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Motivation

* Simulations study gas kinematics in emission
in disk galaxies to understand Lya escape =

* We study observational data to understand

the relation between ionized gas kinematics
and Lya observables
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LARS (14 Wy, > 100 A — Hayes et al. 2014)

Data

* Extended Lyman Alpha
Reference Sample

] eLARS (28 Wy, > 30 A — Melinder et al. 2023)
* 42 galaxies
* High sSFR

* Lya observables derived from .-.....
Hubble space telescope data
(Melinder et al. 2023)

green: FUV continuum
red: continuum-subtracted Halpha emission
blue: continuum-subtracted Lya emission



PMAS data products

* 16 x 16 spaxel, each 1 x 1 arcsec

* Flux [ADU] & Variance cuboids
 Wavelength range: 6100 - 7400 A

* Spectral sampling: 0.46 A

* Spectral resolving power: R ~ 4500
e Seeing: 0.9 - 2.3

e Exposure time: 30 — 120 min per galaxy
* LARS 4 nights in spring 2012
* eLARS spring 2016/2017

e Backward-blazed R1200 grating
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Does visual kinematic classification influence Lya observabes?
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Rotating Discs (RD)

16 eLARS + 2 LARS = 18 RDs

Perturbed Rotators (PR)

9 eLARS + 5 LARS =14 PRs

Complex Kinematics (CK)

3 eLARS + 7 LARS = 10 CKs



Does visual kinematic classification influence
vaL observabes?

* Lya observables: EW},,q, e?éa, Liya/Lua
 Classes: Complex and Perturbed (l) vs. Rotators (Il)
* KS-Test, single sided p, values

*Hy:F(x) < G(x)

* With F(x) the Lya observables for |
* With G(x) the Lya observables for II

_
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» Kinematic classes do not tell anything about Lya observables



Do quantitatively derived kinematic
parameter correlate with Lya observables?

* Lya observables derived from HST data
* lonized gas kinematics via Balmer a line

* Important kinematic parameter
* Line of sight radial-velocity
* Velocity dispersion (0gyp) -> problem: PSF smearing

* vshear/ Cyemp



Empirical measured velocity dispersion

* Measure for random motions of ionized gas in galaxies |

. . 2. Ospaxel
emp N
Ha
e G . 2. Fspaxel Ospaxel
emp, ~— Ho
p.f ) Fspaxel

. Fg,"éxel: Ha flux in each spaxel (we use S/N)

* Ospaxel- Velocity dispersion in each spaxel

* Problem: PSF smearing (strong velocity gradient
broadens Ha line)




Shearing velocity

* Large-scale gas bulk motion along the line of sight

1
* Ushear = 5 (Vg5 — Vs)

* Vgg: 95 percentile of the velocity field
* vc: 5 percentile of the velocity field

vshear/ Gemp

* Gas kinematics dominated by ordered motions (large value) /
dispersion dominated motions (small value)



eLARS 12

Empirical method ==

* PSF smearing in regions with high velocity gradient f-’ 2 \
and low spatial resolution

* Automated masking, where 0, is affected by PSF smearing

* Vg(x»)’) — [U(X o 1'y) o v(ny)]Z + [U(X T 11y) o v(ny)]Z
+Hvl,y —1) —vx,y)]° + [vlx,y + 1) — v(x, y)]*
+ [U(X o 1,)7 o 1) o U(X,:)/):Z T [U(X o 1)y T 1) o v(ny)]Z
+vx+1L,y—1) —v(x,y)]*+[vix+1,y+1) —vix,y)]*
radlen . 10000 ... ] q - 'k]l so ¢ Cut out spaxels with h|gh
B 5o 60 gradient (>5000)
_w ¢ Calculate velocity dispersion
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Varidel gradient method (Varidel et al. 2016)

* Local velocity gradient:

v, (x,y) = [v(x+1,y) —v(x—1,9)]2 +
e Fit 2D linear model:
O; [F(Hai); Ug,i] = Myq loglo[F(Hai)] + mvg vg,i + C

* PSF correction: remove My, Vg,i
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> | GalPaX

GalPaK3D (3D parametric disk model)

Salaxy parameters and Kinematics
Bouché et al. 2015

* Tool to extract intrinsic Galaxy Parameters and Kinematics from
any 3D cubes

* Disk parametric model
* Flux: Sersic profile
* Velocity: tanh-profile = use rotating disks
* LSF: Gaussian
* PSF: Gaussian

* Input: Cube flux and variance (range of H a line), Seeing (PSF), LSF
* Models on a 3D data cube
e Qutput: 3D datacube, kernel, from cube extracted maps, ...



Parametric intrinsic velocity dispersion

Total line-of-sight velocity dispersion 0, ,xe; COnsist of three terms added in
quadrature:

* Local velocity dispersion 64
* Driven by self-gravity

. G‘;l(r) = @ for compact thick or large thin disk

* Mixing term o,
* Mixing velocities along line of sight for a
geometrical thick disk

* Intrinsic dispersion o
* |sotropic and constant spatially
 Dominates the other two terms often

Line of sight
velocity
[km/s]

Velocity
dispersion
[km/s]




What we have to compare:

Velocity dispersions:
* Value modelled by GalPak3D } Model: 0;,04e1
* Unmasked mean ]
* Unmasked flux-weighted mean

* Gradient mean Empiric calculation:

e Gardient flux-weighted mean Cempiric
* Varidel gradient mean

 Varidel gradient flux-weighted mean
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Statistic relevant correlations:

Stellar mass and v,
SFR and o9bs

» From the kinematical

LARS RD

LARS PR
LARS CK

eLARS RD -

eLARS PR
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perspective eLARS appears
representative for typical
star-forming galaxies.
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Conclusion

* First time that we have a statistical sample to relate kinematics and Lya

 Correct velocity dispersion for PSF smearing with different methods
e Best correction: Gradient method without flux-weighting

* Velocity dispersion correlates with Lya equivalent width and Lya/Ha
* Shearing velocity anticorrelates with Lya escape fraction
* Dispersion dominated systems have higher escape fractions

» Turbulent kinematics shift enough emitting and absorbing material out of
resonance and thereby enhance the probability of Lya escaping
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