd/100 tons

"
<

- =
-
= o % <

Counts/ (10 keV x day x 100 tons)
q

cpd/100 tons

e e
]

Q
L

Energy [keV]

e b L v b b b b
200 200 600 800 1000 1200 1400 1600 1800 2000

Sensitivity
enhanced
@ low energies

(d_aj _ 2 Pl
dT EM ' mj

Estimate8 Method 90% C.L.
107" pg
SuperK 8B above 5 MeV <1
Montanino et al. 7Be < 8.4
(Borexino data)
GEMMA Reactor anti-v <5.8

7Be

Borexino

Currently the best experimental limit!



Data: o/ Stat. Subtraction Energy [MeV]
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* The first simultaneous measurement of solar-v from the transition region
(7Be-v) and from the matter-enhanced oscillation region (¢B-v);

e The first measurement of 3B-v in real time below 5 MeV;

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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5B

None

Muon cut

Neutron cut

FV cut
Cosmogenic cut
1°C removal

214Bj removal

—-

Measured éB-v
BS07(GS98) B-v
BSo7(AGSos) 8B-v

Counts

2.8-16.3
MeV

20449
3363
3280

567
71
65

48+ 8
50+5
40 + 4

Counts
5.0-16.3
\Y% (QY
14304
135
114
372
26
26

26 + 5
25+3

20+ 2

Counts/100 keV

Counts/1 MeV

[
o
W

10

10

107t

30

25

20

15

10

-V fluxes (see arXiv 0808.2868 for details)

6 8 10 1z 14 16
Energy [MeV]

LR

s

Non-oscillation excluded @ 4.2 ¢

BS07(GS98)
*~.._no oscil.

1 | ] ;I T | 118 I | T 111 | | 11
4 5 6 7 8 2 10 11 1z
Energy [MeV]



First real-time measurement above 2.8 MeV:

D ,ovey =(0.26 £0.04+a + 0.02s) counts/day /100 tons

Above 5 MeV in agreement with SNO and SuperK:

D ,ouey =(0.14 £0.03sa * 0.01s) counts/day /100 tons

RIR = BSO05 (GS98), HighZ

0.6 E_ 7Be

0.55 =
0.5 E—

045 1]\3/[550"7‘2‘5;‘32‘) °B First simultaneous
0.4 measurement in both

0.355— e vacuum-dominated and
0.3f- matter-enhanced regions

u 2 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 |
10
Energy [MeV]



Conclusions

DONE

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;
The first real-time measurement of 3B-v below 5 MeV (above 2.8 MeV) ;

The first simultaneous measurement of solar neutrinos from the transition
region (7Be-v) and from the matter-enhanced oscillation region (B-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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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:

ik
R =zfiRi,kPele ¢ _ 9 (measured)
X ', (predicted)
k = Homestake Gallex R, =expected rate of source "i" in experiment " k" (nooscill.)
| =pp, pep, CNO ‘Be?B P:e'k =average survival probability for source"i" in experiment" k"

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

* fo5 = 0.87 + 0.07, measured by SNO and SuperK;

* f p.=1.02 t0.10 is given by Borexino results;

*Performing a y? based analysis with the additional luminosity constraint;

f o = 1.005 J_’g'ggﬁ (1o) Which is the best determination of pp flux
| (with luminosity constraint)

foo < 3.80 (90%C.L)




uture: pep and -V tluxes
The main background for pep and + electronics improvement to detect all the
CNO analysis is *C neutrons produced by a muon
12 n 0 — Changes in the electronics (Dec 07):
w+PC> u+2C+ h (90 %) after each muon, 1.6 ms gate opened

T~ 30 min!! T ~ 260 Us - FADC implementation in parallel;

1C> "B+er+v, n+p=2>d+7y (2.2MeV)

Example with several tens of neutrons detected:

M u 0 n [ sample event with many neutron (trigger type == 128) |

Spherical cut . .
\ around 2.2 g "
__—— toreject 1C event =

|A... . I ol ‘ L L 0*
1200 +1000 800 <600 400

Cylindrical cut
Around m-track

Now: 87% "C rejection

Tripple coincidence:
u, 2*511 keV, v (2.2 MeV)

Still in progress
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S(U+Th) [TNU]

0
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i
D-‘ +

5n
J
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3[:

20

All heat radiogenic

BSE
prediction

Min BSE Fully Red. -

I S —— PR PP B PR ——

0 § 10 15 20 28 30 I 40 45

Heat (U+Th) [TW]
Mantovani et al., TAUP 2007

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

Borexino potential on geo-neutrinos

Signal H{U+Th) from Uranium and Thorium geo-neutrinos at Borexino ~J 31 ]
o | | P59 &T&nﬁi‘gﬂgrgv spectrum (model)

-
O

——— geo-neutrinos

-
M3

——- reactor neutrines

—
L=]

e
.
s

Events/(MeV x 300tons x 1yr)
Lo

T

1 L L 1 L 1.5 1 1 L 1 z 1 1 1 L 1'5 7
Prompt Energy, MeV

5.7 events from reactors (in geo-v E range)

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)

30 evidence of geoneutrinos expected in 2 years of data



Standard SN @ 10kpc

dN/dE [1/MeV]

P

dN/dT [1/MeV]

0.10

0,08

0.06

0.04

0.02

0.00

400

350

300

Normalized SN Neutrino Spectra

electron neutrino
electron anti-neutrino il
w and =t (anti)neutrino

10 20 30 40 50 60
Neutrino Energy [MeV]

Spectrum of recoiled protons

electron neutrino .
electron anti-neutrino

—— p and t neutrino 1

0.2 0.4 0.6 0.8 1.0
TP, Recoiled Proton Visible Energy [MeV]

Borexino potential on supernovae neutrinos

Borexino E, ., = 0.25 MeV
target mass 300t

Detection N events
channel

ES 5
(E,>0.25MeV)

12C(anti-v,e"?B
(E iy > 14.3MeV)

12C(v,e-)2N
(E, > 17.3MeV)

anbul - October 2008
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e uareidentified by the OD and by the ID
& OD eff: ~99%
® |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

[ S B R B P B T T

- INUuons
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ficiency

o
-
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" scintillation events

mean time of the cluster [ns]

IIIIIIl

time of the first peak in the cluster [ns]

70

M {10 i)

Mg (10 iy

Muon angular distributions
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G |eddmith]

ARy (G R g

L~ 1

+L__ S - pmmmm A" = R By

NOW 2008, Otranto, 6-13 Septefgbpeoktanbul - October 20! Muon flux:(1.21+0.05)h'm=




Radial distribution of “4C events

1400

1200

1000

800

&00

400

200

® Base on time of flight fit to hit-time distribution
® developed with MC, tested and validated in Borexino prototype CTF
® cross checked and tuned in Borexino on selected events (4C, 24Bi-24Po, 1C)

£E et

L]

By

mrarisa | |
oS | |
Bigma 4181 5 00068 | |

480 20T | |

T 8 a

10

Radius [m]

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

r2-like shape with R=4.25m.

ICPP - Istanbul - ( (scaling as Np.e.

| Bi-Po 214 Distance | e
Entries 7009
E Mean 0.3305
200— RMS 0.169
180:_ Underflow 0
- Overflow 0
160— Integral 7009
140__ Skewness 1.017
120
100
80—
60—
40—
20
_lllLJ.J.JJLlll]llJ.lJlJ.J.J.lJ|Illll.llllllJ.IJlLlJ.l
00 01 0.2 0.3 04 05 0.6 0.7 08 09 1
Distance [m]

Spatial resolution:
35 cm at 200 keV

16 cm at 500 keV
_1/2 )




o/B discrimination

Small deformation due to avera’ge 500

Full separation at high energ

2

ZliBi B‘I{Y
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SSS light reflectivity
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me | NS
| o/B Gatti parameter G

a ’:Bi —> average pulse shapes

P (ai _'B') —> for i-time interval of 2 ns
|

@A)

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

Low 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 8°Kr and °Ar from air

All materials electropolished SS or teflon, precision
cleaned with a dedicated cleaning module

ICPP - Istanbul - October 2008 39



t1/2

2%y, cpct

no direct evidence----> free parameter in the total fit

B-(61keV) B-(1.2MeV) O
210Pb -> ZIOBl -> ZIOPO -> 206Pb
223y 501d 138.38 d stable

Not in equilibrium with 2°Pb !

210Pg decavs as expected
- 21°Po decay time: 204.6 days
E 1 I 1 L 1 1 | L 1 L L | 1 L L ] I L 1 ] 1 | 1 1 1 1 | 1 1 1 ] I 1
0 50 100 150 200 250 300
ZIOBi Time, days

Events / (MeV x day x 100tons)

s —— Background: #1°Po

End of 23U chain :

The bulk 238U and 232Th
contamination is negligible

The 219Po background is NOT related
neither to 238U nor to 21°Pb
contamination

210 210y =
Po vs " Bi

I ' I ' I

Total Expected Signal and Irriducible Backg.
210P 210

O —— Po@ 60 cpd/100tons o
—— ""Bi @ 60 cpd/100tons

60 cpd/1ton

0.5 1.0

Visible Energy [MeV]

1.5 2.0

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

[CPP - Istanbul - October 2008
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Foton-proton cycle:
the main energy source in the Sun

99.77 %o 0.23 % monoenergetic
ptp—*H+tet+p, pte+p—~*H+vp
I
p+°He - *He +¥
l 84.7 % l 13.8 % l 2'10'5 %

‘He + *He — “He + 2p|[| *He + “He — "Be + ¥ || ‘He + p— “He + et +»,

PP-1 Mg,
J« 13.78 % l 0.02 “/u

Bet+e = Lit v ‘Be+p—=°B+ ¥
‘Li+ p — “He + “He B —%Be + et + p_
PP-II .
8B — “He + “He
PP-II1

N()é\é %8?(I8h8t@1t3h?\—/1 Sse]fglem%hw étNEN)W au@8Livia Ludhova (Borexino collalppration)
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