magnitude

[ data — medel } / sigmao

Fitting Data with PLENS

CE—-2003-231
F T T T T I T T T T I T T T T T I v T T T T —
o b _
+ | tg= 2452834150 t.= 12.67 _
T [ ug= 0.33 Ay= 319 = 1.26 mag : 1
- OB-2003-231 mg,= 15.73 o= 0.01 1= 'D'. ! g
a [ P/(116—6)1= 1.86 => 1.03 == 1.06 h
o b _
- OGLE III data ]
w [ i
r A T S .
-2 =20 —14 o 10
(t—t; 0 /1
CE-Z2003-231
I L I
+  tp= 2402834150 1= 12,67 -
Up= 0.33 Ay= 319 = 1.26 mag Co ]
0B—2003-231 my= 15.75 oy= 0.G1 f= 0.83 !
ST T EE)= 186 S 103 & Toe T e - 1
R e e
. a2 & .I"‘ ™ :'.:l
SN . * ~ Sty , °
. ? . e -
| . X T LI 38 ¥ .
L B ‘
b . S S
[ _
=+ L -
|
s L [ B
-3 =24 -1 o 10
(t—t; 0 /1

Prab{ Detection | o )

1071

0.1

0.01

1077

407

LE-2Uus—451 g= 1.0—05 Ay = o best Ay = 4.4

1.0E-03 ﬂ.xg= 25,800,100

140

120

104

Orbit Rodius a/Rg

OF—2003—231 g=
;— -------------- F,V'-E';f'_\k o ""‘""""'"""é"" 1 O%"'""" ) _;
- Planet|detection probability
1 1 10 100




PLENS: web page

http://star-www.st-and.ac.uk/~kdh | /plens/plens.html
PLENS

PLENS is Keith Home s fortran code to fit lightcurves of microlensing events.
PLENS uses PGPLOT for graphics. The code is continually under development.

-

plens tar.gz . tarball with all files listed below.

plens exe , executable image.

plens.com , script to compile plens.

plens.ine , include file with common blocks for global variables.
plens for . plens main programme and subroutines.
lensl for . single lens subroutines.

lens? for . binary lens subroutines.

asp.ior , multiple lens subroutines.

dew for , detection zone area subroutines.

misc.for , miscillaneous subroutines,

lest3% dart | lighicurve data file for testing.

plens fit runs plens.exe w fit and make standard plots.
plens fitc for plots with c{x.v).

plens fitl for plots with c{u.theta).

plens fitv for plots with cit.r).

plens fitp for plots with pdeti{a).

plens test runs plens.fit™* on test3%0 dat.

+blending: test39054{a.b.m.o. .2, ¥, £2.c. 1, ¥, plps
+aigmagl: es39060 3.0 .o .0 LB X 2)Ps

2-panel plots: est3905.0ab . mr . mo  me . ml . myv ¢l . pe . pl hps
J-panel plots: est390.5.0 mrn , mrc , movy , mrl , mnl , mey , moy . pem

Tarball with all files.
F/7 source code
Test dataset test390.dat

Scripts to fit and produce
various plots

Plots for the test dataset.

, plm }.ps

Feith Harne (kdhl af st-andrews.ac uk)




PLENS: PSPL Model

T+2 -1,
PSPL magnification: A(z?) = “r — u =u, +( 0)
u(u2 + 4)

model flux ( magnified source + blend ):

w(t)=fs A+ fz = f (AD=-1)+f,  fo=fo+ [

) _ AW +b
= f5 (A0 +D) = f, )

3 nonlinear parameters: ¢, . u,
2 N linear parameters: f.(i) f;(i) for site/filteri =1...N

from which : f,(i) b(i1) more nearly orthogonal.

b= f,/f; bE (%)

Optimal scaling fits for linear parameters.
Amoeba (downhill simplex) for non-linear parameters.




PLENS: Lightcurve Data Files

Lightcurve data files: Multi-column ASCII files.

PLENS recognises several formats:
N mag err HJD see sky code dwell
mag err HJD see sky code dwell
D mag err see sky dwell
HJD mag err see sky
D mag err see
HJD mag err

PLENS decodes site/event/filter from standard file names:
e.g. OOB08300l.dat JOBO8300R.dat

Default data file extension is *“.dat”.
e.g. “JOBO8300R” picks up file “JOB08300R.dat”.




PLENS: Multiple Data Files

List of lightcurve data files: “@OB08300.lis”

The file OB08300.lis holds a list of lightcurve data files,
e.g. OOB08300l.dat

KOBO08300I.dat

HOBO08300R.dat

JOBO08300R.dat

Best data file (usually OGLE or MOA) should be first
(used to guess initial lens parameters).

Default extension is “.lis”.

eg. “@OB08300” picks up “@OB08300.lis”.




PLENS: Initial Parameters

Subroutine GUESSLENS runs on new input data.
Fast (optimal scaling) fit of gaussian + constant model to
observed magnitudes on best (first) dataset.

Grid search in centroid t, and rms o, :
t, range: start to end of data in steps of g,/ 10
o, range: 2 to 100 days in steps of 1/12 in log o,
Reject if: no support (gaussian falls in a data gap).
best-fit gaussian goes down rather than up.

Retain best gaussian + constant model, lowest ¥? ( t,, o, ).
[ Convert gaussian width o, to t;. ]

Evaluate PSPL magnification A(t) and scale to fit source flux
fc for each dataset ( no initial blending b= 0).




0B—-08—300 A,=F,=0.95 P=0.00031

OB-08-300 ey

=2454612.289 =8.86d 1t ,=2.8d
uy =023 A=438 =1.60 mag
OGLE m,=12.73 0.2%

GUESSLENS:

initial PSPL
parameters

M R PIOt HJD — 2450000
1 0B—08-300
= Magnitudes
M ! ¥/ (948~1)m2.70
+ ReSIduaIS tn-2464612.259 B.B8d 11.’3-2-

ug=0.p3 Ay=4.38 =f EC mag
OGLE =193 (.22

"l—l--lﬂ-

l

21 (948-1) = 2.70

residual (mag)

Edit parameters by hand
(if needed) before fit

HJD = 2450000




OB-08-300

Fit 4 params:

PSPL with
no blending.

t,=4611.75
t.=15.80
A,=5.47
m,=19.78

521 (948-4) = 1.63

residual (mag)

0B-08—-300 Ay=5.5 £ 0.71 Py=1.4 P=0.00083

3/ (948—4)=1 63 :
t=2454611.750 £=15.80d t, p=4.1d *

ug=0.19 A =547 =1.85 mag
OGLE m,=12.72 (0.2%

HJD — 2450000

OB—08-300

¥/ (94B—4)m1 83 :
1G=2454811.750 ,115.80d 1, p=4.14
Ug=0.]9 Ay=5.47 =] .B5 mag .

HJD = 2450000




OB-08-300 A,=8.4 = 1.1 F;=2.1 P=0.0010

OB-08-300 [isi=rer

t=2454611.815 t,=21.24d 1, ,,=3.8d
up=0.12 A=8.41 =2.31 mag .
OGLE my=19.78 b=0.63 0.2%

Fit 5 params:

PSPL with
blending.

b = fB / f-S = 0'63 HJD — 2450000
= [5.8=>21.2 OB‘—oa—:,:Im
A= 5.5 => 8.4 e SR

Ug=0.J2 Ay=B.41 =R.31 mag

residual (mag)

x>/ (948-4) = .63 l]]f ”
2/ (948-5) = 1.62 s

HJD = 2450000




OB-08-300 A,=8.4 = 1.1 F;=2.1 P=0.0010

OB'08'300 ?mif{m-'s}-i.aa'.};_m' IR 1

t=2454611.815 t,=21.24d 1, ,,=3.8d
up=0.12 A=8.41 =2.31 mag .
[ OGLE my=19.78 b=0.63 0.2%

Fit 5 parames:

PSPL with
blending.

MB PIOt — HJD — 2450000
Mags + Blend fit 0B—08-300

I ! I
|E—5)m1.83 m> 1.82

F4811.815 tp=21.244 '|'_1ﬂ-3.ﬂd
2 Ay=B.41 =231 mag
My=18.78 b=0.63 0.2%

x>/ (948-4) = 1.63 | ey
2/ (948-5) = 1.62 | RS o f = slope

fs = intercept

4 B

magnification A




QB-08—-300 Ay=B.4 & 1.1 Fpm2,1 P=0,0010

[ RS-t = 82
[ toAIA11.810 (R0t =0
12 Ay=BA1 =23

Fit 5 params:

PSPL with
blending.

L BAMMETIEIN =21 20 b =58
=0T A=) =231 mag
[ TR mg=10.78 b=0E3 02T

o
: e ! * -
- "
..................................... -
' - » . ..li. " e LI ’}‘.' I..-
= .a.-.1-‘.l.-.-.. - m B
L] =- - - - * - ! - L -y

MNG = Mags

+ Normalised
residuals

+ Gaussian test

w2/ (948-4) = 1.63 [EEEET

v?/ (948-5) = 1.62 |

_2 L 6 H 5- M
{ data — medal } # sigmo




PLENS: Noise Model

OGLE, MOA data: often show more scatter than expected in
the baseline flux (due to blending with nearby stars ?) Simple
scaling of error bars not appropriate. Increase flux error bar
(add variances), not magnitude error bar.

Flux error bars modified:

2 2 2 2 2 2
O; = UO + f Gi +Usys lui

l

Noise model parameters :

0, = baseline rms flux error (e.g. 0.02 mag relative to f,)
f =error bar scale factor (e.g. 1.2)

GS

,s = scale errors (e.g. 0.2%)




PLENS: Maximum Likelihood
X2=§ (Di_!/‘i)z

002 + f2 Gi2

i=1
% minimisation fails :

x> —=0 as 0 — ®

Maximum likelihood : [
exp(—x /2)
L(model) = P(data Imodel) =

N

(2n)N/21_[(002 . fzaiz)l/z

i=1

2L ="+ Y In(0,” + f’07)+ N In27)

Amoeba (Downhill simplex) minimises -2 In L




PLENS: Bayesian Priors

L(model) = P(data Imodel) = exp(— X/ 2) / H(Zn 02)1/2

P(data Imodel) P(model)
f P(data Imodel) P(model) d(model)

P(model |data) =

-21In(L x Prior) = ¥~ + Eln (002 + f? O'l.z) — 2In P(model) + const

_l(logtE—<log tE>)2

oci 2 o(logty)

Uniform in log A, , log f, log t; . P(te) . c
Optional: gaussian in log f, log t. 1 (tog f~{log /)
Optional: S 1 _5( o (log f) )

ptional: exponential in A,. P(f) 0676
Uniform with gaussian taper for t, P(A )ocie‘“o )
(avoids t, “too far” off ends of data). VA,
Split Gaussian (avoids b << 0). P(t,) «
e.g. 0,=0.0/ forb<0, 0.1 forb>0 P(b) x




QB-08—-300 Ay=B.4 & 1.1 Fpm2,1 P=0,0010
FLOG

-
[ BABR1EID =21 24 1 =g
12 Ag=Bid] =231
OB-08-300 | Ewia

Fit 5 params:

PSPL with
blending. T

=0.0

f=10

TRLE mg=10.78 =053 0.2%

. . . . ,
AR 83 =3 182

21 (948-4) = . | SR
2 (948-5) |

-2 . 0
{ data — medal } # sigmo




QB-08—-300 Ay=B.1 & 1.1 Fpm=2,0 P=0,0010

OB-08-300

Fit 6 params:

PSPL with
blending.

0, = 0.08 mag
f=1.0

521 (948-4) = 1.63
521 (948-5) = 1.62
21 (948-6) = 1.06

{ data — medal } # sigmo



OB-08-300

Fit 7 parames:

PSPL with
blending.

= 0.06 mag
f=1.15

521 (948-4) = 1.63
521 (948-5) = 1.62
21 (948-6) = 1.06
2/ (948-7) = 1.01

QB-08—-300 Ay=B.2Z & 1.1 Fpm2,0 P=0,0010

ST




OB-08-300

Fit 7 parames:

PSPL with
blending.

= 0.06 mag
f=1.15

521 (948-4) = 1.63
521 (948-5) = 1.62
21 (948-6) = 1.06
2/ (948-7) = 1.01

baseline rms Ty

relative probakbility

0.2

0.1

OB—0DB—300

0.05

' : : : L
X /(943—7)=1.63 => 1.62 => 1.05 => 1.01

L ty=2454811.811 1=20.71d ‘t; =384 .

Ug=0.12 &;=B.13 =228 may
_DG'I'_E'TH“—:I-EIE _b= DE? 0.2% op=0.08 f—.1 15

error bar scale f

OB—-08—-300

L A48 —T)=1.63 => 1.62 => 1.05 =3 1.01

- OGLE m,=18.78 k=057 0.2k 7,=0.08 f—1 15

t,=2454611.811 .=2071d t,,,=38d |
U=0.12 A,=8.13 =2.28 mag :

1

errar bar scale




OB—-08-300

OB-08-300 [EEE=rnmn

tu—2 454511 520

Fit 7 params:

flux residual

Residuals vs
Seeing and Sky "‘|| i

iml.i”.LEiiJiH Ii

¥}
Seeing normalised .
OE—08-300
to mean and rms
for each site.

521 (948-4) = 1.63
521 (948-5) = 1.62
21 (948-6) = 1.06 -
2/ (948-7) = 1.01

sky (ADU/s)

flux residual




PLENS: Parameter Error Bars:

Parameter Covariance Matrix = inverse of Hessian Matrix

- Chir2s( 127 - & )= 11.73921&7 Xz(OC) — Xz(&)
= Chisds( 127 - 5 3= 11.6938019
sigmogé= B.== &.33033E-a@5 A A~
= Chis2s0 127 - & )= 1.65649915 + E(a 0 / ) H (a - )_|_
erbscl= 1l.=» 3.15491229 J J Jk\"k k
= Chisds( 127 - 7 3= 1.61E92235 j.k
Hessian Determinant @.8143665174
Unit motrix: Mox error 2.18087267E-15 O @)

Covariances obowe 8.5 @ 2 of 18 1 0')2X2
Cov{ 1 33 = 0.977 +0 vs ul o= —-—
Covl 2 &3 = -B.679  tE vs fs(test3on) L]
Covariances: 2 é)ak&aj P
1 1.8 Q.88 @.98 2.88 -8.83
2 BB 1.82 @.06 -2.&8 -8.3&6
3 B9 0.8 L.00 -9.82 -8.82
4 B.83 -0.68 -@.02 1.88 .88 -1
5 -0.03 -0.36 -0.02 2.00 1.00 1 0’)2X2 |
r o234 Cov(a,,a.)=|——"— =[H ]
Paremeters: 5 k J 2 0’)05 é,a kj
B 3582 .73IB2E +4- Q.A2FRS2FM3 k j

tE 11.7@23848 +/- @.@8237401254
U @.330588411 +4- 9.@03183953
faltest3sd) 1.96621978 +/- @.0@258730850
faltest3nd) 2.15972519 +/- @.000888774895

[ R N

Peak mognificotion AR 3.14819837 +/- @.@27993834%
Baseline magnitude m@  15.364823 +/- 9. 20@44b38245




OB-08-300

Fit 7 parames:

BB plot =
Bayesian Blend
analysis

log b grid forces
b>0.

21 (948-4)
521 (948-5)
521 (948-6)
21 (948-7)

1

Felative Probability

20

bazeline mag my,

bazeline rms o,

OB—0B—3200

| <log{b)>=—0.2340.24
| <he=0.66£0.30 | o |

blend ratio b = T, / f,

OB—0B—3200

<rmp==19.78£0.00 1 |
[ em,»=203120.20 | |

|

|

|

|

o
il
1

blend ratio b = T, / f,

OB—0B—3200

T
(.

[ <loglo,)>=—1.21k0.00

| <my»=0.0840.00] | |
|

|

|

|

|

o
il
1

14

blend ratio b = T, / f,

erar bar scale f

102 200 SO0

=l

OH—-08—-300

S
T
<loglhy)==0.932]. {'a?'
<y »=B.53x1.41 ¢ |
| :

o
|
|
|

0.1

blend ratis b = f, /1,

OH—-08—-300

—

T
<lng(te)== 1331-’.}!:6
<t>=01.3842.49

0.1

blend ratis b = f, /1,

OH—-08—-300

S —
T
Zlagf)s= DEIB:kEIJ{IEI '
<fr=1,1820.00 | ;|
|
| E '

I

I

I

I

.
el
0.1 1

10

blend ratis b = f, /1,




OB-08-300

Fit 7 parames:

BB plot =
Bayesian Blend

analysis

b grid allows

b<0.

21 (948-4)
521 (948-5)
521 (948-6)
21 (948-7)

Felative Probability

=}
E
o
E
[
£
o
1
[}
a

bazeline rms o,

o

OB—0B—3200

|||||||||-||||||||||||

| <br=nege0R0; |

blend ratio b = T, / f,

OB—0B—3200

|||||||||-||||||||||||

<riy==18.78£0.00 |
<rn,»=20.3140.20 |
Do

blend ratio b = T, / f,

OB—0B—3200

|||||||||-||||||||||||

[ <loglo,)>=—1.210/00
| <mg»=0.0840.00 |

blend ratio b = T, / f,

erar bar scale f

OH—-08—-300

q:lng{.&.n]>=ﬂ.321:§ﬂ.ﬁ!?
<h r=B.5142 |
Do

blend ratis b = f, /1,

OH—-08—-300

<loglty)>=1.33+0.08
<tor=21354p.57 |
|

|
a
blend ratis b = f, /1,

OH—-08—-300

<log{f)> =006 000
<f>=1.1520.90 ; |

blend ratis b = f, /1,




OB-08-300 A,=8.2 + 1.1 F;=2.0 P=0.0010

OB-OB- 300 ff{gﬁ—?}-163-)162->105->1ﬂ1 :
t,=2454611.810 £,=20.75d ¢, ﬂ-sad :;

ug=0.12 A =815 =2.28 mag . Nl
OGLE m,=19,78 b=0.58 0.2% o,=0.06 f=1.14 ' L

Fit 7 parames:
MC plot =

Mags + x*(x, y)

Planet position

HJD — 2450000

( X,Y ) in RE units OB—08-300 q=0.001 &x?=100 best Ay?=8.66

qg=0.001
Ay =8.7

21 (948-4) =
52/ (948-5) =
21 (948-6) =
21 (948-7) =




PLENS: “Clipping” Outliers

maximum likelihood fit minimises

data — model ?
) |

error bar
median fit minimises

SAD = E‘ data — model ‘

PLENS: “Badness-of-Fit” is

linear (rather than quadratic)
for residuals larger than k o

PLENS parameters k+ and k-
set the k o clip thresholds.

(e.g. ¥+50to-50)




0B-05—380 Ay=3.1 £ 0.027 Py=4.8 P=0.00014

OB-05-390 [REr=marwe

[ 1,=2453562.728 t=11.48d t, =494
F ug=0.34 A=3.0F =1.22 mag | '
| OGLE my=15.56 b=0.06 0.2%%

Fit 5 params:

MN = Magnitudes
+ Normalised : S
residuals | S

HJD — 2450000

30 o outlier .

. e . I xz;{13l1—5}-11.55->11.52; :
Dinimished data [ e300 11480 1, jpmtta

L ug=0.34 Ay=3.07 =1.22 mag .
- OGLE my=15.56 b=0.08 0.2% |

marked by red X

21 (127-4) = 1 1.65
21 (127-5) = 11.62

20

ata — model } / sigma
10

HJD = 2450000



OB-05-390

Fit 7 parames:

MN = Magnitudes
+ Normalised
residuals

f=1.0=>3.2
300 =>llo
outlier

w21 (127-4) = 11.66
21 (127-5) = 11.63
w21 (127-6) = 1.63
21 (127-7) = 1.60

( data — model ) / sigma

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

PLENS

i f,a"{131—?}-11 Eﬁ => 11 63 => 1.63 =5 ‘I:.ﬁ{! ,
L 1 =2453582.7368 t=11.67d t1f2—4-9d

I ug=0.33 A=3.14 =1.24 mag |

5

[ DGLErnn=155ﬁb=00903:rﬁ=000f 1'5 :

3580
HJD — 2450000

OB—05-390

[ /(131-7)m11.66 => 11.63 => 1.83,=> 1.60
1,=2453582.738 ty=11.67d t,h-md

Ug=0.33 Ay=3.14 =124 mag

| OGLE mp=15.56 b=0.08 0.2% q'o-O Eoli) f-E 1'3

HJD = 2450000




0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

PLENS
T L T T T
OB-OS | 390 [ f;{131—7}-1155->1151 => 1,62 = 160 | :

1 =2453582.738 t=11.67d 1, =4 %!
I ug=0.33 A=3.14 =1.24 mag | '
| DGLE my=15.56 b=0.08 0.2% "050 L0 f 1'6 '

Fit 7 parames:

MB = Magnitudes
+ Blend fit

3580
HJD — 2450000

OB—05-390

° t t t ! t t ! ! |
L A/(131=7)m11.85 =>|11.81 => 1.62 => 1.80
I I 0 OUtI Ier 1;=2453582.738 ty=11(67d t, ,=4.9d

Ug=0.33 Ay=3.14 =124 mag
OGLE my=15.56 b=0.0§ 0.2% gy=0.00 fm3.16

w21 (127-4) = 11.66
21 (127-5) = 11.63
w21 (127-6) = 1.63 — |
21 (127-7) = 1.60 2

magnification A




OB-05-390

Fit 7 params

BB = Bayesian

Blend Analysis

log b grid:

<b>=0.11
o(b) = 0.05

21 (127-4)
21 (127-5)
21 (127-6)
21 (127-7)

Felative Probability

bazeline mag my,

bazeline rms o,

1

OB—05—380

T ""'l"l cyrrTTT

| <loglb)$=-1l0320.29
| <he=0.11£006
|

blend ratio b = T, / f,

OB—05—380

T ""'l"l cprrTT

<riy==15.56£0.00

blend ratio b = T, / f,

OB—05—380

T ""'l"l cprrTT

" <lonlo,)>=—h.17£0.00
- €gyn=00040.00

14

blend ratio b = T, / f,

erar bar scale f

500

1200 200

B0

OH—-05-340

T ""'l"l: T rrrm

<log{a,)>=D.50+0.02

F 2 r=3418k0.13

blend ratis b = f, /1,

OH—-05-340

T ""l"l . [ rrrrg

<log{ty)p=1.07£0.01

<to==11.7820.35
[

blend ratis b = f, /1,

OH—-05-340

T ""'l"l: T rrrm

q:lng{f]:i=0;5'tl:k 0.00
=f>=3,18x0.400
D

1 10

blend ratis b = f, /1,




OB-05-390

Fit 7 parames:

BB = Bayesian
Blend Analysis

21 (127-4)
21 (127-5)
21 (127-6)
21 (127-7)

Felative Probability

=}
E
o
E
[
£
o
1
[}
a

bazeline rms o,

10~

OB—05—380

| <b>=0.10+D.08

blend ratio b = T, / f,

OB—05—380

ip==15.56£0.00
<th, ==15,66+0.08

blend ratio b = T, / f,

OB—05—380

; ; ; ; , :

I
<log{r J==—4.03£000
< »=0.002000 |

blend ratio b = T, / f,

erar bar scale f

OH—-05-340

T T T T T

T

I
<lnglay)==0.5040.02 |
b x=3.14£0.15

blend ratis b = f, /1,

OH—-05-340

—
I
<log{ty)>=1.07£0.02 |
<tgm=11.6940.42

blend ratis b = f, /1,

OH—-05-340

<log(f]==0.50+0.00
«fx=3,1820.00

1
]
blend ratis b = f, /1,




OB-05-390

Fit 7 parames:

MC plot =
Mags + x*(x, y)

g =0.00]
A2 = 112

Planet params given
on plot if Ayx? > 100
2! (127-4) = 11.66
v*/ (127-5) = 11.62
2/ (127-6) = 1.62
%/ (127-7) = 1.60

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

ff{131—7}-11 66 => 11.62 => 1.62 => 1.60 :
1,=2453562.738 =11.67d t, =4 od! ;
up=0.33 4;=3.14 =1.24 mag , ¥
OGLE my=15.56 6=0.09 0.2% l:ro-{i 00:4=8.m

3580
HJD — 2450000

OB—05—330 q=0.001 Ax*=10D best Ay°=112
u=1,638 a=6B8° x=1.516 y=0.6208 t=3592.19 f=1.071




Alternative Planet Position
Parameterisations

(X,y)
(ln u,a)

(. 1)

in R, units
l/i2 _ x2 + y2
o =tan” (x/y)
t = time corresponding to &

=% inPSPL image units

u

+

)’Aa °

P/

Planet abundance approx uniform in ( Inu, o )

(t, f ) better constrained by data (more orthogonal to PSPL params).

f = +I at major image, -1 at minor image




OB-05-390

Fit 7 parames:

MV plot =
Mags + x*(t, f)

g =0.00]
Ay = 122

w21 (127-4) = 11.66
21 (127-5) = 11.62
w21 (127-6) = 1.62
21 (127-7) = 1.60

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

ff{131—7}-11 65 => 11.62 => 1.63 => 1.60 :
1,=2453562.738 t=11.66d t, =4 od! ;
up=0.33 4;=3.14 =1.24 mag , ¥
OGLE my=15.56 6=0.09 0.2% l:ro-{i 00:4=8.m

3580
HJD — 2450000

OB—05—330 q=0.001 Ax*=10D best Ay*=122
u=1,599 a=6B° x=1.479 y=0.6086 t=3592.15 f=1.047

major image

2580

HJD — 2450000 minor image




OB—05-390 g=0.001 Ay?>=100 best =112

u=1.638 a=68° x=1.516 y=0.6208 t=3592.19 f=1.071
OB-05-390

Fit 7 parames:

X(%Y)
x*(Inu, o)

g =0.00]

OB—05—330 q=0.001 4x*=100 best Ay*=118
A =118

u=1.53@=69° %=1.530 y=0.57/2 1=3593.00 f=1,038
™

w21 (127-4) = 11.74
21 (127-5) = 11.68
21 (127-6) = 1.65
w21 (127-7) = 1.62

&« (degrees)




OH-05-390 g=0.001 Ay’=100 best f&’=118
u=1.53%a=69° x=1.530 y=0.5772 t=3593.00 f=1.038

OB-05-390

Fit 7 parames:

x*(Inu, a)
P(det | a)

a {degrees)
a0

c

q = 000’ OB—05—390 q=or,::1 BP=100,25,60
A2 =118

0.1

w21 (127-4) = 11.74
21 (127-5) = 11.68
21 (127-6) = 1.65
w21 (127-7) = 1.62

Prob( Detection | a )

40‘5 107 107 0.

Orbit Radius o/Rg




OB-05-390

Fit 7 parames:

MC plot =
Mags + x*(x, y)

g =0.000]
Ay = 122

21 (127-4) = 1 1.65
21 (127-5) = 11.62
w21 (127-6) = 1.63
21 (127-7) = 1.60

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

ff{131—7}-11 65 => 11.62 => 1.63 => 1.60 :
1,=2453562.738 t=11.66d t, =4 od! ;
up=0.33 4;=3.14 =1.24 mag , ¥
OGLE my=15.56 6=0.09 0.2% l:ro-{i 00:4=8.m

3580
HJD — 2450000

0B-05-390 q=1.0E—04 Ay?=100 best Ay?=122
u=1.581 a=68° x=1.470 y=0.5808 t=3592.54 {=1.020




OB-05-390

Fit 7 parames:

MC plot =
Mags + x*(x, y)

g = 0.0003
A2 = 121

w21 (127-4) = 11.66
21 (127-5) = 11.62
w21 (127-6) = 1.63
21 (127-7) = 1.60

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

ff{131—7}-11 66 => 11.62 => 1.63=> 1.60 :
1,=2453562.738 =11.67d t, =4 od! ;
up=0.33 4;=3.14 =1.24 mag , ¥
OGLE my=15.56 6=0.09 0.2% u,,—ﬂ 00:4=8.m

3580
HJD — 2450000

OB—05-380 ¢=0.0003 Ay*=100 best Ay*=121
u=1.588 a=68" x=1.457 y=0.5817 t=3592.43 f=1.017




OB-05-390

Fit 7 parames:

MC plot =
Mags + x*(x, y)

g =0.00]
A =111

52/ (127-4) = 9.45
521 (127-5) = 4.38
21 (127-6) = 1.09
21 (127-7) = 1.08

0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

ff{131—7}-9 45 m> 4.38 m> 1.0 m> 1{!3
1,=2453562.738 =11.67d t, =4 od!

up=0.33 4;=3.14 =1.24 mag , ¥
OGLE my=15.56 6=0.09 0.2% u,,—ﬂ ooi=Bre, |

3580
HJD — 2450000

0B—05—330 q=0.001 Ay*=100 best &x*=111
u=1,638 a=6B8° x=1.516 y=0.6208 t=3592.19 f=1.071




0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

o B (] 05 (] 3 90 | BB =Trm11.65 => 11.62 => 1.63 => ‘IE.EI

1,=2453562.738 =11.67d t, =4 od!
ug=0.33 Ag=3.14 =1.24 mag | ¥
OGLE my=15.56 6=0.09 0.2% l:ro-{i 00:4=8.m

Fit 7 parames:

MC plot =
Mags + x*(x, y)

3580
HJD — 2450000

g =0.003
Ayt =94

OB—05—390 q=0.003 A’=100 best A?=94.0

21 (127-4) = 1 1.65
21 (127-5) = 11.62
w21 (127-6) = 1.63
w21 (127-7) = 1 .61




0B-05—380 Ay=3.1 £ 0.028 Py=4.9 P=0.00014

PLENS
L T T
OB-OS | 390 [ ff{131—7}-11sa->1152-:-1&3-;-. 160 | :

L 1 =2453582.7368 t=11.67d t1f2—49d
I ug=0.33 A=3.14 =1.24 mag | '
| DGLE my=15.56 b=0.08 0.2% "050 L0 f 1'6 '

Fit 7 parames:
MC plot =

3580
HJD — 2450000

OB—05—390 q=0.01 &y’=100 best &47=31.6

w21 (127-4) = 11.66
21 (127-5) = 11.62
w21 (127-6) = 1.63
21 (127-7) = 1.60




0B-08-333 A,=23 x 0.33 P,;=163 P=0.011

PLENS
T T T I — = — :
OB-08-333 B
t=2454538.835 1,=0.08d t,ﬂ=17.{lh ' ' .

uy=0.043 A;=23.11 =3.41 mag
*0GLE my=15.07 b=—0.08 0.2%

-HDJ'? m=my==1.32 b=17.88
Fit 5 parames: R m-mye0ee b,
6 sites

- Y
4620 4640
HJD — 2450600

OB—08-333
PLENS

t | t 1
¥V T(2187-5)=526.90 => 94.18
' B3E 9.964 1, ,,=17.0

2 b 1725
SFTHR m—mg=1.12 p=—0.12

i % oDanish m{mfﬂ.l]‘ b=—0n(1

521 (2187-4)
%2/ (2187-5)

residual (mag)

L ol :::\:] L l
4600 4640 4660
= 2450000




0B-08-333 A,=23 x 0.33 P,;=163 P=0.011
PLENS

T T T I — = — :
OB-08-333 B
b =2454538.835 £=0.96d t, ﬂ=1?.{lh ' ' .

uy=0.043 A;=23.11 =3.41 mag
*0GLE my=15.07 b=—0.08 0.2%

-HD.»'? m=my==1.32 b=17.88
Fit 5 parames: R m-mye0ee b,

oDanksh r—irigm0.24 b=—0.01

6 sites

r'.l

Blend fItS | T 4620 | 4640

HJD — 2450000

OB—08-333

MOA: b - -0-32 xz;‘l{zu;.'?-.;)-slza.lgn -.> 9I4.1!.5 I 4
1g=2454838.835 t;=0.96d 1, ,=17.0p"

Ug=0.043 A;=23.11 =3.41 mag .~
=DGLE n'ln-15.DT b=—0.08 0.2%

u M OA m—mn-—ﬂjz b=17.85

«FTH:R m—my=1.12 b=—#

Xz / (2 I 87'4) s .:‘.2+b=—u.-:.|
2/ (2187-5)

10

magnification A




OB-08-333

Fit 7 parames:

6 sites

Blended fits
X% y)

21 (2187-4) = 525.9
521 (2187-5) = 99.42
21 (2187-6) = 8.30
2/ (2187-7) = 1.53

0B-08-333 A,=25 x 0.42 P,=185 P=0.011

PLENS
R/ (2187—7)=E25.80 m> 00.42 => 8.30 m> 1.53

25.5|11.5

=2454638.840 t=10.19d ¢, ,=15.30" I
uy=0.039 A=25.46 =351 mag

*0GLE my=15.07 b=—0.04 0.2% op=0. 01 =1,
M4 m—my=—0.32 b=18.59 =182

4FTH:R m=my=1.13 b=—0.11 f=1.32

oDanish m—rg=0.25 b=0.02 fm5.34 '

4600 4620 4640 4660
HJD — 2450000

OB—08—333 q=0.001 &=100 best &?=16.7




@OB07T472 current time

UT 2007-0H-24 11:07:25

o B [ o 7 [ 4 7 z L Ixz,filzaa—l5)=laza.l?3 =I> 3:&5 II - |
- tﬂ= 2454347 157 tE= 1770
U= 0.87 &= 146 = 0.41 mag :
Fit 5 params:

OGLE+Dan+UTas | |

QOBL/4721_07 mag

= [ranish m—m,= 2.8% b= 0,91
+UTas m—mp= 2,03 b= 0,91
: [ I
L A= {J,{JT:" u=|1,?3|- f::=|—4-4|° 2= —;1,?0 3‘".=I11 ,2|4 th= 42”?3.(]5 fp|= 1.
4325 4330 4335

caustic entr)’/eXit HID — 2450000

t = 4335°05 l @OBENT472
f = 1.0 d =007 YRS S —

UT 2007 -—0D8-24 110726
T T T I T

t,= 2454347157 t= 1770

u,= 0.87 A= 1.456 = ¢.41 mag :
s 00BOFATZ_OY me= 168.00 b= 0,81 928
» Danish m—m,= Z2.62 b=gl.91

*UTas m-mmy= 2.03 b= 051 ¢ 4
¥ fr )

2/ (2187-4) = 826.7
%2/ (2187-5) = 3.86

residual {mag)

— . q= 007 u=1.73% a= —44° x= —1.20 y= 1.24 tp= 433305 fp= 1.
2320 4335 4330 4335
HJD — 2450000




PLENS: limitations

Fits sometimes fail (A, => 0) for MOA-only events.

No finite-source, binary source, parallax / xallarap
effects. Comparison of alternative models.

Full noise model / blend analysis implemented only
for first dataset.

Covarances from inverse Hessian matrix
(could use MCMQ).

x*(x,y ) slices for fixed g. Starting points for
follow-up with Amoeba (and/or MCMC) to locate
and characterise all viable local minima.




