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v, from six 2.9 GW,, reactors are
detected at two near and one far
experiment sites

Near halls constrain
reactor v, flux
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Far hall measures
v, disapperance
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Mineral
Oil Buffer

2015/7/23

22 ton Liquid Scint.
Gamma Catcher

* |[nner 20 ton gadolinium-doped liquid
scintillator (Gd-LS) as the target

= Surrounding volume is 22 ton liquid
scintillator (LS) to improve the
efficiency of detecting gammas
escaping the inner target

= Quter buffer volume of mineral ol
to shield against radiation entering
the LS.
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Antineutrino Detection

Reactor v, are detected via Inverse Beta Decay (IBD)

Vot+p-oet+n
+H->D+vy 2.2 MeV, ~200 us
+Gd - Gd* - y's ~8MeV, ~30us

o Prompt event: e* deposits energy and annihilates
o Delayed event: n thermalizes and captured on H or Gd

o Two IBD samples: nH and nGd
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nGd shape analysis
arXiv:1505.03456 [hep-ex]
accepted by Phys. Rev. Lett.

o 6+8 AD (621 days)
o ~4 times more statistics than
our latest published results

2. nH rate analysis
Phys. Rev. D90, 071101(R) (2014)

o B6AD (217 days)

3. Light sterile neutrino search
Phys. Rev. Lett. 113, 141802 (2014)

o B6AD (217 days)

4. Reactor antineutrino flux and
spectrum measurement
o 6AD (217 days)
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o . .
Energy Calibration

) o Neutron from muon spallation A Alpha from natural radioactivity
= Relative energy scale e Neutron from IBD m Gamma from calibration source
variations between < Neutron from Am-C source + Gamma from natural radioactivity
B AD 1 B AD 2
2_ —
detectors < 0.2% for 1E 6 = m
. 0—----+ ------------------------- - F S S I ¢*’ ----------------- R I
the entire energy G 48 " I ﬁia ¢ =
range A Y .
5 of AD 3 - AD 8
. lg 1= ae o, - + -
= 43% reduction wrt. = ?j‘l ““““““““““““““““““““““ Y LA o s
our previous S SRR
. =~ [ AD 4 : AD 5
spectral analysis Ei:  hae :% . A *
publlcatlon g ? j+ """"""""""" L 8§ Z"A""'"& """"""""" . """"""""" "2
(PRL 112, 061801 (2014)) =2 —+ b o
- AD 6 B AD 7
o By the improvements in °F ; . - #A . * ; w
the corretion of postion S %' ------------------ S — %v ----------------- o
and time dependence o &8 ¥ d
of energy scale R R N NS R - R B S R Y S R IR R Y
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Daya Bay,

(3 Energy Non-linearity

Gamma calibration data 2Boron spectrum
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= Two primary sources of non-linearity

o Scintillator response: scintillator quenching (Birks' law) and Cherenkov light
o PMT readout electronics response

* Model constrained by fit to mono-energetic gamma peaks and
12B peta-decay spectum
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Daya Bay,

Events/day (bkg. subtracted)

Far / Near(weighted)
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Oscillation Measurement

—+— Far site data
E== Weighted near site data (best fit)
Weighted near site data (no oscillation)

= Relative comparsion of near and
far site data

= Data hightly consistent with
oscillation interpretation

} EH1
¥ EH2

¢ EH3
Best fit
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Reconstructed Positron Energy (MeV)
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NnGd Spectral Analysis Result

* Most presise measurement  in220,. = 0.084 + 0.005

of sin%20,., (6%
13 (6%0) |Am2,| = (2.42 + 0.11) x 10~3eV?

= Measurement of effective oE 7 =
mass splitting |AmZ| 5 "/
reaches 4% . mmemc. |
i 95.5% C.L. ]
o Consistent with muon neutrino %5 | PR .
disappearance experiments I : _L//F Tf;
— [ I T
o Comparable precision Nig ) \\ﬂ$\
:I?aya Bay: 621 days o

1. 0-05\ 1 0-1 I 1 1 |0.15| 1 1 1 \|5|||10|||15|

arXiv:1505.03456 [hep-ex] ’ a6, .

Accepted by Phys. Rev. Lett.
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Independent Measurement of
b 6, using nH

= Features
o Comparable statistics to the nGd sample  _ | _
o Independent measurement: different Eg 31 All candidates
systematic uncertainties from nGd analysis g £
o Technique applicable to future large scale % i:
experiments (e.g. JUNO) i ;*
S (1] ==
[} 95_ -
= Challenges % = Accidental background
o Larger accidental background due to § 22:
natural radioactivity =
o Events concentrated in gamma catcher (LS) ¢ Z; i
s zgg; Background subtracted
= Strategy 3 333%: delayed energy
o Remove low-energy events (<1.5 MeV) g gggg: J\
o Require prompt-delayed distance < 0.5 m oo .
_ _ LTI T R TN SN
o Data-driven systematic measurements Delayed Energy [MeV]
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13

= 217 days of 6AD data

= x? fitting with pull terms,

NnH Analysis Result

with y2/ndf = 4.5/4

3
=
g

nH rate analysis gives

sin?260,; = 0.083 + 0.018

o Ax?=20when6,;issetto0 2

=  Consistent result with nGd

analysis
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Ji Xiangpan, EPS-HEP 2015

12
Prompt Energy [MeV]

11



Search for Light Sterile Neutrino

= A unique opportunity for sterile neturino searches

o Light sterile neutrinos could introduce additional mode of oscillation
o Relative measurement at multiple baselines (EH1/2/3)
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Daya Bay,

43 Sterile Neutrino Search Result
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* No significant signal observed, consistent with 3-neutrino model
Set most stringent limits on sin?26,, at |m%,| < 0.1 eV?

Phys. Rev. Lett. 113, 141802 (2014)
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Daya Bay,

s Reactor Antinuetrino Flux and Spectrum 2

Flux Spectrum
17 .cé- 20000 :_ -ﬂ- —— Data
E Dava By tat _:6'4 2 T m = B HubersMuelier (full unc)
1.65 :— xc@.:?mhmd {s:rat) } . '\(\a(\J | | e ‘E > B !+ "'- Huber+Mueller (reac. unc.)
155— -:ﬁ;;;dler ?(e\\m E ' % émooo;— ] :: ILL+Vogel
- i i ) o %mono:—t ::
1_55:_ ;| g I % {’ _:58 % E ‘: \(\a(ﬂ
O o ol PYe\\ -
= Consistent with previous short 5
baseline experiments 8
: 8
* Measured IBD rate / predicted S
o 0.947 + 0.022 (HUbeH‘Mue”er) Prompt Positron Energy (MeV)
o 0.992 + 0.023 (ILL+Vogel) = Spectral shape is not consistent
L : with models, especially between
Publication in Preparation 4-6 MeV P Y
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Daya Bay,

_13 Reactor Antinuetrino Flux and Spectrumg E

2
= Areactor v, spectrum _ . Daya Bay Spectrum
[cm?/fission/MeV] is sl Huber + Musller
extracted from the g |
measured prompt-energy I o
spectrum S NG
$E 0.5
n -1 _
Enaple.s model mdepe_ndent B e
predictions of reactor v, 5 12f :
s 1af .
spectra.
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(i3 Summary

» nGd spectral analysis results with 621 days of 6+8AD data

sin220,, = 0.084 + 0.005
|Am2,| = (2.42 + 0.11) x 10~ 3eV?

* Independent measurement using nH with 217 days of 6AD data
sin?20,; = 0.083 + 0.018

= Most stringent limits on sterile neutrino for |m%,| < 0.1 eV?

= Precision measurement of reactor antinuetirno flux and spectrum

= More results coming soon
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Daya Bay,

13

Thank you'!
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Daya Bay,

** Three Neutrino Oscillation: PMNS Matrix

L L
Py, -, = 1 — sin® 2613 sin® (ﬂ.mﬁ,E) — sin® 2615 cos® 203 sin® (&m%l—)
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