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Invited Review Talk
COMET SHOWERS AND NEHESIS, TIIEDEATIISTAR

Jack G. Hills
Theoretical Division

Los Alamos National Laboratory
Los Alamos, NH 87545

Today, 1 would likr to discuss the rcct?nLlyproposed hypotlwsis

that the observed periodic cxtincLions of lcrrcsLrial spccif’sis Lhr
rrsu]t of CO-L Ehowcrs caLa]yzrd by n hypoLhrLiril] distant Soliir

coaipnfiion, Nemesis. This is a talc of global droLh by comel Immi}ardmcnl
of Ihr car~h.

ll~forr 1 discuss Lhr NcmcsitihypoLhimsis, 1 xhall I“irsl rrvicw lhr
ol}~rrvod cviflcnrr for prriodil- rxt incl ions in lhr fossi 1 rrl ord :Ind Lhr
rvidrncr Lhnl sorer of” lhrsr rxlillrl ions rf.sull from :1s1 l(llllMSiCill

impncLs,

1. Pl:l:;fi HxLilIrl ions ;~n(l AsLrout,mil-;il Iuqm(”ls
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rays around lunar impacL craters. The multiple impacts associated with
this part~cular mass extinction are consistent with the comet shower
impacts predicted by the Nemesis hypothesis.

The latest ■ass extinction was 15 million years ago. There is no
eviden-e of an asteroid-comeL impact associated with this extinction.
However, according to L.hcpalcontological daLa of Raup and Scpkowski
(1984), this is the ]Pasl severe of the past three mass extinctions. IL
produced Lhe death of only 20% of all the families of spccit=sin Lhc
ocran. The CreLiicious-Tertinryextinction elimina~ed more Lhan 70% of
such families in nddiLion Lo killing off thr dinosaurs and many othrr
land *prcies. Tho Eocene-Oligoccnc cxLincLion climinalml ahcuL 50% of
Lhc Ortmnnfamilirs. Thr CrcLaceous-TerLiary nnd Lhc ~orenc-oligor~vlr
~xLinrtions wrrr Lhr most srvrrr onrs of Lhc~ pnsl 200 million ycti~”s.
Only Llw? LW(I J.iIlrI’rrmianmi~~~ t!xlinrt ions LhaL occnrrcvl hcLwu{!n 20(1 aml
250 million years ago wcrr as srvcrr.

A. now An lml}.irlKills

‘lull” 1 i:;(. 11[ ,! I II f.1’11 [ 111 I:lr’ :Ilmclrllllt’lt’ Illthlllt.t.:i n :;II{.I 11111 Whit II
I.111 1:11)!: (111:11 Ill 1111. I 11.t.lull I . 1~111.11.li l:; :11(’ ,Ilw.ly:i (111::1v . ‘l’lIt. p,ll”:ll (’1
1111’ ..Ilf.1~.J 1)1 .1 I ilo.l~li 1, 1111-lli;.’t~’l II I 1:.f.:: Ill 111{. :lllnl~::llll Ii’ il{mll~lf.
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its rise is stopped by its coming to pressure equilibrium with its
surroundings. The largest irmn-rnadr fireball was the 58 megaton Russian
nuclear explosion of 1960. ‘l’his was confined hy the atmosphere. If
fireball energy exceeds about 150 megaLons, it ncvrr reaches pressure
equilibrium in Lhe aLmosphcre. Initially it &lows down P-S it risrs in
thr atmosphere. Finally, its radi~ls begins to greatly exceed Lhe local
scale height and iL begins Lo he accelerated ul;w~~;d by Lhe pressure
gradient in Lhc atmosplu?re.

Colgate (1984) shows Ll)iit ti~is hoL gas wiL]l lhc (illlrappcd dll.it tht’1~

t“;oats Lo th~ Lop of Lhc nLmospll(’rc whert’ iL spreads OUL Lo form a hol

]ayc’r of gas over the Cllt.irc aLmosldlrre of Lhr cnrlh. This spr(’adsOIIL
on i) dynarnica] Lime scale, i .(9, , al Lhr spcrd of a snLclliLr ill a low

rarth orbiL. AIi ohsrrvcr on lht. ~ilrl.h :+ould st’(~ il (Iiirk (- Iou(I piISS over
his sky at Ll)(- spc(.(i of n l(JW sill~llll(’. III I(*Ks LII:In !)() minul(’s Lli(’
rnli rr (’nrlh is (- IIVC]O[} (*(I in (li~rkl)(.~:i. I’11(* ol)ti(-i~l d{’pLl) lhrouRh LII(’
inch of dirl i)ss:)~ii)lt’(1 wiLll LII(* (;-”~ impnrlor is s(’v(.rill lIIIII(l~C(l so 11:(’
(li]rkl)~ss i s (III i [O coml)lc[i. . ‘1’11(’ *(*11 Ii[)g lime of Ll)(’ (11)S1 is ill)oll( :1

y(’ilr.

“l’lIt’ 1(11)~ 1)(’ri(l(l 01 (l;ll-kii(~ss ki I IS mitiiy sl)(tt.i(.s . “1’llis is rxl](.t”ial Iy

lrilt. 0[ lh(~::c ill I lIf. o(.tI;IIl 1)(.(.:IIIs<’ L]i(gir I)ormil] Iy Ittillcigli cllvirolmlt’111
m,~k(~s I ~rm 1(1ss rt’si Iinill to t-h:lngin~ C(llltliliolls 11);111 1;11141l)lill)(S ill)(l
illlilllil I S . TII(. (Irol) ill t(vrql(.r;)l ur(. ii SS()(. iillf”(l with (-!lll illg 01 I 111(’ %1111-.

I iglt[ Hi II also II(. lIiIrmll Il 1( I W;IIIy lIl;In l:: ;III(I :li~inull:;. A[”I(*I- !;t’VI’l. il[

mOIIllis [hf. [t-nl!)cr;illli.f” wi I I I)c”giil 11) ri:;t” l)f”tiIII:;(I wlI.vl lIfcill Il{If.s l“{’;l(ll
I 11(’ Sllrl ,1(.(~ () i I 11(” (’;11”1II (Sfi(.ill)(’:i wil 11 gr(l:ll (Ii 1“[ i (.11i ly ; }~1”(’(’rllll)lls(’

11(.;I[ ill~ ()(.(.llrs. I(v{”lllll:llly Ill.’ (’;l)” 111 l)[. (.(1111(=::w;IIwhIr t 11:111i I w:):” I)t’for(”

I 11(’ mi%ll.11). I:ill;llly. III(* lf’ll)l)t.l.;IIIll-(” r(. [lll”lI:; [I) Ilornl; ll :1:; 111(.

,111110s1111(”1”(”(“1(.:11”:;.

II. Ilvi{l(.llf.{, i(II. I’(. fio(lit. iixl illll IOII:;

1(.11111,11111 !;(,llk,,w:;hi (19/{/,) Iirt{l (.vi(l,.11,,, ill III(* l’;llf’(llll(~lf~}:il.:11

1{(.,(11(1 llInl 1111’ reds:: rx[ ill(l i(}ll:; (Ill I Ilf ’ (’;11”1II t) V(-l” [ 11(’ llil~il ~’!I() mi I I i(lll



11. The Nemesis Hypothesis

This hypothesis was proposed independently by Whitmire and Jackson
(1984) and by Davis, Hut, and Huller (1984). In this hypothesis the sun
has companion with an orbitsl period of 26 million years which requires
the companion to have an orbital ~emimajor axis of 9 x 104A.U.

In this hypothesis, Nemesis acLivaLcs a shower of comet as il

passes inside the steady-xtatc or Oort comcL cloud.

I shall now discuss t.hcOort comrL cloud and Lhr reason for comcl
showvrs.

A. TIIC OorL CloIMl iind com,eL Sliowcrs

‘h’ Oorl comrL C-1OIMI, whic”h forms a sphcricnl shrlj oxLcudinR Irom

20,000 Lo 200,000 A.U. from thr sun, wos found rmpirirally by (’)orl

(1950) [rem Lhc known orhils of long-pcrim.lromvLs. The Lidnl Iicld 01
1111* Gi\liixy df!lerminrs Lhr oulrr houndnry of l.his CIOIId.



time will comets with semimajor axes less than 10,MO A.U. enLer the
planetary system in intense showers. Hills (1981) estimates that cmeLs
with semimajor axes less than 3000 A.U. would have their loss cones
filled by passing stars about every 5 x 10* years. Thr resulting comet
shower will last about 200,000 years and result in about 10-100 comets
hitting the earth. Hills (1981) suggested that the C-T impact ●vent
■ight be the product of a comet shower caused by the random close
passage of a star.

B. artnrbations 3y Nemesis

The %emesis hypothesis proposes Lhat the sun has a black dwarf or
sLellar companion with an orbital period of 26 flyrs. This ohjecl would
have a semiamjor axis of 90,000 A.IJ.which places iL in Lhr classical
OorL coIsrL cloud. While il pcrLurbs Lhe comets in Lhc classical OorL
cloud and Lends to fill Lhc loss cones of these oltj?cls,this effecL is
noL noLireiIhlr as unbound sLilrs in Lhe solar neighborhood ptisshy ofLen

enough 10 keep thr loss conrs of Lhcse comcLs fillrd wiLh@uL Lhr hrlp of

Ncmt*::i:;.

tlmi,,

M
H
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orbital ●ccentricity of e or larger is given by

P(e) = (l-e*) . (1)

This probabili.tjis given in Column 3 of the table. The last column of
the table gives the fraction of the comets in the inner cloud that have
been lost dne to the perturbations of Nemesis sending them into Jupiter
crossing orbits.

We may conclude from this work that the minimum mass of Nemesis
needed so produce comet showers is about 0.01 H or 10 .Tupitermasses.
If Nemesis is less massive than the Kumar (196fl limit of 0.07 M it
cannoL he powered by nuclear burning. However, %’a black dwarf is o serv-
able in the infrared. It would .’rcsumahlyhe warmer Lhan Jupiter which
has a ~urface temperature of 120 wiLh ~sL 01. it,s radiated power being
due to inLcrnal sources rather Lhan rrracJiaLedsolar energy. A black
dwarf wiLh a mass of (0.01-0.07)F18can be ex~ccLcd Lo l.wabout thr size
of JupiLer nn~ have a surface LempcraLure of prrhnps 150-200 K. lt
would br one of the 2.5 X 10s ~ourres in Lhr TRAS caLa!og. TL will I)(’
difficu]L LO pick iL auL from Lhc oLher sourcrs, IIIIL ils eXIM’(-LC”d r;lngc
of radinlion Lcmpcratllro and t?xIlrc.lcd flux wilJ grrally rtv!ure LIIC

numhcr of possible candjdalrs. IL will ll]LimuLriy br idr[lLifird from
Lhc olhor calldidnLcs by iLs parallnx.
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major axes of the comets which participate In a comeL shower. Thus one
can expect large variations in Lhe intensity of Lhe extinctions depend-
ing on the eccentricity of the orbit of Nemesis. There may be large
time intervals during which no extinctions occur because the orbit of
Nemesis is noL eccentric enough during these inLervals to peneLraLe L.hr
inner comet cloud.

A passing star mny at some poinL make Lh6’ orbit of Nemesis so
eccentric thaL it penetrates the planetary system. Thr probability thaL
it would have entered inside Lhe orbit of Pluto during Lhe past 4.6
billion since the formation of the solar sysLem is ahouL 15%. IL has

been suggested Lhat Nemesis at one time hsd a much smaller orhiL and

LhaL sLt=llarperLurbaLions have caused iL Lo walk out to iLs present
orbiL (]luL 1984). flywork (Hills 19fi4)shows thaL if Lhe semimiijor axis
of Nrmrsis werr 2 x lf)4A.U., so 11 were ]ocaLcd aL Lhc innvr edge 0~

Llm 00rL cloud, iL would hiiv(~ a much hcLLer chancr of cnLrring Lhr

planeLary system. lf it had ihifi bcmimajor aXiS for 4.6 !lillion years,
iL would have had an 80% chancr of passing wiLhin LIIC orbil of %lhrn.
Such idclose Dassa@r would have ~rrnLly ;:lcrrnsrd Lhr orhita] rrmvtlri-
cilirs of’ Lhr oulcr p[aIIoLs, iiIHl iL is likrly 10 hilv~ hurl(’d x(’vc’rnl
j#]aII(*Ls ~IILO hyl)crholir orhjLs. Ili’1’illlst? Lllis ~iltilSlrO[)llt’ did II(1L mxwr,

wc arc ronfidl’nl Lll;ll Nrmrsis ,’id not spcn~l❑uch Limr nrnr LIIC1 innt’r

1’d R(’ or lIIC Oorl cloud. 1[ Nemesis rxislfi, il hiIs :;plmnt mosl 01’ il.ti
L i mm I]cnr iLti prrsrul (li SlilllC(’ ri)lllrr Lllilll in [1 mllrll rlosrr orhil .

[i’ Nomo~is hatl 10 COIIlt’IId (Jllly Wilh pi]sSjll& slor~, il WOIIIII Ililv(’ :1

R(MN1 dIaIIr(* ol” surviving 4.6 x 10!’yc;ir~al jls prrsl~ll(.(lifililll C(. I rom

(11(. Sllll. Nl)wi’vr r , lhc Litl;ll i.irld 0[ I.hr (hlnxy rf-thlrcs lhr prdxllli [ ily
01 ils SI1l-Vi Vill (Illlt 1°M) “r(llht[ :Iml !hhllul.h(wski 1984). II r(’(lllii-(.s

lllill Nrm(*sis I)(* in illl (}rliil ill(.1 ill{’d 11”ss 111111130 dc’[:(.rs II.(MI 111(’
(;illill.1 il. 1)1:111(’. I’.lssill}: IUl}lt’(.lll;ll” 1. IOIIIIS mily ill:io nil V~’ (’ll(l.l llk(.l-(.(l 111{.

orl)il ol Ntvncxis ((IIIIIw ;IIItl N:lltirr l~J(!/I ),;IlllIIIII};lI [his is ;I 1.0111 IVWr I.-

Si ill Sw”t.llnllism {111(. Iil grf~,il Uncf. r-l il i Ill i(’s i II 111(- m,is::fh:; :11111Iillml)(.rs {)1

gi:lnt m(, loI-lIl:Ir (-l(IIId:; .

Ill. I“illill (Ell~ml(’lll:i
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