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Motivation
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Fusion produces isotopes featuring proton excesses.
- Why should there be antineutrinos from the Sun?
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Sources of solar antineutrinos

1) Solar neutrino-antineutrino conversion

= originally proposed by Pontecorvo as vV oscillations
— suppressed by solar matter effects

" more recently: Spin-Flavor Precession (SFP)  e.g. Schechter, Valle (1981)
Akhmedov, Pulido (2002)

v.>v, followedby v, >v,
= Requirements :

— Majorana neutrino, with magnetic transition moment
— strong mangetic field (in solar interior) inducing the SFP
—vacuum mixing

= SFP did not prove to be the solution of the solar neutrino problem
- but maybe subdominant process?
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Sources of solar antineutrinos

2) Non-radiative decay of solar neutrinos e.g. Beacom, Bell (2002)
* |nside thesun:v,=v, 2V, +%
= Requirement:

— neutrino couples to a light/massless particle,
e.g. the Majoron

3) Annihilation/decay of non-standard particles
e.g. light dark matter

Note:
= v‘s from SFP and n.r. decay limited to energies of solar spectrum
= Wide range of possible energies for annihilation v's
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Solar neutrino spectrum
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Signal and Background

A
1012/WIOIO eutrinos 1) Irreducib_le backgrounds
_ antineutrinos —> other v, sources
10° | = geoneutrinos
= reactor neutrinos
= diffuse SN neutrinos

106 | = atmospheric neutrinos
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Signal and Background
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1) Irreducible backgrounds
—> other v, sources

= geoneutrinos

= reactor neutrinos

= diffuse SN neutrinos

= atmospheric neutrinos

- only two regions where
solar/BG ratio > 103



Signal and Background

10124 — .
| H,0, D,0 1) Irreducible backgrounds
LS —> other v, sources
10° | = geoneutrinos
" reactor neutrinos
= DSNB
106 - = atmospheric neutrinos
3g - only two regions where
10° . solar/BG ratio > 103
2) Detection threshold for v,
1 - = \Water detectors: ~5 MeV
: = Liquid scintillator: 2 MeV
—_ atmospheérics
102 1 10 107
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Super-Kamiokande | — v, detection

50.000 ton Water Cherenkov Detector

Target mass: 22.5 kt of H,0O
Exposure: 1496 days

11,200 20" PMTs

electronics hut

Detection channel
" |[nverse beta decay (IBD):
V.+p>et+n—-1.8MeV

20" PMTs = only e* are detected
— no coincidence signature!

- No intrinsic discrimination of
single-event backgrounds!

concrete
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Super-Kamiokande | — backgrounds

Dominant backgrounds 2
= 0.2

* electron-scattering of solar v,'s 3
—angular correlation to sun G .

— quasi-flat distribution for IBD e*
— angular cut: cos 6 < 0.5

» spallation products (u>10)

— correlation to parent muons
— time and spatial cuts to
remove short-lived and
90% of long-lived isotopes

Spallation/Observed(%)

- residual events compatible with
remaining isotopes: (93+7)%
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Super-Kamiokande | — results

V/SSM v, (%)

Limit on 2B conversion Monochromatic v, fluxes
assuming no spectral distortion
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-> from 8-20 MeV: upper limit is 8x103 of the solar v, flux
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SNO -V, detection

Target mass: 1 kt of D,O
Exposure: 306 days after 0.5s u-veto

Detection channel

= CC reaction on deuterons:
V.+d>e*+n+n-4.03 MeV

—> search for 3-fold coincidence!

But: Low detection efficiencies
= e* only detected for T > 4 MeV
" nD capture: Y4 55 vev) 2 €=14%

-2 ¢(et,n,n) = ¢(n,n) = 1%
elet,n) = 10%

Michael Wurm (UHH) Search for solar antineutrinos
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SNO -V, backgrounds

Antineutrino backgrounds

= Atmospheric 0.07+0.01

= Reactor 0.019+0.002
= Diffuse supernovae <0.005

= Geoneutrinos 0.0

- Total 0.09+0.01
Other backgrounds

= Atmospheric neutrinos  1.5%0.5
= 2331 spontaneous fission <0.79
= Accidental coincidences 0.13+0.06

- Total 1.6 %09 .

Michael Wurm (UHH) Search for solar antineutrinos
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SNO - results

Event rates (4-14.8 MeV)
Expected background: 1.7 %09 .

Monochromatic v, fluxes

Observation: 1 double coincidence :; 0] , SNO
1 triple coincidence < SK1
108 |
Limit on 2B conversion | TT
10 °F
* Feldman-Cousins limit based on 3
BG estimate and detected events o4 T% |
- Flux limit (4-14.8 MeV) 3: mﬂ?@* :
® < 3.4x10*cm2st oY o i
8.1x1073 of solar 2B v, flux Y0P euting Energy (M)
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BOREXINO -V, detection

Michael Wurm (UHH)

Target mass: 270t of LS
Exposure: > 2 years

Detection channel
" |nverse beta decay (IBD):
V.+p>et+n—-1.8 MeV

" both e* and y;; ;pey from
n capture on H are detected

—> fast (250us) 2-fold coincidence
signature for BG discrimination

= high efficiency: (8511)%

Search for solar antineutrinos
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BOREXINO - backgrounds

geo-v's Antineutrino backgrounds
reactor v's = reactors 4.3*'7_, /(100tyr)

8B limit " geo-Vv's 3-9+1'6-1.3

— 21 IBD events below 7.8 MeV

102

Events/20 keV/252.6 ton-year

10°E

dn

1074+ 10
Prompt visible energy [MeV]

Cosmic backgrounds
" u-induced fast neutrons
* cosmogenic Bn-emitters: °Li, He

- removed by long (2 sec) time
veto following each muon

Michael Wurm (UHH) Search for solar antineutrinos
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BOREXINO - results

No event observed above 7.3 MeV!

Limits on 3B conversion
" V, flux above 7.3 MeV:
D5 apey <415 cm?st (90%C.L.) -
= v, flux for total range: §
® < 760 cm2s? (90%C.L.) o
—> conversion probability: <1.3x10 é
<
Limit on ’Be conversion
= difference in spectral recoil shape of
v.e- & v e-scattering 2 p,;<0.35

Michael Wurm (UHH) Search for solar antineutrinos
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KamLAND -V, detection

Target mass: 1kt of LS
Exposure:  4.53 ktyrs

Detection channel
= |[nverse beta decay (IBD):
v,+p>e"+n-1.8MeV

" both e* and v, ey from
n capture on H are detected

—> fast (209us) 2-fold coincidence
signature for BG discrimination

- high efficiency: 92%

Michael Wurm (UHH)
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Events / 0.425 MeV

KamLAND - backgrounds

80

1T l L I L L I LI I B | | L l T 17T I L I T
no-oscillation
[ accidentals

B °C(a,n) 0

60— N spallation
K best-fit oscillation + BG
B —e— KamLAND data

40—

20—

E_ (MeV)

prompt

For E, < 8.3 MeV.:

Reactor/geoneutrinos etc.

—> large backgrounds to
solar v, search

= no Vv, limit given

Michael Wurm (UHH)
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KamLAND data
accidental
B fast-neutron
atmospheric v CC
B atmospheric v NC
I spallation

reactor vV,
------- BG + solar v,
(90% C.L. upper limit)
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Events / MeV
(@)Y

10 15 20 25 30
E, (MeV)
For E, > 8.3 MeV:
= fast neutrons: 3.2+3.2 | lorge muonrate
9y : compared to Bx
m L 4.0£0.3 | o complete veto
= reactor v's: 2.210.7

- expected BG: 9.4+3.3
AND: 165 atmospheric v NC events!
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KamLAND - results

Event rates (8.3 — 30 MeV)

Expected background: 26.9+5.7
Observed events: 25 o7k
.. 8 . R 106:
Limit on °B conversion 2
> 10°
v, flux above threshold: = ol
De, 5 3mey < 93 cm?s™ j: 103
2 P,y < 5.3x107° (90%C.L) 5 10°F
o 10

Limit on diffuse SN v background
based on spectrum by Ando (2004)

2 Doy <139 cm st (90%C.L)

Michael Wurm (UHH)
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Monochromatic v, fluxes

- — KamLAND

— Borexino
— Super-Kamiokande
— SNO
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Limits on magnetic transition moment

" Limit on v=>V conversion probability can be transformed
to a limit on the neutrino magnetic moment from SFP:

i Bi(0.05Ry)]’
10245  10kG

P(V,2>Ve) x  P(ve2oV))

P(Ver, — Uegr) ~ 1.8 X 10~ 1% sin% 26

" sin%20,, well defined,
but wide range of values for the solar magnetic field: 600 G — 7 MG

-> | For KamLAND limit w,< 8x10Bu; for 7 MG
Py < 5.3x107 (90%CL) u,< 100y, 600 G

Best limit from reactor v's  w,<3.2x10u, from GEMMA
—from solar v e scattering w,<5.4x10*u;  from BOREXINO

Michael Wurm (UHH) Search for solar antineutrinos 22



Sensitivity of future experiments

= Liquid scintillator detectors arguably
seem the most promising technique for A
further improvement of v = v limit

future detectors: SNO+
LENA

= Possible alternative:
Gd-doped water
Cherenkov detectors

» scintillator is background limited:

= Is it possible to suppress the
atmospheric v NC background?

Michael Wurm (UHH) Search for solar antineutrinos
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Atmospheric NC background in LS detectors

Characteristics of NC events
= |nitial interaction:
v+12C>v+1HC* +n

= |BD conincidence mimicked by
— 11C de-excitation > prompt
— neutron H capture - delayed

11C de-excitation channels

HC* S 1C +y 80%
> 10C +n 0.6%
> 0B +p 8.5%

>6li+a+p 8.5%
> 7Be + 2p 1.8%
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Atmospheric NC background in LS detectors

Characteristics of NC events

» |nitial interaction:
v+12C>v+1HC* +n

= |BD conincidence mimicked by
— 11C de-excitation > prompt
— neutron H capture - delayed

11C de-excitation channels In a BOREXINO-like detector:
He*x > UC+y 80% 11C > 1B +e* | can be tagged by
> 10C +n 0.6% 10C > 0B + e* | delayed coincidence

> 0B +p 8.5%
>6li+a+p 8.5%
> 7Be + 2p 1.8%

pulse shape discrimination
of prompt event: p,o €> e*

Michael Wurm (UHH) Search for solar antineutrinos 25



Sensitivity expected for LENA

Target mass: 50 kt of LS
Exposure: 500 kt-yrs

Estimated sensitivities for 8B conversion
(using E>8MeV, 90%CL)

= No discrimination of atm. NC bg
d<13cm?st 2 p ,;<2.2x10°

= Veto of NC events by delayed *!C decay
bd< 6cm?st 2> p ;<10

- compared to KamLAND sensitvity: x50

But: Flux of v, from the diffuse SN neutrino
background is on the same level

Michael Wurm (UHH) Search for solar antineutrinos
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Conclusions

= vV conversion has been excluded as source of the solar neutrino
deficit, but might be a subdominant process hinting at ...

" The last decade has seen continuous improvements of the limits
on the solar antineutrino flux and p,, 5.

Super-K'|
p < 8x103 SNO
E>8 MeV p < 8x103 BOREXINO
E>4 MeV p <1.3x10% KamLAND
E>1.8 MeV p <5.3x107
d_(3B) < 93 cm™st (90%C.L.) E>8.3 MeV

" Future experiments will further improve the limits until they
reach the DSNB flux ... or find a signal.

Michael Wurm (UHH) Search for solar antineutrinos 27






Backup Slides




