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01 |(1) PAL5-EP1 ACS/WEFEC 1 23-Jul-2014 21:47:15.0 yes
WFC3/UVIS

02 |(2) PAL5-TT-QSO-W-EP1 ACS/WEFEC 1 23-Jul-2014 21:47:17.0 yes
WFC3/UVIS

03 |(3) PAL5-TT-QSO-E-EP1 ACS/WEC 1 23-Jul-2014 21:47:18.0 yes
WFC3/UVIS
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ABSTRACT

The outer-halo Milky Way globular cluster Palomar 5 (Pal 5) shows prominent tidal tails (TT) extending over tens of degrees. Published ground-
based proper motion (PM) measurements of Pal 5 are inconsistent with each other, and also with predictions from our numerical modeling (PM
greater than 2 mas/yr in each component). Accurate PM would allow a detailed reconstruction of Pal 5's dissolution history and provide independent
constraints on the shape of the Galactic potential. We propose to measure the PM of the Pal 5 cluster and afield 5 deg (2 kpc) dong its TT with an
accuracy of < 0.4 mas/yr viamulti-epoch WFC3 and ACS observationsin Cycles 20 and 22. We have identified alarge number of QSOs and
galaxiesin these fields, which will alow us to achieve this accuracy on athree-year baseline. Combined with the large amount of available radial
velocity data and detailed numerical modeling, the proposed observations will constrain the orbit of Pal 5 to greater accuracy than any other outer-
halo satellite (< 30 km/s). Hence, it will enable usto tightly constrain the Galactic circular velocity and the flattening of the Galactic potential to less
than 10% uncertainty. We will further use the PM-cleaned sample of starsin Pal 5 and its TT to unambiguously probe for variations of the present-
day stellar mass function down to 0.2 Msun, enabling a direct estimate of Pal 5's mass loss rate. Together with the orbital information this will
provide unique insights to the complex interplay of two-body relaxation and tidal shocking, which will have direct consequence for our
understanding of the build-up of galaxy field populations and the evolution of cluster mass functions.

OBSERVING DESCRIPTION

We require two epochs of observations to measure the Pal 5 and its Tidal Tail (TT) proper motion (PM). The first epoch, as early in Cycle 20 as
possible, and the second epoch late in Cycle 22, to guarantee a baseline of at least 3 yrsto achieve aPM precision of ~0.4 mas/yr. Each epoch will
consist of three WFC3/UVIS-F814W pointings. One pointing will be on Pal 5, the other two will cover a QSO in adense Tidal Tail region at 5 deg
(about 2 kpc) projected distance from Pal5. Observations with the ACS/WFC-F606W and F814W in parallel will increase significantly the spatial
coverage of Pal5 and its TT region and allow a deep probe to its stellar mass function.

For thetwo TT fields a second orbit in the 1st epoch will be used with WFC3/UVIS-F606W to measure the Mass Function (MF) down to 0.2 M_sol
in combination with the WFC3/UVIS-F814W 1st orbit observation. Four exposures, one short at the beginning of the orbit and three long, per epoch
with WFC3/UVIS-F814W will be used to improve the PSF sampling and correct for detector imperfections (e.g. bad pixels) and cosmic rays. The
first short and long exposures will have the same positions, while the dithering for the others uses a spacing of 1.302 arcsec.
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The specified orientation angles for the TT and Pal5 fields are chosen to allow earliest possible 1st epoch scheduling (17-24 Sept 2012) and | atest
possible 2nd epoch schedulling (Jul-Aug 2015) by including in the WFC3 fieldsthe QSO inthe TT field (RA=231.64458, DEC=2.0367500), brigth
background galaxies whose brightest globular clusters can be used as background reference and spectroscopically confirmed starsin Pa5 and its TT.

For the cluster ACS field we will use F814W in the first epoch and F606W in the second epoch to probe for variations of the MF beyond Pal 5's half-
light radius.
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Proposal 13835, Pal5-2EP-814 (01), implementation Thu Jul 24 01:47:20 GMT 2014
+ |Diagnostic Status: Warning
.g Scientific Instruments: WFC3/UVIS, ACSWFC
Special Requirements: SCHED 30%; ORIENT 88D TO 90 D; BETWEEN 12-JUL-2015:00:00:00 AND 21-SEP-2015:00:00:00
Comments: Second Epoch
8 (Pal5-2EP-814 (01)) Warning (Orbit Planner): PARALLELS SIGNIFICANTLY EXTEND ALIGNMENT TIME
ﬁ (Pal5-2EP-814 (01)) Warning (Orbit Planner): ORBITAL VISIBILITY OVERRUN
o
c
o
o
@]
0 \# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
8, (0] PALS5-EP1 RA: 15 16 5.4524 (229.0227183d) Proper Motion RA: 2.5 mas/yr V=18 Reference Frame: ICRS
lf_fS Dec: -00 07 59.26 (-.13313d) Proper Motion Dec: 2.5 mas/yr
Lo} Equinox: J2000 Epoch of Position: 2012.6
_qg Comments: This object was generated by the targetselector and retrieved from the SMBAD database.
L
L abel Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
1 UVIS814 (1) PAL5-EPL WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; Prime + Parallel Gro |40 Secs (40 Secs)
_ _ up 1-2in Pal5-2EP-8 [ _ _
CR-SPLIT=NO 14 (01) [==>40.0 Secs] [1
2 ACS606 (1) PAL5-EP1 ACS/WFC, ACCUM, WFC Fe06W CR-SPLIT=NO; Prime + Parallel Gro |40 Secs (40 Secs)
— up 1-2in Pal5-2EP-8 [ _ _
GAIN=2.0 14 (01) [==>40.0 Secs] [1
3  UVIS814 (1) PAL5-EPL WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; SAME POSAS1 Prime + Parallel Gro | 785 Secs (786 Secs)
. _ up 3-4in Pal5-2EP-8 [ _ _
m CR-SPLIT=NO 14.(01) [==>786.0 Secs] [1
Q14 ACs606 (1) PAL5-EP1 ACS/WFC, ACCUM, WFC F606W CR-SPLIT=NO; Prime + Parallel Gro | 665 Secs (664 Secs)
> _ up 3-4in Pal5-2EP-8 [ _ _
8 GAIN=2.0 14 (01) [==>664.0 Secs ] [1
% 5 UVIS814 (1) PAL5-EP1 WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; POSTARG 1.302,1. Prime + Parallel Gro | 785 Secs (786 Secs)
L _ 302 up 5-6in Pal5-2EP-8 [ _ _
CR-SPLIT=NO 14 (01) [==>786.0 Secs] [1
6 ACS-606 (1) PAL5-EP1 ACS/WFC, ACCUM, WFC F606W CR-SPLIT=NO; Prime + Parallel Gro |665 Secs (664 Secs)
_ up 5-6 in Pal5-2EP-8 [ _ _
GAIN=2.0 14.(01) [==>664.0 Secs ] [1
7 UVIS814 (1) PAL5-EP1 WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; POSTARG 2.604,2. Prime + Parallel Gro | 785 Secs (786 Secs)
_ 604 up 7-8in Pal5-2EP-8 [ _ _
CR-SPLIT=NO 14 (01) [==>786.0 Secs] [1
8 ACS606 (1) PAL5-EP1 ACS/WFC, ACCUM, WFC Fe06W CR-SPLIT=NO; Prime + Parallel Gro | 665 Secs (664 Secs)
- up 7-8in Pal5-2EP-8 [ _ _
GAIN=2.0 14 (01) [==>664.0 Secs ] [1
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Orbit Structure
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Proposal 13835, Pal5-TT-2EP-814-QSO-W (02), implementation

Thu Jul 24 01:47:20 GMT 2014

+ |Diagnostic Status: Warning
2 | scientific Instruments: WFC3/UVIS, ACSWFC
> Special Requirements: ORIENT 84D TO 100 D; BETWEEN 01-AUG-2015:00:00:00 AND 24-SEP-2015:00:00:00
Comments: Second Epoch Tidal Tail field West of the QSO
8 (Pal5-TT-2EP-814-QSO-W (02)) Warning (Orbit Planner): PARALLELS SIGNIFICANTLY EXTEND ALIGNMENT TIME
> | (Pal5-TT-2EP-814-QS0-W (02)) Warning (Orbit Planner): ORBITAL VISIBILITY OVERRUN
2
g
o
0 \# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
8, 2 PAL5-TT-QSO-W-EP1  RA: 15 26 39.3505 (231.6639604d) V=21 Reference Frame: ICRS
ES Dec: +02 01 59.64 (2.03323d)
Lo} Equinox: J2000
%
L
L abel Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
1 UVIS814 (2) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVISFIX F814W BIN=NONE; Prime + Parallel Gro |40 Secs (40 Secs)
W-EP1 CR-SPLIT=NO g@gﬂ%@ﬁﬂé [==>40 Secs] [1]
2 ACS-814 (2) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814wW CR-SPLIT=NOG; Prime + Parallel Gro |40 Secs (40 Secs)
e GAIN=20 ER 514 OO (o) |[==>40 Secs] [1
3 UVvIS-814  (2) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; SAME POSAS1 Prime + Parallel Gro |40 Secs (786 Secs)
) W-EP1 CR-SPLIT=NO E%?éfirbps%s-wT(é) [==>786 Secs] (1]
Qa4 ACS814 (2) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814wW Prime + Parallel Gro |40 Secs (664 Secs)
> W-EP1 up 3-4inPal5-TT-2 [[__
@ EP-814-QSO-W (02) | [==>664 Secs] (1
% 5 UVIS814 (2) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; POSTARG 1.302,1. Prime+ Parallel Gro |40 Secs (786 Secs)
w W-EPL CR-SPLIT=NO 302 EFI’D%&'_”QPS%E_WT@ZZ) [==>786 Secs] [1]
6 ACS-814 (2) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814W Prime + Parallel Gro |40 Secs (664 Secs)
e Ep5140SOW (07) =064 Secs] B
7 UVIS814 (2) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVISFIX F814W CR-SPLIT=NO; POSTARG 2.604,2. Prime + Paralléel Gro |40 Secs (786 Secs)
W-EPL BIN=NONE 604 B oW (B | 1==>786 Secs] [1]
8 ACS-814 (2) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814wW CR-SPLIT=NOG; Prime + Parallel Gro |40 Secs (664 Secs)
W-EP1 GAIN=20 g%_;'fl;ﬁog%?ﬂﬁ@ [==>664 Secs] [1
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Proposal 13835 - Pal5-TT-2EP-814-QS0O-E (03) - The Proper Motion of Palomar 5 and its Tidal Tails

Proposal 13835, Pal5-TT-2EP-814-QS0O-E (03), implementation

Thu Jul 24 01:47:20 GMT 2014

+ |Diagnostic Status: Warning
.g Scientific Instruments: WFC3/UVIS, ACSWFC
Special Requirements: ORIENT 84D TO 86 D; AFTER 02 BY 1 Orbits TO 1.7 H; BETWEEN 01-AUG-2015:00:00:00 AND 24-SEP-2015:00:00:00
Comments: Second Epoch Tidal Tail field East of the QSO
8 (Pal5-TT-2EP-814-QSO-E (03)) Warning (Orbit Planner): PARALLELS SIGNIFICANTLY EXTEND ALIGNMENT TIME
+ | (Pal5-TT-2EP-814-QSO-E (03)) Warning (Orbit Planner): ORBITAL VISIBILITY OVERRUN
o
c
o
8
o
0 \# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
8, 3 PAL5-TT-QSO-E-EP1 RA: 15 26 34.0681 (231.6419504d) V=21 Reference Frame: ICRS
lf_U Dec: +02 03 34.67 (2.05963d)
Lo} Equinox: J2000
(7]
X
L
L abel Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
1 UVvIS814  (3) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVISFIX F814W BIN=NONE; Prime + Parallel Gro |40 Secs (40 Secs)
E-EP1 _ up 1-2in Pal5-TT-2 [,__
CR-SPLIT=NO EP.814.0SO0-E (03) |[==>40 Secs] [
2 ACS-814 (3) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814wW CR-SPLIT=NOG; Prime + Parallel Gro |40 Secs (40 Secs)
E-EP1 _ up 1-2inPal5-TT-2 [ __
GAIN=20 EP-814-QSO-E (03) |[==>40 Secs] [1
3 UVvIS814  (3) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; SAME POSAS1 Prime + Parallel Gro |40 Secs (786 Secs)
E-EP1 CR-SPLIT=NO up3-4in Pal5TT-2 [/ _— 2e5c )
" EP-814-QSO-E (03) (1]
Q14 Acssua (3) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814w Prime + Parallel Gro |40 Secs (664 Secs)
> E-EP1 up 3-4in Pal5-TT-2 [==>664 Secs]
4 EP-814-QSO-E (03) '™~ (4
% 5 UVvIS814  (3) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVIS-FIX F814W BIN=NONE; POSTARG 1.302,1. Prime + Parallel Gro |40 Secs (786 Secs)
Ll E-EP1 _ 302 up 5-6inPal5-TT-2 [ __
CR-SPLIT=NO EP.814.0S0-E (03) |[==>786 Secs] [
6 ACS-814 (3) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814W Prime + Parallel Gro |40 Secs (664 Secs)
E-EP1 up5-6in Pal5-TT-2 [[__
EP-814-QSO-E (03) |[==>664 Secs] [1]
7 UVvIS814  (3) PAL5-TT-QSO- WFC3/UVIS, ACCUM, UVISFIX F814W CR-SPLIT=NO; POS TARG 2.604,2. Prime + Parallel Gro |40 Secs (786 Secs)
E-EP1 _ 604 up 7-8inPal5-TT-2 [ __
BIN=NONE EP-814.0SO-E (03) |[==>786 Secs] [
8 ACS-814 (3) PAL5-TT-QSO- ACS/WFC, ACCUM, WFC F814wW CR-SPLIT=NOG; Prime + Parallel Gro |40 Secs (664 Secs)
E-EP1 _ up 7-8in Pal5-TT-2 [;__
GAIN=2.0 EP.814.0SO.E (03) [==>664 Secs] [
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Orbit Structure
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