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actra of New PNe
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100% Candidate Spectroscepic iollow-up

Telescopes used : Number of objects observed
2dE on the Anglo Australian Tielescope 2,224%
1.9m at South African Astronomical @bservatory. 79
FLAMES multi-fibre spectrograph on the VI 11746)0)
Gemini Seuth 18
MSSSO 2.3-m telescope VAS)
6dF on the UKSI 573
AAOmeda on the Anglo Australian Tielescope 1,957

Tails dnieltielals & eeds layy rasaltidieon (S00=) ziplel & 823 pricelitinn r2saltjian CL2005) seaeir:

A 2dF field configuration A VLT FLAMES field configuration



LMC PNe'in the IR
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LMC PNe in the IR
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HST Confirmation of RP. PNe

RP764 SMP 27



'ne next step

TRIS WOrk Nas NOW. DEen extended to the OUter: re J]OFIS of; the LMC througn
dccess to the MCELS data anaithe SuperCOSMOS Hoy/R Images. Several
ug[0) s.mJ additional compact emission candidates nave Deen found.

U
cljle

I
(L‘

Ssequent follow-up. _,,)accro:;co,)y on the 2aE AAOmega Systemon the AAT!
6di= on the UKSIFT 125 S0 [ar-led to a further 100 new faint PNe being
vered within the 56 deg= of: the outer LMC. Again all previously known
WEre Independently recovered.

1S L'
L\

o)

>
(L’

a9 Wng
U)
)

=z
(L‘

J

(L‘

e




New: and previously known PN uncovered through MCELS
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Spectral Diagnostics

EXtI nCtlon This estimation is based on the relationship between
observed and intrinsic intensities:

fops ()l () ()1t (oo (Hp)
Iobs (HB) Iint (HB)

All other lines were corrected for reddening using:

Icor(K) — Iobs(k) 10 cf (1)
Icor(HB) Iobs(HB)
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A peak at 0.6 shows the low overall extinction of most
LMC PNe. Most of the bright PNe occupy the range 0.1-0.6.

c(HB) = 2.875 log (Ho/HPB)/2.85

Apparent [O111]5007 magnitude (corrected for foreground reddening)




Planetary Nebula' Luminosity: Function

2010 MNRAS 405, 1349
A New Population of Planetary Nebulae Discovered in the Corrected for fo reg round extinction in order

Large Magellanic Cloud (III): The Luminosity Function to make a direct comparison to previous PNLFs
i i, B . from other galaxies where internal dust

T . qd al t . P: S . . . .

e e e extinction is unable to be derived.

2 Anglo- Australian Observatory, PO Boz 296, Epping, NSW 1710 Australia

_ E(B-V) = 0.074 for the LMC. Avgyy;, = 0.1074 mag
Now extends over 10+ magnitude

range- faint end shape elucidated

Rapid rise from mag 18 at the
bright end not observed
previously but was predicted
due to the mean age of 3-8
Gyr for stars in the LMC
(Stryker & Butcher 1981;
Frogel & Blanco 1983; Hyland

1991 \ J [

15 16 17 18 19 20 21 22 23
Apparent [Olll] 5007A magnitude (corrected for internal
extinction)



Planetary Nebula Luminosity: Function

PNLF as a distance indicator

Planetaries

Using an absolute bright
cut-off mag of -4.48 0.05
(Ciardullo et al. 1989,
2002; Jacoby et al. 1992)
the distance modulus to the
LMC is 18.48 0.02

T, Z .U 3 0.U
Apparent A5007 magnitude

PNLF from Jacoby, Walker, Ciardullo, 1990, ApJ 365, 471

N(M) 00 e0.307M{1_ eS(M*- M)}

Log Number of PNe

Number of PNe

2010 MNRAS 405, 1349

T ! %H”
0 Hﬁﬂi%}ﬁﬁ@%

Apparent [OIl]] 5007A mag (corrected for internal extinction)

1
18




Planetary: Nebular Luminosity: Function

. The percentage of PNe at each luminosity bin
Cumulative PNLF represents the percentage of time PNe spend

3" at that luminosity according to predictions of

o [eﬂ“f(cg—?»)_el\*f*(ce—?’)] Jacoby (1980); Ciardullo et al. (1989) and

(co — 3) Ciardullo et al. (2004). This plot ignores the

Méndez et al. 1993 possi!:)le inc_o_mpleteness_of _the_ faint_er_md. It is
also insensitive to any intrinsic variation and

" birth-to-death' luminosity range for a given

PN. A simulated increase of the faintest 2

magnitudes would further decrease the

C1 = 0.307 percentages at the bright end.
C2 = 12 for SMC and 8 for LMC

uminosity bin (%)

Cumulative number of PNe (%)
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[O11]5007A magnitudes below the brightest Apparent [O11I]5007A mag (corrected for internal extinction)

Reid & Parker 2010 MNRAS 405, 1349



Spectral Diagnostics

Dynamical age
Tayn = 890 Mp¢p, Vexp)o-6 yr

Left: The number of ionising photons
Q, is shown for the first 10,000yrs of
central star evolution. Each line is
marked with the initial mass model.
This graph was designed by Villaver
et al. (2002) using simulations, «Class 4 s Class 5 a Class 6
however there is a very good . _

agreement between the model and *class T e Class §

dynamical ages derived in this 7
work. 2000 4000 6000 8000 10000 12000 14000 16000 18000 20004

6 8
Time (10° yr)

Log flux HB

+ Class 1
= Class 2
2 Class 3
« Class 4

eClass 9 = Class 10 s Class 11

» Class 12 = Class 12+

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
T oy (¥7S)

Low excitation High excitation




PNLE Using Hf5

Reid & Parker 2010 MNRAS 405, 1349

For optically thick PNe, the HB flux should be a
reliable indicator of stellar luminosity. The
conversion efficiency from stellar luminosity to
HpB luminosity is a function of stellar effective
temperature and metallicity.

Peak efficiency occurs at about T = 70,000K,
broadly encompassing PNe from magnitudes
19.7 to 23.7.

Log Number of PNe

The ratio [OIII]5007/HpB largely depends on
18 19 20 21 22 23 24 25 26 27 T and metallicity.

Apparent Hp 4861A mag (corrected for foreground reddening

—— [O1I1]5007
—— HB
HB fitted to [O111]5007

Bright cut-offs
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LMC PNLE 1R Flor
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PNLE in the MIR using IRAC

Detection limit of the
I PNe found prior to 2006 I PNe found prior to 2006 Spltzer Space telescope
I True PNe I True PNe . . .

B Likely Pie for LMC emission objects
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Combined PNLE using MIR [3.6], [4.5], [5.8], [8], [24]
Dands
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Number of PNe
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Number of PNe

y nchulosity luminosity functions for cach of the IRAC channcls and the MIPS 24 um band. The vats

in cach of the bands.

< 6 8
Apparent [24]

Number of FNe

Number of PNe

The IR Surveys
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Apparent [4.5]
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Apparent [8.0]

N170 O-rich
N151 C-rich
N125 C-rich

N178 C-rich

LM2-42 O-rich

(shifted) log(Flux)

N136 VLE O-rich

RP493 O-rich

11 I 111 1 ' 141 1 I I ) I 111 1
10 15 20 25
Wavelength [um]

Figure 10. Spectra of the PNe contained in the SAGE-Spec sample.

Woods et al. 2011 MNRAS., 411, 1597

Hora et al. 2008 ApJ., 135, 726




MIR colour-colour comparison
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NIR & MIR colour—colour comparison S0P 38z

76 appear at
Extreme AGB stars the red end

TIT T[T AT T[T A T[T T[T T[T TT[TrrT TTT [T T T[T T T[T rr[rTT

Strong
PAH and

::12“] d USt
vez  emission

o7
*RP757

oMo2
®RF1631

RP4781
*  esal09

smpss @ JP1678
*RPEBO

eSMPEE @ Se g

Sa104
.

RP1371
.

79
L RPIZT VO erpiozs * @ o s
Bro03 8 SMPST & o * o RP1773
LY e RP1BES \ -

. MG46 . Me47
Ad -
RP1648 RP1876 . RP1310

RP1835 M RP1465

L]
. ® *MGa1
® Mo26

Strong Young

e oo esmpao® ionis_ed PNe
; 3?32'3:4:5 166-1.“\23&;',‘62 gaS |IneS

ME28 mpisgs
RP1676

eMGTT

o RP4034

LA B N L
T TS T TS S T T T O T T W A S B
R R R R RN RS R RN RE R R

Losoa oo bosoa b bosna oy bonoslonnnlonaslosgyg

AR FRENERRENI REERIERENI SRR SR AN SRR SRR FR NI AN E N A AR AR RN RN AN ENE RRE T

1 2 3 4 5 6 7 8 9 10 11 12 13 14

J - [8]

Y

SLEE i i [ i T ) G ) LD i R i i A R B i L R e

LUBS S ey I e

SMPG4 "
. .

. «Me?
RP1631

RP776 Ma3p
Ry .

SMP9O

® resss

.
MG26

[5.6]-[8.0]

LIS L L L L L L
FETETENT SYETETET ETRTAT AT AR AR BTSEAAE) RS AT

Decreasing sensitivity cut-off S HE
starlight increasingly replaced by
PAH and H Pfy emission

N
©

J - [4.5] Galaxy candidate (+
YSO) distribution




NIR & MIR colour—colour comparison

These PNe contain carbon or oxygen-rich dust,
probably including some combination of PAHs,
Pap nebula emission and possibly silicates.

This plot maps the stellar continuum levels
and some effects on warm dust components.
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This separation of PNe into 2 groups, one centered on
the stars and one above and more dispersed was first
seen by Allen & Glass (1974).

PNe at this end of the plot have medium to low
levels of 8um emission and probably only cool
dust emission



U-B' & NIR colour-colour comparisen

PNe along this stellar boundary have very low dust
reddening and/or have evolved to the point where the
central star is unable to fully ionise the nebula. Such
nebulae are ionisation-bound.
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RR4TTZ PNe with very hot
dust. An area of the
plot where we might
expect to find

symbiotic stars.
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LMC PNe in the IR

SEDs of LMC PNe

Hora et al. 2008 ApJ, 135, 726 . _‘. Normalized to SMP38

PN SEDs
1.2 - 70um

10
Wavelength (microns)

MG 24 Warm
SEDs of LMC PNe: 1.2 to 24 microns dust component ?

Nermalized to J21

YSO or extragalactic
background objects

PN SEDs

2 1.2 - 24um

[8.0]—[24]

Fig. 8 [8.0] versus [8.0]-[24]

Wavelength {microns)




SED’s for Carbon-Rich to
Oxygen-Rich PNe




IR"Analysis

SPITZER INFRARED SPECTROGRAPH OBSERVATIONS OF MAGELLANIC CLOUD PLANETARY NEBULAE:
THE NATURE OF DUST IN LOW-METALLICITY CIRCUMSTELLAR EJECTA

25 PNe in the LMC,

16 in the SMC : " :
Prominent silicon carbide
feature at 11um
Type F (featureless) Type CRD (carbon-rich dust) Type ORD (oxygen-rich dust)

DT i s
et Y] e T

SMP SMC 15
1

g 6 8
SMP LMC 25 [ ]
Crystalline silicate features
SMP SMC 13
Classic PAH emission features at

A T : : 3.3, 6.2, 7.7, 8.6 and/or 11.3um

A [um]

Absence of grain emission
as expected for evolved PNe

The low dust continuum and absence of features
in LMC PNe has not been observed in Galactic PNe

Stanghellini et al. 2007 ApJ 671, 1669



A =F
{ =CRD
O = ORD

IR analysis

IR luminosity vs. carbon abundance

o
—
+
€I
Ead
&)
QD
L

8 9

8 8
log O/H +12 log O/H +12

C/O=1

Asymmetric PNe have low carbon.
O-rich dust or no dust

= round

elliptical

bipolar core

= bipolar, quadrupolar
Dust temperature vs. IR luminosity

Stanghellini et al. 2007 ApJ] 671, 1669



ARUNCAARCES

Method

An empirical method of abundance determination, similar to that of Aller (1984) has been used.

It is the system which applies ionisation correction factors (ICFs) based on grids of photoionisation
models of nebulae as used by Kingsburgh & Barlow (1994). The measured intensity ratios of the
lines emitted by the ions provide the abundance ratio. For example, the ratio O**/H* is derived by:

[O11]A5007 / HB

j [O”I] (Te,ne)/j I_IB(Te)

O++/H =

Where I[OII] (Te,ne) IS the emission coefficient of the [O11115007A line which depends on T, and n,

and ) HpB (Te) is the emission coefficient of HB, which depends on T, The total oxygen abundance
relative to hydrogen is then found by adding all of its ions so that:

OH=0*/H"+O*" /H**ICF O

Aller L.H., 1984, Physics of Thermal Gaseous Nebulae, vol.112, Astrophysics and Space Science Library, D. Reidel
Dordrecht, Holland.

Kingsburgh R.L., Barlow M.J., 1994, MNRAS 271, 257



AbBundances

He /H > 0.10 and N*/O* > 0.25

@ Type | PNe
* non-Type | PNe

MG8: CS mass = 3.5m,
implying MS mass >3.5M,,
close to the mass where LMC
metallicities would allow HBB
to convert Cto N

Log ([NII] 6548 + 6583 flux) +12




Abundances- lype I (Blue)
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2006 MNRAS 373, 521 Radial \VVeloecIties

The need for an accurate and comprehensive
LMC PN velocity study

Survey

Feast 1986
Webster 1969
Smith & Weedman 1972

Telescope

T4 SAAQ
4" MSO
36" CTIO

14

Res. or
Disp.
494 ,-"'_ml:n
0,50A /mm

3R, 6B

Vg
disp (km/s)
2243
2445

Newe

[ ]

b b
=] = o

1"'F_nf;ll'lr'lcncﬁ mox
degrees
171
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[O 1] 5007 14.7
Meatheringham et al. 1988  1-m, 2.3-m, [O 1] 5007 20
" 3.9-m AAT
Boroson & Liebert 1989 2.5-m LCO
Vassiliadis et al 1992 2.3-m S50 11.5 km/s [O 1] 5007
Morgan & Parker 1998 1.22m UKST  1.34A /pixel Cross cor
" 4550-55004
This work 3.9-m AAT 1.1A /pixel 6200-7300A
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[7=]
s

3.5A /pixel  Hp, [Om) 5007

0 = b
=7 I = "

File: RP350-G_1200R1_067.fits JulDate: 2453357.15758 17 15:48:55.00 File: RP350-G_1200R1_087.fits

Object:2dF-G RA: 05:42:08.30 DEC: -67:34:25.8 2000.0 Object:2dF-6 RA: 05:42:09.30 DEC: -67:34:25.9 2000.0
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0 125 250
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Frac. endmask: 0.05
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[ArTII]
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SNP1D_R 204.024  2.910 25.01

1000

o
Velocity [km/s]
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Hl retatien cur/e

¢ [he LMEC HI rotation curve obtained after
folding the HI GSR data about the central
symmetrical point. The solid line
represents the fitted theoretical curve
comprising solid body: rotation within the
inner 1.5° together with an exponential
and somewhat warped disk outside.

¢ [he velocities of the HI' and PNe may: be

de-projected from the LME's 35° angle of
inclination but the position angle for the line
of nodes for each population must be derived
separately. Assuming that the mean rotation
velocity of the PN system is at an
independent distance from the HI centre of

3 rotation, the rotation solution may: be fitted
by minimising residuals in the velocity data:

V(0,r)=V,,(r){1t[tan(6-6y)sec i]?} 0> +V, (0<6<2m)

V(6,r) = rotational velocity projected onto the line of sight at position angle 6 and radial
coordinate r. V, = Galacto-centric velocity of the LMC. V, (r) = derived HI rotation curve.

'n
£
s
>
=
3}
°
®
-

2
Radius (degrees)

Meatheringham 1991



Iransyverse velocity: and angle off inchnation

LMC is a rotating flat disk however it's apparent transverse velocity of
~300kms! means that there will be a substantial velocity gradient in the
direction of motion. This gradient will combine with the rotation curve to

twist the lines of constant velocity.

Transverse Velocity Angle Of Inclination

Main Optical Bar

°
£
=
£
2
o
°
O
>
o
(2]
Q

——Fhle

GSR velocity in km/s

—m—Hl disk

—&—HIl Region

4 5 B 7 B 9 10 11 12 13 14 15 18 17 18 18 20 3 708 9 10 11 12 13 14 15 18 17 18 18 20 21
53 arcmin sections 53 arcmin sections

Positions are de-projected from their 35° angle. The central 1.5° is solid body motion
and could be thought of a perturbed when compared to the HI disk to either side. This
slight asymmetric positioning of the main bar may be due to gas streaming motions

(Feitzinger 1983).



2006 MNRAS 373, 521 PN Kinematics wWithin the LMC

Rotation curves for PNe and HI
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Position 1

Heliocentric Velocity in km/s
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53 arcmin cross sections

Comparison of

the HI disk (blue) Galactocentric

and PN population - velocity for PNe
V, = 42km s1

For HI disk
V, = 46 km s!

The velocity dispersion is
an average 3.5x higher for
PNe than for HI.

Velocity in km/s

Local regions of large HI - Line of nodes
velocity dispersion closely ©, = 170°
correspond to supergiant
shells of star-forming
activity.

Cell positions
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Velggg at PN centroid unknown
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1. Raw fluxes for [OIlI]5007 from
MCPN are compared with 2dF
line intensities for the same
objects prior to calibration,
regardless of ccd and field plate
used.
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2. 2dF line intensities are matched to MCPN-based Hp and
[OIII]5007 fluxes for each ccd and field plate combination
producing a equation for flux calibration.
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3. The calibrated [OIII]5007 2df and VLT line fluxes are
plotted against fluxes for the same objects from 3 different
published catalogues.

MCPN http://archive.stsci.edu/hst/mcpn/

JWC (Jacoby, Walker, Ciardullo, 1990, ApJ. 365, 471);

LD (Leisy, Dennfeld, 2006, A&A 456, 451L)

The mean agreement (RP-MCPN) is 0.03 0.10 dex.
A similar mean agreement is found between RP-
JWC (-0.004 0.11) and RP-LD (0.02 0.13).

2dF calibrated flux from a different field

1e-14 1e-13

2dF calibrated flux

The [OIII]5007 calibrated fluxes for 76
PNe with multiple observations, due to
overlapping fields, are plotted in order
to check the integrity of the calibration
across different observations. A good
match (~0.2 dex) along the line of
equality has been found, where there is
a mixture of fields and flux intensities
represented.



