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Small-Angle Scattering Instruments on a 1 MW Long Pulse Spallation Source 

Glenn A. Olah, Rex P. Hjelm and Phil A. Seeger 

Los Alamos National Laboratory, Los Alamos, NM 87545 USA 

Abstract 

Two small-angle neutron scattering instruments have been designed and optimized for installation at a 1 MW long 

pulse spallation source. The first of these instruments allows access to length scales in materials fkom 10 to 400 4 
and the second instrument from 40 to 1200 A. Design characteristics were determined and optimization was done 

using the MCLIB Monte Carlo instrument simulation package. The code has been ‘benchmarked’ by simulating the 

‘as-built’ D11 spectrometer at ILL and a performance comparison of the three instruments was made. Comparisons 

were made by evaluating the scattered intensity for 6 scatterers at different Q values for various instrument 

configurations needed to span a Q-range of 0.0007 - 0.44 A-’. 

1, Introduction 

Small-angle neutron scattering (SANS)  allows structural studies on length scales from 10 to 1200 A. Access 

to such a large size range makes SANS an indispensable tool in biological, chemical, physical and engineering 

research. The unique characteristics of neutron radiation provides certain advantages over other types of radiation. 

For example, varying the scattering contrast in polymeric and biological materials by selective deuteration in solvents 

and molecular subunits has led to detailed information on the conformation of macromolecules unobtainable by any 

other technique. Neutrons penetration has also led to the application of S A N S  as a nondestructive evalution of 

microstructural changes occumng within structural components subjected to stress. In situ measurements are also 

possible of materials in extreme environments. It is therefore desirable to build SANS instruments on any high flux 

neutron source. Evaluation of a new 1 MW long pulse spallation source (L.PSS) has been begun. At a recent 

workshop at Berkeley National Laboratory [I], questions were asked regarding the performance of various scientific 

instruments on such a source. In this report, we address the requested needs of the neutron scattering community 

voiced by the participants at this workshop concerning the optimization and performance characteristics of S A N S  

instruments on an LPSS. Characterization includes a comparison against one of the leading small-angle scattering 

instruments, namely, ‘as-built’ D l  1 at the ILL in Grenoble, France. 

Small-angle scattering instruments measure scattering with low momentum transfer, Q (= 4xsin0/h), were 0 

is half the scattering angle fkom incidences and h is the neutron wavelength. Characteristic length scales on the order 

d in a sample require measurements down to Q - I/d - 2dd. It is often desirable to cover a large scattering range 

corresponding to length scales on the order of 10 - 20 A. This requires measurements up to Q - 0.4 

propose two SANS instruments on LPSS which span the Q range from 0.0007 - 0.44 A-’. These include the Basic 

Low-Q Difiactometer (BLQD) which spans the Q-range 0.002 to 0.44 A-’ and the Very Low-Q Diffractometer 

(VLQD) which spans the Q-range 0.00069 - 0.17 A-’. These two proposed instruments meet the majority of requests 

made by participants from the Berkeley workshop [ 11. 

We 
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2. Methods 

improvement requests for hture SANS instruments can simply be stated as the need for increased neutron 

flux, improved resolution, and a wider Q-range. A IMW long pulse source will provide long wavelength neutron 

fluxes, considerably higher than that obtained at present day spallation sources with average fluxes comparable to 

present day reactors. In this paper, a 1 ms pulse on a coupled Hz targethoderator with strong reflector geometry 

composed of Pb and Be decoupled at 60 cm and operating at 60 Hz was used in the optimization. Moderator 

spectrum and time distribution of neutron emission for this source system was calculated using the MCW simulation 

package [2]. This source results in a decay time constant of 0.734 ms and provides an average flux approximately 114 

of the ILL. Even with a long decay time constant, resolution remains high because of the continued employment of 

time-ofiflight methods. In addition, because a large wavelength bandwidth is used, scattered intensity on an 

optimized SANS instrument on the LPSS becomes comparable to the 'as-built' D11 at ILL even though the incident 

flux is 1/4 lower. Detector technology has greatly improved in the past 10 years providing cost-effective large-area 

(1 m x 1 m) detectors with fast encoding. It has been assumed in this report that these detectors will be available with 

5 mm square pixels (and 3.4 mm resolution) and thus provide a possible means for obtaining a wider Q-range while 

preserving resolution. For simulations of the BLQD and VLQD, two lm x lm detectors were used with one detector 

placed 0.25 m off-axis, and a second detector placed 0.75 m off-axis, thus extending the dynamic range. 

SANS instrument design used on the LPSS is inherently simple, consisting of a neutron source, a collimation 

system, chopper configuration, shielding, a sample (6 scatterer at a fixed Q plus multiple scattering), and two position 

sensitive detectors, see Figure 1. Pinhole collimation was assumed with the entrance aperture located at 2.5 m from 

the moderator for both BLQD and VLQD. A seven multiple-aperture configuration (with intermediate bafiles to 

prevent crosstalk) was also considered in the design of the instruments which would require larger samples (3cm 

diameter instead of 1 cm diameter) and retain resolution. The multiple-aperture system will be presented elsewhere 

[3]. Determination of the number and location of choppers was the first step taken in the instrument design. We 

found that three choppers are needed to eliminate out of frame (bad) neutrons. A massive To chopper eliminates the 

initial burst of high-energy neutrons and must block these fast neutrons over the total 13 cm x 13 cm moderator size. 

The location, opening time and phase of the To chopper is important for defining the total usable wavelength range, in 

particular in defining the minimum usable wavelength. To was placed at 2.8 m from the moderator for both BLQD 

and VLQD allowing wavelengths down to 2.5 A to be used. The frame overlap chopper, located at 4.8 m for BLQD 

and 4.2 m for VLQD , assures that fast neutrons from the following pulse cannot reach the detector. The location of 

this chopper limits the maximum usable wavelength; the closer it is to the To chopper the longer the wavelength that 

can be used. For BLQD a maximum wavelength of 12.8 A can be used and for VLQD a maximum wavelength of 

14.8 A. A third chopper, the frame definition chopper, serves two purposes. First, it defines the time frame (T- and 

T-) to be measured within the 60 Hz cycle. Its phase is adjusted to be half closed for the maximum wavelength to 

be recorded for neutrons emitted at t = 0; thus, defining T-. The chopper does not begin to open again until the tail 

of the following pulse has decayed to 4.6 times the decay time constant in order to prevent frame overlap from 
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neutrons originating in the tail of the following pulse. The Tmh of the following pulse is defined by the delay after 

T,, after which we can guarantee that the fiame definition chopper is hlly closed (including rms chopper jitter of 20 

ps). Second, the location of the frame definition chopper is important for blocking long wavelength (> 20 A) out-of- 

frame neutrons from proceeding pulses. Its optimal location depends on the location of the frame overlap chopper; 

therefore, positioning of the fiame overlap and definition chopper requires an iterative process which depends on the 

T,, (or &,,J desired and must take into account the location of bulk shielding. Figure 2 shows a distance-time 

diagram of the chopper configurations for the BLQD and a A,.- = 10.2 A. Neutrons with h > 50 A from 

neighboring pulses, regardless of the phase setting, can not reach the detector. For a phase setting with A- = 6.4 4 
neutrons with h between 35 A and 50 A can pass through the system. Whether or not the background noise from 

these long wavelength neutrons will be a problem is being evaluated. Ifit is a problem, then these 'bad' neutrons can 
be blocked by placing a fourth chopper between the To and h e  overlap chopper or by including a transmission Si 

mirror in the system somewhere before the sample position. 

Instrument optimization and performance simulations [4-71 included source energy and time structure, 

' shielding location, wavelength-dependent effect from aluminum, chopper location, chopper opening and closiig times 

and phase jitter, sample transmission and multiple scattering, and gravity. Monte car10 simulation of the instrument 

geometry was performed by i k h g  the minimum desired Q at 0.0025 A' for the BLQD and at 0.0008 A' for the 

VLQD. System performance was evaluated by simulating a 6 scatterer at fixed Q (every neutron scatters at the same 

Q of 0.01 A' for BLQD and 0.003 for VLQD) and optimal configurations determined by maximizing a figure of 

merit. We defined the figure of merit to be the scattered intensity from the 6 scatterer divided by the vm-ance. The 

fhdamental idea is to maximize the count rate at fixed resolution or minimize the resolution at fixed count rate. Q 

resolution was determined after data reduction of the scattering profile fiom the 6 scatterer at &xed Q fiom which the 

variance is directly calculated. Scattered intensity depends on the sample transmission. We assumed sample 

transmission to vary as exp(-ah) and arbitrarily set it at 68% for 10 A neutrons. The figure of merit was fbther 

weighted by LOG(Q-JQ& to account for dynamic range. The collimation entrance aperture was fixed at 2.5 m 

fiom the moderator for both BLQD and VLQD and the exit aperture was always placed 20 mm in front of the 

sample. A targdmoderator and shielding design was considered in which a box between 2.5 and 5 m fiom the 

moderator is installed which houses the To and fiame overlap choppers. An additional 2 m of bulk shielding is placed 

between 5 and 7 m. The most important variables in the instrument geometry (see Figure 1) are the total instrument 

length Z,, the sample position ZS, and the maximum wavelength A,,-. Therefore, from the cone rule [S, 91 and from 

the given inputs Q- and I-, the sample radius %, collimator entrance radius R1, collimator exit radius R2 , and the 

moderator penumbra radius RM are determined. We have also tied fixing h (5 mm) and Q- which then determines 

R,, R2 and RM. This made a negligible difference in the final optimized configurations. ZT, Z, and A,- were 

independently varied and the figure of merit calculated. The case for BLQD is shown in Figure 3 and similar plots are 

obtained for VLQD. The I.,- was fixed at 12.8 A for both BLQD and VLQD when varying ZT or 2,. As 2, is 

increased and with 2, and A,.- fixed, a maximum in the figure of merit is reached. The figure of merit starts 
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decreasing at larger 2, due to the decrease in the usable wavelength band and due to the decrease in the dynamic 

range. With 2, and 2, fixed and increasing &, a plateau is reached at about 10 A. For even larger wavelengths the 

resolution continues to improve but at the expense of dynamic range and incident flux. The Monte Carlo optimized 

parameters for the two instruments are given in Table 1. Note that we can dramatically increase flux by increasing R, 
at the expense of resolution. Possible layouts for BLQD and VLQD are given in Figure 4. 

3. Comparison with ‘as-built’ D11 

In this report, we decided to make an initial comparison between the two LPSS instruments and the ‘as- 

built’ D11. This was done since many SANS users are already familar with the ‘as-built’ D11; however, we plan to 

eventually make comparisons with simulated instruments ‘optimized’ on a reactor ‘steady state’ source. ‘&-built’ 

means using the specifications given for D 1 1 in [IO] including an increase by a factor of two in flux due to the 

installation of the COSTANZE velocity selector. When comparing instruments, the two most important parameters 

to compare are the resolution and intensity. 

in Figure 5, resolution in Q is shown for D11 at various sample-to-detector settings and for BLQD and 

VLQD. A minimum scattering angle 0- can be estimated from a penumbra radius projected on the detector using 

the cone rule [SI. The minimum measureable Q for different settings was determined from the estimated and 

k. In reality, a beamstop would be used with a size a few millimeters larger than the penumbra size; however, 

since all simulations were treated identically, we simply let the penumbra size define &. Each box representing a 

D11 configuration corresponds to varying the velocity selector and thus selecting neutrons with peak wavelengths 

between 4.5 and 12 A. The ‘as-built’ D11 has a 64 cm x 64 cm area detector installed so that Qmax of each box in 

Figure 5 was determined from the edge of this detector. Note that since the detector is flat, the resolution increases 

slightly as Q is increased for fixed wavelength. The boxes shown for BLQD and VLQD represent continuous choices 

of A,-. BLQD can use wavelengths in the range from 2.5 to 12.8 A and VLQD from 2.5 to 14.8 A. Because time- 

of-flight methods can be used and the instruments are relatively short, slightly longer wavelengths on the LPSS 

instruments can be used. 

It is informative to look at scattered intensity fiom a 6 scatterer at fixed Q for D11, BLQD and VLQD, 

because the gains fiom using time-of-flight methods will be convoluted in the scattered intensities for the LPSS 

instruments. Comparisons between the LPSS instruments and ‘as-built’ DI 1 are fair only ifthe resolution and the 

sample size are the same for the different instruments. The different size detectors is dealt with below. Phase settings 

for BLQD or VLQD can be found for which they have the same resolution over roughly the same Q-range spanned 

by any one setting of the ‘as-built’ D11. We can begin making a comparison between the ‘as-built’ D11 and the 

LPSS instruments by first asking the question: how would one measure the Q-range from 0.002 to 0.4 A -’ on the ‘as- 

built’ D1 I? We then ask how would measurements on the LPSS instruments at the same resolution compare with the 

measurements on D1 I? As seen in Figure 6, three different sample-to-detector distances are required for the ‘as- 

built’ D11 to measure this Q-range; namely, settings D1 l(21 m, 10 A), D11(11 m, 5.5 A) and D1 l(3.6 m, 4.5 A), 

where the first number in parenthesis is ZT and the second number is I..,. BLQD at a phase setting of 2.- = 10 A 
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would have the same resolution as D1 l(21 m, 10 A). This phase setting results in a factor of 2.8 more scattered 

intensity at any particular Q value between Q = 0.0025 - 0.018 A-1 relative to D1 l(21 m, 10 A); however, LPSS does 

not reach a Qmin of 0.002 A'. I fa  phase setting of l- = 12.8 A is used, then we would obtain Qmia = 0.002 A-', 
30% better resolution and approximately the same scattered intensity. BLQD at the lowest wavelength phase setting 

of & = 6.4 A would have approximately 23% better resolution than D11( 1 1 m, 5.5 A) but 30% less intensity. We 

can gain intensity at the expense of resolution by opening up the collimation entrance aperature RI. The same 
resolution is obtained as D11 (I  1 m, 5.5 A) over the Q-range 0.007-0.06 A-' for R1 = 32 mm. This BLQD setting 

gives a tremendous gain in scattered intensity of 7 relative to D1 I( 1 1 m, 5.5 A). The penumbra diameter projected 

on the moderator is 92 mm when R1= 32 mm. Compared to D1 l(3.6 m, 4.5 A), BLQD has approximately 15 % 

higher scattered intensity in the Q-range 0.007 - 0.12 A-1 and approximately 4 times better resolution over much of 

this range. Scattered intensity at the high Q-range (> 0.12 A-') decreases by approximately a factor of 5 at 0.2 A-' 

and 10 at 0.3 A-' compared to D1 1(3.6,4.5 A); however, the resolution for BLQD still remains better than D11 by 

as much as a factor of 2. Only above a Q of 0.3 A' does the resolution become comparable then slightly worse than 

D1 l(3.6'4.5 A). 
The VLQD has approximately 35 % lower scattered intensity than D1 l(76 m, 12 A )  at the same resolution. 

Only a small gain from using time-of-flight is not surprising considering the wavelength bandwidth is only 1.6 A ; 

compare this to 3.64 A for the BLQD. The VLQD bandwidth is comparable with the AMI = 12 % FWHM obtained 

for the 'as-built' D11. An intensity gain of 1.45 does come from the larger phase space sampled by the VLQD 

relative to DI 1. 

We could place the same detector configuration on D11 as used in the design of BLQD and VLQD. In this 

case the Qm for the three D11 settings shown in Figure 5 and 6 would approximately triple. When comparing 

BLQD and D1 1, the same three settings for D11 would still be needed to span the Q-range 0.002 - 0.4 A-' , except 

now the range would extent even firther to around 0.9 Ami. Scattered intensity at any previous Q value would remain 

the same; however, intensity would tapper off in a similar way as seen for BLQD and VLQD at the new higher Q 

values due to using an off-center detector arrangement. 

4. Effects of source pulse width and pulse tail on performance 

Other source configurations have been simulated by Gary Russell at LANSCE [2]. It is of interest to know 

what the effect of the source pulse width and pulse tail have on a 6 scatterer at a particular Q value. We, therefore, 

used three different neutron sources with the BLQD geometry to see what the effect would be on a 6 scatterer 

centered at a Q value of 0.1 A'. The first source is the previously used coupled H2 moderator/target with Pb + Be 

decoupled at 60 cm, a 1000 ps pulse width, and 0.734 ms pulse tail. This pulse is called the long pulsdstrong 

reflector case. The second source was derived from a H2 coupled moderatodtarget with Ni and Be decoupled at 40 

cm, a pulse width of lps, and a decay time constant of 0.274 ms. This source is called the short pulsdweak 

reflector. The third source was derive from a H2 coupled moderator/target with infinite Be, a pulse width of 1000 p, 
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and a decay time constant of 1.710 ms. This source is called the long pulsdinfinite reflector. The results fiom using 

these three sources is tabulated in Table 2. One effect of using a long pulse and strong or infinite reflector is a poorer 

resolution relative to the weak reflector case. This effect increases with Q and is quite apparent for Q > 0.1 k’ and 

actually negligible for Q values < 0.05 A-’. Figure 7 shows the scattering for the 6 scatterer at Q = 0.1 8;’ for the 3 

cases. It appears that scattered intensity is highest for the long pulsdstrong reflector suggesting an optimal reflector 

decoupling distance exists for the LPSS. Even though the resolution is poorer with the long pulsdstrong reflector 

relative to the short pulsdweak reflector, it is still better than D11 (see Figure 5). 

5. Conclusion 

Two instruments have been optimized on a 1MW LPSS operating at 60 Hz. In order to quanti@ the 

performance of these instruments, they were compared to the ‘as-built’ D1 I at the ILL. Scattered intensity gains 

between 3 - 7 for the BLQD over D11 were determined for the Q-range 0.0025 to 0.12 A-‘. For Q > 0.12 A-‘, 

scattered intensity for BLQD is lower than D1 l(3.6 m, 4.5 A); however, the resolution remains considerably better. 

We conclude that the two BLQD phase settings of I,- = 10.2 and 6.4 A can adequately cover the Q-range between 

0.0025 - 0.44 A’ and BLQD can perform better than D11 with regards to resolution and scattered intensity over 

most of this Q-range. The VLQD (I,- = 12.8 A) at the same resolution as D1 l(76 m, 12 A) is approximately 35 % 

lower in scattered intensity. Because VLQD is only 36 m long, utilition of multiple aperature collimation on this 

instrument may be possible with an increase in scattered intensity by approximately a factor of 4 over D1 l(76 m, 12 

A). Similar gains can be expected if multiple aperature collimation is used on BLQD. The use of multiple aperature 

collimation is presently being investigated. 
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Table 1. 
Optimized SANS Instruments 

Instrument 

Source Frequency (Hz) 

Moderator 

lime Constant (ps) 

Moderator-to-Collimator Entrance, 2, (m) 

Zntrance Aperature Radius, R, (mm) 

Moderator-to-To Chopper, ZTo (m) 

Illoderator-to-0verlap Chopper, &, (m) 

Hoderator-to-Frame Chopper, GD (m) 

Jloderator-to-Collimator Exit, Z2 (m) 

k i t  Aperature Radius, R2 (mm) 

'haw Space (pster-mm2) 

Sravity Focus Stroke (mm) 

iample Radius, R, (mm) 

noderator-tosample, Z, (m) 

iample-to-Detector (m) 

learnstop Radius (mm) 

flaximum Wavelength, & (A) 

Lli" (A-'1 

linimum Wavelength, Amin (A) 

laximum Q with One Detector (A') 

laximum Q with Two Detectors (A-') 

BLQD 

60 

Coupled H2, 
Pb + 60 cm Be 

734 

2.5 

9.8 - 32.0 
2.8 

4.0 

7.2 

9 

5.07 

570 - 6150 

1.2 

5.07 

9.02 

6.98 

21 

12.8 

0.002 

2.5 

0.21 

0.44 

VLQD 

60 

Coupled H2, 
Pb + 60 cm Be 

734 

2.5 

8.6 

2.8 

4.2 

105 

16 

5.1 1 

120 

25 

5.1 1 

16.02 

19.98 

26 

14.8 

0.00069 

2.5 

0.089 

0.17 



TABLE 2. 
Effects of Moderator Configuration 

for 6 -Scatterer on BLQD 

Moderator 
Target 

Short Pulse/ 
Weak Reflector 
(Ni, 40 cm Be) 

Pulse Width (ps) 

Time Constant (ps) 

Scattered In tensity 
(MW's") 

oms @ Q=O.l (&I) 

Ah (umbra) (A) 

0.0046 

Ah(tota1) (A) 

I 

276 

8.95 xl0' 

3.56 

3.96 

~~ 

Long Pulse/ 
Strong Reflector 
(Pb, 60 cm Be) 

1000 

734 

1.15 x I O '  

2.92 

3.64 

0.0056 

I000 

1710 

I .56 

3.64 

Long Pulse/ 
infinite Reflector 

(Ail Be) 

4.31 x I O 6  

0.0082 
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representiilgthe 3 choppers are when the choppers are fully closed. 
With the phase drawn here, neutrons of wavelengths 6.4 to 10.2 & Me 
being counted in the detector. 
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detector distance is half the total instrument length except in the 3.6 m and 76 m configurations 
in which case it is 1.1 m and 35.5 m, respectively. 
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