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Star l’assagcs ‘1’hrough lhc OoI*f Cloud

I’[ill]  R. Wcissmm]

.IcI l’mpu] sim 1 ,almatory
l’asadcna,  (;A 91109 LISA

AINHict : Stars passin~, through  (Iv2 (h]{ cloud e jec t  Cmlilcts  to illtmstcllar  spacx find initiate

showcm of cmncts inlo lhc planctwy  region. Mmlc  CaIlo simulations of such passapjcs arc

pc]fomlcd  on a rcprcscntativc  clislritmtion of cometary orbits. 1 ;jcctccl  comets p,cncml] y lic alon?,

a namw tunnc] “drilled” by the. star tlmu@ the clod. IImvcvcr,  shower comets ccmc fmn tllc

e n t i r e  clod,  and do not ~,ivc a stron~ sip,naturc  of lhc stat’s passap,c, cxccpt  in the inverse

scmimajor axis Clisltibution  for the shower cxnncls. ‘1’l)c  p]anctary  systcm i s  likdy not

cxpcricncingl  a cfomctary  slmwcr  at {his time.

Ch]t (1950) first rccog,nizcd that thcsolal  systcm wassummdccl  by ac]oud  ofcomcts,

pcr[urbcd by Mnclom  passing stats. 1 lills (198 1 ) sLIg,gcstcd  that close stdlm passap,cs could  cxc.itc

Ihc cloud and send showers of comets  into the planclaly

dense i nnc] cl oml of c.omcls which arc not obscrvcci  cxc.ept

1 ]ut cl al. (1 987) awl l;crnandw  and lp (] 987) modeled the

rc:,ion,  particularly ii’ tlvxc  cxistccl a

when such major pcr[urbations occur.

dynamical cvoluticm of SLICJI showers,

showing tkd the intense pu]sc of comets into the planetary region dcc.ayd  jr

Other dynamical sludics have dcmmstratcd  the importance of ~,alactic

m the s(cady-state evolution of the Oml clod (fly] 1 983; 1 lcislcr and

2-3 x 106 ycam,

idal pcrlurbalions

lrcmainc,  1 986).

1 ]owcvcr, only penetrating star passap,cs  and c]osc appmachcs by g,iard molecular clouds can

cause the major pert uhations  which  result in c.omctar  y showers.

‘lo investigate the effects of pcnctratinp,  stellar passag,cs,  a hflontc  (:arlo simulation mdcl

of the oort cloud was constructed, ‘lhc model notes the change in orbital clcmcnts of comets
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rcsu]tinp, fmm lhc passage of a single stat al a p,ivcm doscst  approach dislancc  and vdocity.  ‘1’hc

pcr(l]rl)alions  011 the cmmctary orbits  and m the Sun arc calculald  usini’, tllc classic impulse

:i]l}l]c)xilllatic)ll, AV = ?(;M* /1 >V,, where (i is the p,mvitational  com[ant, h4* and V, arc the mass

and vclocily rcspcctivcly  of the pcrlmbinp, star, ml 1 ) is lhc clmcs[ approach dis(ancc  of tlm star

to the’ C.omct  01’ the sun. (hbital  clcmcmts for the cxmcts arc chosen landomly using  Ihc

scmimajor axis ad eccentricity distributions fhund by 1 hmcan d al. (1 987), and assuming,

random inclinations an(i mean anomalicx.  initial perihelia arc rcstrickd  to distancm p,rcatcr  than

50 All  and aphelia to distances ICSS than ? x 10$ AU, A typical (Wl C.1OUCI constmctd  in this

fashion is show]] in l~i~,urc 1.

An cxamp]c  of results for a onc solar mass slar passing at 30 km s-l thmu~,h a hypothetical

cloud of 2 x 107 cmncts,  al a closest approach distance to the SUI] of 104 All, am shown in

l;ip,urc 2. ‘1’hc instantaneous location of cmcts cjcctcd  10 intcmtc]lar  spat.c am shown in l:igum

A, which is a view looking, “clown” 011 the path of tllc star. ‘1’hc  cjcxtccl comets p,cncrally lic

C.IOSC to the star’s path, within about  103 All,  whcm the net velocity pcrlarbation cxcccds  the

csc.apc  vclcxity  from Ihc solar systcm,  as ]mxlictccl  by earlier s[adics  (Wcissman, 1 980). ‘1’his

is shmvJl mm mcm c]car]y in ]:igurc ~.b which is a view along the slar’s vc]ocity  vcclm’. Most

of the cjcctcd  comets lic alonp, a namow tunnel “dri]lcd” thmug,h  the Oorl cloud.

“Ilc fraction  of Cjccftcd  comets for this case is 8.5 x 1 (l-f of the total cloud populatim.

‘1’hc mean hypcrbo]ic  vdocity  of the cicctcd comets is 0.28 km s-’. Additionally, 2.3 x 10-4 of

the cloud  population is pcrludxd  to aphelia jycatm than 2 x 10f All. ‘J ‘hcsc dits am bcyonci

the Sun’s sphcm of influcncc  and will likely bc lost to interstellar space,

‘J’hc location of comets perturbed by tk same slcllar  passap,c  to perihelion distances less

than 10 All arc shown in l;ip,urc  k, which is ap,ain a vim’ looking, “down” on the star’s path,
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ad l;ip,wc 2ct, which is tbc vim along the stellar vc.loc.ity  Vccjtor. in this  case, the tmtirc (Ml

clod is cxcitcd  and comets enter the planetary rcf,icm from all  directions. ‘1’IIc  m:tjority  of

cmncts  come from scmimajm axes gmatw Ihan Ihc minimum approach distant.c of the star to the

SUII, indicative of the tidal nature of the perturbation. ‘1’hc dense inmx 001[ cloucl  is not easily

cxcitcd  un]css  a star passes directly tllmugh  it. ‘lllcflactic)l~of  c(~]~lctsl~  cllllrl>c{lto(l<  l(JAll

forthiscascis  1.1 x 10”~oftllctotalcloLl(l”  population. h40st oftllosccoll~ctsm’ill”  bccjcctcd  to

intcwlcllal space by .lupitcl and SatwJl within 5 to 10 Mums.

‘1’hc star passage pumps cncrg,y an(i anp,ular  momentum into the 00]1 cloud,  as dcscribcd

1~}’MTciss111all(1991).  '~`l~ctotal  l>illdillg  clJcrgy  oflllcccllllcts  islcclllccCl  t>yafactolc~f2x  10-d.

‘J’hctolal atlg~llat  lllolllclltlllll (~ ftllcclo~l(l  isincrcascdby  1.2. x 10”3.

IIypothetical cascsforctiffmnt  stellar Jnasscs, vclocjitics,  all(icloscst  a]3]lroacl~{ listaJlccs

were also studied, Results arc shown in l;i~,urc 3. ‘1’hc ftactioJl of the cloud population cjcctcd

to interstellar space as a function of closest appwch distanec  is shown in l:igmc 3a, for two

diffcJwlt stcllarmass/velocity ratios, ‘j’hCfJ’aCtioJlOf  Collects  ]’)C1tLll’(lCdt O C] < 10AII alc ShOW1l

in l~i[’,urc  3b, and the fraction  Ios[ to aphelia> 2 x 10f All arc sho}vn in l;ip,L~rc3c.  1

tl~clc)ss  fracti()Jls arclllollotollically dcclcasillf,fLl  llctiollsofc  JlcoLllltcl(list  allce. Smal

in the cmwcs  arc the rcsu]t of statistical noise in the h40ntc  (!ado simulations.

I al 1 c.ascs,

variations

An impmlant question for c.omctary dynamics is whether the so]ar systcm is c.mmnlly

cx]>c]icnciJl~  an cnhanccd  flux of comets  from the 00]1 cloud, 1 %mimttion  of the clistribulions

Of (Wbita]  c]clllcJlts fJ’OJll  a ]lypOlhCtiCal  cOlllCt ShOWCl  CaUSC(~  by a StC]]aJ’ passage at 5 x ] (]3 All

ctocs  not show substantial (tcpwturcs  from random. ‘1 ‘his is especially trLlc when ttyin~ to

coJnpaIc  lhc mortcl msL]lts  tc) the distributions for the observed lm~g,-period cmncts,  which  am in

limited numbcm and arc obscn’ationally  biased.

3



1 lowcvm, the inverse scmimajor  axis clistribution, 1/+,, for Ihc hypothctiml  comctmy

shower shows a clear sip,naturc of many orbits with scmimaior  axes ICSS than 2 x 104 All,  which

is not scm for the obscrvd  long, -pcriotl comds. “Ilm sig,naturc  is cvcm stronger ifonc only

Co])sidcrs  c.omcts arriving in the planctmy  rcg,ion in h flrsl 106 years ai’kr tk star’s passag,c.

‘Ilus,  the solar systcm clocs  not appczir currcmtly to bc cxpcricmin:, a comclaty  shower ,  bad

01) the obscrvd  clistributim of I/a. for the lonp,-period comds.

I: UI1lKT  exploration ofthc rclcwant paramctu  spacx for star passa{~,cs  lhroup,h the (Wl

cloud is cwrrcmtly utdcrway. ‘1’his work was supporkd  hy the NASA l’lanctary  (icology and

(Icophysjcs l’rog,ram and was pcrformcct  at the .lcl l’repulsion laboratory.
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l:if,l}rc  (:a])tiw)s

liip,urc  1 . ]Iypothctica[  (hl cloud comtf’uc.tcd  for the MoIItc Carlo  Silllll]alkll, based cm tbc orbilal

clcmcnt  distliillltiollso  fllll[lcailct  al. (1987).

l;ig,urc 2 . l,ocfition of comds  in a hypotl)ctical  (hl cloud,  k)s[  10 various  dynamica l  cd-sla(cs:  a)

coIIIctscjcctcd  to interstellar space, vicwfiom “above’’thc star’ spath;  b) cjcctcd  comets, view alonp, tbc

S W’S paIII; c) cmmds pcrlmkd  into the planetary rcg,ion, q < 10 All, vim f[om abovcthc  star’s path;

d) comets pcrturbwi  to q < 10 AIJ, ~’icii’alol~p,tl~cstal’s  path. l{jcctcclc  olllclsal  lcolllcffol~l  closclothc

star’s path, wl~crcas comets pcrlurbcd to q < 10 All conic  from tbc Clltilc ~)or[  C! OU({.

IFif,urc  3. l:raction  of the Oor[ cloud  population lost to various cad-states as a function  of slcllar

ct~ccmntcr  distance, for two different stellar mass and velocity combinaiicms: a) fraction cjcclcxl  to

inlcrstcllar space; tl)fl’aCtiO1l})C~[llli)C(l  illtC)lllC })]aJ)Ctal’j’  J’Cp,ioll,(  j<] OA~];” c)flactioll]l  cl’tlll”t>cclto~
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