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The Daya Bay Collaboration
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=% LOocation of the Daya Bay Nuclear Power Plant
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The Daya Bay Nuclear Power Plant
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1 GW,, generates 2 :
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«12th most powerful in the world (11.6 GW)

» Top five most powerful by 2011 (17.4 GW)

e Adjacent to mountain, easy to construct
tunnels to reach underground labs with
sufficient overburden to suppress cosmic rays
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4 x 20 tons target
mass at far site

Far site

1615 m from Ling Ao |

1985 m from Daya
Overburden: 350 m

Wa1'e:r' hall
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Ling Ao Near site
~500 m from Ling Ao
Overburden 112 m
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- Daya Bay Near site
363 m from Daya Bay
= Overburden 98 m

Horizontal Tunnel
Total length 3200 m




Topography

.. Excellent overburden to reduce
~ \ cosmogenic background
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Tunnel Construction Status (July ‘09)

Civil Status - Excavation

------ Far Hall
__- Ling Ao Hall
__. Tunnel Entrance

__. Daya Bay Near Hall
Construction Tunnel
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Position Sensitivity
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Maximizing sensitivity to #43. Robust against changing Ams3,.

Probabilities smeared over reactor-7 interaction spectrum.



Method

Near

Lﬁ 1.5 km

Far |

Measured Proton Detector
ratio of Number Efficiency
Rates Ratio Ratio

1 T Sin220,

Filling Gd-LS and Calibration Systems
Mass measurement




Daya Bay: Goal and Approach

- Utilize the Daya Bay nuclear power complex to:

determine sin?20,, with a sensitivity of 0.01

!
X [ ]
™ . _ ]
d S|n22613 - 001 @:
S &y
(@] s i
S ! g
= 0.995
-O 4
2
9
©
[¢D)
-
& [
c 0.99_
'
(o'0)
)
2 [
)

2 3 4 5 6 7 8 9 10

v energy (MeV)



How to measure sin?26,, to 0.01

Reduce systematic uncertainties:

= Reactor-related:
Optimize baseline for best sensitivity and lowest residual errors
Near and far detectors to minimize reactor-related errors

= Detector-related:

Use “Identical” pairs of detectors to do relative measurement

Fill all detectors with same batch of Gd-LS.
Comprehensive program in calibration/monitoring
Side-by-side calibration
= Background-related
Go as deep as possible to reduce cosmic-induced backgrounds
Enough active and passive shielding

B/S ~0.4% Near
B/S ~0.2% Far



Sensitivity of Daya

Bay

sin¢20,5 < 0.01 @ 90% CL in 3 years of data taking
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Reactor v,

e Fission processes in nuclear reactors produce a

huge number of low-energy v,

v,/MeV/fisson

3 GW,, generates 6 x 10 v, per sec

Resulmn’r vy spec’rrum ------ -
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Daya Bay,

" Detecting v, in liquid scintillator

- Detect inverse [3-decay reaction in 0.1% Gd-doped liquid scintillator:
Vo +p —> e +n (prompt)
0351, 4+ p 5 D+7(22 MeV) (delayed)

50,000b s+ 6d > 6d*
Ly 6d + v's(8 MeV) (delayed)

» Time- and energy-tagged signal is a good
tool to suppress background events.

- Energy of v, is given by:

Eir T+ To+r(m-m)+m, ~T,+18 MeV
10-40 keV



event/bin

Detection of v,

Inverse B-decay in Gd-doped liquid scintillator:

Prompt Energy Signal

Reconstructed Positron Energ'g»r Spectrum

: . Energy
Entries 88465
250 Mean 3576
Wﬁ»m RMS 1.462
: Underflow 1]
; Overflow 0
200 1 Me\ﬁ *m . 8MeV
1500 | | W
100:— 1’ ' .M*
' W
so- i ‘“W
- i
] JJIIF? 1 | 1 1 1 | ] MLLMW 1 i
% 2 4 5 T

Fiecnn Energy(MeV)
E..(“prompt”) €[1,8] MeV
(“delayed”) € [6,10] MeV
-t [0.3,200] s

n cap

tdelayed prompt €

Delayed Energy Signal

reconstructed neutron (delayed) capture energy spectrum
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Coincidence of prompt positron

and delayed neutron signals helps
to suppress background events



Expected Antineutrino Rates

(Per Day per Module)

Site Rate
DYB 840
LA 740

Far 90



Systematic Uncertainty Control

e Acrylic vessels and liquid scintillator

- manufactured and filled in pairs with a common storage tank

* Target mass
- load cells to measure the target mass to 0.1%
- flow meter during filling 0.1%
- overflow tank liquid level monitoring with ultrasonic devices
e Energy calibration to reach relative uncertainty 0.1%
- automated calibration: ®8Ge(positron), 2>2Cf(neutron) & LED

- being practiced on the prototype: 33Ba(0.356 MeV), '37Cs(0.662 MeV),
60Co(1.17+1.33 MeV), 22Na(1.022+1.275 MeV), Pu-C(6.13 MeV), 252Cf(neutron)



Sources of Uncertainty

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




Backgrounds

Backgrounds

Backgrounds arise from cosmic-us:

Accidental coincidence

e natural radioactivity + neutrons from cosmic-u.

Correlated events :

e Fast cosmogenic neutrons (recoil proton 4 n-capture),

o (3-+n decays of cosmogenic produced °Li and ®He.
e Measurable by u-tagging.

Daya Bay Near | Ling Ao Near | Far Hall
Radioactivity (Hz) <50 <50 <50
Muon rate / AD (Hz) 36 22 1.2
ve-Signal (events/day) 840 740 90
Accidental B/S (%) <0.2 <0.2 <0.1
Fast neutron B/S (%) 0.1 0.1 0.1
*He+°Li B/S (%) 0.3 0.2 0.2




Layout in DBY Hall

\ RPC assembly

Muon PMT

AD installation
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Daya Bay Antineutrino Detector

e 8 “Identical”, 3-zone detectors

calibration
system

id scintillator steel tank

acrylic tanks

photomultipliers

target mass: 20t per detector
detector mass: ~ 110t
photosensors: 192 PMTs
energy resolution: 12%/ Vv E




Gd-Liquid Scintillator Test Production

Daya Bay experiment uses 200 ton O

.1% gadolinium-loaded liquid scintillator

(Gd-LS). Gd-TMHA + LAB + 3g/L PPO + 15mg/L bis-MSB

Gd-LS will be produced in multiple
batches but mixed in reservoir on-site
to ensure identical detectors.

0.001

N 0.1% Gd-L.S in

Absorption of IHEP prototype Gd-LS

| 31 Jan. 2007 § Ei i}
I

250 300 350 400 450 500

time/days

0 50 100 150 200



Water Cherenkov Detector to Tag Muons

Muon Veto Detectors

Etficiencies to tag all muons and muons leading to activity in ADs

pose

e Overall veto efhiciency goal

99.5% + 0.25%.

o OWSHIWS alone > 99% eff
for p in IWS or AD.

o Less eff. for & in OWS or rock
e less likely to make bkg

e Ongoing studies of ineff. u:

e fast neutrons

¢ radioactive isotopes
e ) 1m thick Outer

e challenging to obtain enough
simulation statistics (1 min IS
sim = 1 CPU-month). Tyvek curtain.

Muon rate (Hz) DB LA Far
per AD module 36 22 12

(OWZ) & 1.5 m thick
fater Shields separated by



Calibration

3 automatic calibration units / AD.

e LS & on-/off-axis GdLS

¢ |LEDs monitoring optical properties

® Radioactive sources fix energy

® Additional “free” spallation neutrons



Front End Electronics

INPUT STAGE

THRESHOLD CIRCUIT for Multiplicity Trigger

FEE ANALOG CIRCUITS
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Civil Construction

‘ ‘ ) > “ :_Iﬁ [

“ ControlfRoom 2.2




Tunnel Construction Status

Pool Excavation in DBY Hall - Aug 09 Main Tunnels Join - June 09



Detector Assembly

Stainless steel 3-m acrylic'vessel.”

tank in China in"Taiwan
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AD Components
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Schedule

« 2003-2007: Proposal, R&D, engineering design etc.
e October 2007: Ground Breaking

e March 2009: Surface Assembly Building occupancy
 Fall 2010: Daya Bay Near Hall ready for data taking
 Fall 2011: All near and far halls ready for data taking

Three years’ data taking to reach full sensitivity.



Thank You !



