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These Data Release Notes provide information on the processing and export of data
from the Transiting Exoplanet Survey Satellite (TESS). The data products included in this
data release are target pixel �les, light curve �les, collateral pixel �les, full frame images
(FFIs), cotrending basis vectors (CBVs), and Data Validation (DV) reports, time series,
and associated xml �les.

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 Product Description Document (SDPDD)1. 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, 2017).2 The Data
Validation algorithms are documented in Twicken et al. (2018) and Li et al. (2018). The
TESS Instrument Handbook (Vanderspek et al., 2016) 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
http://https://archive.stsci.edu/tess/

1https://archive.stsci.edu/missions/tess/doc/EXP-TESS-ARC-ICD-TM-0014.pdf
2https://archive.stsci.edu/kepler/manuals/KSCI-19081-002-KDPH.pdf
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1 Observations
TESS Sector 2 observations include physical orbits 11 and 12 of the spacecraft around the
Earth. Data were collected over a 27.4 day period, and paused for 1.44 days during perigee
passage while downloading data.

Table 1: Sector 2 Observation times
UTC TJDa Cadence #

Orbit 11 start 2018-08-23 14:24:19 1354.10102 91186
Orbit 11 end 2018-09-05 15:39:51 1367.15347 100583
Orbit 12 start 2018-09-07 02:14:18 1368.59406 101620
Orbit 12 end 2018-09-20 00:19:52 1381.51460 110922

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

The spacecraft was pointing at RA (J2000): 16.551�; Dec (J2000): �54.0160�; Roll:
�139.5665�. Two-minute cadence data were collected for 16,000 targets, and full-frame
images were collected every 30 minutes. See the TESS project Sector 2 observation page3

for the coordinates of the spacecraft pointing and center �eld-of-view of each camera, as well
as the detailed target list. Fields-of-view for each camera with all two-minute targets can be
found at the TESS Guest Investigator O�ce observations status page4.

1.1 Notes on Individual Targets
Four very bright stars (Tmag . 2) with large pixel stamps were not processed in the pho-
tometric pipeline. Target pixel �les with raw data are provided, but no light curves were
produced. The a�ected TIC IDs are 80256524, 47552789, 238196512, and 38877693.

Two targets were erroneously placed on the wrong CCD in Camera 4. A target pixel
�le for each target is provided, although the raw pixel data does not contain the target
designated in the �le names. No optimal apertures or light curves were produced. The
a�ected TIC IDs are 374942153 and 350433330.

Two targets (214664575 and 300015238) have very bright stars nearby (214664574 and
300015239, respectively). The contaminating 
ux for these objects is very large and the
pipeline assigns them disjoint photometric apertures, which likely causes uncorrected sys-
tematic errors in the light curves. Two other targets, 231005052 and 231005905, su�er from
a similar problem except they are nearly the same brightness (Tmag �5.1).

One target (230981971) had a small aperture selected (25x25 pixels) that did not fully
capture the bleed trails.

1.2 Spacecraft Pointing and Momentum dumps
As in Sector 1, the reaction wheel speeds were reset to low values with momentum dumps
every 2.5 days. Cadences during momentum dumps have bit 6 set (Reaction Wheel desatu-

3https://tess.mit.edu/observations/sector-2
4https://heasarc.gsfc.nasa.gov/docs/tess/status.html
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ration Event) and bit 8 set (Manual Exclude). These intervals include a 20 minute bu�er
for Fine Pointing mode to resume.

Figure 1 summarizes the pointing performance over the course of the sector based on Fine
Pointing telemetry. The sudden decreases in dispersion every 2.5 days mark the momentum
dumps.

Figure 1: Guiding corrections based on spacecraft �ne pointing telemetry. The delta-
quaternions from each camera have been converted to spacecraft frame, binned to 1 minute
and 1 hour, and averaged across cameras. Long-term trends (such as those caused by di�er-
ential velocity aberration) have also been removed. The �X/�Y directions represent o�sets
along the the detectors’ rows/columns, while the �Z direction represents spacecraft roll.
The sudden decrease in the dispersion every 2.5 days marks the momentum dumps.

1.3 Scattered Light
Figure 2 shows the median value of the background estimate for all targets on a given CCD
as a function of time. Figure 3 shows the angle between each camera’s boresight and the
Earth or Moon|this �gure can be used to identify periods a�ected by scattered light and
the relative contributions of the Earth and Moon to the image backgrounds. In Sector 2,
the main stray light features to be aware of are:

1. The upturns at the end of each orbit are caused by the Earth rising above the sunshade,
which reaches a minimum of �50 degrees from the center of Camera 1. The Earth’s
daily rotation is evident in the background level.
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2. The lower level rise in the �rst orbit of Camera 1 (days 4{9) is caused by the Moon
moving within 30 degrees of the camera boresight.

Figure 2: Median background 
ux across all targets on a given CCD in each camera. The
changes are caused by variations in the orientation and distance of the Earth and Moon.
The upturn at the end of each orbit is caused by the Earth rising above the sunshade.

2 Data Anomaly Flags
See the SDPDD (x9) for a list of data quality 
ags and the associated binary values used for
TESS data, and the instrument handbook for a more detailed description of each 
ag.

The following 
ags were not used in Sector 2: bits 1, 2, 7, 9, 11, and 12 (Attitude Tweak,
Safe Mode, Cosmic Ray in Aperture, Discontinuity, Cosmic Ray in Collateral Pixel, and
Straylight).

Cadences marked with bits 3, 4, and 6 (Coarse Point, Earth Point, and Reaction Wheel
Desaturation Event) were marked based on spacecraft telemetry.

Cadences marked with bit 5 and 10 (Argabrightening Events and Impulsive Outlier)
were identi�ed by SPOC pipeline results. Bit 5 marks a sudden change in the background
measurements. In practice, all bit 5 
ags are caused by the unstable pointing at times
near momentum dumps. Bit 10 marks an outlier identi�ed by PDC and omitted from the
cotrending procedure.
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Figure 6: 1-hour CDPP. The red points are the RMS CDPP measurements for the 15,994
light curves from Sector 2 plotted as a function of TESS magnitude. The blue x's are the
uncertainties, scaled to 1-hour timescale. The purple curve is a moving 10th percentile of the
RMS CDPP measurements, and the gold curve is a moving median of the 1-hr uncertainties.

3.3 Fire
ies and Fireworks

Table 2 lists all �re
y and �reworks events for Sector 2. These phenomena are small, spatially
extended, comet-like features in the images that may appear one or two at a time (�re
ies)
or in large groups (�reworks). See the instrument handbook for a complete description.

Table 2: Sector Fire
ies and Fireworks
FFI Start FFI End Cameras Description

2018236165941 2018236172941 2 single �re
y
2018239045941 2018239052941 3 single �re
y
2018241025941 2018241035941 1, 2, 3, 4 �reworks
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