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Sumnary of Results from the ZING-P' Pulsed Neutron Sourcg 

J.M.Carpenter and IPNS Program Staff 

Our goals in operating ZING-P' were to test further the applications of 

pulsed spallation neutron sources in scattering studies and to develop infor- 

mation needed for design of IPNS. Starting with low intensity operation, with 

0.5 x 101* proton/pulse at 1 Hz, while sharing the injector linac with ZGS, we 

reached in the end 1.8 x 10 '* proton/pulse at 30 Hz in a dedicated mode with 

reliability of about 90%. (See above summary of ZING-P' Operation.) 

Scientists of the Argonne scientific divisions developed and operated five 

scattering instruments and one general physics experiment. An extensive series 

of measurements of target, moderator, reflector and cooling system performance 

were carried out, and the source was used as a test-bed for neutron detector 

tests by Argonne and Rutherford Lab groups. 

The table summarizes source measurements and tests of applications of pulsed 

spallation neutron sources that we have carried out. 

Source Measurements 

Total power in W and U targets 

Local power density in U target 

y + n dose rates in neutron beams 

Total nuclear heating in liquid hydrogen moderator 

Nuclear heating power densities in polyethylene, Be and Pb 

Nuclear heating in.boron and Cd-shielded boron decoupler materials 

Absolute neutron beam intensities for W and U targets 

Delayed-neutron fraction 

Neutron spectra for liquid hydrogen and polyethylene moderators 
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Neutron pulse widths vs wavelength for liquid hydrogen and polyethylene 

moderators 

In the following we give some of the results of these measurements. 

Uranium Target 

The Uranium target is shown below. The material was depleted Uranium (0.2% 

235 U), with Zerconium cladding applied in a Hot Isostatic Pressure (diffusion) 

bonding process. Four stainless steel-clad, MgO-insulated Cu-constantan thermo- 

couples were let into ELOXed holes in the Uranium. 

The ZING-P' Uranium Target 

(Dimensions in inches) 

The target and moderator arrangement of ZING-P' are shown in the figure 

below: 
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The ZING-P' target-moderator configuration. 

The data acquisition system was a Nuclear Data ND6600 computer-based multi- 

channel analyzer system, using eight time of flight ADC's providing 4K channels 

for each of 4 inputs. Input/output devices were a magnetic tape, paper tape, 

line printer and a removable disk, and one CRT terminal. Signals were trans- 

mitted using optically-decoupled cables to minimize noise pickup. 
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AVERAGE ZING TARGET INTENSITY 
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Liquid Hydrogen Moderator 

Gold neutrons for the first stage Of an ultracold neutron experiment were 

produced by a liquid hydrogen moderator installed in place of the original poly- 

ethylene moderator for beam V-2 at ZING-P'. The liquid hydrogen moderator and 

the refrigeration system shown schematically in the figure operated essentially 

trouble free since its fnstallation. 

The ZING-P' Liquid Hydrogen Moderator System 

The moderator, which had a volume of 366 cm3 was connected through recircu- 

lating tubes to the condenser. Liquid H2 flows to the condenser under natural 

circulation. Hydrogen was condensed by a cold plate chilled by cold helium 

provided by a Displex refrigerators were operated in parallel (only one is shown 

in Fig.2). The refrigerators operated steadily at constant power. 

The moderator was connected through an open gas line to a 0.29 m3 ballast 

tank. Temperature was controlled by a controller which sensed the temperature 

of a thermistor in the condenser. The H2 system was charged when the system was 

warm to a pressure of 37 psia. This ensured that when the moderator was cold, 
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The results are summarized below and are in reasonable agreement with first- 

principles estimates 

Material 

CH2 

Be 

Pb 

Power Density 

1.2 mW/cm3pA 

.3 mW/cm3pA 

1.7 mW/cm'pA 

The proton beam was monitored by the installed target Faraday cup circuit, 

and the results are therefore subject to about i20% error. The power densities 

are expected to scale according to the neutron production rate in the target. 

Decoupler Heating 

Decoupler materials (Cd, Boron, etc.) needed to prevent long-lived thermal 

neutrons in the reflector from broadening the pulses from the moderator, are heated 

by neutron capture processes. This heating is difficult to estimate analytically, 

yet may require provision for cooling. We have measured the power deposited in 

decouplers of Boron-fiber-aluminum composite materials at ZING-P', in a position 

adjacent to the fact of the polyethylene horizontal beam moderator. The proton 

energy was 300 MeV, and the target was U. An insulated specimen of the composite 

material with area density .68 x 10 21 B1'/cm2 backed with 5 cm Be (to simulate 

reflector material) was instrumented with a thermocouple and the rate of tempera- 

ture change upon change of proton beam power was determined. The results give 

area power densities: 

composite only: .74 mw/cm2pa (*lo%) 

with .5mm Cd shielding: .32 mw/cm2pa (*lo%) 

The heat capacity per unit area for the boron composite was assumed to be .0355 

Cal/Y-cm2. The horizontal beam moderator was 5 x 10 x 10 cm3 slab of polyethylene, 

poisoned by .5mm Cd 2.5 cm below the surface. 

The result is in reasonable agreement with first-principle estimates. 

Absolute Neutron Beam Currents 

Epithermal neutron beam currents were measured using Au foil resonance 

activation, with the ZING-P' Uranium target and for 315 and 489 MeV protons. The 

proton beam intensity was monitored using the 27Al(n,x) 22Na reaction. The 

results are tabulated below, with the results of HETC-VIM calculations. We 

computed for two cases, assuming theoretical Be density for the reflector, and 

assuming 75% density (closer to the truth, since the stacking of the Be blocks 

in the reflector left considerable voids. 

Beam Currents Measured by Gold Foil Activation at ZING-P' 

(Units of n/ster-PA-s) 

Ep = 489 MeV 

Moderator Experimental Calculated Calculated 

(100% Be) (75% Be) 

A: liq. H2 (no filter) 3.02~10~' 3.78x101'(3.18) 3.00~10~~(2.52)~~.65 

01 = .043 o = .068 

B: Polyethylene 1.94x1010 2.o1x1o1o f .7 

o = .048 CL = .052 

C: Polyethylene 2.38~10~' 2.89x101'(2.43)* 2.61x1O1o(2.2O)*+.65 

- 121 - - 122 - 



Ep = 315 MeV 

Moderator Experimental Calculated 

A: liq. HZ (no filter) 1.17~10~~ 1 39xlOl't 04(1 18)* . . 

B: Polyethylene 0.88xlOIO o:68xIoIO*.o* 

C. Polyethylene 1.00x10I0 1.12x10I0*0.4(0.93)* 

*Corrected for area viewed by the beam tube, as though intensity were uniformly 

distributed across the moderator surface. 

The results of experiment and calculation Correlate quite Well, the 

calculations with 100% and 75% Be densities seem to bracket the measurements. 

Measurements of The Delayed-Neutron Fraction in The Uranium Target 

When fissionable material (238U, 232 Th, etc.) is used as target in a pulsed 

spallation neutron source, delayed neutrons are produced from certain "precursor" 

fission fragments which decay by neutron emission following one or more steps of 

beta decay. Energetic photons emitted from beta-decaying products of fission 

and spallation processes can also induce delayed neutrons through (u, n) reactions 

in materials such as 
9 
Be and 2D which may be close to the primary source. The 

delay half-lives range from fractions of a second to 1 min for precursor fission 

fragments, and from a few seconds up to several days, with 98% less than 1 min 

for fission product gamma rays interacting with 'Be. When the interpulse time 

is short by comparison with these delay times, delayed neutrons constitute a 

nearly steady source (unless there exist yet-undiscovered, shorter-lived pre- 

cursors) of neutrons between source pulses. 

We made two measurements, in beam V-Z of ZING-P', with the U target in place. 

For the "SIGNAL" run, the detector was open to the beam from the moderator, and 

surrounded by B4C and iDB shielding. For the "BACKGROUND" run, the detector was 

surrounded by the same shielding, but 

A l-mm-thick Corning 7740 boron glass 

in the beam to diminish the counting 

closed to the beam by 10 cm of 
10 

B shielding. 

filter plate (6.4 x 102' B/cm2) was placed 

rate due to long-wavelength neutrons from 

the prompt pulse, which would obscure the delayed neutrons at long times. The 

detector was a low-efficiency BF3 beam monitor detector. The moderator was a 10 

X 10 x 5-cm3 slab of polyethylene at 300 K decoupled by 4 x 1021 I"B/cm2. The 

assembly was surrounded by beryllium reflector material. The proton energy was 

301. MeV. 

The figure shows the net counting rate as a function of time. The delayed 

neutron fraction 8 is taken as the ratio of the number of counts in the "prompt" 

peak (which reflects the wavelength distribution of neutrons) and the total 

number of counts in the constant part of the distribution. The result is 

8 = .0053 

ZING-P' 
2% U TARGET 

I5 Hz 
301 MeV PROTONS 

NEXT 

PULSE 

3 

NEUTRONS 
18 23 COUNTS PER 16 ,‘"c CHANNEL 
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This fraction is not expected to be a strong function of proton energy. At 

this level, delayed-neutron background will not be a problem in most slow neutron 

experiments using neutron beams derived from a 238U target. 

Studies of a Grooved Moderator 

A grooved moderator was placed in Beam V-l (Moderator C) of ZING-P'. The 

moderator was of polyethylene, p = .915 gm/cm', overall 10 x 10 x 5 cm, with l-cm 

wide x Z-cm deep grooves placed 1 cm apart on the viewed surface. The moderator 

was reflected by Be, decoupled by .020" Cd, and was unpoisoned. We measured the 

intensity vs. wavelength, normalized against that in an unaffected beam from 

moderator B in beam H-l. We also measured the time structure of the pulses using 

a time-focussed crystal spectrometer with a Germanium (220) crystal (d = 2.0003 

A) and Bragg angle of 168.9O. Comparisons of normalized spectra and pulse width 

were made between the grooved moderator abd the previously-installed, flat, 10 x 

10 x 5 cm unpoisoned CH2 moderator (its condition is described elsewhere in this 

summary). The moderators were not cooled, and the temperature of the moderators 

was not measured, but near ambient (300.C). 

The figures below compare the time distributions measured for the grooved 

moderator and the flat moderator at A = 1.991 A. 

We find that the pulse from the grooved moderator starts at the same time 

as that from the flat moderator, but rises more slowly, and for A = 4.02 A, peaks 

at a time roughly equal to the flight time across the groove depth. The expo- 

nential decay time (l/e) of the longest-lived mode is 50.8 ps for the flat 

moderator and 41.7 ps for the grooved moderator (average for three wavelengths). 

The grooved moderator pulse decays more rapidly, but rises more slowly, thus is 

broader, but more symmetric than the flat moderator pulse. The figure shows the 

pulse FWHM vs E for the two moderators. 

Comparisons of the spectra indicate that the grooved moderator produces 

higher beam currents. The table below indicates ratios of spectral intensities 

for various energy ranges; adjustment has been made for detector efficiency. 

Comparison of Intensities for Grooved and Flat Moderators 

Intensity (grooved/flat) 

'Th 
1.10 

El(E) lev 1.24 

ITotal (E<l.ev) 1.13 

The'moderating ratios were 

ITh/EI(E) lev = 

4.46 (Grooved) 

4.75 (Flat) 

The spectral temperatures were also determined: 

ET = 

33.4 meV (388 K) (Grooved) 

36.9 meV (428 K) (Flat) 
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