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Current status in neutrino oscillations
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Gonzalez-Garcia, Maltoni, Salvado, Schwetz, 1209.3023 [hep-ph]

(See Gonzalez-Garcia's plenary talk on Monday)
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The unknowns

The measured parameter which

» currently holds the largest uncertainty.
Important for the flavor puzzle:
- bimaximal, tri-bimaximal, etc
- golden ratio

- quark-lepton complementarity



The unknowns
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Unknown
- Is CP violated only in the quark sector?
5 % O’ 7'('? » - Is leptogenesis viable?
- Model building
s Z mg?
Oz = 45°7
\ / Note that an appearance experiment is

needed to observe CP violation
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An independent measurement of the
hierarchy is extremely useful as a
double-check of 0vfpp
(see, for instance, Blennow et al,
1005.3240 [hep-ph])
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An unknown hierarchy usually leads to a

reduced ability to observe CP violation

Minakata, Nunokawa, hep-ph/0108085
Barger, Marfatia, Whisnant, hep-ph/0112119

PQZZ(Q]_S) (5) — X:|: SiIl2 2913

+ Y. cos Hl{sin 2013 cos (:: —

A

Am3, L
1F




Ways to measure the hierarchy

A large 0., opens many ways to measure the hierarchy:
I. Matter effects

* In appearance — beams (at lower energies)
* In disappearance — atmospheric neutrinos

ii. Interference effects between solar and atmospheric

oscillations — reactors at medium baselines

lii. Precise measurement of the two squared mass splittings

Additional possible ways are cosmology and supernovae (see Chakraborty's talk this

morning), but | will not cover them in this talk



(i-a) Matter effects in appearance (beams)
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(i-a) Matter effects in

appearance (beams)
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(i-a) Matter effects in appearance (beams)
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(i-b) Matter effects in disappearance

Bafiuls, Barenboim, Bernabéu, hep-ph/0102184
Bernabéu, Palomares-Ruiz,Pérez,Petcov, hep-ph/0110071
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(i-b) Matter effects in disappearance
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(i-b) Matter effects in disappearance
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(ii) Reactor experiment at medium baseline

0.6

e No oscillation
0.5 e =Py, OSCillation
0.4 — P, for NH

- - Peg fOr IH
0.3
0.2~
0.1

0 : | | L I | | | 1 | l 1 l
10 15 20 25 30
L/E (km/MeV)
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(ii) Reactor experiment at medium baseline

Two major proposals: RENO-50 and

Technical challenges:
- energy resolution

- energy non-linearity

dN / dE, [1/MeV]

- reactor distribution

See also:

Zhan et al, 0807.3203, 0901.2976
Qian et al, 1208.1551

Kettell et al, 1307.7419

Learned et al, hep-ex/0612022
Ciuffoli et al, 1209.2227,1308.0591
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(iii) Precise measurements of mass splittings

The difference between the
two mass splittings is due to
a non-vanishing Amgl

Assumed errors of
~0.3 (sin22613/0.1)%

on Amge and
0.5% on Ami
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De Gouvea, Jenkins, Kayser, hep-ph /0503079
(see also Li, Cao, Wang, Zhang, 1303.6733 [hep-ph])




(iii) Precise measurements of mass splittings

Physics in this case is more
complicated, but the
observable effect is similar.

Effect remains even if
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Conclusions

The large value of 0., recently measured has open a

door to measure the hierarchy in many different ways

Huge number of possibilities (short-, mid- and long-

term): PINGU, ORCA, HyperK, JUNO, RENO50, ICAL, NOVA,
LBNE,...

Synergies between different proposals exist.

Combinations can be very effective!

If the hierarchy is known, we may want to optimize long

baseline oscillation experiments differently



Thank You!
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(i-a+b) Combining different experiments
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Hyper-K

Normal Hierarchy

Data taking could start
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(ii) Reactor experiment at medium baseline

Petcov, Piai, hep-ph/01102074
Choubey, Petcov, Piai, hep-ph/0306017
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(ii) Reactor experiment at medium baseline
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(i) Matter effects in disappearance
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dN / dE, [1/MeV]

(ii) Reactor experiment at medium baseline
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Precise measurements of mass splittings

Am*(aa) = ro|Am2 | + (1 —r,)|Am,|

ro= ]'Uccllg
C U2+ [Ua2|?

Aoy = AmP(ee) — Am*(up) = (re — ry)(|Amsg, | — [Am,)).
re — T, = €08 2612 — cos dsin B3 sin 2615 tan By + O(sin? fi3)

|Amg| = |Amg,| = +Amy,

Minakata, Nunokawa, Parke, Zukanovich Funchal, hep-ph/0607284



Precise measurements of mass splittings
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Impact on T2K/NOvVA

CP Violation at 95% C.L. Neutrino mass hierarchy
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