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Stellar Rotation: A Probe of Star-Forming Modes and Initial Conditions?
S. Wolff, S. Strom, K. Olsen, D. Dror & L. Lanz, NOAO; K.  Venn, Macalaster College

Goals

Determine whether stars of all masses form similarly
           - Search for discontinuities in angular momentum per unit mass vs mass
             - In particular, look for a break at ~ 10 Msunthat might indicate that:
                    high mass stars form via mergers or competitive accretion
                    low mass stars form via magnetospherically-mediated accretion

Determine whether rotation reflects differences in star-forming environment
            - Turbulent speeds are expected to be higher in regions that form dense clusters
              -  Higher turbulent speeds require that protostars have higher densities to collapse
              -  Higher densities result in shorter collapse times and higher time-averaged accretion rates
              -  Higher dMacc/dt predict  higher rotation speeds in the context of disk-locking models

Observations

New measured projected rotational velocities for stars located in
              - Moderate density regions:
                The Orion complex; IC 1805; NGC 6611; Cyg OB1; NGC 2244: NGC 6823; NGC7235
                  Ages range from 1 Myr to 10 Myr; masses range from 0.1 to 50 Msun

             -  High density regions:
                   h and χ Per (age ~ 13 Myr)

                - Masses sample a range from 3 to 50 Msun

Published projected rotational velocities for B stars located in the field
               - These stars likely form in much lower density environments than cluster analogs
               - Field and cluster stars of similar age compared to test role of environment

Credit M. Bate 2004

Result 1: J/M vs M  changes slowly and (nearly) continuously with mass.

         - There is no evidence of a significant ‘break’ in J/M vs M, and hence no
evidence for a different formation mechanism

Result 2: J/M vs M (upper envelope) can be explained with a simple model

             -  Magnetospheric accretion + disk locking
              - B = 2.5 kG; dMacc/dt ~ 10-5 Msun /yr during the main assembly phase
              - Stars are deposited on the birthline for dMacc/dt = 10-5 Msun/ yr

Result 3: Stars born in high density clusters show higher mean rotation speeds

                - Cluster stars  lack the slowly  rotating cohort found in the field
                - This result cannot be explained by age-dependent spin-down

High [dMacc/dt] or low B Low [dMacc/dt] or high B

Rapid Rotation Slow Rotation

Ω ∼ ε GM 5/7 (dMacc/dt) 3/7 B -6/7 R -18/7 [Konigl, 1991]
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Angular momentum per unit mass as a function of mass computed

from (a) observed projected rotational velocities (v sini) for stars

spanning masses 0.2 < M/Msun < 50;  and  (b) stellar properties as

inferred from interior models. The observed v sini values include (a)

published values for Orion Association stars derived by Rhode,

Herbst, and Mathieu (2001), and by Wolff, Strom and Hillenbrand

(2004); and (b) values for O and early B stars in NGC 6611, IC 1805,

NGC 2244, Cyg OB2, NGC 6823, and NGC 7235 derived by the

authors. Note the relatively slow, modest (~ 3x) increase in J sini/M

over a mass range spanning a factor of 100.
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Superposed on the observed J sini/M vs. M relationship is the

relationship (red lines) predicted by assuming that  (1) stars are ‘locked’

to circumstellar accretion disks until they are ‘released’ at the end of the

main stellar assembly phase on the stellar birthline; (2) the time-averaged

accretion rate during stellar assembly is dMacc/dt = 10-5 Msun/yr for stars of

all masses; and (3) the magnetic field strength is B = 2.5 kG. The
expression for Ω derived by Konigl (1991) along with (M, R) on the

birthline determines J sini. The left hand red line is derived using the

birthline appropriate to dMacc/dt = 10-5 Msun/yr as computed by Palla and

Stahler (1993). The right hand line assumes that stars reach the main

sequence during the assembly phase.
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