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NASA STI Program ... in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA scientific and technical in-
formation (STI) program plays a key part in
helping NASA maintain this important role.
The NASA STI program operates under the
auspices of the Agency Chief Information Of-
ficer. It collects, organizes, provides for archiv-
ing, and disseminates NASA’s STI. The NASA
STI program provides access to the NTRS
Registered and its public interface, the NASA
Technical Reports Server, thus providing one of
the largest collections of aeronautical and space
science STT in the world. Results are published
in both non-NASA channels and by NASA in
the NASA STI Report Series, which includes
the following report types:

e TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results
of NASA Programs and include extensive
data or theoretical analysis. Includes com-
pilations of significant scientific and techni-
cal data and information deemed to be of
continuing reference value. NASA counter-
part of peer-reviewed formal professional pa-
pers but has less stringent limitations on
manuscript length and extent of graphic pre-
sentations.

e TECHNICAL MEMORANDUM.
Scientific and technical findings that are pre-
liminary or of specialized interest, e.g., quick
release reports, working papers, and bibli-
ographies that contain minimal annotation.
Does not contain extensive analysis.

¢ CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored con-
tractors and grantees.

e CONFERENCE PUBLICATION.
Collected papers from scientific and tech-
nical conferences, symposia, seminars, or
other meetings sponsored or co-sponsored

by NASA.

e SPECIAL PUBLICATION.
Scientific, technical, or historical informa-
tion from NASA programs, projects, and
missions, often concerned with subjects hav-
ing substantial public interest.

e TECHNICAL TRANSLATION.
English-language translations of foreign sci-
entific and technical material pertinent to
NASA’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and feeds,
providing information desk and personal search
support, and enabling data exchange services.

For more information about the NASA STI
program, see the following:

e Access the NASA STI program home page
at http://www.sti.nasa.gov

e E-mail your question to help@sti.nasa.gov

e Phone the NASA STI Information Desk at
757-864-9658

e Write to:
NASA STI Information Desk
Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199
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These Data Release Notes provide information on the processing and export of data
from the Transiting Exoplanet Survey Satellite (TESS). This data release is a combined,
multi-sector transit search only. The underlying data products from individual observing
sectors have been previously released. The data products included in this data release
are the Data Validation (DV) reports, time series, and associated xml files for the threshold
crossing events (TCEs) found by searching a combined data set including data from multiple
observing sectors.

These data products were generated by the TESS Science Processing Operations Center
(SPOC, Jenkins et al., 2016) at NASA Ames Research Center from data collected by the
TESS instrument, which is managed by the TESS Payload Operations Center (POC) at
Massachusetts Institute of Technology (MIT). The format and content of these data prod-
ucts are documented in the Science Data Products Description Document (SDPDD)!. The
SPOC science algorithms are based heavily on those of the Kepler Mission science pipeline,
and are described in the Kepler Data Processing Handbook (Jenkins, 2020)%. The Data
Validation algorithms are documented in Twicken et al. (2018) and Li et al. (2019). The
TESS Instrument Handbook (Vanderspek et al., 2018) contains more information about the
TESS instrument design, detector layout, data properties, and mission operations.

The TESS Mission is funded by NASA’s Science Mission Directorate.

This report is available in electronic form at
https://archive.stsci.edu/tess/

https://archive.stsci.edu/missions/tess/doc/EXP-TESS-ARC-ICD-TM-0014-Rev-F.pdf
’https://archive.stsci.edu/kepler/manuals/KSCI-19081-003-KDPH. pdf
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1 Data

TESS Data Release DR58 consists of results from a transiting planet search conducted with
the combined data from Sectors 1 through 13 (TESS Year 1 — southern ecliptic pointings)
and Sectors 27 through 39 (TESS Year 3 — southern ecliptic pointings). Figure 1 shows
the Right Ascension (RA) and Declination (Dec) of all two-minute targets, color-coded by
the number of sectors for which each target was observed. Targets with new data in any of
Sectors 37-39 that were observed in multiple sectors were subjected to a multi-sector planet
search (see Data Releases 3, 6, 12, 15, and 20 for Sectors 1-13 multi-sector planet searches
and Data Release 53 for Sectors 1-13 & 27-36 multi-sector planet search). For Sectors 1-
13, the data correspond to the 2-minute reprocessed data from DR42 and DR46, while for
Sectors 27-39 the data are the same 2-minute cotrended light curves presented in previous
single sector data releases. Table 1 provides basic information and data release numbers for
the observations of each sector. The observations span a 1064.4 day period with 357 day
coverage (Year 1; Sectors 1-13), a 353 day gap in coverage (Year 2), and 353 day coverage
(Year 3; Sectors 27-39).

Table 2 summarizes the total number of targets with multi-sector data for this data
release. A supplemental table?® lists the targets searched, including a string indicating which
sectors the target was observed in, whether or not the target produced a TCE, and whether
or not the target completed DV analysis.

2 Transit Search and Data Validation

The light curves of 23433 targets observed in Sectors 1 through 39 were subjected to the
transit search in TPS. Figure 2 shows the 1-hour CDPP for the combined light curves of
these targets. Threshold Crossing Events (TCEs) at the 7.1 0 level were generated for 4747
of these targets. A search for additional TCEs in potential multiple planet systems was
conducted in DV through calls to TPS. A total of 9698 TCEs were identified in the SPOC
pipeline on 4747 unique target stars. Table 3 provides a breakdown of the number of TCEs
by target. Note that targets with large numbers of TCEs are likely to include false positives.

Figure 3 gives the distribution in period-transit depth space of the TCEs found in the
multi-sector search. The top panel shows the distribution of orbital periods for the TCEs.
After rapidly declining for periods out to 50 days, the distribution shows a broad tail towards
the longest period allowed (<1100 day) while requiring at least two transit events.

The true orbital periods of TCEs reported here are ambiguous for single transits* ob-
served in TESS Year 1 and 3, due to the gap in observations of southern ecliptic targets
during Sectors 14-26 (TESS Year 2 — northern ecliptic pointings). TPS requires two transits
to trigger a TCE, but does not require that all transits implied by the estimated period
correspond to observed data. Thus, a TCE may have a reported period between approx-
imately 30 and 730 days even if the target was observed by a separation of ~730 days or

3https://archive.stsci.edu/missions/tess/catalogs/targetinfo/tess_multisector_01_39_
drnb8_targetinfo_vO01l.txt

4Single transits can generate TCEs when folded at a period that matches a glitch or other anomaly
elsewhere in the light curve. It is also possible for two glitches to trigger TCEs.
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Figure 1: Right Ascension and Declination for TESS two-minute targets included in this
multi-sector search, color-coded by the number of sectors in which that target was observed.
The galactic and ecliptic planes are indicated by the red and blue lines, respectively.

more between TESS Years 1 and 3. Figure 3 shows an excess of TCEs at 1- and 2-year
periods, partially caused by this ambiguity. Large systematic noise signals that repeat in
TESS Years 1 and 3 contribute to the bulk of these TCE excesses.

The vertical histogram in the right panel of Figure 3 shows the distribution of tran-
sit depths derived from limb-darkened transiting planet model fits for TCEs. The model
transit depths range down to the order of 100 ppm, but the bulk of the transit depths are
considerably larger.

2.1 Systems With Transit Timing Variations

Although a majority of targets benefit with increased SNR and improved ephemerides from
additional sectors of observation, systems with strong transit timing variations (TTVs) can
result in inaccurate planet parameters in the longer duration multi-sector search. An example
case is TOI 216 (TIC 55652896), where two TCEs were generated near the nominal orbital
period for each of TOI-216.01 and TOI-216.02.
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Figure 2:  1-hour CDPP. The points are RMS CDPP measurements for the 23433 light
curves from the Sectors 1 — 39 multi-sector search plotted as a function of TESS magnitude.



Table 1: Sectors Searched

Sector # Physical Orbits Start TJD* End TJD Data Release #
1 9,10 1325.293 1353.178 42
2 11,12 1354.101 1381.515 42
3 13,14 1385.897 1406.292 42
4 15,16 1410.900 1436.849 42
5 17,18 1437.826 1464.400 42
6 19,20 1468.270 1490.044 42
7 21,22 1491.626 1516.085 46
8 23,24 1517.342 1542.000 46
9 25,26 1543.216 1568.475 46
10 27,28 1569.432 1595.680 46
11 29,30 1596.772 1623.891 46
12 31,32 1624.950 1652.891 46
13 33,34 1653.915 1682.357 46
27 61,62 2036.273  2060.6412 38
28 63,64 2061.845 2087.097 41
29 65,66 2088.234 2114.433 43
30 67,68 2115.880 2143.221 45
31 69,70 2144.509 2169.944 47
32 71,72 2174.218 2200.231 48
33 73,74 2201.727 2227.572 49
34 75,76 2228.745 2254.065 50
35 77,78 2254.984 2279.979 51
36 79,80 2280.898 2305.988 52
37 81,82 2307.234 2332.579 54
38 83,84 2333.849 2360.551 55
39 85,86 2361.766 2389.717 56

* TJD = TESS JD = JD - 2,457,000.0



Table 2: Targets in this Data Release With Number of Sectors Observed

Number of Sectors Target Count

2 10180
3 2757
4 1308
5 614
6 567
7 375
8 348
9 325
10 338
11 663
12 1099
13 935
14 215
15 136
16 144
17 119
18 118
19 126
20 146
21 211
22 319
23 532
24 677
25 897
26 284
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Figure 3: Lower Left Panel: Transit depth as a function of orbital period for the 9698 TCEs
identified for the Sectors 1 — 39 multi-sector search. For enhanced visibility of long period
detections, TCEs with orbital period <3.0 day are not shown. Reported depth comes from
the DV limb darkened transit fit depth when available (or the DV trapezoid model fit depth
if the limb darkened transit fit is not available). Top Panel: Orbital period distribution of
the TCEs shown in the lower left panel. Right Panel: Transit depth distribution for the
TCEs shown in the lower left panel.



Table 3: Sector 1 — 39 TCE Numbers

Number of TCEs Number of Targets Total TCEs

1 2181 2181
2 1281 2562
3 654 1962
4 328 1312
) 137 685
6 166 996
- 4747 9698

References

Jenkins, J. M. 2020, Kepler Data Processing Handbook: Overview of the Science Operations
Center

Jenkins, J. M., Twicken, J. D., McCauliff, S., et al. 2016, in Proc. SPIE, Vol. 9913, Software
and Cyberinfrastructure for Astronomy IV, 99133E, doi: 10.1117/12.2233418

Li, J., Tenenbaum, P., Twicken, J. D., et al. 2019, PASP, 131, 024506. http://stacks.
iop.org/1538-3873/131/i=996/a=024506

Twicken, J. D., Catanzarite, J. H., Clarke, B. D., et al. 2018, PASP, 130, 064502, doi: 10.
1088/1538-3873/aab694

Vanderspek, R., Doty, J., Fausnaugh, M., & Villasenor, J. 2018, TESS Instrument Hand-
book, Tech. rep., Kavli Institute for Astrophysics and Space Science, Massachusetts Insti-
tute of Technology


http://archive.stsci.edu/kepler/manuals/KSCI-19081-003-KDPH.pdf
http://doi.org/10.1117/12.2233418
http://stacks.iop.org/1538-3873/131/i=996/a=024506
http://stacks.iop.org/1538-3873/131/i=996/a=024506
http://doi.org/10.1088/1538-3873/aab694
http://doi.org/10.1088/1538-3873/aab694
https://archive.stsci.edu/files/live/sites/mast/files/home/missions-and-data/active-missions/tess/_documents/TESS_Instrument_Handbook_v0.1.pdf
https://archive.stsci.edu/files/live/sites/mast/files/home/missions-and-data/active-missions/tess/_documents/TESS_Instrument_Handbook_v0.1.pdf

Acronyms and Abbreviation List

BTJD Barycentric-corrected TESS Julian Date
CDPP Combined Differential Photometric Precision
Dec Declination

DV Data Validation Pipeline Module

KDPH Kepler Data Processing Handbook
MAST Mikulski Archive for Space Telescopes
MES Multiple Event Statistic

NAN Numerical Not-A-Number

POC Payload Operations Center

ppm Parts-per-million

RA Right Ascension

RMS Root Mean Square

SDPDD Science Data Products Description Document
SNR Signal-to-Noise Ratio

SPOC Science Processing Operations Center
TCE Threshold Crossing Event

TESS Transiting Exoplanet Survey Satellite
TIC TESS Input Catalog

TIH TESS Instrument Handbook

TJD TESS Julian Date

TOI TESS Object of Interest

TPS Transiting Planet Search Pipeline Module
UTC Coordinated Universal Time

XML Extensible Markup Language
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