Uncovering the Unknown
with
Lyman alpha

Polarized
Spatially extended

Escape of Lya from Galactic Labyrinths - Orthodox Academy of Crete - 11 Sep 2018
Marius Berge Eide (MPA)
&
Max Gronke (UCSB), Mark Dijkstra (Stitch Fix Inc) and Matthew Hayes (Stockholm U.)



1.

Resonant Lya

A Remarkable Probe
In Remarkable Times

2.

Spatially extended Lya

Potentially
Decoupling
CGM from ISM

3.

Polarized Lya

Even
More
Can
Be
Learned



(aTo) J(To.x)

A REMARKABLE PROBE

COLUMN DENSITY

4 — 71,0987,

M

l

[ I [ ] T I

7s=0.87, 7s=0.57,

JAVANE IVAVAN

KINEMATICS

Neufeld (1990)

GEOMETRIES?

Dijkstra, Haiman and Spaans (2006)

EMISSION
MECHANISM?



IN REMARKABLE TIMES!

MUST while

MUSE#1185 i
z=4.50 500

500
400

300

SO S

6677 6687 6697 6707

FWIIM,=
454 km g™

5585 5595 5605

561

539¢ 54098 5419 5479 5439

MUSE

SB radial profiles

2o Lyn
== UVcont

Tlog(SB) [ergs * em % aresce ?)

Tog(SB) [ergs T em * aresce ?)

1og(SB) [ergs ' em ? aresce 4

Leclercq+2017



Fa(ergs~tecm™2 A1)

1e-18

-1000 -500 0 500 1000
Velocity (km s~1)

Ay (kpc)

WOW!

20 15 10 5 0 -5 -10-15-20
Ax (kpc)

KCWI

125
1,00

0.75

I
I
1
o |
) 2a ) ] 1
-1000 -500 0 500 1000
y

Velocity (km s™1)

Erb+2018



1.

Resonant Lya

A Remarkable Probe
In Remarkable Times

2.

Spatially extended Lya

Potentially
Decoupling
CGM from ISM

3.

Polarized Lya

Even
More
Can
Be
Learned



1 1 1 1 1
1.0 LOF — 10'% cm=2 7
0.8 |
0.5
E 0.6
43 0.0 ~
P
04 F
—0.5
0.2 |
—1.0 [ ] ] o ] 0.0 F L
: ] 1 ] 1 ]

-1.0 -0.5 0.0 0.5 1.0

I/rmax

—500 —250 0 250 500
v [km/s]

STATIC § HOMOGENEOUS



Y / Tmax

0.006 T T T
1.0 ” ”
0.005 | ’
0.5 0.004
0.0 — 0.003 | ‘
0.002 F
—0.5
0.001
=10 O . fj

-1.0 —0.5 0.0 0.5 1.0

T / Tmax

—500 —250 0
v [km/s]

STATIC § HOMOGENEOUS

250

500




Y / Tmax

0.006 T T T T T
1.0 ” ” 0
0.005 = -
: — 2
Intrinsic
05 0’004 = =TT 200 km/s e
0.0 ~ 0.003
0.002
)
0.001
—LO 0.000

-1.0 —0.5 0.0 0.5 1.0

T / Tmax

v [km/s]

STATIC § HOMOGENEOUS



y/"lxlax

100 ' ' ' ' '
1.0
0.008 | —
—_— 2
10!
0.5
0 0.006 F ]
1072
0.0 ks = 0.004 | .
~
1073
—0.5 0.002 i
10—4
~50 _____________,} LJ \s_____________
: 0.000 1 - - - .
-1.0 -05 ;10 0.5 1.0 500 —950 0 250 500
T /Tmax

v [km/s]

STATIC § HOMOGENEOUS

10



Mark Dijkstra

Innermost 0:
Significant contribution from ISM

Middle 1:
Scattered (line center) photons

Outer 2:
Traces CGM as 1
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The polarization of Lya:

On a photon level:
depending on the type of transition

Ensembles of photons:
a statistical effect
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Far from line center: electron behaves as if free:

Dipole scattering (similar directional dep. as 2P

3/ 2)
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Eide, Gronke, Dijkstra and Hayes (2018 ApJ 856 156)
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Spatial Spectra:

Kinematics and geometry along LOS
ISM photons powers CGM

Polarized Spectra:
Scattering

asymmetries at frequency

Total Polarization:

Overall asymmetry
Source orientation
Emission mechanism
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