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&IGURE฀�฀SHOWS฀THE฀INITIAL฀PERIOD฀DISTRI

BUTION฀OF฀THE฀BINARIES฀AND฀THAT฀OF฀THE฀
FIELD฀OF฀A฀BINARY฀POPULATION�฀)T฀CAN฀BE฀
SEEN฀THAT฀THE฀GAS
INDUCED฀ORBITAL฀DECAY฀
ONLY฀HAS฀AN฀INFLUENCE฀ON฀THE฀SHORT
PE

RIOD฀BINARIES฀AND฀THAT฀THREE
BODY฀INTER

ACTIONS฀ONLY฀DESTRUCT฀WIDE฀BINARIES�

4HE฀LATTER฀PROCESSES฀IN฀STELLAR฀CLUSTERS฀
HAVE฀LARGELY฀BEEN฀STUDIED฀�2EF�฀;�=฀
฀;�=	฀
AND฀ARE฀RELATIVELY฀WELL฀UNDERSTOOD�฀
(ERE฀THE฀WEAKLY฀BOUND฀WIDE฀BINARIES฀
ARE฀SEPARATED฀BY฀THE฀INTERACTIONS฀WITH฀
STARS฀THAT฀FLY฀BY�฀"Y฀CONTRAST�฀THE฀PRO

CESS฀OF฀GAS
INDUCED฀ORBITAL฀DECAY฀HAS฀
BEEN฀LARGELY฀NEGLECTED฀IN฀THE฀PAST�฀BUT฀
WILL฀BE฀THE฀FOCUS฀HERE�฀฀

(OW฀DOES฀THE฀GAS
INDUCED฀ORBITAL฀DECAY฀
WORK�฀3TARS฀FORM฀FROM฀THE฀GAS฀AND฀
DUST฀CONTENT฀OF฀LARGE฀MOLECULAR฀CLOUDS�฀
4HIS฀NATAL฀GAS฀LARGELY฀STAYS฀AROUND฀
UNTIL฀IT฀IS฀EXPELLED฀FROM฀THE฀CLUSTER฀BY฀
VARIOUS฀PROCESSES�฀!S฀A฀RESULT฀A฀JUST฀
FORMED฀BINARY฀SYSTEM฀IS฀STILL฀EMBEDDED฀

IN฀THIS฀NATAL฀GAS฀FOR฀APPROXIMATELY฀ONE฀
MILLION฀YEARS�฀4HE฀OSCILLATING฀GRAVITA

TIONAL฀POTENTIAL฀OF฀THE฀ROTATING฀BINARY฀
SYSTEM฀TORQUES฀THE฀NEARBY฀GAS�฀4HIS฀
PRODUCES฀AN฀OUTGOING฀WAVE฀IN฀THE฀GAS�฀
WHICH฀AGAIN฀LEADS฀TO฀A฀LOSS฀OF฀ANGULAR฀
MOMENTUM฀�&IGURE฀�	฀IN฀THE฀BINARY฀SYS

TEM�฀!S฀A฀CONSEQUENCE฀THE฀DISTANCE฀
BETWEEN฀THE฀STARS฀SHRINKS�฀)N฀EXTREME฀
CASES฀IT฀IS฀EVEN฀POSSIBLE฀THAT฀THE฀TWO฀
STARS฀MERGE�฀

3TEVEN฀3TAHLER฀�5#฀"ERKELEY	฀WAS฀THE฀
FIRST฀TO฀REALIZE฀THAT฀THE฀PROPERTIES฀OF฀
YOUNG฀BINARIES฀MIGHT฀BE฀AFFECTED฀BY฀
THE฀SURROUNDING฀GAS�฀(E฀INVESTIGATED฀
ANALYTICALLY฀HOW฀AN฀ISOLATED฀BINARY฀SYS

TEM฀MIGHT฀REACT฀TO฀ITS฀NATAL฀GAS฀�2EF�฀
;�=	�฀$UE฀TO฀THE฀COMPLEX฀NATURE฀OF฀
THE฀PROBLEM฀HE฀CHOSE฀A฀SYSTEM฀WITH฀
SPECIAL฀FEATURES฀THAT฀ARE฀MANAGEABLE฀
ANALYTICALLY�฀4WO฀EQUAL
MASS฀STARS฀ON฀
A฀CIRCULAR฀ORBIT฀WITH฀A฀DISTANCE฀OF฀���฀
!STRONOMICAL฀5NITS฀��!5฀�฀DISTANCE฀ 
BETWEEN฀SUN฀AND฀EARTH	�

CATED฀AS฀@INITIAL�฀AND฀THE฀OLDER฀POPULA

TION฀AS฀@FINAL�฀�2EFS�฀;�
�=	�฀4HIS฀MEANS฀
THAT฀OVER฀TIME฀A฀LARGE฀PROPORTION฀OF฀THE฀
VERY฀TIGHT฀AND฀VERY฀WIDE฀BINARIES฀ARE฀
DESTROYED฀BY฀SOME฀MECHANISM�฀

4HE฀YOUNG฀BINARY฀STARS฀ARE฀PREFERREN

TIALLY฀FOUND฀IN฀BOUND฀GROUPS฀�CLUSTERS	฀
OF฀HUNDREDS฀TO฀SEVERAL฀THOUSANDS฀OF฀
STARS�฀!FTER฀THE฀STAR฀FORMATION฀PROCESS฀
HAS฀FINISHED฀THESE฀CLUSTERS฀DISSOLVE฀AND฀
BECOME฀PART฀OF฀THE฀hFIELDv฀POPULATION�฀
/BSERVATIONS฀OF฀THE฀BINARY฀PROPERTIES฀IN฀
YOUNG฀CLUSTERS฀AND฀THE฀FIELD฀POPULATION฀
GIVE฀US฀IN฀SOME฀SENSE฀THE฀INITIAL฀AND฀
FINAL฀CONDITIONS฀FOR฀OUR฀SIMULATIONS�฀3O฀
IDEALLY฀THE฀SIMULATIONS฀SHOULD฀PROVIDE฀
A฀PICTURE฀HOW฀THE฀BINARY฀POPULATION฀IS฀
BORN�฀CHANGES฀IN฀THE฀CLUSTER฀ENVIRONMENT฀ 
AND฀DISSOLVES฀INTO฀A฀FIELD฀POPULATION�

7E฀USE฀THE฀/RION฀.EBULAR฀#LUSTER฀
�/.#	฀AS฀A฀MODEL฀STAR฀CLUSTER฀TO฀INVES

TIGATE฀THE฀EVOLUTION฀OF฀A฀BINARY฀POPULA

TION�฀4HE฀REASON฀IS฀THAT฀THE฀/.#฀IS฀ONE฀
OF฀THE฀BEST฀OBSERVED฀CLUSTERS฀IN฀THE฀
SOLAR฀NEIGHBOURHOOD�฀3O฀MANY฀PARAM

ETERS฀ARE฀WELL฀KNOWN฀FOR฀THE฀/.#�฀฀!T฀
AN฀AGE฀OF฀ONE฀MILLION฀YEARS฀IT฀IS฀STILL฀REL

ATIVELY฀YOUNG฀AND฀PROBABLY฀JUST฀BEFORE฀IT฀
STARTS฀TO฀DISSOLVE�฀)T฀CONTAINS฀APPROXI

MATELY฀����฀STARS฀WHICH฀IS฀POPULOUS฀
ENOUGH฀TO฀OBTAIN฀REASONABLE฀STATISTICS�

$URING฀THE฀FIRST฀MILLION฀YEARS฀OF฀EVOLU

TION�฀THE฀CLUSTER฀POPULATION฀IS฀INFLUENCED฀
BY฀TWO฀IMPORTANT฀DYNAMICAL฀PROCESSES�฀
&IRST�฀BY฀GAS
INDUCED฀ORBITAL฀DECAY฀OF฀
EMBEDDED฀BINARY฀SYSTEMS�฀AND฀SECOND�฀
DESTRUCTION฀OF฀WIDE฀BINARIES฀IN฀THREE

BODY฀INTERACTIONS฀WHICH฀WILL฀BE฀DETAILED฀
IN฀THE฀FOLLOWING�

!STRONOMICAL฀OBSERVATIONS฀SHOW฀THAT฀
MOST฀STARS฀ARE฀NOT฀ISOLATED฀BUT฀ARE฀
USUALLY฀PART฀OF฀A฀PAIR฀n฀SO
CALLED฀BINARY฀
STARS฀OR฀BINARIES�฀"EING฀A฀PAIR�฀BINARY฀
STARS฀HAVE฀ADDITIONAL฀PROPERTIES฀COM

PARED฀TO฀SINGLE฀STARS�฀4WO฀IMPORTANT฀
SUCH฀PROPERTIES฀ARE฀THE฀RELATIVE฀MASS฀
OF฀THE฀TWO฀STARS฀AND฀THE฀TIME฀THEY฀
NEED฀TO฀REVOLVE฀AROUND฀EACH฀OTHER�฀
WHICH฀IS฀DENOTED฀AS฀PERIOD�฀4HIS฀PERIOD฀
OBVIOUSLY฀DEPENDS฀ON฀THE฀DISTANCE฀BE

TWEEN฀BOTH฀STARS�฀

/NE฀AIM฀OF฀BINARY฀OBSERVATIONS฀IS฀TO฀
UNDERSTAND฀HOW฀LIKELY฀BINARIES฀WITH฀CER

TAIN฀PROPERTIES฀ARE฀IN฀THE฀TOTAL฀BINARY฀
POPULATION�฀/NE฀SURPRISING฀OBSERVA

TIONAL฀FINDING฀WAS฀THAT฀THE฀PROPERTIES฀
IN฀YOUNG฀BINARIES฀CAN฀DIFFER฀SIGNIFICANTLY฀
FROM฀THOSE฀IN฀OLDER฀POPULATIONS�฀)N฀
REGIONS฀WERE฀STARS฀JUST฀FORM฀MORE฀BI

NARIES฀WITH฀SHORTER฀AND฀AS฀WELL฀LONGER฀
PERIODS฀THAN฀IN฀OLDER฀POPULATIONS฀ARE฀
OBSERVED�฀4HIS฀IS฀ILLUSTRATED฀IN฀&IG�฀��฀
WHERE฀THE฀YOUNG฀POPULATIONS฀IS฀INDI


&IGURE฀��฀/RBITAL฀DECAY฀AND฀CLUSTER฀DYNAMICS฀CONVERT฀THE฀INITIAL฀BINARY฀PERIOD฀
DISTRIBUTION฀OBSERVED฀IN฀STELLAR฀CLUSTERS฀INTO฀THE฀lNAL฀BINARY฀PERIOD฀DISTRIBUTION฀
OBSERVED฀IN฀THE฀lELD�

&IGURE฀��฀/RBITING฀BINARY฀SYSTEM฀EMBEDDED฀IN฀GAS�฀4HE฀ARROWS฀SHOW฀THE฀OSCILLATING฀
GRAVITATIONAL฀QUADRUPOLE฀MOMENT฀RESULTING฀IN฀SPIRAL฀WAVES฀AS฀INDICATED�

Simulating the Evolution of 

Binary Stars in Stellar Clusters
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7E฀RECENTLY฀DEVELOPED฀A฀HYDRODYNAMIC฀
MODEL฀IN฀ORDER฀TO฀EXTEND฀THE฀METHOD฀
FROM฀CIRCULAR฀ORBITS฀TO฀ECCENTRIC฀ORBITS�฀
)N฀CONTRAST฀TO฀THE฀ANALYTICAL฀CALCULA

TIONS�฀THE฀NUMERICAL฀MODELS฀HAVE฀TO฀
TAKE฀SPECIAL฀CARE฀WHEN฀SIMULATING฀THE฀
ONSET฀OF฀THE฀WAVES�฀AS฀THIS฀IS฀VERY฀SEN

SITIVE฀IN฀TRANSPORTING฀ANGULAR฀MOMEN

TUM�

4HE฀RELEVANT฀ACOUSTIC฀WAVE฀STARTS฀ONLY฀
AT฀SOME฀DISTANCE฀FROM฀THE฀BINARY฀;฀��฀
��=�฀&IGURE฀�฀SHOWS฀OUR฀SIMULATIONS฀
FOR฀THREE฀DIFFERENT฀BINARY฀SYSTEMS�฀)N฀
THE฀FIRST฀ROW�฀A฀CIRCULAR฀BINARY฀SYSTEM฀
WITH฀EQUAL฀MASSES฀IS฀SHOWN฀����A	�฀4HE฀
GRAVITATIONAL฀INTERACTION฀WITH฀THE฀GAS฀
RESULTS฀IN฀WAVES฀WHICH฀FORM฀TWO฀SPIRAL฀
ARMS฀����B	�฀,OOKING฀AT฀THE฀DENSITY฀PER

TURBATION฀FOR฀TWO฀ANGELS฀SEPARATED฀BY฀
��฀DEGREE�฀WE฀SEE฀THE฀EXPECTED฀PERIOD฀
SHIFTS฀BY฀���฀DEGREES�฀)N฀THE฀BINARY฀
SYSTEM฀SHOWN฀IN฀THE฀SECOND฀ROW฀THE฀
STARS฀ARE฀NOT฀OF฀EQUAL฀MASS฀AS฀BEFORE�฀
BUT฀ONE฀STAR฀IS฀TWICE฀AS฀HEAVY฀AS฀THE฀
OTHER฀ONE�฀!S฀A฀CONSEQUENCE�฀ONE฀OF฀
THE฀SPIRAL฀ARMS฀NEARLY฀VANISHES฀����B	฀
AND฀THE฀PERIOD฀SHIFTS฀ONLY฀BY฀��฀DE

GREES�฀4HE฀BINARY฀IN฀&IGURE฀���฀IS฀ON฀AN฀
ELLIPTICAL฀ORBIT฀�ECCENTRICITY฀�฀���	฀WHICH฀
RESULTS฀IN฀AN฀ASYMMETRIC฀ACOUSTIC฀
WAVE�฀BUT฀AS฀THE฀TWO฀STARS฀ARE฀OF฀EQUAL฀
MASS�฀THE฀PERIOD฀SHIFT฀REMAINS฀AT฀���฀
DEGREES�

)N฀THE฀NEAR฀FUTURE฀WE฀WILL฀INCLUDE฀THE฀
RESULTS฀OF฀THE฀HYDRODYNAMIC฀SIMULATION฀
INTO฀AN฀.
BODY฀CODE฀TO฀MODEL฀THE฀EVOLU

TION฀OF฀THE฀STELLAR฀CLUSTER฀CONSISTENTLY�฀
4HESE฀SIMULATIONS฀WILL฀ALLOW฀US฀TO฀DE

SCRIBE฀THE฀INFLUENCE฀OF฀THE฀CLUSTER฀OF฀
STARS฀AND฀GAS฀ON฀THE฀EVOLUTION฀OF฀THE฀
BINARY฀POPULATION฀FROM฀THEIR฀INITIAL฀STATE฀
TO฀THAT฀OF฀THE฀FIELD฀STAR฀POPULATION�฀

7E฀EXTENDED฀THESE฀INVESTIGATIONS฀BY฀
SIMULATING฀A฀WHOLE฀BINARY฀POPULATION฀
ON฀*52/0!฀AT฀THE฀*àLICH฀3UPERCOMPUT

ING฀#ENTRE�฀7E฀DEMONSTRATED฀THAT฀IN฀
COMBINATION฀WITH฀DYNAMICAL฀EFFECTS฀THIS฀
PROCESS฀CONVERTS฀THE฀INITIAL฀PERIOD฀DIS

TRIBUTION฀FOUND฀IN฀STELLAR฀CLUSTERS�฀INTO฀
THE฀FINAL฀PERIOD฀DISTRIBUTION�฀FOUND฀IN฀
THE฀FIELD฀�&IGURE฀��฀2EF฀;�=	�

!S฀MENTIONED฀ABOVE�฀IN฀EXTREME฀CASES฀
THE฀SHRINKAGE฀OF฀THE฀BINARY฀ORBIT฀CAN฀
EVEN฀LEAD฀TO฀A฀MERGER฀OF฀THE฀TWO฀STARS�฀
3O฀FAR฀IT฀HAS฀BEEN฀LARGELY฀EXCLUDED฀THAT฀
MASSIVE฀STARS฀CAN

MERGE�฀4HE฀REASON฀WAS฀THAT฀IF฀ONE฀
NEGLECTS฀THE฀PRESENCE฀OF฀GAS�฀THE฀ONLY฀
WAY฀THAT฀TWO฀STARS฀MERGE฀WOULD฀BE฀A฀
DIRECT฀COLLISION�฀(OWEVER�฀THAT฀WOULD฀RE

QUIRE฀MUCH฀HIGHER฀STELLAR฀DENSITIES฀THAN฀
USUALLY฀OBSERVED�฀"Y฀CONTRAST�฀OUR฀RE

SULTS฀SUGGESTED฀THAT฀THE฀GAS฀PRESENT฀IN฀
YOUNG฀CLUSTERS฀COULD฀WORK฀AS฀AN฀AGENT฀
TO฀MAKE฀THE฀MERGING฀OF฀YOUNG฀BINARIES฀
MUCH฀MORE฀COMMON฀THAN฀PREVIOUSLY฀
THOUGHT�
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&IGURE฀��฀฀(YDRODYNAMIC฀SIMULATIONS฀OF฀THE฀GAS฀SURROUNDING฀A฀STELLAR฀BINARY฀SYSTEM�


