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So an observer looking along the z axis w()uid

EOQ (round) galaxy, when viewed at an amﬂe WG J il Iel
see an elliptical shape with apparent ﬁXl / gelrio)
g = b/a. Looking at the tangent pomf/t@/ h

surface (T) the coordinates of thls mr .
(T) i Do}

are

The elliptical image e);) flelS el Seri-rae]or
axis of a = mA and th e min x1S) 197 1SF O3 gl
this is also OQ sm(a)/ ecrua'tiorls GOV ERE
can write 7
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Distribution of B/A
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igure 1: Surface brightness distribution of the elliptical galazy NGC 1549, taken
om Jedrzejewski (1987). The left panel gives a contour map with the major and
e minor azes overlaid. The four right hand panels give the surface brightness,
e ellipticity ¢, the position angle PA, and the cos 48 variation of the surface
rightness along the best fitting elliptic isophote, all as a function of radius. The
olid lines show the measurements in the R band, while the dotted lines refer to

e B band.
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Figure 6.11 Radio and X-ray power of elliptical galaxies. Boxy galaxies, with ay < (),

tend to be strong sources; disky ellipticals, with as > 0, are usually weak. Filled circles
show bright objects, with My < —19.5: open circles are dimmer galaxies. Points with
downward-extending bars show upper limits on the X-ray emission; luminosities are
calculated for Hy = 75kms™! Mr.u:_' — R. Bender.
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» O is between 250 - 400 _

- SOV /O' <].

max r

» Spirals have V. =1
z

* So ellipticals a 1/4/
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Kinematics of Ellipticals
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Elliptical Isophotes: = y

Characteristic

Boxy isophotes Disky isophotes

Support Mainly pressure More rotational

support

M/L ratio Generally high with a  Generally lower with a
wide range narrower range

Radio Luminosity Brighter Fainter

X-ray Luminosity Brighter with a diffuse Fainter with discrete
halo and discrete sources dominate
sources

Core Frequent counter- Rarely have counter-
rotating cores rotating cores

Shape Triaxial Spheroidal

r
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» In general, ellipticals -- Z

» Are supported by pressure (slo a'ir,ion),
stellar motions are mostly; yéu{d

» Very little/no disk comporig/ﬁt///

» Very little/no star formafi/

» Very little/no cold (e'ﬁé:/// 0]

hot, X-ray gas
ydg . //
* Almost exclusw@f ' of
environmentsy u' ANANCIISEELES

v , _
@ T CTAELN
Populate a fundar

surface brightness-centr.
dispersion
// % /

-
y
///

7 %/
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Elliptical Propert;/e/;.“//

* There are other correlations //
* Brighter ellipticals are bigg;ej// /
* Brighter ellipticals have lo@v
surface brightness /
* Can put these two vto/g/@lz e and forn
Kormendy relation = largergalas
lower surface brightnes
3. =23.02logr, +°
e
* Brighter elliptical
Suriace HEghiness
7
a-Bﬁghﬁ%ﬁ{ﬁ
the%;ﬁf/:;; I bie reiclit
g:l/fl/jop: to /2 that ot the central Sk, (G
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What do the cores p

ellipticals 1ook 11 g o)

* The core of ellipticals 1s/ﬂ/

study because ot atm@g /; ic _ _

/ /
* Not a problem w,1th 1ST
» Luminous elhptfc// gogyee ey cores

* Moderate /am clyy Liigticeils neye
central: cu{
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Elliptical Spectrim
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Elliptical Spectrim
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* Velocity dispersion is mié cd to the
depth of the potentla/l ell
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Ellipticals cont y

)
+ Traditional view /////

- Ellipticals are 31mp1 fei

» Little or no gas or d/u k
7

* Form in a smgl
simulation (viole

. Currently/ n eq

P
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» Luminosity profiles (1D
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» Sersic profile: I(r) = I(r

.
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(this defines t%é/ a and I(r,) is the s
brightness\é:// {;%/ ///
- Typlca]ejf /Lé/% S L, ( I
law or “ //\f/é/f ile /f” ErVal
e W
‘”I(%%/ .67 (5/,)4-1}
g 7 Y /
‘bri a‘_ lg treg center
b

Al S SNOW ZADE SIS i

e )T

lTpriCalSt SNOWAZADESYATNIECH:
- Some he

o (G

/ INAIES; O METUE1SE)
7

ANl o) lojepay cinlel /e clisiay 1SOONOTES

Pnysics 315 Fall 2011



= o [ L o =
BOC SMaAT Liafk Tiwid 388" @, ™ 18 co 1.3

h

= I:;;::' oL =
FiGure 5.5,




IummGSIty (108 L)

~ 10 r ; J— | T S —
= i # M3Z sy % ‘H 10
™ i M33 . E : :,!
E F.{._ L . L] :

E | :ll:i 3 1'! 1 5_‘.‘|¢ |L_ " = 1

e N e g E o -t =
© 15F 3 ‘gkes o ST T A
C F 2 payg’ W C o o 5 i
= L. e u'-.?i. ’ # .hr. & & L
L o Lt . " . " = ® . -] Aont 1
o ] J e« E st f 0.
5 i L, . % "= E Ty *
AR g ik e 0.01
.::" | . ¥ - a " . |

o = -*‘F ¥

= ol dSph - x J
B o - ..?f_{':; w31 { 0.001
E 28F @ s s & . j
Q i a M33 M3z -
U | I T L1 I L i i} I L i1 1 I i1 | N _1 -_; b0 _ ) H -§ -_|_ e L1 | 11 '_I_-

-5 -10 -15 -20 -25 - -10 -15 -20 -25

absolute B—magnitude M,

Figure 6.6 Central surface brightness [y (0)in mag arcsec 2 inthe V band. and core radius
re, measured from the ground, plotted against B-band luminosity M. Filled circles are
elliptical galaxies and bulges of spirals (including the Andromeda galaxy M31): open
circles are dwarf spheroidals; crosses are globular clusters: the star is the nucleus of Sc
galaxy M33. Arrows show ellipticals in the Virgo cluster; here, seeing may cause us to
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Distribution of B/A cont./

1.0

Small E's are more N\,
elongated that more SN
luminous E's

- Midsized E's have g=0.75

- Luminous E's have g=0.85

o o o
~ o] w

apparent axis ratio g

o
o

* No selection o oblate™

-17 ~18 -19 -20
Absolute blue magnitude Mg

Figure 6.9 Observed axis ratio ¢ and blue absolute magnitude M for elliptical galaxies

Yy from two different samples, represented by filled and open circles. Bright galaxies (on
the right) on average appear rounder. Contours show probability density: the top contour
level is 4.5 times higher than at the lowest, with others equally spaced — B. Tremblay &
D. Merritt, AJ 111, 2243; 1996.
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* Deviations from e
boxy

» Measure diffj/gﬁ@ >
isophote and fitte
* Ar(0) Zf//{% s/

: 7 ,, //{ . I (o
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- RN R, 7
! NGC 4660
Disk aldl-a = +@, | FIGURE 6. — R-image of NGC 4660, an elliptical galaxy with a

disk-component in the isophotes (a(4)/a ~ + 0.03).

Ba=x alfl-a = =@, 1

FIGURE 5. — Schematic drawing illustrating isophotes w FIGURE 7. = R-image of NGC 5322, an elliptical galaxy with
a(d)/a = +0.1 and a(4)/a = - 0.1, box-shaped isophotes (a(4)/a~ - 0.01).

7 .

mepiclae at al, 1988
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Kinematics of Elliptiggg >t
» Rotation implies that ellip%é ells) eine oL
relaxed systems ////

* Some have kinematically decoupledicoresy
or rotation along t;aeé{ MINEEaXISHIMPIIES
triaxialit 7

riaxiality) f %/
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Rotational Properties
of Elliptical Galaxies:

Anisotropy parameter:

(E)* P Uf/g - {U/J)observ&d

o/ [1=bfa (v/0 ) rot. fiattened
bfa

see: Davies et al. (1983)
Apd, 266, 41

Rotationally supported
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Faber-Jackson Relation
////
.
» Faber & Jackson(197/6j/ tolalEs
» Roughly, L « ¢*
* More 1umi/110u/s?
deeper pogémi
* Can show: th S
Virial Tl}/ﬁaja el (fuisc ke T
rela@ioy//
-
/

7
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Faber-Jackson relation Cog/lﬁ/%/
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» This is similar to the .
Tully-Fisher relation fo eor
Spirals

» Used to measure
distance from o

* Problem:
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extended hales s
getting the total
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Fundamental Plane
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 Ellipticals are full of/
» Ellipticals follow a/ ol

magnitude relatw n
luminous gala esiat

Is thls duéi/ / ge o
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» [f smaller ellipticals are
younger then they should
be bluer

* A young starburst has

* As the population ages

a very blue spectrim

it becomes redder and

B ii%i;.r
lt fAt/S/ . . 2 TI'*'
(E+A galaxics) S% y
7

I ofte
T
* After 2x10° yrs we | L
7 M %/ r_l--q---"l“w’rf 1 J R ——L

/e T
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Metallicity: //

* Can also be a metallicity effect ////

* Lower metallicity

y /

* Less absoerption in the/blu/ PALTIOID

* Bluer galaxy // /
jalax

* Why would smaller ﬂ&l

* Less 1um1n051t
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X-ray Halos cont.

//
- Where does the hot gas come from ? //
» We know that it is metal Gich (Z=10F 5 /

30 4 3 2

wo;felengtr; (R)

100 Ne

E2xcounts/sec/keV
S

1E B
- 1 1 1 1 1 l 1 1 1 1 1 1 i AL -]

0.5 0.7 1 = 3 4 7 10
energy E (keV)
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y

X-ray Halos cont.

ot

y

+ Where does the hot g,a/sﬁ// me trom 7

- Stellar winds from r;g@,v iantsiandired
supergiants p

* Random VGlOCﬂ/Z?éS//
that (1 /2)m/02/7;{

<_-_1-
\

il
allerewyiniels collicla it naats tne
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o
y

X-ray Halos con)%//

//

9 y

y
* We see lines from ”meta}; ///

» So at least some;é}?é

e

processed by stars
the ISM via SNe.

Y
Vﬁlﬁe slplel b
7
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X-ray Haloes C(/)Ijz,;.//

Physics 315 Fall 2011



X-ray Halos cont.

» X-ray emission 1S a major SOune //

cooling the X-ray gas /?/%//

. M87 emits ~3x102 erg/ﬂ/S/

11111

11111

Radiative Cooling Rate Coefficient (erg em® §71)

Fig. 1. Total radiative cooling coefficient of optically thin plasma in ionization
eguilibrium for different metallicities, where the metallicity parameter Z/Z 4 is
normalized to the solar value with solar element abundances as given by Anders
and Ebihara (1982) (see text for explanations)
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* How fast can th //a/{/ dCl

/
equilibrium? //////
e timesca > gas to re.
1;rel / 7 C
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Globular Clusters in. 4

y
Ellipticals ///

» Ellipticals are surroundedb{ £l
globular clusters (~ 2x t e/ glEhgelo
spiral with simila 1um J| 5 /)

» Colors of globular/c{ LETS

| QY el
bimodal dlstnbum . ObICEIS

» This is probabl _ ' e to aegiallicity, so thers
IS a popula oo ziricl =
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Black Holes in Elllptio S
cont.
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Why is this correlation so
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Formation ot Ellipticg;é/ cont.
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* Equal mass mergers ccount for
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