ﬁ) Simulations and Instrument Doc: GRESS-SUG-001-21
d Issue: 21
« Los Alamos R Date: 23-July-2010

NATIONAL LARDRATORY esponse .
EST.1043 PaQE- 10of32

Document Title

Document ID
Issue No.
Issue Date

Prepared by

General Response Simulation System (GRESS) Software
User's Guide

GRESS-SUG-001-21

21

23-July-2010

Andrew Hoover, Marc Kippen, and Mark Wallace

Distribution List

Name

Organization

Dist. [ Name

Organisation

Dist

General distribution




Simulations and Instrument Doc: GRESS-5UG-001-21
Issue: 21
- Los Alamos R Date: 23-July-2010
NATIONAL LARDRATORY esponse .
i Page: 2 of 32
Contents
1 SOFEWAIE PACKAGE OVEIVIBW ...ttt sttt bbbttt e b e bbb e bt e b e et e nbesa e besbeabeebeaneeneeneen 3
11 ATCRITECTUIE ..ottt bbbttt b et b e bt b e s b et b e s btk s b e st et s b et et s b et ebe b ne e 3
1.2 R0 AT Ll =T o T=T a0 [T o 1TSS 4
2 GEOMELIY MOUET TNPUL ...ttt bbbt bbb bbbt bt nn s 5
3 LU L Lo o] 12T 1o S 6
3.1 EXAMPIE IMBCTOS ...ttt bttt bbbt bbb et et e b bt e b e bt e bt e neen b e s besbesbeeneene e e ennas 7
3.2 Initialization, Visualization, and /gPS COMMANGS..........ccoiiiiiiiiiieiee e 7
3.3 TPNY COMMEAINTS ...ttt st b bbbt ae e R e b e b e e bt bt e b e e m e e s e e b e ke sbeeb e et e sbeer e e e enbeee 10
3.4 OULPUL B <.ttt et bbbt bt e st e s e e e e b e e bt b e e b e e Rt e bt et e n b e neesbenbeebeebeeneenbeneen 14
4 L] o [ or= 1Y o OO OSSOSO PSPPSR 16
4.1 CAISTM COMMEANGS........eeteiteitieieeie ettt st te st e s e s e te st e sbesbeebeebeaneeseeseebeseesbesbeabeeseeneeneeneens 16
4.2 CaliDration Pal@MELEIS ... ... iieieieiieste sttt sttt e s et et e sbesbestesbeereeseentesaesaesbeaseereeneeneeneens 21
4.3 OULPUL FTTES ...ttt e b et b et b et b bbbt e b b e bt e b e et e e b et e abenrere s 21
5 L0 L o To =11 0 To 1] [ o OSSP PRUSOURRPN 22
5.1 LC =0 00 1=1 1 T 10 T - PSSP 22
5.2 AtMOSIM COMMANTS ...ttt et b e ettt b e ek sb etk eeb e et esb et et e sb et ebe s b et ebeebe e ebeabeneereas 22
5.3 AtMOSIM OULPUL T o ettt e s e e e e saesresteeneereeneeneenrens 23
6 USING AFPACK ...ttt ettt et b e bbb bt bbbt b b e bbb e bbbt ekt b et et bttt 23
6.1 LT (o1 O T 1111 o | [ PSPSRSSN 25
7 SUMMANY OF COMMEBNTUS ....cuiitiieiiite ettt b e e bt et se e b e b e se et e ebeneebeebeseebesbe e ebesbeneetens 25
7.1 GDML FIE FIAGS .vvtiveieieiteiieie sttt ettt sttt ettt s b e et e sb e s e et e st e s e ebesbereebenaetesbeseereabenenrens 25
7.2 PRYSIM COMMEANTS........etitiitiiteie ettt etttk e bt e st e st e b e ebesb e s b e e bt eb e e seen b e naesbesbeabeebeeneeneeneens 26
7.3 CAISTM COMMEANGS......eeteite ittt ettt b ekt b bt e e sb e e b e s bt bt e bt e a e e s e e eb e besbeebesbeebe et e eneaneennens 28
7.3.1  calSim MaCrO COMMEANGS ......oveieirtiiteeiieieeieee ettt sb ettt be bt bbb et et e b e sbesbesbe et e e neeneeee e et ee 28
7.3.2  calsim Calibration Input File COMMENGS ..........cccoiiiiiiiiiiiiee e 30
7.4 AEMOSTM COMIMEANGS ...ttt ettt ettt e bbbt bt bt eb e e et e ke sh e e b e ebeeb e e st enbeseesbesbeebeebeeneeneennen 30

7.5 AFPACK COMMEANTS ...ttt bbbt bt et e e e b s b e s b e s bt eb e e bt e neebesbesbeabeebeeneaneennans 31



Simulations and Instrument Doc: GRESS-5UG-001-21

: Issue: 21

« Los Alamos R Date: 23-July-2010
NATIONAL LARDRATORY esponse .

i Page: 3 0f32

1 Software Package Overview

The General REsponse Simulation System (GRESS) uses Monte Carlo simulation to determine the
response of an instrument to known photon or particle radiation fields. The system records energy
deposits within the detector and applies calibration effects to the data. It is designed to provide flexibility
in the choice of source position and input energy distribution.

1.1Architecture

The general architecture of the GRESS code is shown in Figure 1 below. The system is based on a two-
step simulation process—one computation-intensive step to generate the ideal physical response of an
instrument, and another (faster) step to incorporate non-ideal instrument-specific effects into the response
function. Separating these steps allows changing instrumental parameters without regenerating the costly
physical response data. Data between these steps is captured in large files using the “root” package from
CERN. The standard end products of GRESS are files that contain a spectrum or a detector response
matrix (DRMs, a collection of spectra for different energies). In practical use, a collection of DRMs is
required to describe the full instrument response as a function of variables such as angle, position,
operating mode, etc. These collections could be used to form a DRM database, which is accessed by
auxiliary data analysis systems that require knowledge of the instrument response.

GRESS Data Analysis
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Mass Parameters
model

\/
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Figure 1- Architecture of the GRESS code.

The full GRESS code consists of four application programs, whose source code is found in sub-
directories beneath the main distribution directory.

physim (“physical simulator”) is a program to model and simulate the ideal physical response of arbitrary
instruments. It uses the GEANT4 Monte Carlo radiation transport modeling and simulation toolkit
with GRESS-specific augmentation. Inputs consist of interactive or stored commands along with
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stored instrument geometry/materials information in GDML format. Output is in the form of root
files, plus any of the interactive visualization techniques included in GEANT4.

calsim (“calibration effects simulator”) is a program to incorporate realistic instrumental effects into the
physical response from physim, and package the results into a useable form. It currently provides
capability for modeling energy resolution broadening and non-ideal thresholds. Inputs consist of
interactive or stored commands and a file describing instrument parameters. Output is in the form of
root and FITS files, plus interactive visualization through root.

atmosim (“atmosphere simulator”) is a program to model and simulate the ideal physical response of
photons scattering in the earth’s atmosphere. It uses the GEANT4 Monte Carlo radiation transport
modeling and simulation toolkit with GRESS-specific augmentation. Inputs consist of interactive or
stored commands. The embedded model of the earth’s atmosphere uses data about the earth's
atmosphere from the /nrimsise00 directory. Output is in the form of root files, plus any of the
interactive visualization techniques included in GEANTA4.

arpack (“atmospheric response packager”) is a program to package the results from atmosim into a
useable form. Inputs consist of interactive or stored commands. Qutput is in the form of root and
FITS files, plus interactive visualization through root.

The full GRESS distribution also includes directories for two GEANT4 extensions: ggdml (the geometry
description markup language) and g4lecs (a low-energy Compton/Rayleigh scattering enhancement to
the GEANT4 code, http://public.lanl.gov/mkippen/actsim/g4lecs/).

1.2Software Dependencies

The GRESS software has several external dependencies. It requires the GEANT4 simulation toolkit
(http://geant4.web.cern.ch/geant4/), the ROOT (http://root.cern.ch/) data analysis package, and FITS
(http://heasarc.gsfc.nasa.gov/docs/heasarc/fits.html) files are used to store simulation data. We use CCfits
(http://heasarc.gsfc.nasa.gov/docs/software/fitsio/CCfits/) , a c++ interface for writing FITS files. CCfits
is a wrapper for cfitsio (http://heasarc.gsfc.nasa.gov/docs/software/fitsio/fitsio.html) routines. Correct
compilation of the code requires that several environment variables have been set in addition to the usual
GEANT4 variables:

$GRESS_DIR: top level directory for GRESS simulation code
$ROOTSYS: ROOT location

$CCFITS_DIR: CCfits location

$CFITSIO_DIR: cfitsio location

$XERCESCROOT: xerces-c location

$CLHEP_BASE_DIR: clhep location

Behavior of the code at run time has some options controlled by environment variables:
$GRESS_STDPHYS: use standard EM physics instead of low-energy EM physics
$GRESS_EXTPHYS: use extended physics lists (for hadrons, mesons, etc...)
$GRESS_NOVIS: disable visualization
$GRESS _SORDS_OUTPUT: set to 1 to turn on output required for the SORDS project

The code has been tested on several platforms, including various flavors of Linux and MacOS X.

Some users may not be familiar with ROOT. It is a well-supported object-oriented software package from
CERN, popular in the high-energy physics community. It contains many types of data structures for


http://public.lanl.gov/mkippen/actsim/g4lecs/
http://geant4.web.cern.ch/geant4/
http://root.cern.ch/
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storing, analyzing, and presenting data, as well as a flexible file format that can contain directory
structures.

For the latest information on software dependencies, as well as a comprehensive installation instructions,
please refer to the GRESS installation guide located in the /docs directory.

2 Geometry Model Input

The Geometry Description Markup Language (GDML) is used to define the simulation mass models.
GDML is an XML-style language that interfaces to GEANT4. Documentation can be found at
http://savannah.cern.ch/projects/gdml/. The GDML software is contained in the /ggdml directory. Great
care must be taken to create accurate and detailed models of an instrument. Several example models are
provided in the /physim/Models directory. The user will generally be concerned with several tags
belonging to the "volume" object. We use the auxiliary tag available in the standard GDML to input
information concerning triggering, sensitive volumes, visualization attributes, coincidence requirements,
and GEANT4 region definitions. One should look into the .ggdml files to see how they are used. Below is
a brief list of the auxiliary tags that are recognized by GRESS:

sdflag
Sensitive detector flag (integer); the simulation code will store energy deposits for all detector
volumes that have sdflag set to 1. For most example models, the Nal crystal and BGO crystal are
set as sensitive volumes.

trigflag
Trigger flag (integer); the simulation code can be made to accept only events where energy is
deposited in a specific detector or detectors. When trigflag is set to 1, the volume will be added to
the list of possible triggering volumes. A triggering volume must also be declared as a sensitive
volume. For most example models, the Nal crystal and BGO crystal are set as triggering volumes.

ethresh
Energy threshold (double); for volumes which have been declared triggering volumes via trigflag,
the trigger energy threshold is set with the ethresh tag, where the energy is to be given in keV. If
an energy is deposited in a triggering volume which is greater than the threshold for that volume,
the event will be accepted. For most example models, the energy thresholds for the Nal and BGO
crystals are set at 0 keV, thereby enabling triggers whenever the energy deposit is greater than
zero.

coin

Coincidence mode (string). Volumes can be assigned to different coincidence modes for the
purpose of running GRESS with coincidence triggers. Volumes can belong to more than one
coincidence mode, in which case the names of the coincidence modes should appear separated by
a space. It is possible to run GRESS with multiple coincidence modes activated simultaneously,
or for one event to satisfy multiple coincidence modes. If a volume is assigned to a coincidence
mode with the "coin" keyword, the volume must also be assigned trigflag="1" and sdflag="1" for
coincidence mode triggering to work. The particular name of the mode (or modes) is up to the
user, for example coin="coin_0" will assign a volume to mode "coin_0". To assign multiple
modes to a volume use the "coin" keyword multiple times.

region


http://savannah.cern.ch/projects/gdml/
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Volumes can be assigned to different GEANT4 regions to control secondary particle production
thresholds. Region names and properties are defined in the physim code (phyPhysicsList.cc). The
region assigned to a volume with the region tag must correspond to a region that has been defined
in the phyPhysicsList.cc code. Typical regions are "111", "333", "000", etc...

storeinfo
(integer) If set to 1, information about the geometry will be written to the output file in a tree call
"Geominfo". This type of geometry information is necessary for image reconstruction in
Compton imaging detectors, for example. The output information includes the shape, dimensions,
location, and rotation of the object. Note that currently this only works for the simplest of
shapes (Box, Tubs, Sphere, Orb) and will not be correct for any other type of shape.

trkflag
(integer) Set to 1 to turn on particle tracking. The ouput file will include a tree called HitInfo that
contains: global and local hit positions, energy, time, volume name, interaction name, particle
name, parent ID, track ID, and event number.

visible
(integer) If set to 1, the object is visible when GEANT4 visualization is used, if set to false, the
object is not visible, but still affects the simulation as usual. Some GEANT4 visualization
packages, such as DAWNFILE, might override this.

solid
(integer) If set to 1, the object is solid when visualized, if set to false it is wireframe. Some
visualization packages, such as DAWNFILE, might override this.

color
(integer) Determines the color of the volume when it is visualized. The red (R), green (G) and
blue (B) color mix values are used as follows: a color code "1.0,0.5,0.4" is input as "100504";
"0.0,0.5,1.0" is input as "000510", and so forth.

3 Using physim

After building the software as specified in the GRESS Installation Guide, an executable file called
"physim™ will be created in the /bin/Linux-g++ directory. Making the simulation software do something
can be accomplished in several ways. If one simply executes the physim binary file, the GEANT4
Prelnit> prompt will appear and wait for the next command. This is GEANTA4’s interactive mode of
operation, which requires understanding of how the GEANT4 user interface commands work. Most of the
time, GRESS simulation jobs will be controlled with an input macro file that contains a list of commands
to set up the source distribution, control visualization, and control the run parameters. Several example
macros are provided in the /physim/Macros directory.

Macros can be run in one of two ways: run the "physim" executable and enter /control/execute
<macroname> at the Preinit> prompt, or give the macro name as a command line input when running
physim (e.g., physim <macroname>). Make sure to give the correct path names to your executable or
macro, depending on what directory you are running in. The main difference between the two methods of
running is that the visualization window will remain displayed and you will be returned to the GEANT4
Idle> prompt awaiting the next command in the former case, whereas the program will simply terminate,
destroy any visualization windows, and return to the system shell prompt in the latter case. Both methods
are useful depending on what exactly you are trying to do.
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As can be seen in the runl.mac file, the commands are in a directory style structure. Many of the
commands are standard GEANT4 options, and many of them are custom commands that have been added
specifically for GRESS simulations. Some enhancements were made to GEANT4's general particle source
commands, contained in the /gps directory. The /phy directory contains more commands that were added
specifically for the GRESS simulation. Usually, information about the command and what its arguments
are can be obtained by using the help command, for example help /gps/particle.

3.1Example Macros

Several example macros are provided in the /physim/Macros directory to help the user understand how
to run the code. A brief description of what each macro does is given below, followed by an explanation
of the commands used in the macros in sections 3.2 and 3.3.

PlaneWaveSource.mac: Sets up a plane-wave source.

PointSource.mac: Sets up a point source.

runl.mac: Throw 100 photons at the Nal detector.

run2.mac: Throw 100 photons at the BGO detector.

run3.mac: Collect 100 triggered events for the Nal detector. Only events which deposit energy in the Nal
crystal are accepted.

rund.mac: Use a Band's function spectrum. The number of events is determined via the "flux" event type
by the Band function normalization and the source area.

run5.mac: Source energy varies from event to event and is defined by a user-input histogram.

run6.mac: Have multiple runs with different energies and put them in the same output file.

run7.mac: Translate a plane-wave source without affecting its rotation to irradiate a small portion of
detector.

NaiDrm.mac: Simulate multiple energies to make a DRM for the Nal detector.

BgoDrm.mac: Simulate multiple energies to make a DRM for the BGO detector.

3.21Initialization, Visualization, and /gps commands

/run/initialize
This command initializes GEANT4 and loads the geometry.

Ivis/lopen OGLIX

Ivislviewer/set/viewpointThetaPhi 90 180 deg

Ivis/viewer/zoom 0.5

Nislviewer/set/lineSegmentsPerCircle 100

Ivis/drawVolume

Ivis/viewer/flush

ltracking/storeTrajectory 1

Ivis/scene/endOfEventAction accumulate
This set of commands controls the visualization of the simulation. Users should consult the
GEANT4 manual for details. Users may prefer the DAWNFILE or VRML visualization tools
over OGLIX in certain situations. These lines can be removed or commented out with the #
character if visualization is not desired.

/gps/particle gamma
/gps/pos/type Plane
/gps/pos/shape Circle
/gps/pos/radius 10.0 cm
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/gps/ang/type iso
These commands define the source particle type, shape, and angular distribution. Here we have
defined a gamma source in the shape of a plane circle with a radius of 10 cm. The angular
distribution has been defined as isotropic.

/gps/pos/srcdistance 60. cm

/gps/pos/srctheta 0. deg

/gps/pos/srcphi 0. deg
These commands define the position of the center of the source distribution. When using these
commands, the source will automatically be rotated such that its face is orthogonal to the vector
joining the center of the source to the origin (this really only makes sense for Plane sources). The
/gps/position command can also be used if one prefers to use x,y,z coordinates instead of
spherical coordinates, but the source will not be automatically rotated in that case.

/gps/ang/mintheta 0.0 deg

/gps/ang/maxtheta 0.0 deg

/gps/ang/minphi 0.0 deg

/gps/ang/maxphi 0.0 deg
These commands confine the photons emitted from the source to a range of theta and phi. This is
useful to avoid throwing photons that will not hit the detector. In this case, the angles have been
set such that the photons are emitted orthogonally to the face of the plane circular source (e.g., a
plane wave).

/gps/ene/type Mono
This command defines a monoenergetic source. Several options for the energy type in addition to
Mono are provided as part of the standard /gps package. Three additional options have been
added for GRESS: "DiscUser", "Band", and “Custom”.

The "DiscUser" option allows the user to define an arbitrary number of energies with a
corresponding probability. For example, if one wanted the source to be 100 keV 70% of the time,
and 200 keV 30% of the time, this can be accomplished via:

/gps/ene/type DiscUser

/gps/hist/type energy

/gps/hist/point 0.1 0.7

/gps/hist/point 0.2 0.3
The first command specifies the DiscUser energy type. The second line indicates we are using a
histogram with energy values and not momentum values. The third and fourth lines give the
energy in MeV (first number) and the probability for the source to have that energy (second
number). If the probabilities do not add up to 1.0, they will be renormalized by the sum.

The "Band" option allows the user to set up a source with a spectrum from the Band’s GRB
spectral function, where
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Jparn(E)
E " E(2 +a)
A (m) L_J(p [— Epeak } 4 E < E,;-._
= o a=f i
A {M} exp (3 — f}:)(i) . E>E,,
100(2 + ) 100
where

E,
E.= (o — .3)% = (a — 3)Ep.

The model consists of four parameters: the amplitude A in photons s* cm? keV?, a low-energy
spectral index ¢, a high-energy spectral index g, and a f, peak energy Epex in keV, which is
related to the e-folding energy, E, as indicated.

A Band function source is set up as follows:

/gps/eneltype Band

/gps/ene/bandalpha -1.2

/gps/ene/bandbeta -2.3

/gps/ene/bandepeak 230.0 keV -or-  /gps/ene/bandezero 287.5 keV

/gps/ene/min 40 keV

/gps/ene/max 10 MeV
Here, a Band function is set up with a=-1, f=-2.3, E,.=230 keV, with a range from 40 keV to 10
MeV. Note that if the bandepeak option is used it MUST follow the specification of
bandalpha.

If the user runs in /phy/evttype flux mode (see below) with a differential spectrum, the
normalization parameter A should also be defined as follows:

/gps/ene/diffspec true

/gps/ene/bandnorm <normalization constant>
The first command indicates that you are assuming a differential spectrum, and the second
command sets the normalization constant A in photons s* cm™? keV™.

/gps/ene/type CosmicDiffuse
Set this energy type to generate energies at random from a diffuse cosmic backgorund gamma-ray
spectrum. The model is based on equation 1 in D.E. Gruber, et al. Ap. J. 520: 124-129 (1999). The
model covers from 3 keV to 1e8 keV. The user can also use /gps/ene/min and /gps/ene/max to sample
only from a specific energy region of the spectrum.

/gps/ene/type CREME96TRP
/gps/ene/type CREME96FLX

Use these commands to generate random energies from a CREME96 trapped proton or flux spectrum.
You must read in a CREMEY96 file with the /phy/CREME96_trp_file or /phy/CREME96_flx_file
commands.
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/run/beamOn 100

This command instructs the simulation to run for 100 events. If the "thrown" event type is used
(see phy commands below), 100 events will be thrown (i.e., 100 incident photons will be
simulated). If the "triggered” event type is used, events will be thrown until 100 events have
satisfied the trigger conditions. If "flux" is used, the numerical argument to /run/beamOn is not
necessary since the number of events to throw is calculated based on the energy spectrum integral
if /gps/ene/diffspec  true is used, or from the flux input by the user via /gps/setflux if
/gps/ene/diffspec false is used.

The “Custom” option allows users to use the angle dependent energy distribution based on
histograms stored in a root file. If one uses the /phy/ROOTsource command. Custom is
automatically set for /gps/ene/type Custom.

/gps/ang/type iso
This command defines an isotropic angular source. Several options for the angle type in addition
to iso are provided as part of the standard /gps package. One additional option has been added for
GRESS: “Custom”.

The “Custom” option allows users to use the angle dependent energy distribution based on
histograms stored in a root file. If one uses the /phy/ROOTsource command. Custom is
automatically set for /gps/ang/type Custom.

3.3/phy commands

/phy/ggdmilfile <filename>
This command specifies the geometry input file to use. It is assumed the file is located in the
/physim/Models directory.

/phy/rootfile <filename>
This command specifies the name of the ROOT file that will store the output data. ROOT files
usually have the .root suffix.

/phy/rndmseed <number>
This command specifies the random number seed (unsigned long) to be used.

/phy/evttype <option>
This command has six options: "thrown", "triggered”, "coin", "coin_group”, "flux", and
"surface”. If "thrown" is selected, all events will be processed and stored in the output file. If
"triggered™ is selected, only events that have energy in a triggering detector above the set
threshold well be stored in the output file.

"coin™ is used to accept only events where all volumes that belong to a coincidence mode have an
energy deposit. The /phy/coinmode command (see below) specifies which coincidence mode(s) to
use.
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"coin_group" is a second type of coincidence trigger useful for Compton type detectors. In this
case, events are accepted if any volume in each coincidence mode(s) specified with
/phy/coinmode has an energy deposit. For a two-plane Compton instrument, one could assign all
scattering plane detectors to one coincidence mode, and all absorbing detectors to a second mode,
then use “coin_group" to accept only events where both planes are hit.

For Plane source types there is also a "flux" option. The "flux" option behaves in two different
ways depending on whether a differential spectrum is used. For example,

/gps/ene/diffspec false
Iphy/evttype flux
/gps/setflux 1000

will assume an integral spectrum and the number of events will be the source area times the flux
the user has entered in #events/mm? (1000 events/mm? in this example). If a differential spectrum
is to be used, the commands

/gps/ene/diffspec true
Iphy/evttype flux

will cause the number of events to be computed as the area of the source times the integral of the
energy spectrum.

The "surface™ type is used to store information about particles that cross an imaginary collection
surface. The collection surface is a sphere centered on the world origin. If a particle crosses the
collection surface in the outward direction, the event will trigger and information about the
particle will be recorded in the output file. See /phy/surface command to specify sphere radius
and particle name.

/phy/coinmode <coinmode_0 coinmode_1>
If the “/phyl/evttype coin" or “phy/evttype coin_group™ commands are used to run with
coincidence triggers, this command must also appear to specify which coincidence modes should
be triggered on. The user can run with more than one coincidence mode at a time, in which case
the mode names should appear in a list after the command and be separated by a space. The
coincidence mode names must be identical to the mode names used in the GDML geometry file.

/phy/multiE <energy> <#events>
This command allows the user to have multiple runs at different energies stored in the same
output file. For example, the following series of commands:

/phy/multiE 0.1 100
/phy/multiE 0.2 100
/phy/multiE 0.5 100
/phy/evttype triggered
/run/beamOn

will cause the simulation to execute three seperate runs at 100, 200, and 500 keV, with 100
triggered events for each. The first argument is the energy in MeV, the second is the number of
events at that energy. The random number seed will be set to the value input by the user with the
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/phy/rndmseed command for the first run, and will be be incremented by 1 between each
subsequent run.

/phy/CREME96_trp_file <filename>

Read in a CREME96 trapped proton energy spectrum. Use CREME96 to generate a table (.tab) file
for a TRP spectrum. Read the file in with this command, and use "/gps/ene/type CREME96TRP" to
generate random energies from the spectrum.

/phy/CREME96 _fIx_file <Z> <filename>

Read in a CREME96 flux energy spectrum. Use CREMEO96 to generate a table (.tab) file for an FLX
spectrum. Since the table can contain spectra for many different Z numbers, you must specify the Z
value you are interested in. Read the file in with this command, and use "/gps/ene/type
CREME96FLX" to generate random energies from the spectrum.

/phy/pointsource <dist> <unit> <theta> <phi> <mintheta> <maxtheta><unit>
<x> <y> <z> <unit>

It is anticipated that users will frequently desire to use a simple pointphoton source. This
command simplifies setup of this source. A disc of diameter 1 mm is actually used instead of a
point source for technical peculiarities. The required arguments to this command are the distance
to the source, the theta and phi values defining the position of the source, and the min/max theta
angles which allow the user to limit the photons to a cone. The min/max theta angles are defined
relative to the vector connecting the world origin to the location of the point source (before any
translation, see below...). If the user enters a value of -1 for the distance, then the distance to the
source will be taken from a pre-defined variable in the GDML file. The user still needs to define
the source energy distribution type when using this command. Optional arguments x,y,z can be
used to translate the source location without changing the direction of emitted photons.

/phy/pointtargetsource <dist> <unit> <theta> <phi> <mintheta><maxtheta>
<unit><x> <y> <z> <unit>
Same as /phy/pointsource, except that x,y,z specify an arbitrary target point where the source
will be aimed.

/phy/pointtargetsource2 <source x> <source y> <source z> <unit> <mintheta> <maxtheta>
<unit> <x> <y> <z> <unit>
Same as /phy/pointtargetsource, except that source X,y,z specify an arbitrary source point
instead of dist, theta, phi.

/phy/pointtargetsource3 <source x> <source y> <source z> <unit> <mintheta> <maxtheta>
<unit> <x> <y> <z>
Same as /phy/pointtargetsource2, except that x,y,z specify an arbitrary vector from the source
pointing in the direction of the main axes.

/phy/SetHistoFile <filename>
This command defines the input file used for the /phy/ROOTsource described below

/phy/ROOTsource <source x> <source y> <source z> <unit> <x> <y> <z>
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This command sets up a source distribution based on histograms in a ROOT file. The ROOT file
is set by the command /phys/SetHistoFile <filename> . This source has a theta distribution based
on a single user defined histogram. It has an arbitrary number of phi distributions based on theta
and an arbitrary number of energy distributions based on both theta and phi. This source was
created to take the output of a complicated source model and use it within GRESS. A separate
program is used to generate the root file full of the necessary information based on the output of

another GEANT simulation.

/phy/ROOTEnNergyHist <filename> <histogram name> <energy unit>
Use this as the simplest way to generate incident energy values from a ROOT histogram. Provide
the name of a ROOT file that contains a histogram (must be TH1D) of energy values. Also
provide the energy unit for the ROOT histogram (e.g. - keV, MeV, etc...). This command will
automatically set /gps/ene/type to "ROOTEnergyHist".

Example:

/phy/ROOTEnRergyHist source.root hsource keV

/phy/ROOTEnNergyHistType <type>
This defines the behavior of how random values are picked from the histogram specified in the
ROOTEnergyHist command. If <type> is set to 0, the normal ROOT TH1D->GetRandom() function
is used. If <type> is set to 1, the value of the bin center containing the random value is returned,
rather than the random value itself. This is useful for preserving the infinitely narrow line width of
gamma-ray spectra, which would normally become broadened by the histogram bin width if using the

first method.

Example:

/phy/ROOTEnergyHistType 1

/phy/planewavesource <radius> <distance> <unit> <theta> <phi> <unit> <x> <y> <z> <unit>

It is anticipated that users will frequently desire to use a simple plane wave photon source. This
command simplifies setup of this source by automatically setting the particle type, source shape,
source radius, source angular limits, and source rotation in the correct way to achieve a photon
source eminating from a Plane Circular distribution. The required arguments to this command are
the radius of the source distribution, the distance to the source distribution, and the theta and phi
values defining the location of the center of the source, each with a unit. If the user enters a value
of -1 for the radius and/or distance, then the radius and/or distance of the source will be taken
from a pre-defined variable in the GDML file (the pre-defined radius is sufficient to irradiate the
entire detector from any angle). The source distribution will always be automatically rotated such
that the incident photons are in the direction of the vector connecting the world origin to the
center of the source distribution. The user still needs to define the source energy distribution type
when using this command.

Optional arguments x,y,z can be used to translate the source such that the emitted photons
will be centered on this point (the rotation of the source will not be affected).

/phy/planewavetargetsource <radius> <dist> <unit> <theta> <phi> <unit> <x> <y> <z> <unit>

Same as /phy/planewavesource, except that x,y,z specify an arbitrary target point where the
source will be aimed.
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/phy/pointmotionsource <x1> <yl> <z1> <x2> <y2> <z2> [unit] <maxtheta> [deg|rad] <xtar>
<ytar> <ztar> [unit]

This command is used for straight line, constant motion of a source during the run. The source
position will start at (x1,y1,z1) and end at (x2,y2,z2). Also specify the maximum opening angle for
emitted particles (maxtheta), and a target point to illuminate (xtar,ytar,ztar). The distance the source
moves between each event is the distance from (x1,y1,z1) to (x2,y2,z2) divided by the number of
requested events. Note this only really works for /phy/evttype thrown, since for "triggered™ mode it is
not known up front how many events will be thrown.

Example:
/phy/pointmotionsource -8000 0 5000 8000 0 5000 cm 5.0 deg 0 0 0 cm

/phy/pointgeommotionsource <x1> <y1l> <z1> <x2> <y2> <z2> [unit] <mintheta> <maxtheta>
[degl|rad] <volume>

Creates a moving point source that always points toward the physical volume specified by the volume
name.

/phy/motiongeom <x1> <y1> <z1> <x2> <y2> <z2> <volume> <parl> <par2>

Moves the physical volume specified by the volume name between each event. Right now straight
line motion between two points is implemented. <parl> should always be 0. It is expected the
functionality of this command will be expanded in the future.

/phy/surface <r> <unit> <particle>

Configures the "surface” event type. User can store information about particles that cross a ficticious
collection surface in the outward direction. Collection surface is a sphere centered on the origin. This
command sets the radius of the sphere and the name of the particle that information should be stored for.
Data is written to the output file in the "Tsurface™ tree. Output data includes Kinetic energy, position
where the particle crossed the sphere boundary, and the momentum direction vector when the boundary
was crossed.

Example:
Iphy/surface 10 m gamma

3.40utput File

The output from physim is a ROOT file. Several ROOT data structures are contained in the file. The
structure called "Header" contains information about the run. The Header is a TTree (a ROOT data
structure similar to an Ntuple) and has the following branches which are filled once at the end of the run:

ggdmlfile: name of GDML file used

macrofile: name of macro file used
codever: code version
codedate: code date

sysinfo: system information

time: time job was run
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elaptime: elapsed time for job
user: user who ran the job
rndmseed: random number seed used
mode: thrown, triggered, or flux mode
nthrown: number of thrown events
naccept: number of accepted events
srcarea: area of source (mm2)
r: radius of source (mm)
theta: theta angle of source (rad)
phi: phi angle of source (rad)

A TObjArray structure called "CommandHistory" contains a list of the commands contained in the macro
used to execute the simulation run.

Another tree called "EventInfo" is written to the output file. It has the following branches which are filled
for each event:

incidentE: incident particle energy

incidentx: incident particle start position x

incidenty: incident particle start position y

incidentz: incident particle start position z

incidentpx:  incident particle start p,

incidentpy:  incident particle start p,

incidentpz:  incident particle start p,

firstinttype:  first interaction type (e.g. - compton, photoelectric, etc...)
firstintvol: first interaction volume

coinmode: name of coincidence mode(s) satisfied for this event
nmode: number of coincidence modes satisfied for this event

A TTree containing energy deposit information is written to the output file for each volume which is
declared sensitive via the "sdflag" parameter in the GDML file. These trees have the following branches,
filled for each event:

etot: total energy deposit for the volume

ex: YEx; ,sum of energy times x-position for each step in the volume
ey: YE;y; ,sum of energy times y-position for each step in the volume
ez: >E;z; ,sum of energy times z-position for each step in the volume
et: YEt; ,sum of energy times time for each step in the volume

If you have tracking turned on with "trkflag", a "HitData" tree is written with the following contents:

evt: event number

trkID: track ID

parentlD: parent ID

partName: particle name

etot: energy deposited for this hit

time: GEANT time of hit

X,Y,Z: position of hit in world coordinates
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xlocal,ylocal,zlocal: position of hit in the volume local coordinates
volume: name of the volume the hit is in
interaction: name of the interaction defining the hit

If you are storing geometry information with the "storeinfo™ flag, a "GeomInfo™ tree will contain the
following information for the physical volumes. The user must decide which variable are meaningful
given the shape (i.e. - xdim, ydim, zdim are not meaningful if shape is a sphere).

name: volume name

type: shape name

xdim, ydim, zdim:  X,y,z dimensions of the volume

rmin, rmax: minimum and maximum radius of the volume
len: volume length

XpOS,ypos,zpos: position of the volume in world coordinates
rot_xx ... rot_zz: elements of the rotation matrix for this volume

The calsim code is designed to read and analyze output files from physim, but a sample ROOT macro is
provided in /physim/analysis/readdata.C, which demonstrates how to read data from the TTree structures.
The macro can be run from the ROOT command prompt and requires a filename as input, e.g.-

analysis% root
root [0] .x readdata.C("../data.root")

where the input file is a file generated as output from physim. The ROOT macro will dump the command
history to the screen and histogram the energy deposits in the Nal crystal volume.

4 Using calsim

The calsim code is located in the /calsim directory. The purpose of this code is to read in data files
produced by physim, apply calibration effects, and generate energy spectra or DRMs. The usage of calsim
is similar to physim: it can run in command line mode or macro mode. When calsim is compiled an
executable file will appear in /calsim/bin. Executing this file will start calsim in "interactive mode",
where commands are entered one at a time by the user. Usually it is easier to run calsim by specifying a
macro that contains several commands. The input to calsim is the ROOT file generated by physim. The
outputs are a ROOT file and a FITS file, both containing the energy spectrum of a specified detector or a
Detector Response Matrix. The commands used by calsim are described in section 4.1. Parameters
describing the energy resolution and threshold are contained in a simple text file, explained in section 4.2.

4.1calsim Commands
A list of calsim commands can be displayed by starting calsim in interactive mode and typing "help":

> help

AnalyzeData: Do the analysis.

CalibFileName: Specify the calibration parameter input file.

Draw: Flag to turn graph drawing on

DumpCmdHistory: Dump the command history from the ROOT input file to a text file.
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EcompressBins: Bin compressed energy function instead of E casured

FitsFileName: Specify the name of the FITS output file.

HistogramBins: Define measured energy (x-axis) histogram bins (define min,max and
#bins)

HistogramBins2: Define measured energy (x-axis) histogram bins (define min, bin
width, and #bins).

HistogramBins3: Define measured energy (x-axis) histogram bins (define a list of bin
edges, first # is lowest bin low edge, last # is highest bin high edge).

HistogramType: Define histogram binning type for x-axis and y-axis (Lin or Log)

InputFileName: Specify the name(s) of the input data file(s) (ROOT format)

ListVolumes: List names of volumes contained in the input file.

MakeResponseMatrix: A flag to indicate you want to make a response matrix from the
ROOT input file.

RandomSeed: Set the random number generator seed for calsim.

ReadAppHeader: Print the application specific header from the ROOT input file.

RootFileName: Specify the name of the ROOT output file.

SelectEnergies: Use only a subset of the available incident energies in the file.
Provide a list of numbers indicating the directories you want to use. Start
counting from1l.e.g.-13578910

Silent: Use of this command will suppress some screen output.

Volume: Volume you want to analyze data for.

PhaTime: In single spectrum mode this command specifies the time interval (in
seconds, default 1.0) for the spectrum written to the PHA/FITS file.

OriginName: Sets the value of the ORIGIN keyword in the output FITS file header.

ObserverName: Sets the value of the OBSERVER keyword in the output FITS file
header.

MissionName: Sets the value of the MISSION keyword in the output FITS file header.

InstrumentName: Sets the value of the INSTRUMENT keyword in the output FITS file
header.

FileTypeName: Sets the value of the FILETYPE keyword in the output FITS file header.

DetectorName: Sets the value of the DETNAM keyword in the output FITS file header.

exit: Exit interactive mode.

help: Print this information.

macro: Run a macro.

The command names are case sensitive. Their functions are described below.
AnalyzeData
Command to open the input data file and perform the analysis. This should typically be the last

command in a macro file.

CalibFileName <filename>
Specifies the name of the file containing the calibration parameters.

Draw
Command to enable drawing of graphs. Graphs are not drawn by default.

DumpCmdHistory <filename>
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Dumps the command history from the physim file to the specified text file.
EcompressBins <arg f>
If this command is specified Eeasureq bins will be replaced with a compressed scale controlled by
the arg f parameter as follows.
If f <=0, the quantity E’ = Emeasured /Eincidgent 1S binned instead of Eneasured-

If f >0, a more complex compression scheme is used, where

M’ EmeasS El
El
Erm{fra(fofyEms=B  p g g
EZ_El
fa-f)Ems=B g g
inc_EZ

In this scheme f* = 0.5*f, E; = 400 keV, E, = 600 keV, and the scheme is forced to revert to the
f=0 case when Ej,c < 2*E,. It is used for generating DRMs that will form the DRM database.

FitsFileName <filename>
Name of the output FITS file.

HistogramBins <min> <max> <#bins>
Defines the binning used for measured energies (x-axis). min and max are in keV. y-axis bins are
determined from incident energies used in the simulation. WARNING: If using log binning, don't
use 0 as the minimum value.

HistogramBins2 <min> <binwidth> <#bins>
Defines the binning used for measured energies (x-axis). min and binwidth are in keV. y-axis bins
are determined from incident energies used in the simulation. WARNING: If using log binning,
don't use 0 as the minimum value.

HistogramBins3 <edgel> <edge2> ... <edgeN>
Defines the binning used for measured energies (x-axis). The user provides a list of bin edges as
the arguments. The first number will be the lowest bin low edge, the last number will be the
highest bin high edge. Do not put special characters in the list of bin edges (carriage return,
TABS, etc...). WARNING: If using log binning, don't use 0 as the minimum value.

HistogramType <xaxis type> <yaxis type>
Indicates whether to use linear ("Lin") or logarithmic ("Log") binning for the x and y axes.

InputFileName <filenamel> <filename2> ... <filenameN>
Specifiy the name(s) of the file(s) containing the physim data. If more than one file is to be
analyzed at once, all files must contain the same number of directories with the same incident
energies.
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ListVolumes

List the names of volumes for which this file contains data.

MakeResponseMatrix <true/false>
A flag to indicate if you want to make a response matrix from the input file data.

ListRootFile
Displays the contents of the input file top directory.

RandomSeed <seed>
Set the random number generator seed.

ReadAppHeader
Read the header containing information about the physim run and dump it to the screen.

RootFileName <filename>
Name of the output ROOT file.

SelectEnergies <nl> <n2> <n3> ... <nn>
With this command the user can specify only certain incident energies in the input file should be
used. The user provides a string of integers after the command to control which incident energies
are used. For example, if a file contains data for 10 incident energies, and you only want to use
the first two and the last two, you would use:
SelectEnergies 12 9 10

Counting should start from 1. The command also supports a feature where you can add an “i”
after a number to indicate you want that many successive energies. For example,

SelectEnergies 1 2 4i9 10
is equivalent to
SelectEnergies 123456910

This is useful for large files. If your file has 100 energies, and you want to use energies 10
through 90 inclusive, you would use:

SelectEnergies 10 80i

It is permissible to intermix discrete and recursive numbers:

SelectEnergies 2 5 7 5i 15 40 10i 98 99

Numbers should not be duplicated. Do not use carriage returns or tabs in your number list.
Volume <name>

The name of the volume you want to analyze data for. This name should be the GEANT4
physical volume name assigned by physim. The volume names for the Nal and BGO crystals are
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"pv_NaiCrystal_0" and "pv_BgoCrystal 0". You can display a list of names of the volumes in
the input file with the "ListVolumes™ command.

PhaTime <tsec>
In single spectrum mode this command specifies the time interval <tsec> (in seconds,
default=1.0) for the spectrum written to the PHA/FITS file. See Output Files below for more
information.

OriginName <text>
Sets the value of the ORIGIN keyword in the output FITS file header (default = “NULL”).

ObserverName <text>
Sets the value of the OBSERVER keyword in the output FITS file header (default = “NULL").

MissionName <text>
Sets the value of the MISSION keyword in the output FITS file header (default = “NULL").

InstrumentName <text>
Sets the value of the INSTRUMENT keyword in the output FITS file header (default = “NULL").

FileTypeName <text>
Sets the value of the FILETYPE keyword in the output FITS file header (default = “NULL").

DetectorName <text>
Sets the value of the DETNAM keyword in the output FITS file header (default = “NULL"™).

exit
Exit the session.

help
Print the help information.

macro <filename>
Run a macro file containing commands.

A typical macro to make a DRM from input file "naidrm.root", using calibration constants in "calib.in"
for volume "pv_Crystal_0" might look like this:

#----Setup----
InputFileName naidrm.root
CalibFileName calib.in
RootFileName out.root
FitsFileName out.drm
HistogramType Log Log
HistogramBins 0 500 250
Volume pv_NaiCrystal_0
Draw
MakeResponseMatrix
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#----Execution----

ListRootFile

ReadAppHeader
DumpCmdHistory cmdhist.txt
AnalyzeData

Any line in the macro file beginning with # will be ignored. Do not put tab characters in the commands.

4.2Calibration Parameters

Instrumental effects are applied to the simulation data according to parameters described in the file
specified by the CalibFileName command. Energy resolution effects and an energy threshold can be
defined by placing the following commands in the calibration input file.

EresParam <p0> <p1> <p2>
This command will cause the energy deposit values to be smeared by a value picked at random
from a Gaussian distribution where the sigma of the Gaussian function is defined as

o = \/p + PIE + pL E?

EresMpeFormula
If this keyword command is included in the calibration parameter file, an alternate formula will
be used for the resolution vs. energy:
FWHM = pg + piE + p,E?

EresPoint 100 10

EresPoint 200 7

EresPoint 400 5

EresPoint 500 4
These commands will cause the energy deposit values to be smeared by a value picked at random
from a Gaussian distribution where the sigma of the Gaussian function is determined from a user
input pointwise histogram of values. The first argument to the command is the energy in keV, the
second is the sigma value of the energy resolution in keV at that energy. A linear interpolation is
used to determine the value of sigma for each event.

Ethresh 50.0 1.0
A lower energy threshold can be applied with these commands. A value for the threshold is
selected at random from a Gaussian function having its mean at the energy specified with the first
argument of the "Ethresh” command and a sigma as specified with the second argument of the
"Ethesh" command. Both numbers are expected to be in keV. If the unsmeared energy is greater
than the smeared threshold, the smeared energy value is accepted.

4.30utput Files

The energy spectrum or DRM generated by calsim is written to a ROQOT file and also to a FITS file. The
FITS file formats generated by calsim are chosen to resemble GBM flight data formats. These formats
are described in GLAST-GS-DOC-0001. For single energy spectrum runs, PHAII files in the GS-102
(“CSPEC”) format are generated. In this case the file contains (among other things) three spectral records
controlled by the calsim user input parameter PhaTime <tsec> as follows.
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Record StartSec Exposure Values
1 tsec tsec 1.0 counts/channel (background)
2 0.0 tsec 1.0+SimulatedData counts/channel (source+backgr)
3 tsec tsec 1.0 counts/channel (background)

For DRM runs FITS RSP_MATRIX file in the GS-104 (non compressed DRM) or GS-008 (compressed
“leaf” DRM) are generated. Compressed format files are generated when the calsim user input parameter
EcompressBins <arg f> is specified, else the output will be in uncompressed format.

5 Using atmosim

The atmosim code comprises a full scale simulation of photon scattering from the earth's atmosphere. It
uses the same general GEANT4 code structure as physim, but there are differences in the geometry model
and output file structure. The main function of atmosim is to simulate photons scattering from the
atmosphere, and store the energy and trajectory of the scattered photons as they cross an imaginary
collection surface surrounding the earth.

5.1Geometry model

The setup of the earth atmosphere geometry model does not use GDML, but rather the standard GEANT4
DetectorConstruction class. One reason is that the model is built from concentric spherical shells, which
is easier to implement in the DetectorConstruction class C++ code since GDML does not provide a
mechanism for looping. Second, because we wanted the user to be able to change the number and depth
of the shells to suit his/her needs, this is more easily accomplished with C++ code as well, as opposed to
GDML-style format that is not particularly user friendly at first.

The atmosphere model uses 5 linear spaced shells from 0 to 1 km altitude, 75 logarithmic spaced bins
from 1 to 30 km altitude, and 20 linear spaced bins from 30 km to the collection surface altitude specified
by the user.

Physical parameters for each shell (density, pressure, temperature, elemental compositions) are taken
from the NRLMSISEQOO database. FORTRAN code is used to call the MSISE database and produce a
table of data describing the atmosphere from 0 to 1000 km altitude. The table is stored in the
atmosim/nrimsise00/ATMODAT.TXT file, and this file is what is read at runtime when the
DetectorContruction() function executes. Physical parameters for each shell are computed by averaging
the value over the width of each shell.

5.2atmosim commands

/atmosim shares many of the same commands as /physim, e.qg. - "rootfile",
"rndmseed", etc..., except the commands will be located under the /atmo
directory rather than /phy. Two commands unique to atmosim are described below.

/atmo/csalt <alt> <unit>
This command specifies the altitude of the imaginary collection surface (and the units of the
altitude; e.g., km). The collection surface is an imaginary sphere surrounding the earth located at
the altitude specified here. Data for all photons crossing this boundary in the outward direction
will be stored in the output file. The altitude should be greater than 30 km, otherwise it will
confuse the software that generates the spherical shell model.
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/atmo/stdsource

This command has no arguments. It sets up a plane wave source of photons. The source geometry
is a disk just large enough to irradiate the earth plus its atmosphere as defined in the
DetectorConstruction class. Photons will be incident on the earth in the -z direction.

A simple macro file can be found in atmosim/Macros/test.mac, that shows how to set up an incident
plane wave source that is just large enough to irradiate the entire earth with it's atmosphere.

5.3 atmosim Output file

atmosim outputs a similar Header, Evtinfo, and CommandHistory structures as physim. The EventData
tree stores all event data for photons crossing the collection surface in the outward direction. In this data
tree, the user will find the incident photon energy, starting point, and starting momentum direction, the
scattered photon energy and scatter angle with respect to the incident direction, and four angle describing
the location where the outgoing photon crossed the collection surface, and the vector describing its
momentum direction at that point. The four angles are psi, chi, theta, and phi. Psi and chi are the polar and
azimuth angles to locate the point where the photon crossed the collection surface (the origin is located at
the earth's center). Theta and phi are the polar and azimuth angles describing the momentum direction of
the outgoing photon when it crossed the collection surface, in the earth global reference frame.

6 Using arpack

The function of arpack is to read in root data files generated by atmosim, bin the data according to user
specifications, and write the binned data to a FITS file. The code structure is similar to calsim, with macro
or command line control. Input data is binned into a five-dimensional array, with the dimensions being
the incident energy, scattered energy, lat angle, theta angle, and phi angle. lat angle is the polar angle to
locate the point where the photon crossed the collection surface (the origin is located at the earth's center).
Theta and phi are the polar and azimuth angles describing the momentum direction of the outgoing
photon when it crossed the collection surface. Refer to the two figures below for angle definitions.



Simulations and Instrument Doc: GRESS-SUG-001-21
Issue: 21
« Los Alamos R Date: 23-July-2010
NATIONAL LARDRATORY esponse .
EST.1043 PaQE. 24 of 32
[
baam

arpack commands

arpack shares many of the same commands as calsim. The list of possible commands can be displayed by
typing "help" on the arpack command line. An example macro to read in and bin atmosim data is located
in arpack/Macros/test.rmac. Some arpack commands are described below.

EscattComptonBins <nlow> <nhigh>
Define bins for scattered energy based on Compton scattering formula. Bin boundaries will be
automatically computed using nhigh bins in the energy region where the Compton formula is
valid, and nlow bins in the invalid region.

EscattHistogramBins <min> <max> <nbin>
Defines bins for scattered energy. User provides the low end, high end, and number of bins. If
using ComptonAngleBins, this command will define the bins for the apparent Compton scatter
angle instead of the energy.

EscattHistogramBins2 <min> <bwidth> <nbin>
Defines bins for scattered energy. User provides the low end, bin width, and number of bins. If
using ComptonAngleBins, this command will define the bins for the apparent Compton scatter
angle instead of the energy.

EscattHistogramBins3 <edgel> <edge2> ... <edgeN>
Defines bins for scattered energy. User provides a list of bin edges.

EscattHistogramType <type>
Defines whether linear or log binning is used for scattered energy. Options for type are "Lin™ or
"Log".

LatAngHistogramBins <min> <max> <nbin>
PsiHistogramBins <min> <max> <nbin>
ThetaHistogramBins <min> <max> <nbin>
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These three commands define the bin structure for the latitude angle, phi, and theta angles. User
provides the low end, high end, and number of bins.

LatAngHistogramBins2 <min> <bwidth> <nbin>

PsiHistogramBins2 <min> <bwidth> <nbin>

ThetaHistogramBins2 <min> <bwidth> <nbin>
These three commands define the bin structure for the psi, phi, and theta angles. User provides
the low end, bin width, and number of bins.

LatAngHistogramBins3 <edgel> <edge2> ... <edgeN>

PsiHistogramBins3 <edgel> <edge2> ... <edgeN>

ThetaHistogramBins3 <edgel> <edge2> ... <edgeN>
These three commands define the bin structure for psi, phi, and theta angles. User
provides a list of bin edges.

SelectEnegies <n1> <n2> <n3> <nn>
Use only a subset of the available energies from an input file that has multiple energy directories.
Provide a list of numbers that define the energies you want to use (start counting at 1), e.g.
SelectEnergies 1357911
See the equivalent entry under the "calsim" command section for more details.

6.1larpack Output file

arpack outputs a FITS file containing the five-dimensional array, with the array entries normalized to
units of cm? The table containing the incident energies and bin boundaries for the four other dimensions
is also written out.

7 Summary of Commands

7.1GDML File Flags

Flag Arguments Description

sdflag = int Integer int Designates a volume as being sensitive.
Data will be stored in the output file for
sensitive volumes.

trigflag = int Integer int Designates a triggering volume (must also
be declared sensitive).

ethresh = energy Double energy, in keV Energy threshold for triggering volume.

coin = mode String mode Assign a volume to a particular

coincidence mode group.

storeinfo = int Integer int Store volume information in the output file
for physical volumes derived from this
logical volume (position, dimensions,
rotation, etc...)

trkflag = int Integer int Turn on full tracking for this volume. Hits
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Flag Arguments Description
will appear in the output file in a tree
called "HitData".
visible = int Integer int Determines whether a volume is visible
when visualization is used.
solid = int Integer int Determines whether a volume is solid or
wire frame when visualization is used.
color = int Integer int Determines the color of an object when it

region = name

7.2physim Commands

Integer name

is visualized.

Assign a volume to a particular GEANT4
region defined in phyPhysicsList.cc.

Note: this table contains only commands that have been added to the standard GEANT4 commands or
GEANT4 commands that have been modified. The user should consult the GEANT4 manual for complete
descriptions of the multitude of possible commands.

Command

/gps/pos/srcdistance <dist>
<unit>

/gps/pos/srctheta <theta>
<unit>

/gps/pos/srcphi <phi> <unit>

/gps/eneltype <EnergyDis>

/gps/ene/bandalpha <alpha>
/gps/ene/bandbeta <beta>

/gps/ene/bandezero <energy>
<unit>

/gps/ene/bandepeak <energy>
<unit>

/gps/ene/bandnorm <norm>

Arguments

Double dist and string unit. The
units can be nm, um, mm, cm, m,

pc.

Double theta and string unit.
Units can be deg or rad.

Double phi and string unit. Units
can be deg or rad.

String EnergyDis. Valid
arguments are Mono, Lin, Pow,
Exp, Gauss, Brem, Bbody, Cdg,
User, DiscUser, Arb, Epn, Band,
CosmicDiffuse, CREME96TRP,
CREME96FLX

Double alpha
Double beta

Double energy and string unit.
Unit can be eV, keV, MeV, GeV,
TeV, or PeV

Double energy and string unit.
Unit can be eV, keV, MeV, GeV,
TeV, or PeV

Double norm

Description

Sets the distance to the center of the source
distribution.

Sets the theta angle to the center of the
source distribution, and auto-matically
rotates the source to point at the world
origin.

Sets the phi angle to the center of the
source distribution, and auto-matically
rotates the source to point at the world
origin.

Sets the energy distribution type. DiscUser
(user specified discrete histo-gram), Band
function, CosmicDiffuse, CREME96TRP,
and CREME96FLX have been added to
the standard GPS options.

Sets alpha for the Band function.
Sets beta for the Band function.

Sets E, for the Band function (either
bandezero OR bandepeak can be used).
Must be specified AFTER bandalpha.

Sets Epeax for the Band function (either
bandezero OR bandepeak can be used).
Must be specified AFTER bandalpha.

Sets the normalization constant for the
Band function (units of ph/cm?/s/keV).
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Command Arguments Description
/phy/ggdmlfile <file> String file Name of geometry file.
Iphy/rootfile <file> String file Name of ROOT output file.
/phy/rndmseed <seed> Long seed Random number seed.

/phy/evttype <type>

/phy/coinmode <mode>

/gps/setflux <flux>

/phy/multiE <energy > <nevt>

/phy/CREME96 _trp_file
<name>

/phy/CREME96_flx_file <zZ>
<name>

/phy/pointsource <dist>
<Runit> <theta> <phi>
<mintheta> <maxtheta> <unit>
<xX> <y> <z> <Tunit>

/phy/planewavesource <rad>
<dist> <Runit> <theta> <phi>
<unit> <x> <y> <z> <Tunit>

/phy/pointtargetsource <dist>
<Runit> <theta> <phi>
<mintheta> <maxtheta> <unit>
<X> <y> <z> <Tunit>

String type. Valid arguments are
thrown, triggered, coin, flux, and
surface.

String mode. If more than one
mode separate them by a space.

Double flux in units (events/mm?)

Double energy in MeV. Int nevt.

GA4String name

G4int Z, G4String name

Double dist, theta, phi,
mintheta, maxtheta. String
Runit (cm, mm, etc...), unit (deg
or rad), and Tunit (cm, mm,
etc...).

Double rad, dist, theta, phi,

String Runit (cm, mm, etc...), unit

(deg or rad), and Tunit (cm,mm,
etc...).

Double dist, theta, phi,
mintheta, maxtheta. String
Runit (cm, mm, etc...), unit (deg
or rad), and Tunit (cm, mm,

All events are accepted for option
"thrown". Only events which satisfy
trigger conditions are accepted for option
"triggered". Only events satisfying a
coincidence trigger are accepted for
options "coin" and "coin_group". User
entered flux or energy spectrum integral is
used to determine number of events for
"flux" option. "surface" option to store
information about particles crossing an
imaginary collection surface.

Specify the coincidence modes to trigger
on when using the "coin" or "coin_group"
event type. This command must appear if
running in coincidence mode, and the
modes given must match the modes
defined in the GDML geometry file.

When /gps/diffspec is false and
"Iphy/evttype flux" is used, the number of
events to throw is this user defined flux
times the source area.

Use to place multiple runs with different
source energies in the same output file.

Load a CREME96 trapped proton file. The
file must be a .tab file written by
CREMEQ6.

Load a CREME96 flux file for atomic
number Z. The file must be a .tab file
written by CREME96.

Set up a point source. The user can enter a
distance or enter -1 for a pre-defined
distance. Source can be translated in space
with Xx,y,z arguments.

Set up a planewave source. The user can
enter a radius and distance or enter -1 for a
pre-defined radius and/or distance. Source
can be translated in space with x,y,z
arguments.

Set up a point source with a specified
target location. The user can enter a
distance or enter -1 for a pre-defined
distance. Source photons will be aimed at a
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Command Arguments Description

/phy/pointtargetsource2
<source x> <source y>
<source z> <Runit>
<mintheta> <maxtheta> <unit>
<X> <y> <z> <Tunit>

/phy/pointtargetsource3
<source x> <source y>
<source z> <Runit>
<mintheta> <maxtheta> <unit>
<X> <y> <z> <Tunit>

/phy/planewavetargetsource
<rad> <dist> <Runit> <theta>
<phi> <unit> <x> <y> <z>
<Tunit>

/phy/pointmotionsource <x1>
<yl> <z1> <x2> <y2> <z2>
[punit] <openang> [aunit]
<xtar> <ytar> <ztar> [tunit]

/phy/ROOTsource <source x>
<source y> <source z> <unit>
<X> <y> <z>

/phy/SetHistoFile <filename>

/phy/ROOTEnergyHist
<filename> <histoname>
<eunit>

/phy/ROOTEnergyHistType
<type>

/phy/surface <rad> <unit>
<name>

7.3calsim Commands

etc...).
Double x,y,z, mintheta,

point in space with X,y,z coordinates.

Same as pointtargetsource except source

maxtheta. String Runit (cm, mm, X,y,z define the source location.

etc...), unit (deg or rad), and Tunit

(cm, mm, etc...).

Double x,y,z, mintheta,

Same as pointtargetsource except that x,y,z

maxtheta. String Runit (cm, mm, define a vector describing the source
etc...), unit (deg or rad), and Tunit pointing direction.

(cm, mm, etc...).

Double rad, dist, theta, phi,
String Runit (cm, mm, etc...), unit
(deg or rad), and Tunit (cm,mm,
etc...).

Double x1, y1, z1, x2, y2, z2,
xtar, ytar, ztar, openang
G4String punit, aunit, tunit

Double source x, source y, source
z, String unit, Double x, v, z.

String filename.

GA4String filename, G4String
histoname, G4String eunit

Gdint type

G4double rad, G4String unit,
GA4String name

7.3.1 calsim Macro Commands
Command Arguments
AnalyzeData none

Set up a planewave source with a specified
target location. The user can enter a radius
and distance or enter -1 for a pre-defined
radius and/or distance. Source will be
aimed at a point in space with x,y,z
coordinates.

Set up a point source that moves from one
point to another over the course of a run.

Command to set up the spacecraft source
survey source.

Set the ROOT file hame containing
information needed by the ROOTsource
command.

Load a ROOT histogram (must be TH1D)
from a ROOT file to use for the incident
energy spectrum. eunit indicates the energy
units of the histogram (keV, MeV, etc...)

If type is 0, use standard ROOT random
TH1 sampling. If type is 1, use only bin
centers to avoid broadening of lines by the
bin width.

Specify the radius and particle name for
the "surface™ event type.

Description
Perform data analysis.




,ﬁ) Simulations and Instrument Doc: GRESS-SUG-001-21
Issue: 21
+ Los Alamos R Date: 23-July-2010
NATIONAL LARDRATORY esponse .
EST.1043 PaQE. 29 of 32
Command Arguments Description
CalibFileName <file> String file. Name of file containing calibration
parameters.
Draw none Enable drawing of graphs.
DumpCmdHistory <file> String file. Dumps the command history from the data

EcompressBins <arg >

FitsFileName <file>

HistogramBins <low> <high>
<nbin>

HistogramBins2 <low>
<binwidth> <nbin>

HistogramBins3 <edgel>
<edgel> ... <edgeN>

HistogramType <xtype>
<ytype>

InputFileName <filel> <file2>
... <fileN>

ListRootFile

ListVolumes
MakeResponseMatrix
RandomSeed <seed>

ReadAppHeader

RootFileName <file>

SelectEnergies <n0>...<nn>

Silent
Volume <vol>

PhaTime

Double f compression factor

String file.
Double low, high. int nbin.

Double low, binwidth. Int nbin.

Double edgel, edge?, ..., edgeN

String xtype, String ytype

String filel, file2,... fileN
none

none

none
Unsigned int seed.
none

String file
int n0...nn

none

String vol.

Double tsec

file to the specified text file.

Bins compressed energy function instead
of Emeasured .

Name of FITS output file.
Define the measured energy bins.

Define the measured energy bins.

Define the measured energy bins. The user
provides a list of energies defining the bin
edges.

Indicated whether to use linear ("Lin") or
logarithmic ("Log") binning for the x and y
axes.

Name of input data file(s).

Display contents of the input file top
directory.

List the names of volumes for which the
input file contains data.

Instructs the code to attempt to make a
DRM from the input data.

Sets calsim random number generator
seed.

Dump the contents of the Header tree to
the screen for each directory

Name of ROOT output file.

Specifies that only certain incident
energies should be used from the input file.

Suppresses come screen output.

Specifies the volume for which data is to
be analyzed (must appear as one of the
volumes returned by ListVolumes)

In single spectrum mode this command
specifies the time interval (in seconds,
default 1.0) for the spectrum written to the
PHA/FITS file.
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Command Arguments Description

OriginName String name Sets the value of the ORIGIN keyword in
the output FITS file header (default =
“NULL™)

ObserverName String Name Sets the value of the OBSERVER keyword
in the output FITS file header (default =
“NULL™)

MissionName String Name Sets the value of the MISSION keyword in
the output FITS file header (default =
llNULL”)

InstrumentName String Name Sets the value of the INSTRUMENT
keyword in the output FITS file header
(default = “NULL")

FileTypeName String Name Sets the value of the FILETYPE keyword
in the output FITS file header (default =
“NULL™)

DetectorName String Name Sets the value of the DETNAM keyword
in the output FITS file header (default =
“NULL")

exit none Exit the session.

help none Print the list of possible commands.

macro <file> String file. Execute a macro file.

7.3.2 calsim Calibration Input File Commands

Command

EresParam <par0> <parl>
<par2>

EresPoint <energy> <res>

Ethresh <thresh> <sig>

7.4atmosim commands

Arguments
Double par0, parl, par2.

Double energy in keV. Double
res in keV.

Double thresh, sig in keV.

Description

Specifies parameters when using
functional form for energy resolution.

Define an energy resolution point when
using point-wise linear interpolation for
energy resolution.

Define a low-energy threshold and sigma
value for the threshold.

atmosim shares many commands with physim. Only those commands unique to atmosim are listed here.

Command

/atmo/csalt <alt> <unit>

/atmo/stdsource

Arguments
Double alt, String unit

none

Description

Specifies altitude of the imaginary
collection surface

Set up a standard plane wave source just
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7.5arpack commands

large enough to illuminate the entire
geometry model.

arpack shares many commands with calsim. Only those commands unique to arpack are listed here.

Command
EscattHistogramType <type>

EscattComptonBins <nlow>
<nhigh>

EscattHistogramBins <min>
<max> <nbin>

EscattHistogramBins2 <min>
<bwidth> <nbin>

EscattHistogramBins3
<edgel> <edge2> ... <edge3>

LatAngHistogramType <type>

LatAngHistogramBins <min>
<max> <nbin>

LatAngHistogramBins2 <min>
<bwidth> <nbin>

LatAngHistogramBins3
<edgel> <edge2> ... <edge3>

PhiAngHistogramType <type>

PhiHistogramBins <min>
<max> <nbin>

PhiHistogramBins2 <min>
<bwidth> <nbin>

PhiHistogramBins3 <edgel>
<edge2> ... <edge3>

ThetaHistogramType <type>

ThetaHistogramBins <min>
<max> <nbin>

Arguments

String type

Int nlow, nhigh

Double min, max, Int nbin
Double min, bwidth, Int nbin
Double edgel, edge?, ..., edgeN

String type

Double min, max, Int nbin
Double min, bwidth, Int nbin
Double edgel, edge?, ..., edgeN

String type

Double min, max, Int nbin
Double min, bwidth, Int nbin
Double edgel, edge?, ..., edgeN

String type

Double min, max, Int nbin

Description

Specify "Lin" or "Log" for type to use
linear or logarithmic binning in the
scattered energy dimension

Bin scattered energy in terms of Compton
scatter angle energies.

Define bin structure for scattered energy
Define bin structure for scattered energy

Define bin structure for scattered energy;
user provides list of bin edges.

Specify "Lin" or "Log" for type to use
linear or logarithmic binning in the latitude
angle dimension

Define bin structure for latitude angle
Define bin structure for latitude angle

Define bin structure for latitude angle; user
provides list of bin edges.

Specify "Lin" or "Log" for type to use
linear or logarithmic binning in the phi
angle dimension

Define bin structure for phi angle
Define bin structure for phi angle

Define bin structure for phi angle; user
provides list of bin edges.

Specify "Lin" or "Log" for type to use
linear or logarithmic binning in the theta
dimension

Define bin structure for theta angle
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ThetaHistogramBins2 <min>
<bwidth> <nbin>

ThetaHistogramBins3
<edgel> <edge2> ... <edge3>

SelectEnergies <n0>...<nn>

Double min, bwidth, Int nbin
Double edgel, edge?, ..., edgeN

Int n0...nn

Define bin structure for theta angle

Define bin structure for phi angle; user
provides list of bin edges.

Specifies that only certain incident
energies should be used from the input file.
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