
A Census of the Lowest Accretors

Thanawuth Thanathibodee
University of Michigan

Nuria Calvet, James Muzerolle, 
Cesar Briceno, Jesus Hernandez, Ramiro Franco-Hernandez

June 19, 2019



Accretion in T Tauri Stars

Magnetospheric Accretion
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• Accretion rate & frequency of accretors decrease with time

Evolution

Accretion changes with time

Hartmann, Herczeg, & Calvet 2016 Briceno+2019

Region of Low Accretors

6%



Accretor: a Star with DETECTABLE Accretion

Low Accretor: an Accretor with barely detectable accretion



• Chromospheric emission is important
• Accretion scales with mass – “low accretor” category is mass-dependent
• Detectability depends on spectral type – contrast between photosphere & shock

What is a low accretor?

It’s all about contrast
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Figure 1. STIS spectra of the WTTS RECX-1 (both north and south components,
see Section 2.2), the CTTS RECX-11, and the dwarf standard star, HD 154363.
All have K5–K6 spectral types but RECX-1 is no longer accreting while
RECX-11 has ongoing accretion (Lawson et al. 2004; Sicilia-Aguilar et al.
2009; Jayawardhana et al. 2006). The spectra of RECX-1 and RECX-11 are
remarkably similar, except for the stronger C ii λ2325 line in the CTTS. The
Mg ii λ2800 doublet strength is comparable in the three sources (Section 4).
(A color version of this figure is available in the online journal.)

wavelength solution is accurate to ∼1 km s−1 and was calculated
from a linear fit to telluric absorption lines obtained from spectra
generated by ATRAN (Lord 1992) and available online.

3. ACCRETION ANALYSIS

Figure 1 shows the STIS NUV spectra of RECX-1 and
RECX-11; they are remarkably similar, making it difficult
to assess if either is accreting based on a UV excess. Also
shown in Figure 1 is a STIS spectrum of the inactive K5V
star HD 154363 (Martı́nez-Arnáiz et al. 2010; properties in
Table 1) taken from the HST/STIS Next Generation Spectral
Library (Heap & Lindler 2007), for comparison. Both η Cha
sources have excess NUV emission compared to the main-
sequence standard (Section 4.1). Despite the similarity of NUV
fluxes, analysis of emission line profiles shows that one source,
RECX-11, is still accreting material from the disk while the
other, RECX-1, is not. In this section we review this evidence.
We find that the emission line profiles of RECX-11 show red-
shifted absorption components indicative of accreting material,
and consistent with magnetospheric accretion. As mentioned
before, accretion shock emission is then expected from the ac-
creting star, but it must be hidden by intrinsic chromospheric
emission present in both the accreting and the non-accreting
stars; this points to a very low accretion luminosity and mass
accretion rate. In Section 4 we estimate upper limits for these
quantities.

3.1. Diagnostics of Low Accretion

3.1.1. Lines Produced by Accretion and Related Processes

Our spectroscopic observations, from the FUV to the IR,
include a number of emission lines that trace phenomena such
as accretion and outflows in T Tauri stars. Line widths of several
hundred km s−1 are used to identify accretors, but the most
conspicuous indicators are redshifted and blueshifted absorption
components on the emission line profiles.

Accessible in the optical, the Hα emission line is one of
the most commonly used accretion tracers. Figure 2 shows

Figure 2. Hα line profiles. (a) MIKE spectra of RECX-11 (solid line) and RECX-
1 (red dashed line). (b) SMARTS spectra of RECX-11 obtained within a few
days of the HST observations. The MIKE spectrum is also shown for comparison
as the thick solid line. The wide blue wing and redshifted absorption in the Hα
profile of RECX-11, characteristic of accretion, are observed in the MIKE and
SMARTS data. Transient narrow redshifted components are observed in the red
wing of the lines and show the largest variability.
(A color version of this figure is available in the online journal.)

MIKE Hα line profiles for RECX-11 and RECX-1. The Hα
equivalent widths (EWs) of RECX-11 and RECX-1 are 4 Å
and 1.3 Å, respectively, which would make RECX-1 a WTTS
and RECX-11 a borderline CTTS/WTTS according to the
standard criterion for a K5–K6 star (White & Basri 2003). The
Hα profile of RECX-1 in Figure 2(a) agrees with the WTTS
classification because it is symmetric and narrow. With a line
width at 10% of the peak intensity of only ∼130 km s−1,
the line shows no indication of the high velocities that are
characteristic of magnetospheric accretion. In contrast, the Hα
profile of RECX-11 is typical of accreting sources, with a line
width at 10% of ∼300 km s−1 (White & Basri 2003). The
blue emission wing is wide, extending to velocities of several
hundred km s−1, implying that material is accreting at nearly
free-fall velocities. Inverse P Cygni absorption due to infalling
material along the accretion streams is also seen (Lima et al.
2010; Muzerolle et al. 2003; Walter 1999). The line profile is
consistent with model predictions for a high-inclination source
(Muzerolle et al. 2001; Kurosawa et al. 2006), in agreement
with the inclination of i ∼ 68◦ estimated from the values of the
projected rotation velocity v sin i (Jayawardhana et al. 2006) and
the rotational period (Lawson et al. 2001). Moreover, Lawson
et al. (2004) compared their observed Hα profile of RECX-11
with magnetospheric accretion models and obtained a good fit
assuming an inclination of i ∼ 70◦.

In Figure 2(b), we show our MIKE profile and the four
SMARTS low-resolution Hα profiles of RECX-11 obtained
within a few days before and after the HST observations. The
Hα profile is highly variable, as already noted by Lawson et al.
(2004) and Jayawardhana et al. (2006). The wide blue emission
wing is present in all spectra, but variability is conspicuous in
the red wing, sometimes showing narrow transient redshifted
absorption components. This variability points to a complex
geometry of the accretion streams very close to the star since
redshifted absorption occurs when material in the accretion
columns absorbs hot radiation produced in the accretion shock
on the stellar surface (Bouvier et al. 2007; Muzerolle et al.
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• Completing the details of magnetospheric accretion at low rate
• What causes accretion to stop?

– Accretion occurs  inside corotation radius. If the truncation radius shift outside corotation, 
accretion will stop.

– (Photoevaporative/Stellar) winds can carry material away from the inner disk before they 
reach the star.

– Planets take away mass that would have been accreted to the star.

Why study low accretors?

The Last Stages of Accretion



• Lower level is metastable, high gf value – sensitive at low density
• Located in J band – universal tracer 

– can be observed in all relevant SpT
– Low extinction

• Redshifted Absorption = accretion

Detection

He I 10830 is a superior accretion tracer

�600 �400 �200 0 200 400 600

Velocity (km/s)

0

2

4

6

8

10

12

N
or

m
al

iz
ed

Fl
ux

H↵

CVSO 114NE

�600 �400 �200 0 200 400 600

Velocity (km/s)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

H↵

CVSO 1335
Goodman
MagE-20171129
MagE-20171130

�600 �400 �200 0 200 400 600

Velocity (km/s)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

H↵

CVSO 114SW
M2FS
Goodman

�600 �400 �200 0 200 400 600

Velocity (km/s)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

N
or

m
al

iz
ed

Fl
ux

He I �10830
2014-12-02
2017-01-05

�600 �400 �200 0 200 400 600

Velocity (km/s)

0.6

0.8

1.0

1.2

1.4

1.6

1.8 He I �10830

�600 �400 �200 0 200 400 600

Velocity (km/s)

0.6

0.8

1.0

1.2

1.4

1.6

1.8 He I �10830

1300 1400 1500 1600 1700 1800

Wavelength (Å)
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• Using Magnetospheric Accretion Model
– Geometry of accretion
– Mass accretion rate
– Muzerolle+2001

• Accretion shock model
– Constrain on mass accretion rate
– Calvet & Gullbring 1998

Properties

Characterizing Low Accretors
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• K5 low accretors in Orion OB1b
• Typical He I 10830 redshifted absorption
• Complex H-alpha line profile

Low Accretor Prototype

CVSO 1335

Thanathibodee+2018



Multiple absorption

Decomposing Multiple Accretion Flows
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Low Accretors show clearer features
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Absorption features appears more prominently at low accretion rate



• Age: 1-15 Myr
• SpT: K0-M6
• WTTS with IR excess
• Observed with Magellan/FIRE
• Regions surveyed so far

– Orion Cloud A & B
– Orion OB 1 a/b
– Cha I
– Upper Sco
– Upper Cen-Lupus
– Gamma Vel

• 118 targets

Increasing statistics

Survey of Low Accretors
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Inverse P-Cygni No absorption/emission
Mainly noise

Type: A ~ 12%
Clearly Accretor

Type: N ~ 40%
Clearly Non-accretor

Strong central absorption

Type: C ~ 34%
Central absorption

Strong blueshifted+redshifted
absorption
Photoevaporative wind?

Type: P ~ 14%
Peculiar

Four types of He I 10830 Profiles
Survey of Low Accretors

Based on 118 observed WTTS with IR excess



For WTTS with IR excess, He I profile does not depend on 
spectral type (mass)

Survey of Low Accretors



Survey of Low Accretors

For WTTS with IR excess, fraction of accretors does not 
depend on population age
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• Details of accretion processes are best probed in low 
accretors

• Identifying accretors with He I 10830 provides more 
completeness to population studies.

• About 10-60% of WTTS  w/ IR excess are accreting.
• Fraction of “accreting WTTS” does not depend on mass/ 

age.

Conclusions


