NEUTRINO DETEKTOROK

A SZUPER -KAMIOKANDE
peldaja

Kamiokande = Kamioka banya
Nucleon Decay Experiment =

nukleon bomlas kisérlet
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TEMAKOROK

A Szuper-Kamiokande meéroberendezés
A Nap-neutrino rejtély
Legujabb eredmények

Szeged, 2011/10/18 Csorgd T.
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A Szuper-K jellemzoi

Nagymeéreto, viz alapu Cserenkov
detektor, kozmikus sugarzas észlelésére

Méretei: Henger alak,
41,4m (magassag) x 39,9m (atmeéro)

Tomege: 50,000 tonna tiszta viz

PMT-k szama: 11,200
PMT = PhotoMultiplierTube
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PMT-k felépitése

photoelectron dyrfg_fles

Radiation S i secondary
hy electrons
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to
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500-2000% . amplifier
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Hogyan mukodik a Szuper-K?

A PMT-k O0sszegyljtik a vizben keletkezo,
alacsony intenzitasu, kék szinu Cserenkov
sugarzast, melyet a vizbeli
fénysebességnél gyorsabban mozgo
részecskék keltenek.
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A Cserenkov-sugarzas elve

C
\'

kdzegbeli fénysebesség
részecske sebessége

c, = vakumbeli fénysebesség
n = torésmutatd

Hasonlat : motorcsonak hullamfront a Tiszdn
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http://webphysics.davidson.edu/applets/applets.html

A Cserenkov-sugarzas méreése
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A Cserenkov sugarzas elemzése

Az elozo oldali kép egy 1063 MeV energiaju
(miion)neutriné nyoma, mely egy nyugvo
protonba iitkozik. A reakcioban egy 1032 MeV
energiaju miion keletkezik. A kék szin a miion
Cserenkov sugarzasat, a zold szin pedig a
miion bomlasabdl szarmazo elektron
Cserenkov sugarzasat mutatja.
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A S-K elonyei

A neutrino forras iranya meghatarozhato

A neutrino detektalas ideje is pontosan
meérheto

Az elektron energiaja gyors becslést nyujt
a detektalt neutrin6é energiajara
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A neutrino detektalas ideje

Lehetové teszi a fluxus
idobeli valtakozasainak meérését

Ejjelek és nappalok
Fold a Nap elott vagy mogott

Evszakok
Nap-Fold tavolsag valtakozasa

( OPERA/CERN - tachionok?? )
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A neutrino iranya

Pl igazolhato kisérletileg is, hogy a
neutrinok a Napbol szarmaznak.
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A neutrino energiajanak becslése

Lehetoség arra, hogy a Napban folyo
kiilonbozo magfuzios folyamatokbol
szarmazo neutrinokat
megkulonboztessuk.

Milyen reakciokban, hogyan is keletkeznek
neutrinok a Napban?
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Magfuzio a Napban

A hidrogéenbol fazioval hélium keletkezik
Az elso lépés két proton dsszekapcsolédasa
de a diproton nem stabil!

‘H+'H - ‘*‘H+ e+,

@
@
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Magfuzio a Napban, 2

The cross-section for this process is very
small at average proton energies in the
core of the sun, however there is a huge
number of protons available to react.

Deuterons so produced fuse with protons:
‘H+'H - °‘H+y
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Magfuzio a Napban, 3

In our sun ‘He is most likely to react with
another ‘He nucleus.

He + 3He - ‘He + 2'H +y
The complete process is given by:

This process is known as the proton-
proton cycle or the'

16
Szeged, 2011/10/18 Csorgd T.



Magfuzio a Napban, 4

:3He + ‘He - 'Be +y
'Be + e 5 Li +
Li +'H- 2*4He
:3He + ‘He - 'Be +y
'Be +'H - ’Be + e' +
Be -~ 2 ‘He
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Neutrinok a Napbol

Neutrinos are ‘ghost '-particles which
merely interact, they are the only known
type of particle that can escape from the
sun’s core bringing direct information
about the solar interior
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Neutrinok a Napbol, 2.

Neutrinos are difficult to detect and
NEERURE
Neutrinos produced in different branches

carry away different amounts of energy
and momentum - detector design has to

take account

19

Szeged, 2011/10/18 Csorgd T.



Nap-neutrinok az SK-ban

Super Kamiokande uses elastic scattering
of neutrinos from electrons

v
S

Cherenkov radiation emitted by the
electron is detected
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Attekintés

Nap
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http://lwww.pc.uc

i.edu/~tomba/sk/ Nap'nEUtrinék, SK

| tscan/solar
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Standard Napmodell és a mérések

Tota! Rates: Standard Model vs. Experiment
Bahenll-Finsonnesult, 204K
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A Nap-neutrinok rejtélye

All five blue bars, according to various
experiments, show significantly less
values than the model predictions: the

discrepancy is approximately a factor of
two
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Az S-K tovabbi eredmeényei

S-K observes a significant difference
between the numbers of neutrinos
coming up through the ground as went
down on the other side

A possible explanation is neutrino
conversion takes place in matter - called
Mikheyev-Smirnov-Wolfenstein effect
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Az S-K tovabbi eredmeényei, 2

Super-K has found evidence of the
transformation of muon type neutrinos to
something else, probabely tau type
neutrinos (neutrino oscillations).

This is taken as strong evidence that
neutrinos have a small, but finite mass.

pAS)
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Kovetkezmények

Neutrino oscillations is today the most
promising of the proposed solutions to
the solar neutrino problem
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Osszefoglalas

Solar neutrino research was undertaken
to test stellar evolution

Unexpectedly one found evidence for new
neutrino physics

More experiments are needed to
understand neutrino oscillation
phenomena
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