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Abstract 
 
Neutron scattering algorithms for Monte Carlo simulations frequently choose a 
random point in scattered phase space and then compute the probability that a 
neutron would scatter into a small volume at that point. The statistical weight 
of the neutron is multiplied by the scattering probability. This method is very 
efficient at sampling a region of phase space over which the probability does 
not vary too much, but if the variations are large it may track a large number of 
low-probability trajectories without improving the statistics of the major 
scattered component. The Neutron Instrument Simulation Package (NISP) 
prefers the philosophy of selecting the scattering direction and energy from 
statistical distributions describing the scattering kernel, so that the statistical 
weight remains (relatively) constant. The advantage of this method is that a 
very large volume of phase space may be sampled so that unexpected 
trajectories are examined, while the statistics of the histories tracked reproduce 
the statistics of an actual experiment. We discuss the conversion of an analytic 
formula for the impulse approximation of deep inelastic neutron scattering into 
a statistical form for inclusion in the NISP library. We illustrate the use of the 
impulse approximation module in a simulation of the VESUVIO instrument at 
ISIS. 
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1. Introduction 
 
The Neutron Instrument Simulation Package (NISP) is a versatile Monte Carlo application for 
modeling complete neutron scattering instruments, from source to detectors [1].  Since all of 
space may be defined and neutrons are not restricted to a specific sequence of elements, 
unexpected sources of background are also tracked.  For 30 years a fundamental philosophy 
of the package has been that space is divided into geometric regions, and each region contains 
a material or a device that operates on the neutrons [2].  That is, geometry and physics are 
independent.  Algorithms are generally selected first for correct physics and second for 
efficiency.  By using probabilistic algorithms as far as practical, the simulations mimic actual 
experiments. 
 
Complete Fortran source files (and executables for PC) may be downloaded from 
http://PASeeger.com.  The site shows the dates of the latest updates, and also includes links to 
documentation.  Fig. 1 shows the relationship of the three main parts of NISP.  Although the 
user interface (NISP_Win) is provided only for Windows platforms, both the Monte Carlo 
engine (MC_Run) and the subroutine library (MCLIB) are written in highly transportable 
Fortran.  The portability of the library facilitates sharing of algorithms between NISP and 
other Monte Carlo codes or packages.  This report shows how the deep inelastic scattering 
algorithm from a special-purpose code [3] has been incorporated into NISP. 
 
 

 
Fig. 1. Components of the Neutron Instrument Simulation Package, NISP. 
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2. Comparison of DINSMS and NISP codes 
 
The Monte Carlo code DINSMS (Deep Inelastic Neutron Scattering with Multiple Scattering) 
[3] was written at ISIS to interpret data from electron-volt spectroscopy (eVS) using the filter-
difference method to measure either incident or final energy [4].  In particular, we consider 
one single detector of the VESUVIO instrument [5], using a gold filter for final energy 
analysis (“indirect” geometry).  The first difference is that DINSMS is specific to the 
instrument, while NISP is general purpose and may define any collection of beamline 
elements, with multiple paths allowed. 
 
Two methods of Monte Carlo sampling are (1) sample according to a probability distribution 
and set the statistical weight to 1, or (2) sample a portion of parameter space uniformly and 
set the statistical weight to the analytic probability.  DINSMS uses the two modes in a very 
efficient manner, as described in Appendix A of ref. [3].  The difference in NISP is that 
method (1) is more strongly emphasized over method (2), so that at every interaction neutrons 
have the possibility of going anywhere in phase space.  That means a great many neutrons do 
not reach a detector at all, but on the other hand some may reach detectors by unexpected 
paths.  In DINSMS, essentially every neutron started reaches the specified detector, though 
the statistical weight may be miniscule.  With a detector solid angle that is only 0.18% of the 
sphere, it is not surprising that DINSMS runs of minutes require hours with NISP. 
 
Of particular interest in this study, the DINSMS procedure for the impulse scattering event is 
method (2).  The scattering angle is selected uniformly in 4p (for multiple scattering), or 
within the detector solid angle.  The final energy is chosen uniformly over a range of  ±10 
times the standard deviation of the atomic momentum distribution.  The statistical weight is 
the double differential cross section, calculated in routine PDCS. In a following section we 
will show how to adapt this procedure for NISP. 
 
The first interaction for multiple scattering in DINSMS is the same as NISP [6].  The 
absorption probability is calculated for the full path length through the sample, and the 
scattered neutron is given the remaining weight (NISP also tracks the transmitted neutron, so 
weight is conserved).  DINSMS continues with the same procedure until a specified number 
of scatters, and on the final scatter sends the neutron to the detector.  NISP switches to a 
method (1) sampling after the first scatter.  A path length is selected from an exponential 
distribution based on total cross section, and if the neutron is still in the sample, another 
scatter occurs.   Otherwise the neutron escapes from the sample surface in whatever direction 
is was headed. 
 
A side effect of the sampling philosophies is the treatment of statistical errors.  In NISP, the 
statistical weights of the individual neutrons are expected to be similar, and each history 
reaching a particular histogram bin is assumed to contribute equally to the uncertainty of the 
bin.  Under that assumption, statistics follow the Poisson distribution and the relative variance 
is the number of histories.  Errors propagated in this way show the same kinds of spreads as 
the scatter of experimental data.  When rare events occur, those neutrons will still have high 
statistical weight, and appear as “sports” in the data; unfortunately the error bars do not reflect 
this situation very well.  In DINSMS the assumption of equal weights is never true, so the 
“external” error is estimated by automatically splitting the run into 10 parts and taking the 
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standard deviations of the 10 data for every bin.  Finding external errors with NISP requires 
running a batch file of 10 runs, and post processing. 
 
3.  Conversion of PDCS (DINSMS) to Impulse  (NISP) 
 
The following table illustrates the salient features of the DINSMS routine PDCS and the NISP 
routine Impulse .  The most significant difference is philosophical: PDCS determines � w 
and Q from input, and then finds the probability of y; Impulse  uses probabilities to select y 
and Q in order to predict � w and q.  
 

Table I.  Features of PDCS and Impulse  
 PDCS Impulse 

Philosophy: Deterministic Probabilistic 
Input:  E0, E1, q E0 

Output:  Probability E1, q, statistical weight 
Procedures: Weighted sum over atoms (M) Random selection of one atom (M) 
 � w  = E0 – E1    

Q = [k0
2 + k1

2 – 2 k0 k1 cos(q)]1/2   
Select y from normal distribution, 
adjust weight for truncation.   

 y = Mw / � Q – Q/ 2  Select Q from quadratic distribution 
between limits that depend on y,  
adjust weight for range of possible Q 

  E1 = E0 – (y + Q/2) � 2Q/M 
cos(q) = (k0

2 + k1
2 – Q2) / 2 k0 k1 

 Probability is value of normal 
curve at y standard deviations 

Test for valid E1 and q,  repeat with 
new Q-selection if necessary 

 Modify weight for Compton 
profile and final-state interaction 

Modify weight for Compton profile and 
final-state interaction 

 Normalize to total cross section Normalize by factor M/4Mn 
 
Using the normal distribution to select y in Impulse  has the disadvantage that large 
deviations from the mean are not chosen often enough to develop statistics in the tails.  
Sampling from a uniform distribution (as in DINSMS) vastly over-samples the tails.  For 
Impulse  we have developed an alternate sampling method, replacing the e–x²/2 tails of the 
Gaussian with more slowly decreasing exponentials, e–|x|, and then adjusting the statistical 
weight to generate normal probabilities.  As this approach is somewhat novel, the details are 
given here. 
 
The sampling distribution is divided into three domains (see Fig. 2).   
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From these two conditions, pa 2and1 eC == .   
 
Two normalizations are needed: first, the integrated area of f(x) must be compared to unity, 
and second, the selected x has to be weighted to match the desired normal distribution.  
Neglecting for the moment the fact that the distribution is truncated at the maximum allowed 
value of y, the area of each of the exponential domains is  

 
Figure 2. Sampling distribution constructed with Gaussian center and Exponential tails.  The 
dashed line is the Gaussian, and the points show where the exponentials are melded.  At large 
deviations from the mean, sampling is vastly increased over the pure Gaussian, and the statistical 
weight of the selected points will be reduced accordingly. 
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and the area of the central Gaussian domain is 

 ( ) ( )[ ] 682689.021erfc21erfc)2/1(2 =+--=A . (5) 

The total area is A = 1.166630, and the fraction in the central domain is 0.585180.  The initial 
value of the statistical weight is the area.  The secondary weighting factor for the exponential 
domains is the ratio of the values of the Gaussian and the exponential. 
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The procedure to select a unit normal deviate y truncated at ymax now becomes: 

a) Set W = 1.166630 × (1/2)erfc(–ymax/Ö2) to account for truncaton 
b) Select a uniform random deviate R on (–1,1) 
c) If |R| < 0.585180, then select a random normal deviate y on (–1,1) 
d) Otherwise, select a random exponential deviate from either the upper or lower 

exponential, depending on the sign of R.  Multiply W by the factor in eq.(6). 
e) If y > ymax, repeat the selection.   
Routines for erfc, normal deviates, and exponential deviates are included in the NISP library.   
 
The range of valid Q is restricted in two ways, each of which depends on the selected y. First, 
the final energy E1 must be positive, which results in   

 yyQQyyQ ++<<-+ 22
0

22
0 , (7) 

where 2
0

2
0 2 �EMQ = .  The second condition is the closure of the vector triangle, which is 

significant if M > Mn. (any nucleus except hydrogen): 

 1010 || kkQkk +<<-  . (8) 

Since k1 is itself a non-linear function of Q and y, Newton’s method is used to solve Qmax – k0 
– k1(Qmax,y) = 0.   
 
A version of the code Impulse.f  is given in the Appendix.  This code is a “work in 
progress”; the latest release will be found at the website, http://PASeeger.com.  In particular, 
as of this writing there is still some concern with the overall normalization.   
 
4. Comparisons of distributions from PDCS and from Impulse 
 
To compare distributions for a given nucleus at a given E0, 107 neutrons were sampled with 
Impulse .  Fig. 3 illustrates the sampling for M = 4.0026 u, E0 = 1000 meV, and s   = 10 Å–1 
(this unrealistically large s   spreads the E1 range for the illustration).  The intensities have 
been divided by bin area to give ds2/dEdW. The color intensity scale is logarithmic over six 
decades.  Corresponding plots of PDCS were constructed by evaluating at the center of each 
histogram bin, so they will be completely smooth while the Impulse  plots have statistical 
fluctuations.  Figures 4-6 show some of the comparisons.  Detailed comparisons at three 



  7 

energies and four masses indicate that the Impulse  algorithm is in excellent agreement with 
PDCS, except at very low energy and M = 1, where the normalization of Impulse  is 
somewhat too high. 

 
Figure 3. Data sampled from Impulse , for  M = 4.0026 u, E0 = 1000 meV, and s  = 10 Å–1, plotted as 
a histogram vs. E0– E1 and Q.  Intensity is represented by color using a logarithmic scale over a range of 
six decades.  Loci of constant y illustrate the dependence of probability on y and Q.  The curves for 
Qmax and Qmin are the limits imposed by E1 > 0 (conservation of energy). 

 
Figure 4.  PDCS for M = 4.0026 u, E0 = 1000 meV, s  = 10 Å–1; see Fig. 3 for comparison with 
Impulse . 
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5. Example instrument, VESUVIO. 
 
Having shown that the lowest level functions agree, the next step is to compare results of 
NISP and DINSMS on a more complete instrument simulation. We have chosen to look at 
scatter from a Pb foil in the VESUVIO instrument at ISIS.  To match the simplistic model of 
DINSMS, we neglected to include all of the detail the NISP would ordinarily treat, such as 
beamline collimation.  Four significant modifications were made to NISP for this project. 
 
The NISP instrument model has 10 elements: 

1. Source =  “ISIS1W_S2&N8_H2O”, the ISIS tungsten target 1, water moderator facing 
flight paths S2 and N8.  Since the file cuts off at 3 eV, a new extrapolation feature was 
added.  The final point in the table is extrapolated as 1/E, with the same t/l  distribution.  
The source element includes two virtual collimation apertures. 

2. Pipe connecting the source to the sample chanber. 

3. Sample Chamber (sphere). 

 
Figure 5. Comparison of Impulse  and PDCS for M = 1.0079 u, E0 = 1000 meV, s  = 5 Å–1. 
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4. Transmission detector, the same distance downstream from the sample as the distance to 
the main detectors (0.424 m). 

5. Upstream monitor detector, 0.5 m in front of the sample. 

6. Source monitor detector, 0.7 m from the moderator surface. 

7. Pb-Deep-Inelastic Sample (flat), 1 mm thick, M=207, YSIG=35.3. This is one of two 
new DINS sample element types in the NISP_Win interface; the other is for cylinders 
(solid or shells). 

8. Beamstop, to limit the scattered neutrons hitting the Transmission detector. 

 
Figure 6. Comparison of Impulse and PDCS for M = 207 u, E0 = 5000 meV, s  = 35.3 Å–1.  In this 
regime Qmax is determined by Q < k0 + k1 (conservation of momentum). 
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9. Right detector, conical surface, including Au absorption foil.  The width of the detector is 
20 mm, matching the DINSMS model. However to increase solid angle we made the 
detector a cone.  The right half of the cone uses the new feature of a built-in absorption 
foil (see below). 

10. Left detector, conical surface, no absorption foil. 
 
Nuclear absorption (or conversion) foil detectors are a new feature of NISP, although nuclear 
resonant materials have been in the code since 1988.  The detailed shapes of cross sections are 
calculated for each neutron interaction using a sum of isolated s-wave resonances, plus non-
resonant contributions [7].  Because the foils are thin, roundoff errors make it difficult to 
define them as solid regions.  All detector types in NISP now allow foils to be defined using 
either absorption or capture cross sections.  In the case of capture, the detector is assumed to 
be 100% efficient for detecting capture g-radiation.  For nuclei with non-zero spin, 
polarization is also possible; if there is any magnetic field present, the foil is assumed to be 
100% polarized in the field direction. 
 
The final new feature add to NISP is the Doppler broadening of the resonance foils.  It should 
be noted that resonances have a Lorentzian shape characterized by fwhm, but the Doppler 
effect is Gaussian.  The two effects can not be precisely combined into a single parameter.  In 
NISP that is not a problem – we integrate the two separately by applying the Doppler effect to 
the center-of-mass motion to find the energy to use to determine the cross section.  One 
additional parameter is needed, called “Effective temperature/M (K/u)” in the user interface.  
The effective temperature is given by [4] 
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where QD is the Debye temperature of the material.  Then the standard deviation of the 
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If you know what value of s   to use, you can solve eq. (10) to find the appropriate T*/M  to 
enter.  Also note that the Doppler energy width is proportional to neutron velocity, from 
which it can be found that the Doppler velocity width is constant. 
 
There is a major difference in the treatment of the filter difference statistics between NISP and 
DINSMS.  NISP records signals in two independent detectors and subtracts them with proper 
propagation of errors, while DINSMS multiplies the statistical weight of each neutron by (1 – 
absorption) with no uncertainty.  Thus to compare with the DINSMS run of 106 neutrons 
shown in Fig. 7, we wanted to collect at least 10 times that many on each of two detectors.  
We started 7.04×109 epithermal neutrons from the moderator surface and detected 2.90×107 
histories in the two main detectors, with average statistical weight 0.50.  This run corresponds 
to about 20 minutes of ISIS beam, but took 27 h on a 1.2-GHz PC.  
 
The comparison of the data in Fig. 7 is quite satisfactory, indicating that the NISP routine 
Impulse  does reproduce the results of the DINSMS routine PDCS. 
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6. Conclusions 
 
NISP is now able to reproduce the results of the special-purpose code DINSMS, and can be 
used with more complete models of the VESUVIO instrument.  The latest version of NISP 
with all the features described here is available at http://PASeeger.com.   
 
A major remaining task is to benchmark NISP against real experimental data, either newly 
acquired or the same data that were used to verify DINSMS [3]. 
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Appendix.  Code Impulse.f   
 
C++    
C**********   I M P U L S E   ********** 
C      
      SUBROUTINE IMPULSE(PARAMS, E0, E1, COS_TH, PD CS, ISEED, IFLAG) 
c      
c   Subroutine to scatter neutrons according to the  impulse approximation 
c     of deep inelastic neutron scattering (DINS). Atoms are treated as non- 
c     interacting, which requires Q>>2pi/(interatom ic distance).y scaling is  
c     used, where y = longitudinal momentum = M(E0- E1)/hbar^2Q - Q/2, and  
c     y is chosen from a normal distribution. Q is chosen from a quadratic 
c     distribution with Qmax = (Q0 - y). Output val ues of E1 and COS_TH are 
c     derived from Q and y. The double differential  cross section  
c     normalization PDCS is computed, including ter ms representing an  
c     expansion of the Compton profile and first-or der final-state effects. 
c     IFLAG is a diagnostic, the number of tries to  get a valid (y,Q). If  
c     no valid (y,Q) is found in 25 tries, then IFL AG=-atom index, E1=E0,  
c     COS_TH=1, and PDCS=0. 
c 
c  Reference: V.F.Sears, Phys.Rev. B, 30 (1984) 44- 51. 
c  Derived from codes PDCS and TEST_PDCS by Roberto  Senesi     
c  P.A. Seeger, 24 Nov 2007 
c    04 Apr 2008: correct error in IFLAG [PAS] 
c    08 Apr 2008: increase sampling rate of tails o f y [PAS] 
c    10 Apr 2008: limit correction [PAS] 
c    11 Apr 2008: special case for sig(y)=0 [PAS] 
c    26 Apr 2008: restructured and renormalized [PA S] 
c    29 Apr 2008: iterate to find Qmax for vector c losure [PAS] 
c      
C  Include files with parameter list definitions an d constants 
      IMPLICIT  NONE 
      INCLUDE 'mc_elmnt.inc' 
      INCLUDE 'constant.inc' 
C 
c   Variables in calling sequence: 
c     PARAMS = block of region parameters (input) 
c     E0     = energy of the incident neutron in me V (input) 
c     E1     = energy of the scattered neutron in m eV (output) 
c     COS_TH = cosine of the scattering polar angle  (output) 
c     PDCS   = partial differential cross section n ormalization (output) 
c     ISEED  = seed for the random number generator  (input/output) 
c     IFLAG  = + number of tries to select (y,Q), o r - atom index (output) 
      REAL*8    PARAMS(0:*), E0, E1, COS_TH, PDCS 
      INTEGER*4 ISEED, IFLAG 
c      
c   Externals: 
c     erfc      PLEXP     PLNORM    RAN0 
      REAL*8  erfc 
      REAL*4  PLEXP,PLNORM,RAN0 
C--    
c   Local variables: 
c     dQ = step of Q in Newton method search for Qm ax (/A) 
c     GFRAC = fraction of distribution within 1 std .dev. 
c     GNORM = normalization factor for Gaussian seg ment 
c     HBAR2 = (h/2pi)^2 (meV-amu-A^2) 
c     Iatom = index for specific atom type, {0,9,18 ,..,9(N-1)} 
c     k0,k1 = initial and final wave numbers (/A) 
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c     maxR = largest y/SIG to sample, limited by Qm in  
c     Mneut = neutron mass (amu) 
c     MN = atomic mass divided by neutron mass 
c     M_h2 = atomic mass/hbar^2 (1/meV-A^2) 
c     Ntry = number of tries of (y,Q) till valid 
c     Q = random momentum transfer in wave-number u nits (/A) 
c     Q0 = maximum elastic momentum transfer (/A) 
c     Qmax = y-dependent maximum possible Q (/A) 
c     Qmin = arbitrary minimum Q for distributions (/A) 
c     R = selected random number (R*4) 
c     sum = expansion of Compton profile. + first-o rder final state 
c     T = temporary (R*4) number 
c     x,xSQ = dimensionless expansion parameters 
c     y = random longitudinal momentum scale factor  (/A) 
c     yNORM = normalization of Gaussian/exponential  selection of y 
      REAL*8    Mneut, HBAR2 
      REAL*4    GFRAC, GNORM 
      PARAMETER (Mneut=1.008664904, HBAR2=2.d0*Mneu t*HSQOV2M/TWOPI**2,  & 
     &           GFRAC=0.58518, GNORM=1.16662045) 
      REAL*4    maxR, R, yNORM, T 
      REAL*8    k0, k1, MN, M_h2, Q, Q0, Qmin, Qmax , dQ, sum, x, xSQ, y 
      INTEGER   Iatom, Ntry, N9, I 
c 
C     Initialize. Choose which kind of atom. 
      k0    = TWOPI*DSQRT(E0/HSQOV2M) 
      Iatom = 0  
      N9    = 9*INT(PARAMS(N_ATOMS) - 1) 
      R     = RAN0(ISEED,' ') 
      DO WHILE (Iatom.LT.N9 .AND. PARAMS(DINSPROB+I atom).LT.DBLE(R)) 
         Iatom = Iatom + 9 
      END DO 
      M_h2  = PARAMS(DINS_M+Iatom)/HBAR2 
      MN    = PARAMS(DINS_M+Iatom)/Mneut 
      Q0    = DSQRT(2.d0*M_h2*E0) 
      IF (PARAMS(DINS_SIG+Iatom) .NE. 0.d0) THEN 
         Qmin  = PARAMS(DINSQMIN) 
         IF (Qmin .GT. 0.d0) THEN 
c           Gaussian is truncated, find limit & adj ust weight 
            maxR  = 0.5d0*(Q0**2 - Qmin**2)/Qmin/PA RAMS(DINS_SIG+Iatom) 
            yNORM = GNORM * 0.5d0*erfc(-0.707103780 4d0*DBLE(maxR)) 
         ELSE 
            maxR  = 100. 
            yNORM = GNORM 
         END IF 
      END IF 
c 
c     Allow limitied number of trial yalues of (y,Q ) 
      Ntry = 0 
10    CONTINUE 
      IF (PARAMS(DINS_SIG+Iatom) .NE. 0.d0) THEN 
         Qmax = 0.d0 
         DO WHILE (Qmax .LE. PARAMS(DINSQMIN)) 
            Ntry = Ntry + 1 
            IF (Ntry .GT. 25) go to 900 
            T = maxR + 1. 
            DO WHILE (T .GE. maxR) 
c              Select longitudinal momentum y from Gaussian/exponential: 
c              the sampling distribution is Gaussia n for ±1 sigma, with  
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c              exponential tails = sqrt(e/2pi)*e^(- |x|) 
               R = 2.*RAN0(ISEED,' ') - 1. 
               IF (ABS(R).LE.GFRAC .AND. maxR.GT.-1 .) THEN 
c                 Use Gaussian distribution for y w ithin 1 sigma 
                  T = 2. 
                  DO WHILE (ABS(T).GT.1. .OR. T.GT. maxR) 
                     T = PLNORM(0.d0, 1.d0, ISEED) 
                  END DO 
                  PDCS = yNORM 
               ELSE IF (R.GT.0. .AND. maxR.GT.1.) T HEN 
c                 Positive tail starting at y/SIG=1  (truncated at maxR) 
                  T = 1. + PLEXP(1.d0, 0.d0, ISEED)  
c                 Adjust weight to match Gaussian 
                  PDCS = yNORM*EXP(T - T**2/2. - 0. 5) 
               ELSE 
c                 Negative tail starting at y/SIG =  -1 or maxR 
                  T = MIN(-1., maxR) - PLEXP(1.d0, 0.d0, ISEED) 
c                 Adjust weight to match Gaussian 
                  PDCS = yNORM*EXP(-T - T**2/2. - 0 .5) 
               END IF       
            END DO 
            y    = T*PARAMS(DINS_SIG+Iatom) 
            Qmax = DSQRT(Q0**2 + y**2) - y 
         END DO 
c        Q limits from the condition that E1>0 
         Qmin = MAX(PARAMS(DINSQMIN), -(Qmax + 2.d0 *y)) 
c 
      ELSE 
C        Special case when y is delta-function 
         IF (Q0.LE.Qmin .OR. Ntry.GT.1) GO TO 900 
         Qmin = PARAMS(DINSQMIN) 
         Qmax = Q0 
         Ntry = Ntry + 1 
         PDCS = 1.d0 
      END IF 
C 
c     Q is also limited by |k0-k1| < Q < k0+k1 (if M>Mneut) 
      IF (MN .GT. 1.d0) THEN 
c        Choose starting value for Newton's method iteration 
         Q  = Qmax 
         IF (Q .GT. k0) Q = MIN(Q, 2.d0*k0, DSQRT(k 0*Q)) 
         dQ = 1.d0 
         I  = 0 
         DO WHILE (DABS(dQ).GT.0.05d0 .AND. I.LT.5)  
c           Search for Q = k0 + k1 
            I  = I + 1 
c           Protect against negative k1^2 
            x  = k0**2 - (2.d0*y + Q)*Q/MN 
            IF (x .LE. 0.d0) GO TO 20 
            k1 = DSQRT(x) 
c           Calculate step, dQ = -f(Q)/f'(Q) 
            dQ = (k0 + k1 - Q)/(1.d0 + (Q + y)/MN/k 1) 
c           Negative step shows Q > Qmax 
            IF (dQ .LT. 0.d0) Qmax = MIN(Qmax, Q) 
            Q  = MIN(Qmax, Q + dQ) 
         END DO 
         Qmax = MIN(Qmax, Q) 
      END IF 
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20    CONTINUE 
      IF (Qmax .LE. Qmin) GO TO 10 
c 
C     Select Q from Q^2 distribution; test for vali d Q found 
      Q = -1.d0 
      DO WHILE (Q .LT. Qmin) 
         Q = Qmax*MAX(RAN0(ISEED,' '), RAN0(ISEED,'  ')) 
      END DO 
C     Test for positive final energy 
      E1 = E0 - (y + Q/2.d0)*Q/M_h2 
      IF (E1 .LE. 0.d0) GO TO 10 
C     Test for closure of vector sum 
      k1 = TWOPI*DSQRT(E1/HSQOV2M)     
      COS_TH = (k0**2 + k1**2 - Q**2)/(2.d0*k0*k1) 
      IF (DABS(COS_TH) .GE. 1.d0) GO TO 10 
c 
      IF (PARAMS(DINS_SIG+Iatom) .NE. 0.d0) THEN 
C        Calculate Compton profile and final-state terms 
         x   = y/PARAMS(DINS_SIG+Iatom)/1.414213562 37 
         xSQ = x*x 
         sum = PARAMS(DINS_A0+Iatom) + xSQ*(PARAMS( DINS_A1+Iatom) +     & 
     &         xSQ*(PARAMS(DINS_A2+Iatom) + xSQ*(PA RAMS(DINS_A3+Iatom) +&  
     &         xSQ*(PARAMS(DINS_A4+Iatom))))) +                         & 
     &         PARAMS(DINS_fse+Iatom)/Q*x*(8.d0*xSQ  - 12.d0) 
         IF (sum.LE.-1.d0 .OR. sum.GT.2.d0) GO TO 1 0 
C        Apply corrections to cross section 
         PDCS = PDCS*(1.d0 + sum)/(1.d0 + PARAMS(DI NS_A0+Iatom)) 
      END IF 
c 
c     Success!! 
c     Final normalization 
      PDCS = PDCS*(Qmax**2 - Qmin**2)/(Q0**2 - PARA MS(DINSQMIN)**2) *   & 
     &            MN/4.d0 
      IFLAG = Ntry 
 RETURN 
C 
900   CONTINUE 
C     Give up on this neutron 
 E1     = E0 
 COS_TH = 1.d0 
 PDCS   = 0.d0 
      IFLAG  = -(1 + Iatom/9) 
      RETURN 
      END 
 


