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Abstract

We developed a dedicated statistical test for a massive detection of spot- A nd facula-crossing
anomalies  in  multiple  exoplanetary  transit  light  curves,  based  on  the  frequentist  p-value
thresholding. This test was used to augment our algorithmic pipeline for transit light curves
analysis. It was applied to 1598 amateur and professional transit observations of 26 targets
being monitored in the EXPANSION project. We detected 109 statistically significant candidate
events revealing a roughly 2 : 1 asymmetry in favor of spots-crossings over faculae-crossings.
Although some candidate anomalies likely appear non-physical and originate from systematic
errors,  such  asymmetry  between  negative  and  positive  events  should  indicate  a  physical
difference between the frequency of star spots and faculae. Detected spot-crossing events also
reveal  positive  correlation  between  their  amplitude  and  width,  possibly  due  to  spot  size
correlation. However, the frequency of all detectable crossing events appears just about a few
per cent, so they cannot explain excessive transit timing noise observed for several targets.

http://dx.doi.org/10.32023/0001-5237/71.1.2

Keywords

Planetary systems-techniques: Photometric-starspots

References

[1] Alexoudi, X., Mallonn, M., von Essen, C., et al. 2018, A&A, 620, A142.
[2] Anderson, D.R., Collier Cameron, A., Delrez, L., et al. 2014, MNRAS, 445, 1114.
[3] Angus, R., Morton, T., Aigrain, S., Foreman-Mackey, D., and Rajpaul, V. 2018, MNRAS, 474, 2094.
[4] Aronson, E., and Piskunov, N. 2019, A&A, 630, A122.
[5] Bakos, G.A., Knutson, H., Pont, F., et al. 2006, ApJ, 650, 1160.
[6] Bakos, G.A., Howard, A.W., Noyes, R.W., et al. 2009, ApJ, 707, 446.
[7] Baluev, R.V. 2009, MNRAS, 393, 969.
[8] Baluev, R.V. 2011, Celestial Mechanics and Dynamical Astronomy, 111, 235.
[9] Baluev, R.V. 2013a, MNRAS, 431, 1167.

http://dx.doi.org/10.32023/0001-5237/71.1.2


[10] Baluev, R.V. 2013b, MNRAS, 429, 2052.
[11] Baluev, R.V. 2013c, Astronomy and Computing, 2, 18.
[12] Baluev, R.V. 2014, Astrophysics, 57, 434.
[13] Baluev, R.V. 2015a, MNRAS, 446, 1493.
[14] Baluev, R.V. 2015b, MNRAS, 446, 1478.
[15] Baluev, R.V. 2018, Astronomy and Computing, 25, 221.
[16] Baluev, R.V., Sokov, E.N., Shaidulin, V.S., et al. 2015, MNRAS, 450, 3101.
[17] Baluev, R.V., Sokov, E.N., Jones, H., et al. 2019, MNRAS, 490, 1294.
[18] Baluev, R.V., Sokov, E.N., Hoyer, S., et al. 2020, MNRAS, 496, L11.
[19] Bean, J.L., Benedict, G.F., Charbonneau, D., et al. 2008, A&A, 486, 1039.
[20] Bouma, L.G., Winn, J.N., Baxter, C., et al. 2019, AJ, 157, 217.
[21] Bradshaw, S.J., and Hartigan, P. 2014, ApJ, 795, 79.
[22] Bryan, M.L., Alsubai, K.A., Latham, D.W., et al. 2012, ApJ, 750, 84.
[23] Burke, C.J., McCullough, P.R., Valenti, J.A., et al. 2008, ApJ, 686, 1331.
[24] Cáceres, C., Ivanov, V.D., Minniti, D., et al. 2009, A&A, 507, 481.
[25] Chan, T., Ingemyr, M., Winn, J.N., et al. 2011, AJ, 141, 179.
[26] Chen, G., Pallé, E., Nortmann, L., et al. 2017, A&A, 600, L11.
[27] Christiansen,  J.L.,  Ballard,  S.,  Deming,  D.,  et  al.  2010,  "NASA Planetary  Data  System"  DIF-XHRIV-5-EP-

XI-EXOPLANETS-PHOT-V1.0.
[28] Czesla, S., Huber, K.F., Wolter, U., Schröter, S., and Schmitt, J.H.M.M. 2009, A&A, 505, 1277.
[29] Damasso, M., Biazzo, K., Bonomo, A.S., et al. 2015, A&A, 575, A111.
[30] Fernandez, J.M., Holman, M.J., Winn, J.N., et al. 2009, AJ, 137, 4911.
[31] Foreman-Mackey, D., Agol, E., Ambikasaran, S., and Angus, R. 2017, AJ, 154, 220.
[32] Fulton, B.J., Shporer, A., Winn, J.N., et al. 2011, AJ, 142, 84.
[33] Gillon, M., Pont, F., Demory, B.-O., et al. 2007, A&A, 472, L13.
[34] Gillon, M., Anderson, D.R., Triaud, A.H.M.J., et al. 2009a, A&A, 501, 785.
[35] Gillon, M., Smalley, B., Hebb, L., et al. 2009b, A&A, 496, 259.
[36] Gillon, M., Lanotte, A.A., Barman, T., et al. 2010, A&A, 511, A3.
[37] Gillon, M., Doyle, A.P., Lendl, M., et al. 2011, A&A, 533, A88.
[38] Gómez Maqueo Chew, Y., Faedi, F., Pollacco, D., et al. 2013, A&A, 559, A36.
[39] Hartman, J.D., Bakos, G.Á., Torres, G., et al. 2009, ApJ, 706, 785.
[40] Hebb, L., Collier-Cameron, A., Loeillet, B., et al. 2009, ApJ, 693, 1920.
[41] Herrero, E., Ribas, I., Jordi, C., et al. 2016, A&A, 586, A131.
[42] Hinse, T.C., Han, W., Yoon, J.-N., et al. 2015, Journal of Astronomy and Space Science, 32, 21.
[43] Hoyer, S., López-Morales, M., Rojo, P., et al. 2013, MNRAS, 434, 46.
[44] Huitson, C.M., Désert, J.-M., Bean, J.L., et al. 2017, AJ, 154, 95.
[45] Juvan, I.G., Lendl, M., Cubillos, P.E., et al. 2018, A&A, 610, A15.
[46] Kasper, D.H., Cole, J.L., Gardner, C.N., et al. 2019, MNRAS, 483, 3781.
[47] Kipping, D.M. 2012, MNRAS, 427, 2487.
[48] Kjurkchieva, D., Petrov, N., Ibryamov, S., Nikolov, G., and Popov, V. 2018, Serbian Astron. J., 196, 15.
[49] Kundurthy, P., Barnes, R., Becker, A.C., et al. 2013, ApJ, 770, 36.
[50] Lee, J.W., Youn, J.-H., Kim, S.-L., Lee, C.-U., and Hinse, T.C. 2012, AJ, 143, 95.
[51] Lomb, N.R 1976, Astrophysics and Space Science, 39, 447.
[52] Maciejewski, G., Seeliger, M., Adam, C., Raetz, S., and Neuhaüser, R. 2011, Acta Astron., 61, 25.
[53] Maciejewski, G., Dimitrov, D., Seeliger, M., et al. 2013, A&A, 551, A108.
[54] Maciejewski, G., Dimitrov, D., Fernández, M., et al. 2016, A&A, 588, L6.
[55] Maciejewski, G., Fernández, M., Aceituno, F., et al. 2018, Acta Astron., 68, 371.
[56] Mallonn, M., von Essen, C., Herrero, E., et al. 2019, A&A, 622, A81.
[57] Mancini, L., Southworth, J., Ciceri, S., et al. 2014, MNRAS, 443, 2391.
[58] Mancini, L., Southworth, J., Raia, G., et al. 2017, MNRAS, 465, 843.
[59] Mancini, L., Esposito, M., Covino, E., et al. 2018, A&A, 613, A41.



[60] McCullough, P.R., Crouzet, N., Deming, D., and Madhusudhan, N. 2014, ApJ, 791, 55.
[61] Montalto, M., Boué, G., Oshagh, M., Boisse, I., Bruno, G., and Santos, N.C. 2014, MNRAS, 444, 1721.
[62] Mǒcnik, T., Southworth, J., and Hellier, C. 2017, MNRAS, 471, 394.
[63] Namekata, K., Maehara, H., Notsu, Y., et al. 2019, ApJ, 871, 187.
[64] Namekata, K., Davenport, J.R.A., Morris, B.M., et al. 2020, ApJ, 891, 103.
[65] Nascimbeni, V., Piotto, G., Bedin, L.R., and Damasso, M. 2011a, A&A, 527, A85.
[66] Nascimbeni, V., Piotto, G., Bedin, L.R., et al. 2011b, A&A, 532, A24.
[67] Nascimbeni, V., Cunial, A., Murabito, S., et al. 2013, A&A, 549, A30.
[68] Netto, Y., and Valio, A. 2020, A&A, 635, A78.
[69] Nikolov, N., Henning, T., Koppenhoefer, J., et al. 2012, A&A, 539, 159.
[70] Pál, A., Bakos, G.Á., Fernandez, J., et al. 2009, ApJ, 700, 783.
[71] Petrucci, R., Jofré, E., Schwartz, M., et al. 2013, ApJ, 779, L23.
[72] Pont, F., Gilliland, R.L., Moutou, C., et al. 2007, A&A, 476, 1347.
[73] Rajpaul, V., Aigrain, S., Osborne, M.A., Reece, S., and Roberts, S. 2015, MNRAS, 452, 2269.
[74] Sada, P.V., Deming, D., Jennings, D.E., et al. 2012, PASP, 124, 212.
[75] Sada, P.V., and Ramón-Fox, F.G. 2016, PASP, 128, 024402.
[76] Sada, P.V. 2018, "American Astronomical Society" DPS meeting #50, 413.01.
[77] Sanchis-Ojeda, R., Winn, J.N., Holman, M.J., et al. 2011, ApJ, 733, 127.
[78] Sato, B., Hartman, J.D., and Bakos, G.Á. 2012, PASJ, 64, 97.
[79] Scargle, J.D. 1982, ApJ, 263, 835.
[80] Shporer, A., Mazeh, T., Pont, F., et al. 2009, ApJ, 694, 1559.
[81] Silva, A.V.R. 2003, ApJ, 585, L147.
[82] Silva-Valio, A., Lanza, A.F., Alonso, R., and Barge, P. 2010, A&A, 510, A25.
[83] Siverd, R.J., Beatty, T., Pepper, J., et al. 2012, ApJ, 761, 123.
[84] Smith, A.M.S. 2015, Acta Astronomica, 65, 117.
[85] Sokov, E.N., Sokova, I.A., Dyachenko, V.V., et al. 2018, MNRAS, 480, 291.
[86] Southworth, J., Hinse, T., Burgdorf, M.J., et al. 2009a, MNRAS, 399, 287.
[87] Southworth, J., Hinse, T., Jorgensen, U.G., et al. 2009b, MNRAS, 396, 1023.
[88] Southworth, J., Mancini, L., Novati, S.C., et al. 2010, MNRAS, 408, 1680.
[89] Southworth, J., Bruni, I., Mancini, L., and Gregorio, J. 2012, MNRAS, 420, 2580.
[90] Southworth, J., Dominik, M., Jørgensen, U.G., et al. 2019, MNRAS, 490, 4230.
[91] Stevenson, K.B., Bean, J.L., Seifahrt, A., et al. 2014, AJ, 147, 161.
[92] Szabó, G.M., Kiss, L.L., Benk?o, J.M., et al. 2010, A&A, 523, A84.
[93] Torres, G., Bakos, G.A., Kovács, G., et al. 2007, ApJ, 666, L121.
[94] Tregloan-Reed, J., and Southworth, J. 2013, MNRAS, 431, 966.
[95] Tregloan-Reed, J., Southworth, J., and Tappert, C. 2013, MNRAS, 428, 3671.
[96] Tregloan-Reed, J., Southworth, J., Burgdorf, M., et al. 2015, MNRAS, 450, 1760.
[97] Tripathi, A., Winn, J.N., Johnson, J.A., et al. 2010, ApJ, 715, 421.
[98] Turner, O.D., Anderson, D.R., Collier Cameron, A., et al. 2016, PASP, 128, 064401.
[99] Wilson, D.M., Gillon, M., Hellier, C., et al. 2008, ApJ, 675, L113.

[100] Winn, J.N., Holman, M., and Roussanova, A. 2007a, ApJ, 657, 1098.
[101] Winn, J.N., Holman, M.J., Henry, G.W., et al. 2007b, AJ, 133, 1828.
[102] Winn, J.N., Holman, M., Carter, J.A., et al. 2009, AJ, 137, 3826.
[103] Zaleski, S.M., Valio, A., Marsden, S.C., and Carter, B.D. 2019, MNRAS, 484, 618.


