Giampaolo Piotto




Jay Anderson courtesy




On well exposed stars, astrometric precision on
single images is of ~0.01 pixels, which implies:

WFPC?2 : 1.00 milliarcsec (mas)
PC : 0.50 mas
HRC/ACS : 0.25 mas
WFC3 : 0.30 mas

But you can use many images, and reach higher
precision in relative stellar positions, with local
transformations (J. Anderson great ideal)




1) Bulk motions:
membership: fast evolving stars, WDs, binaries,
exotics like CVs, blue stragglers, etc.
2) Absolute motions:

clusters, field stars, rotations

3) Internal motions:
Internal dynamics, IMBH?, absolute distances




Ivan King and the faint stars in NGC 6397

End of sequence lost in field stars
How to identify the members?

Proper motionsl!!
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NGC6397 11:
pushing HST to the
limits

Richer et al. (2005)
observed NGC6397 with
126 orbits

- Discoveries

» End of WD cooling
sequence

 Blue hook at the
WDCS bottom!

 End of MS?
- Again: limitations:
field stars and
galaxies!

FEO0BW —F814W




Prope.r motion NGC6397  PI-Rich, UCLA
cleaning, 5 years

baseline
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Pushing HST to the limits, sometimes you may get-...

surprises:

ALL STARS ARTIFICIAL — WDs COMPLETENESS REAL — WDs WD LF
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NGC 6397
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Bedin, Piotto, King, Anderson 2003, AJ, 126, 247
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Field stars
may be as
useful as
cluster
stars!!!!

Measurement

of the Galactic
constant:
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i the radial velocity

dispersion (a linear

iquantity), we get the

distance:
D =470 + 0.06 kpc
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High precision astrometry means
high precision PSFs and
therefore:

First photometric survey

HST SNAPSHOT PROJECT:
(Piotto et al. 2002, A&A, 391, 945)

*74 GC cores observed with the WFPC?2 in
the F439W and F555W band [all clusters
with (m-M)B<18];

*More than 150 papers based on this data
base;

*1s* epoch for proper motion measurements;

Data available on: http://
dipastro.pd.astro.it/globulars/databases/
snapshot/snapshot.htmi
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NGC 6144

PI: A. Sarajedini
Anderson et al. 2008, AJ, 2008, 135, 2055
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Milone et al. 2010, 1
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Binary fraction

Significant anti-correlation
between the fraction of binaries
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Blue stragglers frequency anticorrelates with cluster
total luminosity (total mass). This fact has been
interpreted as an evidence of the dynamical evolution

of binaries.
Moretti et al. (2008), Davies et al. (2005) Piotto et al. (2004),



UV sensitivity , high resolution

systematic studies of hot SPs
in the core of high density GGCs
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Renzini and Buzzoni (1986)




Extended HB

F435W

Multiple MSs

Bedin et al. (2004) | -

Multiple RGBs
Lee et al. 1999
Pancino et al. 2000

1
F435W—-F625W




@l The discussion
Il revitalized thanks
Il fo an exceptional
Il HST (WFPC2 and
Il ACS) discovery

ll (Anderson, 1997, PhD thesis,
Bedin et al. 2004, ApJ, 605,
BNl L125).

(mrsoew_mpanw)




BlueMS: [Fe/H]=-1.27 Piotto et al. (2005, ApJ, 621,777)

20

20.5
17x12=204 hours
of VLT integration time
RedMS: [Fe/H]=-1.56
Wavelength () -
Apparently, only S
21.5
can reproduce both the Ny
photometric and
spectroscopic
22.5

observations

Z=10"3 Y=0.248

-— - 7=3x1073, Y=0.25
*

Zx3x1078,

*

= —— = 7=3x1073, Y=0.45

1.2 1.4
Fe0eW—-F814W



Bellini et al. 2009, A&A, 507, 1393 @ ACS/WFC-3x3
205 raegey R AR T v WFPC2~7.6
1
= 0 ORS1 I
S ._

20.5

WFC@ACS~17

The double

MS is present all
over the cluster,
from the inner core

to the outer
envelope, but....
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[Fe/H] [a/Fe] Age (Gyr)
-1.8 +0.2 13

-0.6 -0.2 4—6
-0.1 -0.2 2.3

y +0.56 0.0 0.1-0.5
.

0.0 0.5 1.0 . . 0.6 08 1.0 1.2
Siegel et al. (2007) FE06W—F814wW FE06W—F814W




M54 coincides with the
nucleus of the Sagittarius
dwarf galaxy . It might be
born in the nucleus or,
_more likely, it might be

g vended into the nucleus via
- dynamical friction

‘ (see, Bellazzini et al.
2008), but the important

fact is that, today:
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The MS of NGC 2808
splits into three
separate branches

The TO-SGB regions
are so narrow that any
difference in age
between the three
groups must be
significantly smaller

than 1 Gyr



L < il NaO anticorrelation (Carretta et al.
SEEE 2006)
o Besides a bulk of O-normal stars with the
05 IR sl typical composition of field halo stars,
g .ors, NGC2808 seems to host two other
z "y groups of O-poor and super O-poor stars
or )
.- NGC 2808
L 25 | /77777 actual measures of [0/Fe] 1
L NGC 2808 | [ ] [0/Fe] trom [Na/Fe] + relation
~0.5 - | ‘ | | - 20 — —
1.5 | | 1 - 0.5 - 0 - 0.5I | 1
[0/Fel 15

NGC2808 has a very

complex and very

extended HB (as w

Cen). The distribution

of stars along the HB

is multimodal, with at R

least three significant [EERNES Byp = 014 |
gaps and four HB e (m-M), = 15.85 ]
groups (Sosin et al '
1997, Bedin et al 2000)

L Il | 1 L 1 1 | 1 1 Il 1 1
-0.5 0 0.5




In summary, in NGC 2808,
it is fempting to link together:

(see Piotto et al. 2007 for details).

THE PopuLaTION CoMPONENTS OF NGC 2808

RGB HB

O-normal Red segment
61% + 7 46% =+ 10

- — O-poor EBTI1
Meg7sw ™ Mpgraw n,. w, [mas yr'] Mpgrsw™ Mpgraw 506 + 5 22‘?«1})i 4 35% + 10

Super—O-poor EBT2
1.4x10% and 2.7x10% solar masses of o xs 7% x4 10% = 3
fresh Helium are embedded in the 2" - : e
and 34 generations of stars et xS
Observations properly fit a scenario in which a 2"¢ and 34
stellar generations formed from material polluted by

intfermediate mass AGB stars of a 15t generation
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Most clusters
have constant
[Fe/H], but large
star to star
variations in
light elements.

Some elements
define
correlations like
the NaO
anticorrelation,
or the

MgAl
anticorrelation.
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Cassisi et al. (2007, Apl, 672, 115,
Ventura et al. 2009) suggested that the
two SGBs can be reproduced by
assuming that the fainter SGB is
populated by a strongly CNONa
enhanced population.
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1) Multiple stellar generations seems ubiquitous. Many
serious problems remain unsolved, and we still have a
rather incoherent picture. The new WFC3/HST will play
a major role. In helping us understanding their origin.
For the first time, we might have the key to solve a
number of problems, like the abundance "anomalies” and
possibly the second parameter problem (which have been
there for decades), as well as the newly discovered
multiple sequences in the CMD.

Finally, we should never forget that what we will learn on
the origin and on the properties of multiple populations
in star clusters has a deep impact on our understanding
of the early phases of the photometric and chemical
evolution of galaxies.




