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Abstract The first photometric analysis of V811 Cep was carried oue fitst complete light curves of
V', R and! bands are given. The analysis was carried out by the Wilsewiribey (W-D) program, and the
results show that V811 Cep is a median-contact binfry 33.9(+4.9) %) with a mass ratio of 0.285. Itis

a W-subtype contact binary, that is, the component with heass is hotter than the component with more
mass, and the light curves are asymmetric (O’Connell éffedtich can be explained by the existence of a
hot spot on the component with less mass. The orbital in@tinas i = 88.3°, indicating that it is a totally
eclipsing binary, so the parameters obtained are relidlliough the O-C analyzing, it is found that the
orbital period decreases at the ratefof= —3.90(£0.06) x 10~7d yr~!, which indicates that the mass
transfer occurs from the more massive component to the lassive one.

Key words: binaries: close — binaries: eclipsing — stars: evolutiontars individual (V811 Cep)

1 INTRODUCTION photometric analysis is accurate and feasible for totally
eclipsing binariesTerrell & Wilson (2005 confirmed this

W UMa type binaries belong to contact binaries, whichgonclusion.

are considered to be a universal type of eclipsing binaries. gometimes, the two maxima in the light curve of

Both components are full of or beyond their respectiveaclipsing binaries are not equal, which is called the

Roche lobes and share common envelopesy 19683 o'Connell effect O’Connell 195). Generally speaking,

The light curve of W UMa type binaries is generally there are the following explanations: starspots due

EW type, which shows that the two eclipses are roughlyo magnetic activity Binnendijk 1962; the material

equal Qianetal. 201y So we know that these tWo accretion between two componentShaw 199% the

components have similar surface temperatures, but &frcumstellar material surrounding the binatju(& Yang

the same time they have very different massescY  2003; material asymmetry caused by the coriolis force

19680). Binnendijk divided W UMa type binaries into (zhou & Leung 1997, etc. Among them, the existence

A-subtype and W-subtype. The temperature of the morgf starspots is usually thought to be the reason of

massive component of A-subtype is higher than that of thgne O’Connell effect Qian etal. 2013 Lietal. 2014

less massive component, while the W-subtype is on thenoy et al. 2015

opposite Binnendijk 1970. At present, there is no clear V811 Cep was identified as a W UMa type eclipsing

conclusion about the formation and evolution of contachinary by Sokolovsky et al.(2007). They observed the

binaries. Therefore, it is very necessary to observe angirget and determined that the period was 0.250762 days.

study W UMa type contact binaries as many as possible. The |ight curve of V811 Cep exhibits that it is a totally
As an important physical parameter of contacteclipsing binary system. No one has yet studied its light

binaries, the mass ratio is sometimes obtained only byurve and orbital period variation. Therefore, we did the

light curve analysis, which is inaccurate in some casesirst research on V811 Cep.

According to the spectroscopic and photometric mass

ratios of 80 contact binaries collected Byibullaetal. > oRSERVATIONS

(2003, partially eclipsing binaries’ data shows some

deviations, while totally eclipsing binaries’ data matshe Photometric observations of V811 Cep were carried out

well. This shows that the mass ratio obtained byby the Xingming Observatory on the nights of 2018
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Table 1 Details of the V811 Cep and the Comparison and Check Stars

Star Name RA Dec J(mag) H(mag) K(mag)

V811 Cep 2MASS 20041682+610532320"04™17%  +61°05'32" 12,707  12.236  12.120

Comparison (C)  2MASS 20042618+61063092004™26°  +61°05'31"  12.374  12.050  11.975

Check (CH) 2MASS 20042943+6103411 20h04™295  +61°05'41"  12.470  12.032  11.996
September 19, 30 and October 4 using the Ningbo Bureau ~ **[ " " " " " " T T T ¢
of Education and Xinjiang Observatory Telescope (NEXT) oa | - @@Z‘W%% 2 0630
with an aperture of 60 cm. The NEXT uses a back- o, % F 5%, b
iluminated FLI 230-42 CCD camera. The camera with ~ °°[ "“*{*f% P m:ﬁ ]
a format 0f2048 x 2048 pixels provides a field of view 5 ol %:{w;f XN
about22’ x 22’. We used the standard Johnson-Cousin- Wl e, 25’ “g};% ]
Bessell/ BV RI filter system in the observation. All valid ' “wd aor
images were processed by the C-Munipagkogram. C- 12 eV
Munipack is a CCD photometric data processing software A
based on Munipack. It supports Windows and Linux — z-osf * ' :
operating systems and supports graphical user interface ©
and command line modes. All images were corrected  **[ ., ., . . . & ]

01 00 01 02 03 04 05 06 07 08 09 10 11

for bias and flat. In order to reduce the CCD data,
the methods of aperture photometry and differential

photometry were adopted. Then, we determined the mag; CCD photometric light curves of V811 Cep in

nitude differences between the variable and comparisome'VRI bands obtained using NEXT. Different symbols
stars, and between the comparison and check stargpresent different days.

The two stars 2MASS 20042618+6106309 and 2MASS

20042943+6103411 were chosen as the comparison star [ 2 N
and check star. Their information is shown in Taldle

where “V811 Cep” is the eclipsing binary, “C” is the
comparison star and “CH” is the check star. This table lists 3 oo
the names, coordinates and magnitudes of these stars. We 4 |
used the following equation to calculate the orbital phases 5 09 - - - -

* this paper
—— fitting curve

@ 0005 |-

(da

> 0.005 -
S 0.000 7 _—— *
Min.I(H.JD) = 2458396.11006 + 0.9250762 x E. (1) goowsf * . . .
-15000 -10000 -5000 0
Figure1 depicts thel’ RI light curves of V811 Cep. The Epoch

uncertainties of the light curves df, R and / bands _ o _
are 0.007 mag, 0.005 mag, 0.005 mag, respectively. AEig.2 This figure depicts the — C values of V811 Cep.

depicted in the figure, the brightness varies continuously "€ Upperblack solid line represents the fitting curve of
and the two minima are almost as deep. The light curv g. @). The residuals are shown at the bottom of the figure.

obviously shows the characteristics of the EW type. Th%uryéek etal(2017. Al the data are CCD observations
flat secondary eclipse shows that V811 Cep is a totallyovith a time span f.rom 2005 to 2018. All the minimum

eclipsing binary, and the duration time of flat eclipse 'smoments are listed in Tab Using EquationT), the O-

about 26.65 min. From the figure, we can find the obviou . .
. S ) . values were computed, the corresponding O-C curve is
O’Connell effect, which is reflected in that the maximum . -
depicted in Figure2. It can be seen from the upper part

of phase 0.75 i/ band is about 0.021 mag brighter than of the Figure2 that the O-C curve shows a downward

the maximum of phase 0.25. We have determined three S . N
minimum momentz according to the observations parabolatrend, indicating that the orbital period is restlic

Using the least square method, we can obtain the following
3 ORBITAL PERIOD INVESTIGATIONS equation:

Min.l =24 1 18(40.
We identified a total of 45 minimum moments for V811 m 58396.109318(0.000050)
Cep. Except for three minimum moments obtained from +0.250759986(+£0.000000028) x £ (2)
our observations, 34 minimum moments were obtained — 1.34(£0.02) x 10719 x E?.

from the SuperWASP (calculated by us) and eight from theI'he rms of the fit of Equatior2] is 0.00199. If the linear

1 http://c- muni pack. sour cef or ge. net / fitting is used, the rms is 0.00277, which is bigger than



http://c-munipack.sourceforge.net/

X. Gao et al.: The First Photometric Analysis of V811 Cep 193-3

0.0044 T T T T T T T T T

0.0042 |- ®0q © 4
0.0040 -

0.0038

0.0036 -

W 0.0034 |-

1
[ ]
~ ® 0.0040
00032 |- T.‘ \.\ ’ ] 12}
L .' 00035 Y ..o' 1 12k
00030 |- | ] N0 ® - -
) \ ]
0.0028 | I W“ 4 Qa4
oo o303 03z 0ie 04 IS

0.0026 -
1 1 1 1 1 1 1 1 1 16 1

0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0 4.5 5.0 1 1 1 1 1 1 1 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 12 14

phase

mass ratio

Fig.3 This figure depicts the sum square of residJa)s

and mass ratio of V811 Cep. Fig.5 This figure displays observedsyfmbols) and

theoretical ¢olid lines) light curves calculated with a
hot spot on the secondary component of V811 Cep. The
meanings of the symbols are the same as those ofdFig.
The values of) — C are depicted in the bottom.

photometric solutions will be very reliable. The surface
temperature of the primary component was estimated
by the calculated color index. In the calculation, the
- reddening and extinctionSghlafly & Finkbeiner 2011
were taken into account. After calculating the temperature
corresponding to thgg — i, B — V, andJ — K, the
. e . average value is 5264K. According taicy (1967 and
16} ) ‘\ i Rucinski(1969, for stars with convective envelopes, the
T T T YR T Y T T Y gravity darkening and bolometric albedo coefficients were
phase set to be g = 0.32 and4, » = 0.5, respectively. As for
the square root bolometric and bandpass limb-darkening
Fig.4 This figure displays theoretical light curves coefficients, they were taken frovan Hammeg1993. We
calculated without taking into account the spots. Thefound that the solutions converge well in mode 3, and the
hollow circles, triangles anddiamonds represent the light adjustable parameters were the orbital inclinatigrthe
curve in thel, R andV bands, respectively. The values of average surface temperature of the secondary Stas, 2,

O — C are depicted in the bottom. the dimensionless potential){ = Q5 in mode 3), and the

that of the quadratic fit. In Equatior2), the coefficient monochromatic luminosity of Star L.

of quadratic term reveals that the decreasing rate of the >nce there were no investigations of V811 Cep, the
period is dP/dt = 3.90(£0.06) x 10-7d yr-'. The mass ratio was determined by the g-search method. The

black line in the upper part of Figur2 shows the long- solutions of the mass ratio from 0.2 to 4.7 were searched,
nd the relationship between the sum of the squacd

term period decrease. After the downward parabola fittini_‘ g = e
was removed, the residuals are shown in the lower pai'® residuals and the mass raiids shown in Figures.

of Figure 2. However, we do not confirm that the O-C Two minima were found in the figure, at the mass ratios of
diagram show an obvious downward parabola in Figyre 4 = 0.29 andy = 37 respectlzely. quever, as depicted in
because the minima time are concentrated in three clustefd9ure 3, the minimum ofg = 0.29 is much lower than

of points and there are two big gaps in the curves. Mordhat of ¢ = 3.7. Hence we cho;@ = 0.29 as the initial
minima data are needed to confirm that. value of ¢ and tookq as an adjustable parameter. After

differential corrections, the finial photometric solutiere
4 LIGHT CURVE SOLUTIONS displayed in Table3 and the theoretical light curve is
depicted in Figuret. Where the definition of the contact
We used the 2013 version of the W-D prograwidilson  degree isf = (1 — Q)/(Q1 — Q). All the errors in
1979 Wilson 1990 Wilson & Devinney 1971to analyze Table3 are not real errors, but are due to the fitting errors
the light curves of V811 Cep. As mentioned earlier,calculated by the W-D program, which are underestimated
V811 Cep is a totally eclipsing binary, so the results of(Prsa & Zwitter 200%. In our solution, V811 Cep shows
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Fig.6 The left panel is the mass-radius diagram, and the rightlpsitiee mass-luminosity diagram. In each panel, the
solid circle represents the primary star, and tigklow circle represents the secondary star. Bbked anddashed linesin

each panel represent ZAMS and TAMS, respectively.

Table 2 Eclipsing Times for V811 Cep

HJD Error Method  Min E o-C Residual  Reference
54625.59910 0.00092 CCD p —15036.0 0.00089 0.00166 [1]
54626.60166  0.00125 CCD p —15032.0 0.00039 0.00114 [1]
54627.60448  0.00080 CCD p —15028.0 0.00014 0.00089 [1]
54628.60640 0.00071 CCD p —15024.0 —0.00100 —0.00026 [1]
54629.60952  0.00102 CCD p —15020.0 -0.00094 —0.00021 [1]
54630.60926  0.00093 CCD p —15016.0 —0.00426 —0.00354 [1]
54631.61699 0.00106 CCD p —15012.0 0.00040 0.00112 [1]
54632.62076  0.00144 CCD p —15008.0 0.00111 0.00182 [1]
54635.62725  0.00098 CCD p —14996.0 -0.00159 —0.00090 [1]
54636.63317  0.00085 CCD p —14992.0 0.00127 0.00195 [1]
54637.63743  0.00135 CCD p —14988.0 0.00247 0.00314 [1]
54638.63770  0.00133 CCD p —14984.0 —0.00033 0.00033 [1]
54639.64186  0.00102 CCD p —14980.0 0.00077 0.00142 [1]
54641.64192  0.00138 CCD p —14972.0 —-0.00529 —0.00466 [1]
54642.64718  0.00069 CCD p —14968.0 -0.00310 -—0.00247 [1]
54650.55149  0.00113 CCD p —14936.5 0.00210 0.00266 [1]
54652.55596  0.00089 CCD p —14928.5 0.00044 0.00099 [1]
54656.56993  0.00095 CCD p —149125 0.00216 0.00268 [1]
54657.57064  0.00059 CCD p —14908.5 —0.00019 0.00031 [1]
54661.58453  0.00138 CCD p —14892.5 0.00145 0.00192 [1]
54670.48431  0.00066 CCD p —14857.0 —0.00095 —0.00055 [1]
54670.61330 0.00117 CCD s —14856.5 0.00265 0.00306 [1]
54671.48812  0.00087 CCD p —14853.0 -—0.00021 0.00019 [1]
54671.61434 0.00114 CCD s —14852.5 0.00063 0.00103 [1]
54672.49050 0.00054 CCD p —14849.0 —-0.00089 —0.00050 [1]
54673.49179  0.00066 CCD p —14845.0 -0.00266 —0.00228 [1]
54674.49504  0.00095 CCD p —14841.0 -0.00248 —0.00210 [1]
54674.62222 0.00112 CCD s —14840.5 —0.00068 —0.00031 [1]
54680.51414  0.00088 CCD p —14817.0 -0.00175 —0.00143 [1]
54682.52480  0.00040 CCD p —14809.0 0.00278 0.00309 [1]
54683.52044  0.00115 CCD p —14805.0 —0.00464 —0.00434 [1]
54684.52708  0.00103 CCD p —14801.0 -0.00106 —0.00077 [1]
54686.52830  0.00082 CCD p —14793.0 —-0.00597 —0.00569 [1]
54688.54030 0.00083 CCD p —14785.0 —0.00009 0.00017 [1]
56919.35950  0.00030 CCD p —5889.0 0.00772 0.00116 [2]
56919.48550  0.00040 CCD p —5888.5 0.00834 0.00178 [2]
56919.60970  0.00050 CCD p —5888.0 0.00716 0.00060 [2]
57180.40390 0.00030 CCD p —4848.0 0.00506 —0.00090 [2]
57180.53010 0.00040 CCD p —48475 0.00588 —0.00008 [2]
57241.46540  0.00040 CCD p —4604.5 0.00512 —0.00066 [2]
57261.40090 0.00040 CCD p —4525.0 0.00475 —0.00097 [2]
57261.52640  0.00020 CCD p —45245 0.00487 —0.00085 [2]
58381.18928 0.00030 CCD p —59.5 —0.00096 —0.00040 [3]
58392.22408  0.00027 CCD p —-155 0.00015 0.00080 [3]
58396.11006  0.00018 CCD p 0.0 —0.00074 —0.00005 [3]

Notes: [1] This paper (SuperWASP); [2lirySek et al(2017); [3] This paper.
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Table 3 Photometric Solutions of V811 Cep

Photometric Elements Photometric Elements PhotometeémEhts
Parameter No Spot Error With Dark Spot Error With Hot Spot OErr
g1=g2 0.32 Assumed 0.32 Assumed 0.32 Assumed
A1=As 0.5 Assumed 0.5 Assumed 0.5 Assumed
T1(K) 5264 Assumed 5264 Assumed 5264 Assumed
To(K) 5275 +12 5327 +13 5289 +9
q(Ma/My) 0.293 +0.003 0.297 +0.003 0.285 +0.003
i(° 89.7 +0.6 89.3 +0.1 88.3 +0.4
Qin 2.451 2.460 2.433
Qout 2.268 2.274 2.255
Q1 = Q9 2.388 +0.008 2.399 +0.011 2.372 +0.009
L1/(L1 + L2)(V) 0.743 +0.001 0.731 +0.001 0.746 +0.001
L1/(L1 + L2)(R) 0.743 4+0.001 0.733 +0.001 0.747 4+0.001
L1/(L1 + L2)(1) 0.744 +0.001 0.735 +0.001 0.747 +0.001
r1(pole) 0.474 +0.001 0.470 +0.002 0.472 4+0.001
r1(side) 0.514 +0.002 0.509 +0.002 0.512 +0.002
r1(back) 0.554 +0.002 0.539 +0.002 0.541 +0.002
ra(pole) 0.268 +0.004 0.274 +0.005 0.272 +0.004
ro(side) 0.281 +0.005 0.287 +0.006 0.286 +0.005
ro(back) 0.322 +0.010 0.332 +0.013 0.332 +0.011
f 34.3% +4.5% 32.6% +5.7% 33.9% +4.9%
0(°) 44.58 +3.17 111.46 +3.61
P(°) 48.07 +6.70 27.41 +3.36
r(°) 13.99 +0.76 18.25 +0.83
Ty 0.759 +0.036 1.208 +0.014
> (0 -C)? 0.0025 0.0022 0.0020

the characteristics of W-type contact binaries. The pla}sic the primary star is a KO-type star with the temperature
parameters obtained from this light curve solution using af 5264K (Pecaut & Mamajek 201)3 The temperature
g-search determined mass ratio are only preliminary, nadifference between the two components is 25K, this
the final reliable results. Therefore, further spectroscop system is in thermal contacti(et al. 20193 The orbital
observations of V811 Cep are needed to confirm thesiclination of the system is 88(%0.4)°, indicating
results. that the system is a totally eclipsing system, so the

However, in the process of solving, the theoreticalphysical parameters obtained are reliabfeilfulla et al.
light curves near the two maxima do not agree well with2003 Terrell & Wilson 2005. The O’Connell effect is
the observed values. Because the primary and secondanjerpreted as the existence of a hot spot on the less
stars are fast-rotating solar-like stars, they should haveassive component. The temperature of the hot spot is
similar activity characteristics to the Sun, such as stagsp about 1100K higher than the surface temperature of the
(e.g.,Qian etal. 2015Zhou etal. 2015Lietal. 201§.  secondary star, and its area covers aboubbthe entire
Therefore, in order to reasonably explain the asymmetrphotosphere surface.

of the light curve, the spot model was introduced. There According toLi et al. (20191, the absolute parameters
are four parameters of the spot model in the W-D prograngan be estimated based on the distance fromGhéu
which are spot central latitud@)( spot central longitude mjssion (Gaia Collaboration etal. 2018 First of all,
(¢), spot angular radiusr) and spot temperature factor according to the distanc® and My, = my — 5log D +

(Ty = Ta/To, whereTy is the ratio of spot temperature 5 _ 4, the absolute magnitude of V811 Cep can be
Ty to star surface temperatutk). Cool spot and hot optained, wherem, is the visual magnitude of the
spot were introduced into the primary and secondary, pand Gamus etal. 2037 D represents the distance
components, respectively. As shown in Tal¢ the  \which is given by theGaia mission Bailer-Jones et al.
residual of the latter is smaller, so the fitting result of the2013 and Ay is the extinction value obtained from
hot spot is better. The final fitting light curves are shown ingchlafly & Finkbeiner(2013). Then, the total luminosity

Figures. of the system was calculated by equatiohf,, =
72.510gL/L@ + 4.74 and My, = My + BCy (Mbol
5 DISCUSSION AND CONCLUSIONS is the absolute bolometric magnitude afy is the

bolometric correction fronPecaut & Mamajek 20)3and
According to photometric solutions, we concluded thatthen through the relationship betweén and L; + Lo
V811 Cep is a contact binary system with a degree ofjiven in Table3, the luminosity of each componerit{ and
contact of f = 33.9%. The mass ratio was finally L,) can be obtained respectively. Next, assuming black-
determined to beg = 0.285. It is concluded that body radiation, the radius of each star can be determined



193-6 X. Gao et al.: The First Photometric Analysis of V811 Cep

Table 4 Absolute Parameters of V811 Cep

Parameters D Vmax MV BCV J‘/jbol Ly Lo Ry Ro> a M,y Mo
(pc) (mag) (mag) (mag) (mag) LE) Lo) (o) (o) (o)  (Me)  (Me)
V811 Cep 475.8 14.200 5.456 —0.220 5.236 0.477 0.162 0.833 0.481 1.618 0.703 0.200
(Error) +4.3 — +0.020 - +0.020 +0.009 +0.004 +0.062 +0.007 +0.073 +£0.097 +0.030

Table 5 Contact Binary Systems of K-type

Star Period (d) ¢ f(%) Ti(K) Ta(K) dp/dt(dyr—') Reference

AD Cnc 0.282738  0.770 8.3 5000 4790 +4.94 x 10-7  Qian et al.(2007)
LO Com 0.286361  0.404 3.2 5178 4874 —1.18 x 10~7  Zhang et al(2016
AU Ser 0.386479  0.692 4.0 5140 4973 —1.17 x 10~7  Alton et al.(2018

BM UMa 0.271221  0.540 17.0 4600 4982 —7.49 x 10~8  Yang et al.(2009
VW Cep 0.278315  0.302 22.0 5050 5342 —1.69 x 10~7  Mitnyan et al.(2018
RZ Com 0.338506 0.425 20.1 5000 4900 +3.97 x 108  He & Qian (2009

GK Agr 0.327413  0.435 51 5326 4995 +2.80 x 10~7  Zhang et al(2015
MW And 0.263769 0.503  40.2 4579 4338 +1.97 x 10~¢  Zubairi et al.(2019
YZ Phe 0.234726  0.380 9.7 4908 4658 —2.64 x 10~8  Sarotsakulchai et a{2019

TW Crucis  0.388144  0.670 11.0 5000 5170 +2.03 x 10~%  Moriarty (2015
V811 Cep 0.250760 0.285  33.9 5264 5289-3.90 x 107  This paper

Notes: (1) = M2 /Mji; (2) The subscript 1, 2 represent the more massive and lessivaatar, respectively.

by L = 4rcT*R?, and the semi-major axig of the above the TAMS, which indicates that the secondary star
binary system can be obtained from the absolute radius artths evolved out of the main sequence stage. In Figjhe
relative radius of each star (the valuenofias the average). secondary component of V811 Cep is over-luminous and
Finally, from Kepler’s third lawM/; + M, = 0.0134a3/P%?  over-sized. These are thought to be caused by the material
and the mass ratig, we got the mass of each component.transfer from the primary component to the secondary
From the above steps, we obtained the absolute paramet@smponent. The two components of V811 Cep are in the
of V811 Cep. The absolute parameters and the parametestage of evolution similar to other W-type contact binaries
required in the calculation are listed in Talle This is the first photometric study of V811 Cep so
The general trend of th@ — C' curve in the Figur@is  far. The results show that the mass ratio of V811 Cep is
a downward parabola, indicating that the period decreas&s285 and the orbital period decreases continuously, which
continuously, and the reduction rate was calculated to b& consistent with the research result@ifin (2001). This
3.90(£0.06) x 10~7d yr~'. The decrease of period can result shows that for the W-type contact binaries with
be explained by the material transfer from the componeng < 0.4, the orbital periods show a long-term decreasing
with more mass to the component with less masg{al.  trend, while for the W-type contact binaries with >
2018. The material transfer rate was calculated by the).4, the orbital period shows a long-term increasing trend.

following equation: The long-term decrease of the period can be explained
AM, My M, ar by the transfer of matter from the primary compongnt
= X — . (3) to the secondary component. At the same time, the light

dt 3P(My — M) di curve of V811 Cep has obvious O’Connell effect, which

The result of the equation is45 x 10~"M,yr—'. Ilthas can be explained by the existence of a hot spot on the
been proved that V811 Cep is a contact binary system dggecondary component. On the other hand, with regard to
KO-type, and Tablé shows some contact binary systemsthe formation of the hot spot on the secondary component,
of K-type. As shown in Tablé, the period change rate itis accepted that the hot spot is formed due to the material
of V811Cep is close to that of other systems in thetransfer from the primary component to the secondary
table. In order to further explore the evolution of the twocomponent. This coincides with the previous explanation.
components in this system, the mass-radius diagram and

the mass-luminosity diagram are shown in Figer@wo  AcknowledgementsWe thank the referee very much
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two diagrams, we can see that the primary star lies betweeand Chinese Academy of Sciences (CAS), and by NSFC
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