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Context

Physics of magnetic fields in stars with M > 1.5 solar

Strong
Organised, with evidence for smaller-scale structures

Stable, long-lived

No strong correlation with period, age or mass
Associated with slow rotation and chemical peculiarity
Rare

Open questions:
- Field origin

- Field evolution
- Role of rotation




Magnetic dichotomy

. Non-Ap stars - ALL null results Ap stars - ALL detections
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Weak magnetic fields in Ap stars

- What are the magnetic properties of Ap stars with very weak
fields?

* What is the field strength distribution of intermediate-mass
stars?

- Survey of weak-field Ap stars (Auriére et al. 2007)

* MuSiCoS spectropolarimeter at Pic du Midi observatory
- Twenty-eight spectroscopically-identified Ap stars
* Undetected / uncertain longitudinal magnetic fields
* Ten observing runs from 2001 - 2006
- Twenty-five observers

* Two hundred and eighty-two Stokes V spectra




Targets: Ap stars with weak or
undetected magne‘ric fields
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Longitudinal magnetic field (G)
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Results
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Results

Auriere et al. (2007)




Conclusions

* The phenomenon of organised magnetism in intermediate-mass
stars appears to disappear completely for dipole fields weaker
than ~300 G

* Ap stars and non-Ap stars differ gualitatively in their magnetic
properties

* Fields aren't hiding somewherel
* We specifically chose Ap stars with the weakest fields

* Non-Ap stars have been carefully searched for fields

* Studies of other samples yield similar conclusions (e.g. Power et al.)




Interpretation

* We propose that the observed lower field threshold represents a
critical field strength for stability of the large scale field against
differential rotation.

* An weak initial large scale
poloidal field is distorted by
differential rotation.

* The resulting toroidal field is
subject to various instabilities
which result in its rapid decay.

* The critical strength B, of theinitial field, above which it is stable
against the winding effects of differential rotation, can be
estimated by equating the winding and Alfven timescales, giving:

B./B,, ~ 2 Pyt T, /2 Ru ~ 300 6




Interpretation

* This scenario provides a possible physical foundation for the
observed field threshold.

* It also provides a natural explanation for the magnetic dichotomy:

* For an initial magnetic field function

increasing toward weak fields, most :
intermediate-mass stars would host non-hagneti sars
fields weaker than B_, and would '

therefore suffer field winding and
decay. The small fraction of stars with
strong initial fields (B> B,) would
retain their fields and become

“Ap stars”.

* Clearly, this scenario requires elaboration via numerical modeling.




Implications for B and O stars

* Ap-type peculiarities and variability constitute a near-perfect
proxy descriminator of magnetic and non-magnetic A stars. Do any
such descriminators exist for B and O stars?

* The model of Auriere et al. may also explain the even greater
rarity of magnetic O and B stars:

* For a main sequence BOp star (with Teff =31 000 K,R=7.2Ro and P =
2 d), Bc = 7Beq ~ 2 k6. With a substantially larger critical field strength,
massive stars are substantially less likely to retain their magnetic fields.

* Known massive stars with relatively weak magnetic fields are still in
agreement with Eq. (8): p Cep.T Sco; 61 Ori C; HD 191612.

* If the Prot of COri A is correct, this star appears to violate Eq. (8).

» If correct, can this model aid in identifying magnetic stars? Can it
guide us in our strategy and expectations for the MiMeS SC?




