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the principles have guided our design and the 
20 	 experience we have gained building multi-wire proportional detectors for the 
21 	 ultra cold neutron source in Alamos. Simple robust detectors with 50cm2 of active 

area designed. been in ion chamber proportional 
mode detection of 

Introduction 
The of neutrons with is by the nuclear 
potential. At sufficiently lovv the neutron wave length is enough so that a 

28 	 material barrier to an incident neutron the Fermi 
potential, 
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m 
where m is is the number of the 
coherent At sufficiently low 
in material bottles of with positive length. 
largest of available materials, 342 n V. Neutrons with 
this are neutrons (UCN). 
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presents one of 
energies below 



is published on 
48 The idea of 
49 we describe robust and 
50 designed to monitor the UCN 
51 used I°BF3 as fill gas in a 

of proportional chambers for rlor,ol''' 

detectors thermal neutrons back to 
multi-wire proportional detectors have been 

the UCN source. Our first detectors 
by the 

reaction IOB(n,t)7Li, releasing 2.79 MeV kinetic that 
the The electrons are collected and 

54 field a small diameter anode wire that is placed at 
contains the 

provides a 
58 0.764 MeV. 
59 
60 
61 

After the 
63 

alternative to through the 3He(n,p)3H, a Q-value 
doesn't have the so detectors are 

gas that higher 
ions produced in the neutron reaction. 

proton, 573 

they high stopping and 


64 neutron absorption cross sections. 1 bar of pressure and temperature 20 
65 sum of ranges in CFA4 two charged is 0.48 cm compared to 1 cm 
66 In argon cm in 3He. In to obtain signal to noise the detector must 

have an large compared to the ranges in to reduce the of 
68 is lost in the walls rather the active volume. 
69 
70 neutron cross 3He(n,p)t is (J" 5 kb. At low 

71 energies (1' = P is the density) is independent 
pav 

72 neutron velocity the cross varies like IIv with neutron v. For 
73 where neutron absorption is dominated by on 3He the 

3 xl 0-5 

74 IS, l' :::: seconds P is the 3He in bar. Neutrons with v=5 
P 

path of /=V1' 9 mm with 20 mbar pressure. detector must 
76 paths thick order to optimize efficiency the mean 
77 than particle range to minimize wall aT''',,,,,',, 

78 
in l, that is planar. The 

80 nl'(,''nAr(l,tpc two held at ground, entrance window a copper 
81 approximate center is an anode which is at high voltage. 
82 volume is determined by distance between two cathode 5 cm. 
83 planes, spaced mm from the anode, ensure uniform (the entrance 
84 is held by a and is the gas 



86 
87 Figure I) Schematic view of the detector assembly. 
88 
89 The anode planes were constructed on a FR-80 frame with 20 /-tm gold plated tungsten 
90 wires spaced by 2 mm and wound at 50 gm of tension. The wires were epoxied to the 
91 plane and soldered to copper tabs. The ends of the wire plane were terminated with 75 
92 /-tm beryllium-copper guard wires wound at 100 gm of tension . The grid planes were of 
93 similar construction with 2 mm spaced 75 /-tm gold-plated copper-clad aluminum wire 
94 also at 50 gm of tension. 
95 
96 For detecting UCN one must use low absorption materials for the entrance windows. We 
97 used aluminum alloy windows (6061 T6) which are strong, robust and provide relatively 
98 low losses. The window in the detector presents both a potential barrier and introduces 
99 UCN losses due to absorption and scattering. With the detector mounted 1 m below the 

100 beam line (using gravity to accelerate the UCN) we have measured the transmission of 
101 UCN falling though a 0.025 cm thick window to be 50%. Monte Carlo modeling 
102 suggests about half of the losses are absorption in the material and half are due reflections 
103 off of the non-specular surface. 
104 
105 Recently, we have measured the strength and transmission of UCN through zirconium 
106 metal foils. 50 micron zirconium is capable of robustly supporting >4 bar of pressure 
107 with about 80% transmission. We hope to try this as a detector foil soon. 
108 
109 Results 
] lOWe present a typical spectrum obtained for UCN from the LANSCE source with one of 
III these detectors mounted after a fall of one meter into the detector in Figure 2. The 
112 detector was operated with 2600 V on the anode and 390 V on the cathode. The pulses 
113 were amplified with an Oliec 142PC preamplifier and shaping amplifier and read into a 
114 peak sensing ADC. The detector gain at this voltage is ~6. The cosmic and gamma ray 
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backgrounds are low in this set so that the 
histogram. The resolution was 
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117 
118 
119 2) Pulse spectrum obtained with a UCN beam. The detector is with 
120 VA=2600 V and VC=390 V. The spectra shows a peak at the 3He(n,p)3H Q-value as well as edges at 
121 the of both reaction products due to wall indicated by arrows. 
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1 In earlier work we used FlPTP"fArc 

1 laboratory 
1 was much more 
126 in 
127 00 flm precession in 
128 electronic 
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with gas gain 
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stability, but 
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the susceptibility to 
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136 
137 3) Relative neutron efficiency for a moderated 252Cf source line) and for UCN 
138 line) as a function of 3He partial pressure. The solid curve through the UCN data is a calculation of 
139 the 
I 
141 Figure 4 we relative full efficiency thermal neutrons as a 
142 stopping gas For thermal to a good approximation, the 
143 are distributed uniformly through the detector, efficiency is to plateau at 
144 about 1 bar of One bar provides sufficient for both and UeN. 
1 Therefore, we chosen a of a 0.025 cm 6061 aluminum 
1 window with 1 of stopping 
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1 Figure 4) Relative efficiency of the full energy peak as a function of stopping gas pressure. The 
151 voltage was adjusted at each pressure to a constant gain. 
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153 Conclusions 
154 A 
1 presented. performance has 
1 pulse-height resolution was 
157 neutrons that it through 
158 
59 

160 Acknowledgments 
161 supported by USDOE, by the and by National 
162 

work has 
internal funding (LDRD) 

I E. Fermi and W. N. Zinn, Rev. (1946) 103. 

1 V. K. "Physics of Ultra-cold Neutrons, Clarendon) translation ofthe 1986 

work. 

JR. Golub, D and S. K. "Ultra-Cold 

and New York (1991). 


T. Kitagaki, K. Hatanaka, M. S. lshimoto, Y. K. Morimoto, S. Muto, and 
M. Yoshimura, Phys. Rev. Lett. 89,284801 (2002) 

A. Saunders, J. M. Anaya, T. J. B. W. P. Geltenbort, R. E. Hill, M. Hino, S. Hoedl, G. 

Philadelphia 

E. Hogan, T M. K. W. K. 
J. W. C. L. Morris, R. N. 
W. Teasdale, B. R. B. Vogelaar, A. R. Young and J. 

deuterium source of ultra-cold neutrons", Letters B, 593 

C. -Y. M. Makela, L. J. 
2, S. J. Seestrom, A. D. 

Demonstration ofa solid 
55-60. 



6 E. Korobkina, B.W. A.!, Hawari A.R. Young, P.R. Huffman, R. Golub, Y. Xu, G. u 

"An ultracold neutron source al the NC State University PULSTAR reactor, Nuclear .Instruments and 

Methods in Physics Research A 579 (2007) 530-533. 

7 A. Fomin etal., PSI ReportTM-14-01-01 (2000) 

8 E Fermi, J. Marshall, and L. Marshall, "A Thermal Netron Selector and ils to the 

Measurement oflhe Cross Section of Boron," Rev. 72 (1947) 192-196. 



