Chaptex 6: The Monitor Proportional Counter

15 March 1984

6.0 Introduction

6.1 Instrument
Monitor Proportional Countexr (MPC)
Time Intervel Processor (TIP)
Pulse Height Analysis (PHA)

6.2 On line systewm ~ production system
6.3 Overview of OFF-LINE user—-oriented system
6.3.1 Introduction to PHA analysis

6.3.2 Specific PHA analysis progiams

MBASE

UNPACK

MMERG

SPECTBL1

MSPEC

MSPECPLOT

MVARY

MPLOT

PSDPLT

6.3.3 Introduciion to TIP analysis

6.3.4 8pecific TIP analysis programs

MPCPROC

TCORR

TIPCOR

“TIPANAL - photon arrival times

TIPANAL2 - photon interval times

TIPANAL3 - folding for fixed period
TIPANAL4 - folding for a range of periods
TIPANALS — moments of arrival times

6.4 FILE FORMATE
MPC[hut 1.PSD
MPC[hut ].DAT
MPC[hut ].BAC
MPC[hut ].BLE (MPC.DATA,BASE)
MAPCOR.BIN.
SPECTBL1 .DAT

6.5 EVALUATION
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Figures:

6.3.2/1 - SPECTPLOT output

6.3.2/2 -~ MPLOT output

6.3.2/3 — MPCPLT output

6.3.2/4 — PSDPLOT output .
Flow chart for the MPCPROC.CLI macro !
6.4/1 - Format of MPC[hut ).DAT :
6.4/2 ~ Format of MPC[hut ].BAC

6.4/3 - Format of MAPCOR.RIN files

Plot of MAPCOR.BIN.O
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6.0 Introdunction

The Monitor Propoertional Counter (MPC) detector on the EINSTEIN Observatory
extends the energy range of the focal plane detectors up to sbout 20 keV. The
MPC iz a proportionazl counter similar in sensitivity and overall characteristics
to UHURU. - The sensitivity is sncl_z1 that sounrces with an equivalent flux of
grater than about 0.3 UFU (UHURU cts s ) can be detected in a single orbit of
data, A complete description of the instrument is given in Gaillardetz et.al.
(1978) ,IEEE Trans. oa Nuc. Sci., HNS-25,437; further descriptions are in
Giaceconi et &l 1979 Ap.J., V230, pp.540-, Grindlay et al 1980 Ap.J. 240, L121,
end Balpern 19282 (thesis).

Dats recorded by the MPC are of 2 types: PHA deta (Pulse Height Analysis
data) awnd TIP data (Tiwme Interval Processor data). The PHA data are the total
counts recorded in esck of the 8 spectral channels in weach 2.56 sec,
integration. These are the dats wused for spectral analysis and an absolute
measure of sonwrce flux. The oprimary PHA data analysis programs are the
MPCSPEC(REV0O) and HMHPCVARY(REVO} programs, which analyze the data for spectral
fits (after first calcunlating the background) and for veriability on 2.56 sec
(and longer) timescales. The TIP dats are analyzed with a series of TIPANAL
programs (TIPANAL, TIPANAL2Z, etfc.) and provide the capability to search for and
quantify source wvariability om timescales down to 10 microsec. However
background subtraction &nd PHA analysis are not possible for the TIP data
(arrival times are indistinguishable between source counts and background
events) so that variability on timescales below 2.56 sec is 1limited to the
entire energy range of the MPC.

The data from the MPC are being reprocessed so that final angiysis may be
done, The reprocessing software was writtem (from modifications to the
original (rev0) MPC processing system) by J. Halpern, and reprocessing started
in JULY 1983. The reprocessing should be complete by December 1984,

The reprocessing is necessary to make full use of the MPC data for several
reasons:

1) The backgrownd count zrate in the detector decreased
monotonicallx1 throughout EH” Einstein mission (from
~18.5 cts 8 to ~15 cts s in the 1.1-20 keV band)
probably due to the decay of the €4 S0109 calibration
source (with 453 day  half-life) whick "leaksed” iato
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the detector. - The REVO data processing, which was
not in strict time order, average over much of this
effect (especially for the first ~6 months of data).

2) The wvagisunce in the predicted background rate (see
SEGLiOn 6.3) was not calculated sc that
uncertainties in source fiuxes - particularly in

the two highest emergy channels (PHA channels 7
and 8 ) — were underestimated for wveak sources.

3) The REVQ on—-line processing of the MPC data did not
make use of the fimal instrument calibration.

4} The REVD processing system was designed to analyse only
single "HUTS" (orbits) and merging of data from
many HUTS (for a given source) could only be done
with cumbersome processing of many tapes.

In addition. the reprocessing will allow the entire MPC data base (speétral
dota only , but with the limiting 2.56 sec time resolution) to be resident on a
gingle 200 Mbyte disk. This disk will be avasilable once reprocessing is
complete.

6.1 INSTRUMENT

The Einstein MPC is & sealed, Argon—filled detector which is sensitive to
x-reys. in the ramge 1.2 to 20 keV. The aluminum counter body comtains two
separate gas volumes, each having two anodes. The entrance windows ire 38
micron (1.5 mil) beryllium foil having an vmobstructed ares of 720 cm”, The
collimator tubes have a square cross section, thus providing a triangular
response in two perpendicular directions on the sky. Optical testing showed
that the collimator response is adequately described by » triangle of 43 arc
pinutes FWHM with a flattened top approximately 6 arc minutes wide. The
collimaior transmigssion is approximately 93 on axis, yielding a net open arez of
667 cm~, The MPC is mounted on the outside of the Einstein Observatory and is
aligned to within one arc minute of the optical (4x) axis. Ia additiom, the
square collimator tubes are parallel to the y and z-axes defined by the imaging
detectors in the telescope focal planme,

The TIP (Time Interval Processor) records the time imterval betweem photon
arrivals, or, if the time interval is greater thanm 1 millisec., it records the
photon errivel time, There iz no energy resolution in the TIP data; photon
arrival times are recorded for any valid event in the entire ramge of the 8
channel PHA. Becanse of memory and telemetry comstralnte on the spacecraft, the
TIP can only record arriyal times for (mearly) all valid everts for count rates
up to about 30 counts s . At higher count rates the instrument becomes
increasingly degg—time limited since the TIP memory outputs date at a fixed rate
of 100 counts § . The net effect is that for a very bright source such as the
Crab (1400 < 8 ) only about 0.2 sec, of data is recorded for every 2.56 sec.
read—-out ecycle,
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Pulse Height Analysis (PHA) covers the range 1.2 to 20 keV in eight
approximately logarithmic energy iuntervals. The PHA electronics are preceded by
coincidence and PSD (Pulse Shape Discriminator) electronics. Coincidence events
are due mainly to cosmic reys and other charged particles im the earth’s
magnetosphere which traverse the gas volume. This is by far the major source of
background in the MPC. The PSD circuit serves to further reduce the background
counts due to charged particles. In flight background observations show that
the background rejection efficiemcy is 95 i.e., the ratio of residuzl PHA counts
to processed events is about 0.05. By determining the correlation - between the
coincidence rate and this residual PHA rate the background car be predicted and
subtracted from source observationms.

An in-flight calibratiom on the Crab nebula has been performed., The summed
count rate from channels 3-5 was sapproximately 904 cts/sec. Since these
channels correspond closely to the 2-6 keV Uhuro band, and since the Crab Uhyru
flux is_947 UFU (Forman etal 1978) , we derive the approximate conversion that 1
MPC ¢ s in channels 3-5 equals 1.05 UFU.

6.2 Normal MPC Production (ON-LINE) Processing

The REV1 reprocessing is being conducted on the M/600 "development”
computer during the midnight to 8 AM shift on the weckdays and ag much of the
time on weekends as possible. About 4 to 5 production tapes are processed per
night. There are 3-4 tapes per day of the mission, so at the currvent rate we
should complete the processing by December 1984,

Because of the time—dependent background in the MPC, the data are being
reprocessed in striet time order., For each HUT of dats on the original
production data tapes, the MPC dats are loaded onto disk, pre-processed into a
cleaned data file (i.e., errors, earth block, SAA, etc. removed) and analyzed
for source detection with the MPC spectral analysis progrem MPCSPEC.

Thg sacro "MPC.LOAD.CLI" is responsible for loading on the MPC data. This
macro also checks the MPC.DATA.BASE to be sure the huts ere processed in strict
time order, and reads part of the aspect solution (generating the .QRA file) off
the tape. A partial aspect solution is needed in orxder to confirm the satellite
pointing direction. When the data is loaded, the macro "DO,AMS.CLI” takes over
and runs the apalysis programs. The majority of the analysis is done by the
macre "DO.MPC.CLI"., For & detailed explanation of how the processing system is
run, see Bruce Walton for =a copy of the MPC processing writeup (BIG.WU).
Structure charts of these macros are also available from Bruce.

The background is predicted for each 2.56 sec block of spectral data from
the value of the anti--coincidence rate in that block and a correlation table (of
PHA rate vs. snti-coincidence rate) derived from pure background observations
witkin (typically) the preceding (2 weeks of the mission. If & source is mot
detected (at 3 sigma) within the HUT, and the seguenice numbexr is not one flagged
as having a source probably detectable by the MPC (i.e., brighter than (0.1-0.3
UFU}, then the data for that HUT are added into the cunrrent background
correlation table being saccomulated (called MAPCOR.BIN.#). This table (og
binned coincidence rate vs. PHA rates) is accumnlated unntil it contains 10
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blocks (2.56 sec each) of data, whereupon it is swoothed and written as the next
table to be used for continued processing. For each HUT processed, a compressed
date file (MPC[HUT#].DAT) is written out to disk which contains the total counts
detected in each 2,56 sec block in each of the 8 PHA channels., In addition a2 32
word summary block for the HUT ( ———,BLK file) which contains standard header
information (sequence number, HUT number, pointing direction, start time, and
duration, etc.,) a3 well as derived information (source detectiom, net count
rates in 3 selected energy bands) is appended to a disk-resident f£file called
MPC.DATA.BASE, If the HUT contained night-time earth— blocked data, these data
alone sre also writtem out (in nearly the same forwm &3 the primary, total, data
file --——,DAT) in a file called MPC[HUT#]1.BAC. Finally, if the HUT contained a
calibration ( 5 min duration, typically every 2 days), these data alome are also
written out in & MPC[HUT#].CAL file. The ———.BAC and ~——.CAL files are short
and relatively infrequent but will be useful for analysis of the diffuse x-ray
background and overall instrument stability, respectively (the detector gzin has
already been determined to have been extremely stable throughout the mission).

The raw data files (.DAT and .BAC) are stored imn a directory whose name
consists of the first three digits of the hut . Thus there will be ~188
directories with names 000 through 188, The macro MPC.DATA is responsible for
copying the data files to these directories, and requesting a tape domp whenever
the truncated Hut (first three digits) changes. the MPC processed data
thevefore will consist of ~i88 files on the MPC tapes, each containing on the
crder of 200 huts, It is planmed that these tapes will eventually be copied to
a single 200 Mbyte disk pack.

Two hard copy outputs (a printout and a microfiche copy) are produced in
the reprocessing for each HUT. A printout of the processing log and MPCSPEC
output is filed (in HUT order) im the data room, The same output is also copied
for permanent (and compact) storage on microfiche. The printout copies are for
the daily checking of the processing for errors and are discaxded when the
microfiche copy is received. Also, a printout and plot of each MAPCOR.BIN file
is made when a new backgronnd map is started.

If there is & source detected at greater than 3 sigma, then the MPCSPEC
output shows the results of spectral fits to a fixed grid of template spectra as
well as the summed counts (and predicted background) in each of the 8 PEA
channels, The MPCSPEC program forms the heart of the ON-LINE data anslysis
system, It predicts the total background from the most curremt correlation (the
MAPCOR.BIN.# file) Wbetween the coincidence rates and count rate values in each
of the 8§ pulse height channels. Note that the correlation table wused here is
not contemporaneons, eand that the default tablie uwsed by UNPACE (see 6.3.2) is
contemporaveous, The backgronnd is thus predicted independently for eack 2.56
sec block of PHA data. The totzl swm of predictied background in each block for
the total major frame (16 blocks) is then compared with background limits (from
MPCSPEC.PF) to decide whether data is acceptable for spectral (and subsequent
tempoxal) analysis,

Power law (type 1), bremsstrahlung (type 3), and black body (type 4)
spectra are fitted to the data. The observed disiribution of counts in the 8
PHA channels are compared with tables of pre—calculated model spectra of the 3
typee. These model spectvs have been folded through the known instrumental
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response of the MPC and are properly mnormelized so that relative flux
calibration is preserved. The best-fit parameters for each spectral model zre
chosen by first finding the model yielding the minimum chi-square differencs
form the data and then interpolating between adjacent points in the grid of
models to find the best fit valuves of the spectral parameters. The chi— squares
incinde statistical uncertszinties and systematic errors im the instrument
celibration, The error in predicting the backgrouvnd rate from the MAPODR.RIN,
table is NOT included here - but is included in the OFF-LINE program MSPEC.
This erzor is typically small enmough to ignore except in the two  highest PHA
ckannels for weak sources,

6.3 OFF line system — user oriented

6.3.1 Overview of PHA OFF-LINE system

6.3.2 Funning Specific PHA programs

6.3.3 Overview of TIP OFF-LINE system

6.3.4 Running Specific TIP programs

6.3.5 Examples of PHA and TIP analysis output
6,3.1 Overview of OFF-LINE system

The OFF-LINE datas analysis system is weant to be a flexible, interactive
system for genmeral use, These are the programs most users will mse to determime
source spectra and variability.

The software for the OFF-LINE analysis of the REVI MFC data is ourrenmtly
being developed. Most of these programs will be modifications of the REV(
programs, end will appear very similar, The main difference from the REVOD
programs will Tbe in the background calculations. In addition, there will be a
set of programs to sccess the MPC.DATA.BASE and test for source existence,
measure variability, aand perhaps estimate crude spectrs,

The ———.DAT files, together with the summary MPC.DATA.BASE file, constitute
the reprocessed MPC data base and should fit on & single 200 Mbyte disk pack.
Since this disk will not be made until efter December 1984, usersz must currently
load --—.DAT {files from tape. Each tape file cortains HUTz in & 10,000 HUT
interval, It ie the ——— ,DAT files which will be accessed and unpacked for data
from & given source (or region) and for specified time intervals. Background
and its statistical uncertainty for each PHA channel is derived from the
correlation table closest in time to the observation (approximately 40 of these
tables will be derived for the entire mission)., The program which umpacks the
data and predictz the background is UNPACE. The selected data and predicted
background is then read by MSPEC which does the spectral fitting. Routines
which will be developed by Jupe 1984 include PSDPLOT, which will plot the
selected background subtracted dafs in various emergy channels and MVARY which
will search for source variability. The program MPLOT is also heing deveioped

,_6,_
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end it will allow the raw count rates to be plotted im 2.56 sec intervals,
Detailed explanations of thess programs follow. The numbers inm brackets [#]
must be typed at the comsole; mnumbers in curly brackets {[#]] are optiomeal.

§.3.2 Running specific PHA analysis programs

siss NBASE eses

This progream allows one to extract the MPC.DATA.BASE record for a given hut
from the dats base. If a RUT has not been rxeprocessed there will be no recozd
of it in the data base. Since the total counts end predicted background are
ipcluded in the data base, this program can be used as a fast check for source
existance. An ezxample of the output follows,

Input files needed: MPC.DATA, BASE
Output files: MPC[hut#].LIS
Parameter files needed: MBASE.PF

skssstseses*To run MBASE type
MBASE [hut#]

where
[hut#] is the 7 digit hut aumber

and then type or print the 1listing file generated, see the example below
(MPC268125.L18): Hut #268125. of Seq #1518

RA, Dec, Roll = 262.24 -24.71 -93.22

Start Yeer, Day, Sec = 1979 78 80874.469

Stop Day. Sec = T8 83454,949

Start major, minor frames = 268126. O.

Number of major frames = 64

Souzce expected im FOV, Production rum with BEGND/N
For contemporaneous background dats, use MAPCOR.BIN. 6
kill fleg was -1

Time (sec) = 2170.88 Bkgnd/sec = 16.6

Chans. 1-2 3-5 6—-8
Total counts 9190, 801.05. 63173.
Bignd counts 3321. 11549. 21231.
Counts/sec 2.703 31.580 19.320



P6.3.2/2
*Es% JNPACE Sehes

The UNPACK program reads the ——.DAT files and the most current
MAPCOR.BIN.# in order to determine the total number of source and background
counts for a givem hut. It writes these numbers (as woell as the veriance in the
predicted background) into the MPCIHUT#] .PF file which is uged by MSPEC to do
the spectral fits, The ———.PSD file which UNPACE creates containg the time
ordered counts and background and is analogons te the REVO ——_ SPp file, UNPACK
elso makes the MPC[hut#].HDR file which contains only those numbers which are
needed by EDBH to create the MPC[hut#].ASP file (similar to the REV)
ASP[hut#] .MAG) .

Inpuet fiies: MPC[hat#] .DAT, MPC.DATA.BASE, MAPCOR.BIN.#
Output files: HPCl[hut#) .PF, MPC[hut#] .PSD, MPC[hut#] .HDR,
UNPACE.LIS
Parameter file: UNPACK,PF
$ %% %% 3 To Ron UNPACE type:
TY UNPACE.BELP to get a short summary, and then type
UNPACE  [hut#] [eclimit] {(BMIF*EMIF} {ILIST}
were

[(kut#1: is the 7 digit hut#

[elimit]: is the upper coincidence rate
acceptance limit inm cts/2.56 sec

{BMJF*EMJF] are optionmal beginning and ending major frame limits,

{ILIST] controls the length of the listing produced when the global /L switch is

used,

P = suppress major frame summations
1 = suppress listing of each readout
2 = suppress nothing

By default UNPACK uses the MAPCOR.BIN.# which is contemporaneons with the
hut being processed. This can be overridden by setting the parameter NVERS (see
UNPACE.PF}. Frsmes with the background coincidence limit below the range of the
MAPCOR.BIN.# are by default excluded, this too cem be overridden by the unser
(see UNPACK.PF)

* ¢ * Global switches :

/L = will causze UNPACE to produce 8 very verbose listing file (UNPACK.LIS) which
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contains the PHA, predicted BEGD, and ERRORS for each 2.56 sec bloeck of the
data, in each of the 8 PHA chenuels. Listing 6.3.2/1 is & very short example of
this Iisting file,

ssseee MMERG ***ssis

This program will sum together the counts, background and variances frzom
several huts observations. You must first soun UNPACEK to generate the
MPC{hut#] .PF files, then MMERG will add them together and write out another
MPC——-.PF file which you will umse as input to MSPEC.

PE ST [

To use MMERG in order to fit spectra over several huts worth
of data:

Input files: MPC[hut#].PF for all huts you which to merge

Output file: MPC[seq#].PF - Merged data
Parsmeter file: MMERG.PF

TN EEE To run MMERG type

TY MMERG.HELP for a2 short summary, thea type

MMFRG [seq#] [nhuts] [huti®*hut2%hut3]....)

where
[seq#f]: is the number of the output .PF file
[nhutsl: is the number of inpnt .PR files

[huti*hut2®.,.]: are the hut numbers ic merge

soseus SPECTBL] *exsss

This is the program to produce revised spectrum tables for MSPEC from the
detector response tables (RESTBLS)., There are three differences between the
output spectrum tables of SPECITBL1 and the old program SPECIBL.

-9 -
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476467,
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Number of major frames = -
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1. four separate files axe ecreated for the four spectral types
{(See the file formats sectionm for the SPECTBL#.DAT format)

2. each files has g header containing parameter limite of the
grid

3. steps in Nh and Et are logarithmic, steps in alpha are lineanr,
(catoff energy has been eliminated)

Tables are calculated for Power Law(1), exponential(2), Thermal
Bremestrahlung(3), and Blackbody(4).

Input files: RESTBLS.DAT

Cutput files: SPECTBL(1,2,3.4).DAT and LIS if desired
Parameter files: SPECTBL1.PF

sksdsdsdbtsnssdssTy run SPECTBL1L, first type

TY SPECTBL1 .HELP

for brief instructions and then type

SPECTBL1 [IHI*ILO] [HINH*LOWNH*NUMHN] [LOWT*HIGHT*NUMT]
where:

[YHI*I10]: is the ramgc of tables to produoce

[EIEN*LOWNH*NUMNH] : are the bhigh, low, snd number of Nh velues to
use, Nh must be less than or equal to 16

[LOWT*HIGHT*NUMT]: ave the low, high and number of temperatures or
{or alphas) to use, NUMT must be less than or equal to 50,

note that this program can take from 5 minutes to >1 hour to
run,

*8ss MSPEC *4ssé

This dis a new version of the MPC spectrum progrem which is to be
used OFF-LINE only. The major differemces from MPCSPEC (REV0)
are as follows:

1. Counts, background, eand errors are entered through =
) parameter file.

2, Sepsrate precalculated spectrum tables for each model are

used. Each table contains intermsl valuwes which comtrol the

- 10 -
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parameters of the Chi square grid. See also new program
SPECITBL1 for compatibility changes.
3. Cutoff energy has been eliminated in favor of actual column

density.
4. More complete and accurate ISM cross sections have been
implemented. _ '
5. Logarithmic intervels in Nh and KT, linear intervals in Alpha
are used.

6. An option exists to run am iterative grid search for the
parameters of the sbsolute minimum Chi square fit. It should
be noted that this option is very slow and can be responsible
for ~98% of the CPU time if executed.

7. Cosmetic changes to primtout,

8. The variance in the predicted background rate is mow included.

Power law, exponential, thermal brems. or black body spectra are fitted to
data, The range of data to be fit (major frame limits) and/or spectral
parameters (renge of spectral index and/or low energy cutoff) sre not controiled
by MSPEC. To change these UNPACK and SPECTBL1 must be used. Fluoxes in absolute
units (from crab calib.) axe given,

Spectral analysis of merged MPC data may also be conducted by first xrunning
the MMERG (not yet available) program (see¢ separate description) and then MSPEC
with the appropriate switches (see below).

To wuse the MSPEC program to anslyze spectral data for a given
HUT:

Inpet files: MSPECTBL1, MSPECIBL2, MSPECYBL3, MSPECTBL4,
RESTEBLS, MPCIHUT#].PR
Output files:  MSPEC[HUT#].LS MSPEC[PUT#].FAD
The 1listing file (.LS) gives results of MSPEC processing.
See listing 6.3.2/2 for an example of this listing.
Parumeter files used: MPCSPEC.PF

* % * 2 To execute the MSPEC macxo, type command line:
TY MSPEC.HELP

vhich types out (on the screen) abbreviated instructions eand
then type:

MSPEC [HUT#]~ {NLOSNHI] ([MODE}
where:
[HGT#1 is the T-digit major frame or sequence

‘identification of the data set

{NLO*NHI} sre the first through last PHA channels to be fit

- {1 =
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{MORE} if equal tov 1, a grid search (itewm #6 above) is run

sk es NOPECPLOT ®S#tsses

This program will be emalogous to the REVQ) program SPECPLOT but is not yet
availabie. It will produce spectral plots of MPC data as amnalyzed by the MSPEC
program. The best fit spectrum for each of the 4 spectral modgls fit {see MSPEC
writeup) cai be piot;ed as either an emergy spectrum (keV/em s keV 11 photon
spectrum (photons/cm s keV ), or CGS energy spectrum (ergs/cm s ). The
best—fit model points are plotted as well as the observed flux, and 1 sigma
errors (statistical only), at each of the 8 PHA channel enmergies. See figure
6.3.2/1 for en example of SPECPLOT output.

T T S R N R S o S et s s S s I w

To use MSPECPLOT to plot MPC date for given [HUT]:
Input files needed: MPCIHUT] .FAD—— produced by MSPEC program
Output files produced: SPEC[HUT].PLT
Parameter file used: SPECPLOT . PF
% & 8% & To execute the SPECPLOT macro, type command lime:

TY SPECPLOY.HELP

which types out {on the screemn) abbreviated instructions and then
type:

SPECPLOT [HUT] [SRCNAM] [SPECTYPE] [MODEL] [OFFSET]
where:

FRUY] is the 7-digit wajor frame identification number
of the date set

[SRCNAM] is the desired uname of the source to sppear onm plot

[SPECTYPE] = 0 for energy spectrum vs. = 1 for photon spectrum plot
= 2 for (68 enmecrgy spectrum

[MODEL] is the spectral model number (1-4) to plot (see
MSPEC writoup)

[OFFSET] ig the offset in degrees between the source position
and the center of the MPC field of view; used to correct flux

Default arguments zre such ihat if you type simply

= 12 =
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P6.3.2/7

SPECPLOT [HUT] [SRCNAWM]

you will get an emevgy spectrunie plot for wodel 1 (power law fit)
end the source is sssumed to be on—axis (OFFSET = 0.0).

shEsd NVARY #*nis

The MVARY program (mot yet available) will be analogous to the
MPCVARY (REV(0) program, It will analyze the spectral data (PHA data) from the
MPC, (which is binned in 2.56 se¢c integration time bins for each of the 8
spectral channels), for the presence of time varisbility. Analysis for both
overell variasbility in the form of a departure from the fluctuations expected
for Poisson vazriations of an otherwise constant source and for individual bursts
is conducted. A search for periodic variations is performed by folding (imnto 10
bins) the total data segment into all statistically independent periods and
doing a Chi-square test of the resulting light curves against a straight 1line.
A significant period will stand out as a large Chi-square value; the largest
such value is printed out at the end of the Chi- square vs. Period 1list, aad
the light curve of this most significant pexiod is given in the form of a
printer plot.

To use the MVARY program to conduct time variability analysis of
a given HUT of MPC spectral daia:

Input files needed: MPC[HUT].PSD
This is produced by the UNPACK program

MPC[HUT] .FAD
This is also produced (in part) by MSPEC
The first record {called "SPECRES” for spectral
program results) of ths second block of this file
is msed by MPCVARY.

Cutpnt files produced: KBPCIWUE]. ¥AD
An additional record (called "VARYRES” for MPCVARY
program results) is writtem into the second
block of this file (immediately following the
SPECRES record)
MVARY.LIS - see listing 6.3.2/3
Parumeter file used: HSPEC. PF

* ¢ * & To execute MVARY, tyjpa the commnnd line:

TY MVARY.HELP which will typeount (on screen) abbreviated

- 13 -
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P6.3.2/7b

instructions and then type:

MVARY [BUT] [MODE) [START*STOP MAY. FM.] [THRESH]
{IBACEK] [PLO*PHI] [NBINS] [PSEL]

where:
[RUT] is the 7—digit major frame identification number of the data set

end the following arguments are * * * OPTIONAL * ¢ %
[MODE] = 0 for analysis of all low-bkgd. data passed by UNPACK
=1 for analysis of data between major frame limits

[START*STOP MAY. FM.] are the major frame limits to analyze if
MODE = 1

[THRESH] is the mo, of sigma threshold for identifying & burst

[XBACE] = 0 for no background subtraction (normel case)
= 1 for background subtraction im each of the PHA channels used

[PLO*PHI] are the low,high PHA channel nos. to consider
(default values are 1,8). Enter as integers, c.g. 2%8

[NBINS] are the number (<{100) of bins used in the folding
analysis for pulsations (defaunlt valmwe is 10),
[PSEL] = @ for = period search omly
= 1 for a period search _then option to fold
at as many selected periods as desired. Periods
are asked for while running; exit with -1.

Defaunlt arguments are such that if you type simply
HVARY [HUT]

yom will get the time variability analysis of all the 8§ PHA channels (summed)
without background suvbtraction. Bursts will be identified if the count rate in
any single 2.56 sec block exceeds 5 sigme above the mean for the entire HUT.
Folding will h: domne in 10-bin light curves,

ssé2¢s NPLOT *s%ses

This pirograw is analogous to the REV0 program MPCPLT, It produces the
count rate plots of MPC data which are usually found at the back of the REVD
printout for a given data set. This plot shows the total count rate {cts/2.56
sec) for the sum of the 8 PHA channels (top plot), followed by 4 plots of
different measures of the MPC background (fig 5.3.2/2). The "Coincidence”’ plot
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P6.3.2/8

shows the background rats which is normally used by the UNPACE program to
predict the background in each of the 8 spectral channels, which is then
subtrected from the total rate actually observed before fits to the spectral
shape a2re done,

The MPLOT program may also be wsed to give plots of the X— ray data alonme
in either groups of 2 PHA channels (channels 1+2, 344, 5+6, and 7+8) or in the 8
channels individually (fig 6.3.2/3). These options thus emable spectral "light
curves” to be plotted for a given HUT, Note that these plots are still only
total counts (actually detected) and are not background subtracted. The time
base (2,56 sec/bin) is wlso fixed for these plots. A separate plot program
{PSDPLY~—see writeup) musy, be wunsed for pgeneralized "light curve”
{background-subtracted) plets.

To unse MPLOT to plot MPC data for given [HUT]:

Input files needed: MPC[HUT] . PPR
MPC[HUT] .HDR

Output files produced: MPC[HUT].FLT

Parameter file used: MPLOT . PF

® 2 2 & FTo execute the MPLOT macro, type command line:

TY BMPLOT.HELP which types out (on the screem) abbreviated
instructions and then type:

MPLOT [HUT] [PLOT.MODE] [CONTROL.MODE] [START*STOF MAJ. FM.]

where:
[HUT] is the 7-digit major frame identification number
of the data set

[FLOT . BODE ] for total PHA and 4 bkgnd. plots {(nmormal plot)
for PiA sums by pairs
for PHA channels 1-5 (only)

for PHA channels 6-8 and bkgnd. rstes PSDI,

PSDT

LI I |
o W O =

{CONTROL . MODE] for all data in HOT

for data between specific major frame limits

= O

[START*STOP MAY. FM.] are the stert and stop major frames to plot,
Note that this 4th argument is only nceded if
Control .Mode=1. Enter this azrgument as 2 double
precision numbers separated by a *——e.g.1234567.D0%
1234569.D0

Default arguments ave such that if yon type simply

MPLOT [HUT]
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you will get the normal productiom ploct (PHA sum and & bhkgnd.
rates) for the entire HUT.

sseeses PUDPLOT *estses

This program is analogous to the REV0O SPDPLT program. It produces count
rate plots of MPC data which are background-subtracted (fig 6.3.2/4). That is,
these plots represent the 'light curve’ of the X-ray flux detected by the MPC,
Background is derived in the UNPACK program (see writeup) by analysis of the
correlation between the anticoincidence rate and rates detected in each of the §
PHA chansels. Thus the PSDPLOT program can only be run after the UNPACK program
has been run, The UNPACK program also produces the MPC[HUT].PSD (for Phs Save
Data) file which is the file actually plotted by PSDPLOT.

The PSPPLOT program may also be used to give plots of the X— ray fluvx in
all 8 spectral channels summed, or in any contiguous grouping of the spectral
channels (e.g. PHA channels 3-5, which are approximately 2-6 EeV and count at
nearly the same rate as UHURU). Other options include: choice of major frame
limits, plots of up to 5 HOTS on the same segquential plot, ochecice of mno. of
bins (of 2.56 sec integrations) to sum for each bin plotted, and choice of botk
horizontal (length) scale and vertical count rate (mex.) scale. A plot of the
difference between the background and the average background for all the dats
accepted is also given, This is useful for comparison with variations in
apparent flux, particularly for weak sources.

Te use PSDPLOT to piot MPC data for given [HUT]:

Input files meeded: MPCIHUT].PSD——both these files are needed for
MPC[HUT] .HDR each HUT to be plotted

Qutput files produced: PSD{HUT].PLT

Parameter file used: PSDPLT.PF

* & & & Tp execute the PSDPLOT macro, type comsand line:

TY PSDPLOT.HELP which types out (on the screen) =szbbrevizted
instructions and then type:

PSOPLOT [HUT] [NHUTS] [RBINS] {[HUT2) ., . . [HUT5}}

wheve:
[HUT? is the 7-digit major frame identification number
of the (first) data set to be plotted.
[NRUTS] iz the number of HUTS to plot (sequentially)
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[NBINS] is the no, of 1.5 sec PHA integrations to sum
per plotted bin

{{AUT2]. . .[BUT5]} are the 7-digit wajcor frame numbers for the
2nd through 5th data sets, if these are to
be plotted. NOTE the axguments HUT2-—HUTS
may simply ¢ omitted if they are not to be
plotted.

To run the PSDPLOT program and be able to vary all the optioms, type

PSDPLOT/M [BUT] [NHUTS] [NBINS] [PLOHI] [XLEN] [YMAX] [MODE] and
[START*STOP MAY, FM.] {[HUT2] . . .[HUT3])}

where the additional arguments are:

[MODE] 0 for all data and auto—scaling on cts/sec axis

1 for data (IN SINGLE HUT) between maj. fm. limits

HI |

[PLOHI] dis the ramga oi PHA channels used (e.g. 1+8)

[XLEN] is the plot length ( X—axis ) in inches

[YMAX] is the max. count rate plotted (mwsed for MODE = 1 only)

[START*STOP MAY, FM.] are the start and stop major frames to plot.
Note that this 4th srgoment is only needed if
Control .Mode=1l. Enter this argument as 2 double

precision numbers separated by a *-—e.g.1234567.D0®
1234569D0.

Default arguments are such that if you type simply
PSDPLOT [HUT] INHUTS] [NBINS] [[HDUT2] . . . [HUT5]}

you will get the light curve plotted for all dats accepted in the HUT (or {list
of up to 5 HUTS}) given with 4 PHA integrations/plot bin (e.g. 10.24 sec/plot
bin) and a vertical count rate scale chosen to have a maximum of approximately 4
times the valuwe of the maximum rate encountered in the data accepted, The
length of the plot will be 20 inches.

6.3.3 Overview of the TIP analysis programs

The original (REV0) TIP processing system remains unchanged and therz are
currently mno plans to revise it, Because the REV1 and REV0 systems generate
different files with different formats it is necessary to run the REV0 system to
do the TIP analysis. This requires gotting the raw data (——-.PRD files ) off

- 17 -
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the prodection tapes. Scientists should fill out a data request form specifying
MPC ONLY and one of the data aides will load the required files. Then run the
macro MPCPROC (described below) with the global /TIP switch to process the data
with the REV0O system and run the TIP pre-processors and barycenter correction
programs. The TIP analysis programs (TIPANAL,1,2,3,4 and 5) can then be run as
described below,

6.3.4 Running specific TIP programs
The MPCPROC macro

MPCPROC.CLI is the macro used for all MPC special processing requests, It
should be requested with a special processing form by circling "MPC Only”. The
following includes the help file MPCPROC.HELP, as well as a flowchart (fig.
6.3.4/1) showing the various programs and files generated. The default pathways
are indicated by solid lines. Dotted lines are options which are called with
global switches. Some hints which are not apparent from the flowchart are:

1) The MPCSPEC program also requires ASP[HUT#].MAG as input. Therefore,
the /NA switch ig rarely useful. An exception would be if MPCPPR were rum twice
for some reason, Then, /NA could be used to save time the second time.

2) MPCPLT takes a long time to generate the quicklook plot, These axe
generally available in the old printouts in the data room. Therefore, the /NPLT
switch can be used to save a considerable fractiom of the processing time,

All special processing requests will be run in the default mode

MPCPROC Instrument hut

uniess global switches are specified. Foxr the TIP processing, it ic necessary
to specify

MPCPROC/TIP Instrument hut

Output files will be placed on tape, with one hut per tape file. If you also
want primtouts, you shounid reguest

KPRINT hut
to be xun on eech hut, These msacros are accessed via:

USEA REAOR:MPC
ss¢% MPCPROC.HELP ##soss
Purpose: This is the main MPC special processing macro in :UDD:HEAOB:MPC

Execution :

..18_
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P6.3.4/2
MPCPROC instrument het

instrument: IPC, HRI, SSS, or FPCS
hut : 7 digit hut number

Required input:
MPA[hut ]1.PRD or MPB[hut ].PRD

global switches:
/NA — does not generate PGC and ASP files
/NPLT -~ does not run MPCPLT (quicklook plot) program
/NS - does not rerun MPCSPEC (spectrum) program
/PPR - in equivalent to /NPLT/NS
/TIP - runs TIP pre-processor and Barycemtric correction
programs

Output files:

MPRINT hut
ssses% TCORR program ##esses

This is the TIP analysis program for generating the barycemtric correction
to photon arrival times, The barycentric corrections are generated for the time
corresponding to the staxt of esch major frame of the data set, The output
file, TIM[HUT]).COR, contgins a short identifying header and then the list of
major freme no,, barycentric¢ correction (sec.). Botk are double precision
numbers, and the correction times are in the semse that they should be ADDED to
the raw photon times for the frue photonm times as they wonld be mezsured at the
solar system barycenter. The calculation for the position of the solar system
barycenter includes the effects of Jupiter and Saturn as well as the sun, The
TCORR program is designed to be rum for each data set before beginnimg TIP
analysis for that data set. However it is generally NOT necessary to apply
barycentric corrections before doing TIP analysis unless one is searching for
very fast periodicities (<0.5 sec, say) or is comparing photon grrival times
over & long time intervsl.

To use the TCORR program for a given HUT:

Input files: MPCL[HVY] .HDR —~'header’ for MPC dats
MPC[HUT] .PPR -———primary MPC data file

Outpot files: TIM[NVF] . COR -——-—--barycentric corrections
for each maj. fm.

._19_
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Parameter files: -HEAOB. PF
MPCSPEC, PF
¢ <« ¢ % To executz the TCORR program, ivpe the command lime
TCORR [HUT]
where:

[HUT] is the 7-digit major frame identification number
of the data set

The cuiput file, TIM[HUT].COR, containing the barycentric corrections for each
major frame can be examined with the program TIMCORRD. To do this, type

TIMCORRD [HUT]

axud the output file TCOR[HUT].V.S will be primted out contaiming the ocbservation
title, pointing direction and list of major frame number, barycentric correction
times for each frame in the HIT,

sdss&d TTPOOR Progrnm SREFER

~

This is the TIP anslyeiv program for applying the barycentric correction to
photon arrival times, The basycentric c¢oxrections must have first been
calculated by running the TCORR program (see writeup). It is generally not
necessary to apply barycentric corrections before doing TIP analysis unless one
is searching for very fast periodicities (0.5 sec, say) or is comparing photon
arrivael times over a long time interval,

To use the TIPCOR program for a given EUT:

Input fiies: MPCIHUT) .TIPSUB ———'headex’ for TIP data
MrC[{HUTi . TIMES ———photon arrival times
TIMLHUTY .COR ————— barycentric coxrectioms

from TCORR

Output files: MPC[HUT] .TIPSUB. (OR —--corrected hesder file
MPC[HUT] .TIMES.(OR -~——corrected photon times
TIPCOR{HUT] .LS8 ——————— optionzl output listing

file
Parameter file: TIPCOR. PF

—10_
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* * % % To executs the TIPCOR program, iype the command line

TY TIPCOR.HELP which types out (on the screen)
abbrevisted instructions and then type

TIPCOR [HUT] [TIMES] [TIPSUB] [CTIMES] [CTIPSUB]

[BUT] e is the 7-digit major frame identification number of
the data set

[TIMES] is the name of the 'TIMES' file used

[TIPSUB] is the name of the 'TIPSUB' file

[CTIMES] is the neme of the corrected 'TIMES' file

[CTIPSUB] is the mame of the corrected 'TIPSUB’ file

Default arguments are such that if you type simply
TIPOOR [HUT]

the input files uxe assumed to be namwed MPCIHUL] .TIPSUB and MPC[HUT].TIMES and
the corrected output files will be named MPCIHUT] .TIPSUB.(OR and
MPCIHUT] .TIMES . COR.

e TTPANAL Program L2 211 13

This is the primary analysis program for the TIP (Time Interval Processor)
data fxom the MPC. It calculates the general varisbility characteristics of the
X-ray source observed over all time-scales possible for the givem data set. The
variance of the source count rate is calculated for individual segments of the
data, where the segment length is calculated as successive povers of two times g
minimom segment length which is chosen to contain a minimum number of counts, A
table of the number of sigma difference between these observed variances (of the
source 1iate) and those expected for purely Peisson fluctuations of anm otherwise
constant source is printed out (listing 6.3.4/1).

The TIPANAL program is the most general way to examine the overall
variability of a given segment of TIP data. Other TIP analysis programs are
generally run afterwards and include:

TIPANAL2, which celculates the time—interval distribntion of the data and can
further compare this with an interval distivibution created for simulated data
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with the same average rate but only Poisson fluctuations.

TIPANAL3, which allows the dais to be folded in a periodicity analysis at a
given period in up to 100 phase bins and referenced to any absolute phase.

TIPANAL4, which allows a search for periodicity by folding the data over N
independent periods starting at a given period (and progressing towards shorter
periods). N cam be arbitrarily large (within limits of machine time 1), and the
number of phase bins nsed in folding can be up to 16.

TIPANALS, which calculates moments of the photon arrival time rate and gives the
autocorrelation of the arrival times.

To use the TIPANAL progiam to imitiate varisbility studies for =
given HUT:

Input files: MPC[HUT].TIP — - ~ -primary TIP file from TIPPR
MPCIRUT] .RDR - - - -header file from MPCPPR, MPCSPEC, etc.

Output files: MPC[HUT].TIMES - — -contains individual photon times
MPC[HUT] .TIPSUB - - contains header info. to read
the 'TIMES' file, which is broken
up into continuons segments,

MPC{HUT].STD - — - which is a concatenation of the 'TIMES’
and ‘TIPSUB’ files,. N
MTREE[HUT] .LS ~ - - is the output listing file containing

the 'tree’ of variance results

Parameter files: TIPARAL . PY — — — - controls primary optioas
TIPIN.PF - - — — =~ controls “fixed” options
* % ® & Ty executs the TIPANAL program, itype the command line

TY TIPANAL.HBELP which types out (oa the screen) abbreviated
instructions and then type

TIPANAL [HUT] [iStBl {[MODE] [SYART#*STOP MAJ, FMS.]

where:
[HUT] is the 7-digit major frame idemtification numbex of the data set

[1ISUB]

i} to generate the 'TIMES’ and 'TIPSUB’ files from the current
MPC[HUT] .TIP and MPC[HUT].HDR files
1 to use already existing 'TIMES’ and °‘TIPSUB’ files

- 22 =



P6.3.4/6

[MCDE] = @ for analysiz of all dats in file
= 1 for amalysis of all data, which is in fact between
START and STOP major frames

[START*STOP MAY FM] are the major frame limits, Enter as 2 double
precision numbers, e.g.1234567.400%1234678.d400

Defeult arguments are such that if you type simply
TIPANAL [HUT)

new 'TIMES' and 'TIPSUB’ files will be created (as well as the 'STD' file) and
you will get the variance analysis on the entire data set,

**4844TIPANAL2 Program **eses

This is the TIP analysis program for calculating the interval distribution
of photon arrival times detected by the MPC. A comparison with simulated data
(with only Poisson fluctuations) can also be made. Seo the description of the
program TIPANAL. for a general discussion of TIF analysis as well as file
structure.

To use the TIPANAL2 program for s given HUT, the same input, ocntput, and
parameter files are used as for the main TIPANAL program (see writeup). Output
listing file is called MINTVL[MUT].LS, however.

* % % & To execute the TIPANAL? program, type the command Iinme

TY TIPANAL2.BELP which types out {(on the screen) abbreviated
instrunctions and then type

TIPANAL2 [HUT] [YSUB] [ISIM] [MODE] [START*STOP MAJ. FMS.}

where:
[HUT] is the 7-digit major frame identification number of the data set

[ISUB] = 0 to generate the 'TIMES' zad 'TIPSUB’ files from the current
MPCIRUT] .TIP sand MPC[HUT].BDR files
=1 to use already existing 'TIMES’' and 'TIPSUB’ files
LISIM] 0 to analyze actuzl data only for interval distribution

=1 for compariscn with simnlated data also

[MODE] = 0 for analysis of all date in file
= 1 for analysis of all dsta, which is in fact between

- 23 -
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START and STOP msjor frames

[START*STOP MAY FM] are the major frame limits. Enter 23 2 double
precision numbers, e.g.1234567.400%1234678.400

Default arguments are such that if you type simply
TIPANAL2 [HUT]

new ‘TIMES’ and FfTIPSUB’ files will be created (as well as the
*STD' file) and you will get the interval distribution analysis
on the entire data set; comparisonm with simuleted date will NOT
be domne.

s:%e% TIPANAL3 Program Swéses

This is the TIP analysis program for folding the MPC photon
times at a given period to construct 2 phase kistogram. PFolding
can be done in up to 512 phase bins; an arbitrary phase for the
start of the first bin can be given, The output is givem in a
file MFOLD[HUT].LS. See the description of the program TIPANAL.
for a general discussion of TIP analysis as well as file
structure.

To use the TIPANAL3 program for a given HUT, the same imnput,
output, and parameter files are used as for the mein TIPANAL
program (see writeup). Output listing file is called
MFOLD[HUT] .LS, however.

®* & ¢ % Ty execute the TIPANALS program, type the command line

TY TIPANAL3.HELP wvhick types ont (on the screen) abbreviated
ingtructions and then type

TIPANAL3 [HUTT [PERIOB] [NBINS] {ISUB] [TIPSUB] [TIMES]

where:
[HUT] is the T-digit major frawme identification number of the data set

[PERIOD] is the period (ses,) to fold at. Enter ss double precision,
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[NBINS] is the number of phase bins (LE, 512). Enter as integer.

{ISUB] § to generate the 'TIMES' and 'TIPSUB’ files from the current

MPC[HUT].TIP and MPC[HDT].HDR files
=1 to use already existing 'TIMES’ and ’'TIPSUB’' files
[TIPSUB] is the name of the 'TIFSUE’ file to be used (if ISUB = 1)

[TIMES] is the mame of the ‘TIMES' file to be wsed (if ISUB = 1),

Default erguments are such that if you type simply
TIPANAL3 [RUT] [PERIOD] [NBINS]

newy 'TIMES' &nd ‘TIPSUB’ files will be created (as well as the
'STB' file) and you will get the folding analysis on the entire
data set at the given PERIOD; NBINS are used and the absolute
phase is such that the left edge of the first phase bin is the
absoiute time given as the start time of the data accepted.

*548% TIPANAL4 Program *s#+s»

This is the TII analysis program for folding the MPC photon
times at & ranmge of periods to search for significant
periodicities.. Folding can be done in up to 16 phase bins; an
arbitrary number of periods can be searched although computer
time required increases directly &8 the number of periods
searched. The periods are chosen to be statistically independent
but ‘'half-overlapping’. That is, approximately 2 (adjacent)
periods should show a significant effect for a2 true periodicity
in the data. Significance is tested by computing the Chisguare of
the phase histogram bins against s fizxed value (= average mo.
cts./bin),

The output is given in a file MPSER[HUT] .LS. See the
description of the program TIPANAL for a general discussion of
TIP analysis as well as file structure.

To wuse the TIPANALY program for a givenm HUT, the same input,
ouvtput, and parameter files are used as for the msin TIPANAL
program (see writeup). Output 1listing file is czlled
MPSER[HUT] .LS, however.
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* = % % To gxecute the TIPANAL4 program, typée the command 1iie
TY TIPANAL4 .HELF which types out (on the screen) abbreviated
instructions and then type
TIPANAL4 [HUT] [PERIOD] [NSTEP] [NBINS] [SLEVEL] [ISUB} [TIPSUB] [TIMES]
vhere:

[HUT] 4is the 7-digit major frame identification number of the data set

[PERIOD] is the START period (sec.) to fold at. Enter as double
precision, This period is the longest period to fold at;
search is towards decreasing periods.

[NSTEP] is the pumber of periods to fold at ( integer)

[NBINS] is the number of phase bins (LE. 16). Enter as integer.

[SLEVEL] is the minimum significance level (no, sigma, pos. or neg.)
at which te print ount the period, chisq. and no. sigma found,

[ 1SbE ]

0 to generate the 'TIMES' and 'TIPSUB’ files from the current
MPC[HUT].TIP and MPC[HUT].BDR files
1 to use already existing 'TIMES' and ‘'TIPSUB’ files

f

[TIPSUB] s the name of the 'TIPSUB' file to be used (if ISUB = 1)

[TIMES] is the name of the 'TIMES' file to be msed (if ISUB = 1).

Default argumcniz are such that if you type simply
TIPANAL4 THUT] [PERIOD] [NSTEP] [NBINS]

new ‘TIMES’ and 'TIPSUB’ files will be cxecated (as well as the
'STD' file) and you will get the folding analysis (in NBINS) o=n
the entire data set starting at the given PERIOD and progressing

in NSTEP discrete periods towards shorter periods. The pexriod,
chisquare and max. number of sigma deviation (from the average)

in the phase histogram are given for AllL periods (regardless of
significance of the chisquare).

s#s«¢ TIPANALS Program *%tsss

- 26 -
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This is the TIP analysis program for calculating the first,
second, and third moments of the MPC photor arrival times within
a8 specified time interval (e.g. 1 sec.) and for all possible
intervals of this length within a given data set. The program
also calculates the sutocorrelation distributiom of the data if
the uncertainty in the variance of the entire data differs from
the mean by a factor which can be specified (default valune is
2.5). Each data interval of the length chosen is called an
'experiment’; the program is designed to be used in an
interactive mode so0 that the interval length can be chosen to
best match the data. Note that the TIP data are not continmous
but have gaps with increasing relative dead time for sources with
total count rates above asbout 30 cts/sec. See the description of
the program TIPANAL for s general discussion of TIP analysis as
well as file structure.

Te wuse the TIPANALS program for a given HUT, the same input,
output, and parameter files are used as for the main TIPANAL
program  (see  writewp}. Output listing file is celled
MIBIN[HUT] .LS, however.

® % & & To execute the TYPARALS program, type the command line -

TY TIPANALS .HELP whick types out (on the screen) sbbreviasted
instructions and then type

TIPANALS [BUT] [ISUB] [VLIM] [TIVSUR} [TIMES]

where:
[HUT] dis the 7-digit mejor frame identificeztion number of the data set

[ISUR] 0 to generate the 'TIMES’ and 'TIPSUB’ files from the

current MPC[HUT].TIP and MPC[HUT].HDR files
= 1 to use already existing 'TIMES' and 'TIPSUB’ files
[VLIN] is the factor by which the UNCERTAINTY in the variance
must differ from the mean for all the data in order for
the antocorrelation to be calculated (default value is 2.3)
iTIPSUB] is the name of the 'TIPSUB' file to be nsed (if ISUB = 1)
[TIMES] is the name of the ‘TIMES’ file to be used (if ISUB = 1),

You must still supply ’experiment’ length and no, bins interactively
(sce below),
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Default arguments are such that if you type simply

TIPANALS [HUT]

new 'TIMES® and 'TIPSUB’ files will be cremted (as well as the
'STD’ file) end you will get the moments and autocerrelation
analysis on the entire data set; you must still supply the
‘experiment’ lemgth (no, secs. of umbroken datz) and no, of bins
for the autocorrelstiom interactively,

6.4 File Formats

MPC[HUT#] .PSD

This is a binary file produced for each HUT containing the
SavePhaData. This consists of the original total counts in each
PHA chanmel for each 2.56 sec integration time block, the
corresponding predicted background counts, and totals for these
quantities for each major frame,

MPC[hut#] .DAT

The MPCI[Hut#].DAT <file contains the accepted 'on source'
data in its packed configuration. The file consists of a 4 byte
header, followed by data blocks comsisting of 266 bytes per major
frame. The 4 byte beader contains the starting major frame (words 48-49
of the Data Set Label) as & 32 bit integer; Note that this
starting major frame is one greater than the hut name of the .PRD file.

The first word of the major frame block contains the major
frame increment (integer) above the starting major frame, which is added
to the hut to derive the present major frame nomber. The mnext
192 bytes contain the lowest order byte (bits 8-15) of the 8 PHA
channels and 4 background indicators for each of the 16 2.56
second blocks. The remaining 72 bytes contsin the second
"nibble"” (bits 4-7) of PHA channels 2-6 and the 4 background
indicators. Figuore 6.4/1 shows the formst of a major
frame block,

MPC[hut#] .BAC

The MPC[hut#].BAC file (fig 6.4/2) contains the accepted
earth-occulted background data in major frame sums. The file
consists of a 4 byte header, followed by data blocks consisting

- 28 -



Bytes

F6.4/1
1-2 A Hut from Start
1 2 3 4 5 6 7 3 & 10 11 12 13 14 15 16
PH 1
2
; 3
4
5 (12,16) byte Array containing
3-194 6 lowest order byte
7
B
PSDI
PSDT
COINC
i OVSCAL
PH 2
| 3
4
125 5 (9,16) nibble Array containing
~LG8 6 second nibble
PSDI
PSDT !
| COINC ;
! OVSCAL ?
F6.4/2
1 2 5 4 56 T8 9 10 11 12 13 14 15 16 17 18
I R
: . : g : : ‘
4 Hut FH1 2 3 4- 5 ¢ 7 8 ‘ PSDT PSDT I COINC ‘ﬁqggzggl
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of 18 bytes per major frame. The 4 byte header contains the
starting major frame {words 48-49 of the Data Set Label) as a 32 bit
integer. Note that this starting major frame is one greater than the nut
name of the .PRD file.

The first word of the major frame block contains the major
frame increment (integer) above the starting mejor frame, which is added
to the hut to derive the present major frame number, The next 8
words contain the major frame sums for the 8§ PHA channels. The -
remaining 4 words contain the major frame sums of the background
indicators (integers).

MPC{but#] .BLK

The MPC[hut#].BLE file is & 32 word block which forms the
basic element of the MPC.DATA.BASE, Its format is as follows:

¥ORD
i-2 Hut# from DataSetLabel
3 Year from DSL
4 Start day from DSL
5=6 Start milliseconds from DSL
7 Stop day from DSL
3-9 Stop millisecond from DSL
10 Number of major frames from DSIL
11-12 Start SCID from DSL
13-14 Stop SCID from DSL
15 Seq # from DSL
16-17 R.A,
18-19 DEC,
20-21 Roll Angle
22 Kill flrzg from MPCSPEC

=1 = hut flagged by MPCSPEC as possible source

0 = source detected by MPCSPEC

1 = no source detected in 1 ~ 6

2 = no data accepted

3 = source in 7 + 8 only, pessible detector breakdown
23 contemporaneous MAPCOR.BIN number
24 bitl = 1 if Cal source in during hut

bitIXl = 1 if nominal and actual point direction differ.
bitIIT = 1 if there is an error in the .QRA file

Z5 PHA 1,2, 2nd 3 summed total counis
26 PHA 4,5, and 6 - ke
27 PHA 7 and 8 » =
28 PHA 1,2 and 3 summed predicted background
29 PHA 4.5 and ¢ o v
30 PHA 7 and 2 (3 "
31 Spars

- 29 -
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32 spare

Note that the predicted background count ars not from the MAPOOR.BIN numher
in this .BLK, but from the previous MAPCOR.BIN file,

MAPCOR, BIN

The MAPCOR.BIN file contains lookup tables of binned PHA data as & function
of coincidence rate. Any progrem which makes use of this file must read the
first three words (integers) in order to derive the size of the remaining
arrays. Figure 6.4/3 shows the defavlt configuration containing 62 bins renging
from 195 to 55 im coincidence rete {counts per 2.56 seconds).

Figure 6.4/4 shows a sample plot of the seed MAPCOR,BIN.O file. The figure
plots the quantity SMOOTH(I,Y)/BLOCES(TF) zs a function of COINC(Y). Before a
MAPCOR.BIK file is completed in production processing, the array SMOOTH is
filled with zeros, and the srray SIGPH is not yet writter, Upon accumulation of
the specified number of blocks of data, the SMOOTH and SIGPH arrays are written,
and the intermel version number (NMAP) is appended to the file name.

SPECTBL#.DAT

The SPECTBL#.DAT files are the template spectxa which MSPEC compares to the
data and does chi-sguared fits against., The spectrum types are (1) Power Spec,
(2) Exponential, (3) Thermal Brems (with gaunt factor), and (4) Blackbody. The
format is:

BLOCK NAME CONTENTS
0 HEADER

(1) lower Nh columm density (f.p.

(2) vpper Nh column density (f.p.

(3) number Nh steps (f.p.)

(4) aupper power law index (f.p.)

(5) lower power law index (f.p.)

(6) number power law indicie:z (f.5.)

: (7) - (1i28) : blank
1 XCTS{(1,T) predicted counts - one block

for each power isw index

)
)

(lowest alpha) I =1 to 8 for the Eight
channels
J =1 to 16 for each of the
16 allowed Nh values - first
Nh is the highest density,
they decrease as J increases,

2 {(next higher slpha)

- 30 -
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Words
1 MINCO: defanlt = 200 (integer)
2 MAX(CO: defaunlt = 500 {(integer)
3 ISTEP: default = § (integer)
]
SMOOTH(8, 62) — Array of smoothed PHA counts
4--995 per 2.56 seconds {real) for use by MPCSPEC
as predicted background rates,
1
PHMEAN(S8, 62) —~ Array of summed raw FHA counts,
995 These are truly sums, not average count rates, !
t
~2979 Therefore the numbers can be quite large
(D.P, real),
2980 PHSQ(8,62) —~ Array of sums of squares of raw j
~4963 PHA counts, Also (D.P. real).
4964 BLOCRS (62) — Number of 2.56 second blocks in
-5087 each coincidence rate bin {real),
|
5088 | MMAP - version number of this file (integer).
SIGPH(8,62) - Array of standard errors inm the
5089 quant ity PHMEAN for mse by MPCSPEC in deriving
-60380 backpround errors, Tnits are counts/2,56
seconds (reall,
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NA blocks = number of power law indicies

Wozds
b’ MINCO: dofauit = 200 (integer)
2 MAZCO: defenlt = 5 (integer)
3 ISTEP: default = 5 (integer)
4-995 SMOOTH(8,62) — Array of smoothed PHA counts
per 2.56 seconds (resl) for use by MPCSPEC
as predicted background rates.
995 PUMEAN(8,62) ~ Array of summed raw PHA counts,
These are truly sums, not average count rates.
-2979 Therefore the numbers can be quite large
(D.P, veal).
2980 PHSQ(8.62) — Array of sums of squares of raw
-4963 PHA counts. Also (D.P. real),
4964 BLOCES(62) — Number of 2.56 second hlocks in
-5087 each coincidence rate bin (real).
5088 NMAP - version number of this file (imteger).
5089 SIGPH(8,62) - Array of standard errors in the
-6080 quantity PHMEAN for use by MPCSPEC in deriving

background errors. Units are counts/2.56
seconds (real).
6,3 Evaluatiom: (To be added at a later date)
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