Eas) i Spirals

» Spirals have large Fil disks
» Jhis gashis optically thin

sHihisTmeans thatiwe see all the gas and can:
measure the amoeunt directly irem: the line
Itensity
» [l gas istmuch more extended than the
optical light, 1= 2.5 R

» Gives a unigue: tracer ior the velocity: i
Spiral galaxies
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RAadior Spectral OhSErVarions

Frofile for
Zera bandwidth

Cloud stationary
{a)
Cloud moving M
away l‘

» Radio) telescopes can also
act like a Spectrometer by,
Isplating a single spectral
line, e.g. Hi line emission

3y, measuring the line

shitt we' can determine
the radial velocity: ofi a
patech olrgas

3y, measuring the width of
the line we can determine
the internal velocCities
(turcbulent velocity)

Profile for
zero bandwidth

Frofile for
vidth

Zern bandy
Cloud stationary AR /
with internal 3 2
turbulence L

Typical spectrum

f I el
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HiF Kinematics

» Interieremetric olhservations yield a
SEID mamp ot the: of Fll gas

» distribution: (5¢,y)

» Kinematics (Veloeity)

» Thist can berdescribed by the
MEMENTS

> 0" moment: = total intensity (integrate
over veloecity)

> = moement = velocity field (mean
velocityras a iinction oi pPoesition)

» 2" moment = velocity: dispersion



Elow: dor we! tlirn this intor a
rotation curve:?

= \Weonly: have the radial velocity!

 Weneed

» Systemic velocity: (Eltibhle ilow:)

» Inclination (1 a galaxy: IS [aCe Omn We See
noe doppler shiited Velocities)

» Angler ol the major axis ot the galaxy, ¢
. Vr = VSys 4= V(1) sin(1)sin(d)



=
©
l
=
>
s
@)
=
©
i)
@)
o
S
ie
@)
e
i
©
)

Elat rovation curve: vir) ~ d




Solid- Bedy retation
Flat Rotation Curve
Falling Retatien curve
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NIGE@ 1744 1 Hil
(the conteurs)
and in cthe B lyand
Image.
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Spider PDiagram = NGE 925

Note that thisfisia
mMuch More Messy,
Sy.stemn.
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Spider Diagram — Edge-on
Galax
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Deriving; a Rebation Clurve

» Jilted rng models
allew: Vol te) it the
circular velocity,
inclination,
positien angleras a
HINCTIoN Of Faditis:




Data hitted with'a tilted ring moedel = NGE
744 Pisane; et al. 1996
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Anetherway: tormeastire the mass is to ook at the
integrated velocity profile. The width off this profile’ gives
the velecity range and you can derive a meass (reom that.

Eor circular
Mo LIoN
Mi(<1) = V’1/G

/700
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Velocity (km/s)






Using €O to) derive a rotation




CO gas is much more
common in the inner
parts of spiral
galaxies and can alsolg
be used to derive

a rotation curve
Lundgen et al. 2004
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Elloz rotation CUrVes

Using long slit Specrroscopy: we can derive a veloeity: “slice”
ACrosSs the galaxy:

35 46 50
TL¥er R CISTAMCE FROM MUCLEUS ikge)
UGC 2885
Figure 10-1. Photographs, spectra, and rotation curves for five Sc galaxies, arra.uge-;liu
order of increasing luminosity from top to bottomm. The top three images are television
pictures, in which the spectrograph slit appears as a dark line crossing the center of the
galaxy. The vertical line in each spectrum is continuum emission from the nucleus. The

distance scales are based on a Hubble constant h = 0.5. Reproduced from Rubin [1983). by
permission of Sctence.

see: Binney, Tremaine (1994) Galactic Dynamics p.600
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» Hor rotation clrves o

galaxies! ol Various
FHubble types

» Galaxies with higher
IUMIneSIity: generally,
have higher rotation
velogcities

s [Later types generally,
show: a slower: rise’ of
the rotation curve
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Figure 5.21 Rotation curves for disk galaxies of various types. Open circles show scale
length hg of the stellar disk, and peak rotation speed Vi, for each galaxy. Curves are
plotted in units of R/ hpg, to the same horizontal scale as the inset, showing V(R) for
the exponential disk (Equation 5.1). LSB denotes a low-surface-brightness galaxy. The
measured rotation does not fall as it should if the stellar disk contained most of the mass —
A. Broeils, E. de Blok.




Stellar Kinematics

restricted te nigh
Stiriace brightness
SYSULETS

Cross-correlation
etween ehserved
Spectriim and
template spectrim
Proadened with a
Knewn gatissian




» Vg IFand Felines yield

s Method

NGEC 4616

[Wad/IRaF 72.11.9EEP0RT preseotifainghe.amtroxiec.edu Fod 16:38:52 14-0
[normalObjectaniftme fia[* 48]): "Sparsepak Object Fher" 8700, ap:dd

stellar velocities and
veloeity, diSpersion

» Choose a template
KO. 5111 star in Chisf case

» Broaden template with
a Gaussian and fit to
the spectra

» 0 is between 18 and: 3fl

Kkmy/s Bt 5150 T K60 K160 o 5410
Yevelaneth (ungwizome)




NGE 4618 Restlts

» Stellar velocities and Eif velocities are
eLisSer by, — 15 kmyS

= Jiwerassuime: a stellar density: proiile
(based on the amoetmns ot light)

» Wetind the stellar density of ~79M pPe-

S0 stars make up; aboeut 4:05%: of the
totall (dynamical) masst ol the disk



Rotation Curves

» i therabsence off dark matter, We
EXPECT:

s vy = GIVIEmY e &l patticler o mass
M at radius rwhere Viis thermeass within a
radits

» M= V21/G

o [ allimassiwas) contained within a radits, R
then M=constant (or r=R), v 2
(Keplerian!)

* Instead, rotational velocity is constant, Se
that means) Vi o = at diStances: langenr thamn

stellar disks), the light shows!an
exponentvialldrop ol and this, the stellar
mass is alser dropping rapidly,



Rotation CUurves cont.

» For rotational velogcity: to) remain:
constant with raditis we neead
» Ml ot
» 'here must be extra “dark® mass around

spiral galaxies, extending; far beyond: the
optical disk.

* S0 how: doryou meastre the: total mass ol a
spiral? Wihere can youl Step?



Wihat de we now: Knew: abollt the
density: promle’ o dark marten?

* Wihat dees| this mean [or the density: profile’ of
the dark hale?

»iFthe DM haleris spherical then
s M =48 72(T) dr
» We know that m = v 1/(2@) eqn 3.46

» Jake the derivative wit ¢ and we get
AM/Ar=N2/216, ser V2/2G=4" 12 ()

» TThus, ()= V2 /38 Gr?



Aside: Imaging

@Question: How! dees astronomical
ImMaging Work?
[Eets irst ook at optical images: and then
we lll examine how: radio images, are
made



10 iocus light and form:
an image you need a
well designed optical
system. Fhe margin o
ELFFOnR 1OF [Orming the
retlective suriaces is
only abeut 1/10rthe
wavelengvh et the light
VO Wallt: to HeCUS.

Marginal Focus

Circle of Least

Confusion Paraxial
Focal Plane







Alry fUnetien
(1" order Bessel
iunection)

Airy Function

Encircled energy ------




According to the Rayleigh
criteria the resolution of a
lens or mirror of diameter D
is given by

=1.22A/D

Rayleigh

where A is the wavelength

of the radiation. It follows
from Fraunhofer diffraction
around a circular aperture,
and the value 1.22 is given
by x/mt, where x = 3.832 is
the first zero of the Bessel
function mathematical
expression for the Airy
Disk.




[Cets look: at, Some o1 the Consequences! ol this. SUppPose
we have a telescope withra 110 mirrer and we are
ebserving in bite light (500nm) what 1S ol reselution?

A=500nm = 5x10° m
D=10r = 25 4cm = 0. 254" m

9R= 11.225%10:° m/0.254m
0 =2.64x1 0% rad = 0.6 arcsee



Now: lets loek at wihat Size mirror we need at 2ilcm
e ger the same’ reselution?

A=2Zicm =021 " m
0, =2.64%10" rad
D=2
D=1 20\ /9R

="1.22%0.,21m/2.64%10° rad
D= 0. 7510 m
D) = 97km



Radier AStrenomy,

» [Use mamny, smaill -
ANtEMNAS | L

*Fach antennea can
lerthetight of asfa
part ol a large
dish

astronomical images
precise antenna positions

radic cross-power spectra A

precise position of source of nearby radio emission
image of lluminated object




s We can add a “extra-
lengith in the
electronics: to) simulate
a physical oiiset ot the
radio) tElESCOPES

»Fhis delay serves the
SaMme PUrpose as a
curved mirror and the
radioy waves “focus/ like
the optical light.

X

Dalay Lina
Iji,-lj_l

arrelator

omputer

Dialay Ling
%




» Fully: steerable array: of
14 antennas: 10 ixed
and twe) pair omn rails

» Can ebserve multiple
lirequiencies; at the same
time




Aperture Synthesis

Astan example lets looks at an East — WEesi anray;

Wesh East

—120 —-90 -80 -30 O




IiEwe lookin the UV plane
(Chis is just a coordinace
system detined by: the
antennas) themn at one time
We ger intermation ionr these
POINGS.

Eor our' 5 antennas we: have
20l distances; hetween pairs
of antennas,

SINCE We can mathematicall
“SWap " any: pair en antenmnas
we can also it the -0 -V,
plane at thersame: time:

Wihat Wappens over time?



WeE

@ver time (12 hrs)

make a complete rotation

and Gl part el the

-\ plane.

U

Atter 12 Wrs we can move

the antennas; around and
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liFthere are gaps in the' UV plane then the reconstructed
Iimage has artitacts

10 a —14 —20

1 (kA)

R4 pffaet {arecsec; B1950})



Adding antennas can drameatically: rediice the

artitacts) adding 1" antenmna addstN=1"new,
paselines!
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= VLA GlySEervVation
Ol & POINE SEUECE

> Note the artitacts 3
due to the finite: [
NUMBEr of
dntennas

o —oi

Ra offsat {mrczec; JRE00)



