Neutrino Physics



Solar neutrinos - PP chain

* The Sun shines by making hydrogen into helium. There are two main ways of
doing this: pp chain or CNO cycle

pp-chain |

Sun most loses its energy (98.5 %)
Stepl P> d+e’r through pp-chain. This is pp-l chain and
occurs around 85 % of the time
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Solar neutrinos - PP chain

* The Sun shines by making hydrogen into helium. There are two main ways of
doing this: pp chain or CNO cycle

pp-chain Il

pp-Il chain occurs around 15 % of the
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Solar neutrinos - PP chain

* The Sun shines by making hydrogen into helium. There are two main ways of
doing this: pp chain or CNO cycle

pp-chain Il

Slcgi o +24, —> *Ber pp-lll chain occurs around 0.3 % of the
time
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Solar neutrinos - CNO cycle
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* Many nuclear processes (pp chain and CNO cycle) produces electron neutrinos
* Energies of the neutrinos will differ, depending on the reaction.
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Solar neutrinos

* 1964 Homestake experiment (headed by Davis & Bahcall) detected solar
neutrinos but there were approximately 2/3 less than expected from Bahcall's

Standard Solar Model prediction.

* |t was initially proposed that the solar models were wrong.

* Or that two experiment Homestake and GALLEX were wrong!

* As you can guess, the resolution to this problem is neither!



Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter

f

= I‘S)l (l"’ m e+ mu"fe“>

210 215 1
2.

= [FJ + VV\(L (IfCo§ZQ> + My <l;L_a>_’-§-

2_ll5)|' 7L 2151 g
o - LW
E lF\ ot tmy o+ ot e

410 | £l
= \?l + Mmttm>  — cosle Am© O = M2t my

“ 10 | L 12)



Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter
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Neutrino Oscillations in matter

The medkr ‘:elec\hr.l accke o miz\\‘.«&, a,7/to_ M moder (QM)
M adeo  ucadeon W Squicd spl U\‘»a» 'n o, To cariw
+ls rf(.a.\_l Ha Haop lhoaton |A o coon:

Hy A= rastte ) — ohtled >
4 (-l Cor (L&

Am*=  mag) squoeo

]

SPU\'H«H_ W VacuoN .

L)L cen Qc[ocdha_ u—dl (Puoxmkh\c_frb_ Hﬂw\rl%‘ax\ in melferog

H A= 3 s Am*=  wmasg) :ctuo‘ak
[He=  Ame fealle) - oh RS
® 4—g — A (-Lsn) Lo (.me') > P

Bt fov bebe vt beak
= M Leoalle) —gnls) + GeNdz [} ©
@’ Hov 3 > - <DO>

4 (—aa(le > Lo (L&)




Neutrino Oscillations in matter
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Solar neutrinos

e Confirmation of neutrino oscillations came in 2001 by the Sudbury Neutrino. They
measured not only electron neutrino flux but all flavour neutrinos via NC
interactions

Ve + d — e e Charged current (CC)
Ve + d— p +n+ v, Neutral current (NC)

vV, +e —v,+e Elastic scattering (ES)
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