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Hubble Ultra Deep Field - Infrared HST+ WFC3/IR
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NASA, ESA, G. lllingworth (UCO/Lick Observatory and University of California, Santa Cruz), STScl-PRC09-31
and the HUDF09 Team




The Mass Mixing Matrix for Neutrinos

Quarks mix via the CKM matrix;
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neutrinos mix via the MNSP matrix ... Uy U, U
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Atmospheric P Violation! Solar neutrinos
neutrinos, | The extent depends | confirmed with
confirmed with on the size of 03, KamLAND

MINOS and K2K but current limits are

consistent with zero.
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Values for 0,3:Theory and Experiment

Fogli, et al, PRL 101(2008) 141801
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Measuring Mixing: Neutrino Oscillations

lllustrate with Vo) = €0S0u|ve) + sinby|vp)
two flavors: vg) = —sinOw|ve) + cosOu|tp)
Let it fly: v(t)) = ey,
What is the
" P = |{valv(t))°
probability of A T
detecting what — 1 —sin%20,, sin’ ( ab )
had first! y A1F,
you had Tirst: Mixing angle
sets the size .. but you need
of the effect...  to match L and
E to Am? !
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Measuring 03 at Nuclear Reactors
Example (Chooz): Appolonio, et al., EP| 27(2003)33 |

Reactors: 2x4.2 GWth
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Interpreting the e* Energy Spectrum
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Am? (eV?)

~— FC belt (corr. sy$t.) :

\ We know Am2 from :
- Bizand 923 experlments
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The correct baseline

optimizes sensitivity!
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Current 0,3 Reactor Experiments

ible Chooz ©** ~~ RENO (Korea)
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Proposed, R&D

Under construction -

The Innovation: A “Near’” Detector to Monitor the Flux
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Double ChooZz

. Gil-Botella,
Near detector (400 m) -~ ]Phys.Conf. 171(2009)012067

~Q‘

Far detector (1050 m) H-F
300 m.w.e. ,
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Near Detector

Tunnel Length
100 m

| % S.B.Kim, ].Phys. Conf. 120(2008)052025

' Y.Oh, Nucl.Phys.B (Proc) 188(2009)109
(See also DBD 2007 and TAUP 2007)

Tunnel Length

300 m >
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i 290m 1,380m ﬁ
! Near Detector Far Detector !

| Napolitano: Neutrino Oscillations and 03 10 Winter 2010 Aspen Particle Physics Conference




Proposal - arXiv: hep-ex/0701029
W.Wang, arXiv: hep-ex/0910.4605

oo
Four detectors Far site

Overburden: 350 m‘ | C'V’I Progress
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Ve Detectors: Gd-LAB Liquid
Three Zones Scintillator

Liquid
Clarity is
important
8 MO040 {----- 4 = JQm (QE)  --------rmrreeerererneeenen st
S { } {
= i {
Y-Catcher o | 1
Outer oil buffer & | ™ days .
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Muon Shielding

216 m

A

Active area

RPC Layer

Overlap width >6em
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Daya Bay: Progress

Far Hall Physics Ready: 201 |
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Reactor 03 Experiments

Thermal Near ‘ Far
Power | M8 [0 T o T Dist Denth| O
Tons is ep is ep %
(GW) (Tons) (m) |(mwe)| (m) |(mwe) (%)
Double| gc | ox10] 400 | 115 | 1050 | 300 | 06
Chooz
RENO | 164 | 2x16 | 290 | 130 | 1380 | 460 | 05
363 1985
DBaYa 74 | 8x20 | & | 260 | & | 910 28}21
4 48| 1613 '




sin® 2013 sensitivity reach
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sin®260,5 sensitivity limit (NH, 90% CL)

" GLoBES 2009

P. Huber, et al.,
= JHEP 091 1:044

Start dates
need to be
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Conclusion

e Establishing 0/3#0 critical
for next phase in CPV

* Expect =|% sensitivity
from reactor experiments
over the next few years

e Keep your fingers crossed

that 0,3 big enough for the
“superbeam’ experiments

Thanks!
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