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Introduction

- Solar pep and CNO neutrinos
- Detection with Borexino

pep and CNO neutrino Analysis
- General strategies for different backgrounds
- External background
- Shortlived cosmogenics
- '"'C and the threefold coincidence

Muontracking
- Reconstruction of muontrack points and global fitter
- Testing the algorithms

QOutlook & Conclusions



Proton-Proton chain: Overall reaction: 4p—a+2e*+2v_+26.7MeV
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CNO-cycle - In our Sun:
pp-chain is the dominating process

Invented by H. A. Bethe 70 years ago
- Theoretical expectation for the Sun:
CNO: 1.5% of solar v- luminosity

‘He

Nuclear reactions:
“C+p—->"N+y
BN - BCt+e"+v
e

13C+p—>1:N+y
N+p—- "O+Yy
"O->"N+e" +v

"N+p-"C+a

Overall reaction (as for pp-chain):
4p—a+2e"+2v_+26.7MeV
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3 years statistics in 100 tons of scintillator
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Expected rate for combined fluxes of

pep & CNO neutrinos in energy-window [0.8, 1.4] MeV: ~ 1.5 cts/(d*100 ton)

Backgrounds in [0.8, 1.4] MeV:

1. Gamma-radiation from IV and outer parts of the detector
2. Short lived cosmogenic radionuclids

3. Longlived cosmogenic "C: Main background! Rate:

Techniques

i) Space: Radial cut->Fid.Vol.
ii) Time: For all live time
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Expected rate for combined fluxes of

pep & CNO neutrinos in [0.8, 1.4] MeV: ~ 1.5 cts/(d*100 ton)

Backgrounds in [0.8, 1.4] MeV:

1. Gamma-radiation from IV and outer parts of the detector
2. Short lived cosmogenic radionuclids

3. Longlived cosmogenic "C: Main background! Rate:

Techniques

i) Space: All Fiducial Volume
i) Time: very short (~sec),
after each muon

i) Space: Radial cut->Fid.Vol.
ii) Time: For all live time
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Expected rate for combined fluxes of X
pep & CNO neutrinos in [0.8, 1.4] MeV: ~ 1.5 cts/(d*100 ton)

Backgrounds in [0.8, 1.4] MeV:
1. Gamma-radiation from IV and outer parts of the detector
2. Short lived cosmogenic radionuclids

3. Longlived cosmogenic "C: Main background! Rate: ~ 13 cts/(d*100 ton) S/B ~1/9
Techniques
2 3.

i) Space: All Fiducial Volume »3-fold-coincidence

) Space: Radial cut->Fid.Vol. iy Ti0- very short (~sec), ) Space: rel. ,Small spheres
ii) Time: For all live time after each muon ii) Time: rel. long (up to hours)



ML
LI

“h s b
. LN 5 M )
L we b wd w

8 External

b . 3“_ - b X “ﬁ £y

Radial distribution of neutrino-like-events in the energy-window [0.8, 1.4] MeV
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Fiducial volume cut: Examples: 1. R<2.5m —= Targetmass: 57.3 tons
(F.V.) 2. R<8.0m - Targetmass: 99.1 tons
3. R<8.5m - Targetmass: 157.3 tons
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Definition:  Muoninduced radioisotopes = ,,cosmogenics®

Isotopes g (? Decay o E,
[MeV] [pbarn| [GeV]
Short-lived (7 < 2s)
B 0.03 s 13.4 B~  ~4500 320
9L 0.26 s 136 8= <2 190
"Li 1,91 8 16.0 8~ 5 320
“He 0.17 s 10.6 38~ <2 190
“He 1.17 s 3.5 = 23 320
g & 0.19 s 16.5 B7F 5 190
"B 1.11 s 18.0 B87 11 320
Long-lived (7 > 2s)
‘Be 76.9 d 0.9 3T 373 320
1 Be 19.9 s i B8 =2 190
R 294 min 2.0 #8Y 1303 320
Y e 27.8 s 3.6 g8t 159 320

Muonrate in Inner Vessel: ~1muon/20sec
Example for timecuts after each muon to reduced shortlived cosmogenics
At =5sec » 4.3 1 (*He) - Efficiency: 98.7 %

- Loss of statistics: ~25 %
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— Fit: x2/NDF
— 'Be: 49%3 cpd/100 tons
— 21°Bi+CNO: 20+2 cpd/100 tons
— 85Kr: 29+4 cpd/100 tons
— 11C: 24%1 cpd/100 tons
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Tagging of "'C via a threefold-coincidence:

Goals: 1. Define the spectral shape of the 'C

2. Remove the tagged "C from the global energy spectrum

Reactions involved:

1. Muons-interaction:

muon, which passed ID, can create ''C by
interaction with the scintillator:

HC:p +12C>2C+n+yp
(95% of *'C is produced on this way!)
2. Neutron captured by protons:
n-y (2.2 MeV)

T ~ (260-270) psec
3. 'C-decay:
IC > 1B + et + v

e

T =29.4 min
Eg min = 0.96 MeV; E, ., = 1.98 MeV
" Optimisazion of

time-volume-cuts
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Processed single Runs
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DST-Rootfiles (onefweek)

Initial data-set:
Selection of events of interest
in a given timeperiod

Tagging of aftermunns

Rejection of muchs

Tagglng of 11C
(application of different
time-volume-cuts)

Rejection of muon daughters
and neutrons

Estimation of
11C-multiplicity
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C-Rate estimated via 3-fold-coincidence: C rate estimated from global fit of the

energy spectrum:

Rate without corrections of efficiencies:
R = (20.2 +/-1.5) cts/d/100ton Riot = (25 +/-2gtat +/-25y61) Cts/d/100 ton

Correcting for the efficiencies:
- 3-fold-coincidence: 0.95

11 : A i

- time-cut in ""C-tagging: 0.92 > C-Tagging-efficiency very high!
- hardware-time-cut of neutrontrigger: 0.94 — :

- cluster-efficiency of neutrontrigger £: unknown Cluster-efficiency of neutrontrigger

. ne
Riot = (24.5 +/-2.0) cts/d/100 ton/g might be also very high!




Improvement in tagging "'C:
threefold-coincidence combined WITH muontrack-reconstruction
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1. Detect the 11C via threefold-
coincidence
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2. Define the muontrack of
associated muon
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3. Overlap of muontrack-tube with
spherical time-volume cut
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Spherical time-volume cut
overlapping with cylinder around
reconstructed muontrack



Borexino Design 2200 & Trom EMI PMTs

Stairtass Steal f (1EDD with light co lectors
Sphere 137m @ 400 withavt ight earas)

Meion et

Inner Detector

Outer Detector

£ Holding Strirgs N
Stairless Stee! Water Tank n____ ‘Steal Shieling Plate;
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Techniques:
- Charge-information (only for Outer D.)
- TOF-information

Number of reconstructed points (ideal case):
- One entrypoint in Inner D., Outer D. each
- One exitpoins in Inner D. and Outer D. each
- A new point is going to be implemented:
- 2" algorithm for the exit point in the Inner D.

Example: 2™ algorithm for exit point in Inner D.
- use TOF-information of propagating
scintillation light

Scheme of model

- needs information of reconstructed
entry points
- Deduce recursively the exit-point
for given TOF-profil assuming the illustr. model




1. part of algorithm:

3D-Fitting through
reconstructed muontrack points,
which have 3D uncertainties

2. part of algorithm:

Calculation of distance from global
muontrack fit to an arbitrary position
in the Inner Detector

1:Ma)( fMean fMEn
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Strategies:

1. Goodness of fit (x*/n.d.f.), (event by event)

2. "C-burst/neutron-bursts: sometimes aligned around the muontrack
3. Calculation of distance of neutrons from tracks

4. Angular distribution of fitted tracks (general behavior)

5. Ultimative test: MC-simulation of all signal chain in O.D. and I.D.

Example: Example:
C-burst Angular distribution: cos(t), where T=zenith-angle
7 [m] Alignment. of reconstructed muontrack-points
4 R 10
& of ;
?E 8f ;
2 - TF
1] BF
¥ S 5|
= |
o = 4f
3 -
2 -
_2 1 L —
EI.S EI:B 0.7 0.8 0.9 1.0
" Cos (zenith)
- & ° 2 : (Very similar to results from MACRO)
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- Borexino has the potential to detect solar pep and CNO neutrinos
- Impact on solar physics, astrophysics, cosmology

- Requirement for successful pep and CNO neutrino analysis
- High statistics (several years)
- Identification and subtraction of different backgrounds

- Main background "'C
- The 3-fold coincidence method is a powerful method to reject the main background
- Improvement of this method via inclusion of muontrack-reconstruction (loss of statistics reduced)

- Status of our work
- Study and defininition of optimal cuts for shortlived and longlived cosmogenics: on-going
- Study of muons, muoninduced neutrons, "'C and other cosmogenics: on-going
- Finalisation of tests of the muontrack-reconstruction: on-going
- Combination of all information to obtain the pep and CNO neutrino flux: in near future
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