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1 Introduction
1.1 Purpose

This document describes the overall concept of observation for the Swift mission and defines the
numbering scheme adopted for the Observation number/Sequence number, Observation segment
and Target ID. These values are used on board and by many of the ground segment groups for
planning purposes, during the processing and data archive. This document contains:

¢ Overall description of the Swift observing strategy for GRB

¢ Definition of Target ID, Observation segment and Observation number/Sequence

number

¢ Description of the numbering scheme for the above listed quantities

¢ Description on the usage of the above definition

¢ List of the applicable subsystems where these definitions are used

1.2 Applicable Documents

The regquirements contained in this memorandum were derived from the following documents:
e Swift Proposal AO-98-0OSS-03 (August 1998)

¢ Swift Phase A report (September 1999)

* Requirements of the Ground System for the Swift Mission (Sep 2000)

¢ GCN and Swift (June 2001)

* Onboard Operational Messaging Interface, 410.4-1CD-0006 (June 2001)
* TDRSS Message Archival Plan 6/22/00

e Target ID Final Memo (e-mail message 6/06/01)

* MOU: Swift-HEASARC 410.4-PROC-0016 (August 2001)

* |CD MOC-SDC (October 2001)

e Swift spacecraft to payload telecommand ICD (6 June 2001)

2 Revisions

Revisions to this document will be controlled by the GNEST Configuration Control Board
(CCB).

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the correct version prior to use.
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3 Observation

3.1 Observation strategy

The Swift operations are different from previous conventional missons where apre-determined
observing program, based on knavn pasitions, is followed urless interrupted by TOOs.
Conventional misgons organized data by observation where an observation is typicdly an ‘un-
interrupted’ long look at the same sky position. An olservationisidentified by aunique label or
number. Monitoring campaigns are acommodated within this sheme by typicdly assgning a
different label for ead look.

There ae severa science projeds that can be derived from the Swift observations. The main
science is to deted and follow-up the evolution d a GRB/afterglow. The Swift observation
strategy is mainly driven by this requirement.

The typicd Swift observing strategy for a Gamma Ray Burst (GRB)/afterglow consists of a
cluster of snapshots aimed to follow the GRB and its afterglow evolution. Soon after an event is
triggered by the BAT, the Figure of Merit (FOM) algorithm, part of the observatory’s autonamy,
deddesif it is worth requesting a slew maneuver to pant the narrow field instruments (NFIs) on
Swift (XRT and UVOT) in the diredion d thetrigger. Theinitia follow-up is automaticdly set
a the spacecaft level, e.g., the FOM initi ates the observation using a “standard” configuration o
modes and filters for the NFI. Observations of GRBs can be dso triggered by ground command
based on olservations with ather satellit es.

Once the trigger is known (either from Swift or from other satellites), from the ground a
monitoring schedule is planned and udoaded. The monitoring of the GRB/afterglow will
typicaly be initiated as on as posshle dter its detedion and last urtil the dterglow reades a
speafied minimum flux or until a spedfied time has elapsed. It is also passble that Swift
abandors the follow-up d a particular trigger because other targets are deemed to be more
interesting.

Swift also plans to olserve targets other than GRBs, e.g., previously known sources or new
transient, while for example waiting to olserve anew GRB/afterglow. The observing strategy in
this case may be different, but the monitoring pattern is maintained.

3.2 Snapshot, Observation, and Monitoring

The Swift observing strategy can be defined by threefundamental time-scdes:

¢ The minimum unit time on atarget is a snapshot. Thisis defined as the time spent observing
the same position contiguowsly. Because of observing constrains, the length of these
snapshats is therefore shorter than a single orbit. The snapshat is interrupted either becaise
of a new intervening trigger or becaise the time dlocaed ends. Instrument configurations,
such as mode and/or filter, can change during a snapshat.

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the corred version grior to use.
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An olservation is a duster of snapshats designed to carry out a particular set of scientific
goals via aseries of instrument mode cnfigurations. Given the nature of the NFIs, this will
amost aways be asequential set of snapshats on the same target. The Roll angle within an
observation is kept constant. An olservation will be interrupted by observation d different
targets, because of the observing constraints of the NFIs. Each observation will have an
“observation configuration”. This consists of a series of instrument configurations. For the
UVOT this would detail the sequence of observing modes, filters, and duations of eat of
these modes. The “observation configuration” will be spedfied orly at the start of eah
observation. The length of an olservation can vary. However to alow a quick delivery of
data to the community an olservation have alimited duation in time of a maximum of 2
(TBR) days. An olservation is processed only when al data for that observation are
available.

Depending on the evolution d the flux, the sensitivity of ead instrument, and the required
science, the same target may be observed severa times. The olledion d observations on a
spedfic target constitutes the monitoring campaign. The roll angle can change anong the
observations part of a monitoring campaign. There is no maximum time set for the
monitoring of atarget nor for the number of observations per target. However it is expeded
for most cases that a GRB target is monitored for abou a month.

Sample GRB Monitoring Campuoign
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Figure 1. A sample GRB monitoring campaign showing snapshots and observations.

4 Terminology

The software requirement document for the FOM includes two numbers that will be provided to
each of the instruments for every observation. The first identifies the target being observed,
hereafter Target ID, and therefore it is unique to an object. The second numbers the observations
part of the monitoring campaign on a specific target, hereafter Observation segment. The Target
ID is a 24-bit number, and the Observation segment is an 8-bit number. The instruments will tag
their science data in the telemetry with this 32-bit number where the most significant 8-bits
represent the Observation segment, and the least significant 24 bits are the Target ID. This
representation is named hereafter Observation number and given as a HEX value. The decimal
representation of the 32-bit number is used instead to tag the data in the archive, in al the
database tables associated with the data and in the as-flown timeline. The decimal representation
of the 32-bit number is named hereafter Sequence number .

5 Target ID & Observation Segment
51 Typeof targets

The main science goal of Swift is to detect GRBs, which by their nature are previously unknown
sources. Each GRB is assigned a unique Target ID used during the monitoring campaign for that
specific GRB/afterglow. However there are many different types of targets that need to be
considered. There are:

= GRBs detected on board with BAT. These are GRB triggers that the BAT software considers
to bevalid (by whatever criteria).

= Known sources included in the BAT on-board catalog. Transient event from one of these
sources maybe detected with BAT and can lead to an observation. Initialy this information
will be sent to the ground for evaluation, but later in the mission observations may be
initiated without ground intervention.

= New Transients discovered with BAT. These are sources not in the on-board BAT catalog.
Initially this information will be sent to the ground for evaluation, but later in the mission
observations may be initiated without ground intervention.

= GRBsdiscovered with other missions that are loaded as TOOs from the ground.
= GRBsfound inthe BAT data, but not discovered on-board.
= Non-GRB observations (e.g., TOOs) loaded from the ground.

= Cadlibration observations. These are loaded from the ground.

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the correct version prior to use.
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= Planned non-science observations (e.g., spacecraft activation).
= Dataobtained pre-launch.
= Dataobtained during safe hold or safe point

The goal is to assign a Target ID to all Swift observations and to have a unique Target ID
associated with every Swift target (whether or not it is a GRB). Further the Target ID will
identify the type of target.

5.2 Target ID Number Allocation

There are 2°* (16777216) possible Target ID numbers. The Target ID numbers are alocated in
sotsof 10". The schemeisthe following:

0-999

e O Thisisreserved for the spacecraft. It will be assigned whenever the spacecraft isin
safehold. It may also be assigned whenever the spacecraft fails to assign a number.

e 1-6. Usedfor safe pointings. It is assigned on-board by the spacecraft, but anew Target ID
will be assigned during ground processing.

e 7-999: These are reserved for the spacecraft. They are currently not planned to be used.

1000-9999: Unassigned

10000-99999:

e 10000-19999: Reserved for the BAT catalog. This includes known sources. The triggers
based on flux variations of known sources will use as Target ID the number assigned to
those sources.

e 20000-29999: GRBsdiscovered with other missions or from BAT data during the ground
analysis that are not associated with a trigger number. These numbers are assigned by the
ground and sent to the spacecraft when an observation of the source is requested. (If ground
analysis of a BAT trigger, not validated by the on board software as a good, reveals that
there was actually avalid GRB, follow-up observations will use the original trigger number.)

e 30000-39999: Non-GRB observations (TOOs and other targets) uploaded from the
ground.

e 40000-49999: Reassigned Target ID for safe pointing. At each time during the mission
there are only 6 sky positions loaded on board with Target ID values ranging between 1-6.
However, these 6 sky locations for the safe pointing can change during the mission, and

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the correct version prior to use.
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therefore the 1-6 Target ID values are nat sufficient to dstinguish all the possble safe
pointing locaions. To remove the degeneracy, on ground the safe pointing positions have
their Target ID reassgned.

5000059999 Cadlibration olservations. These values are asgned to cdibration
observations performed duing the misgon. The cdibration targets can be drealy included
in ather subgroups of Target ID; e.g., they may be drealy listed as a target in the BAT
caalog.

60000669999 Non-science observation such as adivation. These observations are
expeded to be done mainly during the beginning of the misson.

7000079999 Prelaunch data. These targets are adgned to the cdibration
‘observations’ performed onground ly the diff erent instruments and by the spacecaft. Since
the instruments and the spacecaft operate separately on the ground the number all ocaion
has been subdvided as foll ows:

= 7000070899: Pre-launch al ocated to the spacecaft for cdibration
= 7090070999: Pre-launch all ocated to the spacecaft for testing

=  7100071899: Pre-launch all ocaed to the BAT for cdibration
=  7190071999: Pre-launch al ocaed to the BAT for testing

= 7200072899: Pre-launch all ocaed to the UVOT for cdibration
= 7290072999: Pre-launch al ocaed to the UVOT for testing

= 7300073899: Pre-launch all ocaed to the XRT for cdibration
= 7390073999: Pre-launch all ocated to the XRT for testing

= 7400075999: Pre-launch all ocaed to the BAT simulation

8000099999  Unassgned

100,00016,777,214

BAT triggers. BAT generates these numbers in sequence when a trigger occurs. This is the
largest numbering allocaion kecaise it is expeded that most of the Swift targets shoud be BAT
deteded GRBs. Note that a Target ID is assgned to every BAT trigger even if they are judged
on bard na to be agood GRBs. These numbers are dso used for triggers that result in a
detedion d anew nonGRB BAT transient. There shoud be very few of these. When foll ow-up
observations are planned, the groundassgns the same number that BAT generated.

16,777,215=$FFFFFP :

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the corred version grior to use.




410.4AGMT-0011
Revision 0.0
12-17

Reserved to indicae that the reporting subsystem does not know the @rred target ID.
5.3 Observation segment

To eat olservation part of a spedfic target monitoring is assgned on bard an olservation
segment number. The value is therefore unique for every observation d a given target. There ae
28 (256) possble observations that can be performed for a given target. The first time on a
spedfic target is given the number 1, and this number is incremented for ead subsequent
observation. It is the resporsibility of whichever subsystem initiates the observation to provide
the @rred observation segment. For most targets, the first observationwill beinitiated by aBAT
detedion d a GRB, and subsequent observations will be scheduled from the ground.In this case,
BAT isresporsible for providing the first number for the observation segment with the value 1,
and the groundis resporsible for generating the subsequent observations ssgment numbers (2, 3,
...). If thefirst observationis nat initiated on bard, then it is the ground s resporsibility to assgn
the first number for the observation segment with the value of 1. The number all ocation for the
observation segment is the following:

e O Reserved to indicae that all observation segment values for thistarget will be 0. It
islikely that the spacecaft will always assgn an olservation segment value of 0.

LI Used for thefirst observation d atarget.
e 2-253  Availableto subsequent observations of atarget.

e 254 BAT goodtrigger not followed by aslew.

e 255($FF):Toindicae that the reporting subsystem does nat know the crred observation
number

6 Observation number /Sequence number

Every moment of the misson hes associated an observation and every observation is tagged by
an olservation number. The observation nunber is the 32-bit concaenation d the Target ID and
the observation segment. The sequence number is the deamal representation d the 32-bit with
the following syntax. It isaways an 11 dgit number, where thefirst 8 dgits are for the Target
ID and the remaining 3 dgits for the observation segment. Leading zeros are used to maintain the
length fixed at 8 digits for the Target ID and 3 dgits for the Observation segment. An example
is drown in Figure 2, where the Target ID is 100001,correspondng to the first trigger by the
BAT, and the observation segment is 2, correspondng to the secnd olservation onthat target.
In this case the sequence number is:

' 00100001002
The concatenation of the 32-bits, observation number, is in HEX 020186al.

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov to verify the corred version grior to use.




410.4-AGMT-0011
Revision 0.0
13-17

An observation is tagged with the observation number and the data corresponding to that
observation are identified within the archive and in al the database tables and in the as flown
timeline with the corresponding sequence number.

Sample GRB Monitoring Campaign

o Trigger No 100001
L e e

Monitoring Campaign

Obssrvation
001 _000_01 001

Snap’—shot Obsarvation Target_id number: 100001 1
00100001002 ——> ST 2
| Observation Mo: 020186a1 {Hex)
H Archive :

Sequence No; 00100001002

100
—

Intensity (arbitrary units)
50
I

HI Obeervation
| 00100001003

} H Observation
LTI y 00100001004

H H

Figure 2. A sample monitoring campaign with trigger (target 1D), segment, observation and
sequence numbers.

7 Notes
7.1 Other considerations
For preplanned targets, the Target ID and observation segment are set by the MOC. This

information will be part of the commands to perform the observation. For BAT-detected
automated targets, the BAT instrument will assign the Target ID and observation segment. The

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
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Target ID shoud start at some default value (100,001in the scheme suggested abowe) and ke
equal to the BAT trigger number. The observation segment shoud be 1 for automated targets.

For TOOs, the groundwill asggn the Target ID and the observation segment. The ground reeds
to keep tradk of previously observed targets @ that unique Target IDs and olservation segment
values are used. The groundis also resporsible for assgning Target IDs and olservation segment
values for cdibration olservations and adivation. The spacecaft initiates sfe pointings, bu the
groundis resporsible for reasggning the Target 1D to remove the degeneracy in the Target ID
values reserved for safe pointings. Safe holds are dso initiated by the spacecaft, bu it is unlikely
that any sciencedatawill be generated duing these “observations’.

7.2 Special Circumstance and Open I ssues

There ae afew situations that require aspedal effort to maintain aunique ID for every target. In
some (hopefully rare) cases the groundwill haveto fix things.

¢ BAT produwces telemetry such as TDRSS messages and event-by-event data in resporse to
ead trigger. Some of these data, such as the event-by-event data, can be suppressed for
invalid triggers. It is expeded that this suppresson will be used duing normal operations,
but event-by-event data will be produced for every trigger during part of on-orbit chedk-out.
The last trigger number will be incremented and assgned as the Target ID for this telemetry.
If the trigger is produced by a known source (such as Cyg X-1 ar a previous GRB), this will
produce data with at least two Target IDs for that source This will need to be crreded on
the ground.

e Updates to the BAT caalog may creae the oppatunity for multiple IDs of the same target.
Each caaog entry includes a value for the assciated Target ID. New entries may have
arealy had Target IDs assgned to them because of BAT triggers or Swift TOOs. It is the
resporsibility of those updating the cdalog to provide the corred Target ID. Note that this
means that some cdalog entries will not have Target IDs in the range assgned to the BAT
caalog.

* A new Target ID will have to be asdgned in the observation segment number exceals 253.
Fortunately thisis expeded to be very rare.

e Cadlibration sources may have dready been assgned a Target ID outside the range dl ocaed
to cdibration sources. It is not clea which Target ID shoud be asgned. Thisis an open
ise.

» |If at some point Swift responds automaticdly to transients from known sources, it may not be
possble to keep tradk of the observation segment over the whae misgon. In this case the
observation segment will haveto be fixed onthe ground

Typicdly at any one time dl three instruments will be tagging their data with the same
observation number, bu this is not true nea a burst trigger. There ae two cases to consider
depending on whether the spacecaft quickly slews to observe the newly deteded target. BAT
will always produce data tagged with the new trigger number. The NFIs will produce data tagged
with the new trigger number if the spacecaft slews to the new target. If there is no slew, BAT

CHECK THE CENTRALIZED CONFIGURATION MANAGEMENT SYSTEM AT
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will change its observation number to agree with that of the NFIs after it has produced the data
associated with the new trigger. Figures 3 and 4 show these sequences graphically.

Target_ID Assignment (Trigger with slew)
1 " 1 v

ID=Target_ID
Last Trigger number= ¥Y

BAT: ID = XX—>¢—— ID =YY + 1 >

WOT & XRT : ID = XX —><ID =YY + 1 >

TO new trigger
slew start

1 1 1 1 1 1 1
-2 O 2 4
Time from Trigger {orbitrary units)

Figure 3. The sequence of Target IDswhen atrigger isfollowed with aslew.
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Target_ID Assignment (Trigger without slew)
1 " 1 v

ID=Target_ID
Last Trigger number= ¥YY

BAT: ID = XX—5><— ID =YY + 1 > < ID = XX

—_—_—— ¥+ - — — — = — — '
End BAT burst mode

UVOT & XRT : ID = XX -

TO new trigger

no slew
1 1 1 " 1 " 1
-2 0 2 4
Time from Trigger {orbitrary units)

Figure 4. The sequence of Target IDswhen atrigger is not followed with aslew.
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8 Appendix

Summary table for numbering the Target ID. Seesedion 5.2for full description.

0 Reserved for the spacecaft : safehold or spacecaft fail sto assgn a number.
1-6 Used for safe pointings.
7-999 Reserved for the spacecaft. Currently nat planned to be used.
1000619999 Reserved for the BAT catalog (known sources). The triggers based onflux variations
of known sources will use & Target ID the number assgned to thase sources.
2000029999 GRBs from other missons or discovered from groundanalysis of BAT data.
3000039999 Non-GRB observations (TOOs and aher targets) uploaded from the ground.
4000049999 Reasdgned Target ID for safe painting. The reassgnment occurs on groundto
remove the degeneracy of the several sky pasitions used for safe painting for which
only 6 Target ID are avail able and assgned on bard.
5000059999 Cadlibration olservations performed duing the misson. The cdibration targets can be
alrealy included in ather subgroups of Target ID.
6000069999 Non-science observation (mainly used at the beginning of the misson).
7000079999 Pre-launch cdibration ‘ observations' . Since on ground instruments and spacecaft
operate separately the number all ocaion has been subdvided as foll ows:
7000070899 | Pre-launch all ocated to the spacecaft for cdibration
7090070999 | Pre-launch all ocaed to the spacecaft for testing
7100071899 | Pre-launch al ocated to the BAT for cdibration
7190071999 | Pre-launch allocaed to the BAT for testing
7200072899 | Pre-launch al ocated to the UVOT for cdibration
7290072999 | Pre-launch allocated to the UVOT for testing
7300073899 | Pre-launch al ocated to the XRT for cdibration
7390073999 | Pre-launch allocaed to the XRT for testing
7400075999 | Pre-launch al ocated to the BAT simulation
8000399999 Unassgned
100,000 BAT triggers. Target ID isasggned to every BAT trigger even if they are judged on
16,777,214 board na to be agood GRBs. These numbers are dso used for triggers of a new non
GRB BAT transient. For foll ow-up olservations, the groundassgns the same number
that BAT generated.
16,777,215 Reserved to indicae that the reporting subsystem does not know the rred target ID.
(=$FFFFFBH
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