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THE DISTANCE SCALE

Riess et al. 2016, ApJ, 826, 56



PARALLAX OF PULSATION
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Radius variation (Rsun)
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Interferometry / Surface brightness

Spectroscopy
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p = projection factor
k = limb darkening correction



THE P-FACTOR
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» Pure geometry = 1.5 : 7 --------- :

* Limb darkening component < | |

- Atmosphere dynamics = !
Nardetto et al. (2009, A&A, 502, 951)




Radial velocity
(spectroscopy)

Angular size
(interferometry)
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delta Cep (P~5.4d) p=1.288 d 274 Opc E(B-V)=0.032 K_=0.025mag H__=0.020mag

pulsation phase

pulsation phase

Mérand et al. 2015, A&A, 584, A80
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Photometry



RS Puppis

* Long-period Cepheid
P =415 days

e m=0.524 = 0.022 mas
(4.2%) from its light echoes

Kervella et al. (2014, A&A, 572, A7)




RS Pup (P~41.4d) p=1.250 d 1910 Opc E(B-V)=0.496 K_,=0.027mag H.,=0.016mag

OO 02 04 06 20l e 6.0 0.0 0.2 0.4 0.6 0.8 1.0
Vrad model, p t.p = 45. 97km/s T Anderson 2014Vrad X 24, 78 g 28p e model o -
50 @ Spline Nodes {1 Storm+ 2004 g4 ] M 2461 i @ Spline Nodes y |
. V,=25.42 km/s L5l ]
7 = o 5.2 Tet
1 F: - 50 B -
40 ;i?‘ 1 = 4s8t(©) ° ]
0 s = 46l o . ]
e g 9.5 . ' =0.75 | . —1.96
. . ~ 30 i | Present Worl;’w“..h I Tycho . ‘!.X :
Radial velocity > STSRURIE SRS | e R e :
8 20 {;1%1 | o h ot Y
© ] o af P o ‘R, . 2
) - ot At
> I 7.5 it 6.5 _ _
10 { 0.8} - Pel+1976 X = 2.4 76 ° AAVSO2016 "=13.77 |
| e \ ' Berdnikov+ : .‘?‘;, -
0.4 s \ 1 7.2 Moffett; 4 %, ]
0.0 } e g 1 6.8k - . P nt Work . ‘-“ "’il
—0.4 _@ e 6.4 b e |
_l_l_l_l_h_
7.8} - Hipparcos o =3.60 _ 6.8L = Present Work ,XQ.: 10.72 |
o = ' 0 o®®  § -
o 8 ® °
- ! ! ! ! ! - ! 7.4 < . o’ )
. . . . ” . 6.4} : 1 Photometry
Q . , l: X
=1.25 + 0.06 102" s0l@ " somson s
t - ] 42 __l_l_l_l_Jz_l__
) I ; _ Xx.=3.51 - Laney+ 1992 X, =2.49
— 0.95} | { a6} - Wwelch+1984 .. _ | 40| + Welch+ 1984 4 W
© A \ 3 -~ no CSE 4 S
é 4.4 : ) gy ... ] 3.8 | o0 . X ® e ® ._
% 0.90F 9 ¢ - jg —®'- el o 3.6 —® s _
. — oOFT Tt T T T 1 .~ 1 T 5 T
AnQUIar Slze © 1 o 1 ° Laney+ 1992 26"..? 2-27 O 9 i o Berdnikov+ 200.8.. .X :4.01 |
) 3.8k * Welch+ 1984 2 T TN, T
(interferometry) < 0.85f |4 . o/ A Somocse 7 Tn|osl wF N
o é 3.6 —®. ..: = 0.7 @gf..‘%‘. ..‘. 4
¢ N T 7 [ NS
080 = model _ 3.4t ) 1 0.0 L | | | | L
® § UDy->0Ross y?=1.2 L7l Berdnikov+ﬁ%“_x =2.42 0.0 02 04 06 08 1.0
| | | | | | e W s .-k - .
3 I I_ _— — — — _I _— — — — _I _____ L o I_ . #". o’\.
5 0 0 é 1.5F g% v i
0 —<¢ 0 ¢ ¢ 909 ’f %
C Y 0 ¢ 1% (Y @c \ .‘.‘,
—3FH--=-=-=-=- - - -« -« - -V D D D D D D D D D D D - - - -~ 1.3 X bl
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 04 06 08 1.0

pulsation phase pulsation phase Kervella et al. 2017, A&A, 600, A127
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» Measurement of p-factor through comparison
of observed cross-correlation functions to
synthetic CCF profiles

» Post-doc of Simon Borgniet (LESIA)
Borgniet et al. 2018, A&A, Iin prep.



Interferometric observations of Cepheids
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More than 1000 individual epochs
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Number of stars

Galactic Cepheids with Gaia

Selected sample

Full sample
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~35 stars with optical interferometry (full SPIPS) > PhD thesis of Boris Trahin
(supervisors Pierre Kervella & Antoine Mérand)

~200 stars with radial velocities (SBC)
~500 stars with Gaia (+other) photometry + limited RV




Binarity: V1334 Cyg
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Gallenne et al. (2013, A&A, 552, A21)



Circumstellar envelopes
Gallenne et al. (2013, A&A, 558, A140)
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