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Introduction

The system PU Pup (=HR2944, HD61429, HIP 31373), also known as m Pup, is a relatively bright (B = 4.59, V = 4.70) early type giant (B8III, [START_REF] Garrison | [END_REF]) located at a distance of about 190 pc at galactic co-ordinates ~ 240.7, 1.8. [START_REF] Garrison | [END_REF] noted its strong rotation, though without any significant effect apparent in its 4-colour photometric indices. While Jaschek, et al. (1969) have given the spectral type of PU Pup to be B9V from its UBV colour indices, Stock et al. (2002) determined the type to be B8IV from the system's (B-V)0. The photometric variability was announced by Stift (1979) during a programme monitoring other stars in the sky region nearby. Stift noticed that the variable had been reported as a component of the close visual double ADS 6246, the companion being of similar spectral type and magnitude, with a separation of about 0.1 arcsec or about 20 AU perpendicular to the line of sight. A corresponding period of the order of 30 y or greater for this wide pair might then be expected. Stift surmised that the close binary might be of the W UMa or  Lyr types, but the relatively early type and long period would make PU Pup a very atypical representative of the first of these types. The star appears to have received relatively little individual attention, but its variability was confirmed by the HIPPARCOS satellite [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF]. appear to have been any detailed previous light curve analysis, so we took our starting parameters influenced by the spectrographic information (next Section) as well as the general shape of the curve. Thus, there is no third component identified spectroscopically, but the light variation amplitude is low, around 8%. The indications then point to a low inclination value. Only one spectrum is seen, and the amplitude of its variation also relatively low, though the rotational velocity high. The general information is therefore strongly suggestive of a rather low mass ratio relatively close binary, seen at low inclination producing the so-called 'ellipsoidal' form of variability and with a relatively massive, early type primary. 1 with a corresponding illustration in Fig. 2. 

Radial velocities and orbital solution

The IRAF routine SPLOT was used to measure radial velocities (RVs) of PU Pup. All observed spectra of PU Pup were examined. The spectral lines of the secondary component could not be detected as its light contribution was only 2% of the total light of the binary in the HIPPARCOS light curve modeling of PU Pup. The absorption lines of neutral hydrogen, He I, Fe II and Si II in the echelle's spectral orders between 85 and 127 were then fitted to derive the RVs of primary component. The representative radial velocities are given in Table 2. The listed dates and velocities were corrected to heliocentric values as in Budding & Butland (2011), with the aid of the HRSP and IRAF program suites. The RVs from Table 2 were fitted with a binary system optimized model using the program SPEL (Horn et al. 1994). The RVs were weighted according to their measurement errors (Wi=1/i 2 ). During the iterations, the orbital period (Porb) -as taken from the Hipparcos Catalogue (ESA, 1997) -was kept constant. The radial velocity semi-amplitude (K), gamma velocity (V) and epoch of maximum RV curve (Tmax) were chosen as the free/adjusted parameters.

Circular and elliptical orbit models were applied to all RVs of PU Pup. Lucy & Sweeney (1971) suggest a 5% probability threshold for the eccentricity to be significant. Using the Lucy & Sweeney (1971) test, the significance of the eccentricity was found p=0.41 for PU Pup. Therefore, circular orbit was adopted for the system. The final spectroscopic orbital parameters are given in Table 3. The best theoretical fit to the radial velocity data is also shown in Fig. 3. 

Discussion

From MJUO spectrographs of PU Pup, the equivalent width (ew) of H was measured to be typically ~7.5, that of He I 6678 ~0.12. While the He I ew points to a spectral type of about B8, the corresponding H would be higher for a normal dwarf at B8. The situation is resolved by the giant luminosity classification of [START_REF] Garrison | [END_REF].

Utilizing the mass function formula (Torres, 2010)

f(M)= C e 2 ) 3/2 K1 3 P, ( 1 
)
where the constant C = 1.0361510  when K1 is in km/s and P is in days, gives f(M) = 0.0083 Mʘ. This can be written as q 3 /(1+q) 2 = f(M)/ M1 sin 3 i. With the photometric value of sin i as 0.588 and a plausible estimate for M1 as 4 M , we can derive q = 0.26, which is self-consistent with the value given in Table 1. This leads to the secondary being a G0 type dwarf with V-magnitude ~1% that of the primary and therefore not detectable spectroscopically. The separation of the components, using Kepler's 3 rd law, turns out to be about 13.6 R, so the rotational velocity of the primary, if synchronized, would be ~144 km/s. With the derived inclination, a measured rotation speed of about 84 km/s would then be expected. 
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 1 Figure 1. HIPPARCOS photometry of PU Pup and a model fitting. The horizontal axis gives orbital phase values, while the vertical axis shows corresponding relative flux values

Figure 2 .

 2 Figure 2. Gnuplot rendering of the model appearance of PU Pup

Figure 3 .

 3 Figure 3. Best Keplerian orbital fit to the RV measurements of PU Pup. Horizontal axis gives orbital phases, vertical axis gives radial velocities

Table 1 : Parameters of Radau model fitting to PU Pup system
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	L1	0.98	0.01
	L2	0.02	0.01
	0	0.0006	0.0049
	r1	0.54	0.02
	r2	0.12	0.01
	i (deg)	36	0.5
	u1	0.30	-
	u2	0.60	-
	e	0.0	-
		0.0	-
	q	0.3	-
	1	0.53	-
	2	1.10	-
	E1	0.20	-
	Starting from some trial parameter values based on this approximate view of the system the best-fit
	light curve modelling program WinFitter (Walker et al. 2017, Rhodes 2018) was applied to the
	HIPPARCOS data and the results given in Table		

Table 2 . Radial velocity data for the primary component of PU Pup in 2008 and 2014
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	HJD	RV1	Sigma
	(2400000+)	(km/s)	(km/s)
	54802.9063	-2.76	5.90
	54803.0954	-0.91	8.89
	54803.1365	3.58	3.76
	54803.9003	54.87	10.00
	54803.9004	55.04	8.75
	54803.9118	52.18	10.00
	54803.9124	54.34	7.63
	54803.9553	54.83	10.00

Table 3 . SB1 orbital solution of PU Pup Parameter Value
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	Porb (d)	2.582320 (fixed)
	T0 (HJD)	48501.3785 (±0.0079)
	K1 (km s -1 )	31.43 (±0.60)
	V (km s -1 )	30.08 (±0.42)
	f(M) (Mʘ)	0.0083 (±0.0001)
	a1sini (Rʘ)	1.60 (±0.03)

Photometric analysisWe examined the HIPPARCOS (ESA, 1997) photometry of PU Pup. A handful of wild points were cropped from the data, leaving the reasonably well-defined EB type light curve shown in Fig.1. There does not