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Measuring sir2q,, with the Daya
Bay nuclear reactors
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Daya Bay neutrino experiment

A Goal search for new oscillation mode
Ny
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g,satmospheric neutrino oscillation g N,

d,, solar neutrino oscillation g ;

A Neutrino mixing matrix:
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Unknown mixing parameters: ¢,53, d + 2 Majorana phases

Need sizable q,; forthe d measurement
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Direct search
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Two ways to measure (5

Reactor experiments: o g
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At reactors:

Baseline (km)

U Clean signal, no cross talk with d and matter effects
U Relatively cheap compared to accelerator based experiments

U Provides the direction to the future of neutrino physics
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Daya Bay reactor neutrino experiment

A Second largest reactor complex: 5 reactor cores operational,
1 more this year, 17.4 GW In total

A Mountains near by, easy to construct a lab with enough
overburden to shield cosmieray backgrounds

A Challenges: how to reach 1% ?
I design + good conditions




Reactor Experiment. comparing
observed/expected neutrinos:

Typical precision: 3-6%
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We need a precision of ~ 0.5% 1%@90%CL



How to reach 0.5% precision ?

A Increase statistics:
i Powerful nuclear reactors(1 GW,,: 6 x 1G°" gs)
I Larger target mass

A Reduce systematic uncertainties:

I Reactor-related:
A Optimize baseline for the best sensitivity
A Near and far detectors to minimize reactosrelated errors
I Detector-related:
AUse Al dentical 0 pelativesneasuremene t
A Comprehensive programs for the detector calibration
A Interchange near and far detectors (optional)
I Background-related
A Go deep to reduce cosminduced backgrounds
A Enough active and passive shielding



The Experiment
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Backgrounds

A Uncorrelated backgrounds: | e
2.5 m water + 50 cm oil shieldingC 5002: T R e e
Singlegrate @ 0.9MeV < 50Hz |
Single neutron rate < 1000/day "~

A Correlated backgrounds: n” E 075 °*|
Neutrons: > 100 MWE + 2.5 m water i
8He +°Li: > 250 MWE(near) BT . .

> 1000 MWE(far) 0°123"567¥Es<§ev§°
Daya Bay near |LingAo near | Far

Baseline 363 481/526 1985/1615

Overburden o8 112 350

Neutrino signal (event/day) | 84 2 740 2 903 4

Accidental bkdg.(%) <0.2 <0.2 <0.1

Fast neutronbkdg.(%) 0.1 0.1 0.1

8He +9Li bkdg. (%) 0.3 0.2 0.2




Sensitivity to Sir2q,
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Daya Bay collaboration
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Civil construction
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Atunnel length: ~3100m

Arhree experimental halls N
KOne assembly hall ENWE
Awnater purification hall

TR AR A RA R

A All blasting safely completed, no one
exceeded vibration limit (0.0079)

Hall 1, 4, 5 completed last year
Hall 2 completed last month
Hall 3 to be completed this summer

To To Iw




Anti -Neutrino detector(AD)

192 80PMT/ modul e
Reflectors at top and bottomC
Photocathode coverage 5.6 %C 12%

A R &D successful

A Component production mostly
finished

A Detector assembly underway,
two ADs completed

A Dry-run test of completed AD
shows that they are fully
functional within spec.

|. Target: 20t, 1.6m
| | .-catcher: 2@t, 45cm
lIl. Buffer: 40t, 45cm A Remaining AD will be finished

Total weight: ~100 t by next Spring



Prototype studies

A Motivation
I Validate the design principle
I Test technical details of tanks
I Test GALS
I Test calibration and PuC source

A Achievements -

Absorption of IHEP prototype Gd-LS

i Energy response & MC Comparison
i Reconstruction algorithm 2 L

LiniTh i et oh el
I Neutron response & PuC source oom [|—* ik L
I Effects of reflectors
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Detector Component Production










Liquid Scintillator Production

What we need:

I 185t GA-LS, ~180t LS, ~320t oll
Equipment designed,
manufactured and fully tested at
IHEP and then re-installed onsite
4-ton Gd-LS test run successful:
good quality and stability
Gd-LS production completed and
stored in Hall 5
LS production finished

Absorbtion @ 430nm

UV-vis of 4-ton Dry Run Gd-LS

100
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AD filling

A Requirement: precision mass, equal liquid level and
tem., chemical compati bl
A Equipment designed, manufactured and fully tested
at UW, Madison, reassembled at Daya Bay Hall 5
A Two ADs have been successfully filled




AD Dry-run

A Complete test of assembled ADs
with final electronics, trigger and 700
DAQ 600

A Results show that: 500

i Both ADs are fully functional 400

i Their response to LED & cosmie 3%

rays agrees with MC expectations 2%

i Two ADs are identical 100

I Electronics, trigger, DAQ and )
offline software are all tested
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