EuroPeAN PHysicAL Society — EPS Historic SITE
THE NEUTRINO EXPERIMENT AT MITA ATOMKI

Ve USING A CLOUD CHAMBER LOCATED IN THIS BUILDING, IN 1956 J. CsikAl

6 AND A. SZALAY PHOTOGRAPHED BETA-DECAY EVENTS. IN SOME CASES
SL. THE ANGLE BETWEEN THE TRACKS OF THE ELECTRON AND THE RESIDUAL
/ NUCLEUS IMPLIED THE EMERGENCE OF AN UNDETECTED THIRD PARTICLE

e
\ IN THE DECAY. THUS CONFIRMING THE EXISTENCE OF THE NEUTRINO, THE
DEBRECEN NEUTRINO EXPERIMENT LAID A BRICK OF THE FOUNDATION OF
MODERN PHYSICS.

“a Europral Fizikal TARSULAT — EPS TORTENELMI EMLEKHELY
\ A NEUTRINOKISERLET, MTA ATOMKI

1956-8BAN CsikAl GYULA ES SZALAY SANDOR EBBEN AZ EPULETBEN BETA-

‘\ BOMLASI ESEMENYEKET FENYKEPEZETT LE EGY KODKAMRABAN. Az ELEKTRON

ES A MARADEKMAG PALYAJANAK SZOGE AZT MUTATJA, HOGY A BOMLASBAN

KELETKEZIK EGY NEM DETEKTALT HARMADIK RESZECSKE IS. A NEUTRINO

LETEZESET IGY MEGEROSITVE, A KISERLET HOZZAJARULT A MODERN FIZIKA
MEGALAPOZASAHOZ.
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Since the early times, neutrino physics has changed significantly

® From discovery of neutrinos to fundamental physics and
astronomy by means of neutrinos
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Many modern studies
mmm reverse Debrecen resulit!

¢ Neutrino detection principles

® Inverse beta-decay
e Charge current interactions on nuclei
e Elastic scattering on electrons

® Neutral current interactions

¢ A few (among many) existing neutrino detectors
e Water: Super-Kamiokande, SNO
e Water in the Sea or Ice at the South Pole: Antares, Km3Net, Ice Cube
® Liquid scintillators: Borexino, KamIAND, Double-Chooze, Daya-Bay,...
e Long Base Line detectors: Opera, Minos, T2K

e Liquid Argon detectors: Icarus

¢ The future: INO, Memphis, Glacier, Lena, Juno, HyperK, LBNE, SNO+, ....
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(SUPER)-KAMIOKANDE DETECTOR  Summary

.y Kawm vpM

e Largest water Cherenkov detector ever built

e Kamiokande: 198x-199y, SK since 1996, 260 kton/y

e Detection method: CC interactions or elastic scattering
e Major discoveries

o First direct detection of Super Nova neutrinos (SN1987A)

e Existence of oscillations through atmospheric neutrinos (1998)

e T2K evidence of U013 # 0 (2001)
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.. \ Lowest energy bin

0.01 - SK-1V 1069.3days 3.5-4.0MeV(kin)
Signal = 763 +113-111(stat.) events
®8 Flux = 2.27 +/-0.33(stat.) +/-0.13(syst.)
(x 10%7cm?/s)

(S

11129 PMTs 40% coverage
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BOREXINO

® Mainly, a solar v experiment:
e v+e — v+ e inliquid scintillator

Ultra-low radioactive background obtained
via selection, shielding, and purifications

Low energy threshold, good resolution,
spatial reconstruction, and pulse shape ID

e But also:

Geo-neutrinos., search for rare events

Electron recoil spectrum of an ideal ‘
detector + irreducible backgrounds l
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Buffer region:
PC+DMP quencher

425 Mm<R<6.75m

Scintillator:
270t PC+PPO (1.5 d/l)
in 150 um thick nylon
vessel (R =4.25 m)

Outer nylon vessel:
R=550m
(%?°Rn barrier)

The principle.of
graded shielding:
_ materials more and
. avd Y more pure moving

Stainless Steel Sphere: . ' toward center.
R=6.75m 7

2212 PMTs | '

Borexino core is the

less radioactive

place on Earth:

9-10 orders of
maghnitude less than
good mineral water

Water Tank:
vy and n shield

u water C.detector
208 PMTs in water
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GEO-NEUTRINOS

e Anti-neutrinos emitted by Earth radioactivity

e First detected by KamILAND and Borexino
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e Very low flux (3 orders less than solar neutrinos)
e Clean anti-neutrino signature

e Only background: reactors (much bigger at KamILAND site)
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GEO-NEUTRINOS

¢ Expected signal differ between KamLAND and Borexino

® Reactor background very different
No reactors in Italy, several in Japan around KamILAND site

e Continental crust for Borexino, partially oceanic in Japan

Borexino simulation KamLAND simulation
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BOREXINO AND KAMLAND RESULTS

No geov signal: rejected
at4.5 o0 C.L.
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NEUTRINOS FROM REACTORS B8 KamLAND

° ° ° .‘:Ll!wlfjjj
¢ Two major discoveries from reactors = .
in recent ye arS: 2 — 3-v best-fit oscillation -+ Data - BG - Geo 9, .

2-v best-fit oscillation |

o
FN

Survival Probability
=

e Confirmation of ve-v, oscillations W 4 0 60 70 8 9% 100 110
LyE. (km/MeV)

(KamLAND 2002)

e Discovery of 31370 (evidence from

T2K, discovery of Daya-Bay and Reno
(previous hint from Double Chooz)

e All reactor detectors use Reines-Cowan
process with liquid scintillators

Disappearance experiments
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Helium bags Decay tube Hadron stop Muon detectors
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“lbrid” detector:
emulsions and electronic chambers

3 events
detected in
data set
2008-2012

Run finished

Analysis still in progress
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WHY NEUTRINO AS

TRONOMY ?

e Neutrinos are unique probes

e Neutral: directionality not affected by poorly known galactic and inter-galactic
magnetic fields

o Weakly interacting: deliver information from inaccessible regions, such as star
cores, accreting regions, supernova cores, dense environments

o Coupled to hadrons: neutrino detection is a smokegun for adronic processes
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NEUTRINO TELESCOPES IN WATER AND ICE

-« ’; Antares Ice Cube
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Original goal: astronomy with very high energy neutrinos

Recent ideas: high density cores (“Pingu” and “Orca”) for high
precision atmospheric neutrinos studies

Reconstructed vertex inside the instrumented volume | Upgomg events |

median A0, (Intrinsic Angle)
all reconstructed events ‘
events selected with a quality cut |

—

median |0, -0,]| "]

Water is a better
tracker

PRELIMINARY
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neutnno energy [GeV]
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Emphasize LENA (low energy neutrino astronomy) —
scintillator detector of the European LAGUNA-LBNO
consortium

Solar
neutrinos

Neutrino Sources
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neutrinos = Neutrino oscillometry
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= Indirect dark matter search
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560 kton fiducial mass
99000 PMTs 20% coverage
Outer veto detector

Sensitivity studies scale SK
result to large exposure,

I.e. assume the same detector
performance
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CONCLUSIONS

© since the pioneer times we are celebrating
today, has gone a long way

® The still play a crucial role

® They are fundamental tools for astronomy, astrophysics,
cosmology, geo-physics

® Discover Majorana or Dirac nature

® Measure mass hierarchy

e Discover CP violation Ka Sza n 6 m !

® Are there sterile neutrinos ?

¢ Stay tuned for more surprizes !
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