
Dynamic Indicators

of Gravitational Shocks on Globular Star Clusters

Omega Centauri, largest
globularcluster in the 

Milky Way(ρπstars, 46 pc 
diameter)

What isa globular cluster?

A globular star cluster (GC) is a sphericalcollection of stars that orbits a
galacticcore asa satellite. Everygalaxy containsseveralGCswhich form the
globularclusterssystem.

Most of them are very old formations. Theyare very tightly bound by self-
gravityandtheir massesvarybetweenρπὓἄ (solarmasses)andρπὓἄ.

GCsaredifficult to makenumericalsimulationsof, becauseof the severalvery
closeinteractionsbetweenbodies.

What is ALMA?

TheAtacama Large Millimeter/Submillimeter Array (ALMA) is an international partnershipof, mainly, the
EuropeanSouthern Observatory(ESO),the United States National ScienceFoundation (NSF)and the
NationalInstitutesof NaturalSciences(NINS)of Japanin cooperationwith the Republicof Chile.

ALMA is the largest astronomicalproject in existenceand is a single telescopeof revolutionary design,
composedof 66 highprecisionantennaslocatedon the Chajnantorplateau(5000metersabovesealevel)in
northernChile.

The Joint ALMA Observatory (JAO) providesthe unified leadershipand managementof the construction,
commissioningandoperationof ALMAalongsidewith research projects.
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Schematicviewof the problem.

Whatgravitational shocks globularclustersundergo?
Why andhow to studythem?

Theperturbation of a GC, a dynamicsystem,is preciousinformation. Thegoal of the study was to
characterisethe dynamicsof GCsand to determine indicatorsof suchperturbations,and especially
gravitationalshocks.

Thosedisturbancesarepotentiallycausedwithin mergers(galaxiesinteracting),simplyresultingfrom
interactions without merge or by internal gravitational shocks within the galaxyitself, which we
studiedmorespecifically.

Tofind sucha marker,we usea numericalsimulationof a GC. Thesimulationtakesinto accountself-
gravitation forces (computed from bodies themselves)and the gravitational field of the galaxy
(modelledby a forcefield).

In fact,9 simulations were ran, usingdifferent setof parametersandtrajectories.

Projectedlateralsurface isodensities(logarithmicscale, for trajectoryillustrated).

Tidaltailsandoneexample simulation.

Onthis simulation, whichtrajectory is representedon the left figure,diskcrossingsoccuratὸ
ττ[T] (time dimension,whichisρπyearshere) andὸ ρςσ[T].

After these rather soft disk crossings, tidal tails still appear on the projected lateral surface
isodensities(densityof starsprojectedon the planein whichthe trajectoryis).

However, the investigation enabled us to define other interesting dynamical quantities of
interest to follow andstudy.

Left : Indicatorsfor a control simulation (isolated GC).
Right :  Indicatorsfor a shockedGC (shocksat dotted lines, trajectoryillustratedon the right).

Gravitationalshocksdynamic indicators.

In the end, 6 indicators were chosenbecauseof their efficiencyin detecting the
gravitationalshocks. Left handfigure showsresultsfor the control simulation (of an
isolatedcluster)and for a perturbed simulation (which trajectory is shownin right
handfigure).

Thefirst indicatoris the velocity deviation from isotropy, the secondoneis mean of
the velocity modules distribution. Third one is the norm of the GC’sangular
momentum,fourth is the anisotropyparameter‍. Fifth one is the deviationof the
velocity modules’distribution and sixth is deviation from sphericity. Seethe paper
for moredetaileddefinitions.

Indicatorsn°1, n°2 andn°5 are pure kinetic indicators, dependingonly on the stars’
velocities. Indicatorn°6 is a spatial indicator, dependingonly on the positionsof the
stars. Indicatorsn°3 andn°4 aremixed indicators.

While some indicatorsare more or less efficient in some simulationsmore than
others, kineticindicatorsn°1 andn°2 are working well in every case.

Theseresults and indicatorsare now to be tested as well on another case. Huge
simulationsof 6 interacting galaxieswere ran some time ago and the indicators
developedin this projectcanbe usedon the next scalephenomenon: the evolution
of the globular star clusters’ system in those galaxies.

Simulation of a GC containing
3000 stars, after a gravitational

shock

A word on tidal tails.

Themainfeatureof a GC’sgravitational disk shocks is the formationof tidal tails.

A tidal tail is a thin, elongatedregion of starsthat extendsfrom oppositesidesof the GCafter disk
crossings. Thoseare particularly studied and well observable. Palomar5 is a good exampleof this
behaviour(seeright handfigure).

We note that this type of behaviouris well reproducedin our simulations,asshownfor exampleon
the left handfigure.

Surface density of stars in Palomar 5 and 
its tidal tails (SDSS data). From 

Odenkirchenet al. (2003, AJ, 126, 2385).

The N-Body simulator.

Simulationswere made using a N-Body simulator. It was programmedin C language, implementing various
numericalschemes(from RK4 to Adams-Bashforth/Adams-Moulton PECE).

The goal was to stabilise the simulations: indeed, some stars are often very close to each other and their
behavioursideally require very small timestep, which is virtually impossibleto use in order for simulationsto
haveacceptable completion duration.

Whileextremelyefficient andpreciseN-Bodysimulatorsalreadyexist, we choseto createour own to completely
understand it andto haveentire control on it.

To cite an example, NBody6+ (and later versions)by SverreJ. Aarsethand GADGET (GAlaxieswith Darkmatter
andGasintEracT) by VolkerSpringelaresomeof the mostefficientN-Bodysimulatorsexistingto this day.
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