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Stellar evolution and Feedback
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Credit: Roland Diehl

Stellar evolution and Feedback

Star is a “bad neighbor”

v Positive feedback
Ø Alter physical-chemical stages of 

nearby/parents clouds
Ø Make their properties diversed
Ø Falicitate new gen. of stars to form
Ø etc …

v Negative feedback
Ø Disturb/destroy nearby/parent clouds
Ø Halt or slow formation of new star gen.
Ø etc …
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Sketch of a photodissociation region
(Hartigan et al. 2015)

Photo-Dissociation Region (PDR)

Carina Nebula
Credit: NASA, ESA, CSA, and STScI4



Aligned 
dust grains

Emission polarization

Aligned 
dust grains

Absorption polarization
q Absorption polarization is parallel to B-fields
Ø Observable at UV-optical-NIR wavelengths 
Ø Pol. vectors  —> POS morphology

q Emission polarizaiton is perpendicular to B-fields
Ø Observable at FIR-Submm wavelengths
Ø Rotating the pol. vectors by 90o —> POS morphology

q B-strength could be estimated by DCF method
(Davis 1951; Chandrasekhar-Fermi 1953)

q Widely used to probe B-fields in various scales

Probing magnetic fields via dust polarization
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Milky Way: Orion Nebula
Credit: SOFIA/NASA

Galaxy: NGC 1068
Credit: SOFIA/NASA

q Absorption polarization is parallel to B-fields
Ø Observable at UV-optical-NIR wavelengths 
Ø Pol. vectors  —> POS morphology

q Emission polarizaiton is perpendicular to B-fields
Ø Observable at FIR-Submm wavelengths
Ø Rotating the pol. vectors by 90o —> POS morphology

q B-strength could be estimated by DCF method
(Davis 1951; Chandrasekhar-Fermi 1953)

q Widely used to probe B-fields in various scales

Probing magnetic fields via dust polarization
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Role magnetic fields in regulating MC evolution

Le Ngoc Tram (nle@mpifr-bonn.mpg.de)

Ophiuchus A

Pillars of Creation
M16

Vinh et al. in prep.

Le et al. in prep.

Initial B-fields

O
bserved B-fields
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Gravity, Bfields and turbulence
are keys to study star-formation

q Gravity leads to collapse
q B-field supports against that collapse
q Turbulences play ”dual role”

Ø Supports against gravitational collapse
Ø Produces local compression

Mass-to-flux ratio (“gravity-to-magnetic ratio”)
v !>1: super-critical (gravity dominant over) 
v !<1: sub-critical (strong magnetic fields)

Alfvenic number (“turbulence-to-magnetic ratio”)
v "!>1: super-Alfvenic (strong turbulence) 
v "!<1: sub-Alfvenic (strong magnetic fields)

Le Ngoc Tram (nle@mpifr-bonn.mpg.de)

Role of magnetic fields in star-formation Starlight pol. Devaraj et al. (2021)

Red: Spitzer/IRAC 8!m
Green: Spitzer/IRAC 4.5!m
Blue: Spitzer/IRAC 3.6!m
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Gravity, Bfields and turbulence
are keys to study star-formation

q Gravity leads to collapse
q B-field supports against that collapse
q Turbulences play ”dual role”

Ø Supports against gravitational collapse
Ø Produces local compression

Mass-to-flux ratio (“gravity-to-magnetic ratio”)
v !>1: super-critical (gravity dominant over) 
v !<1: sub-critical (strong magnetic fields)

Alfvenic number (“turbulence-to-magnetic ratio”)
v "!>1: super-Alfvenic (strong turbulence) 
v "!<1: sub-Alfvenic (strong magnetic fields)

Le Ngoc Tram (nle@mpifr-bonn.mpg.de)

Sub-critical

Sub-Alfvenic

Role of magnetic fields in star-formation Starlight pol. Devaraj et al. (2021)

SF in strong B-fields ?
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Magnetic fields in 30 Doradus
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La Silla telescope observations
Red: H"
Green: V-band+[OIII]
Blue: B-band

30 Doradus

Red: Spitzer/IRAC (nebula dust) 
Green: H " (nebula gas)
Blue: X-ray (hot gas)
(Townsley et al. 2006)

R 136

MW

SMC

LMC

Apex sky-view
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La Silla telescope observations
Red: H"
Green: V-band+[OIII]
Blue: B-band

30 Doradus

Red: Spitzer/IRAC (nebula dust) 
Green: H " (nebula gas)
Blue: X-ray (hot gas)
(Townsley et al. 2006)

R 136
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30 Doradus facts 
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14.5 pc

R 136

v Distance: 50 kpc (Schaefer 2008)
v Power source: R 136 (#∗ = 7.8×10$#⨀)

v Low shielding effect: 
Ø , = 0.5,⨀ (e.g., Galliano et al. 2008)

Ø Av: a fews of mag 
(e.g., Lee+2019; Chevance+2020 )

vComplex kinematic core-halo structures
Ø R>25 pc: giant HII expanding-shells

q Stellar winds or SNRs (Chu & Kennicutt 1994)
q Cluster wind (not individual) (Melnick et al. 2021)

Ø R<25 pc: core-nebula
q !!"# > !$%&!'"( (Pellegrini	et	al.	2011)
q 3 < 3)*!*"( (Melnick et al. 2021)

1-How could this ”core-nebula” survive?
2-How could this “core-nebeula” host new star-formation? 

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1323.08.22
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Outline
1. SOFIA/HAWC+ observations: probing magnetic fields

2. Role of magnetic fields

3. Grain alignment mechanisms

4. Conclusion
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SOFIA observations of 30 Doradus: Magnetic fields morphology

v Pol. Measurements: 89, 154 and 214 .m 
(DDT - PI: H. Yorke, New Zeeland deployment in 2018)

v B-fields morphology are inferred from pol. vectors
(rotating E-vectors by 90o -- verification is discussed later!)

q B-fields’ morphology is complex but ordered. 
q B-fields are bending at the peaked flux intensity. 
q The ”convex points” toward R 136.

R 136

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1523.08.22

Credit: SOFIA/NASA
Tram et al. (2022)
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SOFIA observations of 30 Doradus: Magnetic fields strength

1
2 56+

, = 89,
8; ⟶ 9-./ = 4;56+

89,
90,

12/,

Methodology: “modified DCF” (Houde et al. 2009)
Applicatioin: Guerra +2021

q B-fields’ strength varies across the cloud
q Relatively strong field: few hundreds .G
q Miminal at the peak flux intensity

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1623.08.22

v Pol. Measurements: 89, 154 and 214 .m
v Position-of-sky (POS) component is 

estimated by the DCF method (Davis 1951; 
Chandrasekhar & Fermi 1953).

Tram et al. (2022)
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Mass-to-flux ratio Alfvenic Mach number

q > < 1: ”sub-critical” qℳ4 < 1: ”sub-Alfvenic”

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1723.08.22

Tram et al. (2022)

mailto:nle@mpifr-bonn.mpg.de


Magnetic vs. turbulent vs. thermal pressures

q !mag > !turb q !mag ≫ !thermalStrong B-fields in 30 Doradus

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1823.08.22

Tram et al. (2022)
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Magnetic fields are key to hold the 30 Doradus structure

q /&'()*+, < /(&-./+0 (Pellegrini et al. 2011)
q /(&-./+0 < /.+1 (Pellegrini et al. 2011)
q Prad ~ 10-9 dyn cm-2 (Pellegrini et al. 2011)
q PB ~ 10-9 – 10-8 dyn cm-2 for B=200-500 .G

→ /2 ≥ /.+1
q/2 > /(3.4.

q >6 ~ 5×1078 ergs (Melnick	et	al.	2021)
q >(3.4.~1079ergs (Melnick et al. 2021)
q >2 ~ 1079 − 107: ergs for B=200-500 .G

→ >2 > >(3.4. ≥ >6

R 136

PB

PB

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 1923.08.22

SOFIA/NASA
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Gas kinematics vs. magnetic fields 

B-field

Turbulent eddies

Gradients (i.e., velocity)

Adopted from Ka Ho Yuen’s presentation

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2023.08.22
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Gas kinematics vs. magnetic fields 

VGs // B-fields

Gravitational collapse ?
(Tang et al. 2019; Hu et al. 2021a)

B-field

Turbulent eddies

Velocity gradients

Adopted from Ka Ho Yuen’s presentation

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2123.08.22
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Turbulence driving mode

→ Compressive turbulence

q /mag ≫ /thermal ⇒ℳ;≫ 1

q Turbulence driving parameter: b ~ 1

→ Super-sonic turbulence

q Power law-tail: gravitational collapse (as seen by VGTs)

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2223.08.22

(e.g., Klessen 2000; Federrath & Klessen 2013; Kainulainen et al. 2014; 
Girichidis et al. 2014; Schneider et al. 2013, 2015).

(Federrath et al. 2010)

(in agreement with Chu & Kennicutt 1994 and Melnick et al. 2021)

PD
F
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Turbulence and star-formation in 30 Doradus

q At certain locations in 30 Doradus
(unfilled-circles), super-sonic 
compressive turbulence drives 
material parallel to B-field lines,

q This process could accumulate material 
that is sufficient to trigger new gen. of 
stars to form,

q This process is not affected by 
magnetic pressure.

We propose

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2323.08.22

CO VGs [CII] VGs x protostars

VGs // B-fields
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Is it true?!?
Pol. Vectors +/- 90o à B-fields morphology

Grain alignment mechamisms
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Iron depletion vs. metalicity

For Galactic HII region and PNe:
Ø Depletion factor = [-1.3, -2.0] 
Ø Iron is mostly locked in dust grains!

Higher metallicity à higher iron depletion factor

For LMC: 
ØDepletion factor is ~ -1.4

For SMC: 
ØDepletion factor is ~ [-0.5, -1.1]

[Fe/O] = log(Fe/O) – log(Fe/O)sun

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 25

Rodriguez & Rubin (2005)
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Principle of grain alignment

Le Ngoc Tram (nle@mpifr-bonn.mpg.de)

Gas f
low

Spin-up
Internal 

alignment
External 

alignment

Andersson et al. 2015

23.08.22 26

Paramagnetic grains (pm; iron inclusion)
Super-paramagnetic grains (spm; iron formed in cluster)

Dia-magnetic grains are not considered here

§ Internal align.: J vs. short-axis
§ External align.: J vs. ambient B-fields
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Spin-up process

Le Ngoc Tram (nle@mpifr-bonn.mpg.de)

qFor MCs: (Tram & Hoang 2022; Tram et al. in prep.)

RAT is the main cause to spin-up grains
qFor prostellar cores and disks: 

Complicated RAT vs. MET (not shown)
(Hoang et al. 2022; Giang et al. in prep.)

Gas flow

Anisotropic radiation field

Radiative Torque 
(RAT)

Mechanical Torque 
(MET)

Randomization: Gas collision 
(reducing alignment efficiency)
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Internal vs. External alignments

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2823.08.22

Radiative Torque alignment (RAT-A) is the leading theory describing grains alignment 
(reviewed in e.g., Lazarian & Hoang 2007a, 2021; Andersson et al. 2015)

Giang et et al. in prep.

Review in Tram & Hoang (2022)
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Internal vs. External alignments

Align with B (B-RAT)

“right” internal align.

“wrong” internal align.

J//B

J//B

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 2923.08.22

Radiative Torque alignment (RAT-A) is the leading theory describing grains alignment 
(reviewed in e.g., Lazarian & Hoang 2007a, 2021; Andersson et al. 2015)

Pol.

Giang et et al. in prep.

“right” internal align.

“wrong” internal align.

J//a1

J⊥a1

a1

Review in Tram & Hoang (2022)
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Internal vs. External alignments

Aligned with B (B-RAT)

Aligned with k (k-RAT)

Aligned with mechanical torques (METs)

B-fields by rotating
pol. vectors by 90o

!

#⃑gas

“right” internal align.

“wrong” internal align.

J//B

J//B

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 3023.08.22

Radiative Torque alignment (RAT-A) is the leading theory describing grains alignment 
(reviewed in e.g., Lazarian & Hoang 2007a, 2021; Andersson et al. 2015)

Pol.

Giang et et al. in prep.

“right” internal align.

“wrong” internal align.

J//a1

J⊥a1

a1

Review in Tram & Hoang (2022)
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Very large grains

Internal vs. External alignments for 30 Doradus

Tram et et al. in prep.
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Di↵use grains
<latexit sha1_base64="+mB5lV6LkJverYBNO8jP0c0+jqk=">AAAB+nicdZBNS8MwGMdTX+d86/ToJTgED1KysanHgRcPHia4F1jLSLO0C0vTkqTKqPsoXjwo4tVP4s1vY7pVUNEHQv78/s9Dnvz9hDOlEfqwlpZXVtfWSxvlza3tnV27stdVcSoJ7ZCYx7LvY0U5E7Sjmea0n0iKI5/Tnj+5yP3eLZWKxeJGTxPqRTgULGAEa4OGdsVVAbzCMqTuSSgxE2poV5HTRKbqEDn53WjCgjRhbU4QqoKi2kP73R3FJI2o0IRjpQY1lGgvw1Izwums7KaKJphMcEgHRgocUeVl89Vn8MiQEQxiaY7QcE6/T2Q4Umoa+aYzwnqsfns5/MsbpDo49zImklRTQRYPBSmHOoZ5DnDEJCWaT43ARDKzKyRjLDHRJq2yCeHrp/B/0a07tVOncd2otupFHCVwAA7BMaiBM9ACl6ANOoCAO/AAnsCzdW89Wi/W66J1ySpm9sGPst4+Addak7Q=</latexit>

Large grains
<latexit sha1_base64="fAhEkEfIAYG8j1goiPz6IEVF34g=">AAACAHicdVDLSsNAFJ3UV62vqgsXbgaL4KKUJJTa7gpuXFawD2hCmUxv2qGTSZiZCCV046+4caGIWz/DnX/j9CGo6IELh3Pu5d57goQzpW37w8qtrW9sbuW3Czu7e/sHxcOjjopTSaFNYx7LXkAUcCagrZnm0EskkCjg0A0mV3O/ewdSsVjc6mkCfkRGgoWMEm2kQfHEUyHugJx6ZU7kCLzySBIm1KBYsiu2Qa2G58Sp244hjUbddRvYWVi2XUIrtAbFd28Y0zQCoSknSvUdO9F+RqRmlMOs4KUKEkInZAR9QwWJQPnZ4oEZPjfKEIexNCU0XqjfJzISKTWNAtMZET1Wv725+JfXT3VY9zMmklSDoMtFYcqxjvE8DTxkEqjmU0MIlczciumYSEK1yaxgQvj6FP9POm7FqVWqN9VS013FkUen6AxdIAddoia6Ri3URhTN0AN6Qs/WvfVovVivy9actZo5Rj9gvX0CklGWYQ==</latexit>

Very large grains

<latexit sha1_base64="2QkFJSPyTHg5Ec41ITWguz9gMf4=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksggcpiZTqseDFg4cK1haaUDbbTbt0Nwm7G6GEXPwrXjwo4tWf4c1/47bNQVsfDDzem2FmXpBwprTjfFulldW19Y3yZmVre2d3z94/eFBxKgltk5jHshtgRTmLaFszzWk3kRSLgNNOML6e+p1HKhWLo3s9Sagv8DBiISNYG6lvH3kqRJkXhMjTOO1nt1ieJyLP+3bVqTkzoGXiFqQKBVp9+8sbxCQVNNKEY6V6rpNoP8NSM8JpXvFSRRNMxnhIe4ZGWFDlZ7MHcnRqlAEKY2kq0mim/p7IsFBqIgLTKbAeqUVvKv7n9VIdXvkZi5JU04jMF4UpRzpG0zTQgElKNJ8Ygolk5lZERlhiok1mFROCu/jyMnm4qLmNWv2uXm02ijjKcAwncAYuXEITbqAFbSCQwzO8wpv1ZL1Y79bHvLVkFTOH8AfW5w9m05ZE</latexit> ⌧La
r,p

m

<latexit sha1_base64="GGaPx3wN3fnrkIcEGzxWhyf0QvA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJpFSXBTcuXFSwD2hCmEwn7dCZSZiZCCXEjb/ixoUibv0Ld/6N0zYLbT1w4XDOvdx7T5gwqrTjfFulldW19Y3yZmVre2d3z94/6Kg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbjq+nfveBSEVjca8nCfE5GgoaUYy0kQL7yFMRzLwwgp5GaZDdInmuEp7ngV11as4McJm4BamCAq3A/vIGMU45ERozpFTfdRLtZ0hqihnJK16qSILwGA1J31CBOFF+Nvsgh6dGGcAolqaEhjP190SGuFITHppOjvRILXpT8T+vn+roys+oSFJNBJ4vilIGdQynccABlQRrNjEEYUnNrRCPkERYm9AqJgR38eVl0rmouY1a/a5ebTaKOMrgGJyAM+CCS9AEN6AF2gCDR/AMXsGb9WS9WO/Wx7y1ZBUzh+APrM8fQwiWwQ==</latexit> ⌧La
r,s

pm

<latexit sha1_base64="uSp94oGi/ggA8aESfW+waEkwqQM=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCCymJlOqyoKDLCvYBTQiT6aQdOjMJMxOhxCz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvChFGlHefbWlpeWV1bL22UN7e2d3btvf22ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHoauJ3HohUNBb3epwQn6OBoBHFSBspsA89FcHMCyPoaZQG2fXNWcLzPLArTtWZAi4StyAVUKAZ2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6b35/DEKH0YxdKU0HCq/p7IEFdqzEPTyZEeqnlvIv7n9VIdXfoZFUmqicCzRVHKoI7hJAzYp5JgzcaGICypuRXiIZIIaxNZ2YTgzr+8SNrnVbderd3VKo16EUcJHIFjcApccAEa4BY0QQtg8AiewSt4s56sF+vd+pi1LlnFzAH4A+vzB1galaY=</latexit> ⌧DG
,p
m

<latexit sha1_base64="4oG1CWlVOK5R+ibk2mZpg4yiHBI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4EJKIqW6LCjosoJ9QBPCZDpph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkorq2vrG+XNytb2zu6evX/QUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDccX0/97iORisbiQU8S4nM0FDSiGGkjBfaRpyKYeWEEPY3SILu5PVcJz/PArjo1Zwa4TNyCVEGBVmB/eYMYp5wIjRlSqu86ifYzJDXFjOQVL1UkQXiMhqRvqECcKD+bPZDDU6MMYBRLU0LDmfp7IkNcqQkPTSdHeqQWvan4n9dPdXTlZ1QkqSYCzxdFKYM6htM04IBKgjWbGIKwpOZWiEdIIqxNZhUTgrv48jLpXNTcRq1+X682G0UcZXAMTsAZcMElaII70AJtgEEOnsEreLOerBfr3fqYt5asYuYQ/IH1+QMzuZYj</latexit> ⌧DG,sp
m

<latexit sha1_base64="HPcQs59zrRnlF/mpGJQJIM+yOqU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIVI8FLx4r2A9oQthsN+3SzSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W5WNza3tnepubW//4PDIPq73dJIpyro0EYkahEQzwSXrAgfBBqliJA4F64fT27nff2RK80Q+wCxlfkzGkkecEjBSYNc9HeHcCyPsAcmCfFoUgd1wms4CeJ24JWmgEp3A/vJGCc1iJoEKovXQdVLwc6KAU8GKmpdplhI6JWM2NFSSmGk/X9xe4HOjjHCUKFMS8EL9PZGTWOtZHJrOmMBEr3pz8T9vmEF04+dcphkwSZeLokxgSPA8CDziilEQM0MIVdzciumEKELBxFUzIbirL6+T3mXTbTWv7q8a7VYZRxWdojN0gVx0jdroDnVQF1H0hJ7RK3qzCuvFerc+lq0Vq5w5QX9gff4A5dqUVQ==</latexit> ⌧ k

<latexit sha1_base64="BJ9jGAQp0hCi3VmA3w3i8fWMYIQ=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRSqsuCCG6ECn1BE8JkOmmHTh7MTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7j59wJpVlfRsrq2vrG5ulrfL2zu7evnlw2JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3w99bsPVEgWRy01Sagb4mHEAkaw0pJnHjsyQJnjB8hROPWyu5tWnntmxapaM6BlYhekAgWanvnlDGKShjRShGMp+7aVKDfDQjHCaV52UkkTTMZ4SPuaRjik0s1m1+foTCsDFMRCV6TQTP09keFQykno684Qq5Fc9Kbif14/VcGVm7EoSRWNyHxRkHKkYjSNAg2YoETxiSaYCKZvRWSEBSZKB1bWIdiLLy+TzkXVrldr97VKo17EUYITOIVzsOESGnALTWgDgUd4hld4M56MF+Pd+Ji3rhjFzBH8gfH5A/eelOQ=</latexit> ⌧M
E
T

<latexit sha1_base64="w2pZOxBePbXTMOYIUxh/WagsprM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWRUl0W3LisYB/QhDCZTtqhk0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3njDlTGnH+bZKa+sbm1vl7crO7t7+gX141FFJJgltk4QnshdiRTkTtK2Z5rSXSorjkNNuOL6Z+d0HKhVLxL2epNSP8VCwiBGsjRTYJ56KUO6FEfI0zoJ8iNV0GthVp+bMgVaJW5AqFGgF9pc3SEgWU6EJx0r1XSfVfo6lZoTTacXLFE0xGeMh7RsqcEyVn8+vn6JzowxQlEhTQqO5+nsix7FSkzg0nTHWI7XszcT/vH6mo2s/ZyLNNBVksSjKONIJmkWBBkxSovnEEEwkM7ciMsISE20Cq5gQ3OWXV0nnsuY2avW7erXZKOIowymcwQW4cAVNuIUWtIHAIzzDK7xZT9aL9W59LFpLVjFzDH9gff4AeXuVOQ==</latexit> ⌧gas

<latexit sha1_base64="7tPV3j6ccOiEI1qSRQRAXjeBQEI=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiSlxHZXcOOygn1AE8JkOmmHTiZhZiKEEH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7T5AwKpVlfRiVjc2t7Z3qbm1v/+DwyDw+Gco4FZgMcMxiMQ6QJIxyMlBUMTJOBEFRwMgoWFyV/uiOCEljfquyhHgRmnEaUoyUlnyz7soQ5m4QQuTniNEZLwrfbFhNS8NxYEnsjmVr0u12Wq0utJeWZTXAGn3ffHenMU4jwhVmSMqJbSXKy5FQFDNS1NxUkgThBZqRiaYcRUR6+fL4Ap5rZQrDWOjiCi7V7xM5iqTMokB3RkjN5W+vFP/yJqkKO15OeZIqwvFqUZgyqGJYJgGnVBCsWKYJwoLqWyGeI4Gw0nnVdAhfn8L/ybDVtJ1m+6bd6DnrOKrgFJyBC2CDS9AD16APBgCDDDyAJ/Bs3BuPxovxumqtGOuZOvgB4+0T8sqU9w==</latexit>

a
a
li
g
n

J//B

Rotating pol. Vectors by 90o could infer to B-fields 
within 30 Doradus conditions

BR: Barnett relaxation
gas: damping by gas collision

Lar: Larmor precession
DG: Davis-Greenstein
k: k-RAT
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Conclusion (1)

q B-field lines are complex
but ordered,

q B-field is sufficient strong
to hold the structure
integrity of cloud.

q Complex structure of gas
kinematic,

q Multiple expanding-shells,
q Cloud structure has been

suffered by R136 feedback.
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q Compressive supersonic

turbulence,
q Turb. helps stars to form

in strong B-fields.

Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 3223.08.22

10°3 10°2 10°1 100 101 102 103

a (µm)

10°7

10°5

10°3

10°1

101

103

105

107

tim
es

ca
le

s
(y

r)

External alignment

no RAT ° alignment
RAT ° alignment
aRAT

align

øLar

øLar,sp

øk

ømech

øgas

q B-RAT is likely the
main mechanism to
align dust grains.

Note: It’s not always true
in protostellar cores or
disks.
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Conclusion (2)

1. We could study the basic physical properties of dust grains 
(e.g., shape, mineralogy, helicity, internal structure, size-distribution) 
(e.g., 30 Dor: Tram et al. 2021c),

2. We could investigate the role of magnetic fields
(e.g., 30 Dor: Tram et al. 2022)

3. But, we must verify the B-RAT assumption (pol. vectors à B-vectors)
Ø In “cloud scale”, B-RAT is likely the case (e.g., 30 Dor: Tram et al. in prep.),
Ø In “core” and “disk” scales, the picture is far more complicated.

(Giang et al. in prep.; Hoang et al. 2022) – new version of POLARIS code

For a given polarimetry dataset, we suggest

Thank you very much for your attention!
Le Ngoc Tram (nle@mpifr-bonn.mpg.de) 3323.08.22
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