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Preface

My purposein writing this bookis two-fold. First, mary non-
specialistaskmeto explainthe mirror matterideaandthescientific
evidencefor it. Second,scienceis so specializedthesedaysthat
mary peoplewho know alot aboutonefield oftenknow little about
another Mirror matter if it exists, would leadto ratherimportant
implicationsfor several scientificfields,including: particlephysics,
astrophysicszosmologymeteoriticsandplanetaryscience.Thus,it
seemedo methataninterestingchallengevould beto write abook
explaining the motivation for mirror matterandits evidencewhich
couldusefullysene thesetwo communitieqthatis, bothspecialists
and non-specialistalike). Sucha venture,though,is not without
risks of variouskinds. Let me stateat the outsetthat the mirror
matterideais not establishedact; it is an exampleof cutting-edge
sciencein progress.It is my hopethat peoplewho readthis book
will be infectedby, or at leastunderstandmy enthusiasnfor this
subjectandwhy | think it is oneof the mostinterestingquestionsn
scienceatthemoment.

The procesf writing this book gave methe opportunityto re-
think mary of theoriginalarguments Some'gaps’in my knowledge
werefilled in, andafew new directionsexplored. Somematerialis
thereforecompletelynew, althoughmostof it hasappearedn the
technicalscientificliteraturepreviously. | have only cited this sci-
entific literature sparingly but neverthelesd have ende&ouredto
properlycreditthe peopleresponsibldor the mainoriginal ideas.

It seemsonly yesterdaythat | learnedas a studentthat mirror
reflectionsymmetrywasnot respectedy the fundamentainterac-
tions of nature. Electronsand other elementaryparticlesare, in a
sense,left-handed’. Although mostscientistshave simply cometo
accepthatGodis ‘left-handed’,somehw it alwaysbotheredme....
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Onesunry afternoonin May 1991a ratherremarkablehought
occurredto me. While playingwith an unrelateddea, it suddenly
struckmethattherewasa subtleyet simpleway in whichmirror re-
flectionsymmetrycouldstill exist. Natures mirror could be unbro-
kenif eachtype of ordinaryparticlehasa shadevy mirror partner
Theleft-handednessf the ordinaryparticlescouldthenbebalanced
by the right-handednessf the mirror particles. So thereyou have
it, mirror reflectionsymmetrycanexist but requiressomethingpro-
foundly new. It requiresthe existenceof a completelynew form of
mattercalled‘'mirror matter’.

At first, it seemedoo fantasticto really exist. Yet, over thelast
few yearsit appearghatalmosteveryastrophysicaandexperimen-
tal predictionof the mirror mattertheoryhasactuallybeenobsered
by obserationsandexperiments:Thereis fascinatingevidencefor
mirror matterin the Universefrom astronomicabbserationssug-
gestingthatmostof our galaxyis composef exotic dark material
called‘dark matter’. Recentparticle physicsexperimentshave re-
vealedunexpectedpropertiesof ghostlyparticlescalled‘neutrinos’
andweird matteranti-matteratoms. This unexpectedbehaiour is
expectedif mirror matterexists. Most remarkableof all is the evi-
dencethatour planetis frequentlybombardedy mirror matteras-
teroid or cometsizedobjects,causingpuzzling eventssuchasthe
huge1908Siberianexplosionwhich felled morethantwo thousand
squarekilometresof native forestswithoutleaving asinglemeteorite
fragmentbehind! Altogether! will discusssesen major puzzlesin
astrophysicandparticle physicseacharguingin favour of the mir-
ror matterhypothesisThereareindeedsevenwondersof themirror
world...

New datafrom currentandfuture experimentswill keepcoming
in even asthis book is being printed. Unfortunately I am not a
fortuneteller anddo not know what thesefuture experimentsand
obserationswill find. However, | canpredictwhatthey will find if
mirror reflectionsymmetryandhencemirror matterexists. Thecase
for mirror matterwill thereforeeitherstrengtheror wealenasnew
datacomesin and future experimentsare done. In the meantime,
| adviseyou to sit back, relax and let me take you on a journey
exploring oneof the boldestscientificideasever proposed.



Prefice iii

No scientistworks in isolationand| am no exception. | have
hadfruitful collaborationson mirror matterwith a numberof very
creatve people,including Segei Gninenlo, Sashadgnaties, Henry
Lew, ZurabSilagadzeRay VolkasandT. L. Yoon. | have enjoyed
interestingcorrespondencen some aspectsof this subjectwith
SegeiBlinnikov, ZdenekCeplechaandAndrei Ol'khovatov. In ad-
dition, I wouldliketo acknavledgeinvaluablesupporiovertheyears
from mary friendsandcolleaguesncludingin particular Pasquale
Di Bari, JohnEastmanGreg Filewood,Dave Howland,Girish Joshi,
Matthen Tully, andNick Whitelegg. | amalsogreatfulto mary of
theabove people andalsoJaciAndersonandGlenDeenfor provid-
ing me with usefulcommentson the manuscriptand Tony Nguyen
for helpingwith thecover.

Of course,l thankmy family mostof all. It is to themthat |
dedicatethis book.

RobertFoot
August2001
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There are more thingsin
Heavenand Earth, Horatio, than
are dreamtof in your philosophy

William Shalespeare- Hamlet.

PART |

Why Mirr or Matter?






Chapter 1

Intr oduction

Shortly beforehis deathin 1727, 1saacNewton reflectedupon his
life andwrote!:

| don’'t know what | may appearto the world, but, asto
myselfl seemto have beenonly like a boy playing on the
seashore,and diverting myself in now andthenfinding a
smoothemebbleor a prettiershellthanordinary whilst the
greatoceanof truth lay all undiscaveredbeforeme.

More recentlyin StephenHawking’s a brief history of time it is
writter?:

| still believe that thereare groundsfor cautiousoptimism
thatwe may now be nearthe endof the searchfor the ulti-
matelaws of nature.

The contrastbetweenthe currentLucasianProfessorand the for-
mer holderof that positionis striking. Hawking is not alonein his
propheg. It hasbeernrepeatedvith monotonousegularity sincethe
daysof Maxwell (1865).0Onedayit maycometrue,but thatdayis a
longway off. | believe thatarevolutionin sciencemaybeimminent.
In fact, over the lastdecadeyemarkablesvidencefrom astronomy
(studiesof the very big) to studiesof the elementaryparticles(the
very small) suggesthat a completelynew type of matterexists —
‘mirror matter’. The bestideasin scienceare usuallyvery simple,

3



Introduction

andfortunatelymirror matterbelongsto this cateyory. | believe that
theideasandthe evidencecanbe appreciatedy aryoneinterested
in science.

In the processof uncovering mirror matterwe will encounter
mary recentandunexpecteddiscoveries,including:

Invisible starswhich reveal their presencdy gravitationally
bendingthelight from moredistantstarsbehindthem. | will
arguethatthesdnvisible starsaremadeof mirror matterwhich
cansimply explainwhy we don't seethem.

Planetsorbiting nearbystarswhich are eight timescloserto
their star than the distanceMercury orbits the Sun. | will

suggesthattheseunexpectedplanetsareexpectedf they are
madeof mirror matter

Bizarre, apparentlyfree-floatingplanetswanderingthrough
space. They canbe more naturally interpretedas ordinary
planetsorbiting mirror stars but | couldbewrong!

Strangeandunexpectedoropertief elementaryarticlessuch
astheghostlyneutrinos.Theseparticlesareemittedfrom the
Sunandin otherprocessesHowever, half of themaremiss-
ing! The missingneutrinosmay have beentransformednto
mirror neutrinosasl! will explain.

| will alsodiscussastrangeclassof ‘meteoriteevents’suchas
the hugeSiberian1908 explosionandothersimilar suchex-
plosions. Thereis evidencethat theseexplosionsare caused
by the randomcollisions of our planetwith orbiting ‘mirror
matterspace-bodies’Most remarkableof all is thereal pos-
sibility thatmirror matterremnantsnaystill bein theground
today! Needlesgo saythe possibleusesof this new type of
matterarenotevenimagined...

By the way, this is a (generally)seriousscientificbook. However,
unlike other ‘seriousscientific books’ this book doesnot claim to
revealthe ‘mind of God'. In fact, not mary ridiculously grandiose
statementsvill be madeat all. Rather it is simply a book about
mirror reflectionsymmetry— andits far reachingmplications.
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Symmetryis a word frequentlyusedin everydaylanguageand
we areall avareof whatit means Examplesf symmetricabbjects
abound:flowers,butterflies,snavflakes,soccemallsandsoon... In
fact, assomeof theseexamplesillustrate, symmetryis often asso-
ciatedwith beautyandvice versa.lt is perhapsot surprisingthen
that symmetryplaysa pivotal role in our understandingf the ele-
mentaryparticlesandtheir forces,but let me startat the beginning.

Thereare mary distinct typesof symmetry The symmetryof
a mushroomis completelydifferentto the symmetryof a butterfly
which in turn is completelydifferentto the symmetryof a soccer
ball. A butterfly is an example of the mostfamiliar symmetry—
‘left-right’ symmetry This symmetryoccurswhentwo equalpor
tions of a whole arethe mirror imageof eachother For obvious
reasonsthis symmetryis alsocalled‘mirror’ symmetry A soccer
ball is anexampleof anothertype of symmetry- rotationalsymme-
try. In fact,it is anexampleof anobjectwith threedimensionalo-
tationalsymmetrybecauseotationsaroundary axis do not change
the appearancef the ball. Finally a straightfenceor railway line
areexamplesof objectswhich displayanothertype of symmetry—
translationalsymmetry A railway line or fencelooks the sameas
we move alongit.

Fortunatelythe everydayusageof the conceptof symmetryis
exactly the sameasits technicalusagein science. Although it is
oftenusefulto describesymmetryin amathematicalvay—thisneed
not concernus. Herewe needonly discusghe ideasandconcepts
which is enoughto glimpsethe beautifulworld of the elementary
particlesandtheir interactions.

Most peopleare aware that ordinary matter: you, me and ev-
erythingelsewe see,exceptlight itself, is composedf atoms. Al-
thoughatomsare very tiny, approximatelyone ten millionth of a
millimetre in size,they arestill not the mostfundamentabuilding
blocksof matter Atomsarenotelementanentities.Eachindividual
Atom is madeup of electronsanda compacinucleuswhichin turn
is madefrom protonsand neutrons. Thereare about100 different
typesof atomsdependingon the numberof electronghatthey con-
tain. Thescienceof atoms how they interactwith eachotherto form
moleculesandhow differentmoleculesnteractwith eachotheris of



6 Introduction

coursethe scienceof chemistry However, we will not be involved
so muchwith chemistrybut with the mostfundamentabf the sci-
ences- physics. One thing that physicsis concernedwith is the
mostbasicquestionghatcanbe asled. For example,whatarethe
propertiesof the elementaryparticles: protons,neutronselectrons
from which all matteris made?How do theseparticlesinteractwith
eachotherandwith light?

Onethingthathasbeenearnedovertheyearss thattheinterac-
tionsof elementanyparticlesdisplaya variety of symmetriesSome
of thesesymmetriesare quite familiar suchasrotationalsymmetry
andtranslationalsymmetry Thus,the laws of physicsremainthe
samewhethemwe arein Melbourneor in Moscawv, whichmeanghat
Russianphysicstext booksare usefulin Australiaand vice versa
(afterthey aretranslated...)In additionto translationsn spacegand
translationsn language!)we canimaginetranslationsn time. The
laws of physicsare the sametoday asyesterdayor even a century
ago, however our knowledge of theselaws generallyimproves as
time goeshy. Hence,physicstext booksare not the sametoday
asa centuryago, yet the laws of physicsarethe same. Thereare
still othermoreabstracsymmetrief theelementaryparticleinter-
actions. Theseare called ‘Lorentz symmetry’ and ‘gaugesymme-
try’, which are neverthelesqjuite eleggantand naturalonceyou get
to know them.

Progressn sciences rarelyasmoothcomfortablgourney. Rapid
progresgenerallyoccursin brief intervalsusuallythroughnew and
unexpectedexperimentalresultsand sometimeghroughnovel the-
oreticalideas. Of courseprogresss mostrapid whentheoryand
experimentmove togetherin harmory. Oneof the mostremarkable
theoreticalideasof the 20" centurywasthe discovery of relativ-
ity theoryin 1905 by Albert Einstein. Spaceandtime were uni-
fied with time becomingthe fourth dimension. Einsteinsuggested
that the laws of physicswere symmetricalunderrotationsin this
four dimensionalspace-timeratherthanjust the threedimensions
of space Thepredictionsof thistheory suchasmoving clocksmust
runmoreslowly, have beenexperimentallyverifiedwith tremendous
precision. This is possiblebecauseEinsteins theorynot only tells
us that moving clocksrun moreslowly, but it tells us exactly how
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muchmoreslownly! This four dimensionalrotationalsymmetryof
space-timas called‘Lorentz symmetry’.

There are four known fundamentalforcesin nature: gravity,
electromagnetismyeakandstrongnuclearforces. Gravity is quite
familiar to mostof us. It keepsour feeton the ground,it keepsour
planetandall the otherplanetsin our solarsystemin orbit around
the Sunandit keepghe Sunin orbit aroundthe centreof our galaxy
Electromagnetisns nolessimportant-while it is gravity thatholds
us down, it is electromagnetisnthat stopsus from falling through
the floor. It is alsothe force responsiblefor electricity and mag-
netism. While the weakandstrongnuclearforcesarelessfamiliar,
they areneverthelesgquallyfundamentaandimportantastheother
more familiar forces. For example, the weak and strong nuclear
force providesthe enegy which powersthe Sun,withoutwhich our
planetwould betoo cold to sustainlife.

Todaywe know thatthreeof theseforces,electromagnetisnthe
weakandstrongnuclearforcesare,mathematicallyvery similarand
fairly well understoodGravity, onthe otherhand,is quite different
andits relationto the other forcesis somevhat mysterious. One
reasoris thatgravity canbedescribedn geometricatermsasacur
vatureof four dimensionalspace-timewhile the otherthreeforces
aredescribedn termsof symmetrieon anabstractinternal’ space,
whichis nothingto dowith ordinaryspace-timehatwe know about.
Thesepeculiarsymmetrieof the electromagnetioyeakandstrong
nuclearforcesarecalled‘gaugesymmetries’.

Evidently symmetriesareratherimportantin understandinghe
elementaryparticlesand their forces. However, it is pertinentto
recallthatthesesymmetriesverenot alwaysso obvious. | have al-
readymentionedhe caseof Lorentzsymmetry—theratherabstract
ideathat spaceand time can be treatedmathematicallyas a four
dimensionabpace-timeln fact,afterthediscovery of relatvity the-
ory andLorentzsymmetry an English Physicistcalled Paul Dirac
uncoveredabig problem.In thelate 19205 Dirac noticedthata mi-
croscopicmathematicabtlescriptionof the electronconsistentwith

"In additionto Albert Einsteinsinsight,importantcontributionsto therelativity
theoryweremadeby others,jncluding: HendrikLorentz,HermannMinkowski and
HenriPoincare.
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Lorentz symmetrywas not possible,unlesssomethingcompletely
new existed. Nothingshortof a new form of matterwasrequiredto
reconcileEinsteins relatvity theorywith the quantummechanical
theoryof the electron.This new form of matter called‘anti-matter’
wastherebytheoreticallypredictedto exist.

Specifically Dirac predictedthatin additionto the particlesthat
make up ordinarymatter—the electronsprotonsandneutronsanti-
particles called ‘positrons’ (or anti-electrons),anti-protons’ and
‘anti-neutrons’shouldall exist. The symmetryrequiredeachtype
of anti-particleto have the samemassas the correspondingpar
ticle. Positronsand anti-nuclei(madefrom anti-protonsand anti-
neutrons)shouldform ‘anti-atoms’. However, anti-particlesshould
annihilatewhenthey meetordinaryparticlesproducinggammarays
(high frequeng light). History tells usthatexperimentsshortlyfol-
lowed which dramaticallyconfirmedthe existenceof Dirac’s anti-
particles.First, the discovery of the positronin 1932,andlater, the
discovery of anti-protonsin the 19505. Anti-matteris not science
fantasybut sciencereality. Clearly theideaof symmetrycanhave
remarkablemplications.

This bookthough,is concernedot with Lorentzsymmetrybut
with left-right or mirror reflectionsymmetry Let usnow briefly look
atthehistoryof this symmetry Before1956physicistshadassumed
thatthe laws of physicsweresymmetricunderleft-right symmetry
This would meanthat for every fundamentaimicroscopicprocess
thatis known to occur the mirror imageprocessshouldalsooccur
In factleft-right symmetryis suchafamiliarandplausiblesymmetry
of naturethatit wasnever seriouslyquestionedintil variousexperi-
mentalpuzzlesbeganappearingn the 19505. Thesepuzzleded T.
D. LeeandC. N. Yangto suggesthatthe weaknuclearforce does
not display left-right symmetry They proposedan experimentto
directly testtheideainvolving the g-decayof anunstabldsotope...

At thetime, mostscientistsdidn't expectthat mirror symmetry
couldreally be broken. The prevailing scepticismwassummedup
by WolfgangPauli whenhewrotein Decembef 956

| amhowever preparedo betthatthe experimentwill bede-
cidedin favour of mirror invariance For in spiteof Yangand
Lee,l don't believe thatGodis aweakleft-hander
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However, Pauli wasnotsofoolish asto let his beliefsgetin theway
of science.He did agreethat experimentsshouldbe doneto check
it4:

| believein reflectioninvariancean contrasto YangandLee...
Betweerbelieving andknowing is adifferenceandin thelast
endsuchqguestionamustbe decidedexperimentally

The experimentsuggestedy Lee and Yangwas performedin
1957by C. S.Wu andcollaboratorsin this experimenta numberof
cobalt-60atomswerecooleddown to nearabsolutezeroKelvin (the
lowestpossibletemperatureandplacedin a strongmagneticfield.
Cobalt-60is anunstabldsotope.Ordinarily; Cobalt-60decaysemit-
ting an electronwith ary directionequallylikely. However, under
theseextremeconditions,the electronsshouldbe equallylikely to
emege from the two polesof the magneticfield — if thefundamen-
tal decayprocesdlisplayedmirror symmetry Yet, it wasobsered
that more electronscameout from onedirectionthanthe other If
we obsered only one nuclei decayingwe could not say anything.
Mirror symmetrydoesnot meanthat eachsingleinteractionor de-
cay processs the sameasits mirror image— it is not. Mirror sym-
metry meansthat the mirror image processcan occur and should
occurwith equalprobability Therefore by observingalarge num-
berof decaysf Cobalt-60we caneasilydeterminevhethermirror
symmetryis violated. Theremarkableconclusionwasthat the fun-
damentalaws of physicsappeatto be ‘left-handed’. This is really
very strange Every otherplausiblesymmetry suchasrotationaland
translationasymmetry arefoundto be microscopicsymmetrieof
particleinteractionsCannaturereally beleft-handed?

Are they, the fundamentalaws of physicsthatis, really left-
handedor do they only appearto be left-handed?Remembeiour
earliercommentsaboutLorentzsymmetry At onetime this sym-
metry did not appearto be a symmetryat all. This was because
anti-mattethadyet to be discovered. Only whenyou have particles
and anti-particlesis it possibleto write down a consistentmicro-
scopictheoryfor theinteractionf theelectron protonandneutron
whichrespectd.orentzsymmetry Remarkablyit turnsoutthatit is
still possiblefor particleinteractionsto be symmetricundermirror
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or left-right symmetry Justas Lorentzsymmetryrequiredthe ex-
istenceof anti-matter left-right symmetrycanexist if andonly if a
new form of matterexists— mirror matter

Often, it seemghatnatureis moresubtleandbeautifulthenfirst
imagined.It couldbethatnatures mirror is of amoreabstrackind.
Imaginethat for eachtype of ordinary particle thereis a separate
‘mirror particle’. Thatis, not only do we have photons,electrons,
positrons,protonsetc., but also mirror photons,mirror electrons,
mirror positronsmirror protonsetc. We canimaginethatin natures
mirror notonly spaces reflectedbut alsoparticlesarereflectednto
thesemirror particles.Therelationshipgbetweerordinaryandmirror
matteris somavhatlik e the relationshipbetweertheletters'b’ and
‘d’. Themirror imageof ‘b’ is theletter‘d’ andthe mirror image
of ‘d’ is theletter‘b’. Thus,while neither'b’ nor‘d’ is symmetric
(in a sensethey eachhave the oppositehandedness}pgetherbd’
is in factmirror symmetricwith thetwo lettersinterchangingn the
mirror image. Try it with a mirror andsee! Still, the mirror reflec-
tion of an objectappearssery similar to the original. It is perhaps
not surprising,therefore that the propertiesof the mirror particles
turnoutto bevery similarto theordinaryparticles.For example the
mirror particlesmusthave the samemassandlifetime aseachof the
ordinarypatrticles,otherwisethe mirror symmetrywould be broken.

In somewaysmirror particlesresemblenti-particles However,
thereis a crucial difference.Unlike anti-particlesthe mirror parti-
clesinteractwith ordinaryparticlespredominatelyby gravity only.
The threenon-gra&itational forcesact on ordinary and mirror par
ticles completelyseparately For example,while ordinary photons
(thatis, ordinarylight) interactwith ordinary matter(which is just
the microscopicpicture of the electromagnetidorce), they do not
interactwith mirror matter Similarly, the ‘mirror image’ of this
statementnustalsohold, thatis, the mirror photon(thatis, mirror
light) interactswith mirror matterbut doesnotinteractwith ordinary
matter Theupshotis thatwe cannotseemirror photonshecauseve
aremadeof ordinarymatter Themirror photonswould simply pass
right throughuswithoutinteractingat all!

The mirror symmetrydoesrequirethoughthatthe mirror pho-
tonsinteractwith mirror electronsandmirror protonsin exactly the
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sameway in whichordinaryphotongnteractwith ordinaryelectrons
andordinaryprotons. A directconsequencef this is thata mirror
atommadefrom mirror electronsandamirror nucleuscomposeaf
mirror protonsandmirror neutronscanexist. In fact, mirror matter
madefrom mirror atomswould alsoexist with exactly the samein-
ternalpropertiesasordinarymatter but would be completelyinvis-
ible to us! If you hadarock madeof mirror matteron your hand,it
would simplyfall throughyour handandthenthroughthe Earth,and
it would endup oscillatingaboutthe Earths centre”. We cansafely
concludethatif therewasa negligible amountof mirror matterin
our solarsystem,we would hardly be awvare of its existenceat all.
Thus,the appaent left-right asymmetryof the laws of naturemay
be dueto the preponderancef ordinarymatterin our solarsystem
ratherthandueto afundamentahsymmetryin thelaws themseles.

Do mirror particlesreally make the laws of physicsleft-right
symmetric?Let us considera simpleandlight-heartedthoughtex-
periment’involving againthe Cobalt-60decay Imaginetherewasa
mirror planetorbiting a mirror starin a distantpartof our Universe
(note that thereis only one space-time- thereis no ‘mirror Uni-
verse’).Let’'s call this hypotheticaplanet'Miros’. Miros is aplanet
madeof mirror matter— atomscomposedf mirror electronsand
mirror protonsandmirror neutrons.Miros is someavhatdifferentto
Earththough.It's a bit smallerwith deeperoceanshut thereis life
onMiros. Thepeopleof Miros areabit strangethey have verylarge
feetandonly have oneeye—butthey areveryhappy. They have wise
leadersvho would never dreamof putting nucleamissilesin space
andthey realisedvery earlytheimportanceof reducinggreenhouse
gases.On Miros a football teamcalled ‘Collingwood’ often wins
thefootball. Thus,Miros isn’t muchlike Earthwhichjustillustrates
thatmicroscopicsymmetryof particleinteractionsloesnottranslate
into a macroscopicymmetry

"Later! will discusghepossibilitythatanew typeof interaction(or force)could
exist couplingordinarymatterto mirror matter If thisis the casejt mayactually
bepossibleo pick upamirror rock, althoughit would still beinvisible. Clearly, the
consequencesf suchaforceareveryimportantandit will beconsideredn chapter
5. However, in orderto keepthisintroductorydiscussiorassimpleaspossiblethis
possibility hasbeenignored.
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Anyway, our mirror matterfriends on Miros realisedthe im-
portanceof purescienceiheir wise governmentalways madesure
thatfinancialsupportwasgivento thosemirror scientistasvho hada
researchrecordconsistingof interestingandinnovative ideas. One
daysomeonen Miros hadtheideathatthey shouldtestwhetherthe
fundamentalaws of naturearemirror symmetricor not. Sothey set
up their Cobalt-60experimentwith a similar experimentaketup as
wasdoneby peoplehereon Earthin 1957.But whatthey foundwas
somethingyuite different. They foundthe mirror imageresult. That
is, they foundthatthemirror electronsveremostlyemittedfrom the
decayingCobalt-60mirror nucleusin the oppositedirectionaswas
foundhereon Earth.Our mirror friendson Miros concludedhatthe
laws of physicswereright-handed.

Thelawsof physicscannotbothbeleft-handedandright-handed.
Ordinary particlesform a left-handedsector mirror particlesform
aright-handedsector Taken together neitherleft nor right is sin-
gledout, sinceordinaryandmirror particlesareotherwisedentical.
(Thisis muchlike theletters'b’ and‘d’; ‘b’ representsheordinary
particlesand interactionsand ‘d’ the mirror particlesand interac-
tions). However, if mirror particlesdon't exist arywherein the Uni-
versethenthe laws of physicsareindeedleft-handed.Similarly if
the Universewasfull of mirror particleswith noordinaryonesthen
thelaws of physicswould beright-handedput if bothordinaryand
mirror particlesexist togetherthenleft-right symmetryis restored.

Thebasicgeometrigointisillustratedin thefollowing diagram.

Nature’s Mirror

The left-handside of this figure representshe interactionsof the
known elementaryparticles.Theforcesaremirror symmetriclike a
perfectspheregxceptfor theweakinteractionwhichis represented
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asaleft hand.Also shavn is nature$ mirror - theverticalline down
the middle. Clearly the reflectionis not the sameasthe original,
signifying the fact that the interactionsof the known particlesare
not mirror symmetric. If therewerea right handaswell asa left
handthenmirror symmetrywould beunbrolenwithoutthe needfor
new particles:

However, this doesnt correspondo naturesinceno right-handed
weakinteractionsareseenin experiments.

Therearetwo remainingpossibilities: We can eitherchopthe
handoff —but thisis too drasticandis thereforenot shavn. It corre-
spondgo having no weakinteractionsat all, againin disagreement
with obsenrations. This last possibility consistsof addinganentire
new figure with the handon the otherside. Everythingis doubled
eventhe symmetricpart,which s clearly mirror symmetricasindi-
catedin thefollowing diagram:

OO <O

It is thislastpossibilitythatmay correspondo nature.

While the mirror mattertheoryis simple,elegant,andthe idea
hasbeenknown for alongtime, it is only in thepastdecadehatex-
perimentaland obsenrational evidencefor mirror matterhasgrown
to the pointwherea strongcasecanbe madethatit actuallyexists—
andhencethemotivationfor thisbook. Theevidencefor mirror mat-
ter is diverse rangingfrom studiesof the lightestand mostelusive



