






First lets rule out what dark matter isn’t.: 
 Antimatter: No unique gamma rays are seen, that are created with 

annihilation of antimatter with matter. 
 Large Black Holes :Do not see enough gravitational lensing events to 

account for the 22% dark matter . 

















   Cold tank helps vacuum pumps to perform better.  

  Uses the concept of sublimation where a gas or 
vapor is crystallized on a cold metal surface, 
reducing the pressure within trap.  

  Liquid nitrogen trap: a cold trap is immersed in a 
liquid nitrogen bath. The low temperature of liquid 
nitrogen cools down the cold tank, and provides a 
cool metal surface where sublimation can occur. 

  Xenon flows through the cold tank, and the 
majority of it crystallizes on the metal surface, 
creating a lower pressure vacuum system with a 
pressure around 10-5 torr. The remaining vapor than 
travels onto the RGA. 





  Xenon 100 uses a cryogenic distillation column for 
purification of the xenon. Primary purpose to rid of 
krypton and other noble gases.  

  Cryogenic Distillation Column- 

  Cryogenic means that the separation of a mixture 
at low temperatures. 

  The distillation column separates a mixture based 
on the different boiling points of the elements 
within the mixture. To separate the mixture, 
krypton is boiled at 115.95 K, which rids of the 
other noble gases present in the mixture, leaving all 
elements which are heavier than Xenon. 











 An example of one of the measurements taken by the 
RGA for a xenon. The flows used were 0.01,0.04,and 0.08 
slpm.  



Measurement  Kr 
Pressure 
(torr) 

Zero 
Flow 
(slpm) 

Flow 
(slpm) 

Real Flow 
(slpm) 

Interval(s) Period 
(s) 

2 4.586E-8 0.28 0.029 0.01 2173.3-2200.8 27.5 

2 1.5E-7 0.28 0.32 0.04 2395.5-2424.2 27.5 

2 1.866E-7 0.28 0.35 0.07 2459.4-2486.9 27.5 

1 8.03E-8 0.27 0.28 0.01 1898.6-1927.2 27.5 

1 1.46E-7 0.27 0.32 0.05 1898.6-1926.1 27.5 

1 2.1E-7 0.27 0.35 0.08 2211-2238.5 27.5 
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10.6g / l =
XeMass
3.79liter

m = 40.174g
m = 0.306moles

€ 

100 ×10−9 =
x

0.306moles
x = 3.06 ×10−8moles
x = 2.56 ×10−6grams
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P = aΔCK + b

P= Partial Pressure 

    =Added krypton 
concentration 

B=Krypton concentration 
in xenon sample 
(unknown) 

a=unknown (determined    
from graph ) 

€ 

ΔCk



Kr Pressure 
(torr) 

Concentrati
on 
(ppb) 

Flow(slmp
) 

Period
(s) 

5.094E-9 100 0.04 27.5 

3.51E-9 100 0.04 27.5 

1.634E-9 50 0.04 27.5 

5.077E-9 100 0.06 27.5 

4.67E-9 100 0.06 27.5 

1.96E-9 50 0.06 27.5 

5.78E-10 0 0.04 27.5 

6.12E-10 0 0.05 27.5 
Krypton Partial Pressure for 100 ppb 



Calibration graphs for 0.04 slpm, and 0.06 slpm. 
Additional krypton concentrations of  0,50, and 100 
ppb 

Line of  Best fit for both 
graphs is : 
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P = (4 ×10−11)ΔCk + (3×10−10)

€ 



Kr Pressure(torr) Concentration(ppb) Error 

5.09E-9 100 18.4% 

3.51E-9 100 18.2% 

1.63E-9 50 29% 

5.78E-10 0 92% 

Kr Pressure(torr) Concentration(ppb) Error 

4.67E-9 100 8.6% 

5.077E-9 100 18% 

1.96E-9 50 14.7% 

6.12E-10 0 104% 

The error 
in the 
pressure 
compared 
to line of  
best fit, at  
0.06 slpm 
flow. 

The error 
in the 
pressure 
compared 
to the line 
best fit; at 
0.04 slpm 
flow. 





  In the future the apparatus which I worked on 
will be created in San Grasso, Italy and used on 
Xenon 100. 

  Constrained the cross section of WIMP models-
yet no signal found. 

  Xenon 1 Ton: 
  Lxe distributed in ten identical time projection 

chambers 
  Higher sensitivity for wimp-nucleon scattering 
  Use one-ton liquid xenon, with highly specialized 

light-detectors that are 100 times more sensitive 
than Xenon 100 

  Use cryocooler with a heat exchanger 
(demonstrator) cutting down the cooling cost.
(energy). 

  Improved thermal insulation.  



  Another method Xenon Dark Matter Project will 
use is atom trap trace analysis (ATTA). This is an 
atom counting method which is more sensitive and 
precise than mass spectrometry . This will allow 
different isotopes in xenon to be differentiated , 
importantly krypton. This method is used to 
analyze the amount of impurities that are left in 
xenon after it has been through the cryogenic 
distillation column. 
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