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Measuring sin®26,,with reactors
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+ Relatively short baseline (L ~ 2 km)

- Cheap compared to accelerator-based experiments,
allowing rapid deployment

*  No ambiguity, independent of & and matter effect



Reactor

Fission processes in nuclear
reactors produce ~ 6
neutrinos (anti-electron-
neutrinos) per fission

The Daya Bay Power Plant
(17.4 GW,,, ) generates ~3 x
102! neutrinos per sec

The neutrino energy
spectrum is known fo ~1% at
detector sites

A ratio measurement of
rates at far to (fwo) near
detectors reduces error due
to uncorrelated power
fluctuations 1o ~ 0.1%,
comparable to detector site
location error.
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Detecting neutrinos in liquid scintillator:
Inverse B-decay Reaction Y

- Detect inverse B-decay reaction in 0.1% Gd-doped liquid scintillator:
V,+p— e +n (prompt)

03b |5 +p — D+ Y22 MeV) (delayed)

50,000b ' + 6d — Gd*

. L 6d + ys(8 MeV) (delayed)
Coincidence of prompt

positron and delayed
neutron signals helps
suppress background events
The energy of the neutrino
can be measured by the
energy of the positron to
the energy resolution of the
liquid scintillator

E =E,+T, +(m, —m)

o(E,) = (9.52x107™* cmz)Eepe




Spectral distortion
1 3

* The spectral distortion between near and far
detectors offers additional handle on the deficit
measurement
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How To Reach A Precision of 0.01 in Daya Bay?

- Increase statistics:
- Use four 20-ton target mass modules at the far site
- Statistical error in 3 years of running is ~ 0.2%

» Suppress background:

- Deploy near and far detectors in water pools inside mountain to
suppress cosmogenic and ambient backgrounds

- Use active muon tagging at all sites to manage comic-induced bg

 Reduce systematic uncertainties:

- Reactor-related:

- Use two near detectors to minimize error due to power fluctuations of
multiple cores

- Optimize baseline for best sensitivity and smaller residual reactor-
related errors

- Detector-related:
* Use "identical” pairs of neutrino detectors to do re/ative measurement
- Adopt comprehensive program in calibration/monitoring of detectors
- Interchange near and far detectors (optional)






The Daya Bay Nuclear Power Complex AR

+ 12th most powerful in the world (11.6 GW.,,) 13
* One of the top five most powerful by 2011 (17.4 GW,,)

» Adjacent to a mountain, easy to construct funnels to reach underground

labs with sufficient overburden to suppress cosmic rays

Ling Ao NPP: 2 x 2.9 GW,, Ling Ao IT NPP: 2 x 2.9 GW,,
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Daya Bay: Experimental Setup

Far site '
Overburden: 355 m Empty detectors: moved to underground
halls via access tunnel.

Filled detectors: transported between
halls via horizontal tunnels.
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Daya Bay Is Moving Forward Quickly émy

Construction of various
detector subsystems is
also moving forward
quickly

13

Excavation of access and
construction tunnels is
progressing rapidly since
ground breaking (Oct 13,
2007)




Daya Bay far Detector

Veto muon-system

I/,/Rﬁé’

e Water Cerenkov

/ Anti-neutrino Detector




Resolution (%)

Antineutrino Detectors
1 3

Three-zone cylindrical detector design

- Target: 20 t (0.1% Gd LAB-based LS)
- Gamma catcher: 20 t (LAB-based LS) Calibration

Steel tank

- Buffer: 40 t (mineral oil) system e
Low-background 8" PMT: 192 - .
Reflectors at top and bottom PMT — 4 N -

Mineral oil _ J
- e B Liquid Scint.
12 —
~12% / E" 20-1 6d-LS

5m

10 —

3.1m acrylic tank

4.0m acrylic tank

5m
Energy (MeV)
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Daya Bay,
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2-zone Prototype at IHEP
» 0.5 ton unloaded LS

r

- 45 8" PMTs with reflecting top and bottom
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Daya Bay
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AV Prototypes Under Construction

I

-m prototype in the U.S.

3-m prototype in Taiwan



AD Systematic Uncertainty Control

Acrylic vessel 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 to 0.1%
- Overflow tank liquid level monitoring with ultrasonic devices

Energy calibration to reach relative uncertainty of 0.1%:

- Automated calibration with vy (LED), e* (¢8Ge), and neutrons

- Sources being practiced on the prototype: 133Ba (0.356 MeV),
137Cs (0.662 MeV), 0Co (1.17 + 1.33 MeV), 22Na (1.022+1.275
MeV), Pu-C (6.13 MeV), and 252Cf(neutron)
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Initial commissioning of detector module:

- complete characterization of detector
properties

- manual deployment system
Routine monitoring of detector modules:
- weekly or monthly procedure
- 3 automated systems per detector,
each can deploy v (LED), e* (°8Ge), and neutron
- monitoring system for optical properties

- supplement with spallation product (e.g.,
neutrons) measurements

18 m

Spallation Neutron Map

z(
2

- - Prototyp

= \P S

fipf:

o/E = 0.5% per pixel
requires:
1 day (near)
10 days (far)
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The muon system

13

Multiple muon tagging
detectors:

- Segmented water pool as
Cherenkov counter

- RPC muon detectors at the
top of water pool

Combined muon tagging
efficiency > (99.5 £ 0.25) %

Use neutron background
measured by tagged muons to
normalize simulation on neutron
background due to untagged
muons

ADs surrounded by 2.5 m of
water to attenuate neutrons

and gammas

19



Daya Bay,

13 Far detector water pool Cerenkov detector
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RPC muon detector over Water Pool
3

RPC assembly

Muon PMT

AD 1nstallation

module




Electronics and Readout System

FEEs Multiplicity Local Timing Info
e ———
Trigger
PMT Energy Sum ez -
|nput MVME
Multiplicity Readout | 5500
Triggers | Energy Sum
Correlation
AD Crate #1
IAD Crate #2
AD Crate #3
AD Crate #4
FEEs Multiplicity Local Timing Info
el —
Trigger
PMT Energy Sum el -
|nput MVIME
Readout | 5500
Triggers | multiplicity
Energy Sum
Inner Water Shield Crate
Quter Water Shield Crate
EECs Timing Info ReadOut
. Transceiver
RPC ROT Triggers (ROT)
Input
2/4 or 3/4 to ReadQut
Self Trigger " ——
Self Trigger + Data
RPC System
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Daya Bay,

Signal, Background, and Systematic (%5
+ Summary of signal and background:

Daya Bay Ling Ao Near Far Hall
Baseline (m) 363 481 from Ling Ao 1985 from Daya Bay
526 from Ling Ao IT | 1615 from Ling Ao

Overburden (m) 98 112 350
Radioactivity (Hz) <50 <50 <50
Muon rate (Hz) 36 22 12
Antineutrino signal (events/day) 840 740 90
Accidental background /signal (%) <0.2 <0.2 <0.1
Fast neutron background/signal (%) 0.1 0.1 0.1
8He+°Li background/signal (%) 0.3 0.2 0.2

- Summary of statistical and systematic error budgefts:

Source Uncertainty (%)

Reactor power 0.13

Detector (per module) 0.38 (baseline), 0.18 (goal)
Signal statistics 0.2

23
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Sensitivity of Daya Bay
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» Use rate and spectral shape
* input relative detector
syst. error of 0.38%/detector

90% confidence level
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* Daya Bay will reach a sensitivity of < 0.01 for sin?26,;

Summary

« Civil construction has begun
« Subsystem prototypes exist
* Long-lead orders initiated
« Daya Bay is rapidly moving forward:
— Surface Assembly Building - Fall 2008
— DB Near Hall - installation activities begin early in 2009
— Assembly of first AD pair - Spring 2009
— Commission Daya Bay Hall by Winter 2009/2010
— LA Near and Far Hall - installation activities begin late in 2009
— Data taking with all eight detectors in three halls by Dec. 2010

25



Backup slides
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éaw Measuring sin220,,with reactors
13

~ <in20. <in2 ) 2
PILLe sin“0,,sin“20 ,sin*(1.27Am*,,L/E) + 0 [t
2 in2 in2 2 _ P_13 |
€0s%0,,sin*20,sin*(1.27Am?*,,L/E) . s | |
®c0s20,,5in0,;0sin(9) B
-8 i 1 7

Reactor experiment 0
PeX = Sin22913Sin2 (1'27Am213L/E) + 8 P R MDERET. |
cos*,;5in?26, sin? (1.27Am?,, L/E) ' S

* No ambiguity,independent of 5 and matter effect A(p)

- Relatively cheap compared to accelerator-based
experiments

* Rapid deployment possible
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o eﬂyaﬂ‘ay
Reactor neutrinos .

» Fission processes in nuclear reactors produce ~ 6

neutrinos per fission

3 GW,, generates 6 x 1020 v,_ per sec

v,/MeV/fisso
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Where To Place The Detectors ?

- Since reactor v, are low-energy, it is a disappearance experiment:

- - Am; L A, L
P(V,—V,)=1-sin 26, sin" (—31] — cos' 6, sin” 26, sin’ (&]
4E A4E

Small-amplitude oscillation Large-amplitude
due to 6,3 integrated over E oscillation due to 6y,
1.1
* Place near detector(s) close to 1 : ]
reactor(s) to measure raw flux i ] —
and spectrum of v,, reducing 0.9 ¢ N\ ]
reactor-related systematic 208 [Sin?26,= 01 \\
2 A\
- Position a far detector near 2 o o7
the first oscillation maximum — z~ 06
to get the highest sensitivity, 05 |
and also be less affected by 0, oa b
: detecton
0301 B 10

hear

detector Baseline (km)



Automated Calibration System
13

elec. interface_ Calib. box

MO fill monitor

HKU MO clarity device Each unit deploys 3 sources:
%8Ge, 2°2Cf, LED

Status:
- Completed >20 years worth of cycling

* No liquid dripping problem

» Tested limit switch precision and reliability
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Water Shield & Cherenkov
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* Antineutrino detectors enclosed by 2.5 m of water to shield

energetic neutrons produced by muons and gamma-rays from the
surrounding rock

+ Tagging requirements:
- Inefficiency < 0.5% and known to < 0.25%

*  Use multiple detectors to provide cross check

32



Daya Bay,

Daya Bay Is Moving Forward Quickly (CA43

Groundbreaking Ceremony: Oct 13, 2007

gl
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Daya Bay Is Moving Forward Quickly

I Access Tunnel Entrance |

Daya Bay,

13
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