Recent results from Borexino

Gemma Testera INFN Genova
TAUP 2015 September 7th, 2015



N\
mm <>

MﬁnChen MAX-PLANCK-INSTITUT

Heidelperg  Hamburg
Gran Sasso s
LUK Jagiellonian
Perugia TU Dresden Kralkbw

the Borexino Collaboration

I

ViIoSCOW I

v7

Virginia Tech

)
N\
Ku}cl{atov

Moscow

(=]

N
%
3)

Y,

b, /!
\ 4 A
r:“‘ — — =
LEU SV .T_:jl"i'-a,

Princeton

Ambherst

St. Petersburg



Signals in Borexino

* Solar v

* Anti-v from the Earth (see A. lanni talk)

* Anti-v (or v) from a radioactive source (SOX, see L. Ludhova talk)

* (vand anti v from Supernova)

e Search for rare processes: new limit on the charge conservation
through e- decay
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Solar neutrinos and solar models

The Solar Interior

Standard Solar Model (SSM) Prspras

* Homogeneous mixture of H,He and heavy elements X.., Y., Zi,, Core L8

’ ’
ini ini (15.7 Million K)

* ayr: parameter entering in the description of the convection
* Cross sections for nuclear reactions
b OpaCity Radiative Zone

(7 Million K to
2 Million K)

Convective Zone
(< 2 Million K)

SSM describes the Sun evolution from the beginning until now (4.57 10°%y).

Initial parameters are changed until present days data are reproduced:

3
- Solar Luminosity L 10!
- Solar Radius ol pp [£0.6%]
- Z/X (abundance of metals) on the surface ? ?Beﬁﬂ%]
- i — 9|
neutrino fluxes T 10 i » ___,_1.-—-"'"1 o [1.2%]
- helioseismology results | [£14%L -~ 24 == 7 B
£ 107,0---~ENO | | L \
3 5’0[114%| I Pt N 8B [£14%]
5 - 1 [ I
= I | |
. . — 10 lT— 0,
pp + CNO fusion chain = 5 F[:ma] l //:r’:"
pp is dominant in the Sun ' 1000 : L hep [+30%]
CNO is dominant in massive stars : ]
10 : /H" ,
0.1 0.2 0.5 1.0 20 50 100 20.0

Neutrino Energy in MeV
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The Solar Abundance problem

1) Study of the photopsphere spectral lines

] ] . Grevesse et al., Can. Jour, Phys., 89 (4) 327 (2011)
* Determine the chemical composition of the photosphere arXiv:1403.3097v1 [astro-ph.SR] 12 Mar 2014
e GS98 :1D model, Local Thermodymamic equilibrium (LTE) M. Bergemann and A. Serenell

* AGS09: 3D models, nLTE 2) Reduced abundance of heavy elements
e in 3D models
: 1D vs Sun :
PR (Z/X)gses =0.029 1D
N Avemged proﬂle
g Yf far AR AR LS T i —
E b e i 3D vs Sun ; (Z/X)AGSO9 0.0178 3D
% E 2= 289% [a] 1'0:'—"—"'_'-__ \ ------------ f ]
@ 04T g g = —mET3 “ o nal ]
oaf T shifr g I \/ 1 3)SSM matching the new measured
P sae.lzﬁn} ﬁoalzsél 605 270 éoalzao ;5:: := §03.271 [rm] (AG509-3D, Low MetaHICIty)
B o 1 values of the metallicity does not reproduce
2L e 7 1 helioseismology results
ol |

608,250 BOB2EL  G08.Z270  B0E.ZE0 608290
Wavelength [nm]
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Solar Neutrinos Flux Predictions and Solar Abundance Problem

Low and High metallicity solar models predict different neutrino fluxes: CNO is the most sensitive

T T T T T T T T T T T T T T T T T T T T g . . T V Diff. %
8 : | ' | ! : N Upp@ limit by
- l l . Borexino
T E E
] r 7
Y F . PP 0.8
E - E =
o bF : pep 2.1
o . 3 E Borexino ("Be) - SNO & SuperK (°B) 7Be 3.3
=] - .
'+ SFIIAGSS09 . Coretempersture dependence T2 77
."EZ 4 = 5.4F ¥’
. . SFII-GS98 1 ”
_ 5.2F SsFI-AGss0g . N 26.7
3 - T I R N TR S T N T R T N N N S N N 3 ‘J: 5 O:_ _:
r ] 15
4.0 4.5 5.0 5.0 6.0 6.5 o r 1 0] 30.0
B [10° em™ s7"] E 48[ ]
© 48 . 17F 38.4
& 4.4F .
42F o ]
A.Serenelli(2014) ] ST ]

4.0 4.5 5.0 5.5 6.0 6.5

W.C. Haxton et al., Annual Review Astron. Astroph. 51 (2013) 21 %3 [10° cm—2 s-1]
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Solar Neutrinos: v, Oscillations and Survival Probability

Borexino results assuming the flux from SSM
(High metallicity)

1 10 0 cosfliy 0 sinflge™ cosflyy  sinflyp 0
= U=1 0 cosflyg sinfl 0 1 0 —sinflyy coslyy 0
0.8— 0 —sinflyy cosbhy —sinflpe™® 0 cosfy 0 0 1
B e Pep
- Solar v mainly influenced by 6?12 Am122
0.7 — ’
ey — —— 7
3 osf Be
Tm 05 | + Bg | Including 0,5 from reactors and accelerator exp,
= S / " a combined analysis
n 4 LMA-MSW prediction * of solar and Kamland data gives (PDG 2014)
= *
*3F | tan 6, = 0.432°5%2
0.2 Amf,2 =(7.53£0.18)10 eV ?
0.1 ;— sin® 9., =0.023+0.002
-::1_'E 1 '3 ' i 'q ' ' Large Mixing Angle + matter effect: LMA-MSW
10 10 10

Energy (keV)
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Solar v and v, Surivival Probability: LMA and Non Standard Interaction (NSI)

0.55 ——————— q.55 : S
.. Non standard forward scattering Pee | MaVan models
0.50 TSI T 1 —
~ - SO 0.50 .
0.45F ..
0.45 | L —
i 0.40 _/;:i—’ ;
& ..l LMA\and standard model
0-35 | —— ¢, =0.04+0.0i, £,=0.0
=== ¢ =0.0+0.0i, ¢,=0.5 0.35 F m, =0.0eV
0.30k """ €, =—0.5+0.0i, ,=0.0 ,_-;h-_-‘;_‘. —— = iy ﬂ.ﬂ'ﬁr:lf\'\
------- €,=—0.5+0.0i, e,=—0.5 = oy =0 1el
-=+ ¢, =—0.5+0.5i, €,=0.0 0.30 : :
10® 1ot
0-25 T I - 0.55 \. . ——————
1 & (Mev) 10 T MSWLMA
[T —— —— = =1 wln iR
0.301 R m— - -':.—i ::ir.: 52 2 ;i T
\ Ol e N [ e 1 1 T |
* NSI between v and electrons modify P, vs E basp T
= O B |-~ 1
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e - Long range interactions -
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1

=, (MeWw)

10

G. Testera INFN Genoa (Italy) TAUP 2015



Borexino: Real Time v Detector With Liquid Scintillator@LNGS (lItaly)

Stainless Steel Sphere:

Scintillator:

R=6.75 m
2212 PMTs

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

inner nylon vessel (R =4.25 m)

Buffer region:
PC+DMP quencher
425m<R<6.75m

VY TV
At 2™
¥ ’m.

Water Tank:
v and n shield

u water C detector
208 PMTs in water

The smallest radioactive background of all the neutrino detectors:
9-10 orders of magnitude smaller than the every-day environment

* vdetection:
elastic scattering on electrons

v,te —v, +e

e anti—v detection:
Inverse Beta Decay (IBD)

v,+p—on+e’

III

*“prompt signa

e+: energy loss + annihilation
(2 y511 KeV each)

*“delayed signal”

n capture on H after thermalization; 2.2y

Scintillator

Prompt signal
:1:‘/1‘11\ Delayed

_________________ signal

n

2.2Me
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Expected solar v signal and background

é'Ckgroundv Solar—v &, (GS0R) &, (AGSS09)  R,(GS08) R, (AGSS09)
al es dUI‘/ High-metalheity Low—metalhcity High-metallicity Low—metalhicity
= 10° = 1 S 'DHASEJ [cm_gs_'] [cm_r“s_i] [epd /100 ton] [cpd,/ 100 ton]
o = i BC (346x 108 Pp 5.08 (1+0.006) 6.03 (1+£0.006) 130.8 + 2.4 131.9 + 2.4
— | 1
v 10° e "Be*(384 keV) 0.53 (1+£ 0.07) 048 (1 0.07) 1.90 + 0.14 1.73 + 0.12
0 = pp-v (133.0) "Be*'(862keV) 4.47 (1+£ 0.07) 4.08 (1£ 0.07) 4648 £ 335  42.30 + 3.05
% 10* R S pep 1.44 (14 0.012) 1.47 (1+ 0.012) 2.73 £ 0.05 2.79 + 0.06
o E 7\ 210Pg (656.0) BN 2,06 (1£ 0.14) 217 (1+ 0.14) 242 £ 0.4 1.78 + 0.23
@ — <o B0 2.23 (1+£ 0.15) 1.56 (1£ 0.15) 2.75 £+ 0.42 1.92 + 0.29
E 10° = ! % "Be-v (46.0) TE 552 (1+ 0.17) 340 (1+ 0.16) 0.068 £ 0.012  0.042 + 0.007
— = L/ 8Ky (35.0) CNO 24 (14 0.21) 376 (1£ 0.21) 5.24 4+ 0.54 3.74 + 0.37
= { o B i E / A rd =
102 = ; 210B4(41 5) FE 58 (1£ 0.14) 459 (1 0.14) 0.44 + 0.07 0.37 + 0.05
::.J E I:l _r#"‘-r-r_--_‘_--\-_‘-_\_.---""-l‘__
= J0E : ““"*».,_{' pep-v (3.2) ‘“‘-..h*
- E Iy oNOow (52) N
- B : - &
g g
=] = '-.' %
g 1[]_1 I I N TR B N AT T I I T N B T B O
o 200 400 o600 800 1000 1200 1400 1600 1800
Energy [keV]
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How do we see Solar v in Borexino?

G. Bellini et al., Phys Rec D 112007(2014)

* No direction: key tool in the SNO and SK analysis

* Energy (from number of PMT hits or phe) : - high energy resolution and fit of the energy spectra
- recognize the signal on the basis of the spectral shape 5%
- need very low background! :Yield 500 phe/MeV, Resolution JEMeV)
E(MeV)

* Position reconstruction (from PMT time) : - definition of the Fiducial Volume (from the PMT time meas.)
- distinguish signal from back on the basis of the spatial distribution
of the events: Fiducial Volume error +0.5-1.3%
Position resolution; 10 cm@1Mev

* Pulse shape discrimination: recognize signal and back. looking at the time profile of the emitted light

* + explore time and space correlations between events to remove or evaluate background
(214Bi-?14Po, 21?Bi-?1?Po, 8°Kr, 11C 3 fold coincidence, muon daugthers)

In situ calibration with radiocative sources + accurate detector modeling (Monte Carlo and analytical models)

Phase 1: 2007-2010 Scintillator Purification Phase 2: end 2011 to now

-
»
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Spectral fit (260-1600 KeV) : 5% accuracy on ’Be v interaction

G. Bellini et al., Borexino Collaboration, Phys. Rev. Lett. 107 (2011) 141362.

— E . - = 10 E
> = Fit: ¥*/NDF = 141/138 = g 9 _
L - 'Be:d5.5% 1.5 g - — Hity/NDE = 99/95
— B "Kr: 348+ 1.7 —_ o —— 'Be:47.0=19
SR OB 415+ 1.5 = __Use (Z)IOPSD to subtract PKr:24.6+32
5 g C:289202 = | E the “Po peak 0B 40.6 £ 2.6
- “Po: 656.0x£9.8 = - 11
o C - S | P
— L External: 4.5+ 0.7 = | 28004 _
< pp. pep, CNO (Fixed) — pp. pep. CNO (Fixed)
>, 100 E “ 10t
E L E B m“i"'lﬂ.:
3 E .
s 107 F = 102
o - @) —
S B \ = \
8 - 2 - L
é 10-3 L ‘ T I '\ \ \ ll L1 \' N T N s N T R - é 10_3 PR (T T N T TR | |\| \ ] /I L1 |\ PR R A TR T S N S T
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
Energy [keV] Energy [keV]
_ +1.5 no 0sc 9 2.-1
R7Be =46+15 (stat) 4 g (syst) de /100t The = 3.10+0.15 10°cm s

Rnoose. = 74+5.2 de /100t

=y, flux reduction 0.62 +- 0.05
»5 5 evidence of oscillation

P, =0.51+0.07 @0.862MeV

Theor. uncertainty on ’Be flux : 7%
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Multivariate analysis (260-1600 KeV) : first pep v interaction rate and best CNO

limit

G. Bellini et al., Borexino Collaboration, Phys. Rev. Lett. 108 (2012) 051302..

—— Fit:/NDF = 141/138

Bl — Bubssils >pep signal is ten time lower than 7Be Most important background
£ s — LS > About 3cpd/100t »HC
3 F T 6560208 »CNO: rate similar to pep »>210Bj :
g L pp. pep, CNO (Fined) »External background (y from PMT):
S /Be
s ol H Play against external background
F: | | 21€B<L pep * calib. with external 232Th source
= B A
Y el j‘, LN NN T * Monte Carlo simulation
W wf oo e Extback 1o |nclude the radial distribution of events in the fit
CNO |
Play against 11C il : The effect of the 3 fold coinc. [
e 3 fold coinc / 10° »Residual 11C: 2.5 +- 0.3 cpd/100t
e Pulse Shape param in the f|t f 10° > (9+-1)% of the Original value
S . »48.5% of the original exposure preserved
10°
12 1
U+°C = u+n+C .
1 TFC -‘_;;;buacted
11C:B+decay P [ T T N TN O T TN TN T (N TN SR T A T N S NS A N i
200 400 600 800 1000 1200 1400 1600
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Multivariate analysis (260-1600 KeV) : first pep v interaction rate and best CNO limit

Fit simultaneously 2 [ Data
. =
1) Energy spectra after 1C subtraction g ok ™ € events
L S £ events
2) Energy spectra of the subtracted events - —— BestFit
3) Radial distribution of the events - -
4) Pulse shape parameter (BDT) discriminating positronium oL :
(from residual 11C) from beta events ——) F i
| i/
u U
WE=" After TFC veto — pep: 298 + (.65 “Pb (Fixed) —— "C:268+ (.17 1 F :
"Be: 48.0+ 1.8 *B (Fixed) C:0.2310.09 5 o g
1 CKe206+ 20 pyemal v 2494023 X T R A
0.2 0 03

E

L'

- =

s L _

= = M, H0Ri: 540+ 2.6 08 0.6 -04

‘% 10" _E \ Ty, b b f P5-BDT Parameter
= y L b ' 1’-!':,..-" =20y 1

E ] — P——— . —— -\1‘ . HT4el -m!!iiini-=“" ':';: . + +

g / wl i ]l Rpep =3.1% 0.6 (stat) = 0.3(syst) de /100t

= = / - e

a ”:lj i ) ,ﬂ% J ]I N, k\“‘ ™ (I)IBZ/FI)A MSW :16i03 1oscm ZS !

. 1 1 1 .|'|u L1 Li 1 ] L1 1 1 1Lk K .-i. 1 1 1 1 1 L1 1 1 1 1 J"Tr

< 100 200300 400 500 500 700 200 o0 1000

= N,

u' h

Sensitivity to CNO limited by 219Bi: similar spectral shape

RCNO <7.9 de /100t @ 95%C.L. (Dléll\\l/lé_MSW <T.7 108 Cm_ZS_1 5.24 High Met; 3.76 Low Met.)
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Absence of the day night asymmetry for the ’Be v interaction rate

*v, regeneration by interaction with e-: D/N effect is a consequence of MSW

*not expected for ’Be in the LMA-MSW model

*large effect expected in the “LOW” solution (excluded by solar exp + Kamland)

*no contradiction with the recent SK results

N-D

A =
M (N+D)/2

=0.001+£0.012 (stat) £0.007(sys)

Day timfﬂ

¥

Night time

G. Testera INFN Genoa (Italy) TAUP 2015

3,

2

Counts /5 KeV 130 tons

2

10°

ﬁ+ Day spectrum 150 }l#
9—'— Night spectrum ‘

o i

| |
053 06 065 07 073

1 I L 1 L I | L 1 I 1 1 1 I L 1 L I 1 Ll I 1 1

-

o
o
=
g
@
o
@
]
—
(X

1.4

I 1.6
MeV

—
L

ﬂmzy {EV'

1074k

ny

10~

10°° 3

1077

10°%

G. Bellini et al., Borexino Collaboration, Phys. Lett. B707 (2012) 22.

Solar data alone select the LMA-MSW
if one includes the Borexino D/N result

(no use of CPT)
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Fit of the low energy spectrum (165-590 KeV) : real time detection of pp neutrino and

best limit on the e- decay

» 6 purication cycles
» Water extraction

Phase 2 m—) > Nitrogen stripping
» (May 2010-2011)

2381J (from 214Bi-Po) 232Th (from 212Bi-Po) 210Bj (from spectral fit) 85Kr (from spectral fit)
e <810%g/g95%C.L. < <910 g/g95% C.L. e 252 cpd/100t * <7 cpd/100t 95% C.L.
« PHASE1:510%g/g * PHASE 1:310%g/g  PHASE 1:41.8+2.8 e PHASE 1:30.4+5.3+1.5

Clean the low energy region close to the end point of pp neutrinos
» First real time detection of pp neutrinos Borexino Coll. Nature 512 (383) Aug 2014

pp neutrinos included in the integrated signal of the radiochemical exp.
(SAGE and GallLex) (E>233 KeV pp spectrum ends at 420 KeV)

» Best limit on the electron decay: test of the charge conservation

e_ % U _|_ 7/(256 KeV) Borexino Coll.,http://arxiv.org/abs/1509.01223
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Real time detection of pp neutrinos

Expected spectrum

10

QP

10 ue /

102
¢ Synthetic  219Pg -
10 . pile-up GN;D ’ :._I*{r
1 | I 210G,
107

Events (c.p.d. per 100 t per keV)

2333

D

1 1 1 1 I 1 1 1 I | 1 | | 1 1 1
0 200 300 T 400 500 600 700
E

:lTlT"‘ IIIIﬂ! IIII|] I ml FTTTy

—
=

nergy (keV)
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e- decay: test of the charge conservation

e —>U+Yy

Expected spectrum

——+— Data
Total spactrum, x3n.d.f = 177 43147

d
10 256 kaV photon
E1IZIEi

Illlf[ﬂ]t'ul IIII|T1 TTT

-
=
[

III|T|T| IIII[|T1 IIIIIIfl IIIIH“]LIIIJI"] IIII|T|T| IIIII|T1 I

Solar v (pp)
—— Solar v (othars)
...... Synthetic pile-up

—
=

<
i

Events / (day x 100 tons x 1 keV)

E/ ] B T i
10 | TR T
SR S SIS . :
10 S SN ¥
1{}-5 rl 11 | | Il:llt i:J:ll:l (| | I: I:_'I | | | :rl::.:lilll:' :l::I.' I:l;i: i:IE | | | 11 Iu:l: | I |
150 200 250 300 350 400 450 500 550 600
nergy / ke
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Arbitrary Units

Real time detection of pp neutrinos and electron decay : determination of 4C

Accurate study of the low energy portion of the spectrum
14C measured from the second cluster: each trigger opens a 16 microsec gate an sometime more than 1 event is recorded;

107

10°

10°

104

10°

10?

the second cluster has a lower energy threshold (no trigger threshold)

1
I|IIII|IIII|IIII|IIII|IIII|IIII|II'I_J.lJ.Ilu:J_ILIJ.

Second cluster

Standard even

=

10

20 30 40 50 60 0 80 20 100

Energy estimator: number of hit PMTs

-

-
<
T T IIIIIII I

Events / (day x 100 tons x 1 keV)
3

..
=
A

Hesiduals, (data - fit) / o
S X LA — TR T

"

“—\_\fit of the C14 b spectrum

40+1 Bg/100 t

(2]

The corresponding #C/12C
isotopical abundance is

(2.740.1)-10-18 g/g J[
RIS BN A B B B L
100 120 140 160 180 200
Energy (keV)
= L Ll
= 1L I'I}.{.lll H}T , T II'[‘IIIEI-I-II ].{:E'
i_ 'I' "'.I.Im -I- AT AMENENA T .I.
= Lo DT ey
3 l
~ 100 120 140 160 160 500
Energy (keV)
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Real time detection of pp neutrinos and electron decay : determination of 14C pileup

* 14C pileup: two events (mostly C14) so close in time that they are classified as single event
* Cluster duration: 230 ns ; we expect about 100 cpd/100 t as pileup count rate
* We need to determine the spectral shape and rate of pileup events

* Syntethic pileup
e Overlap real events with random events collected within the gate and in a 230 ns window
* Standard reconstruction and processing of the synthetic event

* Determine shape and rate Synthetic pile-up spectrum
T
|
Pileup rate (not only 14C) S E
o
321+7 cpd/100t) g E
:|I”.||||||||.I I HW"\ IﬂﬂMﬂMﬂhﬂM‘ﬂ]

1 | 111 1
160 180 200 220 240
npmts_dt1

G. Testera INFN Genoa (Italy) TAUP 2015

IIII|III 1
20 40 60 80 100 120 140



Real time detection of pp neutrinos and electron decay : model of the energy scale

lonization quenching

- dE
dx 1+kB AX

Light emitted depend on dE/dx

1

Q,(E,kB)=—

dE
1+ kB dE /dx

Yp :Yo Qp(E1 kB) E p=3,a.,y,(proton)

lonisation quenching is more important for y Yy =Y, Z EﬂiQﬂ(Eﬂi ,kB) =Yy Qy(EW kB) E;/

1

Q, (E)

09

\

0.12
B 0.8

v sources in the center and full Borexino Monte Carlo:
kB of electrons (and Y,)

Counts

0.1 R *
0.6
0.08
| 0.5

0.06/—¥ 04

llll]"l 1
Energy [MeV]

kB =0.0109+0.0006 cm/MeV

G. Bellini et al., Phys Rec D 112007(2014)

EI__I|IIII|IIII|II‘lllllllllllllllll
a

0.04

0.02

55| S

L I I 1 | L L L | L L
800 1000 1200
Nh
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Real time detection of pp neutrinos: results

y2d.of. = 172.3/147
P 144+ 13 (freg — 210po: 583 + 2 (irec) pp v rate = 144+ 13 (stat) £ 10 (sys) cpd/100t
— 'Boy:46.2 + 2.1 (constrained) — 14C: 30.8 + 0.9 (constrained) . . . s -
" pep v 2.8 (fxed) o up: 321 2 7 foanstrained Predicted rate for High Metallicity (1D) + LMA MSW =
— CNO 2 5.36 (fixed) = 2198i: 27 + 8 (froe) 131+2 cpd/100t
. —— 214pp; 0,06 (fixed) — 85K 1 = 0 (free)
10 |
= 10 7
_-;'.:Il .'I
» 10 ! . . . . .
2 _ Distribution of the results as a function of the options
g 0 e =Kr of the analysi
= % pileup , ysis
1
3 Y, _ _
Eﬁ 107" w } - | | Mean 144.2| ]
E_ 102 ¥ 25 :_ : REWS 95_844 _:
E 10-% . SO0 RN TN SN U WU | NV UNUUU N S S i
; ““Pb ] - _
jo4 e Pepw — Tt e L ]
[ 1 ) N ]
UE-|||||||.|.|||I.||||| A NI INE AN INEE ISR AT I AN (I e T R e e I B e e —
150 200 250 @00 350 400 450 500 550 g .
Energy (keW) e - -
b E 10— —
B 3 B i i i ]
4 L :
L 2B | I f[ Il o : E
g i 1 gl u [ N H o
g 1Ay T Lt el T DUE I | A bt
& 1k ' '|'||| "'I '" il [||II|“|'|I'"' iyt | |[I1 ITl | E i It % t0 10 120 10 140 150 160 1?u 180 190
3= I |} I [ il Ll 1§ pp-v [cpd /100 ]
8
50 200 250 300 350 400 450 500 550 Borexino Coll. Nature 512 (383) Aug 2014
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New limit on the e- decay : results

_ (pp— (pp))?

Fit with penalty factors (constraints) added to the chi2: P
Xpp = "2 12
PP rv

pp constrained by values measured by radiochemical exp: correlation between pp and 256 y
14C constrained by the second cluster measurement

14C pileup constrained

’Be constrained (results obtained fitting a differente energy range)

Position of 219Po peak is free
Exposure: 408 days; 75.5 tons

Main sources of systematic effects

Eatt; d.f= 17743147
4 o ctrum, x¥n.d.f= 1774314 . .
10 zz'ggikes\?’ephumnx b FldUC|a| VO|Ume
- 10 o * Mean value of the gamma peak
O Kr
Z — « Fitrange
- - ====- Synthetic pile-up
£ 10 . . .
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Two orders of magnitude better than our previous result 7, > 4.26 10*° years

G. Testera INFN Genoa (Italy) TAUP 2015



Real time solar v detection

PP Be Pep CNO 58 dotect on th
etect en. thres.
(10°°cm2s?t) | (10°cm2s?) (108 cm2 s1) (108 cm2s1) | (10°cm2st) (Lowest)
2.344 + 0.034
.5 MeV
oK V. equiv.? (1.4%) 3.5 Me
SNO 525 t 0.16+0'11_0'13 35 MeV
Total active? v (3.8%)
Kamland 3.26 + 0.5 (15%) 2.77 £ 0.26£ 0.32 & Mev
v, equiv® v, equiv.3 (15%) '
Borexino ©-6+0.7(10.6%) |3.10 £ 0.15 (5%) | 1.6+ 0.3 (19%) fM7A7msw 2.4+0.4+0.1 3. MeV
LMA-MSW /6 LMA-MSW - :
included’ Ve CGUIY included® included® Ve equiv.* (17%)

1) Y. Koshio (SK Coll.) Neutrino 2014 talk

2) B. Aharmim et al (SNO Coll.) Phys. Rev. C 88 025501 (2013)
3) S. Abe et al (Kamland Collaboration) Phys. Rev. C 84 035804 (2011)

5) G. Bellini et al., (Borexino Collaboration) Phys. Rev. Lett. 108 (2012) 051302..
6) G. Bellini et al., (Borexino Collaboration) Phys. Rev. Lett. 107 (2011) 141362.
7) G. Bellini et al. (Borexino Collaboration) Nature 512 383 (2014)
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Conclusions and perspectives

* Borexinois able to perform a full solar v neutrino spectroscopy
* 3B was also measured: low energy threshold 3 MeV

G. Bellini et al (Borexino Collaboration) Phys. Rev. D 82, 3 (033006) 2010

24+04+0.1 (10°cm?s?)
V, equiv. (17%)

Counts / 2 MeV / 345.3 days

6 8 10 12 14
Energy [MeV]

* New updated results about all the solar fluxes using the PHASE 2 data: under analysis, coming soon
* Big effort in progress to improve the limit about CNO neutrinos
* SOX and sterile neutrinos studies: start data taking expected before the end 2016
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Real time detection of pp neutrinos and electron decay : model of the energy scale

e Accurate analytical model of the low energy scale

* Energy estimator: number of hitted PMTS in a fixed (230 ns) time window : Np
* Model of the energy response function for an energy deposit E in the fiducial volume

H(N,)=1(N,|E) h(E)

_— \

Energy estimator spectrum Response function Energy spectrum
S
A u
. N - : f(N |E)= e
Response function: scaled Poisson function p F(SN p +1)
2 parameters related to the mean N,(E)= Yad
S
and to the rms (resolution) o2 (E) = M
N, 52

* We model the mean Np(E) taking into account the quenching and the resolution as function of E :
( 1 free parameter for the mean (light yield), 2 free parameters for the resolution )
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Position reconstruction (Backup)

* Rn source deployed in 182 positions
* True position with laser light and CCD

The position resolution as a function of the energy
The accuracy of the absolute position reconstruction: 18
difference between true and reconstructed source position 5 e e
’ B 1ok
24F 16
SE = E ==
= %ﬁ = Mean -2.90 cm = =
o 2UE = 15F e
g %E_;— RMS 1.20cm = 145
OE Vertical coordinate E E
S e § nf =
5 10E - =
g SE- 12 R
7 3E 1E- cmcgpes
M Ei— 1[;:_ e
G_ N L L N L L A M 1 MO MM L L N 1 L L N |. - B,
-6 4 -2 0 2 4 6 oF :
o E(CCD] [E]Il] : | | I | | | | |
0 100 200 300 400 500 600 700 800 900
e (and similar fory) f Npe [p-e.]
/1MeV
Fiducial Volume error: +0.5-1.3% 10 cm@ 1MeV (electron equiv)
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Energy reconstruction (Backup)

Energy calibration: y sources in the center 214pg source (from Rn) in 182 positions: difference between
v 0.12
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Pulse shape discrimination (Backup)

Distribution of the parameter (Gatti filter) used
The time profile of the emitted light for a and b to discriminate o from 3
1 10°¢ ; £ 2500
) af ; ; s P
0| PC + PPO (1.5 g/l) ‘ ._E »000F- \
| ] 5 L L
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11C decays by B+

e+ slow down, capture e-,
Lifetime in the liquid is few ns
e+ scintillation delayed 0
(compared to e-)
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