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Abstract. We present surface magnetic field maps of the two accreting T Tauri stars, CV Cha
and CR Cha. Our magnetic field maps show evidence for strong, complex multi-polar fields
similar to those obtained on young rapidly rotating main sequence stars. Both CV Cha and
CR Cha show magnetic field patterns that are more complex than those recovered for the lower
mass, fully convective T Tauri star, BP Tau.

By comparing our maps with previously published maps of classical T Tauri stars, we infer that
magnetic field patterns on T Tauris, and their underlying magnetic field generation mechanisms
evolve quickly as they develop radiative cores. This may have implications for the efficiency with
which T Tauri stars can effectively lock onto their surrounding disks under the magnetospheric
accretion model scenario. This, in turn, has implications for the angular momentum evolution
of T Tauri stars as they evolve towards the main sequence.
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1. Background

The main properties of classical T Tauri stars (CTTS) can be explained using the
“magnetospheric accretion scenario” (e.g., Camenzind 1990). In this scenario, the magne-
tosphere of the central star is responsible for truncating the inner edge of its circumstellar
disk; material is channelled along magnetic field lines onto the stellar surface, causing
accretion shocks at the site of impact on the stellar surface.

We present the first surface magnetic field maps of the accreting pre-main sequence
(PMS) stars, CV Cha and CR Cha, using the technique of Zeeman Doppler imaging.
Only two other similar systems have been imaged before using this technique: V2129
Oph and BP Tau (Donati et al. 2007, 2008a). Our results suggest that PMS stars with
radiative cores have more complex field distributions than fully convective stars. These
results have implications for magnetospheric accretion and for the evolution of magnetic
fields in intermediate mass stars as they evolve onto and along the main sequence.

2. Summary

e CV Cha and CR Cha are the first intermediate-mass T Tauri stars to be imaged
using the technique of Zeeman Doppler imaging.

e Our maps show that T Tauri stars with radiative cores have more complex magnetic
field distributions than the fully convective T Tauri, BP Tau (Donati et al. 2008a).

447

https://doi.org/10.1017/51743921309031093 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921309031093

448 G. A. J. Hussain et al.

CV Cha: radial field
11 1 11 1 CR Cha: radial field

Pl saganansnsns: T T T
| S - 1 11 11 [N
of Bl b 4 IRSmmmassnasssssansacsssssnes §
8" 3 - P
2o © B J Me
=82 1 E ‘ l
B 28 1 a
- . b ; S q e
- S e TP S P TR e IO TIPS S T = =N
"o 30 €0 @0 120 150 180 210 240 270 300 330 360 2 e R ST g o
longitude To 30 &0 8 120 150 180 210 240 270 %00 330 38 T
longitude
CV Cha: ozimuthal field . .
CR Cha: azimuthal field
o ! i 11 11
S T T mazansscsne: & [N LR
§ @ . T T T T T T T T T T 7
o BF 3
g e, P 2k 4 Mz
43 3 He E
= 2af 1 He
Bt ] -
§ 2ot 1t
- 3 e Boceiloodl et oo ‘ &
Yo 30 €0 90 120 150 180 210 240 27¢ 300 330 362 [ e ey ey H
; o 30 60 20 120 150 180 210 240 270 300 330 360
longitude .
longitude
£V Cha: meridional field CR Cha: meridional field
o 11 1l 111 1 - [ [ T —
E BEERRRZaRaasanonpanseess pessEss e sy 2 T H
H
w8 = o B 4 #2
- ©
Z8 1 F° Z8 1 He
= =
o _ NS Tt 1Ll
8 7
-1 AT T VT DT TR SO VTS SO T T 11 s AT T TOUE T PO T 0. TUPTRTINY g
To 30 60 90 120 150 180 210 240 270 300 330 360 g 30 60 ¢ 120 150 180 210 240 27¢ 300 330 360
longitude longitude

Figure 1. Magnetic field maps of the classical T Tauri stars, CV Cha and CR Cha. Our maps
suggest magnetic fields in higher mass stars are more complex than those in the lower mass
star, BP Tau (Donati et al. 2008a). These maps were obtained using the technique of Zeeman
Doppler imaging and circularly polarised data that were acquired using the UCLES/SemelPol
instrument configuration on the Anglo-Australian Telescope (AAT). The phases of observations
are represented by the tick marks above each plot.

e This may be analogous to the behaviour observed across the fully convective bound-
ary in main sequence M-type stars. Morin et al. (2008) find that M4 stars, i.e. stars
that are nearly fully convective, have simpler axisymmetric large-scale poloidal fields. In
contrast, higher mass cool stars, show significant toroidal field (Donati et al. 2008b).

e CV Cha and CR Cha are progenitors of A-type stars. They will take under 9 Myr to
become fully radiative. Only 10% of A-type stars are found to be magnetic (Ap stars).
Over the next 5-6 Myr, this magnetic field will either dissipate or be frozen in. Further
details are discussed in Hussain et al. (2009).
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