| ’ ;ﬁi *'1 ;
B@gb JEIO Q—\
5 (e

A ﬁhy S Qr
transitions ’c‘f‘C_] and ¢ OJmogemr*'

wi W
iy
b T
g
L]
L9t ®
".

R
B

D - v
'#"fanJrlm—r September SiZNiN.
JUIEET \/\/mrer ~|r1rl Michael Wi
{o the,B0 ”r”All\JOW’QLL«q,)r tiony/

| U MU mmm en.;




Borexino detecto
o

2212 PMTs mounted on 270 t or
stainless steel sphere vessel

ocated at Gran Sasso underground lab: 3,500 rrnwe
sniizlcirig against muons and hadronic showers

Low-energy neutrino detector:
=, =50 xaY

High energy resolution: | 0% @ 200 kaVY
Good spatial resolution: 25¢crn @ 200 ka2
Outstanding radiopurity

Collaboration partners from ltaly, USA, France,
Russia, Poland, Germany (MPIK Heidelberg, U
Hamburg, TU MUnchen)




Origin of Geoneutrines
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~30 TW

Earth Heat Flow proble
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heat flow
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Backgrounds

SOURCE OF REACTORSV, FOR BOREXINO I

avts/(100t yr)
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jity: (a,n) and (y,n) reactions
01 evts/(100t yr)

Total background in geo-v window: | v
0.14 £ 0.02 evts/(100t yr) ;
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Results

68%, 90% and 99.73% C.L.

Source Geo—7, Rate
levents/(100 ton-yr)]

Borexino 3.9713

BSE [16] 2575

BSE [30] 2.54+0.2

BSE [5] 3.6

Max. Radiogenic Earth 3.9

Min. Radiogenic Earth 1.6

Min radiogenic

5 10 15 20 25 30
N react



...and a whole variety'moyre!

Physics in Collision 2010 — Karlsruhe

Solar neutrino results of BOREXINO

Michael Wurm and Jiirgen Winter for the BOREXINO collaboration
Technische Universitat Miinchen, Physik-Department E15, James-Franck-Str. 1, D-85748 Garching

The Standard Solar Model (SSM) 7Be Neutrino Analysis

Physics in Collision 2010 -Karlsruhe
Borexino beyond solar neutrinos: Geoneutrinos,

Pauli exclusion, and cosmogenic background

Jargen Winter and Michael Wurm for the BOREXINO collaboratio
Technische Univers tat Manchen, Physik Department 15, James-Franck-Strafe, nmmmmng

Borexino design

Organie Liquid Seintilialer:
2701 ‘Stainiess Steel Sphere:

R=675m

in a 150 um thick

Solar energy is created via two reaction chains of H->He fusior

The proton-proton-chain (>98%)
Expected background levels

o
17300 400 eo0 " wos R e Suow eoe imwe Two
nalysis cuts Fit strategy
muons rejected - fit 100-800 pe region
events 2ms after urejected - light yield: free parameter Effect of spectral cuts
‘>‘He net reaction, Rn dzughlers before hgm quen:hlng lncluded
)s are released:

nergy | Fluxon Earth
wev) )
60a0%
51007 —
1410
S9a0°
2900

counts/dz  JOton

L0FlL/Night-Asy metry
[——
fraphnivipriesteoy ™)

Solar neutrin® 9 rum

Final spectrun riments

MaVaN model (A, =-0.23)
rejected at more than 30

)
EEOl 28N as et . 2212 PUTs, 8" ETL 9351
50 m?

inner nylon vessel (R = 4.25 m)

Buffer regio:
PG + DMP quencher (5 g1)
425m <R <675m

m
(= Rn barrier)

LoCamwi1
Hall C of the underground facilty of the Laboratori Nazionall
0ol Gran Sasso

— ~3500 mwe smm‘ sosraleosngaslERney]

S (18w 10T gy

= Th (541) 10 gig

= Rn ~ 107 gig (-1 cpd/100t)

the lowest radioactive
background in the world:

9-10 orders of magnitude smaller
Calibration than the every-day environment!

Energy resolution
v

Spatial resolution
35cm @ 200 keV.
16cm @ 500 keV.

Collaborating instituts from
Italy, Germany, USA, Russia, France,
and Pol

100 anergy eV]
ectrum below 5 MeV.

2.7£0.4£0.2

eutrino fluxes

”2), SNO (*8) and CI/Ga
experiments constrains spectr s of pp/CNO-vs.

berpi/ Prneor

oscillations

1.005°0% ., (10) currently = 107
(90% C.L) best limits e

Be)=0.56£0.10 + P_(%B)=0.29:0.10

= significance of 196

Cosmogenics

= Paper in preparation
Cosmogenics gerih prep

muons in surrounding rock o datector fsait

Track of CNGS
+ Decay e e T A spallation (eg. ", " ©) i o

in Inner Detector (D)

Danger: Cosmogenics can mimick neutrino interaction
— study of cosmogenics for effective background reduction

el |
e o

Borexino

Prospects of measuring pep and CNO neutrino:

Calibration with gamma and neutron
sources reduces systematic errors in
energy and position reconstruction.

VC spectrum of signal and irreducible backgrounds Background reduction based on threefold coincidence (TFC)

based on timing and
Snersexi0 eV spatial information of
sin’ 20, = 0.87

- muon track

-
- -

%, 7%,

<5
U+ hat 10" glg

- capture of knock-out
neutron from 2C

Comparison of e stope -HC decay
Monte Carlo (G4Bx) Interse: K
and data spectra: cylinde 6.
sphere
remain. lre

06500 ‘1060 i imate:
% o Efficiency estimate: 90%

Cosmic p-induced *1C is main background for pep/CNO-vs. Situation seems promising, especially for pep neutrinos!
/B <1:10 => spectral it not sufficient Studies on high-energy gamma background under way.
T,2 = 20.38 min => simple time veto following s impossible [ Further increase of statistics desirable.

+ Knocked out of Carbon nuclei by muon
+ Extreme high muliplicites from hadronic showers possible,
up to ~ 200

rock produce muons visible in
Borexino,

+ Provides oheck for muon
tracking aigorithm

i

. define software cut paramters for data
solar CNO and pep neutrinos

This work has been supported by funds of the Maler-Lelbnitz-Laboratorium (LL), the Deutsche

eoneutrinos

El ¥5) from beta Uranium and Thorium, and bea decay of
K (visible) abundant in Earths mantle and crust (Ithophi).

Detection reaction = U - = Pb+80+8e +6antneutinos + 5.7 MeV
Inverse beta-decay on proton @ Th — = Pb+6a+4e-+4antineutrinos + 42,8 MeV
EsiiEMaY) ©K - ®Ca+e+1antineutrino + 1.32 MeV

Earth heat flow problem Tom Flow

Az Earth total heat flow: » 30 TW.
@ copureon | |Radliogenc neat flow
/7 yebn " | |(sccording tothe Bulk Slcate
y v | | Earth model, BSE)

Positron: promp signal
Neutron and Pak a1,
e aTeis BT, G onoutrinos as cross-cok for gsushemioal modols PREESR
0 ps,d < 1m
releasing 2.2 MeV y Possible sources of additional heat
— clear signature

~19TW

+ Residual h
« Nuclear reactor in cora (Borexino rejects >3 TW at 95% C.L)
+ Mantle difie rentiation and recrystallisation

Crust Thickness
Gontinental 2570 km (Borexino)
510 km (KamLAND)
. higher geo-neutrino flux
expected at continental sites.

Bellini ot al, Physics Letters &
1687 (2010) 209-304

ray . [Total background in

- Prompt svent; visbla energy > 410 p.o. > geoneutrino window

- Delayed event: 4 -] (except reactor neutrinos)
700 p.e. < visibl energy < 1250 p.e 014 £0.02 evts(100tyr)

Background sources (§ec-y window)

+ Reactor neutrinos 5003 ets/(100t yr)
+ Gosmogenic muon induced
~*LIand *He: B-n emitters 0.03 £0.02 evis/(100t yr)
i = 21 sendidxion - High-E neutrons < 0.05 evts/(100t yr)

B T oo s neutrons scaters ff proton: promp sgnal
Kl y neutron is captured: deiayed signal
+ Accidental coincidences 0,080 +0.001 evis/(100t yr)
— unbinned maximum likelihood +Dusiolhe mtamal ciostiy

analysis fit of data (o) reaction 0,014 4 0.001 evts/(100t yr)
T <0.003 evts/(100t yr)

Detected evants In 262.6 ton yr O BN 0B TR G

m i dtopeie

g ot
42 0 vidence
for geo-
neutrinos! o

3 Borexino favours Max. Rad

Mo Rt B Earth model, statistcs is

imited however

Pauli excluded transitions in “C

G. Boliini et al, Phys. Rev.C 81, 034317 (2010)

Rralyse semrhig fo Pauorbidn e | [Appled anlysl cuts
ransiton from 1P, to1ull 1S, shel +Rejecting muons and 2ms time window after muon (0.75 for muons
A st A passig SS8) suppressing n backg ound

ms rejecting Bi-Po's
+ Radial cut < 3,02 m (1001 fiducial volume) against gammas
« Pulse shape

B Prevus epemens
limis

FERE] EERRUEIEE]
010" | 1710 GLAGANTV)
37107 [ 1010" (shimots etal)

T e[ 00E | B
[ o [ sawe | 76w 75 5
| 0178 | 24100 710" 25 10% (NEMO-I)

Current best limits on Pauli excluded transitions,

Expected signals 3-4 orders of magnitude improvement!

in detector (from Thanks to outstanding detector performanc, Le. high energy

|Morts:Gerio) resolution, goad position reconstruction, and huge number of
2

(DFG), and the “Origin and Structure of the Universe".
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