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TOBYPLOT is a utility program to help visualise the region of (Q, ε)-space accessible for
a given crystal orientation and incident energy. This document is concerned primarily
with its use for HET and MARI experiments, but it also can be used to visualise
reciprocal space on IRIS.

1. Single crystal experiments on HET and MARI

On HET, MARI and MAPS the incident energy is chosen at the beginning of a run and
scattered neutrons of all final energies Ef are collected in the detectors, which cover a
large fraction of the total 4π steradians of solid angle. The equations which govern the
momentum transfer Q  and energy transfer ε to the sample are:

Q = ki - kf

ε = (h2/2m) (ki
2 – kf

2)

where ki  is the incident wavevector, k f the final wavevector and m  is the mass of the

neutron. Of the four variables of interest, ε and the three components of Q , only three are

independent, corresponding to the three components of k f . The modulus of the scattered

wave vector, k f ,defines the energy transfer so that surfaces of constant energy transfer

in the three dimensional space of Q  are spheres, centred on Q = ki. Often, only the

detectors in one plane are considered, usually a symmetry plane of the crystal. Figure 1
plots the dependency of ε on the two components of Q  in the plane, which is a

paraboloid with peak energy transfer at Q = ki. For any detector the trajectory in (Q, ε)-
space that is sampled is therefore a parabola. Where this parabola intersect the dispersion
relation peaks will be seen in the energy spectrum for that detector (Figure 2).

A TOBYPLOT is a two dimensional representation of Figure 1, in which the contours of
constant energy transfer are projected onto the symmetry, or scattering, plane of the
crystal. Example output from TOBYPLOT is given in Figure 3, where the x-axis is the
component of Q  parallel to the incident wavevector, and the y-axis is the perpendicular

component. Radial lines correspond to the locus of possible Q  in each detector and the

circular contours are lines of constant energy transfer in 10 meV intervals (double lines
every 50 meV). Circles mark the Brillouin zone centres and stars mark the Brillouin zone
boundaries. The TOBYPLOT allows the usefulness of a given orientation and incident
energy to be assessed. In figure 3, for example, the locus of momentum transfer Q  in the

fifth outermost detector at the top of the picture has the form (-1,0,l) at all energy
transfers,
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Figure 1: The accessible region of (Q,ε)-space for a given incident energy Ei . The line at angle φ to the
incident wave vector gives all the scattered wave vectors kf intercepted by the detector at that scattering
angle.

Figure 2: Section (right) through the paraboloid for one detector. The dispersion relation around a
reciprocal lattice point is shown and spin wave peaks (left) are expected at the energy transfers where it
intersects the paraboloid.
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Figure 3: A plot of the accessible region of (Q,ε)-space on MARI in the (100)/(001) scattering plane of
hexagonal cobalt with a* at -101.3° to the incident wavevector, and Ei = 450  meV. The regions between
radial lines correspond to individual detectors and each wedge gives the scattering angle range covered by a
bank of detectors. The circular contours are lines of equal energy transfer in 10 meV intervals (50 meV for
double lines). The circles mark reciprocal lattice points and stars indicate the zone boundaries. Output as
produced by TOBYPLOT.

so all peaks in the data lie along c*. The signal from several adjacent detectors on either
side of the principal detector can be summed to improve statistics. This degrades the
transverse Q resolution, but because of the crystal symmetry about the central detector,
the loss of energy resolution is minimised.

The TOBYPLOT can be used to determine which other detectors may contain useful
information. For instance, a scan can be constructed by summing the counts between
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170 meV and 190 meV in each detector, to give a constant energy scan along (h02)
centred on 180 meV with fractional energy transfer resolution of 10%. The plot can also
be used to determine those detectors in which magnetic signal is not expected and which
can therefore be used as backgrounds to subtract the nuclear inelastic scattering.

2 Program Commands

TOBYPLOT  runs on the Alpha-VMS computers in the ISIS cluster. To start the
program, type TOBYPLOT at the DCL prompt:

$ tobyplot

The program will prompt for the instrument, HET, MARI, MAPS or IRIS. If HET, MARI
or MAPS is chosen, it will also ask if the scattering plane is horizontal or vertical in the
frame of the spectrometer. On MARI single crystals are frequently inserted with the
rotation axis of the sample environment horizontal to take advantage of the higher angle
detectors, which all lie in the vertical plane. If IRIS is chosen, the program prompts for
pyrolytic graphite or mica analysers.

The program then asks for the name of a file to contain the crystal constants and other
parameters needed by TOBYPLOT. If the name of a file created by the SAVE command
in a previous TOBYPLOT session is given, the parameters are read from that file; if not
then a new file is created.

The program proper is then entered, indicated by the prompt symbol >. In the description
that follows

• commands can be entered as upper, lower or mixed case
• any command can be replaced by the shortest unambiguous abbreviation
• optional parameters are surrounded by square brackets. and values to be chosen by the

user are surrounded by angle brackets.

List

The parameters read from the file can be typed with the LIST command. If a new file was
created then the parameters are undefined.

Format: LIST
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Cryst

Alters the crystal type. The user is prompted to enter one of cubic (simple, bcc, fcc),
hexagonal, tetragonal (simple, body-centred), or monoclinic (simple, c-face centred). The
program then prompts for the lattice parameters necessary to uniquely define the crystal
lattice.

Format: CRYST

Plane

Alters the scattering plane of the crystal. The scattering plane is defined by two vectors
expressed in reciprocal lattice units, (Uh, Uk, Ul) and  (Vh, Vk, Vl). The user is prompted
to enter one of 100/010, 100/001, 010/001 and 110/001. With high symmetry crystal
lattices some of these options become equivalent.

Format: PLANE

Psi

Alters the orientation of the crystal. The orientation is defined by the angle that
(Uh, Uk, Ul) makes with the incident beam direction when the crystal is rotated about the
perpendicular to the scattering plane. The value should be entered in degrees on the
command line.

Format: PSI <angle_in_degrees>

Ei

Alters the incident energy (HET and MARI only). The value should be entered in meV on
the command line. The command applies only to HET or MARI. If IRIS was chosen on
entry, the command will not be recognised.

Format: EI <value_in_meV>

Ef

Alters the final energy (IRIS only). If a value is not entered on the command, the user is
prompted for one of the valid reflections from the chosen analyser crystals, and to enter
the energy transfer range within which contours of constant energy are to be plotted. The
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command applies only to IRIS. If HET, MARI or MAPS was chosen on entry, the
command will not be recognised.

Format: EF [<value_in_meV>]

Lims

Alters the plot limits. The values should be entered on the command line. Parameters that
are not given a new value retain their current value. The graph is produced with the x-axis
range equal to the y-axis range, centred on the midpoints of the limits set with the LIMS
command. The range is determined by the larger of the two values (XHI - XLO) and
(YHI - YLO). This ensures that the aspect ratio of the TOBYPLOT is 1:1.

Format: LIMS <xlo> [<xhi> [<ylo> [<yhi>]]]

Save

Parameters entered with the commands CRYST, PLANE, PSI, EI, EF and LIMS are
saved to disk file. If no file name is given, the parameters are written to the current file. If
a file name is given, the current file is closed and the parameters saved to the new file,
which then becomes the current file.

Format: SAVE [<filename>]

File

The current file is closed without saving any changes to the parameters, and values for the
parameters are taken from a new file, which then becomes the current file. The user is
prompted for a file name if none is entered on the command line.

Format: FILE [<filename>]

Plot

Draws the TOBYPLOT to the terminal. The argument ITYPE determines if Brillouin
zone boundaries should not (ITYPE=1, default) or should be plotted (ITYPE=2). If
ITYPE is omitted, they are not drawn.

Format: PLOT [<itype>]
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Keep

A copy of the plot on the screen is stored in a Postscript file. If no file name is specified,
the default is SYS$SCRATCH:TOBYPLOT.PS. If no directory is specified in the file
name the default is SYS$SCRATCH. The file can be set to a laser printer with the JUMP
command described below.

Format: KEEP [<filename>]

Jump

A sub-process is spawned. If a DCL command is given, it is executed and control returns
to the TOBYPLOT session. Otherwise, a DCL process is started from which the user
must log out in order to return to TOBYPLOT.

Format: JUMP [<DCL command>]

Exit

To leave TOBYPLOT. The user is prompted to confirm the command if any parameters
are unsaved.

Format: EXIT

Quit

To leave TOBYPLOT. The command does not need to be confirmed but unsaved
parameters will be lost.

Format: QUIT
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Appendix: Projection onto a Constant Energy Surface

TOBYPLOT in its standard mode fixes the component of Q  perpendicular to the

scattering plane to zero, i.e. fixes Qz = 0, and then plots contours of energy transfer ε on
the (Qx, Qy) plane. An alternative projection which can be very useful is to fix ε = 0, and
plot contours of Qx  on the (Qy, Qz) plane. This option is still under development. It is

currently only is available for cubic and tetragonal lattices with (100), (010), (001) or
(110) parallel to the incident wavevector, i.e. PSI = 0 or PSI = 90. The plot is produced by
the PROJ command, which prompts for the fixed value of energy transfer, and then the
contour interval of Qz as a fraction of the vector (Uh, Uk, Ul).


