32_{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

The Excited Rotation State of 2P/Encke

Michael J.S. Belton

Belton Space Exploration Initiatives, LLC, Tucson, AZ 85716. USA

(belton@azstarnet.com)

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

Are comet nuclei in excited spin states common?

¯ Discussed by Samarasinha et al (1986, 1995) and Jewitt (1991, 1997) ¯ Jewitt (1997) finds Ω_{ex} ~ 0.1r^2 yrs or about 2.5 yrs for a 5 km radius nucleus at 1AU.

¯ Samarasinha (1999) has compared a number of comets with 1P/Halley which is known to be in a excited state: Ω_{ex}~r^4/P*Q_{H2O}

¯_{ROSETTA target, 49P/Wirtanen, is most likely to be in an excited spin state. CONTOUR}

(2P/Encke) and DEEP IMPACT (9P/Tempel 1) targets are a possibility� .

Comet Effective Radius (km)

Period (d)

Q _{H2O} (Perihelion)

Ωex/ΩHalley Observed spin state 46P/Wirtanen ~0.6 ~0.3 1.3-2.5.10^{28} 0.08 - 0.15 ? 1P/Halley 5.2 2.8 1.3.10^{30} 1 Excited 2P/Encke 3-5 0.63 4.5.10^{28} 14 - 110 ? 9P/Tempel 1 2.7-3.8 0.5-4.5 2.10^{28} 3 ˘ 104 ? C/Hale-Bopp ~30 0.46 1.5.10^{31} 584 Pure 29P/S-W 1 8.6 ˘ 15.4 0.58 5.10^{28}(CO) 939-9,655 Excited (?)

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

Timescales for cometary processes (after Jewitt (1997)

τ_{damp} ˘ Damping timescale τ_{ex} ˘ Spin excitation time τ_{dyn} ˘ Median dynamical lifetime of SPCs τ_{SPC} ˘ SPC mean orbital period τ_{dv} - Devolatilization timescale τ_c ˘ Max. period with no strength

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

2P/Encke: Determination of periodicities

¯ String-length (Dworetsky 1983) and phase-dispersion (Stellingwerf 1978) methods are usually used.

¯ WindowCLEAN algorithm makes use of the ^sampling window~ function to remove aliases. Spurious frequencies are still possible� � ..

¯ Roberts et al (1987) ¯ Foster (1995) ¯ Belton & Gandhi (1988): Meech et al (1993)

¯ Four independent data sets available:

Observers Telescope Ο Year Dates Data points

R(au)

Jewitt & Meech KPNO 4m R 1985 Sept. 22-23 25 4.06 Jewitt & Meech KPNO 2.1m R 1986 Oct. 30-31; Nov. 01-03 15 47 3.15

Luu & Jewitt McGraw-Hill 2.4 m

R 1988 Sept. 3,6,7 101 3.83

Fernandez thesis ESO 3.6m 10.7μ 1997 July 17-19 ~50 1.2

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

2P/Encke ˘ A Comparison of methods

Frequency (inverse days)

R el at iv e po w er

Dirty

Clean

Window

Residuals

STRING LENGTH

WINDOWCLEAN

Fernandez thesis (1999) 10.7Π data

32_{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

Excitation in an 2P/Encke orbit.

(Initial period= 2 days; a:b:c = 8:4:3.5; Five active areas; Q = 1.7.10_{28}mol/s; Orbit =2P/Encke)

0 20 40 60 80 100 ORBIT NUMBER

0

-1

-2

1

2

-8 -6

-4 -2 0

SAM LAM unexcited spin lo g_{10} k_2 lo g_{10} P_Ι

N. Samarasinha

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

F re qu en cy (i nv er se d ay s)

F er na nd ez 1 0. 7Π Ju ly 1 9 7 1. 2 au

L u & J ew it tR S ep t1 98 8 3. 8a u

Je w it t& M e ch R S ep t1 98 5 4. 1a u

Je w it t& M e ch R O ct /N ov 1 98 6 3. 2a u

3. 17 5 in v. da ys ;

P_Ι = 15 .1 2 hr .

32_{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

32^{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

F re qu en cy (i nv er se d ay s)

F er na nd ez 1 0. 7Π Ju ly 1 9 7 1. 2 au

L u & J ew it tR S ep t1 98 8 3. 8a u

Je w it t& M e ch R S ep t1 98 5 4. 1a u

Je w it t& M e ch R O ct /N ov 1 98 6 3. 2a u

8. 68 in v. d ay s

32_{nd} Meeting of AAS-Division for Planetary Sciences, Pasadena, CA. October, 2000

2P/Encke ˘ Second frequency is an unexpected result.

Implications if the nucleus is in an excited spin state:

¯ Two frequencies: Ζ^1 = 3.175 inv. Days; Ζ^2 = 8.68 inv days

¯ Using model simulations to identify periodicities (Kryszczy� ska et al 1999; Meech et al 1993):

¯ Ζ^1 = 2/P^Ι & Ζ^2= 2/P^Ι + 2/P^∴

¯ P^Ι = 15.2 hrs

¯ P^∴ = 8.7 hrs

¯ SAM or a LAM?

¯ For SAM´s P^∴ / P^Ι > 1 (Samarasinha & A´Hearn, 1991)

¯ Must be a LAM� ..

¯ If a > b ~ c then a/b > 2.1 consistent with lightcurve amplitudes

¯ If a/b ~ 2.6 (Fernandez thesis using Sekanina pole) then: Τ~ 52 deg

¯ Total spin period ~6.1hr; spin vector (S) is inclined to angular momentum vector

(M) by ~ 33.5 deg and circulates once every 15.2 hrs.

P^Ι = 15.2 hrs

P^∴ = 8.7 hrs

P^T = 6.1 hrs

Τ= 52 deg

33.5 deg

M

If a/b = 2.6 and b~c

S

Conclusions: