
 
Abstract 

 
LoTr 1 is planetary nebula (PN) thought to contain an intermediate-period binary central star system. The system shows the signature of an s-process rich, K-type, rapidly       

rotating giant, implying that it possesses an accretion-induced post-mass transfer system similar to other ‘Abell 35-like’ PNe such as LoTr 5. Such systems represent unique 

opportunities to further the investigation into the formation of Barium-rich stars and to probe intermediate-period binaries within PNe — something which is currently poorly      

understood.  

 
2. LoTr 1 

 

A low-resolution spectrum of the central star system of LoTr 1 (J2000, α = 05:55:06.5,                       

δ = -22:53:24.3)  was acquired in March 2012, using EFOSC2 (4.02 Å/pix) on the NTT 

based at ESO La Silla. The spectrum was then reduced, extracted to 1-D, and flux-

calibrated against a standard star, using standard STARLINK routines. 

.  

The central star of LoTr 1 was classified as a K0III giant, with Teff ~ 4600 K, by comparing 

its observed spectrum with UVES POP standard stars (see Figure 3). With these values, we 

determined a rough nebular distance of 2.4 kpc. Taking this distance and assuming an      

average nebular expansion velocity of 20 kms
-1

 and an angular size for the nebulae of 

63" (measured from the NTT-EMMI imagery shown in Figure 1), we derived a kinematical 

age for LoTr 1 of  order 18,000 years. 

 

Because of its short rotation period, we would expect the giant star to be chromospherically 

active, and, hence, to show bright Hα emission. However, having currently only carried out 

preliminary analyses so far, we cannot be certain as to whether the Hα peak visible in Figure 

3 is due to poor nebular subtraction or if it can be attributed to real chromospheric activity. 
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1. Intermediate Period Binaries —  LoTr 1 and the “Abell 35-type” Group 
 

While the relation between close binaries and their nebula hosts is gaining more and more 

ground as the outcome of a Common Envelope phase, the link between longer-period post-

AGB binaries and PNe remains an unsolved problem in stellar evolution. This is primarily due 

to lack of observations, and only by finding central star planetary nebulae (CSPNe) with      

intermediate period binaries can we hope to make solid connections between these two    

disparate fields. 

 

It is thought that LoTr 1 belongs to the so-called “Abell 35-type” group of PNe (Bond et 

al.,1993) possessing a cool central star in the form of a rapidly-rotating sub-giant or giant (the 

initial list comprised of  Abell 35 and LoTr 5, and subsequently WeBo 1 and Abell 70). How-

ever, since these giant stars are too cool to ionise their surroundings, a hot companion must 

also be present in the form of a white dwarf (WD) that is only detectable at UV wavelengths 

(Teff ~ 100 kK).  

 

We show here that the CSPN of LoTr 1 is composed of a cool giant (see Figure 3) with a    

rotation period of 6.4 days as shown in the SuperWASP photometry (Jones et al. 2011, see 

Figure 2) and a hot WD as indicated by an IUE (International Ultraviolet Explorer) spectrum 

(see Figure 4).  

 
4. The Next Step 

 

The next phase in our analysis is to compare synthetic spectra to a higher-resolution spectrum (0.3 

Å/pix) acquired on VLT-FORS2. The FORS2 spectrum also reaches bluer, more indica-

tive wavelengths than the EFOSC2 data, which will allow us to check for signs of chemical         

pollution — more specifically, we will be looking for evidence of Barium, as is the case with Abell 70 

(Miszalski & Boffin, 2012). In the formation of these “Barium (Ba) stars”, the stellar wind emitted by 

the companion contains such s-process elements which have been dredged up during the        

thermally pulsing AGB phase (Boffin & Jorissen, 1988).  After ejecting its envelope as a PN, the 

AGB star then evolves into a white dwarf, while the contaminated star retains its chemical peculiari-

ties to form the Ba star. In a binary system this can happen earlier if the AGB star undergoes a 

common envelope phase in which the cool star is spun up, which seems to be the case for the 

Abell 35-type group and helps to explain the intermediate orbital periods of Ba stars.  

Figure 1: OIII image (1800s) of LoTr 1 taken using NTT-EMMI  Figure 2: SuperWASP periodigram of LoTr 1 

Figure 3: Observed EFOSC2 spectrum of LoTr 1, overlaid with the best-fit K0III and a K0V standard star for comparison. The discontinuity 
at ~8550λ is due to a gap in the UVES CCD chip. 

 
3. White Dwarf-Fitting 

 

Using the white dwarf evolutionary curves from Bloecker (1995) and assuming a remnant mass of 

0.6 M☉, we derived a stellar temperature at this age of 18,000 years of ~120,000 K. Subsequently 

placing a 0.018 R☉ white dwarf of this temperature at 2.4 kpc, we acquired a good-fitting black-

body curve that correspond well with the IUE observations of LoTr 1 of Bond et al. (1989) , as 

shown in Figure 4. 

Figure 4: IUE-spectrum of LoTr 1 (red) overlaid with a blackbody curve for a white dwarf (blue), using the parameters shown at the 
top of the figure.  


