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Key concept #1.: stellar proper motions

~ Brief (and biased) history of
proper motion measurements:

(a)

Halley 1717: ~few stars

I. Confiderations on the Change of the Latitudes
of fome of the principal fixt Stars. By Edmund
Halley, R.S. Sec.

Aving of late had occafion to examine the quan-

tity of the Preceflion of the Equinoctial Points,

I took the pains to compare the Declinations of the fixt
Stars delivered by Frelemy, in the 34 Chapter of the 714
Book of his Almag. as oblerved by Timecharis and Ari-
fiyllus near 300 Years before Chriff, and by Hipparchus
about 170 Years after them, thut is about 130 Years
before Chriff, with what we now find : and by the re-
fule of very many Calculations, ! concluded thar the
fixt Stars in 1800 Years were advanced fomewhar more
than 24 degrees in Longitude, or that the PrecefTion is
fomewhat more than 50" per ann But that with fo much

Halley 1717
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Key concept #1.: stellar proper motions

~ Brief (and biased) history of
proper motion measurements:

~ Halley 1717: ~few stars
~ Ground -based observations
until 1995: ~8000 stars
~ ESAHipparcos space
mission (early 90s): ~ 115,000 stars

Steve Quirk,
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Key concept #1.: stellar proper motions

~Brief (and Dbi ased)
proper moti on meas ur e EEEEEretIg
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Key concept #3: the Galaxy evolution
told by its globular clusters

~  Globular clusters are one of the most valuable tracers when

trying to understand galaxy evolution (Kruijssenet al. 2019).
But also see Paanini et al. 2022 as a cautionarv tale

labc
enri

Callingham et al. 2022



Key concept #3: the Galaxy evolution
told by its globular clusters
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Hidden in the haystack
New globular clusters towards the Milky Way bulge



Hidden in the haystack
New globular clusters towards the Milky Way bulge

Globular clusters are stable, tightly bound clusters of tens of thousands
to millions of stars. They are associated with all types of galaxies.

Credit: NASA & ESA
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Hidden in the haystack
New globular clusters towards the Milky Way bulge

Aladin Sky Atlas ( Bonnarel et al. 2000,
Boch & Ferniqgue 2014)
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Hidden in the haystack
New globular clusters towards the Milky Way bulge

Aladin Sky Atlas ( Bonnarel et al. 2000,
Boch & Fernique 2014)






Hidden in the haystack
New globular clusters towards the Milky Way bulge

Aladin Sky Atlas ( Bonnarel et al. 2000,
Boch & Fernique 2014)
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Hidden in the haystack
New globular clusters towards the Milky Way bulge

Aladin Sky Atlas ( Bonn:
Boch & Ferniqgue 2014)
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Hidden in the haystack
New globular clusters towards the Milky Way bulge

Boch & Ferniqgue 2014)






Hidden in the haystack
New globular clusters towards the Milky Way bulge
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Aladin Sky Atlas ( Bonnarel et al. 2000,
Boch & Fernique 2014)
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Hidden in the haystack
New globular clusters towards the Milky Way bulge

~ Valuable tracers of understand
the Milky Way evolution

Galactic bulge GCs compose a
major part of the in situ
component ( Myeong etal. 2018

~  The total number of GCs in the
Milky Way is still unknown

Aladin Sky Atlas ( Bonnarel et al. 2000
Boch & Fernique 2014)
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A NEW DISTANT MILKY WAY GLOBULAR CLUSTER IN THE PAN-STARRS1 37 SURVEY
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Gaia 1 and 2. A pair of new Galactic star clusters
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Gaia 1 and 2. A pair of new Galactic star clusters
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Photometric searches of GCs

Thanks to the recent near -IR photometric surveys , the
number of star cluster candidates has risen exponentially in
the last few years in the bulge region

Minniti etal. 2011,
Gran et al. 2019




Photometric searches of GCs
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Photometric searches of GCs

Thanks to the recent near -IR photometric surveys , the
number of star cluster candidates has risen exponentially in
the last few years in the bulge region .
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Clustering requirements
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Clustering requirements
- Grouped in space ( J/H)
- Coherent motion (PMs)
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Clustering requirements

Gran #3 Grouped in space ( /H)
Coherent motion (PMs)

Old stellar sequences
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Gran #4
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GC 4 b RA Dec Ua c0s () us ue cos (b) Hb Nimembers
(deg) (deg) (deg) (deg) (masyr~!)  (masyr!) (masyr'!) (masyr’!) (number)

Gran 1 -1.233 3977  269.651 -32.020 -8.10 -8.01 -10.94 3.03 57
Gran 2 -0.771 8.587  257.890 -24.849 0.19 -2.57 -1.86 -1.76 102

Gran3  -10.244 3424  256.256 -35.496 -3.78 0.66 -1.76 3.71 118
Gran 4 10.198  -6.388  278.113 -23.114 0.46 -3.49 -2.88 -2.01 155

Gran 5 4.459 1.838 267.228  -24.170 -5.32 -9.20 -10.55 -0.10 76
Cluster candidates

260.151 .67. -2.90

dm  Distance E(J-K,) Ag, Ag Ay

(mag) (kpc) (mag) (mag) (mag) (mag)

14.60 7.94 0.45 0.24 2.70
16.10 16.60 — 1.90

15.40 12.02 — 2.60
16.84 22.49 . 1.20

13.25 4.47 .6 3.24




New GCs: MUSE observations

ESO P103105
Pl: F. Gran

14 hours
WFM ~ 1 arcmin 2
4650 < < (A) <9300
R @ 8800A ~ 4000



New GCs: MUSE observations

Gran et al. 2022



