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Physics goal 
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Antineutrino detector(AD) 
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Joint likelihood 

(x y z E) 

• Point source approximation. 

• Mirror reflection, first five orders of 
reflection is considered. 

• Using an ‘effective’ attenuation 
length. 

• The expected charge pattern      

is calculated with trial energy    and  
vertex       . The minimization by 
Minuit of            

Will give a maximum likelihood 
(ML)estimation to the event energy 
and vertex.  

η 

Isotropic Scintilation light  φ 

Point-like light source model 

(x y z E) ri 
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Optical model-expected charge 

                          is normalization parameter, 
proportional to E  
                           now is set to be a 

constant 
         is the PMT photocathode area 

      Superscript j, k in                 
represent that the mirror source is j-th order 
reflected by bottom reflector, and the k-th order 
reflected by top reflector. 
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Optical model-parameters 

 cos df 
             Angular response: paralleled light 

angular response approximately 

 

 

 

 

 

           Quantum efficiency, calibrated by 
calibration source Co60 at the center of AD. 

 

               Average attenuation length for GdLS and LS. 
               Top reflectivity and Bottom reflectivity. 
Use the measured reflectivity of the ESR 
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Performance 

 The optical model well describe events in GdLS from the 
MC study. 

 The performance of real data is not as good as  MC, some 
parameters need fixing. 

 

data MC 

Qobs/Qexp vs the distance(R) from the source to PMT. 

Qobs/Qexp vs the angular(cosθ) from the source to PMTs.  
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data MC 

 The  bias is small for the three 
sources in MC study. 

 The  bias is less than 10cm for 
protons source. 

 The resolution is less than 18cm. 

The biases are define as 
the mean value 
of the differences between 
the ML reconstructed 
vertex and the real vertex. 
 

The resolution is the 
sigma of the Gaussian fit 
for the  vertex 
distribution. 
 

resolution 
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Performance –vertex reconstruction 

bias 



Energy reconstruction 

This result comes  from MC study. 
Good energy reconstruction for different calibration sources. 

MC 
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Attenuation length monitoring for GdLS and LS 

 This method is based on maximum 
likelihood optical model. 

 The attenuation length     can be 
monitored through the 
DoubleRatio               ,while the 
optical path difference L8-L1 is known 
for calibration data. 
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PMT Flashers identification 
application 

Flasher candidates 

Charege pattern for  

Flashers  

Identify residual Flasher events, 

Which is one of the accicidential  

background in the Daya Bay 

Experiment. 
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summary 

 A maximum likelihood reconstruction algorithm is developed 
to determine the vertex and the energy from PMT’s charge 
pattern for a liquid scintillator detector with a reflective 
panel.  

 This reconstruction is aimed to improve the simpler charge 
center or charge pattern based reconstructions used in the 
current official analysis in the Daya Bay experiment. 

 The bias and the resolution of the maximum likelihood 
reconstruction are small.  

 The fiducial volume in the Daya Bay experiment is well 
defined by the acrylic vessel, without the need of an 
accurate vertex reconstruction or a position cut, however we 
can indentify flashers and monitor the attenuation length 
for GdLS and LS using ML reconstruction optical model. 

 Further more, the vertex information is important to 
understand the energy response and to distinguish the 
external radiation background. 
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thanks 
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