
Linear Spectro-polarimetry  
to map inner regions

                       Jorick S Vink (Armagh Observatory) 

                Oudmaijer, Drew, Harries, Mottram, Ababakr 

         
                             Costigan, Scholz, Ray, Testi 
      



Outline

• Intro  
• Data 
• Monte Carlo disk scattering models  
• Summary



T Tauri stars: Magnetospheric 



dM/dt - Mass Relation 

(eg. Garcia Lopez et al. 2006) 



Polarimetry – from disks



Polarisation across line?

1. No change 
2. Depolarisation 
3. LINE Polarisation



No Polarisation



Depolarisation



Be star Zeta Tau - it works!
• (Vink et al., 2009, A&A 505, 743) 

(Oudmaijer 2007) 



Line Polarisation – PA Flip



QU: Herbig Ae and T Tauri star

MWC 480 RY Tau



Polarisation across line?

1. No change 
2. Depolarisation 
3. LINE Polarisation

Herbig Be: 7/12

Herbig Ae: 9/11

Vink et al. (2002, 2005b)

T Tauri:   9/10



Polarisation across line?

1. No change 
2. Depolarisation 
3. LINE Polarisation

Herbig Be: 7/12

Herbig Ae: 9/11

T Tauri:   9/10

            24/34

 18/22 Ababakr et al. (2017)



Models of COMPACT line emission

• 3D Monte Carlo  
• Keplerian rotating disk 
• Flat or constant opening angle 
• Scattering only – no line transfer 
• With and without an inner hole

TORUS (Harries 2000)



With/without a hole



With/without a hole

Vink, Harries & Drew (2005)



Constraining the inner disk radius



Constraining the inner hole size:

  Single PA flip; known inclinations 
   !  AB Aur    Inner rim > 5 Rstar 
   !  CQ Tau   Inner rim > 4 Rstar 
   !  SU Aur    Inner rim > 3 Rstar 

  Gradual PA change  
   !  GW Ori    Inner rim 3 or 4 Rstar



H. E. Wheelwright et al.: The relative alignment of Herbig Ae/Be binaries and disks

Table 3. Young stellar objects (Col. 1) for which spectropolarimetric observations and a direct measurement of their disk PA are available.

Object Alt. name Type Disk PA Pol. PA ∆PA
(◦) (◦) (◦)

HAe/Be
HD 200775 MWC 361 B2 71 932 86 ⊥
MWC 147 V700 Mon B6 803 1682 88 ⊥
HD 45677 FS CMa B24 775 1646 87 ⊥
BD +40◦ 4124 V1685 Cyg B3 1107 362 74 ⊥
MWC 1080 V628 Cas B0 557 752 20 ∥
CQ Tau HD 36910 F3 1208 209 80 ⊥
MWC 480 HD 31648 A3 1507 559 85 ⊥
AB Aur HD 31293 A0 7910 1609 81 ⊥
HD 179218 MWC 614 A0IVe 2311 ∼ 4512 22 ∥
T Tauri
RY Tau HD 283571 F8 6213 1639 79 ⊥
SU Aur HD 282624 G2 12714 1309 3 ∥
FU Ori HBC 186 G3 4715 459 2 ∥
GW Ori HD 244138 G5 5616 (60)9 4 ∥
DR Tau HBC 74 K5 12817 1209 8 ∥

Notes. The disk and adopted polarisation angles are presented in Cols. 4 and 5 and the difference between them is listed in Col. 6. Finally, Col. 7
indicates objects where the difference is close to 90◦ (⊥) or 0◦ (∥).
References. 1: Okamoto et al. (2009), 2: M2007, 3: Kraus et al. (2008), 4: Cidale et al. (2001), 5: Monnier et al. (2006), 6: Patel et al. (2006),
7: Eisner et al. (2004), 8: Doucet et al. (2006), 9: Vink et al. (2005a), 10: Mannings & Sargent (1997), 11: Fedele et al. (2008), 12: these data,
13: Akeson et al. (2003), 14: Akeson et al. (2002), 15: Malbet et al. (2005), 16: Mathieu et al. (1995), 17: Kitamura et al. (2002).

3.1. Herbig Ae/Be stars

In the case of the HAe/Be stars in Table 3, the majority of the ob-
jects (7 out of 9) have polarisation angles approximately perpen-
dicular to their imaged disks. This might be expected if the polar-
isation signatures are due to single scattering in disks. Therefore,
this appears to validate the use of spectropolarimetry to trace
disks. Here we quantify this. We use the HAe/Be star data in
Table 3 to test the hypothesis that the intrinsic polarisation angle
is always perpendicular to the disk PA (within the errors). The
cumulative distribution of the difference in disk PA and polari-
sation PA is shown in Fig. 4. We find that the hypothesis that the
disk and polarisation angles are unrelated to each other and thus
randomly oriented can be discounted at a significant level (at
3.1σ according to the KS test). In contrast, the hypothesis that
the spectropolarimetric signatures of the HAe/Be stars are ori-
ented perpendicularly to their disks cannot be rejected beyond
the 1σ level, and is thus consistent with the data. Therefore, we
find that spectropolarimetric signatures of HAe/Be stars do trace
the orientation of their circumstellar disks.

We note that, although the majority of HAe/Be objects ex-
hibit a difference in disk and polarisation angle that is close to
90◦, two objects have disk and polarisation angles that are es-
sentially aligned. This is contrary to expectations based on sin-
gle scattering occurring in an optically thin disk. In their smaller
sample, Vink et al. (2005a) also note several objects where this
is the case. They suggest that while the spectropolarimetric sig-
natures of all young stellar objects are due to circumstellar disks,
the angle of the resulting polarisation vector is dependent upon
the properties of the inner disk. If the inner disk is optically thin,
single scattering dominates and the resulting polarisation vector
is perpendicular to the disk PA. In contrast, if the inner disk is
optically thick, the polarisation vector is parallel to the disk PA
due to multiple scattering.

Many of the T Tauri stars in Table 3 also have disk and po-
larimetric PAs that are aligned. Therefore, if this argument is
correct, it would appear that the majority of T Tauri star disks
are optically thick in the inner regions.

3.2. Removing the dependence on optical depth

Although the previous test provides a statistically significant re-
sult, it could be argued that this is dependent upon prior knowl-
edge of the disks’ optical depth. Assuming HAe/Be star disks
are optically thin is in part justified. The vast majority of the
HAe/Be stars considered have an offset between disk and polari-
sation angle that is close to 90◦, as expected for single scattering
in optically thin disks. However, it could be argued that this is a
circular argument. Moreover, in the case of the T Tauri objects,
the disk and polarisation angles are generally aligned. A more
appropriate hypothesis for the total sample may be a combina-
tion of the two scenarios, i.e. that polarisation angles are related
to the PAs of disks, but that the polarisation angles can be either
aligned or perpendicular to the disk. In general, we do not have
prior knowledge of the optical depth of the disks. Therefore, we
test the relationship between polarisation and disk angle without
making a priori assumptions.

In the scenarios mentioned above, the difference between the
disk and spectropolarimetric angle is either 0 or 90◦, depending
upon the optical depth of the inner disk. Consequently, it can be
expected that the offset from 45◦ to the difference between disk
and spectropolarimetric angle (henceforth ∆Ψ) is always 45◦.
We note that this is the case regardless of whether the signature
is interpreted as being due to line polarisation or depolarisation,
or whether the disk is optically thin or thick. Therefore, this test
is even more robust than the previous which assumes optically
thin scattering and is subject to the polarisation signature being
interpreted correctly. Here we compare this hypothesis to the
sample presented in Table 3. The disk and spectropolarimetric
angles in Table 3 are used to calculate ∆Ψ. This is then com-
pared to the hypothesis that ∆Ψ is 45◦ by calculating the average
of 10 000 equally sized samples in which ∆Ψ is 45◦ but with an
additional random error contribution with a maximum value of
15◦(see Fig. 4).

The hypothesis that ∆Ψ is random can be discounted at
a significant level (above 3σ). This leaves the hypothesis that
∆Ψ is always 45◦, which cannot be rejected at greater than a
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Summary

• Herbig Be: disks on small scales 
• Herbig Ae/T Tau: rotating accretion disks 
• Inner rim sizes 3 – 5 stellar radii 



Spectroscopic Monitoring 

(Costigan, Vink et al. 2014) 



Summary

• Herbig Be: disks on small scales 
• Herbig Ae/T Tau: rotating accretion disks 
• Inner rim sizes 3 – 5 stellar radii  

• Rotational timescale is the key 
• Next step: Linear QU monitoring!



 Spectro-polarimetic Monitoring 



ULLYSES

• HST Cycles 27 - 29: 1000 orbits 

• Galaxies: Star Formation in the UV  

• C Schneider, J Hillier, C Leitherer, E 
Stanway 

• https://www.mdpi.com/journal/galaxies/
special_issues/StarFormation 

https://www.mdpi.com/journal/galaxies/special_issues/StarFormation
https://www.mdpi.com/journal/galaxies/special_issues/StarFormation

