Observation of Electron Anti-neutrino
Disappearance

in Daya Bay and RENO
experiments
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Daya Bay: for a New T f illation

Goal : search for a new oscillation 0,

: I vV,
0,, solar neutrino oscillation

\Y,
2
0,,atmospheric neutrino oscillation <
V
3

Neutrino mixing matrix:

1 0 0 Cys
0 —8g3 Cg3/ \—Sy3

Bya 0 'l:_!i‘f'I 0 0
s 0|0 €9 0
0 1 0 0 1

Unknown mixing parameters: 0,;, & + 2 Majorana phases

Need sizable 0,; for the & measurement



Reactor experiments

P.= 1 - sin20,sin’(1.27Am!,L/E) —
cos'0,sin’20,sin’'(1.27Am’,L/E)

L Ami 7.02(1.00 £ 0.08) % 107° V2
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Neutrino Detection: Gd-loaded Liquid Scintillator

Arbitrary

— +
V,t p- e tn

From Bemporad, Gratta and Vogel

Observable V Spectrum

\ T= 28 pus(0.1% Gd)

n+p 2>d +Y(2.2MeV)
n+Gd> Gd*+y(@§ MeV)

Neutrino Event: coincidence in time,
space and energy

Neutrino energy:

E. D+ T+ (M,- M)+ m.
o e

10-40 keV 1.8 MeV: Threshold
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One detector ~ Comparison with calculated neutrino flux
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Reactor Neutrinos

B0

Reactor neutrino spectrum [
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Thermal power, W, measured by KIT
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Fission Fraction (%)

system, calibrated by KME method o e
Fission fraction, f, determined by reactor i~ R
core simulation i e ===t ey
° ° o 0t a e i
Neutrino spectrum of fission isotopes ° tooo 35000
Burn—up (MWD/TU)
S,(E,) from measurements
Energov released per fission e.
— . React
Isotope | Ey;, MeV /fission e
'23"73{} 501,92 016 Correlated Uncorrelated
Sd 201.92 £ 0.4 Energy/fission 0.2% Power 0.5%
- ""U 205.52 4+ 0.96 T /ission 3% Fission fraction 0.6%
“LPn 209.99 + 0.60 Spent fuel  0.3%
2-111:)u 213.60 + 0.65 Combined 3% Combined 0.8%
Kopeikin et al, Physics of Atomic Relative measurement =» independent
Nuclei, Vol. 67, No. 10, 1892 (2004) from the neutrino spectrum prediction
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Daya Bay Experiment: Layout

RPCs

Redundancy Il

¢ Relative measurement to cancel Corr. Syst. Err.

= 2 near sites, 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/VN
¢ Multiple muon detectors to reduce veto eff. uncertainties

= Water Cherenkov : 2 layers

= RPC : 4layers atthe top + telescopes
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Anti-neutrino D

Three zones modular structure:
I. target: Gd-loaded scintillator

Il. y-catcher: normal scintillator I/
II1. buffer shielding: oil v

192 8” PMTs/module
Two optical reflectors at the top

and the bottom, Photocathode
coverage increased from 5.6% to 12%
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Target: 20 t, 1.6m
y-catcher: 20t, 45c¢m
Buffer: 40t, 45c¢m

Total weight: ~110 t
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ingle Rate: Under
Design: ~50Hz above 2 - .
g 2 10 _._‘.-"'"'“‘-\—\ - AD1
Qi - - = AD?2
Data: ~60Hz above s L | .
0.7 MeV, ~40Hz - 10° - K [ "_ n Gd-capture
above 1 MeV B mop
» I'.'..-..ll-
4 s
From sample purity 10
and MC simulation, - ’
each of the following 10% \"‘*‘N_‘ %
C()mpOIlent 31}4':_: ] : ——————+ ————+—+—+++]
contribute to singles E i Asymmetry = —YaD1 = Nap:
=  ~5 Hz from SSV s 0 (Nap1 + Nap2)/2
= ~10 Hz from LS T O0F - Tty Pl {ﬁ .
= ~25Hz from PMT 02E t
= ~5 Hz from rock oal E
I I 2
All numbers are 1 10 Energy (MeV]

consistent
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Neutrino Detection: Gd-loaded Liquid Scintillator

n+p =2>d +Yy(2.2MeV)
n+Gd-> Gd*+y(8 MeV)

it p-o e tn-

Neutrino Event: coincidence in time,

space and energy -



Selected Signal Events : Good Agreement with MC
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Neutrino candidates

nd Backaroun

ignal

AD1 AD2 AD3
28935 28975 22466

B/S @EH1/2

Accidentals ~1.4%
Fast neutrons ~0.1%
SHe/’Li ~0.4%
Am-C ~0.03%
a-n ~0.01%
Sum 1.5%

AD4 ADS
3528 3436

B/S @EH3
~4.5%
~0.06%
~0.2%
~0.3%
~0.04%

4.7%

AD6
3452



Pr

Baseline +35 mm
Target mass dm/m = 0.47%
Reactor neutrino flux +0.8%

These three predictions are blinded before we fix our
analysis cuts and procedures

They are opened on Feb. 29, 2012
The physics paper is submitted to PRL on March 7, 2012
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Reactor Neutrinos
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Daily Rate

Three halls taking data synchronously allows near-far
cancellation of reactor related uncertainties

Rate changes reflect the reactor on/off.

IBD rate (/day) IBD rate (/day)
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Electron Anti-neutrino Disappearence

>
Using near to predict far: %
=)
R Ff”.m[«*n‘g“rird 1'1-44 + ﬂ’fj + 1'1-4{3 ig
= = : =
Fﬂr{’.l‘pf‘('red Z?=4((Tj[j1ff] + .f"-ffg:l +ﬂ;‘ﬂ-ffj] =

IBD; — BA« — pFNeutron _ B?Lfl;"SHf’ _ BAmC _ ga-n

ﬂff _ i ! I ! !

P gmuon cmulti T A1 ass;
Determination of a, f3:
Set R=1 if no oscillation

Minimize the residual reactor
uncertainty

Far / Near (weighted)

Observed : 9901 neutrinos at far site,
Prediction : 10530 neutrinos if no
oscillation

R =0.940 £0.011 (stat) £0.004 (syst)

—¢4— Far hall

—}— Near halls (weighted)

----- No oscillation
.- — Best Fit

10
Prompt energy (MeV)

Spectral distortion
Consistent with oscillation
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Electron anti-neutrino disappearance is observed at Daya
Bay,

R = 0.940 £0.011 (stat) £0.004 (syst),

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

Sin220,,=0.092% 0.016 (stat)£0.005(syst)
X?/NDF = 4.26/4
5.2 ¢ for non-zero 0,

24
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RENO experiment
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Reno results
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Reno results

Sin2(20,,) = 0.113 £0.013(stat) £0.019(syst)
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CnencrBus

e OrpaHnyeHue HA CTEPUILHOE HEHUTPHHO
7
Sin*(20,,) <0.03
e Bo3moxHocTs u3yuath CP B JIeNTOHHOM ceKTOpe
[[.o — sin@ae—t0cP
lea = sInbyae ,

® BO3MOKHOCTh YCTAHOBMTH MEPAPXUI0O HEUTPHUHHBIX MACC

onpeneJuTh 3HAK A m?,

° B03MOKHOCTD VJIYYIIUTh TOYHOCTH Am? ,

e He Tpebdyercs cnenuajabHass CMMMETPUS HEHTPUHHOM MACCOBOH
marpuubl (anarchy models)



BO3MOXHOCTb ynyylnTb TOYHOCTL Am?,
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Figure 2.8: Survival probabilities of the reactor neutrinos with sin?(26, 3) = 0.1 and various
values of Am3, as a function of the distance from a single reactor (left) and six reactors
arranged as shown in Fig. 1.2 (right). Am3, = 0.0024 eV? represents the most probable value
and the ranges 0.0018 ~ 0.0029 ¢V? and 0.0015 ~ 0.0034 eV? represent 63% and 90% CL,
respectively. There is little difference between these two cases except at very small distances.



In general, if #13 is not too small i.e., close to the current upper limit of sin® 2613 ~ 0.1 and g3 # I
the neutrino mass matrix does not have to have any special symmetry features, sometimes referred to as
anarchy models, and the specific values of the mixing angles can be understood as a numerical accident.

However, if #153 is much smaller than the current limit, special symmetries of the neutrino mass matrix

will be required. As a concrete example, the study of Mohapatra [23] shows that for #15 < —fﬂl- ~0.03 a

p-7 lepton-flavor-exchange symmetry is required. It disfavors a quark-lepton unification type theor}f based
on SU.(4) or SO(10) models.
For a larger value of #13, it leaves open the question of quark-lepton unification.






sin” fiis = e

gin® thz = 0.314(11518)  Am3; = 7.92(1 £ 0.09) = 107" V*
sin® flos = 0.44(11033) Am3s = 2.4{13520) = 1077 eV,
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Figure 1.9: A schematic view of RENO detector. A neutrino target of 18.7 m® Linear Alkyl
Benzene (LAB) based liguid scintillator doped with Gd is contained in a transparent acrylic
vessel, and surrounded by 33.2 m® unloaded liquid scintillator of gamma catcher and 76.5 m?
non-scintillating buffer. There are 354 and 67 10-inch PM Tz mounted on buffer and veto vessel
walls, respectively.
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