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(helium) cooled target. This large increase in source intensity has permitted

some partial cross sections to be measured which have not been previously^ ob-

served.

II Experimental Facility |

Figure 1 shows a schematic arrangement of the equipment. A cube, 1.8 m on

edge, was stacked containing 75 tons of 99-99% purity lead. All cube surfaces

were covered with Cd to prevent room-return thermal neutrons from reentering the

lead. The cube rests on a crossed I-beam hase 6l-cm high. Between the I-beams,

packaged Lip CO.- is arranged to reduce neutrons backscattered from the floor.

Nine 10-cm x 10-cm channels penetrating through the cube and three reentrant

ports are available for experimental equipment. One of the through channels is

used to bring in the electron beam to a target located near the center of the cube.

The unused parts of the channels and ports are normally filled with lead bricks. . |

The photo-neutron target is constructed of tantalum plates and is similar
(2)

in geometry to the standard EPI target but differs with respect to the cooling

medium. The target is located 3cm from the cube center in an attempt to center

the neutron source volume.

The electron beam leaves the linac vacuum system through a 0.0025-cm thick

titanium window and passes through a £l-cm long helium-filled drift tube to the

target. The target is cooled by helium which in turn is cooled by water in a

heat exchanger. The designed cooling capacity is 500 watts.

Small (0.6U-cm dia. x 2.5̂ t-cm long) fission chambers containing U, U,

or 239pu a r e located near the cube corners to serve as flux monitors. A BFg

detector (O.U8-cm dia. x 2.5^-cm long) is used to determine the flux at the various

experimental locations.

A Hewlett-Packard 2116B on-line computer with a 32 MHz clock serves as a

time analyzer. A routing circuit permits up to six detector inputs to be used

simultaneously.

In the neutron energy range of interest, 10 to 1 eV, the elastic scatter-

ing of neutrons from the heavy load nuclei produces less than a 1% energy loss

per collision. The neutron behador in a lead spectrometer is represented very

accurately by the continuous slowing down approximation. Below 100 keV average

neutron energy, E (in keV) is related to the slowing down time t (in usec) by

the expression
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ABSTRACT

The Rensselaer Intense Neutron Spectrometer (RINS) is obtained by driving

a 75-ton lead slowing down spectrometer with the intense pulsed neutron source

from the RPI 100-MeV electron linac. For the same linac beam power, RINS pro-

duces a useable neutron' flux which is 10^~10 greater than that obtained with

a conventional time-of-flight spectrometer. Fission measurements upon U have

shown strong subthreshold fission above 700 eV and have determined the fission

widths of the 6.7, 21 and 37 eV resonances to be (10 ± 5), (70 +, 30) and (8 +_ 6)
232

neV respectively. No strong subthreshold fission was observed in Th, and an

upper limit of (15 +_ 10) neV is obtained for T for the Th resonances below

260 eV. Measurements of Nd (n,a) have shown that the RINS system is readily

capable of measuring ^u eV partial widths with only several mg of sample.

(Measured 238u fission below 35 keV; deduced rf of

6.7, 21 and 37 eV resonances; measured Th fission

and deduced !"_ below 260 eV; measured Nd(n,ot).

I Introduction

The Rensselaer Intense Neutron Spectrometer (RINS) is an extended form of a

lead slowing down spectrometer system. Basically the RINS system contains the

following components: (a) the RPI 100-MeV electron linac to provide a repeti-

tively pulsed intense neutron source burst (50 nsec wide); (b) a cube of lead

1.8 m on edge which serves as a neutron slowing down medium with small leakage

and absorption; (c) sample material located in the lead cube; (d) charged-

psi"ticle detectors (which may contain the sample material) or neutron detectors

located near the sample material to observe the interactions between the neutrons

slowing down in the lead cube and the nuclei in the sample material; and (e) a

time analyzer to record events occuring in the detectors at various slowing down

times after the initial neutron source pulse.

Previous investigations with the original lead spectrometer and subse-

quent setups at other laboratories were all conducted with pulsed DT neutron

sources limited in intensity to about 109 n/sec. With the electron linear accel-

erator a source intensity of lO-*-11- n/sec has easily been obtained
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(helium) cooled target. This large increase in source intensity has permitted

some partial cross sections to be measured which have not been previbuslybti-

served.

II Experimental Facility

Figure 1 shows a schematic arrangement of the equipment. A cube, 1.8 m on

edge, was stacked containing 75 tons of 99-99% purity lead. All cube surfaces

were covered with Cd to prevent room-return thermal neutrons from reentering the

lead. The cube rests on a crossed I-beam hase 6l-cm high. Between the I-beams,

packaged Lip C0_ is arranged to reduce neutrons backscattered from the floor.

Nine 10-cm x 10-cm channels penetrating through the cube and three reentrant

ports are available for experimental equipment. One of the through channels is

used to bring in the electron beam to a target located near the center of the cube.

The unused parts of the channels and ports are normally filled with lead bricks.

The photo-neutron target is constructed of tantalum plates and is similar
(2)

in geometry to the standard EPI target but differs with respect to the cooling

medium. The target is located 3cm from the cube center in an attempt to center

the neutroJi source volume.

The electron beam leaves the linac vacuum system through a 0.0025-cm thick

titanium window and passes through a ?l-cm long helium-filled drift tube to the

target. The target is cooled by helium which in turn is cooled by water in a

heat exchanger. The designed cooling capacity is 500 watts.

Small (0.6U-cm dia. x 2.5l»-cm long) fission chambers containing U, U,

or 239pu a r e located near the cube corners to serve as flux monitors. A BF3

detector (O.M3-cm dia. x 2.5lt-cm long) is used to determine the flux at the various

experimental locations.

A Hewlett-Packard 2116B on-line computer with a 32 MHz clock serves as a

time analyzer. A routing circuit permits up to six detector inputs to be used

simultaneously.

In the neutron energy range of interest, 10 to 1 eV, bhe elastic scatter-

ing of neutrons from the heavy Load nuclei produces less than a 1% energy loss

per collision. The neutron behador in a lead spectrometer is represented very

accurately by the continuous slowing down approximation. Below 100 keV average

neutron energy, E (in keV) ie related to the slowing down time t (in psec) by

the expression



E = 183

( t + t Q )
2

where t % 0,3 usec is a correction to account for the time it takes neutrons

to slow down from source energies. The constant corresponds to a 5.9-m flight

path for neutrons. The instantaneous neutron density distribution is Gaussian

in shape about the average neutron energy . Between 1 keV and 1 eV the reso- I

lution is approximately constant given theoretically by (AE/E)^^. =(2. 35)>

(8/3^) ig= 0.27; experimentally the data indicate (AE/E)^^^ = 0.33 gives a

better fit.

In the large lead slowing down medium with corresponding small leakage, most

of the source neutrons are "recycled" so that the available flux is considerably

greater than in a conventional beam time-of-flight (TOF) experimer. j. The neutron

flux at a position k2 cm from the target has been determined with a BF, detector

as 0 = 1.9 x 10 PE~0' i"f n/cm /sec/eV where P is the target power in watts and

E is the neutron energy in eV. This flux is about 55% of the flux that was cal-

culated by a Monte Carlo program.

The RINS flux is several orders of magnitude greater than fluxes typically

obtained in a conventional TOF experiment. This is illustrated in Table 1 where

the RINS flux 0_T,,-, and the flux 0L-,, obtained in a 5-m flight path TOF experi-

ment are compared. The comparison is for the same electron beam power. The

TOF flux is inversely proportional to the square of the flight path and the 5-m

flight path was selected as the minimum practical flight path. This = 10^ in-

crease in fioTMo enables experiments to be carried out with this technique that

cannot be carried out by conventional TOF experiments.

Table 1

En(eV)

1,000
100
10
1

• RINS / TOF

9,200
12,1*00
16,600
22,600

III Experimental Results

The RIMS system is characterized by an intense initial "gamma flash" of

bremsstrahlung from the photoueutron target followed by an intense slowing-down

flux of neutrons inside the lead assembly. This imposes stringent requirements
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upon the detectors - they must recover rapidly from the gamma flash and must be

able to operate while bathed in the neutron flux. Three types of detectors have

been tested so far for use with the RINS systems: (a) a scintillator-photo-

multiplier detector, (2) fission cylindrical ionizaticn chambers and (3) a Si

diffused-Junction solid state detector. The scintillator-photomultiplier de-

tector exhibited severe problems with gamma-flash recovery and further develop-

ment is indicated before this type of system can be successfully used. However,

the fission ionizatioa chambers and the solid state detector have performed very

well with this system, and results with these two types of detectors are presented

below.

(a) Measurements with Ionization Chambers - Fission cross section measurements

vere carried out with chamber;-, coated vith highly enriched 230^ (kppm 235u) ana

with Th. The C J U chambers consisted of four 2.5-era dia. cylinders each coated

along a 20-cm length for a total 238y content of 10.8 g. These chambers were

placed in one of the 10-cm x 10-cm channels of RINS and were located h2~cm from

the center of the assembly. Data were obtained over a period of 5 hours, with

only 330 watts of electron beam power on the photo-neutron target. The net U

fission counts are plotted in Figure 2 over the neuti-on energy range from 1.5 eV

to 35 keV. The data have been corrected for fission from the l»ppm of 2^U and the

results are presented in terms of U fission counts per ysec of slowing down

time. The 3 U resonances at 6.7 and 21 eV are clearly resolved, and the reson-

ance at 37 eV shows up clearly as a shoulder on the high energy side of the 21 eV

resonance. The subthreshold fission groups reported ' at 720 and 1200 eV show

up very strongly in these data, and substantial subthreshold fission is also

seen above 5 keV. The fission widths of the 6.7, 21 and 37 eV resonances are

(10 +. 5), (70 +. 30} and (8 +. 6) nanoelectronvolts (neV) respectively. These

rather large errors result from the uncertainty in the flux normalization; sub-

sequent B?3 flux measurements should improve the accuracy of these results by

about a factor of two.) The fission width of the 6.7eV resonance is considerably

smaller than the 200 neV upper limit reported by Leonard and Odegaarden^ ';

these widths are consistent with the (30 +_ 50) neV average width reported by

Silbert and Bergen for the resonances between 37 and 327 eV. The cross

section integrated over the two subthreshold groups at 720 and 1200 eV and the

average cross section from 10 to 30 keV are in agreement with results from the

earlier reported beam measurement '.



A fission chamber containing about 0.2 gm of Th was located in RINS about

58 cm from the photoneutron target. Data were obtained over a IK5 hr period with

210*watts ofiffiSclirohB&am power. There was" no evidence of Th subthreshoTd fission

group structure below 50 keV (as, e-.g., was observed in 238u near 720, 1200 and

above 5000 eV). Rather, the Th data exhibited little or no structure within the

counting statistics, A total of 691 counts were observed over the energy interval

from 0.07 to 258 eV. Since these counts may result from background or from fis-

sion events from JU or other impurities, only an upper limit to the Th average

fission width is assigned for this energy interval pending further analysis of

"the sample material and possible background effects. The estimated upper limit

for the average Th fission width for resonances belov 260 eV is V <(15 ̂  10) neV.

2
(b) Measurements with a Solid State Detector-Two 125u depletion depth, 2-cm active

area diffused-junction Si detectors were obtained from the Los Alamos Scientific

Laboratory for evaluation in the RINS system. The better of these detectors had
210

a resolution of = 110 keV for 5.3 MeV Po alpha particles, and this detector

was selected for these tests. The detector was placed in the RINS assembly about

86 cm from the photo-neutron target, and was subjected to a total of = k Kilowatt-

hours of electron beam irradiation both with and without Cd covering. This irradia-

tion produced no noticeable change in the detector resolution, but the leakage cur-

rent did rise from an initial value of 1.1* p to 2.6 yA.

A 7-2 mg sample of Ndp 0- was painted onto a 7.2 mg/cm Al backing; the
2deposit was extremely granular and covered an area of approximately 1.2 cm .

ll»5
The NdjjO- sample was placed near the surface of the Si detector, and these

were both placed inside a Cd-covered, evacuated container which was then placed

in the RIHS system. The detector was operated with a 65 v depletion depth (equal

to the range of a 9.5 MeV alpha particle). The results of the ^Nd (n,a) measure-

ment are shown in Figure 3 for a 2.5-hr run at 330 watts electron beam power. The

counts represent alpha particles with energies greater than k.6 MeV; the Nd (n,a)

ground state alpha particle energy is 8.5 MeV. A pulse height measurement of the

Si detector spectrum showed that the counts were due to alpha particles and not
1̂ 5

to capture in the Nd resonances. The peaks labeled U.7 and 51 eV are due to

the l*.l| and k3 eV Nd resonances and are clearly resolved in this measurement.

The peak labeled 110 eV is an unresolved cluster of the 87, 97, and 102 eV reson-

ances. The average alpha particle width for Nd resonances is reported to



be 2.6 ueV. Thus RINS is capable of measuring very small charged-particle-

emission cross sections with small quantities of sample.

IV Conclusion

The RINS system is a very intense neutron spectrometer which has already been

demonstrated to have the sensitivity of measuring in a few hours time fission

widths of ~ 10~9 eV in " 1 g samples and alpha widths of ~10~6 eV in several mg

samples. The RINS intensity is presently limited to = 500 watts by the gas-

cooled target, but this power can be increased by over an order of magnitude by

going to a liquid-cooled target. This system shall be used for alpha spectroscopy

and fission studies (e.g. fragment mass and kinetic energy distributions) at dis-

crete low-energy resonances and for neutron energies up to = 50 keV. RINS should

prove a complement to the intense nuclear explosion TOF measurements, since RINS

can easily study the energy region below the = 20 eV cutoff of the explosion

technique^7'.
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Fig. 1 - The T5-ton RIKS lead slowing down spectrometer
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