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1 Homochirality of Life 

For more than one century there has been evidence for the chiral nature of 
life forms on earth. Pasteur was among the first to point this out (1848
1880) and the universal nature of chiral symmetry breaking in DNA and 
R.N A is now very well established for all life forms. Figure 1 shows how 
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the Homochirality is manifest at the molecular level. With the discovery of 
parity violation in charged current reactions in 1956, and of the Weak Neu
tral Currents (WNC) in 1973, two universal symmetry breaking processes 
were uncovered that could have effected the handedness of DN A and RNA 
(VVNC and j3 decay). Figure 2 shows these processes at the fundament al 
lev 1. The main problem is the extremely small symmetry breaking effects 
(.6..Ej kBT 1"'-.1 10-17). T here are plausible non linear mechanisms that could 
have amplified this small symmetry breaking phase transition up to the full 
symmetry breaking observed in life forms. However, there is a long standing 
cont roversy as to whether these non linear effects are actually large enough 
to have determined selection of the handedness of life[l, 2, 3, 4, 5, 6, 7,8]. 
Recently there has been increasing interest in the chiral nature or hand
edness of biomolecules. In fact there are some who claim that the com
plex biomolecules structure of life must have arisen from a "Chirally Pure" 
medium [3]. This concept combined with the likelihood that the period on 
earth for life to have odginated seems to be sOlnetime between 3.8 and 3.5 
billion years ago leaves a small window of 300 million years or less for life to 
have emerged from the prebiotic medium. Some speculate the time could 
be less than 10 million years. In this paper we review a recent conference 
sponsored by UCLA on the "Physical Origin of Homochirality in Life", held 
in Santa Monica, California, on 15-17 Feb 1995 and to be published by AlP 
Press in 1995. 
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2 The Molecular Parity Selection of Charged and 
N eutral Currents 

Charged ClIncllt efTe ' ts t.hat \'iolatc pa.ri!,'\" an' 011C calldidate for Uw sym

metry brcakiJlg[9, 10], T he \Y .(' t.hat int.erfcres witll tlte electromagnetic 

field a.nd gives rise to weak disto rt.iolls of yirtua.lI,V a.1I electromagnetic ef

fe c t.s, could be one of t.he candi d at.es that causes symmet.ry brcaking in the 

biosystem[ll], It could make tlH' broken sYllll11tr,Y of t.]l(' micro-world trans

late to thE macro-world, fi.l1a.ll,\· IC(Jcling protein (lilel bot.h DNA anc! HNA to 

display !cJI-!w.n.ded (L) allci ri,r;ht-!wllr/{(! (H) ['orlll. rC~I)('ctiv('ly, 1;'01' orgallll: 

molecules, hO\VC'H'r. tile' clirr'(,I'C'IICC' 1)('1\\('('11 111(' grollJlcl .<';\;·It(' ('II('rgi('~ of the 

R- a n d L-t,vpe is al)Ollt[(j, ,].:::.1'. "'-' 1()-17j,:HF of 11)(.' tlJcrlllal el1c-.'Tgy at room 

tem per at ure, 

There have been variolls cXIH.'rilllcllt.al tc:'sts o f the efrect.s of weak int.er

actions on biological m a.t eri als - all null t.o da.te (see references 12 and 13 for 

a review a nd for an exc Hent introduction to this subject). VVe will return 

to this issue later when we d iscuss possible new experiments. 

There are other processes th a.t sel ct chiral statcs 1 for exa.mple absorption 

of circularly polarized ligbt[3, :2]. For some ti m e there has been a debat.e as 

to \vhetber combinations of electrlc and magnetic fle1cls could ca.use a chiral 
sy m m e t r,\' brca.k i ng[J.1 :~ ], fo r a 1'(,(,('11 t d i~C'l1 ssiOll s('e Rei.non. Srien re .. ?. 

,I 
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3 The Conditions for the Slnall Electroweak Asym
metries in the Prebiotic Mediul11 to be Ampli
fied - Simulatiol1s 

If the \YNC illU'ractioll is possihl(' to j)l'()\'id(' ;'\11 addiLioll<ll ('J)('rg)' ill sllch 

order in all organic I)iosystclll. tlle ha IHI('d ness of til(:' orga.nic IlloJecuJes might. 

appear. Such additional energy could be tliollglit as a slnal1 bias in this 

transition process. For simulation tIlis small bia.s is converted into a no])

dimensional parameter ,r; (:~F /kBT) to charactcrizC's the relative difference 

in the time to effect the pll;'\s(' trallsitioll. A series of' simlilations with 

constant !! lias bC(,11 dOI1('[1] tli;'lI slIO\\' ;'\11 (lllll)lific;.lIioll I)roc('ss call OCClll', 

In cOlltr;.\sl to 111(' ~2Jt\dll,\1 1)llil(1 "I) Oi',-;,\'IIIIII('II',\' 1)I'(',\killg[l. ~l. ;.\S 1)]'0

posed b,v I\ollci('plI(li. \\'(' IH()I)OS(' ,\ III()IT ).2,('11 ('I";'lI cOII<iil i011 Ill(\1 (\llo\\'s ;'LSO 

for all illJ}>llls(' of'clliral \\'lllIll('1I'," hl"('(ll\ill,l,d1 I], "['Iii,") will illll,-;ll"al(' 1.11(' g('II

eral principle. as \\'ell. 1-'or (,:\;'\1111)1(, <l 11(lllll'al fissioll I'(';'\CIO]" \\'Ilc/'e large 

amount of Un,) may have ,H"ClllIllIlat('(i h,vaccident.. At first siglil this might. 

seem to be an unimportant. effect allci lias been ignored in t.J1e pa.st literature 

on this subject. But with increasing interest currently this issue should be 

paid more attention. Here we prescn t some resu1 ts based on our previous 

work[8] 

becomes 

elt 

where n is the amplitude of the symmetry brea.king sollltion~ A the control 

parameter, 9 is the int.eraction or bias sym,metr'y breaking selector" Ac the 

symmet.ry breaking t.ransition I)oint. (critical point.), (1/2 is t.he rms value of 

fluctuation (noise). anc! /(1) is the Il()I'IIICliizcd flllctllCltiol1 (lloise), d is the 

amplit.ude or (1 (Illc-\si ;'-I)lll';('. (wei (~\\I is 111(' ~-r'llllctioll \\'Iliell b\\1 = 1 when 

/\ = /\' an d b\.\ I = () \\" II (' II /\ i- N. 

do 
dt 

( 1 ) 

do 
(2) 

(:3 ) 


where /\0 is the initial value of A, I the evolution rate, and t the evolution 

t ime. 
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T o sol\'(:' 1,11(' firsl ol'(lel' sl,ocll(lscic <'(ll/elliOII IIIIIIH'l'ic(lII ,\ ' \\ ,(, (l,SsigIH'(1 1,11<' 

i ll il,ial ClJIlI>litll<ic {\ to /, ('1'0 (It tilll(' 1= O. hilt tll(' /(/) i:-. (J 1'(111(10111 111111d)('1' 

gCII<'I' (lt. c<i hy CUIIl\>llln \\ililill [-I.I ]. I() ()1)Llill III(' 11<1«' ()f 111(' \\ ' 111111<'1.1',\' 

brea.king alllp]illlcle (l ,\I clill '('ITIII 1ilile rot' ('(1('11 II'ie\1 we .illsl saillpled tlie 

a.mpli tude (\ a.t, ciin'crellt tilll(" Fille\II,\ '. \\(' {lss(,llll)lC'd tllos(' delte\ poillt.s from 

a.bout 40,000 trials to prou lice the Figllre :,L It is sllo\\'1\ l11;.\1, a P __ = 88% 

ch a.nce (probabili ty) of fa \'o]'cc! j)I'O(,('ss was selected [8. 1,,)]. This i]] llst.rates 

t he effect of a small symmetry break ing on a slO\\.'ly evoh'ing system. In 
essence, the small bias is ma.gnified b,\' tlic process of sigllal a\'(~ ragillg, wllere 

the nojse effect essentially cancels Ollt. This process is sOlllet.imes called the 

I\'ond e pudi efTect,[l]. T llis finisJI('S 0111' O\'('],\'i<'w of t.h<' possiblc' plly sical or igin 
o f JIollloch iral i t,\ ' , 
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PERIOD: 	 OBSERVATION: CQN';EOUENCES: 

1953 - 55 	 't - e puzzle in Strange Hints of Parity Violation 

Particles


1------------------------------------------------------------
I1957 IParity Violation V-A Theory ofWeak 
I Ipredictionlobservalion in - :LI 	 I Interactions ve ' ve , e!I toeo and n:±/J.L= decays have delblite drirality . .-....~ 

. ',;..f 

CP Violation (K°L - 1t+g- : r L-7r+e- ~ and KOL-1t,;;e:~:l·1964 
J.-_~) 	 ",__ ..a;~ ·.. . iD . 

OlA."Ki&YQI ' .. I U,4""" UlUgQIL I1III:S(D 

1973 Weak Neutral Cum:nts EIccaowcak Unificatioil 
obsenration 

IPIailyVlOlaIicm in WNC •Atomic Parity VIOlation 

1983 IWirz! observation at Electroweak Theory .~
i 	 ICERN- UAI . 11 
I---------~----------------------------------------
'1987 	 'i: detecled nom 
1 SN 1987A 
I--------~------------------------------------------
i1986-94 	 Iprecision m~enU ..i 

ofEJearoweakparametas!I 
---------~---------------------------------------
FUIURE: Test ofCPT; Origin ofCP Violation 

Figure 2: History of physical c!lira} symmetry breaking observation. 
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4 The Santa Monica SY111posiu111 

For mall)' yea.rs the}'e ll<l"(' be(,l1 s('v(,l'(d issu('s (Issociateu wit II tile Il0J1lochiral 

structure of biomolc(lIl('s, first ohscl'\'cd h," L. Pasteur ill I ~ , I~: 

a) Is a h01110(l1il '(11 Stl'llrtlll'(' 11(1«'SS(lI'," ['or li['(' (IS W(' kll()\\ it ': 

b) Did 110mochirality 1)]'('('(1(' l.il(' [(>I'lllel1 i011 of' lif'(\ (1lolllocjliraj pl'el)iotic 

medium h,"J)()tllC'sis r: 
c) Is then' all~' reasonable physic;.d 11I('cll(llIislll that cOlllcl have produced 

the large chi1'al SYllllllctr)' 1)J'(I,\killg ill tllc prci>iotic Ill('clillill or iJl the 

observed hOlllochi raJ sir 1I c(. urc'? 

d) Is the hOl1l0chiral st.ructure an acciclent tbat. OCCUIT('e] JIl the biological 

systems an d was later (1IlIpliJie(l': 

e) CaJI 111(' 1101lIo('11il'<llil," 1)(, IIs('(1 (IS el siglltl1lll'(' ['01' ('xislillg or ])f'('VIOliS 

Ii,' i II g ~ ,\' sIC' III Sill I II(' ~ () III I S ,\ ,,> I ( ' III () I () I II ( 'I' I) iH Is () f () II I g;Ii <l X," ': 

f) Arc t.here all." e,\1)(,'I'illl(,IIIS Illcll C,III IH.' ccIJ'l'i('c1 oul 110\\' 10 clelriry tIl<:.' 

origill of 11011loc hi ral i1.<: 

These anu many other (JUt'StiOlb W(,I'(' the basis for organi zing 1. I\(, first. sym
posium on this subject in Sant.a Monica, Ca.lifornia. SOllle of t.he lea.ders of 

this field attended the meeting: made present.a.tions and joined th e discus

sions 1 a.s well. 

The meeting starteel ",itJl all ovC:'n'jew of tl1<:' importaJlcl' of homochi

ra1ity in bio11101(,(111a1' life b.\ ' BOIIIICI' (St,,, II ford) ,III(] C~olc1(IJlskii ([doseo\\'). 

Their COJlC111SiOJls W('I'(' 1.11(1\ IIOIlIOCllil'rllil\ is r111110St C(II'IClilll,\ ' I'(-'qllir('d for 

the formation of Uw (01111)1(',\ sc,I1' H' IHOciIICillg l)iOIllO]('CIIIClI' st.rll('tuJ'(,S (i.t'. 

DNL) required for life. TIIt'y bod I sLated tllaL tIle I)reb.iot.ic 111ediuHl Sb0111cl 
have been 11omoclli raL aJ ll1011glI, t.iIey cl i rr'('recl OJI 11()\\' a,n cl even \\' here this 

may ha.ve happened. 1\'lann (U. Pell Jl,) and eli ne (U eLA) discussed the 

possible physica.l processes that coulcl have helped produce chi1'al symmetry 

breabng. Radioactive beta partic1p interaction s to the influence of weak 

neutral current all "violat.e pa.rity" hut arc also very small effects. There 

wa.s a. brief discussion of t. lle role tjl (It IIcarby supenlova,'s in the ISIvl before 

the solar S:V5t<:'111 formed cOIl]d 1,,:1\'(' 1)1;1."('cl (s(,C' fi~IIf(' . I). 11 Weh agrc('c] t.hat 
somE' powNfl" ClIIII)lifiCell iOIl 11I(,('I"lllislil 1I111S1 11(\\'(' il1l('I'\'('II('(/ 10 achi('\,(\ ()I1~' 

la.rgc effect, 

C) 
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A Type II Supernova Near an Organic Rich Gas Cloud 
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On Fe1)J'IIClJ',v 1(j (Jl(' first SCSSIOII W;'IS "Biolllol('cillar .\sp('cts of 110

mochiralit,v.'· 1'Jlc]'(' werc fOllr \'(,J',\' illl('n'st.ill~ jln'S('lltatioll s: CoJdallskii 

(lvloscow),Cilat (Technion ). AvetisO\' (i\10scow) <111<1 ~Jiiler (UeS])). Coldall

skii disclIssed the Fra.llk proc('ss. (l process ill\'cnt.('c1 b.v t.lle Brit.ish chemist 

Fra.nk thaI can 1)(:' lIsed to am pI if)' p 1l,\'sic al or SpOil 1;-11l('OllS cll ired s.vmnw

try breaking ill so far as J10 defillil(' ch('mical rcac(iOll has be('n proposed 

as an exalllple of tbcF'r,lllk process . Cold;lllskii sho\\'(,(1 tll'l\. f"ornl;'li(lch,vde 

could be (-lsscmhl('(1 ill (I F'r;'lll],,: 1.\'1)(' 1)l'o('('ss, Cil;-II illdica\.('d SOIIIt> ot.h er 

types of cllir;-II \\'111111<'\ 1',\' 1)J'('(lkill)2, PI'O(,('SS('S 111,11 SI1(lllid 1)(' stll(lie<i ill t.he 

laborat.or,\'. ,\H,ti s() \' discllss('(1 tll(, U'I',Y ill\('l"('slillg <j11('slioll ()1"'I~S('llll>lillg <i 

complex slrllCllll'<.' l i ke J)f\:\ Dill or IIOIIIUcllil',tiIIIOIIOIlI(,I'S , 11(' ill(lic<i\.('d thaI 

even with (I hOl1locllir.il pr('l)iol.ic Illedilllll. ;'1 "(,OlllplC'xil ,\' t iJr('shol(I" W01dd 

be reached 111al. is Il;'lrd 1·0 1III(I(,l'sl.III(1 pclssill)2, Illrollgh, ]>;-11'1 of' 1.11(' fillaJ I.;-)Ik 

in t his sessioll 1))-, I'vliJJer deedl wil II t.11(' r<lJllOllS i\1iller- U I'C,\' ex[wrilllel1t. that 

showed man,v years ago JlOw clJllillO acids GIll Iw fOflllC(1 lISillg all electrical 

discharge in a methane-wat.er , elc gas llH' diul1l. In his talk rv1ilJer indicated 

that homochira.1ity is not IH.'(>d('d to gin' birl.b 10 biolilOlec1I1es, howevcr, it is 

a very great a.id to Hiolog.\' (l]I(1 life, ~liJl('r <llso poilltC'd 0111 I.ha.t. the organic 

materials prodllce(1 ill 111(' 1';,ul1oll s \lill(,l"-l:rc,\' ('xj>crinlclll \\"('1'(' tested and 

found to be raCt~lllic! 

The next. parI of UIC J1ICct.illg. '·I)JI,vsiuI.J Origill of" ]lolllochjraJit,Y .. SYlll
metry Breaking)" t.ool, the IW\.I.e r I)art of' F('I))'uary lb alld the first part of 

the morning of FC'brllary 17. and ('(I.llscd tl)(o' most controversy. There were 

three themes of this part: 

a) The weal int.eraction which is tIte only ulliversal chiral symnletry break
o

ing system - j\IacDennott (Oxforcll1.), Ilegstrom (\Vake Forest V.) 

b) Small eHects mighl be ;,ul1pliIi(,<! h,\' (-11110 ('a1.al,die Frank-t.\'pe processes 

-l\OJlclr]>llcli (\Vakc' ]·'or('sl l', ), Col<I;'llIskii <111(1 \1,I(1)('I'IIIOII, 

c) There ma,\" he 11101'(' Llscr'II1 IllccllClllislllS lo IH(,;')].; 1.11(' S,"lllll1et.r,\' (,ither 

by a bioclwlI1icCl\ proce'ss or if' t h(' org;'llIic IllOkclJiCS ;.)r(' fornl<:'d ill tIle 

ISfvl <-111<1 slIiJ.iecl('(1 10 POI;'LJ'i i',cd ligl11 f'Wlll 11('1111'011 sl;'lrs 1':SC IICIII110S0r 

(Znricll), N iels(,"11 (COpCll klg(-,JI) ;'111 (I BOJI ncr. 

Let us elaborate a ljtt]e on som e of the llewer results at the meeting. 

~1acDermott has carried out SOllle ver.\' interesting cClkulations of the en

ergy difference of djfferent chjrali t.y biomo]ecu] ar configurations due to the 

weak neutral current and has fonnel th;:lt SOIlIC' systems cOllld have] 0- 14 /].::T 

J I 
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energy diH('r('IIC<.'. or(kr:-i 0[' 111<lglli! 11<1( , lal'g('1' Illilll (III i>1'('\i()ll~ (,:-ililllal.(' ..... 

l\ on dep lldi OIIC(, again (,]]I]>II(lsiz('(1 (II(' i Il 11)(Ht;-IIIC(' or tll<.' Frellll\ jll'OCCSS aile! 

th .lI tO ca talytic pro('cs:'\ allcl Ita:'\ (:,\ '(,11 \.('slpcl OJlC of I.llc ielC(\:-i b.y stu dying 

salt cry stals where the synlfll t. r y is 1>1'0].:<"]) by stirriJlg 1.11<.' liquid! Eschen

moser showed how p-RN A coul d have symmetry breaking d['('cts. FinaU. 

Bonner elaborat.ed on t.he ·'a.biotic" possihilities of the hOlllocilirality and in

dicated that the time available on t.h(' (\cHl.\' (-'(\rtll for sllch a process t.o take 

pIau' WaS less t.han ~~oo millioll .\'C;\I':-i (111(1 C01II(1 1)(' ('vell I ('s.'" , 1-I(' indical.ed 

that. a. m ore v iablc possihilil.\' could h(, [Ul'lIleltioll of liolllOCllil'el1 Illoi<.'cules ill 

the lSl\l <\.J1(1 jll'Upo:-i('(1 (\ :-il)('cific 111('('II;\lli~111 (lilt, 10 111(' ;iI)s()I'I)! iOll of' pola.r

ized r\ ' liglil ['1'0111011(, 01' 11I'I.II.\' II('II( 1'011 ...,tal's ill 111(' IS\1. Tllt's(' id('as alld 

other, lead to a healt.hy del)at(' al lilt, IlIc('\.ing. 0]1(' iSSII(' was a.ssociated 

wi th so called falsc (' h irali t ~ · due t.o clectr ic and magllct.ic fields discllssed 

by Barron (C. Glasgow), who's ta l k \Vas prcscnt.ed by MacDermott; similar 

ideas were discussed b.v GiL-l.t. 

T he hird session was elcvoted to Astrophysical allcl Pla.net.ar.y Aspects 

of HomochiraJity an d O rigill of L i f'(, 011 Earth. The prcs(,I1t<It,jol'ls by Bada 

(Scripps/U CSD) and (~r(:'('nl)(,l'g (1,(-'i(I(,Il) \\'('1'(' \'C'ry int('I'('stillg. Bada first 

showed tllal l)iolllol(,(,III;1l \\'s1<'lll:, (i.( ·. 1111111;111 ('('111) I>l'ogl'('ssi\'('I.\· l'c)ccllIiz(' 

as t he,'< ;'Ig(' <llld illdic(lI('(1 liidl ! II(' dg(' ()I! 11(' S\\iss ]c(llllilll i:, Iwill).!, (le('I'

mined t his way. '1'11('11 ILI<id l)oill\t'(1 (lill 111<11 11\(,1'(' is 110 ('\i(I(,llc(' f'ol' 11011 

racemized organic llloiccuks ill Il licrOllld('OI'ilcs i ll tite polel!' icC' or at the 
1\: -1 edge in sediments. Tltis is cl· scriolls COllstl' aillt. Oll theories where the 

organjc molecules were brougltt in b): comets, etc. Of COllrse, it may not. be 

directly relevant to what happened four billion years ago. The highlights 

of G reenberg's talk, titled "Photochemical Production of Non Chira.l and 

Chira.l Organics in the Interstellar Dust: Laboratory, Observation and The

ory, " were: organic materi a.ls nn kC' up rv ]0-,1 of t.he mass in th e galaxy (as 

dtlS t.); the Halle.\'s COJ1H't ca 1'riesl OJ;'. of I he biolll ass on ea rlh: organ isms in 

dust undergo COlllPlcx cll<"lllicClI I'('anions \vitl1 III(' 11('11> of' l;V light (this has 

been studi(:'(1 ill lile laho re\!.ol',\· \\11('1'(1 dlllillO <I('i(l~ Clilci 0111(,1' l)iocilC'lIIicals 

are produced). Grcenberg's 1l1;ljll t 1]('111(' \\'as t.hat hOlliochiral biomolecules 

could b e produced frOlll tht' polarizcd li.e;ht from neutron stars over a long 
p erio d of evolu tion of the 1a.rge ga.s clou ds in the galaxy (see Figure 5)( this 

concept was first. disctlssed by \,V. Bonner, se.e Reference 12, for exa.mple), 

G r een berg went on to describe an experimen t carried out wi th polarized 

V ligh t. and selective clestnlction of D or L molecules was observed, thus 

con firming the Bonner hypothesis who's claim is that. comets could have 

b rough t in bot.h hOlllochil'(l1 org<ll1isllls ;.wel \\';'1.\.<..'1' 10 tIl(' (Ie) 1'1,\' ea.rlb rv 4 

12 
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billion .years ago. ('-1'11(,1'(' \\,IS (liso ,\ clisCllssiol1 111<\1 Sllpl'rllU\'a ill tlH' ISIvI 
coule! provicl(, a cll.iral illl]>lIls(' 1),\' 111(' ,1I11i 11(,lltrilJO ~ll1d 2(;:-\( product.ion. 

The fiJial S('Cl.iOII 01' Ihe 111('('lillg \\ ' ~I . S 1"111111'(' Pl'rsjH'Cl.in's (-llld ~xp('rj

ments. 1t is clear t.llat. SOIII(' l'XI)('rilllc'llt.al result.s carp l1('c</('d if Ulis is to be 

a viable field of stLJd~'. I\hriplO\'i c ll (No\'osillirsk) discliSS 1.11c' possihle stuciy 

of high fn-'cJlH.:'IlC,\' rac]iat.ioll 011 Ilollloclliral sllbst(-IIIC(,S; a c;Heftll s\.llcly cOlllc] 

yield the energ.v differeJlc('s dll(, \.0 I Ilc' \\ ' ('~)k IH'lItr;ll Cllnellt.. All open dis

cllssion 011 fut.ure eXj>erinH'111:-- \\'~IS helel witll Jll~llJy parlicip(Jlll.s lHO\' i<liJlg a 

suggestioll for all eXpl'l'illl('111. OIIC' illlcrC'slil1g IlOssillilily sliggesled is to IIS(' 

the lIe\\' high illlCllSil,\ polilri l. ('cl ('1('('11'011 glilis 1'01' liIIC'(\r colliclers 10 stlld .\' 

the effects of poiari7.ed elc'cll'OllS OJI Iloillocllir,11 Ill(}\('rials. This slIggeslioll 

and other propos('cl C'xl)crilllC'llls will IH' SlIllllll ,lri !' (,ci ill t 11(' pro('('eciings. 
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Figure 5: Possible extraterrestrial origin of terrestrial homochirality. 
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5 Organic Molecules in Space and the Possible 
Role of Nearby Supernovae and Neutron Stars 

One of the main themes of the SllJlLI i\loJlica JI)('eting wa;:.; tlw likelihood 
that most of 111(-> ea.rly orgclllic Jlla\('rial 011 ('(\1'111 was brollglll ill by comets 
and asteroids. Reference ].5 gi vps a n in' in trociuct.ioll 10 til is con cept. 

There arc some int.erestillg "large llumbers" to consider in this regard: 

1) the estimat.ed amoun1 or dust I1lattc'r in litc' gal<lx,Y is 0.0011vIG, orrv 

rv lOs solar masses, largely ill tlte form of e1ust grclillS. A fraction of 
that lllaleriaJis ill lli(' 1'01'111 oj' org<lJlic lllalc]'i;.!ls[J .j]: 

2) the alllollllt of illl,c'rsl ('11;\1' cill ,,", 1 111;'11 11;ls ;1('('11111111;11('(1011 111(' (';'1I' I 11 (bring

ing orgall ic lIlCl'\'cria,l) is 1)()ol'l,\' kilO\\' II [) (i. Ii]: 

3) in a. molecular c10llcl or (1C'llsil," IO'\I/c1l1:j (llid orlp;lrs('c I'<l(lills. there 
could hc complex orgallie III;.III,c'l' ('(111;'11 t.o JOO so];1I' IIl<lSSeS; 

4) the earth re\'ol\,cs around the galax .,' wit.h a period of rv 2.50 million years. 
It likely encollnters s('\'erai ci(,IISC' molecular c10nds ill this trajectory; 

5) it is likely t.hat large quant.ities or orgallic mat.erial wen' deposited ill the 
earth in the first. on(' I)illion ,\ '('ars, 

This infonuatiol1 is ohr;'lillcd I)," 111(' illf'I',IJ'('(1 scatl('l'illg ['1'0111 Ill(' elllst ill I.he 
ga.laxy a.nd by moclelillg of variolJs U V d riven processes hcre on earth[] .5]. 
Ultra.violet photo processillg plays an i III por1.(lll\. role in I he ol'g;'lnic chemistry 

of the dust particles[16]. (See also Hde-rellce "19.) 

There are three effects from a superuova II in the primordial cloud that 
111a.y have formed the solar sys tem: 

1.) ve emission - with Vc + P - c+ + n illt.eraction iJl the hydrocarbon 

2.) //e, D", VI" VI' ( :1: = JL r)) II('llfrilIO elilission <111(1 ('011(']'('111 interaction 
wit.h tbe nuclei of' I,JI(, ol'g;'lnie Illcll(,l'ials 

3.) intens(') emittallc('s Ji!\{' '2(5,\( l'OI'IIIC'cl I),\' SllpCrIIO\'(1 -- tll;'l! emil, pola.r
ized e± particles that. interact wjth 111(' orgallic mat.()l'ials. 
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Of co urse, all this time' 111<' ('ncCI of Ule' \\·'Cil].; !lcIIITal cunc'lll can be driving 
th e syst.elll 10\\"arc!s <I Ilollloellir;11 s1ill(' (IS 111(' ('(111(11 iOII,S I ;111(1 2, 

Let liS cOllsj(I('I" 111(' 1";11(' (ll' Ill('.s(' dr"(,(', s: 

1.) 	 fo r [I, (Ihsol'ptioll (111<1 (l Slljl('rllo\";1 11)(" <1\\;'1,\ (or illsi(I(' ;'1 ]I)e dC'IIS(' 

clou d) til(' 11(11111)('1' or' illl(,I';'lcli()IIS \\'ill 1)(' rv IOI/kg or 111<l1(,l'i;'11 r'e)\' 

100 J1I; oforg<lIIic 111 <11 ('ri;'11 Illis \\'0111(1 hc ]olL grilillsol'ol'g<lnic Il I ;'ltl('1' 

that. is odire, t.h(' posi t-rOIlS 1'1'0111 tlie lIt illt <..'1'<1 ('\.iOIl S \\"cHild lose clH'rg,Y 

at a rat.e of 10- 19 "t\1eV/cl1l a.nd thus t.ravelllcarly a. pars('c, 

2. ) 	for the coheren1.//.?;+ N -,. 1/1'+N a.nd for the car boll in the hydrocarbons 

we would have r-v 102 more or 1014 grams of ([(-(ire mat.erial 

3. ) 	for t.lw 26A(_ over th(' halrlif'e l1Ic' l'c' wOlilel 1)(-' rv iO'iU <ic'caYs rrodll('il1~ 

r-v l()">uc+ that losc ('IIC'I 'g,\" IOIl)\ic\"/Clll 1'01' f\1('\' (+. tllc' I'clllgC' of 

t ll c po;,;itrollS wOlllci 1)(' 01' or<I(,I' ;'1 P;'I/'S('C (igllorillg jlu;-,sil)l(' Illagllc,tie 

fi eld cH'eet.s). 

C on sider Ule E'"·a.mple wilerc (l,OOl ~ I !. of 2ti !\ ( is produced and assume 

for sim p licit.y t.hat, t.he ellcrgy of t he c+ is lI\JeV and is conl"ai lled in the ga.s 
3clou d. Assume the clo ud has a. density of 104 Atoms / cm and that 10-3 of 

t he a.toms are orga.nic t he stoppi ng po\Ver for e+ will be 

dE 	 3 
-	 r-v I'vi(' \)gram / em' ( Ll )
rlT 

a.nd f or cl ci<:'llsit,\' of (J = 1()"I,\10111S/CIII:\ rv \O-I\)gr;'IIII/CIII'\ \\t' rill(] 

d J.. 1'1rI,/':::: - ( \\<,\') '" I() ('III ("-" :~I);ll' S('() 	 (;-») 
/J 

(we neglect l'iHliatioll (J lHOC(,SS('S alld I1lagllC'lic fic'lds) 

and for an avera.ge energy exchange 0(' ] OeV we have 

10~ 	 collisions / 26Ai deca.y (6) 

For 0.001 1\'18 of 26 AC and 10-3 organics fraction we obta.in a total of r-v 

1055 colli sions of pola.r ized positrons witl! orgallic materials in the clOlld 

assuming all the e+ stop in the Ciollel, 1'llcl'<:' will a.lso be l11c' same order of 

polarizecl photons from tll(, (+(- - ~, ; i-Illllihili-ltion, It is <'slilllat.<:'cJ I,hat 

the asyn lltlet.ry clU0 to tll(' \\"(';1],; iIIU'I'(Jdioll \\'olil(1 1)(' of' ClI'(I<,1' 10- 11 t.o W- 6 

depen ding on the positron energy (it scales 1i1\c' (\'2 (v';c)2 :s Jo- 6 fo], lJ / c rv 

10220.1). T hus it takes ' r-v in teraction s for the asy ll1Jl1('1 ric to become 

statistica.lly important. I II this exalll p1e t.here are far more int.era.ctions. 
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6 Future Tests in the Laboratory and Alternative 
Viewpoints 

As (l bi-proclucl or tll(' Sallt,;l \IOlliul 111('('lillg tll('('(' i~ 110\\ cl ]'('(I('\\'('<l efl'ort 

to stud,\' tll(' dl '(' ct 01 \\(,,,1\ iJlt(,(,;I('lioll~ 011 l)iologic(11 1(1;11(,l'i(\ls[H~ l, Two 

types of p(lJ'ticlc pil,\'sics l'XI)('l'illl(,llts ,11'(' I)('illg st Ildi('u: 

1) wit.h tllC' powerrul I{ I-' electroll glliiS tllcll ])J'O\'icJ(' pO];'lrizecl el('<"trons for 

the Stanford Lill('ar CollideI' alld other s~'S1.el1ls. OJl(~ Gill iJll(lgin(' a 

new rOlllld oJ experilllents t,o sCil('cll for p;Hit, ~, violation in biological 

materiah-;, In tllis C'xpcrim('llt it \Vollle! 1)(' Ilossii>lc too decelerat.e the 

electrolls t.o 10\\' l'II('l'g,\' \\'h('('(' tl)(' crfC'cts ~holll(1 1)(, !'('I(lli\'('I~' larg(', l\ 
Novosihirsk-PC!. .-\ 1.(';1111 i'-i p('('pill'i(lg (l p('op()s;11 r'o r Illis ('XP('('illl('1l1S, 

2) the possihl(' IIS(' or ('('i-IctO(' ,1111 i-II('III rill()S 10 sillllll;II(' t 11(' ('fl('cts or w('a].; 

interact,iollS. ill('III(lillg ('ull('('('1I1 sCdll('rilig 1'(,0111 111(' IIIICI('u:-" (Tllis 

could simulClte tIlc crreel of su]>crIIO\'Cl ,/. for ('xclll1pll', I)." LakiJlg very 

long time exposures to oht(-I.ill (-III ('(luivajcllt nllX,) 

Other terrestrial experimcn tsill clll cl (' searches for homochiral mat.erials in 

meteorite; experiments wit.b crossed eJectl'ical an d magnetic fields care purely 

chemical methods of inducing hOlllocilirality. 

Another class of extr(-l, t.errpst.rial experiment will involve t.he search for 

homochiral materials ill (Olllds. asteroids clnd 1>(,1'11<I])s I\JelJ'S, It. is obvious 

that.. if homochiral mcl.1cl'i;-lis ;11'(' fOllll<l ill the-'s(' S,vstcliIS Cl.llCl all clisplayed 

the h0l1I0eltil';-llit\, ;-1S tll;-II of' li\'illg S,\-st('IIiS Oil ('(-ll't II. tite casc f'or ;-1 common 

pb,vsical ol'igil1 is IllCl(le IIIIICII st I'Ollgel', 011(' illt.rigllillg I>ossihic experiment 

would l1Se tilt' Ross('u;-I ~I issioll 10 (l (,Olilct. <l SIlggestccl uclcctor SETH 
(Search for Extratel'l'cst lilll Ilo(llocllil'cllit,\') "'0111(1 1)(' tll(, sil.(' Of';-I cigar and 

measure tlH~ opt.icc-Il (Iclivity of tILe s;:IJllplcs ill situ, 

\Ve may be enterillg int.o a new era where the ver,v foundation of life a.nd 

the physical forces of natllre are seen to have i1 st.rollg connectioll. 
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