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Internal rotation profile of the very hot (Teff ~ 

128,000 K) GW Vir white dwarf PG 1159-035 

inferred from seismic analysis. This is depicted by 

the very nearly vertical solid white curve. The 

region where the profile is reliably measured 

covers some 90% of the radius, corresponding to 

about 99% of the mass of the star. This is unique in 

all of asteroseismology. PG 1159-035 is found to 

*globally* rotate rigidly and extremely slowly (by 

white dwarf standards), with a period of 33.67 ± 

0.24 h. Given the nearly complete coverage in 

mass, this allows for a realistic estimate of the total 

angular momentum of 1.25×1039 kg m2 s-1, which is 

more than 150 times smaller than the angular 

momentum of the Sun. This is an extremely small 

value, which implies that, for all practical purposes, 

the star has lost essentially all of its initial angular 

momentum in previous (RGB, AGB, post-AGB) 

evolutionary phases. 



Pulsations and rotation in stars 



Example of rotational splitting in a representative 

ZZ Ceti star model. The low-order g-mode 

frequency spectrum for both dipole and quadrupole 

modes, with and without rotation turned on, are 

illustrated. It is assumed that the star rotates as a 

solid body and with a (relatively) short period of 3 h. 

Degenerate dipole modes split into triplets, while 

quadrupole modes split into quintuplets. The 

spacings between adjacent components within a 

multiplet are the same in frequency space, as 

shown here. 

Normalized rotation kernel (weight function) as a 

function of depth for representative gravity modes in 

our seismic model of the ZZ Cet pulsator GD 165 

(upper panel) and in our seismic model of the GW Vir 

pulsator PG 1159-035 (lower panel). In GD 165, the 

weight function has appreciable amplitude in the outer 

20% of the radius of the star, meaning that gravity 

modes are useful probes of the rotation profile only in 

these outer layers. In contrast, the weight function 

samples the full stellar model for PG 1159-035, 

meaning that gravity modes are sensitive to the entire 

rotation profile, from the center to the surface in that 

case. 



Pulsations and rotation in stars 

(cont’d) 

PG 1159-035 is the best observed of all of the pulsating white dwarfs, having been the target of several multisite 

campaigns from 1989 through 2002. The Fourier transform of its light curve exhibits at least 17 distinct frequency 

groups showing fine structure caused by rotational splitting. Twelve of those structures correspond to dipole (l=1) 

modes, and five others correspond to quadrupole (l=2) modes. The observed rotational multiplets are shown in 

red in the RHS figure, while our solution, assuming slow uniform rotation, is given by the blue boxes. 

These are the central 

frequencies of the multiplets in 

units of microHz 



-- Our method consists in analyzing the available rotational 

data under the assumptions that 1) the star rotates slowly, 

and 2) it rotates as a solid body.  

 

-- The inferred uniform rotation period, P(solid), can be used 

after the fact to verify if the star indeed rotates slowly, in 

which case P(solid) should be much larger than the periods 

of the pulsation modes used in the experiment.  

 

-- But how to test for rigid rotation? 



Three possible ways to test  for solid body rotation 

S2(Pc,Ps) should show a minimum 

when Pc  = Ps = P(solid) 
S2(Pi,Po) should show a minimum 

when Pi  = Po = P(solid) 

S2(Pi,r/Rs) should show a 

minimum when Pi  = P(solid) 

irrespective of depth r/Rs 

This location is chosen at some 

suitable depth, e.g., halfway in the 

average kernel distribution 
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Under the assumption that PG 1159-035 spins slowly and rigidly, the rotational data is best explained with a rotation period 

of 33.671±0.242 h. The supposition of slow rotation is easily verified a posteriori, since that period is much larger than the 

periods of the modes involved (400-840 s). The hypothesis that the star rotates as a rigid body is also nicely verified 

through the results of the three tests shown here. In particular, the lower figure on the right indicates that PG 1159-035 

rotates rigidly over more than 90% of its radius, which corresponds to some 99% of its mass.  

This color bar is a 

code for log S2 



InternaI Rotation Profiles: More Recent Seismic Inferences for Other Pulsating Compact Stars 

The pulsating sdB component of the synchronized 

eclipsing close binary system PG 1336-018 
The pulsating ZZ Ceti star GD 165 with trapped 

modes above the H/He transtion region 

The pulsating DB white dwarf in the Kepler FOV, 

J1929+4447, with some confined modes at depth  

The pulsating ZZ Ceti star GD 1212 observed with 

Kepler 2, with several confined, deep modes 




