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Daya Bay neutrino experiment 

ÅGoal̔ search for new oscillation mode  

 

 

 

 

ÅNeutrino mixing matrix:  

 

 

 
 

n1 

n2 

n3 

q12 solar neutrino oscillation  

q23atmospheric neutrino oscillation 

q13  ? 

Unknown mixing parameters: q13,  d + 2 Majorana phases   

Need sizable q13 for the d measurement  



Current Knowledge of q13 

Direct search  
PRD 62, 072002  

Allowed region  

G.L.Fogli et al.,  J.Phys.Conf.Ser.203:012103 

M.C. Gonzalez-Garcia et al., JHEP1004:056,2010 



Two ways to measure q13 

Reactor experiments:   

     Pee º 1 - sin22q13sin2 (1.27Dm2
13L/E)  -       

                   cos4q13sin22q12sin2 (1.27Dm2
12L/E)  

Long baseline accelerator experiments: 

     Pme å sin
2q23sin

22q13sin2(1.27Dm2
23L/E)  +  

               cos2q23sin22q12sin2(1.27Dm2
12L/E)  - 

               A(r)¶cos2q13sinq13¶sin(d) 
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At reactors:  
ü Clean signal, no cross talk with d  and matter effects  
ü Relatively cheap compared to accelerator based experiments  

ü Provides the direction to the future of neutrino physics   



Race to measure q13 

 

P. Huber, M. Lindner, T. Schwetz, W. Winter  

JHEP 0911:044,2009, arXiv:0907.1896,  



Daya Bay reactor neutrino experiment 

ÅSecond largest reactor complex: 5 reactor cores operational, 

1 more this year, 17.4 GW in total 

ÅMountains near by, easy to construct a lab with enough 

overburden to shield cosmic-ray backgrounds  

ÅChallenges: how to reach 1% ? 

ïdesign + good conditions 

 



Reactor Experiment: comparing 

observed/expected neutrinos: 

Precision of past exp. 
 

Å Reactor power: ~ 1% 

Å Spectrum: ~ 0.3% 

Å Fission rate: 2% 

 

Å Backgrounds: ~1-3% 

 

Å Target mass: ~1-2% 

Å Efficiency: ~ 2-3% 

Typical precision: 3-6% 

We need a precision of ~ 0.5% Č 1%@90%CL 

 



How to reach 0.5% precision ? 

ÅIncrease statistics: 
ïPowerful nuclear reactors(1 GWth: 6 x 1020 `ne/s) 

ïLarger target mass 

ÅReduce systematic uncertainties: 
ïReactor-related: 

ÅOptimize baseline for the best sensitivity 

ÅNear and far detectors to minimize reactor-related errors 

ïDetector-related: 

ÅUse ñIdenticalò pairs of detectors to do relative measurement 

ÅComprehensive programs for the detector calibration 

ÅInterchange near and far detectors (optional) 

ïBackground-related 

ÅGo deep to reduce cosmic-induced backgrounds 

ÅEnough active and passive shielding 



The Experiment  

ÅNear-far relative meas. to cancel correlated  syst.  errors 

ï2 near + 1 far 

ÅMultiple neutrino  detector modules at each site to cross check 

and reduce un-correlated syst. errors 

ïGd-loaded liquid scintillator  

ïStainless steel tank+ 2 nested acrylic vessel + reflectors 

ÅMultiple muon-veto to reduce bkgd-related syst. errors 

ï4-layer RPC + 2-layer water  Cerenkov detector 

 

 



Backgrounds 

ÅUncorrelated backgrounds:  

       2.5 m water + 50 cm oil  shielding  Č  

        Single g rate @ 0.9MeV <  50Hz 

        Single neutron rate < 1000/day     

ÅCorrelated backgrounds:  n  ́Em
0.75 

       Neutrons: > 100 MWE + 2.5 m water      

       8He + 9Li: > 250 MWE(near) 

                          > 1000 MWE(far) 

Daya Bay near LingAo near Far 

Baseline 363 481/526 1985/1615 

Overburden 98 112 350 

Neutrino signal (event/day) 840³2 740³2 90³4 

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

Fast neutron bkdg.(%) 0.1 0.1 0.1 

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



Sensitivity to Sin22q13 

   

 

Uncertainty  

Reactors 0.13% (6 cores) 

Detector  

(per module)  

0.38% (baseline) 

0.18% (goal) 

Backgrounds 0.32% (Daya Bay near) 

0.22% (Ling Ao near) 

0.22% (far) 

Signal statistics 0.2% 
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North America (15) 

BNL, Caltech, LBNL, Iowa state, Illinois 
Inst. Tech., Princeton, RPI, Siena Coll. 
UC-Berkeley, UCLA, U-Cincinnati, U-

Houston, U-Wisconsin, Virginia Tech., U-
Illinois -Urbana-Champaign,  

Asia (19)  

IHEP, Beijing Normal Univ., Chengdu UST, 
CGNPG, CIAE, Dongguan Univ. of Tech., 

Nanjing Univ.,Nankai Univ., Shenzhen 
Univ., Shandong Univ.,Shanghai Jiaotong 
Univ., Tsinghua Univ., USTC, Zhongshan 
Univ., Hong Kong Univ., Chinese Hong 
Kong Univ., Taiwan Univ., Chiao Tung 

Univ., National United Univ.  

Europe (3) 

JINR, Dubna, Russia 

Kurchatov Institute, Russia 

Charles University, Czech Republic  

Daya Bay collaboration 

~ 250 collaborators 



Civil construction 

Å All blasting safely completed, no one 

exceeded vibration limit (0.007g)  

Å Hall 1, 4, 5 completed last year 

Å Hall 2 completed last month 

Å Hall 3 to be completed this summer 

ÅTunnel length: ~ 3100m 

ÅThree experimental halls  

ÅOne assembly hall  

ÅWater purification hall  
1 
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Anti -Neutrino detector(AD) 

ÅR &D successful 

ÅComponent production mostly 

finished 

ÅDetector assembly underway, 

two ADs completed 

ÅDry-run test of completed AD 

shows that they are fully 

functional within spec. 

ÅRemaining AD will be finished 

by next Spring 

I.     Target: 20 t, 1.6m 

II.    g-catcher: 20t, 45cm 

III.  Buffer: 40t, 45cm 

Total weight: ~100 t 

I  

II  

III  

  192 8òPMT/module 

  Reflectors at top and bottom Č    

  Photocathode coverage  5.6 %  Č 12% 



Prototype studies 

ÅMotivation  

ïValidate the design principle 

ïTest technical details of tanks 

ïTest Gd-LS  

ïTest calibration and Pu-C source 

ÅAchievements  

ïEnergy response & MC Comparison 

ïReconstruction algorithm 

ïNeutron response & Pu-C source 

ïEffects of reflectors 

ïGd-LS 

137Cs 



Detector Component Production 

 

Stainless steel vessel 

Reflector 

4m Acrylic vessel  

3m acrylic vessel  



AD assembly  

SSV  4m AV 

PMT 

SSV lid ACU 

Bottom reflector 

Top reflector 3m AV 

Leak check 



Two completed ADs 

 



Liquid Scintillator Production  

ÅWhat we need:  
ï185t Gd-LS, ~180t LS, ~320t oil 

Å Equipment designed, 

manufactured and fully tested at 

IHEP and then re-installed onsite 

Å 4-ton Gd-LS test run successful: 

good quality and stability  

ÅGd-LS production completed  and 

stored in Hall 5 

Å LS production finished 

 

 



AD filling  
ÅRequirement: precision mass, equal liquid level and 

tem., chemical compatibility, é 

ÅEquipment designed, manufactured and fully tested 

at UW, Madison, re-assembled at Daya Bay Hall 5 

ÅTwo ADs have been successfully filled 

 



AD Dry-run 
Å Complete test of assembled ADs 

with final electronics, trigger and 

DAQ 

Å Results show that: 
ïBoth ADs are fully functional  

ïTheir response to LED & cosmic-

rays agrees with MC expectations 

ïTwo ADs are identical  

ïElectronics, trigger, DAQ and 

offline software are all tested 

Double  pulse  
signal  

Random coincidence   


