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Example of very long light curves long duration  in COSMOS 
with >  1000 visits

• Cross-match with Gaia stars (among which : well-know 
Variables, Stable, Unknown)


• psfFlux (diaFlux), 

• science flux and

• template flux

σF

F
≃ 20 %Ensemble-variation on psfFlux:

g-band All bandsu band r-band i-band z-band y-band
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Several 10’s of Cross-match in Fink with 
Gaia Stable stars: 
• Should not be possible ! 

All of the 
« Gaia-stable »  
show 

comb-shaped 
curves !!!!

psfFlux

only

σF

F
≃ 30 %

• short duration

• before March 26
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Most of cross-
match alert-
Gaia stable star 
can be 
explained by 
dipoles 

Most of cross-matches with Gaia- stable has disappeared after 
march 2026

grey circle 

around the points 

indicate a source 

with a dipole
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Light curve

Dipole rate/night

Dipole separation length

But there are still many LC  with dipole  since march 2026

February 26’s 

crisis
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5.Diff from Ap



Same curve No dipole
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Diff from 

Rubin Ap

User naive difference

Science - Template



DIA images in alerts generation : remove static science

1.Template Alignment 

2. Optimal Image Subtraction (PSF matching with a kernel):    

3. Noise decorrelation

Science 

image

Template

Image

DIA image

Science Template Dia

PSF Flux
S
N

> 5
Alert

Ap 

pipeline 7
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Errors in DIA images/fluxes and why 
dipole may arise

Residuals in 
Difference Imaging
•Core drivers: PSF 
mismatch, background 
errors, noise

•Systematics: seeing, 
ADCR (→ dipoles), Calculated by Ap


(always better than 
user calc)

User calculated 
naively

Dipole 

direction

Science Template

DIA
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Distribution of alerts and dipoles in DDF
COSMOS ELAIS-S1
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Grey : alerts ; Color : alerts with dipoles ; arrows : dipole angle

and separation length



Angular distribution of dipoles from alerts

No g band in ECDFS !

r:dipoleAngle
COSMOS : δ = 2o

ECDFS : δ = − 28o

Challenge: explaining

Why dipole angle

Is along East-west 
axis !!!
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Atmospheric diffraction direction :   
the parallactic angle

tan q =
sin H

tan ϕ cos δ − sin δ cos H
zenith z

Horizontal axis
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Predicted parallactic angle / dipole angle
Parallactic angle 
predicted  
in COMOS

Parallactic angle 
predicted  
in M49

vs target Hour Angle

Parallactic angle 
predicted  
in EDFS

Dipole angle  
in M49

Dipole angle  
in COSMOS

Dipole angle  
in EDFS

12

12.



Dipole separation length and intra-band dispersion

ldip(b, H) = σn(b) × tan θz(H)

Polaris star

(https://skyinspector.co.uk/

atm-dispersion-corrector--adc/) 

zenith
σn(b) = ∫ w̃b(λ) [n(λ) − ⟨n⟩b]2 dλ

1) Refraction angle shift  
Under  atmospheric parallel plane layers

hypothesis

wb(λ) ∝
Tb(λ)

λ
fν

w̃b(λ) = wb(λ) / ∫ wb dλ

With effective wavelength weight ( )fν ≃ cte

Diaobj : 313985344866353157

Smaller length

In ECDFS

(Small 

zenith angle)

b/g bands:

Larger length


R(λ, z) ≈ (n(λ) − 1) tan θz

2) Intra-band dispersion

ΔR = 1.65 arcsec (θz = 45o)

COSMOS EDFSECDFS
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3) impact in DDF

https://skyinspector.co.uk/


Geometry for DDF in AltAz frame
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 for different DDF wrt Hour Angletan(θz)
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Distribution of dipole separation lengths

• Greater length in b band

• Order of magnitude expected from calculation

Outliers not 

due to

DCR

COSMOS ECDFS EDFS

δ = 2o δ = − 28o δ = − 48o

15

15.



Dipole separation length vs Hour Angle 
and  tangent of  zenith angle

ECDFSCOSMOS EDFS

COSMOS ECDFS EDFS
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Few strong dipole emitters

Number

Of dipole

Emitters

per diaObject

In cosmos
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Light curve

Dipole rate/night

Dipole separation length
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Dipole angle and angular separation length  
In selected loud dipole speakers

• Dipôle length increases with 
tan(zenith angle)

Dipole angle ~ parallactic angle
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Conclusion
•Direct images are affected by ADCR, inducing PSF elongation along the projected 
zenith direction

•DIA images result from a complex subtraction process, making ADCR residuals 
non-trivial to predict

• A subset of DIA detections exhibits dipoles with separations consistent with 
ADCR expectations

• 4 —> 8% depending on DDF (perhaps observation period)
•A geometric signature is observed:

•Dipole orientations avoid the North–South axis
•Effect strengthens as |δ − φ| increases

• These dipoles can induce photometric errors ≥ 30% 
→ Should be flagged or characterized in the Fink portal

Next steps
•Refine DIA modelling including ADCR effects (does it worth to do it in April 
processing ?)

•Validate observables:
◦Second moments (Ixx, Iyy,…) in Fink data
◦Cross-check with original DIA images (wait for Rubin Data Release)

•Improve understanding of PSF systematics via scene modelling
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