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Stellar Occultations

- Excellent technique for studying TNOs

- Accurate TNO position relative to the star
- Radius and/or apparent elliptical figure

- Atmospheres (T, P, composition)

- Albedos using the optical constraint.

- Difficult to predict (small angular diameters, uncertainties in
TNO orbits, less uncertainties in stellar position after GAIA)

- Event lasting few second, fast CCD cameras needed
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Successful occultation by TNOs

TNO Date Location
2002TX300 9 Oct, 2009 Hawaii, multi
Varuna 19 Feb, 2010 Brazil, single

Eris 6 Nov, 2010 Chile, multi
2003AZ84 8 Jan, 2011 Chile, single
Quaoar 11 Feb, 2011 USA, single
Makemake 23 Apr, 2011 Chile, Brazil
Quaoar 4 May, 2011 Chile, Brazil
2003AZ84 3 Feb, 2012 Israel, India

Quaoar 17 Feb, 2012 France, Switzerland
2002KX14 26 Apr, 2012 Spain, single
Quaoar 15 Oct, 2012 Chile, single
Varuna 8 Jan, 2013 Japan, multi

Sedna 13 Jan, 2013 Australia, single
Quaoar 8 Jul, 2013 Venezuela,single
2003VS2 12 Dec, 2013 Reunion Island, single
Varuna 11 Feb, 2014 Chile, multi
2003VS2 4 Mar, 2014 Israel, single

Orcus’ satellite 1 Mar, 2014 Japan, single

Ixion 24 Jun, 2014 Australia, single
2003VS2 7 Nov, 2014 Argentina, Uruguay
2007UK126 15 Nov, 2014 USA, multi
2003AZ84 15 Nov, 2014 Japan,China, Thailand
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Latitude (deq.)

The three teams (Granada, Paris, Rio) arranged observations with
many different telescopes around the globe
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26 telescopes were involved !!!
Only 3 were successful, relatively faint star: 17.2 mag in V
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Occultation by Makemake: Data
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Occultation by Quaoar May 4th, 2011.:

Braga-Ribas, Sicardy, Ortiz, Sicady et al. (2013).
Astrophysical Journal




\.\5‘“ UTO de ASTRo Frs,
W

(A

%
z
o
>
§

L

»
FAA

Occultation by Quaoar May 4th, 2011
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HAUMEA AND RINGS

Fast CCD
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Ortiz et al, Nature 2017



Occultation vs.
Herschel Space Telescope (TNQO’s are Coll! Key project)
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- | 2003 AZ84: Star OPD 22set11, postOcc—JPL#11 Offset (mc 2003 AZ84: Star La Hita 19/jan, La Hita — JPL#11 Offset (mas): 223.0 -21.0

d m year himis UT  ra__dec_ J2000_candidate C/A  P/A vel Delta Rs K+ |
03 02 2012 19 45 38.0 07 45 54.7713 +11 12 43.040 0.046 12.34 —24.82 44.26 15.3 14.4

Credits: Rio Team & B. Si

d myear h:ms UT ro___dec__J2000_candidate c/A P/A vel
03 02 2012 19 48 10. 07 45 54.7648 11 12 43.150 0.041 192.44 -24.83

d myear hms UT ra___dec__J2000_candidate C/A P/A vel Delta Rx Kx long
03 02 2012 19 46 56. 07 45 54.7673 11 12 43.064 0.007 12.44 —24.83 44.26 15.3 14.4 48.

Improvements with GAIA

2003AZ84: Star mean/obsJan, PicColas—Jan/ JPL#11 Offset (mas): 296.0 58.0

d myear hims UT ra___dec___J2000_candidate C/A P/A vel Delta R* K+ long
03 02 2012 19 47 31. 07 45 54.7696 11 12 43.093 0.064 12.44 —24.83 44.26 15.3 14.4 46.
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Last minute prediction of the occultation
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2 2002TC302J0PL18 occults UCACbmanual on 2018 Jan 28 from 21h 34m to 22h 21m UT

Star: Max Duration =115.2 secs Asteroid: (in ISAM)
My = 15.3 Mp = 15.3 Mr = 15.3 Mag =20.6

RA = 2 21 45.4345 (J2000) Dia = 550km, 0.017"

Dec = 28 24 13.301 ST Parallax = 0.198"

[of Date: 2 22 52, 28 25 €] Hourly dRA = 0.02és
Prediction of 2018 Jan 21.0 dDec = -0.40"
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2002 TC302
January 2018

Using observations from the Sierra Nevada Observatory 1.5m telescope on
January 19th, 2018, just a week before the occultation. ANALYZED WITH GAIA DR1
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The reality. The final observed path

2 2002TC302JPL18 occults UCACSmanual on 2018 Jan 28 from 21h 30m to 22h 16m UT
= Max Duration =115.2 secs
My = 15.4 = 15.4 Mr = 15.4 Mag Drop = 5.2 (4.8r

.4 Mp = 15. 1s.
RA = 2 21 45.434S (J2000) Sun : Dist = 94 deg
Dec = 28 24 13.301 S Moon: Dist = 52 deg
[of Date: 2 22 52, 28 25 €] : illum = S0 %
Prediction of 2018 Apr 24.0 E 0.321"x 0.321" in PA 90
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Asteroid: (in ISAM)
Mag =20.6
Dia = 550km, 0.017"
Parallax = 0.198"
Hourly dRA = 0.02és
dDec = -0.40"
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last minute update, but in declination the offset was around 35 mas.

In Right Ascension the final prediction was off by only around |5 mas with respect to the




Normalized flux of star + Eris
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Time (seconds after 6 November 2010, 00:00:00.0 utc)

Dead time

\

CCD shutter delay (0.2 — 0.3 seq)

-Each CCD has its own dead time
-EMCCD = zero deadtime

-Integration times depends on the relation
StarMagnitude/Telescope/instrument
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Some lessons learnt on strategies

Binary TNOs, difficulty in getting the astrometry:
photocenter is not in the center of the body.

Binary stars: we do not know most of the time whether
the star to be occulted is binary so the photocenter does
not fall in te center of the star.

Proper motions of the stars: important for the initial
predictions, but the problem is solved with astrometric
updates.




Summary

In the last 3 years we have been successful in 18 TNOs
occultations, 12 within our international collaboration. We
can now predict and observe occultations of very faint stars.

Currently, a key issue is the high accuracy updates to refine

predictions. We have developed the tools and the methods.
But this requires a lot of observing time.

Sizes, shapes, diameters, albedos and densities have been
determined for 10 TNOs and very accurate values were derived for 7
of them.



Future

-We expect to be able to observe around 3-5 new occultations per
year, for the 10 to 15 largest TNOs using our current techniques.

-We expect to be able to extend the success to the 100 largest TNOs.

- Moving to smaller TNOs is difficult (orbits, access to
telescopes to make prediction, etc), but we can do it.

-To observe future occultations, amateur and small observatories will
play an important role.



WE WANT ,WE NEED............ YOUR COLLABORATION

» Small telescopes

* Normal CCD or EMCCD (better)
* No filter

* Time stamp

* FOV of several arcmin

*» Good S/N in the occulted star flux



Normalized flux of star + Chariklo
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Pole solution: A = 138° =28°

4 more occultations by
Chariklo during 2014.
Few more ring occultations



Viveiro
I o
A Coruna
o
o
Carballo LUC?O

e ’
Santiago de Compostela ponid¥
.~ Ourense '
Vugo o

o Santaremia
Lisbon
(o] Evora
S L
Setubal

Chariklo
200 km diameter

Portimaod Faor ()
Jerez
o

Esteponao
Gibraltar

Rings 400 Km (4 km width) |

Tetouan
wlghy

At 15 AU

Rabat Fes
bl ,JI L
& vs

Meknes

(o]
Casablanca el

Valladolid
o]

Cordoba
o) J

. " AN WY - ) - d
ngn GeneﬁCmns !;hon
& ; Ad?
ERhele __Limoges glermont-Ferrand . Lyon w2
Angogleme Q Q o)
Bay of Biscay
Brive-la-oGallIarde GI’E%ObIe T
Bordeaux (& ") Valence o
o Parc Naturel Régional
des Volcans d'Auvergne
Agen
] »
Mont-de-Marsan oMontauban ‘ Avignon
Toulouse Nimeso Monacc
A > lier Marseille 9
: basti Carcassonne Montpellier Cannes
ebastian [o]
L N o oNarbonne aToulon
Vitoria-Gasteiz .
o o Perpggnan
Pamplona i
Burgos o Andor|
J Logroio W\-
Girona
0
Barcelona
Reus o
[o)
Castellon della Ciutadella de Menorca
o o
o
Valexéia Palma d%Mallorca Mahon
o]
Ibiza
o
aen
o
Granada RUSHE . . Ann:
(o] AIglerS Be]a|a mlj
sl Gl .
T o Constantine
Chlef Tizi Ouzou Setif - audaidud
walll LV R wh e [o}
Alboran Sea Oran  Relizane Médea S
: ayaall i idi
ol 6@9 Vl"B‘u'Tiaret & Bordj Bou Ajrerldj Bit;rlla Khenahela
r DHIES TR o
Nador “5“‘ o Aldies
”%ul Ouida Biskra T
: J gTlemcen  saida Dielfa 3.5
Taourirt ~ 0329-L | T g s aalall o
Taza |l P
é.é'l; Y o
Jerada Laghouat
&sl,> Mechena LlscVl
AT o
Q
~ Touggourt El
Conole ' ﬂ&%



Saturn with a small telescope

@

Chariklo with rings




Don't you think it is a powerful technique??

Contact: duffard@iaa.es



