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The large 6,5 era

Daya Bay, Dec 24, 2011 - May 11, 2012
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Non-zero and large 0,5 observed and the sin?20,, precision can
reach to 4-5% by Daya Bay in 5 years.

Mass hierarchy and CP phase are the main focus of next
generation neutrino experiments.

A medium baseline reactor neutrino experiment can measure
mass hierarchy independent of CP phase.



Reactor neutrino to determine MH
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Mass hierarchy: sensitivity

Fourier transformation
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Detector size: 20kt
Energy resolution: 3%/VE
Thermal power: 36 GW
Baseline 58 km



Calculations and Considerations
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Improve MH sensitivity with y?
method by taking into account
AMZ?,; from T2K and Nova in the
future;

Reactor interference effects with
different baselines;

Study of nonlinear energy
response to the mass hierarchy
determination;

Peak location with 2 detectors
The oscillation frequencies with
2 identical detectors at 2
distinct baselines; etc



Daya Bay-ll| Experiment

60 km KamLAND
Daya Bay
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The plan and Challenges: a large LS detector

Daya Bay Il What to do?
LS mass 20 kt Increase Mass
Energy Resolution 3%/NE More photons,
Light yield 1200 p.e./MeV And more photons

—— Muon detector

Steel Tank

Water seal
—— 20kt water
— 6kt MO
_ ~15000 20” PMTs

coverage: ~80%

———1500 20" VETO PMTs




QUANTUM EFFICIENCY (%)

More Photons-- PMT

New f PMT: MCP-PMT
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A PMT R&D collaboration
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PMT: a number of new prototypes
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More Photons-- LS

Longer attenuation length Linear Alky Benzene  Atte. Length @
= Improve raw materials (using Dodecane 430 nm
instead of MO for LAB production) RAW 142 m

= Improve the production and on-line process Vacuum distillation 195 m
= Purification

Higher light yield SiO, coloum 18.6 M
= Lower temperature Al,O, coloum 223'm
= fluor concentration optimization
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=  DYBII Geometry and 80% photocathode coverage :§ :
=  SBAPMT: maxQE from 25% -> 35% A
=  Lower detector temperature to 4 degree (+13% light) or
= LS attenuation length (1m-tube measurement@430nm) 4-
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IBD Signal

Signal:

V,+p—>e +n Estimated IBD rate: ~40/day

n+p 2d +y@2.2MeV) -~200ps

LS without Gd-loading for
= Better attenuation length =» resolution

= Lower irreducible accidental backgrounds from LS,
Important for a larger detector:

v With Gd: ~ 10 *?g/g
v Without Gd: ~ 10 1%g/g
= Less risk

Longer capture time & lower energy the capture
signal =» more accidental backgrounds
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Assumptions

Backgrounds Summary

= QOverburden is 700m

Daya Bay Daya Bay Il

v E,~211GeV,R,~3.8Hz Mass (ton) 20 20,000
= Single rates from LS and PMT are  E, (GeV) -~57 ~211

5Hz, respectively R, (H2)  -~21 ~3.8
= Good muon tracking Raingles (H2) ~50 ~40

= Similar muon efficiency as DYB

Accidentals

Fast
neutron

9Li/éHe

B/S@DYB B/S@

EH1
~1.4%

~0.1%

~0.4%

DYB II
~10%

~0.4%

~0.8%

Techniques used for DYB 11 detector

Low PMT radioactivity; LS purification;
prompt-delayed distance cut

High muon detection efficiency (similar as DYB)

Muon tracking;
If good track, distance to muon track cut (<5m) and veto 2s;

If shower muon, full volume veto 2s
15



Central Detector Concept




Detector option: no one is eliminated,

more IS coming

¢ Acrylic blocks individually mounted

2013/5/23
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VETO Detector Concept

¢ Water Cerenkov

= A MC simulation show that ~ 3m water, 1500 20” PMT is good
enough

¢ Top VETO: 2 Hyper layers of tracker (to have better
track resolution)

= Options:
v Glass or bakelite RPC(6 layers)
v Liquid scintillator + WLS fiber

¢ R&D started

2013/5/23



New site: Kaiping county, Jiangmen city

Daya Bay Huizhou Lufeng Yangjiang Taishan
Status  running planned approved  Construction construction

power/GW 17.4 17.4 17.4 17.4 18.4
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Site selection

Allowed region determined

Experimental hall selected:
= In granite
= Mountain height: 270 m

Preliminary geological survey

completed:
= Review held on Dec. 17, 2012
= No show-stoppers

Detailed geological survey
started
Contacts with Iocal

support




Construction plan

¢ Conceptual design completed.
= Vertical shaft + Rail iIs chosen for cost and schedule reasons
= A tinnel to connect them

.'r ’




Detailed geological survey started

Expect to finish in a few months, include 200m and 700m bore holes.
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Experimental hall
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Preliminary study shows that:
Stability of the hall is not a problem

Total time needed for construction is 3 years
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Cost estimate

Unit price ($)
R&D
Civil & utilities
Central Detector
PMT 3000
HV, electronics,trigger,DAQ, 1000
LS & equipment 3000
VETO

Assembly & installation
Contingency

total

guantity

20000
20000
20000 t

Cost (M$)
10
70
30
60
20
60
10
10
30

300

We already passed all reviews and get support from CAS:
“Special fund for advancement”



Complete C_ornplete
civil
conceptual .

_ construction,
design, start
complete civil PMT g
design, & production line etector
bidding manufacturing construction

& assembly

211 2 FAIE B

Start civil Start PMT

construction, production,

completg start detector

prototyping production or

(PMT & bidding

detector)

Overall Schedule

Complete
detector
assembly &
Installation, &
LS filling

VAVE By )

Z\0 10

Start LS
production
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Jiangmen(Kaiping): a tourist site with no industry

Famous for its architecture: mixture of east & west

= T LTI ;i
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Summary

Daya Bay Il is a project with a very rich and interesting physics
program

Although challenging, initial study shows that it is not impossible
R&D efforts already started

Detector design and civil design has been started

Good support from the local government

Get funding from CAS “Special fund for advancement”

Need more collaborators, more support from the community and
funding agencies

Welcome to join us, mail to: liwd@ihep.ac.cn, Thanks

2013/5/23 27
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