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Overview

(D Neutrino Detection with Liquid Scintilator

(@ (Some) Activities in our Group
o Borexino
o LENA
o Tracking

(3 Conclusions
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Motivation

Why do we need neutrino detectors?

o To better understand astrophysical an terrestrial v sources.

©

To investigate neutrino properties.

©

As a target for a neutrino beam.

©

KamLAND and Borexino show the outstanding physics potential of
liquid scintillator for neutrino detection.

(]

Increase detection sensitivity and precision — higher target masses.

(]

A large LS detector addresses a large range of physics!
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Physics with Liquid Scintillator

Neutrino Physics

v

D. Bick (UHH)

v in Liquid Scintillator

o Galactic supernova neutrinos
o Diffuse supernova v background | _ _ Solar
. ; neutrinos
o Solar neutrinos Laoe re.—— Supernova
0 - . neutrinos
o Geoneutrinos e Y (bursy
2 £ s
o Reactor neutrinos s Geo
. . = _ neutrinos
o Neutrino oscillometry =
. T Reactor
o Neutrino beams _ neutrinos
o Atmospheric neutrinos i Supernova
neutrinos
o 7 decay @ rest beam ) . (diffuse)
10¢ |
1 1 1 L} !
Also 0.01 0.1 1 10 100
. Neutrino energy (MeV)
o Indirect dark matter search
o Proton decay
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Low Energy Neutrino Detection

Detection channels

v:  elastic scattering v+ e~ — v+ e~
proton recoil v+ p — p+ v
reactions on 12C (NC and CC)

Ue: inverse -decay Ve +p — e" +n

Advantages of LS
o very low energy threshold (=~ 200 keV)
o good energy resolution (= 7% @ 1 MeV)
o proven purification techniques for high radiopurity

Background rejection

o pulse shape analysis

o coincidence signals
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The Borexino Experiment

Real time spectroscopic
neutrino detection using LS

Taking data since May 2007:
» Solar neutrinos
> "Be neutrinos
, 8B neutrinos S [
pep neutrinos L =
» CNO neutrinos g

B Ch
¥y .

Soaf 1/ on arth: 6.6 X 1010#

T
Bahcall-Serenelli 2005

Neutrino Spectrum (t1o)

» Geo neutrinos

Flux (em-2 s-1)

» Supernova neutrinos
(SNEWS)

Phase Il:

o Precision measurements

Neutrino Enerov in MeV

o Sterile neutrinos
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Laboratori Nationali del Gran Sasso

\Gnl:an‘Sasso Massive
o 1400 m rock (3800 m.w.e)

o =~1.2p/m?/sec

et AR

D. Bick (UHH) v in Liquid Scintillator October 12, 2012 7/27



Borexino Detector Setup

Borexino Detector

Stainless Steel Sphere
Nylon Outer Vessel
Nylon Inner Vessel
Fiducial volume

External water tank —

for extra
shielding

2100 tons ultra pure water

o Active shielding

o 208 PMTs = Cherenkov
veto

D. Bick (UHH)
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UH
l.i.l

Steel dome: 18 mg— 16.9 m high

Inner Detector

278 tons of liquid scintillator in
nylon vessel (28.5m) (125pm)

o Detector = target

o Organic scintillator:
pseudocumene (PC, CgH17)

o ~15g/l PPO
Two buffer layers
o Same liquid
o Light quencher DMP

stainless steel sphere (13.7m)
holding 2212 inward facing PMTs
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Neutrino Detection

o Neutrino detection via elastic scattering on electrons in the scintillator
Ve +€ — Vet e
Compton-like energy transfer to electron
o Anti neutrino detection via inverse [3-decay
p+Ue— et +n
Delayed coincidence form et e -annihilation and neutron capture
Mono-energetic 862 keV 'Be v, =
Compton-like shoulder @ 665 keV
-

—— All solar neutrinos

Advantages

@ Low energy threshold

"Be neutrinos @ Good position reconstruction
(~ 16cm)

@ Energy resolution (6%/v/E)

Disadvantages
‘ @ No directional measurement

-

”
Q

...
Q

...
2

Frmy T T Ty \\HHHT T T T T

Counts/ (10 keV x day x 100 tons)

T O P I O e

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Energy [MeV]
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Borexino Achievements (Solar)

10°

—— Fit: X/NDF = 141/138
"Be: 455+ 15
— ®Kr:348+17
208j: 415+ 15
— C: 289202
—— %Po0: 656.0+ 9.8
External: 45+ 0.7
pp, pep, CNO (Fixed)

Solar v fluxes

o "Be rate:
46+15+1.6 de/lOOt

o 8B rate (> 3MeV):

Event Rate [evt / (1000 keV x ton x day)]
=
LA A T e AL T AL

0.217 £ 0.038 & 0.008 cpd/100t | & »* \ 7
O pep rate: 10~2 l Il \\ \\ \ \I’ | b 1
3.1+ 0.6 4 0.3 cpd/100t G <
o CNO rate:
< 7.9 cpd/100t z
2T ST
Confirms MSW-LMA prediction | : i
Toak 1 B ——
Tk o B oS R sorexino
No day-night asymmetry in “Be Foat T R sation
v-flux o’ : 1::3 (v
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Borexino Achievements (Terrestrial)

Evidence of geoneutrinos

©

S

Neutrino velocity of CNGS

0t=0.84+0.7+29ns
consistent with 0

Events/240p.e./252.6ton-year

0'500 1000

EE)
Light yield of prompt positron event [p.e.]

®  Borexino data

best-fit

reactors 7,
contribution from geo-V,
Il »2ckground

2000 2500 3000 3500
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Rock Muons in Borexino and OPERA

About one year ago..
OPERA reports hints for a neutrino velocity > c.
o Then they found a loose cable connection — was this the error?

o Need a lot of statistics or bunched beam for new measurement

o Quick check: relative timing between Borexino and OPERA

vp+X = p+X

CNGS

Borexino OPERA
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Comparison of CNGS Timestamps

o Independent of any delays

o No need to know exact u path - statistics cancel out uncertainties

Time Difference between Borexino (corrected) and OPERA

-5000

YT -

-10000

-15000

o
H\I\\\\‘\\\\‘\\H‘\H\‘\\\\‘H\\I\\

P IS N NS T NS SR S P
01/01/08 31/12/08 31/12/09 31/12/10 01/01/12
Date
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Results

A t between Borexino and OPERA

Atfps]
(2]}
(2]}
o
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Before 2012 vs. First Week of 2012

Time Comparison, 2008-2011

300
200

100~

h20082011
Entries 3600
Mean -6733
RMS 360.8
%2 [ ndf 48.92/32

Constant 586.2+12.4
Mean -6697 +2.0
Sigma 124+13

o average offset 2008 to 2011:
(—6697.0 +2.0) ns

o offset first week 2012 run:

Run

2008
2009
2010
2011
2012

2008-11

Coannd Loyl L L
-10000 -9500 -9000 -8500 -8000 -7500

NEvt.
387
916
791
1506
37
3600
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7000 -6500 »60‘00 -;ou 5000 (_67981 :|: 185) ns
Mean At [ns] = shift of OPERA clock to larger

67183+ 1.2 values
:gggg-g i 8-2 shift: (101.1 4 18.6) ns |
—6698.8 = 0.3

—6798.1 + 18.5

—6697.0 = 2.0
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LENA Detector Design

Egg shaped cavern
o 1120m
o g>36m

Detector Tank
o concrete wall
o cylindrical —
1=100m
Z =32m
o ~ 30000 12"
PMTs

Target
o 50kt scintillator |

D. Bick (UHH)

v in Liquid Scintillator

Electronics hall
o 15m high

o top muon veto

vy

Water-filled cavern
o ~ 2000 12"
PMTs
o veto for inclined
muon tracks

o shielding for fast
neutrons
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LENA Detector
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LENA Detector

t LENA vs.
Elbphilharmonie

o slightly larger
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LENA Detector

t LENA vs.
l Elbphilharmonie

o slightly larger
o slightly cheaper
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Possible Beam from CERN

Long Baseline Neutrino Beam Pyhasalmi

o 2288 km from CERN to
Pyhasalmi

o conventional beam: v, — Ve
appearance

o large distance = matter
effects

o v, and 7, mode
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Possible Beam from CERN

Long Baseline Neutrino Beam = Pyhasalmi
o 2288 km from CERN to \
Pyhasalmi
o conventional beam: v, — Ve
appearance Strong signature for MH
o large distance = matter v, v, (2300 km)
effects 02 N
IH
o v, and 7, mode w2 Hee%0
o /
S i
o / ~
0.05 A U
AV L
0 \ =l —
9] 2 4 6 8 10

IR Energy (GeV)
e
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LENA as a Target for a v, Beam

. . va
To determine mass hierarchy S ———S—_—SEL S
o Look for ve appearance in v, -
S 08f
beam 5 &
. § °7E
o Challenge: Discriminate v, CC E osk \\
events from NC 70 events 05 N
o Multivariate analysis ME \
0.3 i :
o MC studies: 38% signal eff. opbot e N
- - = “o 0.1 02 03 04 05 06 07 038 0.9 1
Wlth 11% remaining BG Signal efficiency
w
Next Steps

o Pulse shape analysis
o Tracking
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Tracking in Liquid Scintillator

o homogeneous light emission in
liquid scintillator

= no directional information

BUT

o tracks of a few 10cm:

o distortion in first photon light
front

o Cherenkov-like, 50x more light

v
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Monte Carlo Events

Charge distribution Arrival times

Particle :

Direction:( -1, 0, 0)
Origin :( 0, 0, 0) m
Energy : 500 MeV

.60

50

Particle : p”
A Direction:( -1, 0, 0)

f origin :( 0,0, 0)m
Energy : 500 MeV
-85ns<t< 3.0n

. 2

40

30

20

ot
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Event Reconstruction

3 GeV muon, first hit 3 GeV electron, first hit

0
xfom] X o]

2 muons, 1 GeV each, full pe-info

@ -9
”

00
200
xfem] 2 el
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A New Approach

/R PMT

Reference point R on track
(t=0)

For a photon at PMT:

a+ nb = ctome

All possible paths: drop like

(Binned) superposition of drops
for all PMTs

Find bins with significant
overlap of drops

reflects events spatial topology



A New Approach

o Reference point R on track
(t=0)

o For a photon at PMT:
a+ nb = ctome

o All possible paths: drop like

o (Binned) superposition of drops
for all PMTs

o Find bins with significant
overlap of drops

= reflects events spatial topology
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Test on Borexino Data

[ ist_sum_of_all_pmt_signal_3d_xy_projection _| S S o 3y PR
Entries 216000

600 50.78
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400 185

L

-200
-400
-Bﬂg o
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Entrie: 216000
600 Mean x 50.78
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400 1822
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Very Preliminary Results compared to BX Tracking
n

[ hist_diff_phi_fit2 |

45

40

35

30

25

20

15

10

Angular resolution achieved: 10° after only a few weeks of effort.
A lot of potential for optimizations (reference point finding, fitting, ...)
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Mass Hierarchy

o Sensitivity plots created using GLoBES.
o 10 years of beam (5v, 57).
B T T ‘ T T | T T ‘ T

1601~ Sensitivity to neutrino mass hierarchy of LENA

[ (GLOBES) ]
140 -
120 — 1.25 x 102! POT @ 400 GeV protons é

100

~
2 ]
< 8o -
i CC (NC) eff.: 27% (11%) |
60— sin?(2072°) = 0.095 B
40— =
L 56 (1 d.o.f) 1
20 -
| 36 (1d.of) .

[ L ‘ L L | L L ‘ L L ‘ L L | L L ‘ L L ‘ L L

45 90 135 180 225 270 315 360
Ocp [degrees]
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Conclusions

o Liquid scintillator is optimal for neutrino detection in the MeV range.

o Rich physics program includes SN neutrinos, solar neutrinos, geo
neutrinos, reactor neutrinos, neutrino oscillometry ...

o Borexino has successfully measured the solar neutrino flux to 5%
precision!

o For more precision we need a larger detector...
o ...which could also be used for high energy neutrino physics!

o Significant progress has been achieved with tracking in the GeV
Range.

o Mass hierarchy can be determined at > 70
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Detection of Solar Neutrinos

. 7 PR .

The (monoenergetic) /Be siginal pep neutrinos
@ 105 ~ 10
g 5 —— All solar neutrinos = Spectrum of events in FV
] E = C Spectrum after TFC veto

C . 2 L . uC rate = 27 ic rate = 2.5
4 1 ’Be neutrinos 2 pepvrate = 3.1 cNO v limit = 7.9
- E . 0B} rate = 5! (95% C.L.)
< F x
w o F 3
o Sl °
x 10E E]

g .
E L 5
= g
S w0 N
g [ 8
5 [ i
H L 8 I h ! I
3 107 o 0.8 1.2 1.3 .
5] Bl bt et v Energy / Mev

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Energy [MeV] 0.07
10?7

—— Fit: XY/NDF = 141/138
—— 'Bei455£15
1348+ 1.7

20Bj: 415+ 1.5

— "C:289£02

—— #°po; 656.0+ 9.8

External: 45+ 0.7

pp, pep, CNO (Fixed)

Residual signal energy spectrum

e recoils from pep v

=
1S

=
<

Counts / (day x 100 ton x 0.01 MeV)

Event Rate [evt / (1000 keV x ton x day)]
[

1.6
Energy / MeV

] | =
[ PR

7
\I L 4 P R
400 600 800 1000 1200 1400 1600
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