Neutrino Physics



Atmospheric neutrinos

* Neutrinos produced via cosmic rays (accelerated protons, He) in the atmosphere
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Atmospheric neutrinos

e 1998 Super-Kamiokande (50kton water cherenkov detector, 11146 PMTs)
detected atmospheric neutrinos
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Atmospheric neutrinos

e 1998 Super-Kamiokande (50kton water cherenkov experiment) detected
atmospheric neutrinos
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Current knowledge

» Solar mass squared splitting: Am3, ~ 7.42 x 107° eV~

» Atmospheric mass squared splitting: |Am3,| ~ 2.515 x 107° eV~

Normal hierarchy mp < mg <mg — Am§2 > 0,

Inverted hierarchy m3 <mip < my —> Am%z < 0.
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Current knowledge

NU'fit gIObaI fit 5.1 www.nu-fit.org
Normal Ordering (best fit) Inverted Ordering ( A_,\'i = 7.0)
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http://www.nu-fit.org/?q=node/228

Current knowledge

Lepton Sector Quark Sector
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* The mixing and masses of each sector of the SM are so different, better
measurements can help us understand why



Neutrino oscillation physics - reactor experiments

P(V_e — V_e) — 1 — COS4 (913 SiIl2 2(912 SiIl2 Agl — SiIl2 2(913 SiIl2 Agg

Consider the wavelength of each contribution
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Neutrino oscillation physics - reactor experiments

 Daya Bay, RENO and Double Chooz measured reactor mixing angle in 2012
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* At such short baselines, the short wavelength term dominates

P(V_e — V_e) — 1 — (ZC)S4 (913 SiIl2 2912 SiIl2 Agl — SiIl2 2913 SiIl2 Agz
P (V_e — V_e) ~ 1 — SiIl2 26’13 SiIl2 Agg



Neutrino oscillation physics - reactor experiments

e KamLand is a medium baseline reactor experiment in same cavern as SK

Liquid
scintillator
U 9600 PMTs

. Baseline between 130 - 240 km



Neutrino oscillation physics - reactor experiments

 Medium baseline =— KamlLand cannot resolve short wavelength oscillations:

P —7,)=1— cos® 015 sin” 205 sin® Aoy — sin® 265 sin® Az
. g_, ~ C()S4 (913 (1 — SiIl2 2(912 SiIl2 Agl) 1
1 — 5 sin® 2z = cos(z)* + sin(z)* ~1 - <SiI12 A32> = —

neglect O(sin*(013))

« Survival probability KamLand measures 0,5, Am221



Neutrino oscillation physics - accelerator experiments

* |Long baseline accelerator experiment such as MINOS, NOVA and T2K can
determine the atmospheric angle and mass squared splitting.

e | ong baseline experiments have near detector — unoscillated neutrino
energy spectrum and far detector & far detector = oscillated spectrum
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Neutrino oscillation physics - accelerator experiments

* Long baseline accelerator experiment: MINOS, NOvVA and T2K determine the
atmospheric angle and mass squared splitting.
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Neutrino oscillation physics - CP-violation

* To observe CP-violation = difference between an oscillation process and its

CP-conjugate process:
CP

(Vy = ve) — (U — Te)
P(v, = ve) — P(v, = V) xIm [U:lUuergU;Z] sin A1 sin A3 sin Agg

e What is the current status of CP-violation in the neutrino sector?
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 T2K mild preference 0,; > 45° and normal ordering

e T2K disfavours CP-conservation at 90% CL

X107
(\; 2.7 - | | | | I | | | I | | | | | | I | | | | | | | I I | L | I | | | | = (\IX — . .
. 565 = E 2 250 | T2K preliminary
— ~OUF - = — Normal ordering
8 2.6 — _ Inverted ordering
— — _ 20—
A o 7 55 — s — /A 16 CL
g e . - Sy 90% CL
t 75 :_ _: 15 - o 20 CL
— u = B 30 CL
S 245F E -
< F i tof~
NSM 2.45— ¢ Bes i _E -
< 2.35F —— Normal ordering ) e esmLL = B \
- — 00% C.L. _
23— — Inverted ordering .. 99 7% CL.  —
u _ ! I . i
226_ Lo v v b by v b e b b e b 3 1 2 0]
3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 5CP

. 2
sSin 623



« NOVA has preference for normal ordering, 0 ~ 145°
e ExcludelOand o = n/2 > 30
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VISOSim

interactive mode

One-Click Demo

— VISualisation of OScillation
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There are amazing neutrino
Oscillation visualisation tools, check these out!

http://www-pnp.physics.ox.ac.uk/~luxi/visos/

http://www-pnp.physics.ox.ac.uk/~luxi/visos/im/

Thanks to Xianguo Lu
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