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Present status on θ13
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Present status on θ13

D-Chooz, 2011:

Daya Bay, 2012:

RENO, 2012:
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The leptonic mixing matrix

Atmospheric Interference Solar

Pontecorvo, 1957
Maki, Nakagawa, Sakata, 1962
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Fogli et al., 1205.5254 [hep-ph]
(see also Forero et al, 1205.4018 [hep-ph])

∆m
2

21 = 7.54× 10
−5

eV
2

∆m
2

31 = 2.47× 10
−3

eV
2

sin
2
θ12 = 0.307sin

2
θ23 = 0.386

sin
2
θ13 = 0.0241

(for NH)

(for NH)



Why precision?
VCKM ∼





! 0 0

0 0 0

0 0 0





UPMNS ∼





! 0 0

0 0 0

0 0 0





?
flavour symmetries?

Table from Bishai’s talk at PXPS



The setups
T2HK (1109.3262 [hep-ex]): 4 MW, 8 years (4+4), 500 kton WC 
simulated as in hep-ph/0204352, L=295 km

C2P (1001.0077 [physics.ins-det]): 800 kW, fluxes from PoS 
ICHEP2010 (2010) 325, 10 years (5+5), 100 kton LAr, L=2300 km

LBNE (1110.6249 [hep-ex]): 700 kW, 10 years (5+5), 34 kton LAr, 
L=1290 km

SPL (detector as in hep-ph/0603172, fluxes from 1106.1096 [physics-
acc.ph]): 4 MW, 10 years (2+8), 500 kton WC, L=130 km



The setups
BB350/100 (hep-ph/0312068, hep-ph/0503021): γ=350, 1.1(2.8)e18 
useful 18Ne(6He) ion decays per year, 10 years (5+5), 500 kton WC, 
L=650/130 km

LENF/IDS1B (1012.1872 [hep-ph],): 10/25 GeV muons, 1.4e21 useful 
muon decays per year, 10 years (5+5), 100 kton MIND, L=2000/4000 
km



General landscape

GLoBES 2012
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Discovery vs precision



The starting point

Coloma, Donini, Fernández-Martínez, 
Hernández, 1203.5651 [hep-ph]

θ13 = 8.8
◦

Huber, Lindner, Schwetz, Winter, 
0907.1896 [hep-ph]

1σ (1 dof)1,2,3σ 
(2 dof)

GLoBES 3.0

NOvA+T2K+Daya Bay



Simulation details
GLoBES software used

Input values in agreement with best fits 

Marginalization over solar and atmospheric params performed 
assuming 1σ gaussian priors
θ13 varied in the 3σ range allowed by Daya Bay, around their best fit 
in March 2012  
1σ (1 dof) unless stated otherwise
No degeneracies have been accounted for: atmospheric angle set to 
maximal, normal hierarchy

hep-ph/0407333
hep-ph/0701187

1205.5254 [hep-ph]
1205.4018 [hep-ph]

1108.1376 [hep-ph]

1203.1669 [hep-ex]



Mass hierarchy
Discovery potential at the 90% CL

Huber, Lindner, Schwetz, Winter, 0907.1896 [hep-ph]



Mass Hierarchy

T2K+NOvA only

T2K+NOvA+INO 
(50kt/100kt; low/high res)

Blennow, Schwetz, 1203.3388 [hep-ph]
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Mass hierarchy
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GLoBES 2012



Mass Hierarchy

HK LoI, 1109.3262 [hep-ex] 



Precision in theta13
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Error propagation
∝ θ13

sin2((1∓ Â)∆)
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Precision in θ13

P. Coloma, A. Donini, E. Fernández-Martínez 
and P. Hernández, 1203.5651 [hep-ph]
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Precision in delta



Precision in δ
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Precision in δ
VACUUM
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Precision in δ
VACUUM MATTER
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Precision in δ



Coloma, Donini, Fernández-Martínez, Hernández, 1203.5651 [hep-ph]

GLoBES 3.0

1σ (1 dof)

Precision in δ
1) Mild θ13 dependence

2) Strong delta dependence for 
BB350 due to no 
disappearance data

3) CPV discovery potential 
related to precision around 
0,π: more favorable for 
setups in vacuum and with 
similar number of nu/nubar 
events

100



Conclusions
Precision in θ13:

reactors can only be beaten by a NuFact

Precision in delta:
beta-beams suffer from lack of disappearance data (need to be 
combined with T2K)
BB100 suffers from intrinsic degeneracies: this could be alleviated 
from a refined analysis or from its combination with SPL
Facilities in vacuum have very good precision around 0,π but a 
strong delta dependence
Matter effects help to smooth this dependence out



Backup





Setup details



Effect of th13 prior on CPV

No nubar, 
no prior

No nuBar 
with prior

Nu+NuBar 
no prior



Mass hierarchy and CPV



Previous hints on q13

González-García, Maltoni,Salvado, 1001.4524 [hep-ph]

Previous hints from global fits pointed to nonzero q13...

Solar data

θ13

KamLAND

θ13



Precision in δ

T2HK
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Precision in δ

BB100

BB350
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The leptonic mixing matrix

Atmospheric Interference Solar

Pontecorvo, 1957
Maki, Nakagawa, Sakata, 1962
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Fogli et al., 1205.5254 [hep-ph]
(see also Forero et al, 1205.4018 [hep-ph])
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Precision at 2nd peak
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