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Detector Design 
•   1m long LS neutron detector 
filled with 12 liters LS EJ301. 
•   Internally covered with 
diffusive paint EJ520. 
•   2 Hamamtsu 5” PMTs(R4144) 
attached to the detector through 
Pyrex glass windows. 

A 10L liquid scintillation counter has been 
built and tested in the lab. 

 it's a 5'' in diameter, 1 meter in length 
Aluminum tube filled with EJ-305 liquid 
scintillators. EJ-520 reflective paint is 
uniformly painted on the inner surface of the 
tube. 

Two PMTs (R4144 , hamamatsu) installed 
at the both ends of the counter.   

Big Neutron Detector
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FIG. 2: Position of the incident particle and the total light yield being splitted and collected by individual PMTs.

FIG. 3: Detector response to energy with one of PMTs for a surface background run. X/l stands for the relative position of
the particle. a0 is the integrated charge (area) of the PMT0.

shows the position can be determined by the combination of the charge a0 and a1 from two PMTs, respectively.

Lleft = 0.5Ltote
−(D/2−x)/l

Lright = 0.5Ltote
−(D/2+x)/l

ln

�
Lleft

Lright
= x/l (1)

This is to say that we can use the charge ratio, ln
�
a0/a1, to interpret the position of the particle along the tube.

The detector response to energy with one of the PMTs for a surface background run is presented in FIG. 3. The
value of X/l varies from -2 to 2 which gives four times the attenuation length from one end of tube to the other.
Considering the length of the tube is 1 meter, the attenuation length of ∼25 cm is determined for the light transport
in the scintillator. Note that this result is much less than the expected attenuation length of EJ301 scintillator(l > 1
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FIG. 4: The position (left) and energy (right) calibration using a 22Na source in terms of the Compton edge of 1.275 MeV
gamma ray line. The data in left plot are fitted by a third-order polynomial function.

meter). This is because the the light transport in the tube is dominated by the diffusive reflection, which dramatically
exacerbates the attenuation.

In the lower energy range, the detected events are dominated by gamma rays from the internal contamination of
the detector components. In contrast, in the high energy range the events are mainly from the cosmic muons. Clearly,
the higher energy curve in FIG. 3 indicates the muon minimum ionization peak of∼20 MeV in terms of a diameter of
5 inch. This minimum ionization is also verified using a GEANT4 simulation. The incidence of the cosmic ray muon
is supposed to be uniformly distributed along the tube (except for the edge effects at both ends of the tube), which
provides us a natural energy calibration source for energy up to 20 MeV. The blank area under the bottom curve of
FIG. 3 are caused by the energy threshold set on the trigger of both PMTs while the blank area at the both sides are
caused by the saturation of the PMTs.

Energy-scale calibration is done using a 22Na gamma-ray source. The 22Na radiation source produces two gamma
lines with 0.511 MeV and 1.275 MeV energies. Measurement is made with the uncollimated source placed on top of
the aluminum tube every 2.5 cm for each step from one end to the other. Calibration is made using the Compton
edge of 1.062 MeV produced by the 1.275 MeV gamma line from 22Na source. The left plot of FIG. 4 gives a position
calibration interpreted by X/l. It results a fairly linear relation between X/l and the actual position. The right plot
shows a position-dependent energy calibration with the Compton edge of 1.275 MeV gamma-ray line from a 22Na
source.

The position-dependence of energy makes the energy calibration complicated. Since both ends of the aluminum
tube are coupled by PMTs, the energy scale can be position independent[11] based on the Eq.(2).

�
LleftLright = 0.5Ltote

−D/2l ∝ Etot (2)

This means we can use
√
a0× a1 to represent the energy scale to avoid the position dependence along the tube. To

verify this hypothesis, a plot of
√
a0× a1 versus X/l has been made (see FIG. 5) from which one can see a distinct

and close to horizontal line from the muon minimum ionization process with the
√
a0× a1 at ∼ 4000. Other than

the edge effect at both sides, it shows that the position-independence of energy is quite accurate if we use
√
a0× a1

to describe the total energy deposition. Practically, a slight adjustment is applied on the slope of the horizontal line
in order to get a better match. Using a 22Na and an AmBe sources we also obtain consistent results for gamma-ray
lines at 1.275 MeV and 4.4 MeV. Therefore, an energy calibration curve is obtained from low energy up to 20 MeV.

IV. NEUTRON-GAMMA DISCRIMINATION

The measurements of neutron-gamma discrimination were made using an AmBe neutron source. It is placed
vertically 6.5 cm right above the outer wall of the tube and horizontally 22.5 cm away from the PMT0. The neutron
emission rate of this source is ∼100Hz and the neutron energy spectrum is up to 11 MeV. The digitized pulses from
each event have been recorded for the data analysis. The analysis procedure includes the calculation of the total
charge per pulse per event and the charge that corresponds to its tail part of the pulse (delayed charge). The total
charge is defined as the integral under the pulse from 8 samples before to 40 samples after the peak. And the delayed
charge is the integral under the pulse from 8 to 40 samples after the peak. Since the decay time of the scintillation
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Three	
  calibraGon	
  source	
  energy:	
  Na22(1.27MeV),	
  AmBe
(4.4MeV)	
  and	
  	
  muon	
  minimum	
  ionizaGon	
  peak(~20MeV)	
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CalibraGon	
  with	
  Na22(1.27MeV).	
  Place	
  the	
  source	
  on	
  the	
  
tube	
  and	
  change	
  it	
  each	
  2.5	
  cm.	
  	
  	
  



n/g	
  DiscriminaGon	
  

7	
  

•  AmBe	
  source	
  at	
  surface	
  about	
  68	
  hours	
  data.	
  
•  n/g	
  mixed	
  together.	
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n/g	
  can	
  only	
  be	
  separated	
  in	
  narrow	
  slices	
  along	
  the	
  tube.	
  The	
  n/g	
  
separaGon	
  is	
  gehng	
  beier	
  when	
  the	
  posiGon	
  is	
  closer	
  to	
  ends.	
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•  All	
  slices	
  could	
  be	
  folded	
  to	
  the	
  horizontal	
  then	
  summed	
  up.	
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•  In	
  order	
  to	
  remove	
  the	
  effect	
  of	
  gamma	
  ray	
  contaminaGon,	
  
two	
  layer	
  of	
  lead	
  bricks(4’’	
  total)	
  is	
  place	
  right	
  above	
  the	
  
tube	
  and	
  the	
  AmBe	
  source	
  located	
  on	
  the	
  top	
  of	
  it.	
  	
  

•  We	
  took	
  about	
  two	
  days	
  Ambe	
  data	
  and	
  three	
  days	
  
background	
  data	
  w/wo	
  the	
  source.	
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•  Soudan	
  AmBe	
  Run:	
  ~2	
  days	
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  Threshold	
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•  The	
  energy	
  threshold	
  is	
  set	
  to	
  ~1	
  MeV.	
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•  Surface	
  background	
  data:	
  19.16	
  days	
  
•  Two	
  issues	
  need	
  to	
  be	
  addressed:	
  

1.  Energy	
  calibraGon	
  above	
  20MeV	
  –	
  
correcGon	
  by	
  surface	
  muon	
  data.	
  

2.  Quenching	
  factor	
  for	
  high	
  energy	
  
neutrons	
  -­‐	
  ???	
  



Energy	
  CalibraGon	
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  High	
  Energy	
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•  Total	
  flux:	
  0.016	
  /cm2/s	
  



Quenching	
  Factor	
  Puzzle	
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•  Visible	
  V.S	
  recoil	
  energy	
  by	
  assuming	
  NY	
  neutron	
  spectrum	
  

M.S.	
  Gordon,	
  IEEE	
  TransacGons	
  on	
  Nuclear	
  Science,	
  V51,	
  No.	
  6,	
  2004	
  	
  

Without	
  SaturaGon	
  
cut	
  on	
  high	
  energy	
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QF58	
  given	
  by	
  best	
  fit	
  from	
  KamLAND:	
  
	
  visibleE=recoilE*0.5806*(1-­‐exp(-­‐0.2072*recoilE-­‐0.00335))	
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•  Soudan	
  data:	
  373.1	
  days	
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•  The	
  absolute	
  Muon	
  flux	
  reconstructed	
  at	
  Soudan	
  Mine:	
  
2.28e-­‐07/cm2/s	
  

•  The	
  shape	
  of	
  energy	
  spectrum	
  are	
  taken	
  from	
  MUSUN	
  
result	
  which	
  includes	
  the	
  hill	
  effect	
  at	
  Soudan	
  area.	
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Ø 	
  The	
  simplified	
  definiGons	
  of	
  energy	
  and	
  posiGon	
  helped	
  
in	
  understanding	
  of	
  the	
  performance	
  of	
  the	
  detector.	
  	
  

Ø 	
  Nature	
  muon	
  at	
  the	
  surface	
  serve	
  as	
  an	
  important	
  
calibraGon	
  source	
  for	
  high	
  energy	
  above	
  20	
  MeV.	
  

Ø 	
  The	
  quenching	
  factor	
  at	
  high	
  energy	
  need	
  a	
  beier	
  
model	
  to	
  explain	
  it.	
  	
  

Ø 	
  The	
  random	
  noise	
  will	
  affect	
  the	
  range	
  with	
  the	
  visible	
  
energy	
  below	
  	
  ~4	
  MeV.	
  This	
  seems	
  cannot	
  be	
  avoid	
  with	
  
the	
  current	
  design	
  of	
  the	
  detector.	
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Backup	
  I:	
  Quenching	
  factor(KamLand)	
  

E_visible=E_real*0.5806*(1-­‐exp(-­‐0.2072*E_real-­‐0.00335))	
  	
  


