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Abstract

We report an analysis of the planetary microlensing event OGLE-2018-BLG-1185, which was observed by a large
number of ground-based telescopes and bylizerSpace Telescope. The ground-based light curve indicates a low
planethost star mass ratio of= (6.9+ 0.2 x 10 >, which is near the peak of the wide-orbit exoplanet mass-ratio
distribution. We estimate the host star and planet massea ®Rikesian analysis using the measured angular Einstein
radius under the assumption thatstaf all masses have an equal probability of hosting the planet.ukheariation
observed by Spitzer is marginal, buil places a constraint on the micnote parallax. Imposing a conservative
constraint that this ux variation should be fs,,< 4 instrumental ux units yields a host mass of

Mhost 0.37 333 M. and a planet mass of, 8.4 ;9 Me. A Bayesian analysis including the full parallax

constraint from Spitzer suggests smaller host star and planet magggs of 0.091 §:9% M. andm, 2.1 33 Mg,

respectively. Future high-resotuti imaging observations with tHdubble Space Telescope or Extremely Large
Telescope could distinguish between these two scenaridehmictveal the planetary syt properties in more detail.

Uni ed Astronomy Thesaurus concegisavitational microlensingg72); Gravitational microlensing exoplanet
detection(2147); Satellite microlensing parallg2148

Supporting materialdata behind gures

1. Introduction with earlier sample§Gould et al201Q Cassan et a2012) is well
tted by a broken power-law model.

The gravitational microlengirmethod has a unigue sensitivity Their result shows the mass-ratio distribution peak, at
;

to low-mass planet®ennett & Rhiel996 beyond the snow line 9 o 012
of the host sta(Gould & Loeb1992, where, according to core (6.7 29 9 10 ® with power-law slopes af 0.85 ¢33 and

accretion theory predictions, planet formation is mostiefit P 2.6 21 above and belovg,, respectively.’ This result is
(Lissauer1993 Pollack et al1996. The Microlensing Observa- ~ consistent with previous microlensing analyses, which suggest
tions in Astrophysic§MOA) Collaboration(Bond et al.200 that Neptune-mass-ratio planets are more common than larger

Sumi et al2003 presented the most complete statistical analysis92S giantgGould et al.2006 Sumi et al.2010, and further

of planets found by microlensing to date and the best Indicates that Neptune-mass-ratio planets are, in fact, the most
measurement of the planet distribution beyond the snow line inco'rAn dfg‘?t.” typ;le 0; plank(_a(latrgel 86 fma)lm V\I”dde ordb_lts. i
Suzuki et al(2016. They found that the mass-ratio distribution itionally, Suzuki et al(201§ revealed a disagreemen

from the 2007 to 2012 MOA-II microlensing survey combined between the measured mass-ratio distribution in Suzuki et al.
(2019 and the predictions of the runaway gas accretion

scenario(lda & Lin 2004, which is part of the standard core

54 MOA Collaboration.

85 The Spitzer Team. 0 These values are the median and 68% dence level by Markov Chain

66 : Monte Carlo analysis with a 30-planet sample, which is given in Table 5 of
67 The KMTNet collgboratlon. Suzuki et al.(2016. So the 1 range of the mass-ratio distribution peaks is
o8 OGLE Collaboration. roughlyq,, (0.5-2) x 10 * At the same time, they also show that the best-
oo VINDSTEP Collaboration. tting parameters amg, = 1.65x 10 * with power-law slopes afi= 0.92

The ROME REA Project Team. andp = 0.47 in Table 4 of Suzuki et &2016.
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accretion theory. Population synthesis models based on coré brightness, it typically takes a few years for them to separate
accretion, including runaway gas accretion, predict too fewsuf ciently.

planets in the mass range of approximatek8M compared If both the Einstein radius: from the nite source effect and
to those inferred from microlensing observations. Similar the microlens parallaxs from the parallax effect are measured,
tension is indicated by Atacama Large Millimégromilli- we can derive two masdistance relations as follows:

meter Array(ALMA) observations. Nayakshin et #2019 5 5

compared the wide-orbi(>-99 ay planet candidates with M, & pe DDl ¢ aubs Do (1)
masses of 0.0M,,, to a few M;,, suggested by ALMA 4G Ds D_. 4G @ DsD.

protoplanetary disk observations to a population synthesis , .
prediction from the runaway gas accretion scenario. TheyWhereDs is the distance to the sour¢€ould 1992 2000.
found that the scenario predicts fewer sub-Jovian planets thafrinite source effects are detected in most planetary-lens events
the ALMA observations inferred. Three-dimensional hydro- through the observation of a caustic crossing or a close
dynamical simulations of protoplanetary disks do not supportapproach to a caustic cusp, thus enabling the measurement of
the runaway gas accretion scenario eitth@mbrechts et al. E-
2019. The most common method for measuring the microlens
The peak position of the mass-ratio function and its slope atparallax has been via the effects of the motion of the observer,
low-mass ratios are uncertain due to the lack of planets withwhich is called the orbital parallax effect. In order to detect the
mass ratios ofg< 5.8x 10 ° in the Suzuki et al.(2016 orbital parallax, the ratio ofz (typically te is 30 day$ to
sample. Udalski et al2018 and Jung et al(2019H used Earthis orbital period(365 day} should be signicant. Thus,
samples of published planets tome estimates of the peak and we only measure the orbital parallax effect for microlensing
the low-mass-ratio slope of the mass-ratio function. Udalskievents with long durations ahar relatively nearby lens
et al. (2018 con rmed the turnover shown in Suzuki et al. sSystems, yielding mass measurements in less than half of the
(2016 and obtained the slope index in the low-mass regime, published microlensing planetary systems.
p 0.73, using seven published planets witk 1x 10 *, The most effective method for routinely obtaining a
Jung et al(20198 foundqy,; 0.55x 10 *using 15 published ~ Microlens parallax measurement is via the satellite parallax
planets with low-mass ratiqgj< 3x 10 %). The Jung et al.  effect (Refsdal 1966, which is caused by the separation
(2019h study was subject tbpublication biag. That is, the betyveen two observers. Because thg typical Einstein radius
planets were not part of a well-deed statistical sample. Projected onto the observer plang, is about 10au, the
Instead, these planets were selected for publication for reasongatellite parallax effect can be measured for a wide range of
that are not well characterized. Nevertheless, the authors mak@icrolenses provided the separation between Earth and the
the case that this publication bias should not be large enough t§atellite is about 1 a(as was the case for Spitger
invalidate their results. By contrast, the Udalski et(20.19 For the purpose of measuring the Galactic distribution of
study only made the implicit assumption that all planets with Planets and making mass measurements through the satellite
g< 1x 10 * (and greater than that of the actual published parallax effect, the Spitzer microlensing campaign was carried out
plane) would have been published. I this is tiwehich is very ~ Tom 2014 to 2019 (Gould & Yee 2013 Gould et al.

likely), the study is not subject to publication bias. 2014 20153 2015h 2016 201§. During the six-year program,
A more de nitive improvement of the Suzuki et 42016 close to 1000 microlensing events were simultaneously observed

mass-ratio function can be obtained with an extension of thegl?arrqettrs]e vgi;ﬁugitgni?ebéasrgligin n?ggsfjhrzrrie?wrtes %%O%Ubgiri]tigr'
MOA-II statlstlcal_sample to |r]clude additional microlensing OGLE-2014-BL G-0124L {Udalski et al2018, OGLE-2015-
seasongD. Suzuki et al. 2021, in preparatjoi he low-mass- BLG-0966Lb (Street et al2016. OGLE-2016-BLG-1067Lb
ratio planet analyzed in this paper, OGLE-2018-BLG-1185Lb, c I-h' N (t' reet e | a201 0. OGLE_2016-BLG-1195Lb
will be part of that extended sample, and it will contribute to an (Sﬁvc rltzv %Va't elzoi' O%LE 2016_BLG _1190I__b R
improved characterization of the low end of the wide-orbit (Shvartzvald et al. 2017, . ' . b(Ryu
exoplanet mass-ratio function, et al. 2018, OGLE-2017-BLG-1140Lt_(CaIch| Novati et a_l.
The statistical analysis of the wide-orbit planet population 2018, TCP J05074264 2447555(Nucita et al.2018 Fukui
can also be improved by including information on the lens St &:2019 Zang et al2029, OGLE-2018-BLG-0596L iung
; P y 9 et al. 2019, KMT-2018-BLG-0029Lb(Gould et al.2020),
physical parameters, such as the lens mbhs, and the ) £ 5017 B G-0406Lb(Hirao et al. 2020, and OGLE-
distance to the lens stdd, . While the lens planehost mass 2018-BLG-0799Lb(Zang et al.2020. Comparison of planet

ratlgs,l.q, are usugll); Iwe”t t(\:/\?nStral'.n?d froml tthe I|ght-cgrve frequency in the disk to that in the bulge could probe the effects
modeling, we neéed at least two stance relaons In order ¢ yhe gifferent environments on the planet formation process.

to deriveM, andD_ directly. There are three observables that Obvious correlated noise in Spitzer photometry west

can yield masslistance reIatpns: nite - source effects, noted by Poleski et a{2016 and Zhu et al(2017), but those
microlens parallax effects, and direct detection of the lers works did not expect the systematic errors would have a

_In recent years, lensux detection by high-resolution — gjgni cant effect on the parallax measurements. Indeed, two
imaging follow-up observatior(such as by the Hubble Space 5 mparisons of small, heterogeneous samples of published
TelescopgHST) or KecK has been done for several microlens gyii7er microlensing events have coned this expectation
planetary systems after the lens and the source are separatgghan et al2019 Zang et al2020. However, a larger study
enough to be detectgBennett et al2006 2007, 2015 2029 (Koshimoto & BennetR02() of the 50-event statistical sample

Batista et al.2014 2015 Bhattacharya et al2017 201§ of Zhu et al.(2017) indicated a conict between the Spitzer
Koshimoto et al2017 Vandorou et al2020. However, the

reqUire.d Sepf'iratio_n for resolving the |en$ and source depends. |, aqdition Yee et al(2021) have submitted a paper on OGLE-2019-
on their relative brightnesses, and even if they are comparabl&LG-0960.
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microlensing parallax measurements and Galactic models. Iin the MOA eld gb10, which is observed at a high cadence of
suggested that this coiet was probably caused by systematic one observation every 15 minutes. The Korea Microlensing
errors in Spitzer photometry. Based, in part, on the KoshimotoTelescope NetworkKMTNet) Collaboration(Kim et al. 2019
& Bennett(2020 analysis, the Spitzer microlensing team has conducts a microlensing survey using three 1.6 m telescopes each
made a greater effort to understand these systematic errorsyith a 4.0 de§ FOV CCD camera. The telescopes are located at
including obtaining baseline data in 2019 for many of the the Cerro Tololo Inter-American ObservatdyTIO) in Chile
earlier planetary events. These additional baseline data prove(KMTC), the South African Astronomical Observat¢8AAO)
very useful in the characterization of systematics in Spitzerin South Africa(KMTS), and Siding Spring ObservatqSQ in
photometry for three previously published evefsuld et al. Australia(KMTA). This event is located in an overlapping region
202Q Hirao et al202Q Zang et al2020. Those analyses show between two elds (KMTNet BLGO3 and BLG43 and was
that systematics in Spitzer photometry can be present at théenti ed by the KMTNet EventFindefKim et al. 2018 as
level of 12 instrumental ux units, so observed signals in KMT-2018-BLG-1024.
Spitzer photometry on those scales should be interpreted with
caution. 2.2. Spitzer Observations

In this paper, we present an analysis of the planetary L ,
microlensing event OGLE-2018-BLG-1185, which was simul- !N Order to construct statistical samples from the Spitzer
taneously observed by many ground-based telescopes and tHBICrolensing campaign, Yee et €019 established detailed
Spitzer Space Telescope. From ground-based "ght_curvé)rotocols for the selection and observational cadence of Spitzer

analysis, the plandtost star mass ratio turns out to be very Microlensing targets. On 2018 July @1JD a 8308.25
low, @ 6.9x 10 °, which is thought to be near the peak of OGLE-2018-BLG-1185 was selected dsabjective, immedi-

the wide-orbit exoplanet mass-ratio distribution in Suzuki et al. &€ (S) target to be observed with thebjectiveé cadence by
(2016, Udalski et al(2018, and Jung et a[20198. Section2 th_e Spitzer microlensing team. The selecnon as Sl meant t_hat
explains the observations and the data reductions. Our groundNiS eévent was observed even though it never met the objective
based light-curve modeling method and results are shown irc'iteria established in Yee et 42019. The Spitzer Space
Section3. In Section4, we derive the angular Einstein radius €/€SCoOpe began to observe this event on 2018 July 14
from the source magnitude and color and thite source effect ~ (HJD @ 8313.8), which was 3 days after the peak observed
in order to constrain the physical parameters of the planetanf/omM the ground-based telescopes. The objective cadence
system. In SectioB, we estimate the physical properties such resulted in approximately one observation per day for the

as the host star and planet masses based on the ground-basgdnainder of the observing windo@7 days totgl These
light curve alone by performing a Bayesian analysis using theObservations were taken with the Infrared Array Camera in the

measured angular Einstein radius under the assumption that-6 m (L) band.
stars of all masses have an equal probability of hosting the

planet. We present our parallax analysis including the Spitzer 2.3. Ground-based Follow-up Observations
data in Section6. Finally, we discuss the analysis and  after the event was selected for Spitzer observations, some
summarize our conclusions in Sectin ground-based follow-up observations were conducted. The

Microlensing Network for the Detection of Small Terrestrial
) ) Exoplanet{MiNDSTEp) used the 1.54 m Danish Telescope at
2. Observations and Data Reductions La Silla Observatory in Chile and the 0.6 m telescope at
2.1. Ground-based Survey Observations Salerno University Observatory in Italy. The Microlensing
) ) Follow-up Network ( FUN) used the 1.3m SMARTS
_The microlensing event OGLE-2018-BLG-1185 wasst telescope at CTIO in Chile. Las Cumbres ObservatioBO;
discovered on 201.8 July (H‘JD = HJD 2,450,000 8396* Brown et al.2013 used the 1.0 m telescopes at CTIO in Chile,
at J2000 equatorial coordinat¢R.A., decl)= (17'59"10:26, at SSO in Australia, and at SAAO in South Africa, as part of an
2750063 corresponding to Galactic coordinal#s b)= | co-Spitzer program. The ROMREA team(Tsapras et al.
(27465, 2°004, by the Optical Gravitational Lensing Experi- 5019 also used the 1.0 m LCO robotic telescopes at CTIO in
ment (OGLE) Collaboration (Udalski 2003. The OGLE  cpjle, at SSO in Australia, and at SAAO in South Africa. A

Collaboration conducts a mid¢easing survey using the 1.3m g mmary of observations from each telescope is given in
Warsaw Telescope with a 1.4 degeld-of-view (FOV) CCD Table 1.

camera at Las Campanas Observatory in Chile and distributes
alerts of the discovery of microlensing events by the OGLE-IV .
Early Warning Systen{lUdalski et al.1994 Udalski 2003. The 2.4. Data Reduction
event is located in the OGLE-I\eld BLG504, which is observed The OGLE, MOA, and KMTNet data were reduced using
with a cadence of one observation per hour. the OGLE difference image analyg[3IA) photometry pipe-
The event was also discovered independently on 2018 July dine (Udalski2003, the MOA DIA photometry pipelinéBond
by the MOA Collaboration and idenéd as MOA-2018-BLG- et al. 2001), and the KMTNet pySIS photometry pipeline
228 by the MOA alert systertBond et al.2001). The MOA (Albrow et al.2009, respectively. The MINDSTEp data were
Collaboration conducts a microlensing exoplanet survey towardreduced using DanDIABramich2008 Bramich et al2013.
the Galactic bulge using the 1.8 m MOA-II telescope with a 2.2 The FUN data were reduced using DoPH(Echechter et al.
dedf wide FOV CCD camera, MOA-can{$ako et al2009, at 1993, and the LCO data from the LGSpitzer program were
the University of Canterbury Mount John Observatory in New reduced using a moded ISIS packagéAlard & Lupton1998
Zealand. The MOA survey uses a custom widebdted referred Alard 200Q Zang et al2018. The LCO data obtained by the
to asRyoa, corresponding to the sum of the Cousitand | ROME/ REA team were reduced using a customized version
bands, and also uses a Johngdvand lter. The event is located of the DanDIA photometry pipeline. The Spitzer data were

4
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Table 1

The Number of Data Points in the Light Curves and the Normalization Parameters
Name Site Collaboration Apertufe) Filter k €min Nusd Nobs
OGLE Chile OGLE 1.3 | 1.660 0.003 30483045
OGLE Chile OGLE 13 \ 1.301 0.003 6868
MOA New Zealand MOA 1.8 Rvioa 1.650 0.003 72777509
MOA New Zealand MOA 1.8 \ 1.321 0.003 24240
KMT SSO f03 Australia KMTNet 1.6 | 1.900 0.003 20872706
KMT SSO 43 Australia KMTNet 1.6 | 1.824 0.003 208@658
KMT CTIO f03 Chile KMTNet 1.6 | 1.579 0.003 2302486
KMT CTIO f43 Chile KMTNet 1.6 | 1.443 0.003 21932363
KMT SAAO f03 South Africa KMTNet 1.6 | 2.444 0.003 1812096
KMT SAAO f43 South Africa KMTNet 1.6 | 1.900 0.003 18462078
Danish Chile MINDSTEp 1.54 z 1.015 0.003 130154
Salerno Italy MINDSTEp 0.6 | 05
LCO SSO Australia LCGSpitzer 1.0 i 2.528 0.003 3044
LCO CTIO Chile LCG-Spitzer 1.0 i 1.129 0.003 17
LCO SAAO South Africa LCOSpitzer 1.0 i 019
CTIO 1.3m Chile FUN 1.3 | 0.852 0.003 1818
CTIO 1.3 m Chile FUN 1.3 \ 0.566 0.003 B3
LCO SSO Australia ROMEREA 1.0 g 025
LCO SSO Australia ROMEREA 1.0 i 074
LCO SSO Australia ROMEREA 1.0 r 029
LCO CTIO Chile ROMEREA 1.0 g 1.110 0.003 3833
LCO CTIO Chile ROMEREA 1.0 i 1.589 0.003 6161
LCO CTIO Chile ROMEREA 1.0 r 1.337 0.003 3131
LCO SAAO South Africa ROMEREA 1.0 g 017
LCO SAAO South Africa ROMEREA 1.0 i 019
LCO SAAO South Africa ROMEREA 1.0 r 045
Spitzer Earth-trailing orbit Spitzer 0.85 L 2.110 L 26/ 26

reduced using the photometry algorithm described in Calchiplanethost separation in units of the Einstein radigisthe

Novati et al.(2015.

angle between the trajectory of the source and the plaost

It is known that the photometric error bars calculated by dataaxis, ; and the ratio of the angular source size to the angular

pipelines can be underestimatedmore rarely overestimafed

Einstein radius, . The model ux f(t) of the magnied source

Various factors, such as observational conditions, can causat timet is given by

systematic errors. In order to get proper errors of the parameters

in the light-curve modeling, we empirically normalize the error
bars by using the standard method of Bennett €2608. We

use the formula
ia k\jl |2 er%in ) (2)

where Tais the ith renormalized error,; is the ith error
obtained from DIA, andk and ey, are the renormalizing
parameters. We set the valueegf, to account for systematic
errors that dominate at high mageation, and we adjust the
value ofk to achieve % dof= 1. The data from Salerno, LCO
SAAO by the LCG-Spitzer program, and LCO SSO and
SAAO by the ROMEREA project are too few to give any

T

f(t)y AWMk f, ©)

whereA(t) is the magnication of the source star, afigandf,
are the unmagned ux from the source and theaix from any
unresolved blend stars, respectively.

We also adopt a linear limb-darkening model for the source
star,

S() ®2O[1 u(l wcog))] , m( #

whereS () is the limb-darkened surfabrightness. The effective
temperature of the source star estimated from the extinction-free
source color presented in Sectibns Ter 5662 K (Gonzalez
Hernandez & Bonifacio2009. Assuming a surface gravity
logg 4.5and a metallicity ofog[M/H] 0, we select limb-

signi cant constraint or show systematics and disagreementlarkening coefcients ofu, = 0.5494,u,, = 0.7105,uz= 0.6343,
with other data sets. Therefore, we do not use them for theuy= 0.6314,u;= 0.7573,u, = 0.6283, and) = 0.5389 from the
modeling. We list the calculated error bar renormalization ATLAS model (Claret & Bloemen2011). For the Ruoa

parameters in Table

3. Ground-based Light-curve Analysis
3.1. Binary-lens model

The magnication of the binary-lens model depends on
seven parameters: the time of leswurce closest approadh,
the Einstein radius crossing timig the impact parameter in
units of the Einstein radiugg; the planethost mass ratiq; the

passbhand, we use the cagént forugeq= 0.5919, which is the
mean ofy, andug.

We rst conducted light-curvetting with only ground-
based data. We employed a Markov Chain Monte Carlo
algorithm (Verde et al.2003 combined with the image-
centered ray-shooting meth@@ennett & Rhiel996 Bennett
2010. We conducted grid search analysis following the same
procedure in Kondo et af2019. First, we performed a broad
grid search over thég, s, ) space with the other parameters
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Table 2
The Best-t Models for Ground-only Data

Parameters Unit 2L1&losg 2L1S (Wide) 1L2s

2/ dof 23,221.47133,252 23,489.30&3,252 23,601.43123,249
o1 HJD 8310.7772+ 0.0003 8310.7793 0.0003 8310.7726& 0.0003
to2 HJD L L 8311.5874+ 0.0010
te days 15.93% 0.133 16.312 0.144 15.73& 0.189
Uo,1 10 3 6.877+ 0.063 6.606: 0.067 7.77% 0.131
Uo.2 10 3 L L 8.773+ 1.515

q 10 ° 6.869+ 0.229 9.164t 0.552 L

s 0.963+ 0.001 1.144+ 0.003 L

rad 0.114+ 0.001 3.26% 0.002 L

1 10 3 3.468+ 0.083 <1.026 7.234+ 0.241

2 10 3 L L 1.613+ 0.956
o 10 2 L L 1.699+ 0.192
fs (OGLE)b 107.77%# 0.437 106.493 0.448 108.58% 0.550
fo (OGLE)b 396.165 0.594 397.39% 0.440 393.51& 0.587
Notes.

& The value is the 3upper limit.
B Al uxes are on a 25th-magnitude scale, ésg., 25 2.5lodfs).

free. The search ranges gfs, and are 6 logqg O model, the total effective magmiation of the source stafsis

05 logs 0.6and0< <2 ,with 11, 22, and 40 grid  expressed as follows:
points, respectively. Next, we need all parameters for the best
100 models with the smallest to search for the global best-
model.

The parameters of the bedt-models are summarized in
Table2. The light curve and the caustic geometry are shown in . .
Figuresl and2. As a result of the grid search, we found that WhereA: andA; are the magnication of the two sources with
the best-t binary-lens model is favored over the single-lens Model ux f, and f, respectively, andy is the ux ratio
modelby 2 2330. The bottom panels in Figutshow the ~ between the two sources fo/fy). In order to explain the
clear deviations of the light curve with respect to the single-lensmagni cation of the second source, we introduce additional
model fromHJD a 8310.9%to 8311.8, which are welltted parameters: the time of lems®urce closest approatdy, the
by the approach to the central caustic for the best binary-lensmpact parameter in units of the Einstein radiys, and the
model. Although the additional mageation from the cusp  ratio of the angular source size to the angular Einstein radius,
approach to the planetary caustic is small, the asymmetric , e found the bestt 1L.2S model is disfavored relative to
feature on the nght. side of the light curve due to the e}pproachthe best-t 2L1S model by 2 380, and we excluded the
to the central caustic shows clear residuals from the single-len L2S model. The parameters of the bestL2S model are

model, which suggest the existence of a companion. The bes . . . .
binary-lens model suggests that the lens system has avery-lows-ummarlzed in Tabl@. The light curve of the 1L.2S model is

mass ratio,q 6.9x 10 ° with a normalized separation ShOWn in Figurel.
s 0.96. Itis well known that there is a clésdde degeneracy
in high-magnitude binary-lens eve(&riest & Sa zadehl998
Dominik 1999 Chung et al2009, which is due to the similar The magnication of the binary-lens model with parallax
shape and size of the central caustic betvesmmds *. From effects needs two additional parameters: the north and east
the grid search, we found the best wide binary-lens modelcomponents of the parallax vectag in equatorial coordinates,
(s> 1) hasq 9.2x 10 °ands 1.14. The separation of this  _ 'and g (Gould 2004. The orbital parallax effects are
wide model is slightly different from the reciprocal of the caused by Earth orbital motion. In the case of OGLE-2018-
separation of the close modsk 1), yielding a different shape  BLG-1185, the timescalé;  15.9 days, is small compared to
and size for the central caustic from those of the best closeEartis orbital period, which makes it less likely for us to
model. We ruled out the wide model because the best closgneasure the parallax effects. The bestparallax model
binary-lens model_is favored over the wide model by improvesthetslightyby 2 20, butthere is disagreement
268. The ?is large because the source trajectory is in 2 improvement between the data sets. The parallax
parallel to the lens axis and approaches not only the centralnformation such as the direction and the value is easily

A A AL A O(AQ’ ®)

fi & 1 o

3.3. Ground-based Parallax

caustic but also the planetary caustics. in uenced by the systematics in each telescope data set.
Considering these facts, we concluded that we should disregard
3.2. Binary-source model the parallax information from the ground-based data.

We checked the possibility that the observed light curve can
be explained by the binary-source model because it is known
that there is a possible degeneracy between the single-lens We can estimate the angular Einstein radigs =/
binary-sourc€1L2S model and the binary-lens single-source because can be derived by the light-curveting and the
(2L19 model(Griest & Hu1993 Gaudi1998. For the 1L2S angular source radius can be derived by using an empirical

4. Angular Einstein Radius








