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Notrino salinim deneyleri/sonuglari




Gunes notrinolarinin salinimlari

» Giinesin ¢ekirdeginde 15.5x10% K sicaklikta gergeklesen fiizyon ile 4 proton
birlesip Helyum cekirdegini olustururken notrinolar agiga ¢ikar.

proton

. neulron

@ Dpositron
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Y gamma ray

Solar Nuclear Fusion Reactions
via the Proton-Proton Chain

ptp —»d+e" +v,

Noétrinolar Giineste v, olarak DOGARLAR....
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The Sudbury Neutrino Observatory SNO

g—

1000 ton saf agir-su (D,0), 12
m ¢apindaki kiirenin i¢inde
Sudbury (Kanada) eski Nikel
madenine kuruldu.

SNO: Agir-su
deneyi, Cherenkov
detektor

5B v, larna duyarl

Hedef agir su, 3
¢esit notrino
ctkilesmlerine
duyarl

Super-kamiokande
sadece notrino
clastik sa¢ilma
ctkilesimlerine
duyarl
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Neutrino Reactions on Deuterium
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SNO notrinolar1 nasil tespit ediyor?

= Notrino etkilesimlerini 1ki farkli yolla tespit ediliyor:

Sadece v,
yapabilir

Biitin v
cenileri
yapabilir

cC v, + d—— p+pte (Cerenkov)

@ — 00

ES UL+e —L+e (Cerenkov) @ = 0 O

NC Uv+d—> ptn+o (n-capture by 3°Cl - g scatter - Cerenkov)

"  CC etkilesimi yoluyla v, tespit ediliyor.
* NC etkilesimi ise v,+v,+v, toplam sayisim veriyor.
o SNO deneyi CC/NC=1/3 ol¢tu
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Gunes notrinolarinin salinimlari

— Glneste olusan v, ‘larin 2/3 v, ve v, donusiiyor!!
Sadece v, ‘larin 1/3’1 diinya’ya doniisim
yapmadan ulasiyor.

V, or V
D@

Earth

— Deneylerde v, ve v, direkt olarak tespit edilemediginden bu
tip deneylerde v, ‘daki azalma miktar1 ol¢tiilmektedir.
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SNO notrinolar: nasil tespit ediyor?
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Reaktor notrinolarinin salinimlari

lkg 23U fizyonunda 10?4 nétrino agiga ¢ikar

Fizyon basina ¢ikan enerji
ve notrino sayisi:

200 Mev/fizyon

6 v./fizyon

4800MW
200 MeV

~3x10%0 g1

Akkuyu niikleer reaktori :

= Niikleer reaktorler v, luretiyor.
= Reaktor algiglar1 sadece v, tespit edebiliyor.
" v, ve V. tespit edilemiyor.

= SNO buldugu sonug¢ gore bir ¢ok reaktor v, lar1 yaklasik 160
km mesafe kat ettikten sonra v, ve v, doniistyor.
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KamLAND deneyi

1000 t of s1v1 organik sintillator
bir PMT 1le dona.ulmliblr

X /\/ Primorskoys
- ]
M tarhnarg

Russia

Onagawa
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Incident
antineutrino

Gamma rays

Gamma rays

Neutron capture

Japonya’da ~50 kurulu niikleer
santral var.

Positron
annihilation

Liquid scintillator
and cadmium
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Survival Probability
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KamLAND deneyi

Salinim paterni goren 1lk deney

. e Data-BG-GeoV,
- — Expectation based on osci. parameters
determined by KamLAND
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Tespit edilen v, etkilesimi:
1609

Beklenen v, etkilesimi:

2179489 (salinimin olmadigi
durumda)

Aradaki fark salinimin oldugunu
gosteriyor.
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Neutrino Flux {;
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Solar notrino problemi/¢cozimu
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= Giines hesaplanan sayida nétrino lireterek parlamaya devam ediyor
fakat sadece v, degil v, ve v, lireterek.

= Hem Bahcall hemde Davis yanilmada.
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Solar notrino problemi/¢cozimu
= April 2002: SNO Experiment

“Direct Evidence for Neutrino Flavor
Transformation from Neutral-Current Interactions
in the Sudbury Neutrino”

" October 2002: Nobel prize for

— Raymond Davis (Homestake)
— Masatoshi Koshiba (Superkamiokande)

= December 2002:

“First Results from KamLAND: Evidence for
Reactor Anti-Neutrino Disappearance ”

Raymond Davis Masatoshi Koshiba

The Nobel Prize in Physics 2002
Raymond Davis Jr. and Masatoshi Koshiba "for pioneering contributions
to astrophysics, in particular for the detection of cosmic neutrinos"
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Atmoster notrinolarinin salinimlari

Kozmik 1smlar (He, p..) atosferdeki
atomlarla etkilesip K ve m mezonlarini
olusturuyorlar. Bu mezonlarin bozu-
numlarindan v, ve v, olusuyor.
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Kamiokande & SKamiokande

= 1982-83 yillarinda 1lk ger¢ek zaman notrino detektoru

Kamiokande
*3000 ton saf su
«1000 PMTs

= Cherenkov Detektori

v.+te v +e

Elastic Scattering

Vye /
PY Cherenkov electron

neutrino electron

E; =7.5 MeV ( Kamiokande)
E; = 5.5 MeV (SKamiokande)

Sadece 8B notrinolar tespit ediliyor

7/12/24

SuperKamiokande
*50000 saf su
11200 PMTs
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SuperKamiokonde

= Detektor,
Kamioka ¢inko e
madeninin N
igerisine yapildi

= Fikir babasi
Masatoshi
Koshiba

41.4m

{Outer detector

5 111867 of 8” PMT Tkeno-yama

Kamioka, Gifu
: ikm( 2700mwe)
S0kton S ,. 2km
stainless steel tank 39.3m Mozumi Atotsu
PRI CHANDE e dner.detector

11146 of 20” PMT
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Atmosterik notrino salinimlari
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Atmosterik notrino salinimlari

Best fit
sin220=1.0, Am?=2.0x10-3 eV?
Null oscillation

2-flavor oscillations
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Hizlandirici notrino deneyleri

COUNTER

1
__ MUON_SHIELD EXP e
BEAM ACCESS T ELLE
MONITOR 1 M
HADFOMN . P S i
BE AM e SJEFE _'] .
_EB!' e ™ - H r-" _.;:’._,...,...E.q;q,.,.. - .
TUNNEL — EE == - 'a
TUNN TvilE
}__IEDrn | 300m T agem T som |

= 1965°den glinlimiize kadar CERN’de notrino deneyleri yapilmakta.

- Wide band beam : maksimum yogunluk (99% v,,1% v,)

v, Veya anti-v,
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Hizlandirici notrino deneyleri

Soudan Mine in northern MINO S

A neutrino beam from
[llino1s to Minnesota
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MINOS sonuclari

vu disappearance
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OPERA Deneyi

ULB Brussels Bern H'{mburg
ETH Zurich Miinster IRB Zagreb
Rostock INR, LPI, ITEP,
SINP Moscow

+ : JINR Dubna

LAPP Annecy
IPNL Lyon
IPHC Strasbourg

Bari
Bologna
L’Aquila .
LNF Frascati ) Aichi
LNGS Toho
Napoli ) Kobe
Padova Nagoya
Roma Utsunomiya

Salerno
METU Ankara Technion Haifa
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OPERA Deneyi
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Hedef Bolgesi: (ECC +CS Muon spectrometer Brick Manipulator System
scintillator strips) (Magnet+RPC+PT) _, 0000 bricks P y
1.25 kt mass
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OPERA

10 v.CC etkilesimi gozlemlendi

Event: 9190097972, Jul 09, 2009, 19:21 (UTC), ED: TOP VIEW ] Event: 9190097972, Jul 09, 2009, 19:21 (UTC), ED: SIDE VIEW I

g 400 . S 400 |
>< 300 v L > 300
200 - 200 —
100 | 100 |
o 0

-100 -100 ‘
-200 - -200
-300 - -300 |
-400 — -400 |

_800 ~600 ~400 200 0 200 400 600 800 1,000 800 ~600 ~400 200 0 200 400 600 800 1,000
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(@)

Event: 9190097972, Jul 09, 2009, 19:21 (UTC), Tracks reconstructed in emulsion

Track types

hadron (daughter)
hadron
hadron
hadron
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Notrino Salinimlari

= Notrino salimmlarinin = goézlenmesi  Super -
Kamiokande ve SNO deneylerine Nobel
Kazandirdi.

= Bu kesif, Giines'ten gelen elektron notrinolarin
sayisinin neden beklenenden az oldugunu
acikladigr gibi notrinolarin kiitlesinin sifirdan
farkli oldugunun da bir ispatiydi.

Prof. D Takaaki Kajta 1959 Higashimatseyama'da dogdu. Prof. De. Artiver 8. McdDonald 1943 'te Sydaey de dogdu.
Dektora derec=ini 1386'da Tokyo Dniversitesinden ald Deldora derecesini 156%da Califonia Institste of Technalogy
Institute for Cosmic Ray Researchin direktons. Oriwersitesi nden abéh. Queen Cniversitesi'nde calgaypc

Takaaki Kajita Arthur MCDonald

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki Kajita
and Arthur B. McDonald "for the discovery of neutrino oscillations,
which shows that neutrinos have mass"
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Bilmediklerimiz?9?

= Kac tane notrino var?

* Notrino, Dirac m1? Majorana mi1?
» Notrinolar ne kadar agir?

= Madde anti-madde asimetrisinde notrinonun bir
roli varmi?

= Karanlik maddeye katkis1 ne kadar?
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