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On 2017 August 17, the Laser Interferometer Gravitational-wave Observa-

tory (LIGO) and the Virgo interferometer detected gravitational waves em-

anating from a binary neutron star merger, GW170817. Nearly simultane-

ously, the Fermi and INTEGRAL telescopes detected a gamma-ray transient,

GRB 170817A. 10.9 hours after the gravitational wave trigger, we discovered a
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transient and fading optical source, Swope Supernova Survey 2017a (SSS17a),

coincident with GW170817. SSS17a is located in NGC 4993, an S0 galaxy

at a distance of 40 megaparsecs. The precise location of GW170817 provides

an opportunity to probe the nature of these cataclysmic events by combining

electromagnetic and gravitational-wave observations.

Merging binary compact objects such as black holes (BHs) and neutron stars (NSs) are ex-

pected to be gravitational wave (GW) sources in the 10–104 Hz frequency range (1) that can

be observed using interferometers. The Laser Interferometer Gravitational-wave Observatory

(LIGO) recently used this method to detect several binary BH (BBH) mergers (2–4). These

discoveries have unveiled a population of relatively massive black holes, tested General Rel-

ativity, and led to insights regarding stellar evolution and binary populations (5, 6). Although

it is unlikely that BBH systems produce a luminous electromagnetic (EM) signature, detecting

an EM counterpart to a GW event would greatly improve our understanding of the event by

providing a precise location and insight into the merger products. Unlike BBH mergers, binary

NS (BNS) mergers are expected to produce gravitationally unbound radioactive material that

is visible at optical and infrared wavelengths (a kilonova) (7–10) and perhaps relativistic jets

seen as short gamma-ray bursts (SGRBs) (11,12). BNS mergers should produce transient, tem-

porally coincident GWs and light. This has many advantages in comparison to detecting GWs

alone, such as possibly constraining the nuclear equation of state, measuring the production of

heavy-elements, studying the expansion of the Universe, and generating a clearer picture of the

merger event (13–15).

On 2017 August 17, LIGO/Virgo detected a strong GW signal consistent with a BNS

merger, GW170817 (16). A preliminary analysis of the GW data suggested that the two com-

ponent masses were small enough to be a BNS system. This event had a low false-alarm rate

of 1 per 10,000 years, a 90-percent chance of being localized to an area of 31 deg2 (Figs. 1 &

2), and a distance of D = 40 ± 8 megaparsecs (Mpc) (16, 17). Contemporaneously, the Fermi

and INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL) gamma-ray telescopes

detected a SGRB both spatially and temporally coincident with the GW event, GRB170817A.

However, the Fermi/INTEGRAL localization area was larger than the LIGO/Virgo localization

area (18, 19).

Our One-Meter, Two-Hemisphere (1M2H) collaboration uses two 1-m telescopes, the Nickel

telescope at Lick Observatory in California and the Swope telescope at Las Campanas Obser-

vatory in Chile, to search for EM counterparts to GW sources. Our strategy involves observing

previously cataloged galaxies whose properties are consistent with the GW data to search for

new sources. This strategy is particularly effective for nearby events with a small distance un-

certainty, which reduces the surface density of viable targets (20). We observe in either i′ or i

band filters (Nickel and Swope, respectively) because those are the reddest bands available on

those telescopes and theoretical models predicted that kilonova light curves would be particu-

larly red (10).

As the center of the localization region was in the Southern hemisphere and relatively close

to the Sun, the Nickel telescope could not observe the GW170817 localization region. For
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GW170817, we were able to also use both Magellan telescopes as part of the search [see (21) for

details], allowing a multi-wavelength campaign covering giH bands. At the time of the trigger,

the local time in Chile was 9:41 am (when the Sun was above the horizon), so observations

could not begin for more than 10 hours. Because of the GW position, the majority of the 90-

percentile localization region was expected to only be accessible for the first 2 hours after civil

twilight that evening (Fig. 1).

Using a catalog of nearby galaxies and the three-dimensional GW localization of GW170817

[e.g., (21)], we created a prioritized list of galaxies in which the source of the GW event could

reside (Table S1). Our prioritization algorithm includes information about the stellar mass and

star-formation rate of the galaxy. We examined the positions of the 100 highest-priority galaxies

to see if multiple galaxies could fit in a single Swope image (field of view of 29.7 arcminutes

× 29.8 arcminutes), so that we could cover the probable locations as efficiently as possible. We

were able to combine 46 galaxies in a total of 12 images (Fig. 2). The remaining galaxies on

the initial list were sufficiently isolated to require their own images. We designed an observing

schedule that first observed the 12 positions covering multiple galaxies, followed by individual

galaxies in order of their priority while they were approximately 19.5 degrees above the horizon

(corresponding to an airmass of 3.0).

Starting at 23:13 UT, when nautical twilight ended (Sun > 12 degrees below the horizon),

45 minutes after sunset, and ten hours after the GW trigger, we began observing the GW170817

localization region with an i-band filter. The 60-second exposures had a point-source limiting

magnitude of 20.0 mag, corresponding to an absolute magnitude Mi of −13.0 mag at a dis-

tance of D = 40 Mpc (uncorrected for foreground Milky Way extinction). We immediately

transferred, reduced, and examined each image by eye. In the ninth image (Fig. 3), which

was initiated at 23:33 UT and contained two high-priority targeted galaxies, we detected an

i = 17.476 ± 0.018 mag source that was not present in archival imaging (Fig. 4). We desig-

nate the source as Swope Supernova Survey 2017a (SSS17a); it is located at right ascension

13h09m48s.085±0.018, declination −23◦22′53′′.343±0.218 (J2000 equinox). SSS17a is offset

10.6′′ (corresponding to 2.0 kpc at 40 Mpc) from the nucleus of NGC 4993, an S0 galaxy at

a redshift of 0.009680 (22) and a Tully-Fisher distance of 40 Mpc (23). NGC 4993 was the

twelfth most likely host galaxy based on our algorithm, with a 2.2% probability of being the

host galaxy (see Table S1).

After confirming that SSS17a was not a previously known asteroid or supernova (SN) , we

triggered additional follow-up observations (24–26) and disseminated our discovery through

a LIGO-Virgo Collaboration (LVC) Gamma-ray Coordination Network (GCN) circular [ (27),

see (21) for details]. We quickly confirmed SSS17a in a Magellan image performing a simi-

lar galaxy-targeted search [ (28), (21)]. Several other teams also detected the presence of the

new source after our original discovery image [see (29) for a complete list]. We observed an

additional 45 fields after identifying the new source, acquiring 54 images over 3.5 hours and

covering 95.3% of the total probability (as determined by our algorithm) and 26.9% of the

two-dimensional localization probability. Comparing to Swope images obtained 18–20 days

after the trigger, we found no transient objects other than SSS17a in either set of images. Most
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galaxies are about ∼7′ from the edge of a Swope image (1/4 the size of the field of view), cor-

responding to ∼80 kpc at 40 Mpc. For these regions covered by our images, we can exclude

another luminous transient from being associated with GW170817 at the 95.3% confidence

level [e.g., (21)]. SSS17a is unlike any transient found by SN searches to date, making it an

unusual discovery if unassociated with an extraordinary event such as GW170817. Addition-

ally, SN rates imply we would expect only 0.01 SNe year−1 in the LVC localization volume.

The combination of all available data further indicates that SSS17a is physically associated with

GW170817 (probability of a chance coincidence is ∼10−6) (30, 31).

Our observations were made with a 1-m telescope with an approximately quarter square

degree field-of-view camera. This is in contrast to the strategy of using wide-field cameras,

often on larger-aperture telescopes to observe the entire localization region, unguided by the

positions of known galaxies (32, 33). While wide-field imagers might be necessary to discover

an EM counterpart in a larger localization error region or in a low-luminosity galaxy, such

instrumentation was not necessary for the case of GW170817/SSS17a. Nearly every optical

observatory has an instrument suitable for our strategy; even some amateur astronomers have

sufficient instrumentation to perform a similar search. While aperture and field of view are

key capabilities in the EM follow-up of future GW sources at the LIGO/Virgo detection limits,

when it comes to finding the closest and scientifically fruitful sources like GW170817/SSS17a,

the more import factors are telescope location and observational strategy.
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Figure 1 Gravitational-wave localization of GW170817. The outer edge of the red region rep-

resents the 90th-percentile confidence region as extracted from the revised BAYESTAR proba-

bility map. Also shown is the Milky Way in blue for context, with the outermost blue contour

corresponding to V -band extinction AV = 0.5 mag (34). The thick solid line represents the hori-

zon as seen from the Swope telescope on 2017 August 17 at 23:33 UT, the time we observed

SSS17a. The dotted line represents an elevation above the horizon of 30◦ (corresponding to an

airmass of 2.0).
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Figure 2 Sky region covering the 90th-percentile confidence region for the location of

GW170817. The 50th, 70th, and 90th-percentile contours are shown, with contours extracted

from the same probability map as Fig. 1. Grey circles represent the locations of galaxies in our

galaxy catalog and observed by the Swope telescope on 2017 August 17-18 to search for the

EM counterpart to GW170817. The size of the circle indicates the probability of a particular

galaxy being the host galaxy for GW170817. The square regions represent individual Swope

pointings with the solid squares specifically chosen to contain multiple galaxies (and labeled

in the order that they were observed) and the dotted squares being pointings which contained

individual galaxies. The blue square labeled ’9’ contains NGC 4993, whose location is marked

by the blue circle, and SSS17a.
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NGC 4993 
p = 0.022

ESO 508-G014 
p = 0.009

Ψ Hydrae HD 114098

Figure 3 Full-field Swope telescope i-band image containing NGC 4993 (Field 9 in Fig. 2).

The bright stars Ψ Hydrae and HD 114098 are labeled. The galaxies NGC 4993 and ESO 508-

G014, which had probabilities of hosting GW170817 of 0.022 and 0.009 (see Supplemental

Information), respectively, are labeled and marked with red arrows.
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NGC 4993 SSS17a

Hubble Space Telescope Swope TelescopeAugust 17, 2017April 28, 2017

A B

Figure 4 3′ × 3′ images centered on NGC 4993 with North up and East left. Panel A: Hubble

Space Telescope F606W-band (broad V ) image from 4 months before the GW trigger (25, 35).

Panel B: Swope image of SSS17a. The i-band image was obtained on 2017 August 17 at 23:33

UT by the Swope telescope at Las Campanas Observatory. SSS17a is marked with the red

arrow. No object is present in the Hubble image at the position of SSS17a (25, 35).
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Materials and Methods

S1: Galaxy Prioritization and Scheduling Algorithms

To improve the chances of detecting an EM counterpart to a GW source, we generate a priori-

tized list of targets, which we then attempt to combine into as few images as possible, and then

produce an observing schedule to be executed by an on-site observer.

We start with a catalog of nearby galaxies specifically created for the purpose of targeted-

galaxy GW searches (36). The catalog contains 53,161 galaxies, is nearly complete to 40 Mpc

(in terms of stellar mass), and still has high completeness to 100 Mpc. In addition to positions

and distances, the catalog includes B-band magnitudes, from which we calculate a B-band

luminosity that is a proxy for some combination of total stellar mass (more massive galaxies

are more luminous) and star-formation rate (SFR; bluer galaxies are more vigorously forming

stars). Both are useful for EM searches of GW sources since more massive galaxies have more

BNS systems and the theoretical merger rate depends on the SFR (37, 38).

Our algorithm depends on the three-dimensional localization probability maps produced by

LVC. In the case of GW170817, we used the revised BAYESTAR map (17, 39). This map con-

tains a two-dimensional (plane of the sky) probability and a distance (and distance uncertainty)

for pixels in a Hierarchical Equal Area isoLatitude Pixelization (HEALPix) map. Within this

map, there were 49 galaxies in the catalog and in the 90th-percentile localization volume. Since

GW170817 had an associated SGRB (18, 19), which might imply a face-on system and thus a

larger distance (17), we assumed a single distance for every pixel of the probability map with

an inflated uncertainty, D = 43± 12 Mpc.

For each galaxy in the catalog, we calculate a B-band luminosity proxy, L̃B (uncorrected

for Milky Way extinction),

L̃B = D2
gal10

−0.4mB , (S1)

where Dgal is the catalog distance for a galaxy and mB is its B-band magnitude.

Combining the two-dimensional location, distance, and galaxy luminosity, we obtain our

final probability:

Pgal = k−1 × L̃B × P2D ×

(

1− erf

(

|Dgal −DLVC|

σ2
D, gal + σ2

D, LVC

))

, (S2)

where Pgal is the probability that a particular galaxy hosts the GW event, k is a normalization

factor such that all probabilities sum to 1, P2D is the two-dimensional probability for a particular

galaxy, Dgal and σD, gal are the distance and distance uncertainty for the galaxy, and DLVC and

σD, LVC are the distance and distance uncertainty for the GW source.

We then attempted to schedule the 1000 highest-probability galaxies for observations with

the Swope telescope, the Magellan Clay telescope with the LDSS-3 imaging spectrograph (40)

and the Magellan Baade telescope with the FourStar near-infrared camera (41). Using all three

telescopes for the search enabled us to cover a range of optical and near-IR wavelengths over
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which a counterpart could be detected. Our scheduling algorithm takes an input of object posi-

tions, using the computed probabilities as priorities, and takes into account observational con-

straints such as the total observing time for each object (exposure plus overhead) to produce a

schedule. The algorithm maximizes a merit function based on a total net priority that includes

the object’s observing constraints in addition to its computed probability, and it attempts to

place the highest net-priority targets at each target’s lowest airmass. For the GW170817 search,

all exposure times were identical and every target was setting, which reduced the algorithm to

scheduling the highest-probability unobserved targets above our airmass limit of 3 at any given

time.

Using our scheduling algorithm, we were able to schedule ∼ 100 galaxies with non-negligible

probability, indicating roughly the number of observations we could perform before all high-

probability galaxies set below our airmass limit. We then examined the positions of the 100

highest-probability galaxies to determine if multiple galaxies could be observed simultaneously.

We visually examined the galaxy positions and were able to group 46 galaxies into 12 separate

telescope pointings, improving our efficiency by a factor of 3.8 for the grouped galaxies, and

52% for the 100 highest-priority galaxies.

We added special targets corresponding to the positions of the multi-galaxy fields and as-

signed them a high (and equal) priority to guarantee that they would be observed. By including

the multi-galaxy fields, we freed up time to observe 34 additional high-probability galaxies.

After swapping galaxies for multi-galaxy fields covering those same galaxies in our target list,

we recomputed an observing schedule. We did not attempt to further optimize the pointings.

Table S2 contains a list of observed galaxies, their probabilities, and the order of observation

for each telescope.

Table S1: Observation Schedule

Galaxy R.A. Decl. Probability Observation Number

Swope LDSS-3 FourStar

NGC 4830 12:57:27.9 -19:41:28 0.086207 1 2 1

NGC 4970 13:07:33.7 -24:00:31 0.083333 11 3 9

NGC 4763 12:53:27.2 -17:00:18 0.077519 13 4 2

IC 3799 12:48:59.7 -14:23:56 0.073529 5 5 3

PGC 044234 12:57:00.5 -17:19:13 0.044248 2 6 4

NGC 4756 12:52:52.6 -15:24:48 0.037037 4 7 5

PGC 043424 12:50:04.7 -14:44:00 0.034014 5 8 6

ESO 575-G029 12:55:59.7 -19:16:07 0.028818 1 9

ESO 508-G010 13:07:37.8 -23:34:43 0.027855 11 10

PGC 043664 12:52:25.6 -15:31:02 0.026316 4 1 7

ESO 508-G019 13:09:51.7 -24:14:22 0.025773 10 11

NGC 4993 13:09:47.7 -23:23:01 0.021463 9 12 11

IC 4197 13:08:04.3 -23:47:49 0.021368 11

ESO 508-G024 13:10:45.9 -23:51:56 0.020243 12
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PGC 043966 12:54:49.5 -16:03:08 0.019531 3

IC 3831 12:51:18.6 -14:34:24 0.019531 6

ESO 575-G055 13:06:39.9 -22:27:20 0.018762 7

NGC 4724 12:50:53.6 -14:19:54 0.018116 5, 6

PGC 043908 12:54:28.9 -16:21:03 0.015152 14

PGC 044500 12:58:45.6 -17:32:35 0.013812 15

IC 3827 12:50:52.2 -14:29:30 0.012453 5, 6

NGC 4968 13:07:05.8 -23:40:37 0.012225 11

PGC 043625 12:52:05.4 -15:27:29 0.011403 4

IC 4180 13:06:56.5 -23:55:01 0.010776 11 10

PGC 043720 12:52:51.1 -15:29:29 0.009615 4 1 7

ESO 508-G014 13:08:32.3 -23:20:49 0.009174 9

ESO 508-G033 13:16:23.3 -26:33:42 0.009091 16

PGC 797164 13:08:42.5 -23:46:32 0.007634 11

PGC 044478 12:58:34.4 -16:48:16 0.007246 17

PGC 043662 12:52:29.4 -15:29:57 0.006536 4 1 7

ESO 508-G015 13:09:18.9 -24:23:05 0.006211 10 8

PGC 043808 12:53:33.9 -15:52:44 0.006061 3

ESO 508-G004 13:06:52.6 -22:50:29 0.005952 8

PGC 183552 13:07:37.7 -23:56:17 0.005848 11 3 9, 10

PGC 044021 12:55:19.3 -14:57:00 0.005780 18

PGC 169673 13:06:19.4 -22:58:48 0.005747 8

IC 0829 12:52:33.0 -15:31:00 0.005682 4 1 7

ESO 575-G047 13:01:09.2 -18:11:51 0.005556 19

ESO 575-G035 12:57:02.7 -19:31:05 0.005319 1

ESO 575-G053 13:05:04.9 -22:23:01 0.005102 7

ESO 575-G048 13:01:26.8 -19:57:52 0.004762 20

ESO 508-G011 13:07:44.9 -22:51:28 0.004608 8

NGC 4726 12:51:32.4 -14:13:16 0.004525 6

IC 3822 12:50:22.7 -14:19:18 0.004425 5, 6

PGC 045006 13:02:25.9 -17:40:47 0.004149 21

PGC 043823 12:53:42.3 -15:16:56 0.003401 4

PGC 046026 13:14:17.7 -26:34:58 0.003390 22

PGC 043663 12:52:27.4 -15:31:07 0.003195 4 1 7

ESO 508-G003 13:06:24.0 -24:09:50 0.002950 23

PGC 043711 12:52:48.9 -15:35:21 0.002695 4 7

PGC 044312 12:57:32.7 -19:42:01 0.002660 1 2 1

PGC 044023 12:55:20.4 -17:05:46 0.002639 2

NGC 5124 13:24:50.3 -30:18:27 0.002340 24

NGC 5051 13:16:20.1 -28:17:09 0.002290 25

ESO 508-G020 13:09:59.8 -23:42:51 0.002045 12
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PGC 045565 13:08:42.0 -24:22:58 0.001905 10 8

PGC 803966 13:07:30.9 -23:10:14 0.001736 8

NGC 5078 13:19:50.1 -27:24:36 0.001630 26

ESO 444-G012 13:20:50.2 -29:28:46 0.001580 27

ESO 444-G026 13:24:29.0 -30:25:54 0.001560 28

6dF J1309178-242256 13:09:17.7 -24:22:55 0.001520 10 8

Abell 1664-11 13:07:34.1 -23:48:54 0.001420 11 10

NGC 5114 13:24:01.7 -32:20:38 0.001300 29

NGC 5135 13:25:44.0 -29:50:00 0.001260 30

ESO 444-G021 13:23:30.6 -30:06:51 0.001250 31

NGC 5048 13:16:08.4 -28:24:37 0.001160 32

NGC 5193 13:31:53.5 -33:14:03 0.001100 33

ESO 383-G005 13:29:23.6 -34:16:16 0.000937 34

NGC 5140 13:26:21.7 -33:52:07 0.000914 35

2MASX J13245297-3020059 13:24:53.0 -30:20:04 0.000429 36

ESO 444-G019 13:23:06.3 -32:14:41 0.000328 37

IC 4296 13:36:39.1 -33:57:57 0.000290 38

ESO 221-G035 14:16:04.4 -52:36:30 0.000188 39 22

ESO 221-G030 14:10:41.1 -52:11:02 0.000171 40 23

ESO 175-G002 14:08:36.0 -53:21:10 0.000149 41

ESO 383-G027 13:35:04.9 -35:16:08 0.000141 42

ESO 324-G033 13:32:27.3 -38:10:05 0.000103 43 13

ESO 383-G047 13:37:50.6 -36:03:00 0.000077 44

ESO 324-G044 13:38:06.2 -39:50:25 0.000066 45 12

ESO 221-G020 13:58:23.1 -48:28:34 0.000060 46

PGC 141857 14:10:33.5 -52:19:02 0.000055 47 14

PGC 2800412 14:17:10.0 -55:37:11 0.000051 48 15

PGC 141859 14:20:23.5 -55:04:07 0.000051 49 16

PGC 166335 14:16:02.0 -53:42:59 0.000043 50 18

NGC 5365A 13:56:39.5 -44:00:32 0.000038 51 17

PGC 463082 14:03:29.3 -50:46:37 0.000037 52 19

PGC 166323 14:04:34.1 -52:41:49 0.000035 53 20

ESO 175-G005 14:17:47.0 -52:49:54 0.000033 54 21

While NGC 4993 was included in a multi-galaxy field, skipping this step would have de-

layed our imaging of NGC 4993 by only ∼6 minutes. That is, NGC 4993 was in the ninth

image obtained, but was the twelfth-highest probability galaxy.

We applied the same algorithms to produce observing schedules for Magellan Clay/LDSS-

3 and Magellan Baade/FourStar. Maps displaying the locations of galaxies observed by these

telescopes are shown in Fig. S1 & S2, respectively.
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Figure S1 Same as Fig. 2, except displaying the galaxies observed by Magellan Clay/LDSS-3.

NGC 4993 is marked by the blue circle.
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Figure S2 Same as Fig. 2, except displaying the galaxies observed by Magellan Baade/FourStar.

NGC 4993 is marked by the blue circle.
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S2: Initial Transient Search

In preparing to search the LIGO/Virgo localization region for potential optical counterparts, we

obtained template images of our galaxy fields from the National Optical Astronomy Observa-

tory (NOAO) public archive (42). Our preference was to obtain deep template images covering

as many galaxies in our sample over as wide an area as possible and in a similar photometric

band to the Swope i filter. Therefore, we searched the NOAO archive for Dark Energy Camera

(DECam) (43) r- and i-band images covering as large a region as many of our galaxy fields as

possible.

With the DECam reference images, we immediately identified the 100 highest-probability

galaxies using ds9 (44) region files. As each Swope field was observed, we reduced the images

using a reduction pipeline (described below). We then loaded each file into ds9 to visually

inspect the galaxies associated with each region.

Transient discovery by visual inspection is heavily biased toward bright, isolated sources,

and so we used multiple kinds of scaling to inspect sources around each galaxy. This process

included inspection of faint sources in the outskirts of each galaxy using typical linear scaling

and sources deeply embedded in each galaxy with significantly higher clip values in order to

resolve faint, nuclear sources. As we inspected each image, we blinked them rapidly with the

DECam images in order to identify any differences between the images. Using this method,

we were able to visually inspect a single image every ∼1 minute, which was appreciably faster

than the total time allocated to expose on each field, read out the instrument, and slew to each

successive field. However, accounting for image reductions, we visually inspected the initial

images roughly 20 minutes after they were obtained.

The image containing SSS17a was the ninth image obtained, reduced, and inspected. As we

demonstrate in Figs. 3 & 4, this field contained only two galaxies and the transient source was

immediately apparent upon comparison with template imaging.

After the identification of this source at 23:59 UT (Fig. S6), we queried the Minor Planet

Center (45) and Transient Name Server (46) databases to confirm that SSS17a was not a known

asteroid or SN. Upon confirmation that SSS17a was an unknown source, our priorities imme-

diately changed to characterization through follow-up observations. After additional observa-

tions, we continued our search to observe the remaining galaxies in our list. The fields observed

are presented in Figure S3.

S3: Astrometry

We determined the location of SSS17a from the centroid of our point-spread function (PSF)

fit in the discovery i band image and the world-coordinate system (WCS) solution derived

for that image. The astrometric uncertainty associated with the location of SSS17a is the 1-

σ uncertainty on the PSF centroid and on the WCS solution added in quadrature. Our total

astrometric uncertainty for SSS17a, which was detected at 17.476 mag in a relatively bright

galaxy, was about 0.23′′.

20



Right Ascension

D
ec
li
n
at
io
n

1

2

3
4

56

7

8

10

11

9

12

−55°

−50°

−45°

−40°

−35°

−30°

−25°

−20°

−15°

12h40m13h0m13h20m13h40m14h0m14h20m

Swope FOV

Host Probability

10%

1%

0. 1%

All Swope Fields

L
V
C
L
oc
al
iz
at
io
n
C
on
fi
d
en
ce

P
er
ce
n
ti
le

90th

70th

50th

Figure S3 Same as Fig. 2, except displaying all galaxies and fields observed by Swope.

NGC 4993 is marked by the blue circle.
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SSS17a

Swope Telescope Difference Image

A B

Figure S4 3′ × 3′ images centered on NGC 4993 with North up and East left. Panel A: Discovery

image of SSS17a (same as Fig. 4B). Panel B: Difference image of the left panel. SSS17a is

marked with the red arrow.

S4: Swope Photometry

Subsequent to discovery, we imaged the site of SSS17a in BVgri bands with the Swope tele-

scope from 2017 August 17-24, at which point it became too faint to detect in 30 minute i band

images. After that time, we imaged the same field with long exposure times (20–60 minute) in

order to construct deep templates for difference imaging.

We performed standard reductions on all of our Swope imaging using photpipe (47),

a well-tested pipeline used in the Swope Supernova Survey and several major time-domain

surveys (48, e.g., Pan-STARRS1). We used photpipe to correct the Swope images for bias,

flat-fielding, cross-talk, and overscan. We performed astrometric calibration and corrections

for geometric distortion in photpipe by resampling each image onto a corrected grid with

SWarp (49), then applied a WCS derived from the locations of stars in the 2MASS Point Source

Catalog (50). We used photpipe to perform difference imaging with hotpants (51, 52),

which uses a spatially varying convolution kernel to match the image and template PSF before

image subtraction. As an example, we display the discovery image after image subtraction

in Fig. S4. Finally, we performed photometry using DoPhot, which is optimized for PSF

photometry on the difference images (53). Our BVgri photometry was calibrated using Pan-

STARRS1 (PS1) standard stars (54–57) observed in the same field as SSS17a and transformed

into the Swope natural system using Supercal transformations (58).

The Swope photometry is presented in Fig. S5 and listed in Table S1.
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Figure S5 BVgri light curves of SSS17a. These data are analyzed in detail in (24, 59, 60).
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Table S2: Swope Photometry of SSS17a

Time since LVC Trigger (d) Filter AB Magnitude (Uncertainty)

0.4529 i 17.476 (018)

1.4663 V 18.222 (041)

1.5057 B 19.066 (037)

1.5153 i 17.802 (020)

1.5187 r 17.985 (018)

1.5263 g 18.488 (124)

3.4608 V 20.521 (115)

3.4666 B 21.719 (126)

3.4728 g 20.771 (049)

3.4761 i 18.922 (047)

3.4791 r 19.815 (089)

4.4600 i 19.386 (045)

4.4680 r 20.579 (125)

4.4759 g 21.750 (104)

5.4735 i 20.270 (116)

7.4612 i 21.420 (183)

S5: Extensive Transient Search

From 2017 September 4-7, we obtained follow-up 120 second i-band images of all fields ob-

served with the Swope telescope on 2017 August 17. We performed difference imaging in the

same manner using photpipe to search for new optical transients that had either faded since

2017 August 17, or appeared over the 18–20 day interval from the first to second epoch of

observation. Apart from SSS17a, we did not detect any transients in any of our Swope fields.

We calculated a 5-σ limiting magnitude for each Swope image by examining sources with

background fluxes within 10% of the median sky background. We then calculated the signal-

to-noise ratio for each of those sources as estimated from the count rate and 1-σ uncertainty in

the count rate. We fit a cubic spline to the signal-to-noise ratio versus magnitude and estimated

the magnitude at which the signal-to-noise ratio was equal to 5.0. This 5-σ limit was typically

around 20.0 mag in the 60 second images from 2017 August 17, and 20.8 mag in the 120 second

images from 2017 September 4-7.

Treating this 5-σ limit as a bolometric magnitude at the distance of NGC 4993, we would

expect to detect all sources down to M = −13.0 to −12.2 mag. This limiting magnitude

rules out the presence of most supernovae, even those observed within hours (61–63) or weeks

after explosion (64). Very low-luminosity transients such as classical novae and intermediate

luminosity red transients (65) are faint enough to be missed by our optical survey, but neither

of these classes of sources are thought to be strong sources of GW emission.

Our choice of filter was also designed to target EM emission associated with predictions
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from kilonova models, which are expected to have very high optical opacities and thus very red

colors (7). If the theoretical predictions were incorrect and the intrinsic color of EM counter-

parts are blue, it is still unlikely that any source would be so blue to be detected in a bluer band

(e.g., g) and not i. SSS17a is well-fit by kilonova models (24,59), but with an added component

that is hot (> 10, 000 K) within hours of the LVC trigger and cooled rapidly over several days.

S6: 1M2H Slack Conversation

At the time of the GW170817 alert, D. Coulter, R. Foley, and M. Siebert were at the Dark

Cosmology Centre in Copenhagen, Denmark, while C. Kilpatrick and C. Rojas-Bravo were in

Santa Cruz, California. Meanwhile, B. Shappee, J. Simon, and N. Ulloa were at Las Campanas

Observatory with M. Drout supporting from Pasadena, California. Both because of the multiple

locations and for its speed, we used Slack to communicate. In Fig. S6 below, we present our

conversation, which includes the timeline of our evolving strategy and discovery of SSS17a.

All times displayed are Pacific Daylight Time.
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