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Figure-eight and slalom solutions
figure-eight: Moore 1993, Chenciner & Montgomery 2000
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slalome: Suvakqv & Dmitrasinovic¢ 2013
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Three-body choreography

o = 1: Newton potential

qo(t) = q(t), q1(t) = q(t +T/3),q2(t) = q(t +2T'/3)

figure-eight solution
C. Moore 1993,
A. Chenciner and R. Montgomery 2000




Slalom Solutions

Suvakov M.

« Numerical search for periodic solutions in the vicinity of the
figure-eight orbit: slaloming around singularities on the shape
sphere, Celest. Mech. Dyn. Astron. 119, 369-377 (2014)

Suvakov M., DmitrasSinovic V.

« Three classes of Newtonian three-body planar periodic orbits,
Phys. Rev. Lett. 110(11), 114301 (2013)

Suvakov M., DmitrasSinovic V.

* A guide to hunting periodic three-body orbits, Am. J. Phys. 82,
609-619 (2014)

Suvakov M., Shibayama M

* Three topologically nontrivial choreographic motions of three
bodies, Celest. Mech. Dyn. Astron. 124, 155-162 (2016)



Continuation of solutions
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Bifurcations around
figure-eight(5)
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bifurcations around the figure-eight solution, T=1

y

0.14}
0.12}
0.10
0.08}
0.06}
0.045-

0.02F

Bifurcations around

figure-eight(5)

/s1

ﬁgure-elght('S)

S2

N
)




Linear stability

bifurcations around the figure-eight solution, T=1
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Hessian of action

Equal mass planar three-body problem

1 dq °
L:§Z(d_;) FUU =Y V(g — )

¢ 17
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Slq + dq] = S[g] + S]q] dtz&h i g5 T goga; |00
L ¥

— H : Hessian

Eigenvalue problem at a critical point dS|q| = 0
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Decomposition of Hessian

by symmetries
( CC+: choreographic cos + )
CC-: cos —
o CS+: choreographic sin +
trivial Ithe same summitry

v

S

X

* < CS—: sin —

zero-choreographic
that don’t have

as figure-eight and slaloms

choreographic components
\ /

For detail, see appendix: “Decomposition of the Hessian matrix for action at choreographic three-body solutions”
that 1s enclosed in the same proceedings.
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Extra symmetry of Hessian
for figure-eight(5)
Z\TOA AWAWA RVSHR Y5 = H

\’/ \/ \/ \/ \\7/
T 5 RY5W(t) = W(t +T/5)

R1/5\IJ( ) 2n7m/5\11( )

eigenfunctions are labeled by n=0,1,2,3.,4

(1

e R
2 ? n = 0 : singlet
0 n=14:degenerated doublet
3 & n = 2,3 : degenerated doublet
\_/.u/ 4
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Saddle-node bifurcation
o ~ 0.998554

bifurcations around the figure-eight solution, T=1
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Eigenvalues of H

S1 and S2: negative and almost zero engenvalues )\
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Eigenvalues of H for CS+
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Eigenvalues of H for CS+ |
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S'(z) =a(x —x1)(x —22) = S"(x1) + S"(22) =0
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FEuler characteristic
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Pitchfork bifurcation

a~ 1.10333
bifurcations around the figure-eight solution, T=1
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Eigenvalues of H

)\ figureEight(5), S3 and SX: negative and almost zero engenvalues
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Eigenvalues of H for CS+, CC+

Choreographic Sin + Choreographic Cos +
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linear stability of figure-eight(1)

figure—eight at @ = 0.0010000000

o0

period-5 bifurcation: S3, SX

choreographic sin+ and cos+
(1-4 doublet) 20



Euler characteristics
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A qualitative model for action
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A qualitative model for action
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Bifurcations around
figure-eight(5)




Bifurcations around
figure-eight(5)
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-.. and other bifurcations

period doubling, non-figure-eight, non-choreographic,
other periods (7,11,...), ...
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