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APPENDIX A. SOME USEFUL FACTS ABOUT ARGON AND XENON 

Argon Xenon 

Boiling point at 1 atm (" C) -185.7 -107.1 
(" K) 87.4 166 

Melting point at 1 atm (" C) -189.2 -111.9 
(" K) 83.9 161.2 

Density of liquid (g/cc) 1.40 3.06 
(-186" C) (-109" C) 

Density of solid (g/cc) 1.65 2.7 
(-233" C) (-140" C) 

Density ratio, liquid/gas, at 1 atm 785 523 

Ioniz ation potential (eV) 15.76 12.13 

Energy loss per 100 fJ. (keV) Z1 43 
(minimum ionizing radiation) 

Ion pairs per 100 fJ. 810 Approx 1500 
(minimum ionizing radiation) 

Fraction of a radiation 0.00067 0.0044 
length per 100 fJ. 

Cost of gas $80 per 200 ft
3 

$25 per liter 
(at standard temperature and «1 ppm 
pressure) impurity) 

Suitable refrigerant	 Boiling liquid Melting Freon 11 
argon 

Refrigerant cost	 $26 per 100 $ 77 per 15 -gal 
liters drum 

APPENDIX B. NOBLE-GAS PURIFICATION SYSTEM 

The noble gas purification system used in our work is shown in Fig. 3. The 

total volume of the system is 4 liters. The system consists of four chemical-reaction 

tanks plus two 1-liter ballast tanks. The space velocity of a reactor is defined as R/V, 

where R is the flow rate in liters per hour and V is the volume in liters. At a flow 

rate of 2 liters/min the space velocity of our purifier is less than 500 per hour per 

pass in all stages. 

The first stage consists of Linde molecular sieve 4A, at room temperature, 

which removes water by adsorption. The second stage is a reactor containing calcium 

turnings and is maintained at 660" C. Here, the oxygen and nitrogen are removed 

according to the reactions 

2 Ca + O - 2 CaO, 151.0 kcal/mole,2 

3 Ca + N - Ca N 103.2 kcal/mole.
2 ,

Z 3

When the freshly charged turnings are heated, the water adsorbed at their surface is 

released. In the presence of calcium the water is broken into free oxygen and hydrogen. 
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Therefore fresh calcium chips must be heated and pumped on before they can be used 

to purify gas. 

The third stage is a reactor containing an active copper-catalyst preparation 

maintained at 180· C. This material, called BT5, is produced by the Badische Aniline 

und 50da-Fabrik. lZ The main reaction is 

z Cu + 0z - Z CuD, 31.1 kcal/mole. 

When HZ or CO is present, the	 following reduction reactions occur; 

CuD + CO - Cu + COz ' 

CuO + Hz - Cu + Hz 0 . 

The latter reaction is used in two ways: to remove the hydrogen released in the pre­

vious stage and (in a separate operation) to occasionally regenerate the BTS. Ref«'n­

eration is accomplished by passing a mixture of 4"', Hz and 96% He over' the hot 13TS 

pellets. When the copper is reduced, the released water is removed by heat and 

evacuation. 

The fourth stage contains molecular sieve 4.4 at dry ice temperature. This 

serves to trap the remaining water left over after the regeneration of the TITS and to 

remove COz and hydrocarbons from the system. 
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Fig. 1 Cornparison between three spectrometers (see text). 
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Fig. 3. Argon purifier. 
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Fig. 4. Pulse -height analysis of ionization pulses in liquid argon. 65Zn source 
(Compton electrons from 1. i-MeV gamma rays). 
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(0) 

(b) 
Fig. 8. Scanning electron micrographs of (a) a 0.2-mil tungsten wire and (bl a 0.5­

mil stainless -steel wire. 
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Fig. 10. Scanning electron micrograph of etched tungsten point. 
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Fig. if. Pulse height vs voltage for a tungsten point in liquid argon. Chamber con­
nections as described in Fig. 9. 
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Fig. 12. Count rate vs voltage for a tungsten point in liquid argon. The several 

points at each voltage indicate the nonstatistical Quctuations that occurred in a run. 
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Fig. 13. Pulse shape as a function of pressure for the shorter type of pulse seen in 
liquid argon on etched tungsten tips. 

-69­



-26 - 55-181 

TUNGSTEN POINT IN LIQUID ARGON 
LONG PULSES 

o 10 20 30 40 50 

TIME (MIL LI SECONOS) 

.03 

.02� 

.01� 

0� 

.03� 

'">-
.02 

.... 
0 .01 > 

0>­

" .03'" OJ 

" .02 
OJ 

.. .... '" .01 
::>

0� 

.03� 

.02� 

.01� 

0� 

0 40 80 40 80 

TIME (MICROSECONDS) 

Fig. 14. Pulse shape as a function of pressure for the longer type of pulse seen in 
liquid argon on etched tungsten tips. 
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Fig. 15. Apparatus for measurement of time resolution. The liquid xenon chamber 
pulse was delayed for purposes of display (see following figure). 
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Fig. 17(a I. Scanning electron micrograph of deposited pyramids, spaced 25 fl apart. 
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Fig. 17(b 1. Scanning electron stereo pairs of pyramids. (For best viewing, remove 
eyeglasses and insert a cardboard septum between the nose and the two pictures 
so that each eye views only its respective picture. ) 
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Fig. 18. The electric field enhancement factor for a speroidal structure on a flat 

plate as a function of the aspect ratio. This factor is defined as the ratio of the 
maximum field at the surface of the structure to the field that obtains when the 
structure is ren1oved. 

-74 ­


