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Pulsar Lensing
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Pulsar Lensing

Pulsar VLBI

! coherent, unresolved point sources

! radar/holography imaging through ISM

! potential for imaging pulsar magnetosphere, ISM.
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Pulsar Lensing

New Pulsar Science

! use interstellar plasma as telescope

! unprecedented angular precision: 50 picoarcseconds

U. Pen Pulsar Lensing



diffuse foregrounds, star formation 
Peter Martin ISM, magnetic fields, 

Magnetic field:  
Planck (all sky) and 
SuperBLASTPol (targeted) 



P(submm) vs. pV (visible) 
emission         extinction 

Tightly 
correlated. 
Slope: 
Constraint on 
grain models 
Model 
predictions 
low by factor 
~2.5  

PIP XXI 



Dust reflection (Dragonfly), 
emission (Herschel),  
H I (DHIGLS) 
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Dust reflection (Dragonfly), 
emission (Herschel),  
H I (DHIGLS) 
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What is the gas density profile in PPDs?

• best tracer: optically thin 

continuum dust emission (x100) 

• fit for self-similar evolution:

Σg ∝ r−p exp (−r/rc)

(Andrews et al. 2010) 

(Isella et al. 2009) 

< p >= 0.9± 0.2

p = −0.8 to 0.8

ALMA 
(+ optically thin gas line tracers)  



likely migrated in

suppressed migration, late 
formation, collisions….?

Neptune

Jupiter

Earth

(not including Kepler data,  
or mass error bars!) (including Kepler data)

• Type II migration: 

• Type I migration:                                           sensitive  
to turbulence}

tII ∝ R2/ν or MpΣ
−1

g

tI ∝ M−1

p Σ−1

g



A New Approach: Radially Magnetized Disk

•       mixes with disk in turbulent boundary layer 

•     is sheared into       

•     seeds MRI turbulence, driving accretion

(`split monopole’)
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Long Term Evolution

maintained by dust lofting 
(suppresses MRI turbulence)

stellar X-ray  
photo-evaporation

• Very low column density (slow migration) 

• Remains optically thick to stellar light(small perturbation to SED)

fast clearing by 
magnetic stresses

Future:  
planet-dust-MRI interaction, ring formation, dispersal-system correspondence?



Applications of the three-body problem 
to exoplanet systems

CITA Jamboree 2015
October 7, 2015

Cristobal Petrovich 

(credit: Dong Lai’s webpage)



- What is the long-term evolution of planetary systems?

- Can we use the present orbital architecture of 
exoplanets to understand their formation?

- How does stellar evolution affect the orbital 
architecture of exoplanets?



Gas giant exoplanets

Cold
Jupiters

Warm
Jupiters

Hot
Jupiters

- Period distribution?, migration of hot and warm Jupiters?
- Eccentricities of exoplanets?



Gas giant exoplanets

Cold
Jupiters

Warm
Jupiters

Hot
Jupiters

- Period distribution?, migration of hot and warm Jupiters?
- Eccentricities of exoplanets?
- Stellar obliquities (spin-orbit angles)?, mutual inclinations (GAIA)?

Hot Jupiters



General hypothesis
Scattering: planets lost
by ejections+collisions

Long-term stable:
~2 well-separated planets
in hotter orbits

dynamical
relaxation

disk 
dissipates

 

Npl > 2 Jupiters with
a >1 AU, e ∼ i ∼ 0

Very long-term evolution:
secular interactions, GR, tidal and
rotational bulges, tidal dissipation, etc...

 
!
Ωstar  

!
Ωplanet

Secular code in Petrovich (2015a,b)
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Kozai-Lidov migration
RV planets

Example: planet migration
Two well-separated planets with high mutual inclinations: 
Kozai-Lidov mechanism Time

...other applications:
- Planets in stellar binaries (e.g., Petrovich 2015a and many others)
- Various triple systems: tight binaries, mergers, type Ia SN by WDs 
head-on collisions, solar system, etc...



Influence of Atmospherical Thermal Tides on Planets’ Rotation  

Hanbo Wu   
hwu@physics.utoronto.ca 
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(C. M. Corriea, 2003 [1])
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21 h day length resonance

B. C. Barlett, D. J. Stevenson (2015)  
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Thanks!



Ian Parrish
•Galaxy Groups & Clusters

• Convection and Heat Transport in the ICM
• Plasma Instabilities: MTI, HBI, viscosity, etc.
• Thermal instability: filaments, star formation
• Black hole accretion and feedback (jets/bubbles)

x-ray 
(thermal plasma)

optical
(stars)

radio (BH &
relativistic plasma)

iparrish@cita
1404C

∼ 0.1 Rvir



Ian Parrish
•Particle Acceleration & Heating

• Solar Wind
• MHD Turbulence (SN remnants)
• Particle Heating in MRI & BH Accretion
• Quasi-linear theory, Fermi Acceleration, 

Cosmic Rays

iparrish@cita
1404E



Ian Parrish
•Plasma Physics & Fusion
•High-Performance Supercomputing and GPU’s 
with OpenACC
•Molecular Gas in Galaxy Clusters with Norm and 
Brian McNamara

iparrish@cita
1404E

Figure from Batygin & Stevenson 2010
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Yevgeni Kissin 
& 

Chris Thompson

Rotation in red giants  
and 

magnetism in white dwarfs

CITA Jamboree - October 7, 2015



Rotation in red giants

• Geometrically thick convection zone 
• Angular momentum pumping 

• Omega 
• Very fast rotation (                            ) 

• Omega

Ω ∝ r
−2

Ω ∝ r
−1

Cobase envelope ≥ 1



Rotation in red giants

ApJ publication  
2015ApJ...808...35K



Magnetism in white dwarfs

• Latitudinal rotation gradients 
• Deposit of magnetized material in core



Magnetism in white dwarfs

ApJ publication 
2015ApJ...809..108K


