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❏ Calibration of a new Surface Brightness Color Relation for Cepheids
❏ Increase the precision and the physical understanding of the Baade-Wesselink (BW) 

method of distance determination

● Context of my work

❏ The objective of the ANR Unlock p-factor project (2023-2028) is to open the road to the BW 
distance of cepheids in the MW and in the local group in the context of Gaia, LSST and ELT

linear diameter angular diameter

2



Manon Bailleul CHARA Meeting

Surface brightness = flux density received per unit 
of solid angle expressed in magnitude.

❏ 2 magnitudes →        → angular diameter

Salsi et al. (2021)

● The Surface brightness color relation (SBCR)
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https://www.aanda.org/articles/aa/pdf/2021/08/aa40763-21.pdf
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● The Surface brightness color relation (SBCR)
Surface brightness = flux density received per unit 
of solid angle expressed in magnitude.

❏ 2 magnitudes →        → angular diameter

Salsi et al. (2021)
❏ This empirical relationship needs to be calibrated by 
interferometry
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https://www.aanda.org/articles/aa/pdf/2021/08/aa40763-21.pdf
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● My work

❏ Different photometric bands

❏ Interferometric data
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● My work

❏ Different photometric bands

❏ Interferometric data

All the measurements 
were phased using O-C 

diagram from 
Csornyei+2022.
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https://watermark.silverchair.com/stac115.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA1YwggNSBgkqhkiG9w0BBwagggNDMIIDPwIBADCCAzgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM-buYSS1_fsrHFRxvAgEQgIIDCdQ-NJ_YznOgKfWEyhjbVMgj7ue2Dt0INNMnmnpCs_b8-vT6NSzHL29iBtJw3ZCBU5EmgtDIhijj_oV84oyvSsiTd3C9gR2Un3B49anUvBJWAOdHdT3lr75C0p8ZoJvCPG2kWhdqeH1ZhtpwWFw3_o9WN_dtC38QCbDpqIsjeMlnS42mTnxq40CYNmC2A6BEyj6RggK1rRkP9epigJTA_hVbS4nPld-XHYbqXIXZMtoxQyt1asLhQaTAVMleMZ7hCZPaCGtCH74ggoOi0U-agYINxNp4VyOC9FLJQYpp_NI7bQnCsh3095ZLrNkkbZ3aU19EKpiqLXM_KY5iRmn01S4Cf0EcaVBu5g34gIv4Des5-fj2YscVEbKI7UaRoEMz7k4PndyvFW_UDtYIvpQdh087VcNoi3yeAvOU6mk0whkgI3vfYXhOT4mqSdbfSG4V6CVX0vt8KeXLoCdbL6V7g43INvn_JTOsx5lQzhr2KFooMZ6t_5KPQooN0ZbPWdxe-I9aBVAiV9q5xXIFgArgkz4kQVXzraBoGk715BAqqLPIHPFFb6SauYnWPIxwOZznknUzCIwQC6APOTskyBu6nPu-F1HOuZsw_f_0Gf9WSXJ7r3XeJEPcfijEeFfV5DuLBuMPHzZ2_Nt-d-sGmuYmkTAh0vLV9YQidU5kyhP4pNgtQjWfgXzlot-DCYs25TIxJpOt49laB4cBYxeCnImGT6SDNI2cSN8_fjteqJofJMy1Af5DhEKJPVakbEVnZd5mXNq2VRA8CkYFtavwpLMKPul8AG4cV27_FHDR4soOQwyJP4zF41rUWSREpzWhdHVCNwKmBjoWoFX09obqx-FjdOpEkc2P_LPSxPB7KndvhVHeaUc7f5oU0AP8sMDoGj8VRC7xx0e6w7wKYxUmvLeMw8kBSRWIRYke99ri41ZNdfpZJsEdJJ1r2HNO4FJIdpsodQArToaW-u_ATO28aL0EiAe6cfWUzIOLk3Rg8Ly-syqBUWafVvSxFaRMrhwHRZ9rRmBcD5mzN-8Mnw
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❏ Interpolation of the light curves 

❏                        (Claret+2011)

● Methodology

❏ Correction from extinction
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https://www.aanda.org/articles/aa/pdf/2011/05/aa16451-11.pdf
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RMS = 0.004 mag RMS = 0.0061 mag

RMS 3 times lower 
than the previous 
Kervella+2004 

SBCR based on Gaia 
magnitudes only

● Main results SBCRs with data from 7 Cepheids.
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● Survey of Cepheids with CHARA SPICA/MIRCX/MYSTIC

✅ 7 nights + 1 : August 26-27, September 29-30, October 29, November 11 & 14 
(by Jeremy), December 17.

❌ No observation of the binary stars : too faint.

We secured : 

- Del Cep : 2 Spica, 7 MIRCX, 7 MYSTIC
- Zeta Gem : 0 Spica, 4 MIRCX, 4 MYSTIC

We want to measure for the 
first time the limb-darkening 
of Cepheid in the visible + LD 

variation + caracterise the 
Circumstellar environment + 

improve the SBCR of 
Cepheids.

Long term goal

Observed stars : Del Cep & Zeta Gem + 2 expected binaries (S Sge & V1334 Cyg)
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● Example of calibrated visibility : ẟ Cep

➔ August 27

SPICA MIRCX MYSTIC

Preliminary results
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● Example of calibrated visibility : ζ Gem - oimodeler

Direct measurement of 
the limb-darkening

MIRCX
November 11

Preliminary results
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● Example of calibrated visibility : ζ Gem - linear law
 

OIMODELER PMOIRED CLARET

>=

- Teff(φ), logg(φ) for the star 
(Trahin+2021)

- Find the closest (Teff,logg) on 
Claret Table → uλ

- Hambury Brown et al. 1974 :

Preliminary results
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● Example of calibrated visibility : ζ Gem - power law
 

OIMODELER PMOIRED

Linear law results

Preliminary results
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● LD angular diameter (oimodeler)

❏ ẟ Cep (~5 days) ❏ ζ Gem (~10 days)

Preliminary results
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● “New” SBCR (oimodeler)
Preliminary results

SBCR with 
data from 7 
Cepheids.
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● Conclusion

❏ For 2025A : We will observe Eta Aql of period 7.1 days (eight different half-nights)
❏ Proposal for 2025B : continuation of Delta Cep and Zeta Gem observation

❏ The analysis will be done in a consistent multi-chromatic way taking into account 
the circumstellar environment if present and the limb-darkening of each stars.

❏ We derived the SBCR(V, V-K) with an RMS 3 times lower than the latest estimate from 
2004.

❏ For the first time we calibrated an SBCR based on Gaia magnitudes only for Cepheids

❏ We obtained :
❏ 2 SPICA, 7 MIRCX, 7 MYSTIC observations for Delta Cep
❏ 0 SPICA, 4 MIRCX, 4 MYSTIC observations for Zeta Gem
Preliminary results are encouraging!
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