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ABSTRACT

The physics goal of Daya Bay Reactor Neutrino Experiment is b measure sif 2 13
to 0:01 or better. The experiment was designed to measure the reiae intensity of ¢
ux and spectrum with near and far sites to suppress the reacor related errors, with
multiple anti-neutrino detector modules per site to reduce the detector related errors.
The anti-neutrino detector is based on liquid scintillator and PMT with a three-zone
nested cylindrical structure and top and bottom re ectors. The physics goal demands
that the background uncertainty should be less than 0.3% (nar site) and 0.2% (far site),
the detector uncertainty per module should be less than (B8% and the energy resolution
of each module should be better than 15%p E.

In order to verify the design of the Daya Bay anti-neutrino detector and to study the
Gd-loaded liquid scintillator, we constructed a scaled dow prototype of anti-neutrino
detector at IHEP which has a two-zone nested cylindrical stucture with top and bottom
re ectors. Through the prototype's construction, debugging and measurements, we got
the valuable experiences for the future Daya Bay experiment improving the design
of electronics; studying the calibration methods and the response of the detector with
several radioactive sources. The measurements at severalcations showed that the
energy resolution of the prototype is about 9%Fp E with good uniformity of position
response R or Z direction) to . The simulation results based onGeant4 package
and the experiment measurements have good consistent withagh other that shows the
detector response has been well understood.

The performance and stability of Gd-loaded liquid scintillator is one of the key
factors of the success of the Daya Bay Experiment. The targeof the prototype is the
Gd-loaded liquid scintillator as a preliminary product for the application in the Daya
Bay experiment. With PuC neutron source which give a possibility to calibrate the
detector with €" e annihilation, 4:4MeV, 6:13MeV at the same time, we got the
captured neutron spectra and capture time spectra which allare consistent with the
simulation. We also calibrated the intensities of two 2°°Cf sources with the prototype

detector. The performance monitoring of the prototype detector during 1 year shows



that the optical property and Gd-loaded percentage have god stability and can reach
the requirements of the future Daya Bay detector.

We preliminarily studied the particle identi cation of and neutron with ROOT
TMVA package in order to reduce the background and to improvethe neutron e ciency

at some energy threshold for the prototype or the future DayaBay detector.

Key words: reactor neutrino oscillation, prototype of anti-neutrino detector, detector
calibration, position response, neutron source oP uC, the stability of liquid scintillator,

particle identi cation
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L2Ln*“¥tf.Urte82 (95% C.L)* 3 (99.7%C.L.)§8 ¥ £ f éé
« Z[ US[38
Parameter (BGP [72]) | Best t 2 interval | 3 interval
m3, (10 5eV?) 7.1 6.2{8.2 5.5{9.7
m3, (10 2 eV?) 2.6 1.8{3.3 1.4{3.7
tan? 1, 0.42 0.34{0.54 | 0.30{0.63
tan? 53 1.0 0.61{1.7 0.45{2.3
sin® 13 (sin?2 13) 0.009 (0.036)| 0.036 0.053
Parameter (MSTYV [73]) | Best t 2 interval | 3 interval
m3; (10 5eV?) 6.9 6.0{8.4 5.4{9.5
m3; (10 3 eV?) 2.6 1.8{3.3 1.4{3.7
sin® 1, 0.30 0.25{0.36 | 0.23{0.39
sin® 53 0.52 0.36{0.67 | 0.31{0.72
sin® 13 (Sin?2 13) 0.006 (0.024)| 0.035 0.054
\ L, i yp 13 ¢ Ol £t ue, &Yy1 yp~ %Al <06 &86Y¥
Y% 6 ) AC8+« O T L¥Ff )¢ v b 13" 3@« AOY AU
CPf @ e§u ) ACE+ CqlL «e [74
P( ! ) = sin?2,c08 13sin?[1:27 m3,L=E]
P( ! ¢ = sin22 3sin® 15sin?[1:27 m3,L=E] (2.1)
du 13é 8éu ! ¥tf )¢ § Ex VY p «¥ Ff .U AT
! e LEEtyYy D 13UCPf 8§ ACe
P( ! o = sin?23sin® ,3sin?[1:27 m3,L=E]
+sin22 13c08 ,3sin’[1:27 m3;L=E]
(+) J sin( )sin[1:27 m3,L=E]
+J cos( ) cos[127 m3,L=E] (2.2)
a ¥ Je Jarlskog@C p§éu¥itf 1 n* K8éuify¥itf 1
n' [74]
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