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The epic of EROS
Expérience de Recherche d’Objets Sombres

30 years of research on microlensing and 
variable stars

Last minute: At the start of EROS, I heard almost the same 
remark as J-P Beaulieu (see his talk), but from another distin-
guished professor: « You will never discover microlensing events… »



EROS-1: 1990-1994
- 290 photographic plates taken at the 
1m Schmidt (ESO), digitized with the 
MAMA (1Gpixels/plate). 5.106 stars.
- (first) 16 buttable CCD-camera (4M-
pixels!) on a 40cm telescope. 19,000 
images of the LMC bar. 2.5.105 stars

Instruments, detectors

EROS-2: 1996-2003
2 cameras with 32 Mpixels 
each, on a 1m telescope



Main targets
monitored by EROS2 in 1996-

2003 (~ 40 participants)
• Magellanic Clouds => probe 

hidden matter in halo
(t ~ 5.10-7)

• Galactic center => probe 
ordinary stars as lenses in 
disk/bulge (t ~ 2.10-6)

• Spiral arms
=> probe ordinary stars in 
disk, bar + hidden matter in 
thick disc (t ~ 5.10-7)

50 Terabytes of data
850,000 images processed
~ 77x106 stars measured 300 
to 500 times



The first discoveries: 1993 => signal ≤ 2 events

1998: The first caustic 
crossing monitored 
around the world
EROS contribution in
Afonso et al. A&A 337 (1998) L17

Aubourg et al, Nature, 365, 623 (1993)

2.2 mag variation 
in < 2 hours
Estimates & 

exposure adaptation 
in real time

cautious conclusion 
upper limit on dark 
matter



1998: The first caustic crossing monitored 
around the world



My personal memories of this episode

• I had just arrived at La Silla with a team of 
mechanical engineers (C. Bourgeois & R. Cizeron) 
for a major intervention on the telescope

• Weather, which had been rainy the previous day, 
suddenly improved just before SMC became 
visible (1h30 am)

• I forced all the protection limits to point the 
telescope as soon as possible
-> SMC elevation was 26°52'

• For 5 hours, extraction of photometry in real 
time enabled to properly adjust exposure times.

In those days, we still used landline telephones to 
communicate with South Africa and Australia, so as to 
be kept precisely informed of the progress of the event 
and observations.



My personal experience of this episode

• I had just arrived at La Silla with a team of 
mechanical engineers (C. Bourgeois & R. Cizeron) 
for a major intervention on the telescope's drive 
mechanics

• Weather, which had been rainy the previous day, 
suddenly improved just before SMC became 
visible (1h30 am)

• I forced all the protection limits to allow the 
telescope to be pointed as soon as possible -> 
SMC elevation was 26°52'

• For 5 hours, I could extract the photometry in 
real time, which enabled to properly adjust 
exposure times.

In those days, we still used landline telephones to 
communicate with South Africa and Australia, so as to 
be kept precisely informed of the progress of the event 
and observations.



Many complications
to Point-source-Point-lens rectilinear events

All of them have been observed



EROS combined results in dark matter
(1) Galactic halo: all data + combine EROS+MACHO toward LMC 
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Matter halo (@95%CL)
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(1) Galactic halo: all data + combine EROS+MACHO toward LMC 



Combining light-curves to search for 
tE>100 days events

detection efficiency for 
events > 100 days greatly 
improved by combining 
light curves

Red-EROS

Red-MACHO

Blue-EROS

Blue-MACHO

T
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s i
s a

 Q
SO

EROS1



Combining light-curves to search for 
tE>100 days events

detection efficiency for 
events > 100 days greatly 
improved by combining 
light curves

Red-EROS

Red-MACHO

Blue-EROS

Blue-MACHO

T
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s i
s a

 Q
SO

Note: C. Stubbs offered to use superMACHO 
data too, but the superpowers of a Harvard 
professor weren't enough to overcome 
bureaucracy

EROS1



EROS results in microlensing
(2) Galactic plane: Galactic center

[Adapted from Specht et al. (2020)]

EROS contribution in Hamadache et al. A&A 454, 185 (2006)
The optical depth t
- probability for a source to be 
behind an Einstein disk at a given 
time (Amplification > 1.34)

Mapping of t in 
galactic latitude

2nd generation of 
Manchester-Besançon 
model ~ OK
No need for hidden 
compact objects



EROS results in microlensing
(2) Galactic plane: Galactic center

[Adapted from Specht et al. (2020)]

The optical depth t
- probability for a source to be 
behind an Einstein disk at a given 
time (Amplification > 1.34)

Mapping of t in 
galactic latitude



EROS results in microlensing
(3) Galactic plane : Galactic spiral arms (only EROS before 2020)

Mapping of t in 
galactic longitude

No indication of 
Compact Objects 
in a thick disk

Rahal et al. A&A, 500, 1027 (2009)
+ full interpretation (with CMDs) in
Moniez et al. A&A 604, A124 (2017)



EROS results in microlensing
(3) Galactic plane : Galactic spiral arms (only EROS before 2020)

No indication of 
Compact Objects 
in a thick disk

Rahal et al. A&A, 500, 1027 (2009)
+ full interpretation (with CMDs) in
Moniez et al. A&A 604, A124 (2017)

Mapping of t in galactic longitude
! catalog dependent !

EROS 2 deeper than OGLE => tEROS larger

Mróz, ApJS249, 16 (2020)



• Systematic search for SNIa (1999 and 2000)
measurement of explosion rate @z = 0.13 within the 
current uncertainties (2±0.6.10-5/yr/cMpc3), based on 
16 confirmed SNIa: Blanc et al. A&A 423, 881 (2004)

• Periodic variable stars
 d-Sct, cepheids, RR-Lyrae, eclipsing binaries…
within LMC: Dae-Won et al. A&A, 566 (2014)

• Rarities (non-periodic): R-coronae borealis, 
caustic crossings (microlensing again)

• SN1987a echoes: found as a source of fake 
microlensing when superimposed with cataloged 
stars

• Potential for asteroids, EROS LAC deep-field…

Other science

Schaye et al. MNRAS 446, 521–554 (2015) 
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SN1987A echoes
• Diffusion of the light emitted 

by the SN on interstellar gas
• If superimposed on a 

monitored star
-> brightness seems to vary

• Unexpected microlensing 
background…

Serendipitious 
discovery

Residual microlensing background



photometric 
resolution 

Microlensing 
detection 
efficiency 

Reliable results come from a deep understanding of the detector
=> Not frequently shown because fiducial is not good com.

IC

Stellar
detection 
efficiency

From EROS / HST
comparisons

Effective field of view



EROS: 10 years of data
30 years of analysis

• Initially designed for microlensing searches to constrain halo dark matter
o Dark matter results exceed expectations: exclusion from 10-7 to 1000xMsun 
o Galactic Center, Galactic Spiral Arms (EROS exclusivity until 2020)
o Extras: Caustic-crossings / microlensing exotics

• Other results + searches : all types of variability
o In 1998, EROS was the main discoverer for SN’s @z ~ 0.1

• Rarities
o R-coronae Borealis, DY Per stars
o SN1987a echoes

EROS legacy, a brilliant future: EROS is finalizing a database for public use
o Will be used by brokers (like Fink), to help categorization of the Rubin-LSST alerts.
o For combined analysis with data from current and future surveys (OGLE, Gaia, ZTF, 

Rubin-LSST, ROMAN…) for very long timescale variabilities

Few key numbers
• O(108) stellar sources monitored for 10 years with 300-500 photometric measurements
• O(105) stellar sources monitored for almost 20,000 times in 4 years (sampling 20 min.)
• O(104) cepheids and RR-Lyrae + variables of undetermined type (like LPV > years)

EROS1



Final final… in 50000 years…

Archeological remains from EROS ?



Final final… in 50000 years…

Archeological remains from EROS ?

hoping to see you for the 
50th anniversary (before the 
50000th). I'm saving a few other 
anecdotes for this occasion
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