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ABSTRACT

We have found that Proxima Centauri, the nearest star, will pass close to a
pair of faint background stars in the next few years. Using Hubble Space Telescope
(HST) images obtained in 2012 October, we determine that the passage close to
a mag 20 star will occur in 2014 October (impact parameter 176), and to a
mag 19.5 star in 2016 February (impact parameter 075). As Proxima passes in
front of these stars, the deflection of light due to relativistic effect will cause
shifts in the positions of the background stars by ~0.5 and 1.5 mas, respectively,
readily detectable by HST imaging, and possibly by Gaia and ground-based
facilities such as VLT. Measurement of these astrometric shifts offers a unique
direct method to measure the mass of Proxima. If Proxima has a planetary
system, additional microlensing signals due to the planets may be detectable.
With astrometric accuracies of 0.03 mas (achievable with HST spatial scanning),
centroid shifts caused by Jovian planets are detectable at separations of up to
2”0 (corresponding to 2.6 AU at the distance of Proxima), and centroid shifts by
Earth-mass planets are detectable within a small band of 8 mas (corresponnding
to 0.01 AU) around the source trajectories. Jovian planets within a band of
about 28 mas (corresponding to 0.036 AU) around the source trajectories would
produce a brightening of the source by > 0.01 mag and could hence be detectable.
Estimated timescales of the astrometric and photometric microlensing events
range from a few hours to a few days, and both methods would provide direct

measurements of the planetary mass.

Subject headings: Gravitational lensing: micro, Astrometry, Stars: individual:

Proxima Centauri, planetary systems
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1. Proxima Centauri: Our Nearest Neighbor

Proxima Centauri (o Centauri C, V645 Cen, GJ 551; Hipparcos parallax 771.64 mas
+2.6 mas) is the nearest star, lying 1.30 pc from the Sun and at a projected angular
separation of 2.2 degrees and a linear distance of 0.07 pc (14,500 AU) from the bright
and slightly more distant binary o Cen A+B. The distance, proper motion, and radial
velocity of Proxima are similar to those of a Cen A+B, showing that Proxima belongs to
a wide triple system (Wertheimer et al. 2006); however, its large separation from « Cen
A+B means that it has evolved effectively as a single star. Proxima is a low-mass, M5 Ve
dwarf and flare star, with an apparent magnitude of V' = 11.05, and a proper motion of

37851 yr—1.

1.1. Mass of Proxima Centauri

Proxima, as an M dwarf, represents the most common type of star. Proxima’s
radius is known from VLTI (Very Large Telescope Interferometry) observations to be
0.145 Ro, £ 0.011 R, (Ségransan et al. 2003). But, as an effectively isolated star, Proxima’s

mass can only be estimated from mass-luminosity (M-L) relations as ~0.12 M.

A star’s mass is its most important physical parameter, being the primary determinant
of its temperature, radius, luminosity, lifetime, and ultimate fate. The only directly
measured stellar masses come from double-lined eclipsing systems and visual binaries. For
dM stars like Proxima, the observational situation is particularly poor, with less than a
dozen double-lined eclipsing systems known that have primary masses of <0.6 M (e.g.,
Kraus et al. 2011). Moreover, the eclipsing systems are not representative of field dM stars,
because synchronous rotation causes stellar activity, starspots, and inflated radii. The

masses of single low-mass stars have to be inferred largely from theoretical M-L relations,
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which suffer from poorly understood opacities and interior structure (e.g., Chabrier &

Baraffe 1997, 2000).

1.2. Planets around Proxima Centauri

Ground-based radial-velocity (RV) measurements have recently led to discovery of
a msini = 1.1 Mg planet orbiting o Cen B at a distance of 0.04 AU (Dumusque et
al. 2012). However, all attempts to detect planets around Proxima Centauri have so far
been unsuccessful. M dwarfs are generally not optimal for search for planets though RV
techniques, since a large fraction of them have surface activity, which increases RV jitter
(e.g., Campbell et al. 1991; Wright 2005). However, Proxima itself has a relatively small
RV scatter of 3.1 ms™!, and RV techniques have been used extensively to search for
planets around it. These data exclude the presence of any planet in a circular orbit with
msing > 1 Myeptune at orbital separations of a < 1 AU (Endl & Kiirster 2008). However,
this does not rule out the presence of larger planets whose orbital plane may be close to
face-on. No planetary transits have been reported for Proxima. Astrometric techniques
have also been unsuccessful in detecting any planets around Proxima, which excludes the
presence of any planet with mass >0.8 Mj,,, in the period range 1 day < P < 1000 days,

corresponding to orbital separations of 0.01 to 1 AU (Benedict et al. 1999).

2. Predicting Astrometric Microlensing Events Due to Nearby Stars

In this paper we discuss an alternative method for measuring masses of nearby single
stars and for searching for planetary companions, and an upcoming opportunity to apply
this method to Proxima Centauri. The special importance of microlensing events produced

by very nearby stars was emphasized by Paczynski (1996). For such events the term
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“mesolensing” has been suggested (Di Stefano 2008), because the large angular Einstein
radii of nearby stars, coupled with their typically large proper motions, yield relatively
large probabilities of such events occurring. Searches for upcoming close stellar passages of
high-proper-motion stars near background sources have been carried out by Salim & Gould
(2000) and Proft, Demleitner, & Wambsganss (2011), who have published lists of candidate

events (see also Lépine and Di Stefano 2012, who discuss a specific event).

In the case of microlensing events due to nearby stars, the foreground star will almost
always be much brighter than the background source, making it difficult to measure its
astrometric shift of the fainter background star. The contamination from the foreground
star reduces when the lens-source separation is larger, but then the astrometric signal also
reduces, making the measurement again difficult. Measuring the astrometric signal will be
easiest if we can find a situation where the centroid shift is large even when the lens—source
angular separation is large. Such a situation arises for the very nearest stars, for which the

angular Einstein radii are the largest.

To search for such very favorable events, we started with the LHS catalog (Luyten
1979), a compilation of all known stars with proper motions greater than 0”5yr~—'. The
coordinates in the LHS catalog are only approximate, so we used improved positions and
proper motions determined by Lépine & Shara (2005) (mostly for northern-hemisphere
stars), and the revised positions and proper motions published by Bakos, Sahu, & Nemeth
(2002) for the remainder. Unlike the previous studies, we took the parallaxes of the LHS
stars into account, if they are available in the SIMBAD database, since parallax significantly
alters the circumstances of the events for very nearby stars. We then projected the positions
of all ~5,000 LHS stars forward over the next 40 years and searched for close passages

(impact parameter <2”) near background stars contained in the GSC 2.3 catalog! (Lasker

'http://gsss.stsci.edu/Catalogs/GSC/GSC2/gsc23/gsc23 release notes.htm



et al. 2008).

3. The Proxima Centauri Events of 2014 and 2016

Of the events that we have found will occur in the next few years, one of the most
interesting is the close passage of Proxima Centauri in front of a pair of background source
stars of V' magnitudes 20 and 19.5, separated by 4”3. Closest approaches will occur in
2014 and 2016, respectively. Figure 1 shows images of the Proxima field from the Digitized
Sky Survey (DSS)? IR and 2MASS (Cutri et al. 2003) surveys, taken in 1997 and 2000,
respectively. Proxima is the bright star to the left, marked with a green circle, and moving
rapidly to the right (west-northwest). A second green circle marks the pair of background

stars.

Although it might appear from a cursory inspection of the ground-based images in
Figure 1 that close passages must occur frequently, passages as close as ~1”5 are actually
rare. Moreover, Proxima is exceptional in having an Einstein ring radius as large as
28 mas, because it is so close to the Earth. For more typical proper-motion stars at

considerably larger distances than Proxima, only extremely close passages (<0”3) are of

The Guide Star Catalogue-II is a joint project of the Space Telescope Science Institute and
the Osservatorio Astronomico di Torino. Participation of the Osservatorio Astronomico di
Torino is supported by the Italian Council for Research in Astronomy. Additional support
is provided by European Southern Observatory, Space Telescope FEuropean Coordinating
Facility, the International GEMINI project, and the European Space Agency Astrophysics
Division.

2The Digitized Sky Survey was produced at the Space Telescope Science Institute under
U.S. Government grant NAG W-2166.
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interest from a microlensing standpoint—and they would generally suffer considerably from

large differences in brightnesses.

To refine the impact parameters and times of closest approach, we obtained Hubble
Space Telescope (HST') images of the field on 2012 October 1. Observations were taken with
the UVIS channel of the Wide Field Camera 3 (WFC3) in the F475W, F555W, F606W, and
F814W filters. Since the background stars are >8 mag fainter than Proxima, we obtained
two sets of observations, a short one with an exposure time of 0.5 s (the minimum allowed
exposure time with WFC3) in each filter, and a long one with an exposure time of 100 to
200 s. An extra set of short and long exposures were obtained in the F555W filter, which
were dithered by about 4” with respect to the first set. The two long exposures obtained
in the F555W filter were used to produce a cosmic-ray cleaned image of the field. Since
Proxima is heavily saturated in the longer exposures, care was taken to choose a telescope
orientation such that neither the diffraction spikes nor the charge bleeding from Proxima
would affect the background sources. Proxima was not saturated in the short exposures in
F475W an F555W filters, but was slightly (<30%) saturated in the F606W and F814W
filters. The short exposures were used for photometry of Proxima itself, and the long
exposures were used for photometry of the background stars. Even though we have used a
large aperture to take the charge bleeding into account in our photometry in the saturated
images (Gilliland 1994) in the F814W and F606W filters, the photometric uncertainties in
these filters are expected to be higher. The photometric magnitudes for Proxima (on the
Vega-mag system) and the source stars along with the estimated errors are listed in Table 1.
We also examined the 2MASS source catalog for the infrared magnitudes of the sources.
The 2MASS catalog shows a single source at this position, with magnitudes of J = 16.089,
H = 15.436, and K, = 15.764, and uncertainties of about £0.07 mag. These magnitudes

most likely represent the combined light of both background sources.
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Figure 2 shows our long-exposure HST image taken in the F555W (V) filter. Also
shown is the future path of Proxima (red line), calculated using the Hipparcos proper
motion and parallax (ESA 1997), and taking into account the stellar positions as observed
by HST on 2012 October 1. As Figure 2 shows, Proxima will actually pass between the
two background stars labelled as “Source 17 and “Source 2,” affording two independent
opportunities to measure the relativistic light deflection and search for effects of planetary
companions. The closest passages will occur in 2014 October, with an impact parameter
of 176 + 0”1, and the second in 2016 February, with an impact parameter of 0”5 4 0”1.
The errors in the impact parameters are mostly caused by the cumulative effect of the
error in the proper motion. Details of the predicted close encounters are given in Table 1.
(These predictions will improve as we obtain further HST observations, and the improved

predictions will be made available at this website: http://www.stsci.edu/~ksahu.)

We note from Table 1 that the colors of both sources are similar to or bluer than
Proxima, but they are at least 8.5 mag fainter than Proxima. That would imply that the
distances to these source stars are >60 pc, much larger than the distance to Proxima. In
our current analysis of predicting the closest approaches, we have ignored the parallax and
proper motion of the source stars, which are expected to be small. This can be rectified if

our future HST observations show any parallax or proper motion.

4. Measuring the Mass of Proxima Centauri through Astrometric

Microlensing

When a background star (the source) passes within or close to the Einstein ring of a
foreground object (the lens), it splits into two images and the combined brightness exceeds
that of the source star as depicted in Figure 3. As explained in more detail later, the

sources will pass several Einstein ring radii from Proxima itself, but could pass very close
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to or within the Einstein ring of a planet. So we provide a general formalism here, which is
valid for small as well as large impact parameters. (For more details, see Schneider, Ehlers,

& Falco 1992; Paczyniski 1996; and Dominik & Sahu 2000).

The angular radius of the Einstein ring of a point lens can be written as

O — (4GM)1/2’ )

A2d,

where M is the lens mass and d is the parallax distance of the lens as measured with

respect to the more distant source, given by

11 1 @
d. D; Dg’

Dy, and Dg being the distances from the Earth to the lens and the source, respectively.

If the angular separation between the lens and the (undeflected) source is Af, then the

two images of the source will be located at separations of
0, =05 [u Vi 4} O, (3)

relative to the position of the lens, and
u= A0/, (4)

Note that the source, the lens, and the two images of the source all lie on a straight line; the
positive sign implies the same side as the source from the lens, and the negative sign implies
the opposite side. The angular distances of the two images from the original position of the

source are given by (6. — Af).

Figure 3 schematically shows images as the source (shown by the red dots) passes
though the Einstein ring (blue circle) of the lens. The two images are shown in black, one

outside the Einstein ring (major image), and the other inside (minor image).
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The amplifications of the two images of the source are given by

242
u” + :i:l}

AL =05 | ———
* [ux/él—i—u?

The combined amplification can be written as

u?+2
uv4a + 2

For u < 1, the combined amplification can be approximated as

A:A++A,:

and for u > 1

The intensity-weighted centroid of the two images is given by

A0+ A

9 . . 9)

If the two images are unresolved, then the centroid shift with respect to the original position
of the source can now be written as

u

00=0— 0=

Or; . (10)

The locations of the two images, and of their centroid, as functions of u are shown in
the top panel of Figure 4, and the corresponding magnifications are shown in the bottom
panel. Note that 06 increases with u when u < \/5, after which it decreases with u. As the
figure shows, when u > 1 (as in the case of Proxima), A_ ~ 0 and A ~ A, so that the
position of the major image can be taken as the centroid of the combined image, and its

amplification as the amplification of the combined image.

For u > 1, the centroid shift can now be written as

O 0%
0~ —=—=. 11
0 u Al (11)
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Adopting a distance of 1.3 pc and a mass of 0.12 M for Proxima, and assuming
Dg > Dy in Eqn. 1, we find that its Einstein ring radius is g ~ 28 mas.Thus a background
source lying at an angular distance Af from Proxima will have its apparent position shifted

by

(28 mas)?
~N 12
56 N (12)
Using Eqns. 1 and 11, we can express the mass of the lens as
2 2 20 A
szﬁlacal,r:(wcal,T 9. (13)

4G 4G

The angular separation Af, and the centroid shift 0 can be determined from the
observations taken before and during the event. To measure the mass of the lens using
Eqn. 13, the remaining required parameter is the parallax distance d,, depending only on
the difference between the parallaxes of the lens and the source. The parallax of the lens
is already known, and our planned HST observations will directly constrain the source

parallaxes (expected to be very small as noted above).

For the upcoming close encounters of Proxima Centauri, the sources lie on either
side, with impact parameters of 0.5 and 1.6 arcsec, which correspond to v ~ 18 and 57,
respectively. For such large u, the major image will lie within ~1.5 mas of the undeflected
source location. The brightness of the minor image, which will lie within ~1 mas of Proxima

itself, will be <2 x 107° that of the primary image, and thus can be ignored.

In Figures 5 and 6 we plot the centroid shifts of Sources 1 and 2 as functions of time,
under the assumption that Proxima has a mass of 0.12 M. The maximum centroid shift
for Source 1 is ~0.5 mas at closest approach, and for Source 2 it is ~1.5 mas. Both events

have long timescales—in fact, the deflections are already underway as we write!
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5. Astrometric Detection of Planets around Proxima

If Proxima has planetary companions, it may be possible to detect them—and measure
their masses—through their extra astrometric shifts of one or both of the background stars
(Safizadeh, Dalal, & Griest 1999, Han & Lee, 2002). Using Eqn. 1, we can write the size of

the angular Einstein ring due to a planet around Proxima as

Mptaner )
(0E>planet ~38 (#) mas . (14>
up

The maximum possible extra deflection due to a Jupiter-mass planet is (v/2/4) fg ~ 2.8 mas,
which would occur when the angular separation between the background source’s deflected

image and the planet is V2 0 ~ 11 mas.

Figure 6 shows an example of how the gravitational deflection of Source 2 might
be modified by the presence of a planetary companion of Proxima under favorable
circumstances. We have assumed a Jupiter-mass companion in a face-on circular orbit
with a separation of 0.8 AU, which has a closest approach of 14 mas from the background
star. The dashed lines in both panels show the deflections when this hypothetical planet is
included in the calculations. The effect of the motion of the planet in its 751-day orbit is
included. As the figure illustrates, such a planet would produce a relatively large distortion

of the deflection curve by about 0.5 mas, but lasting only about 3 days.

Let us now calculate the sizes of the regions around Proxima in which planets can be
detected through their astrometric signals. If the minimum astrometric deflection that can
be measured is 0, then the corresponding maximum angular distance between the source

and the planet can be written, using Eqn. 9, as

(QE)%lanet ~ (8 mas)2 Mplanet
MJup '

(bmax = (15)

5min N 6min
This equation implies, for example, that if d,,;, = 0.03 mas (detectable with HST spatial

scanning as discussed above), the deflection due to a Jupiter-mass planet would be
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detectable if the planet passes within 2” of either background source.

Figure 7 illustrates the spatial regions around Proxima in which planets of various
masses will be detectable during the upcoming approaches of the two background stars.
Here we show the trajectories of the two stars in a Proxima-centered reference frame.
Dotted curves refer to Source 1, and solid curves to Source 2. The sets of blue curves
surrounding both trajectories, with separations of ~2” from the stars, enclose the regions
in which a Jupiter-mass planet is detectable with a deflection exceeding 0.03 mas. The red
curves surrounding the two trajectories enclose the regions in which the deflection due to a

10 Mgartn planet is detectable.

There is, however, a zone close to Proxima where it becomes difficult to distinguish
the signal due to a planet from the signal due to Proxima itself. The most favorable
circumstances occur when the planet passes through a point where its separation from the

source is less than the planet’s separation from Proxima.

6. Photometric Microlensing by Planets around Proxima

If Proxima has a planet which passes within a few mas of either source, photometric
signatures of microlensing due to the planet may be detectable. As noted earlier, the
Einstein ring of a Jupiter-mass planet has a radius of about 8 mas. For a photometric
accuracy of 1%, the planetary signature will be detected for an amplification of A = 1.01,
which is achieved if the impact parameter u < 3.5 (Eqn. 4). This requires the planet to lie

within an angular distance ¢ of the source, where

Y 0.5
¢ = 3.5 (0r)planct ~ 28 <ﬂ> mas. (16)

Thus any Jovian-mass planet that passes within 28 mas of either background star

(corresponding to a linear separation of <0.036 AU) can be detected through precision
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photometry.

The Einstein-ring crossing time is given by T = 0 /A, where A is the proper motion
of the planet relative to the background star. Assuming the proper motion of Proxima for

the planet, the crossing time is

M pianet 05
(TE)planet ~ 2.7 (ﬁ) days. (17)
up

The duration of the photometric event can be written as
Tp = 2Tx (b* — u®)"?, (18)

where b is the source-lens separation, in units of 0y, at which the amplification is detectable.
An amplification of A = 1.01 corresponds to b = 3.5. Thus Tp can be up to 7 times T, or,

for a Jupiter-mass planet, ~19 days.

In Figure 7 the green lines surrounding each background source trajectory enclose
the regions within which a 1% photometric amplification by a Jovian planet would be
detectable. These zones are very small, making the probability of photometric detection of

such a planet small.

7. Observational Considerations

Successful observations of these events will be challenging, because the background stars
are >8.5 mag fainter than Proxima and will require accurate astrometry and photometry
at separations from Proxima ranging from 0’5 to ~2"”. Here we discuss the feasibility of the

observations from space and from the ground.



~15 —

7.1. Space-based Astrometry and Photometry

For the upcoming events, the minimum values of A# will be 176 and 0”5, corresponding
to maximum deflections of 0.5 and 1.5 mas. Such displacements are routinely measured
using cameras onboard HST in fact, astrometric accuracies of 0.2 mas have been achieved
in single measurements through direct imaging with the Advanced Camera for Surveys
(ACS) and WFC3 (e.g., Anderson et al. 2006; Bellini et al. 2011), and spatial-scanning
modes have been developed recently with WFC3 that can achieve astrometric accuracies of

about 0.03 mas (A. Riess, private communication).

The fact that these observations can be obtained easily with HST even in the presence
of Proxima is illustrated in Figure 8. In order to achieve astrometric accuracy of 0.2 mas per
observation, we need a S/N of about 300 for each background star, which can be achieved
in an exposure time (WFC3, F555W filter) of 100 s. The left panel shows a 200-s exposure
on Proxima taken with WFC3 in F555W filter, which is thrice the required exposure time.
The white circle has a radius of 12.5 pixels (0”75). The right-hand panel shows the radial
profile of this star, greatly magnified to show the signal in the wings of the stellar image.
The counts drop below 5000 electrons at a radial distance of 12.5 pixels, at which point the
background becomes negligible compared to a star with S/N = 300. Since the source star
will actually be at a separation of 0”5 even at closest approach, saturation effects are thus

unimportant provided the diffraction spikes and charge bleeding are avoided.

These events will conveniently occur during the operational life time of Gaia, ESA’s
astrometry mission, which is expected to be launched in 2013. Gaia can observe down to
V =~ 20, and its astrometric accuracy is expected to be 0.1 to 0.3 mas depending on the
source magnitude (Gare et al. 2010; Prusti, 2012). Assuming Gaia can observe the fainter
background star in the presence of the much brighter Proxima, the mass of Proxima should

be measured well by Gaia.
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7.2. Ground-based Astrometry and Photometry

Photometric observations required for this project are possible with several ground-
based instruments. One example is the upcoming SPHERE (Spectro-Polarimetric
High-contrast Exoplanet REsearch) of ESO VLT, which is specially designed to image
faint sources in the presence of sources brighter by as much as 12.5 magnitudes with
separations as small as 0”1 (Beuzit et al. 2008). The Gemini Planet Imager may also be
a suitable instrument where a contrast of >10°% at 0”4, and closed-loop performance down
to I = 8 mag, have been achieved (Macintosh et al. 2012). The “lucky imaging system”
at the Danish 1.54 m telescope at the ESO La Silla Observatory may also be a capable
instrument, which uses a EMCCD (Electron-multiplying Charge Coupled Device) that
delivers fast readout times and negligible readout noise, making it an ideal detector where
a large number of fast frames can be used in “shift and add” mode to improve resolution

and avoid saturation (Harpsge et al. 2012).

Astrometric observations from the ground are, however, very challenging. Astrometric
accuracies of 0.1 mas have been achieved for stars brighter than K = 16 with NaCo (Fritz
et al. 2009; Lenzen et al. 2003; Rousset et al. 2003), which is a Near-IR Imager and
spectrograph with an adaptive optics system at ESO VLT. Astrometric measurements with
an accuracy of 0.1 mas for sources brighter than K = 16 have also been achieved with Keck
(Clarkson et al. 2012), although Proxima’s declination of —62 degrees makes it unobservable
with Keck. However, apart from the fact that both our sources are most likely fainter than
K =16, they will be accompanied by a very close and much brighter star. In principle, the
brighter star can help by serving as a good guide/reference star, but in practice, the “halo”
of the bright star is likely to overlap with the position of the target star (Fritz et al. 2009),
which pose challenges by causing systematics which need to be characterized extremely

well.
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8. Summary

We have shown that the nearest star, Proxima Centauri, will pass close to two
background stars in 2014 and 2016, with impact parameters of about 176 and 0”5. Because
Proxima is so nearby, its angular Einstein ring radius is large (~28 mas) and will lead to
detectable relativistic light deflections of the images of the background stars even at those
angular separations. Measurement of the astrometric shifts offers a unique opportunity for

an accurate determination of the mass of Proxima.

Although the background stars are >8.5 mag fainter than Proxima, the large contrast
is mitigated by the relatively large separations at which the gravitational deflection is still

detectable, and well within the capabilities of the Hubble Space Telescope.

The upcoming events also offer the opportunity to detect and determine the masses of
planetary companions, either through additional astrometric shifts, or in rare circumstances
through a photometric microlensing event, leading to a brightening of the source star.

These events would have durations of a few hours to several days.
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Table 1: Details of the source stars.

Parameter Source 1 Source 2 Proxima®
RA (J2000) 14:29:34.693 14:29:34.268

Dec (J2000) —62:40:33.46 —62:40:34.91

FAT5W (“B”) 21.26 20.55 12.03
F555W (“V7) 20.36 19.89 11.33
F606W (“wide-V") 19.61 19.29 (10.44%)
F814W (“I”) 17.78 17.93 (7.25%)
Date of closest approach 2014.80 £+ 0.03 2016.16 £+ 0.03

(Oct 20, 2014 + 10 days)

Impact Parameter 176 £ 071

(Feb 26, 2016 + 10 days)

0”5 £ 0”1

?The magnitudes of Proxima in the F606W and F814W filters are determined from saturated images which

are uncertain by +0.5 mag. All other magnitudes have uncertainty of +£0.05 mag.
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Fig. 1.— (Top): Proxima Centauri field in 1997, taken from the near-IR Digitized Sky

Survey. The image size is 300” x 220” with north at the top and east on the left. Proxima is
encircled, and is moving to the west-northwest. (Bottom): Proxima field in 2000, taken in
the 2MASS survey. In both images the pair of faint background stars that will be microlensed

in 2014 and 2016 is within the green circles on the right.
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Fig. 2.— Proxima Centauri field as observed with HST/WFC3 on 2012 October 1 in the
F555W (V) filter. Image is 26” x 26” with north up and east to the left. The two faint
background sources are circled and labelled “Source 1”7 and “Source 2”. The future path of
Proxima is shown in green, taking into account proper motion and parallax. The locations
and dates of closest approach of Proxima to the two background sources are marked by green
diamonds. The closest approaches to the two background stars will occur in 2014 October
and 2016 February, at separations of 176 4+ 0”1 and 0”5 4+ 0”1, respectively (see Table 1).
Note that there is an additional faint source about 0”3 south-east of Source 1, which is about

2.7 magnitudes fainter than Source 1 in the F555W (“V”) filter.
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Fig. 3.— This figure shows how the apparent positions and the sizes of the images change at
various stages of a microlensing event. In this geometry the position of the lens, indicated
by a green dot, is fixed, and the red dots show the actual positions of the source. The black
ellipsoidal points show the images of the source as it passes close to the lens in the plane
of the sky. The dashed circle is the Einstein ring of the lens. At any instant, the source,
the lens and the two images lie on a straight line as shown by the dotted blue lines. The
centroid of the images are indicated by the blue dots, which are clearly shifted with respect

to the source positions due to microlensing. The maximum centroid shift occurs when the

lens-source separati

1996)

on is v/20g, one such case is shown by a blue dotted line.(cf. Paczyniski
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Fig. 4— The astrometric shift and the amplifications of the images. The upper panel shows
the shifts of the minor image, the major image and the centroid with respect to the unde-
flected position of the source, as a function of u. The lower panel shows the amplifications of
the same three components as a function of u. The shift of the minor image monotonically
increases with u, but its brightness drastically reduces for larger u as seen in the lower panel.
As a result, the contribution of the minor image is negligible at high u, and the astrometric

shift and the amplification are close to that of the major image.
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Fig. 5.— Expected astrometric shifts of Source 1 (the fainter of the two background stars).
The left panel shows the total astrometric shift as a function of time, and the right panel
shows the two-dimensional motion of the image of the background star. The epochs of three
peak deflections are marked with numerals 1, 2, and 3 in the left panel, and the corresponding

points are labeled in the right panel.
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Fig. 6.— Expected astrometric shifts of Source 2 (the brighter of the two background stars).
The solid line in the left panel shows the total astrometric shift as a function of time, and
the right panel shows the two-dimensional motion of the image of the background star. The
epochs of three peak deflections are marked with numerals 1, 2, and 3 in the left panel, and
the corresponding points are labeled in the right panel. The dashed lines in both panels
show the shifts when we additionally assume Proxima to be accompanied by a Jupiter-mass
planet at an orbital separation 0.8 AU, which passes within 14 mas of the background star.
These calculations take the orbital motion of the planet into account. The inset in the left
panel shows a magnified view of the region of the planet’s effect on the astrometric shift,

which has a duration of about 3 days.
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Fig. 7.— Trajectories of the two background stars in a Proxima-centered reference frame,
shown as dashed (Source 1, labelled as “S1”) and solid (Source 2, labelled as “S2”) black
lines. Black dot at center denotes Proxima, surrounded by two dashed black circles of radii 2
and 4 AU. If Proxima has a 1 Mj,, planet lying between the pairs of dashed blue (Source 1)
or solid blue (Source 2) lines, the extra astrometric shift caused by the planet will (briefly)
exceed 0.03 mas. If Proxima has a 10 Mg, planet lying between the pairs of red lines,
the astrometric signal of this planet will likewise exceed 0.03 mas. If Proxima has a 1 My,
planet within the green lines, its photometric microlensing signal will exceed 0.01 mag. The
locations and dates of the closest approaches of the two background stars are marked. As
they move to the east (left) relative to Proxima, the parallactic loops of the background stars
have a one-year timescale, as indicated by the scale bar at the bottom. The x-axis denotes

the absolute value of the shift, i.e JRA x cos(Dec).
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Fig. 8.— (Left): Image of Proxima Centauri taken with WFC3/HST on October 1, 2012,
in the F555W filter with an exposure time of 200 seconds This is about 3 times over exposed
than what is required in order to attain a S/N of 300 for even the fainter background star.
The white circle corresponds to a radius of 12.5 pixels corresponding to 0.5 arcsec, which is
the closest approach of the background star. (Right): Radial profile of Proxima in the 200-
sec image, greatly magnified to show the signal in the wings of the stellar image. The counts
drop below 5000 electrons at a radial distance of 0”4 arcsec, at which point the background
becomes small compared to a star with S/N = 300. Since the source star will actually be
at a separation of 0”5 at closest approach, it is important to choose an orientation of the
camera such that the sources do not fall either on the direction of charge bleeding, or on the

diffraction spikes.




