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Looking for a simple, fast in implementation and robust
method for estimating masses of ellipticals and clusters of
galaxies...

Elliptical galaxies

Main problem:
degeneracy between the anisotropy of stellar orbits and the mass.

Options
* Virial theorem:
V§=302 (isothermal potential, closed spherical, stationary system)

+: anisotropy does not matter
—: order of magnitude estimate

» Central velocity dispersion:

+: avallable for most galaxies
—: depends on the size of aperture, should work if orbits are isotropic

Can we do better?..



Churazov et al. 2010 - V. estimate from I(R),
o(R) and their slopes
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V. — estimate!

V. primarily depends on I(R), O(R) and
their derivatives (slopes)




Churazov et al. 2010 » The method is based on the stationary
non-streaming Jeans equations

do V2 J - stellar luminosity density,
—JU t 2—10 =] ="]—
dl‘ o.(r) - radial component of the
\ velocity dispersion tensor
Assumption: \ (weighted by luminosity)

Gravitational potential | ®(r) =V’ Inr + const

Extreme types of stellar orbits:
* |sotropic - B=0

> * Radial - p=1
B(r)=1—0—2 / * Circular - B=-o
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Algorithm for estimating V_
1. Calculate a, y, o from observed I(R) and o(R) profiles:

2 2 2
N s s
2. Calculate V_ for the extreme types of stellar orbits
Full analysis Simplified analysis
VP=0(R)V1+a+y V¥®=6(R)V1+a
V=0 (R)(1+a+y)/a V=6 (R)V(1+a)/o
Vi=o(R)(atyf+o-1  V=o(R)Vai—1

3. Estimate V_at a radius (sweet point R_ ) where all three

swee

curves intersect each other. V (R_ ) Is not affected much by

swee

the anisotropy.



Example:
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Analysis of massive and slowly rotating
galaxies at different redshifts
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Circular speed from X-ray data

Spherical symmetry + hydrostatic equilibrium of gas:
O 71— 1 T 1 T T T T
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Clusters of galaxies

Tracers = individual galaxies

1 B4 I'ago=2280.81 kpc |
® T
Number of galaxies
D 1 [\ per uni‘lt a'r.ea'l 1 1 1 ] 1 ]
n 1500 B - . A -
I
< 1000 [ :
S - LOS velocity
500 | dispersion :
3FC -
- a=-d Inl/d InR
5 22 ;.ff.................................i.........................“
£ I(R) slope _
0F : : : —
, 2000 D isotropic circular - -
E 1500 F a
=~ - true V, il S :
::q 1{}{}0 : ) \ f-:l'.l-:‘l/ g _:
F V. estimate / g :
500 - . - £ | -
0.1 R 1
awadl
IEJ!PEUU

]

V. km/

Noisy profiles =
simplified analysis!
Zoom in: only

isotropic V. + V.
from hydrostatics

2000 -

1500

1000

isotropic
from X-ray
true V,
500
0.1 1
R/ 00



fraction of halos, %
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V. estimates of simulated halos
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To conclude:

Part |. Elliptical galaxies.

1. Full analysis — unbiased estimate of V, (< total

M) and modest scatter (RMS = 5-8%) even for high-
redshift galaxies. May be useful for galaxy surveys.

2. X-ray + hydrostatic equilibrium — estimate of V.is
biased low (what can be traced to the presence of
gas motions).

Part Il. Clusters.

1. Simplified analysis — unbiased estimate of V..
May be useful for calibration other mass
determination methods (hydrostatics, weak lensing,
etc)
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