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S1 and S2 signals 

• S2 = Enr × Qy(Enr, E) × g2 
– S2 is the number of photons detected from the drifted electron 

signal 
– Enr is the energy of the nuclear recoil 
– E is the magnitude of the electric field 
– Qy(Enr, E) is the charge yield (how drifted electrons come from a 

given event) this is what our calibration tries to find 
– g2 is the number of photons detected for each ionization 

electron 

• S1 = Enr × Ly(Enr, E) × g1 
– S1 is the number of photons detected from liquid Xenon 

Scintillation  
– Ly is the light yield (how much light comes from a given event) 

this is also what our calibration tries to find 
– G1 is the number of photons detected for each scintilation 

photon 2 



Qy Calibration 

• The Qy calibration is done using double 
scatter neutron events created by the neutron 
generator previously discussed. 

• The double scatter provides a very precise 
measure of the energy deposited in the first 
scatter. 
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Double Scatter Selection 
• One S1 followed by 

two S2 pulses. 
• Upper limit on S2 

pulse RMS < 775 ns 
(cuts double scatters 
close in z) 

• First scatter is >15 cm 
inward from the wall 
and within radius of 
the tube. 

• Only one scatter 
within radius of the 
tube unless the one 
further in has S2 
<1500 phd (can’t tell 
which one is first 
easily) 
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Energy of first Scatter 

• 𝐸𝑟 = 𝐸𝑛
4𝑚𝑛𝑚𝑋𝑒

(𝑚𝑛+𝑚𝑋𝑒)
2

1−cos(𝜃𝐶𝑀)

2
 

• Since the angle of scattering can be 
determined via position reconstruction. 

• En is 2.45 MeV from our mono-energetic 
neutron source. 
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Qy measurement 

6 

For each event, one 
can get the ionization 
signal (ne) by dividing 
S2/g2. 



Qy measurement (2) 
• The data is collected into energy 

bins (nr equivalent). 
• The distribution of the ionization 

signals in each bin are fit to the 
combination of a signal model and 
background model using a log 
likelihood letting ne float.  

• ln 𝐿 = − 𝑁𝑠 + 𝑁𝑏  −  ln 𝑁! +

 ln
1

2𝜋𝜎𝑅
𝑒
𝑅 − 𝑅0

2

2𝜎𝑅
2

+

  ln[𝑁𝑠𝑝𝑠 𝑥𝑖|𝑛𝑒, 𝑅 + 𝑁𝑏𝑝𝑏 𝑥𝑖 ]
𝑁
𝑖=1  

– Ns is number of signal events 
– Nb is number of background events 
– R is resolution (whatever that means) 
– ps and pb are the signal and 

background models. 
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Qy measurement (3) 

• The ne from the fits 
of the 11 bins (blue 
crosses) are used to 
fit a Lindhard 
(dashed) and a 
Bezrukov (dot-
dashed but looks 
solid) model in NEST 
(we use the Lindhard 
model in LUX). 
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Ly Calibration 

• Single Scatter events 

• The calibration of energy from Qy determines 
the energy of the scatter 
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Single Scatter Selection 

• One S1 followed by one S2 

• Same upper limit RMS cut 

• S1 > .25 phd, S2 > 55 phd 

• Only events within the tube projection 
accepted. 
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Measuring Ly 
• The same process is 

undertaken as before, 
except that the photon 
yield (nph),  
obtained by  
S1/g1, are  
binned in S2  
instead of  
NR  
equivalent  
energy.  
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Measuring Ly (2) 
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Endpoints 

• A separate analysis can be 
done to try and nail down 
the Ly and Qy values at the 
specific energy of 74 keV. 

• 74 keV is the maximum 
energy transferable to a Xe 
neucleus in a single scatter, 
so the value where the S1 
and S2 signals drop off 
should correspond to an 
energy of 74 keV. 

• This can then be used to 
directly get a value for Ly 
and Qy. 13 



Endpoints (2) 

• The Qy  
Endpoint plot 
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Band Comparison with Simulation 
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This is the comparison of the LUX 
run03 calibration data with the 
simulation created using the 
calibration. 


