The Daya Bay

Anti-neutrino Experiment

On behalf on theDayaBay Collaboration
JianglaiLiu
Shanghai Jiao Tongniversity

KPS-CPS joint session, KPS annual meetiBgsan 2011:10-20 '



g.3INn PMNS Matrix

320
cosa;r12

Sing,,

C
— ™

U PMNS ¢

d: CP Violation Phase

sing,, Ccosg,, OCBQ C0Yy,; sinq23

- SiNG,, COY,.3
450

Dm2,, ~ 7.6 105 V2

> CHORUS 54|
NOMAD

TS

_____ — VeV 2 -
e
r All limits are at 90%CL %

10~

12

unless otherwise noted %
1 | 1 |

1072 10°

107
tanZ0

102




Current Knowledgeon ¢y,

Upper limit from reactors
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Evidence from accelerators
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MINOS Far Detector Data
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Global evidence for 8,, > 0
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Lesson Learned in History: 3 Discovery
.|

[ Indication for neutrino oscillaticn N A Need deflnltlve

from a high statistics experiment answer from
* other

experiments!

Phys.Lett. B 148: 387394, 1984




Recent Excitement in Reactor Neutrino Disappearance
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Daya Bay An Ideal Location

Powerful reactor (top 5 in the world, 17.4GW,)
by mountains

Daya Bay NPP LingAo NPP LingAo Il NPP 2.9GW 2
2.9GW 2 2.9GW 2




Daya Bay Collaboration
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4 x 20 tons target Daya Bay: Pwerful reactor by mountains
mass at far site
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Experimental Hall Overview

muon veto system

MMultiple identical
anti-neutrino
detector modules (2
@ Hall 1, 2 @ Hall
2,4 @ Hall 3)

Redundant muon
detector:
Inner/outer water
Cerenkov detectors
+ resistive plate
chamber




Detection of Reactor Neutrinos

Inverse Beta Decay
Gd
— +
Ap- nve ﬁ\/ g

Coincidence signal: detect
Prompt: €' annihilation E~=KE_, + 1.8 MeV
Delayed n captureon proton (2.2 MeV) or Gd (8 MeV)
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Design of Anti-neutrino Detector (AD)

Cylindrical 3-zoneStructureSeparated
By Acrylic Vessels:

|. Target:0.1%Gd-loaded liquid
scintillator, radius=half height2.55 m,
20 ton

ll. Gammacatcherliquid scintillator,
42.5 cmthick

l1l. Buffer shielding:mineral oil, 48.8
cm thick

Acyrlic vessel thicknesd:.5 cm (outer)
and 1 cm (inner)

192 80 PMTOGs on ci
reflective reflectorson top and bottom.
12% energy resolution atMeV
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Expected Neutrino Signals

]
Prompt Energy Signal

Reconstructed Positron Energy Spectrum
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Delayed Energy Signal

reconstructed neutron (delayed) capture energy spectrum
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Projected Uncertainty
|

S« = 0.18% (4 far detector modules)

Detector Chooz
Uncertainty Source Baseline Goal Experience
Number of protons 0.3% 0.1% 0.8%
Energy cuts 0.2% 0.1% 0.8%
H/Gd ratio 0.1% 0.1% 1.0%
Detection | Time cut 0.1% 0.03% 0.4%
Efficiency | Neutron mult. | 0.05% 0.05% 0.5%
Trigger 0.01% 0.01% 0.01%
Live time < 0.01% | < 0.01% < 0.01%
Total Uncertainty 0.38% 0.18% 1.7%
Two detector One detector
relative absolute
uncertainty uncertainty

Projectecs g, Per Module
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Suppression of Major Systematic Uncertainty

Number of Proton Ratio  Detector Efficiency

0.3% Ratio
l 0.2%
G a&‘r’]”;:cnl?q”ui “O \\‘( ~Calibrate out.the near/]‘ar difference
YAl dentical o Detecto
+ precise flow Y Calibration, Calibration, Calibration!
& mass
measurement

Side note:We blind true target masses, reactor power, and
baselines to analyzer.

[
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Calibration

R=1.775 m R=0 R=1.35m

3 sources for each z axis on
a turntable:
AB8Ge (0 KE & = 280.511MeV
9)s
A241Am-13C neutron source +
60Co gamma source

ALED source for J, gain and
relative QE

Automated Calibration
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Projected Sensitivity

3 Years,
90% Confidence Level
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Daya Bay In Action




AD Assembly
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Interior of AD




Dry Run of the First Pair of AD

Complete test of assembled ADs with
final electronics, trigger and DAQ
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Daya Bay Liquid Scintillator

0.1% Gd-LS in 5000L tank

Gd-LS produced in 50,-4on
batches but mixed in reservoir-0

site to ensure identical detectors.

Monitoring of GALS in underground storage tanks

Storage Tank 1, 2011-01-10
— Storage Tank 2. 2011-01-10
- Storage Tank 3. 2011-01-10
=~ Storage Tank 4. 2011-01-10 f,

v 0.035 |- 1
&c) — Storage Tank 5. 2011-01-14
8 l Storage Tank 1. 2011-06-23
.02% |
c e l Storage Tank 2. 2011-06-23 A
8 Storage Tank 3. 2011-06-23 / \
o 0018 - l‘ Storage Tank 5, 2011-06-23
( v
0,008
0,005 :
400 450 ] 750 800

Wavelength (nm)

Gd-LS stability for > 450 days.

Daya Bay experiment uses 185 ton 0.1% gadoliniieaded liquid
scintillator (Gd-LS). Gd-TMHA + LAB + 3g/L PPO + 15mg/L bis-MSB
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AD Filling

o T

Requirement: precision mass, equal
liquid level and tem., chemical
compatibility, &
Liquid extracted from common 200
ton tanks

Detectors are filled in pairs

First two pairs of ADs have been
filled
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Installed Detectors in Hall 1




Hall 1 Water Pool Filling
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Clear demonstration of the wate
shielding effect.
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Filled Pool in Hall 1
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