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OUTLINE

@ Mass estimators
@ Historical prologue: The spherical infall model
# The caustic technique

# Achlevements



Mass Estimates

Scale
. R500 <R200 >R200
Technique

X-ray X

Galaxy dynamics X X
Scaling relations X X
Strong lensing X

Weak lensing X X X
Caustics X X X

Require dynamical equilibrium
Do not require dynamical equilibrium



THE COMA CLUSTER

Coma Cluster
0.5-2.0 keV

0.35 h* Mpc




Coma Cluster
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Dropping the dynamical equilibrium hypothesis.
The caustic method
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Redshift diagram
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INFALL REGIONS OF CLUSTERS:
Prologue (1)

linear scales mildly non-linear scales
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INFALL REGIONS OF CLUSTERS:
Prologue (2)

mml_ TTT[T |||I'illl |II 1T | L
B - 0o -

500 different Lo.s.

R

vagdinl walolbyr
o
|

e
Ln

radius

Simulated cluster in a SCDM model

Merging and substructures
affect the velocity field
AND
the caustic amplitude

van Haarlem & van de Weygaert 1993



caustic amplitude
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INFALL REGIONS OF CLUSTERS:
Prologue (3)

The caustic amplitude IS the escape velocity

flat w/crit. dens.  open flat w/low dens.
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INFALL REGIONS OF CLUSTERS:
Prologue (4)
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CAUSTIC TECHNIQUE: BASICS

Example:

Sky CL0024 Redshift diagram
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MASS ESTIMATE:

Caustics

i s Caustic
GM(<r)= 5/0 A?(z)dz amplitude

(Diaferio & Geller 1997) €scape Ve|0C|ty
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CAUSTIC TECHNIQUE:
LOCATION

map of f.(r,v) Caustic location

los velocity
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THE GRAVITATIONAL POTENTIAL PROFILE

(unclean sample...!)

3000 synthetic clusters
(ACDM model, Borgani et al. 2004)
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CAUSTIC TECHNIQUE:
MASS PROFILE

DOES IT WORK?

Comparison with N-body simulations
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M(<R) (10" h™'Mg) M(<r) (10™ h™'Mg)

CAUSTIC TECHNIQUE:
CAUSTICS VS. LENSING

0.0 0.5 1.0 1.5 2.00.0 0.5 ll'.} 1.5 2.00.0 0.5 1.0 1.5 2.0
R (h™' Mpe) R {h Mpc) R (h™' Mpe)

MS1358 = T _
gl _ 3D mass profile

0.1 1.0 0.1 1.0 0.1 1.0 caustic data

r (h™'Mpe) r (h” 1I.*..lp::} r (h™'Mpe)
e : X-ray data

projected
mass profile

0.1 1.0 0.1 1.0 0.1 1.0 Iensmg data
R (h™'Mpc) R (h™'Mpc) R (h™'Mpc)

Diaferio et al. 2005



R [n xpel
a 1000 2000

= = %
o
- -‘ :.- .b-b - " - *
.. .J v .. .'n : : 3 :
e o 87, . . B
QH-‘ -.- -l‘ .o’ - =
-“.:t ".}'. ee &, _'
—_— " s 'n' L ) - Y - " '
= QL L o= -‘. . -
. . b -
_.Z‘E oP seT Wie - e 3
'Gb .4‘-'. ) ; e - .'
OS lo o ®la <
—a |
G.J;' . -
>R al,,
E o - 3 -
nE B . .
O. - y
—_— .
Q9 I.. .
= -

4000

are X ray wouy aheear

) 5 10
R (aremin}

projected distance

al

Ql
v| 2aums|p =0 uadoud

0z

e

[ody,

4000

2000

—4000 |

CL0024: a head-on collision

4000 —

l l
L .
d cluster po]ll
o
| I
| I

T -

2000

v, / kms™!

~2000 PR3

—4000

2000
R / kpe

4000 0

2000
R / kpec

4000

Czoske et al. 2002



CAUSTICS VS. LENSING

CAUSTICS

Requires:
@ Wide-field redshift
survey

@ Sufficiently

dense survey

Yields:

@ 3D mass profile
(affected by projection
effects)

LENSING
Requires:
@ Wide-field photometric

survey
@ Redshift where signal

Is sufficiently strong
Yields:
@ Mass projected along

the line of sight




Application of the caustic technique

@Coma (Geller et al. 1999)

@Shapley (Reisenegger et al. 2000)

@Fornax (Drinkwater et al. 2001)

@2dF — 43 clusters (Biviano & Girardi 2003)
@CAIRNS — 9 clusters (Rines et al. 2003)
@CIRS — 72 clusters (Rines & Diaferio 2006)
@400d — 16 groups (Rines & Diaferio 2009)

@Bullet Cluster (Gonzalez et al TODAY!)



CAUSTIC TECHNIQUE
THE NFW PROFILE AT LARGE RADII
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Weak lensing of A1689
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CIRS:
Cluster Infall Regions in the SDSS

72 X-ray selected clusters combined with the 4" SDSS data release

X-ray luminosity
Ly (10% b2 erg s7')
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redshift Rines & Diaferio 2006



CIRS:
Cluster Infall Regions in the SDSS

Mass profiles .
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L, (109 h-2 erg s!)

The 400D Survey:
16 Low Mass Systems

10:—

0.1

2

Rines & Diaferio 2009



M/ Mg

The 400D Survey

Mass profile models

NFW
profiles

Hernquist
profiles

Rines & Diaferio 2009



CAIRNS:
Cluster And Infall Region Nearby Survey

Mass-to-light ratio profiles
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THE CAUSTIC PERFORMANCE
AND ADVANTAGES

1) 50% accuracy on the gravitational and
mass profiles outto ~3-4 R,

2) Independent of dynamical state

3) Any redshift (provided you get enough
telescope time...)

4) (Insensitive to the cluster mass)



THE CAUSTIC ACHIEVEMENTS

1) First mass profile estimates well beyond R,

2) First test of the goodness of the NFW/Hernquist
density profiles beyond R,

3) First estimate of M/L in the outskirts of clusters

4) Absence of velocity bias in CIRS clusters



THE CAUSTIC DISADVANTAGES

PROJECTION EFFECTS...



PERSPECTIVES

aHectospec clusters (Rines et al.)
@SPIDER clusters (de Carvalho et al.)
amember identifier

asubstructure identifier



The caustic technique as a member identifier

Fraction of real
members within the
caustics

Fraction of interlopers
within the caustics
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It also applies to stars in dwarf galaxies...!

Have you already seen the poster by A. L. Serra?

Further updates coming soon on the Caustic Group site
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