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Neutrinos & Neutrino Oscillation

Fundamental building blocks of matter:
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Neutrino mass: the central issue of neutrino physics
= Tiny mass but huge amount

= Influence to Cosmology: evolution, large scale structure, ...

= Only evidence beyond the Standard Model
Neutrino oscillation: a great method to probe the mass

V, \% \% \%

o i o S - b o

Oscillation P(v.—>v,) = sin?(20) sin?(1.27Am?L/E)
probability: Oscillation Oscillation
amplitude frequency

2012-03-08



Daya Bay: for a New Type of Oscillation

Goal: search for a new oscillation mode 0,; ?

: _— Vi
0., solar neutrino oscillation
Vz e13 ?
0,;atmospheric neutrino oscillation @

Neutrino mixing matrix:

1 0 0 Cqs Sq9 0 'Ei‘r:l
0 —S55 Cgya/ \ —5yq 0 1,\0

Unknown mixing parameters: 0,5, 8 + 2 Majorana phases

Need sizable 6,; for the 5 measurement
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Two ways to measure 0,3

Reactor experiments: o
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At reactors:
Clean signal, no cross talk with 6 and matter effects
Relatively cheap compared to accelerator based experiments
Provides the direction to the future of neutrino physics
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Direct Searches in the Past

Palo Verde & Chooz: no signal

Sin220,,<0.15 @ 90%C.L.
if AM2,;=0.0024 V2

T2K: 2.5 o over bkg

0.03< Sin%20,3,<0.28 @ 90%C.L. for NH
0.04< Sin%20,3,<0.34 @ 90%C.L. for IH

Minos: 1.7 o over bkg

0 < Sin?20,;< 0.12 @ 90%C.L. NH
0 < Sin20,,< 0.19 @ 90%C.L. IH

Double Chooz: 1.7 o
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sin%20,,=0.086 * 0.041(stat) = 0.030(sys)
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Measuring 613 with Reactor Experiments b”r

Near-Far Concept
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Measuring 813 with Reactor Experiments & i
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Near-Far Concept
Ve Ve x Ve x
distance L ~ 1.5 km
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Reactor Experiment: comparing

observed/expected neutrinos

14F Typical precision: 3-6%
1.2 %
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Precision of past exp.

Reactor power: ~ 1%
Spectrum: ~ 0.3%
Fission rate: 2%

Backgrounds: ~1-3%

Target mass: ~1-2%
Efficiency: ~ 2-3%

Our design goal: a precision of ~ 0.4%
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automated calibration units (ACU)

RPCs AD Gd-LS target

outer and inner
water shields
(IWS and OWS)

EH3
AD6

AD4
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Daya Bay Experiment Layout

Daya Bay,
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o 14
AD3 Ling Ao-11 NPP
o L1
® 12
Ling Ao NPP

EH2

6 reactor cores

AD1 AD2

concrete EH]
antineutrino detectors (AD)
Overburden R, FE, D12 L12 L34 e DI
_ _ _ EH1 250 127 57 364 857 1307 ® D2
6 antineutrino detectors in 3 EH2 265 095 58 1348 480 528 Daya Bay NPP
EH3 860 0056 137 1912 1540 1548

underground experimental halls
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Daya Bay Experiment: Layout

W W RPCs

Redundancy Il

¢ Relative measurement to cancel Corr. Syst. Err.

= 2 nearsites, 1 far site
¢ Multiple AD modules at each site to reduce Uncorr. Syst. Err.

= Far: 4 modules, near:2 modules Cross check; Reduce errors by 1/AN
¢ Multiple muon detectors to reduce veto eff. uncertainties

= Water Cherenkov: 2 layers

= RPC: 4layers atthetop+ telescopes
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% EH3

EH2

L3
I.-t'.

Water Hall

Ling Ao-11 NPP
|.zl'.l
Ling Ao NPP
LS Hall
ant < EH1
AD2
Dava Bay NPP
Overburden R, E, D1,2 L1,2 L3,4
(MWE) (HzZm?) (GeV) (m) (m) (m)
EH1 250 1.27 57 364 857 1307
EH2 265 0.95 58 1348 480 528
EH3 860 0.056 137 1912 1540 1548
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March 8, 2012 : Daya Bay results
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. Comparing with the prediction based on the near-hall
measurements, a deficit of 6.0% was found. A rate-only anal-
ysis vielded sin? 2813 = 0.092 4 0.016(stat) £ 0.005(syst).
The neutrino mixing angle &1z 1s non-zero with a significance
of 5.2 standard deviations.




v Analysis
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v Analysis

2 — 4 Sin220,,= 0.092 + 0.016(stat) + 0.005(syst)
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Future plan

Assembly of AD7 and ADS8 Is underway now, to
be completed before summer

Current data taking will continue until the
summer

Summer activities:

= Installationof AD7 & ADS
= Detector calibration

Re-start data taking after summer
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The Daya Bay Collaboration
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Summary

Electron anti-neutrino disappearance is observed at Daya
Bay,

R =0.940 +0.011 (stat) *=0.004 (syst),

together with a spectral distortion
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A new type of neutrino oscillation is thus discovered

Sin?206,,=0.092+ 0.016 (stat)+0.005(syst)
v2INDF = 4.26/4
5.2 ¢ for non-zero 0,
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Daya Bay,

13

DYH LA Far
= Site (m) | Site (m} | Site {(m)
’ D.:;., B,_-.y Near! DYB | 363 | 1347 | 1985
. Overburden: 98 m LA 857 481 1618
_ LA 1307 326 1613

Mauro Mezzetto (INFN Padova) Rassegna Sperimentale sulle Oscillazioni dei Neutrini IFAE 2012, Ferrara





















