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paur que fa vie soit possible simplement
parce que, dans un autre, nous ne serions
pas Ta pour en parler.

Dans e cadre de la cosmologie mo-
deme, de tels univers parallétes peurraient
exigter: il pourrait méme en surgir sans
cesse du vide primordial, de la méme fagon
que le nétre est issu du Big Bang, Notre
Univers ne serait alors qu’un «univers
bulle » parmi de nombreux autzes au
sein d’une entité plus vaste, le multivers.
Dans I'écrasante majorité de ces univers,
leslois de fa physique nautoriseraient pas
fa formaticn de matiére telle que nous fa
cornaissons, nf d'étoiles, de planétes ou
a fortiori de la vie. Mais étant donné le
nombre infini de possibilités, la probabi-
litg que [a nature tombe sur le bon jeu de
lois physiques ne serait pas nuile,

Nas travaux suggérent cependant que
notre Univers n'est pas on ¢as isolé: cer-
tains de ces autres univers—en supposant
qu'ils existent - ne sont pas si inhespita-

liers. T existe des valeurs différentes pour

les constantes fondamentales, et donc
d'autresjew de fois physiques, susceptibles
de donner des univers propices & la vie.

Lidée de notre apprache est de chan-
gerunaspectdeslois de Ja nature, puisde
faire des modifications compensatoires
surd‘autres aspectsafin d’obtenir un uni-
vers hospitalier. Sans résoudre totalement
le probléme de «!'ajustement fin des para-
maétres de notve Univers, les exemples
d'tmiversalternatifs potentiellement habi-
tables que nous avons découverts soulg-
vent des questions intéressantes.

Tour déterminer s une constante de
Ia nature est finement ajustée ou nog, il
suffit de la considérer comme un para-
maétre ajustable et de la faire varer tout
en laissant les autres constantes inchan-
gées. Avec des lois de la physique ains
modifiées, les scientifiques déroulentalors
fe film de Vunivers, par des calculs, des
simulations numériques ou des expé-
riences de pensée, pour voir cequiadvient
Dans tous les cas, cela corduit & un uni-
vers qui ne peuat abriter la vie,

Mais il n'y 2 aucune raison dene faire
varier qu'un paramatred Ja fols: cela revient
3 essayer deconduire wne voltureen jouant
surlavitesseouen tournant le volant, mais
pas les deux en méme temps!
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Ainsi, pour chercher des jeux de [ois
alternatifs intéressants, {'urt d'antre nous
{G. Perez) etses collaborateurs ne se sont
pas contentds de modifier Hinidement
les lois de la physique: ils ont purement
et simplement dlimiré 'une des quatre
interactions fondamentales.

Pe par leur nom méme, les interac-
tons {ou forces} fondamentales semblent
indispensables 3 tout univers qui se res-
pecte. Sans Vinteraction rucléaire forte
qui lie les quarks en protons et en neu-
trons, et ces derniers en noyaws atomiques,
la matidre n'existerait pas. Sans {inter-
action éleclromagnétique, il n'y aurmit ni
lumiére ni alomes ou liaisons chimiques.

Sans la gravitation, la matiére ne pourrait-

passe regrouper pour former des gelaxies,
des &oiles et des plandtes.

Un monds sans
intarastion falble
Laquatrigme force, I'interactonnucléaire
faible, a1me incdidence moins évidente dans
Vhistolre de notre Univers. Cela ne l'em-
péche pas d'y jouer un rile majeur. Entre
autres, l'interaction faible permeat fa trans-
formation des protors en neutrons et aice
wersa {désintégration BF et §~ respechive-
ment). Dans les premiers instntsdel'Uni-
vers, des protons ont pu fusionner par
quatreet, gricea Vinteraction faible, deve-
wir des noyaux d’hélium 4, constitués de
deux protons et deux neutrons, Celte
nueiéosynthise s'est déroulée quelques
secondes aprés la naissance de F'Univers,
alors qu'il était déja suffisamment refroidi
pourquelesbaryons (protons etneatrons)
se forment, mais encore assez chaud

pour que ceux-ci fusionnent.

Lanucléosynthése primordiale a créé
I'hydrogéne et I'hélinm quiallaient for-
mer plus tard les étoiles, oir la fusiod
nucléaire et d'autres processus ant forgé
pratiquement tous les autres éléments
connus dans 2 nature. Et & ce Jouy, Iz
Fusien des protons en hélium 4 se pour-
suit au sein de notre Soleil et produit
I"énergie qui compense exacterent celle
qu'll myonne.

Sans |'interackion faible, [l semble donc
peu probable qu‘un univers puisse pré-
senter une chimie complexe, et encore
moing [a vie. En 2006, pourtant, P'équipe
de G, Pereza découvert desfois physiques
ne reposant que sur les irofs autres forces
fondamentales et qui conduisent néan-
moins & un univers accueitlant,

L'élimination de Iinteraction nucléaire
faible nécessitait de modifier le modéle
standard de la physique des particules, Ia
théorie qui décrit toutes les forces & ex-
ception de la gravitation. G. Perez et ses
collegues ont montré que ces ajustements
peuventétre fafts de tellesorte quele com-
portement des trols autres forees (et
d’autres paraméires cruciaux lels que la

masse des quarks) soitle méme que dans

notre Univers, Les ajustements furent choi-
sis # minima, afin de faciliter le caleul de
Vunivers résultant, mais il est possible

. qu'une vaste famille d‘autres univers sans

interaction faible existent e} sofent habi-
tables sans pour autant ressembler au ndte.
Dans l'univers sans interaction faible

de G. Perez et ses colligues, la fusion des -

protons en hélium 4 est impossible. Uy a
cependant d'aulres moyens d'alimenter
la fusion dans les étoiles et ainsi forger
les éléments lourds. Par exemple, notre
Univers ne contient quasiment que dela
matiere et rés peu d’antimatiére, mais
un petit ajustement du paramétre qui
conteBle cette asymébide suffit 3 garantc
que la nucléosynthése primordiale
engendre une quantité importante de deu-
térium (un isotopede 'hydrogéne dont le
nioyau contient un neutron et un proton).

Leséioiles pourraientalorsétrelesitge
dela fusionde protonsetdenoyaux dedeu-
térium, formant ainst de hélhuen 3 (deux
protonsetunneutron). Cesétoilessansinter-
action faible seralent plus froides et plus
petitesquelesétoiles que nous connaissons,
D'aprés les simulations d’Adam Burrows,
del'Universitdéde Princeton, elles pourmient
briller pendant environ sept millizrds d'an-
nées et rayonner 4 une puissance équiva-
lente 3 quelques pour centdecelledu Soleil.

Comme les étoiles de notre Univers,
tes étoiles sans interaction fible synthék-
seraient des éléments de pius en plus
tourds, jusqu'ay fer, par fusion nucléaire,
Mais la formation des éléments plus lourds
que feferseraitcompromise. Celle-cirésulte
en effet de Ia caphure de reutrons par des
noyaux {«processts S»}, et de leur éven-
tuelle transformation en protons par la
suite.Or enl'absence de Vinteraction faibla,
les neutrons disponibles seraient rares et
Hls ne s transformeraient pas, Seules de
teés pelites quantités d'ééments lourds,
jusquau strontium, pourraient éire syn-
thétisées par d'autres mécanismes dans es
ftoiles sans interaction faible.

Dans notre Untvers, les explosions
d'étoiles ensupernovae dispersent dans
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Un univess posgédant
seulernent troig des
interactions fondamentales,
au Han des guatre que Rous
connaissans, peurrail

aveir une apparence tiés
familigre, Voici [a recétte:

a Supptimez Mnteraction faible
en modiflant plusiaurs

<« constantes» du madéle
standard de la physique’

des particsiles.

o Conservez les trals autres
forces telles qu'slles sont

dans natre Univérs,

 Modifiez d'autres paramitres
pour faciliterfa fusion.
nucléaire au sein des étoiles,
Le résultat est Un univérs
pogsédant une structuré
complexe, susceptible
d'hébergerlavie.

V'espace leséléments synthétisés, enméme
temps qu'elles synthétisent d"antres élé-
ments lourds, C'est notamment le cas
pour les supernovae qui résultent de V'ef-
fondrement gravitationnel du cceur
d’étoiles massives, L'énergie dégagée est
telle que des réactions nucléaires se pro-
duisent durant explosion et engendrent
les isotopes les phus Jourds tels le plomb,
{'or ou Puranium.

Dans un univers dépourve d'interac-
tion faible, les explosions d'étoiles mas-
sives avorteraient comme des pétatds
mouillés, Eneffet, 'émission deneutzinos,
produits via linteraction faible, estnéces-
saire pour soutenir'onde de choc qui pro-
voque I'explosion. Mais les supemovae
thermonucléaires, des explosions d"éoiles
déclenchées par I'accrétion dematiereau-
dela d'une masse critique, se produiraient
toujours. Ainsi, des éléments lourds pour-
‘raient &b dispersés dans l'espace inter-
stellaire, of ils ensemenceraient de
nouvelles étoiles et planttes.

Etant donné Ia faible luminosité des
étoiles dans un univers sans interaction
faible, une planéte de type terrestre

devrait se trouver environ six fais plus
prache de son étoile que la Terre ne Vest
du Soleil pour recevoir autant d'éner-
gie. Sans intevaction faibile, les plangtes
telluriques serajent par allleursassez dif-
férentes. Sur Terre, la tectonique des
plaques etFactivité volcaniquesont entre-
tenues par la désintégration radioactive
delaraniumetdu thorium dans le man-
teau. Faute de ces éléments lourds, une
plangte rocheuse aumit une géologie sim-
pliste, sauf si une source alternative de
chalenr tait présente, par exemple d'in-
tenses forces de maréde.

La chimie d'un univers sans interac-
tion faible, en revanche, serait tiés sem-
blable & la ndtre. Le tableau périvdique
desélémentss'arréteraitaprés le fer, Al'ex-
ception de quelques traces d'auires élé-
ments plus lourds, mais cette limitation
ne devrait pas empécher Févolution de
formes de vie similatres & celles que nous
connaissons. Ainsi, méme un univers doté
de trois forees fondamentales seulement
pourrait &tre favorable 3 Ia vie.

" Lesecond d'entre nous (A. Jenkins} et
ses eollégues ont pour leur part suivi une

165 seconde 1set
i pré 3

autre approche — des ajustements plus
{gers sur plusieurs paramétres— pour irou-
ver desjeux alternatifs de lois physiques.
En 2008, ils ont étudié dans quelle mesure
les nasses des trols quarks les plus légers

-parmi les six (les quarks haut ou w, s ou

d et éfrange.ou 5} peuvent varier sans que
Ia chimie organique ne devienne impos-
sible. Modifier la masse des quarks affecte
directement la stabilité des baryons et
des atomes, opérant une sélection parmi
lesélémentsquise répercute sur fa chimie.

La chirmie das guarks
I} est plausible-que la vie, du mains une
forme similaire & fa ndtre, requiert une
forme de chimie organique, par défini-
tion fondée sur le carhene. Les propriétés
ducarbonedécoulentdu fajtqueson atome

-aquatre électrons disponibles pour des Hai-

sons, ce qui lui permet de former une
iminense variété de maolécules complexes.
Cette ttravalence résule du nombra d'élec-
trons en erbite ou, de fagon équivalente,
Vatome étantneutre, dela charge électrique
de son noyay, égale & six,

Page 5/18
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On a souvent suggérs qu'une chimie
de la vie pourrait se construlre autour
du silicium, lui aussi télravalent; mais
celte idée est peu convaincante, car les
liaisons entreatomes de silicium sontplus
faciles & casser, ef; de fait, on ne connait
& cejour aucune molécule complexe i base
de siliciom. Par ailleurs, 1a formation de
molécules organiques complexes suppose
la présence d'8léments ayant la méme
structure électronique que Ihydrogéne
{charge électrique égale a un) et que I'oxy-
géne {charge électrique égale a huit).
L'gquipe de A. Jenkins a dong vérifié par
te caleul que les noyaux de charge un,
six et huitsont suffisamment stables pour
participera des réactions chimiques (ooir
Fencadrd page 343,

La stabilité d"un noyau dépend pour
une part de sa masse, qui est elle-méme
fonction des masses de ses constituants,
les nucléons {protons et neutrons). Cal-
culer a masse des nucléons et desnoyaux
directement A partir de celle des quarks
(win les équations de la « chromodyna-
migue quantiques, qui décrit les interac-
tions fortes) est extrémement compliqué.

Paur contoumer le probiéme, on paut par-
tir des modélisations récentes des nucléons
e, en ajustant Vintensité de l'interaction
forte entre quarks, estimer comment de
petites modifications des masses des
quarks changent la masse des noyaux.
Dans notre Univers, le quark J estau
moins deux fois plusiourd que lequark u,
et le neutron est & peu prés {1 pour cent
pluslourd quele proton, Siles masses des
quarks étaient telles que le neutron
devienne deux pour cent plus lourd que

- le proton, aucune forme stable decarbone

ni d’oxygéne n'existerait.
Etsil'onajustaitles masses desquarks
de fagon que le proton soit plus lourd

que le neutran, alors le nayau d'hydro--

géne (un proton) capturerait I'électron
en orbite et se ransformerait en neutron,
si bien que les atomes d’hydrogéne
auraientune durée de vie trés courte. Mais
le deutérivm ou le trifum {{ hydrogene 3}
pourraient encorz éhre stables, ainsi que

cetfaines formesdoxyséneetde catbane.-

De fait, nous avons trouvé que des
formesstables d"hydrogéne peuvent exis-
ter tant que Ja masse du proton excéde

Alzjandre JENKINS fait partie
du groupe de physiqua des
hautes énergles a Punivergitd:

d'Etat de Flaride,

Gilad PEREL est théaricien

alinstitnWeizmannldes

stiences 3 Rehavot, en isratk
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$i la masse des quarks iégers — ceuxt qui farmeng des baryons stables, tels les
neutrons et les pratons — était différente, les éléments chimiques indispen-
sables & fa vie telle que fious fa tanaissans existeraient-lls taujours 7 Plus
précisément, sous quelles conditions des noyaux stables de charge glec.
trique 1, 6.et B — et dunc chimiquement analogues & I'hydrogéne, au carbone
et a Poxygéne ~ se formeraiant-ils ? Voicl quelques cas possibles.

UARKS " BARYONS ELEMENTSSTABLES  ELEMENTS LOURDS
LEGERS STABLES LES FLUS LEGERS STABLES

oy

Sewfing

celle du neutron d’au plus un pour cent,
cequi correspond & un quark 4 plus léger
que le quark n.

Avec du deutérivm {ou du tritium) &
laplacedel'hydrogine, les océans serajent
constituds d'eau lourde, qui a des pro-
priétés légerement différentes decelles de
V'eau ordinaire. Cependant, cela pourrait
nepas étre un cbstarle fondamental & I'évo-
lution d'une forme de vie organique,

Dans notre Univers, le trolsime quark
leplusiéger (le quark s) est trop lourd pour
partidiper [a constitution dunoyau. Mais
si $a masse était réduite d'un facteur dix
ou plus, les noyaux atomiques pourraient
&tre constituds non seulement de protons
etdeneukrons, maisaussi d'antres baryons
contenant des quarks s.

Léquipe de A. Jenkins a par exemple
étudié un univers ol les quarks # et s ant
& peu prés la méme masse, alors quele
quarkd estbeaucoup plus léger Les noyaux
atomiques stables ne seraient alors pas
constitués de protons et de neutrons, mais
Plutdt de neutrons et d'un autre baryon,
nommeé %~ {« sigma moins »). De fagon
remarquable, méme un univers aussi radi-
calement différent abriterait des formes
stables d'hydrogene, de carbone et d'oxy-

- géne et pourrait done se préter 3 la chimie
organique. Mais ces éléments serafent-ils
assez abondanis pour que Ia vie évolue
au sein d'un tel univers? La question est
pour instarit sans réponse.

It'est néanmoins amusant d'imaginer
quedes physidens vivant dans un tel uni-
vers seraient sans doute intrigués par le
fait que les quarks u et s afent des masses
presque identiques. Ils pourrafent méme
penser que cette coincidence a une expli-

* cation eanthropiquen, fondéesurlanéces-

-$ité d'une chimie organique...

) [Yun autre c6t8, les univers dans Jes-
tuelsles trofs quarks légers antdes masses
semblables n'abriteraient sans doute pas
de chimieorganique: taus lesnoyaux ayank
plus dequelques unités de charge éleckrique
se désintégreraient presque immédiate-
ment, A cause de la répulsion électrosta-
tigue entre barjons positfs.

Ces résultats sont prometteurs; mal-
heureusement, il esttrés difficile de déter-
minerplus endétail 'évolution d'univers
dont les paramétres physiques different
des rdtres. Des recherches plus poussées
seront nécessaires. .

Qu'ils résultent de 1'absence de Uin-
teraction faible ou de masses inhiabituelles

* pour les quarks, le fait que des univers

Page 78
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soient hospitaliers malgré des paramétres
différents rend-il inutile [e concept de
multivers, initialement invoqué pour
expliquer I'ajustement fin des paramétres
dans notre Univers? Nous ne le pen-
5005 pas, et c& peur deux raisons.

La premiére raison est que, sefon le
scénario cosmologigue en vigueur, note
Univers a débuté sous forme d'une minus-
cule région d'espace-temps qui a connu
une phase decroissance exponentiells, in-
flation. Méme s'll n'existe pas encore de
modele définitif pour 'inflation, la théo-
tie suggére que différentes régions pour-
raient s'gtre dilatées a des rythmes
différents, et que chaque zégion pourrait
former une «bulle » isolée qui serait deve-
nue un univers a part entiire, caraciérisé
pat ses propres constantes fondamentales.

L VTJ}"’J'Q’L,; Lonsianis
cosmolaginus

Le sacond argument en faveur de ['exis-
tence dumultivers estqu'il rasteunequan—
tité qui semble ajustée avee une précision
extréme: Ja constante cosmologique, atssi
appelée énergiesombre, une foomed'éner-
gie qui emplit I'espace vide, La théorie
de la relativité générale d’Einstein sti-
pulzque l'énergiedéformel'espace-temps:
selon sonsigne, elle provoque son expan-
sion ou sa contrachon. Or la physique
quantique prédit que méme le vide ren-
ferme une énergie. Mais i on identifie
I'énergie du vide quantique ala constante
cosmologique, celle-ci deviait &ire telle-
ment grande, quel que soif son signe,
que 'Universseseraitdilaté bien trop vite
pour que des struchires ajent le temps de
se former, ou au contraire qu'il se serait
_ effondré sur lul-méme une fraction de
seconde aprés sa naissance.

Une explication possible est qu'un
mécanisme ~ encore inconnu - companse

V'effetde "énergie du vide. Cependant cet
ajustement dmt atre d’'une prec:smn
extréme: un écartinfime, ne serait-cequ'a
la 100° décimale, s'amplifierait considé-
rablement au cours du temps et suffirait
& condusire 3 un univers dépourv de siruc-
tares cosmiques,

En1987, le prix Nobel de physique Ste-
ven Weinberg a proposé une explication
anthropique a cela, [l a calewlé In limite
endegi delaquelle la valeurdela constante
cosmologiquereste compatibleavec la vie,
c'est-a-dire qu'elle laisse le fempsaux struc-
tures cosmigues de se former DY'une cer-

taine fagon, notre existence implique une
constante cosmologique faible. Puis, & la
fin des années 1990, on a découvert que
I'Univers se dilate effectivement 3 un
rythme accéléré. L'accélération observée
imptlique que Ia constante cosmologique
est positive et-infime: la densité d'éner-
gie du vide est trés faible.

Ainsi, la constante cosmelogique
sembleajustée avecune précision extréme,

Et dans cecas, modifier Uinteraction faible

ou les masses des quarks comme nous
'avons fait ne parait pas d'un grand
sacours: il semble impossible de trouver
desunivers propicesilavieoiilaconstante
cosmelogique seraitsignificativement supé-
rewea la valeur quenousobservons, Ainsi,
dans le multivers, la grande majorité des
univers pourraientavoir uneconstante cos-
mologique incompatible avec la vie.

Un scénario fondé sur la théorie des
cordes (une théarie décrivant les parti-
cules comme des cordes vibrantes micro-
scopiques) suggére qu'an cours de
Finflation, Ia constante cosmolpgique et
d'autres paramétres ont pu prendre une
gamme pratiquementillimitée de valeurs
différentes, gamme nomméa paysage de
1a théorie des cordes.

Endehors du probléme delaconstante
cosmologique, nos ravaux mettent en
doute F'utilité du raisonnement anthro-
pigue. lls soulévent également des ques-
tions. Par exemple, 51 Ia vie est vaiment
possible dans un univers sans interaction
faible, pourquoi sioke Univeis est-il dotd
de cette force? Pour dé nombreux physi-
ciens des particules, dans un cerfain sens,
I'iitteraction faible n'est pas assez faible:
sa valeur semble trop élevée dans ['ddi-
Eice du modéle standard, Certains théori-
clens s'attendentainsi 3 ce quel'interaction
faible soit si faibie dans la plupart des
univers qu'elle en serait de faclo absente.

En fin de compte, seule une connais-
sance plus profonde des mécanismes qui
président & la genése des univers peut
répondre 4 de telles interrogations. Feut-
Btre existe-il des principes physiques
encoreplus fondamentaux qui impliquent
que la nature préfére certains jeux de lois
physiques plutdt quie d'autres?

- Nous ne trouverons peut-8he jamais
de preuve directe de Fexisionce dautres
univers, et il ne nous sera & I'évidence
jamais donné d'en visiter un. Mais leur
£tude pourraitnous éclairer sur nobe place
dars le multivers ~ ou toute autre entité

dans laquelle nous sommes plongés. 2.
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Start Young

Rabbi Eric H. Yoifie ("Israel’s
Real Crisis: Education,” Opinion.

Aug. 28) correctly points out that
Israel’s real crisis is educulion,
I was one of the founders of the
depurtment of nuclear physics at
the Weizmann Instinte of Sci-
eace and adviser to Shimon Peres
as Israel’s top expert in lsrael on
nucleur reactors at the time of the
planning tor the Dimona reactor. ]
ugree with Rabbi Yoliie that the ut-
ter disarray of Isruel’s educationul
system is more important than ali
other fuctors.

The place to fix this systemis to

start from the bottom. where first
grade children are learning to read.
Tests show that one-third of enter-
ing seventh-grade pupils have not
mastered reading well enough to
vope with seventh grade material.
We cannot afford to lose one-third
ol our pupils with bad education,

Buck in 1982 when I was
teaching quantum mechanics to
eraduate students ot the Welzmaan
Institute, | was worrying about
why this one-third never reached
the level of higher education. |

Continued on next page

found the trouble began at the bottom and learned that
educator Nira Altalef addressed this point. She said that
it is the responsibility of our schools to teach all children
10 read without kelp from their parents and that she could
do it. [ found after working on it for over 25 years that she
was right and had developed a system called LITAF thui
worked.

You can read about this success in the high-prestige
scientific journal Nature and the British educution journal
Literature Today.

Harry L. {2vi) Lipkin, Professor Emeritus
Weizmann ustitnte of Seience
Relovot, Isract



On peace

History—not to mention differing languages,
cultures, and values—can make peace
difficult to achieve. Science is a common

ground upon which nations can collaborate to
improve our world.

DanigiZajfmanisthe prasident 6l ths
Weizrmann Institutaof Sciencein
fiehavot, isrzel.

SINCE THE FIRsT humans began exper-
menting with new designs for spears, sden-
tific research has held the potential to
change notonly the way we live, butalso
how long we live, Human and anima] labor
has been replaced by the worlk of levers
and machines, Distances have shrunk as
new means of travel have been invented,
and comsnunication across these distances
has become instan@neows. Modern drugs
now cure many lethal diseases. In short.
the quality of life and its span have
impraved for most, unfortunately not ali,
people on this planet.

Though we sometimes imagine it takes
place in isolation from the rest of human
activity, science continuously updates our
understanding of who we are, the reality of
the worid we live in, and our place In that
world. Science has given us the insight that
in 2 universe not unlile a set of Russian
matryoshke dolls, the doik that represents us
is smaller than a dust mote—~with even
smaller ores nesting inside. Developments
such as satellite television and the interaet
are changing both the speed at which we
receive information from halfivay across
the planet and our access to the means of
disseminating that information, This
technology has had a directimpact on
politics in both democratic and nor-dermo-
cratic countries around the world, In truth.
few human activities influence our daily
lives as much as those resulting from
scientific research.

Of course, warfare has been a powerful
motivator for sdendfic invention since
ancient times, Archimedes, for inscance,
was the first to lay out the physical

principles of the lever. He also applied
those principles in the design of bigger and
better casapults for the Greek army, The
inventdons of puileys and torsion springs in
the clagsical world allowed scldiers to fiing
henvier weights over walls and shoot
projectiles farther with crosshows. Often,
armies quicldy adopt and improve
technologies that were not specifically
intended for waging war. A new method
for casting iron led 1o the invention of the
cannon; in the past century, airplane,
submarine, and radar technologies were
first put to use 1o fight wars, Yetwhere
would we be taday without levers or
pulleys, metal casting or airplanes?

It's prue thar science has enabled some to
apply its potental for destruction o
heinous goals. Wars have become increas-
ingly technology-based and weapens more
destructive. and thus scientific research
has alsa excelled in developing better
defense systems.

But can scientific research be used asa
catalyst for peace?

Consider this: The results of scientific
research are universal. The formula for the
velocity of a falling object will always
apply, wherher that abject is dropped from
the Great Wall of China or the Empire State
Building The proofof a mathematical theo-
rem is either valid or it's not. and that
validity exists independent of any culturat,
religious, or national context. Qur wireless
communications systems are based on
electromagnetism research conducted in
justa few countries, yet they work the
same way wherever we take them. And just
one vaccing can protect all the world's

Seed Global Reset



people from smallpox, even those on
opposing sides of 4 conflict

Technically, peace beeween fwo warring
countries is achieved through lengthy
negotiations and the signing of comphi-
cated agreements by the rival nations’
teaders, But true peace cannot he sttained
or sustained untl the citizens of both sides
get to know each other and develop 2 basic
dizlogue that leads to wlerance, and Jater
to understanding and respect, for their
ethnic and national differences.

Peace treaties, Ged to a pardcular time
and place, become history the moment
- they're signed, Science, on theother hand,
by the very universality of its language, is
the ideal format for cperting channels of
communication between people, even
before a conflict officially ends. In no sense
does science belong to any “side,” and
when twe scientsts meet, they dosoas
equals. They may disagree in their
discussions. bat their differing opinions
will be dictated not by politics or national-
fsm, but rather by the different agproaches
they have used t solve a scientfic
probiem. Because science is universal, it
provides an integral basis for open
discussion and, by extension, an ideal
platformn for cornmupicaton.

Possibly the best example of the pawer of
scientific coliaboration is one that's not
well lmown by the public, though it has
been docuniented extensively. After WWIL
when hatred and distrust 5till ran high on
both sides, the first contact between
Germans and Israelis took place between
scientists of the Weizmann ksdmute in
Israel and the Max Planck Society in
Germany, The meetings and scientific
collaborations of the 19505 opened the
door to tlie establishment of diplomatic
refations between the two countries in
1965, The year 2009 fnarked the 50th
anniversary of the histeric visir of Professor
Otto Hahn, former president of the Max
Plancl Society, o Ismel.

‘What can be learned from the German- .
Istaeli exampie? Why was it se successful,
and why does that success contdnue today?

Almest cersaindy the initdat basis of
collaboragon—mainly basic scleace
involving fundamenral questions in
physics, chemistzy, biclogy, and mathemat-
ics—created an open envirenment in
which seientists could use another
universal commuodity, curlosity, to drive
cooperation. Here we can see the value of
creating the epporrunity (through funding)
and establishing a broad scientfic
framework in which a scientist is allowed

to freely choose partness, as wellasthe
made of cooperadon.

Such scientific cooperation, when it
becomes firmly established, can spawn
further collaborative projects berween
scientists in other countries where
relations are ense. For instance, the
scientific Hes between Germany and [srael
1aid the groundwork for the SESAME
project: A decommissioned German
particle accelesator thatis in the process of
being upgraded and moved toasitein
Jordan. A number of [sraeli scisntists are
deeplyinvolved in the project; when ir's
finished it will be used by researchers
from: Israel and other countries in the
region ranging from Tunisia and Egypt
to Paldstan.

But even before the first particle beam
was deployed, SESAME provided a forum
for scientists from the different countries
to meet and diseuss science. In Novemnber
2009, 50 years after the first German visit
to Isvael, Professor Ada Yonath of the
Weizmann Institute artended a Ieeting of
researchers in Petrs, Jordan, She was
surprised to find thar those most eager 1o
speak with herand be photographed with
herwere 2 group of young ranian
scienrists. Not-a word of politics passed
between them, but if there is to be real
peace, it might begin with something as

in no gsense does science
belong to any “side,” and
whern two scientists meet,

they do so as eguals.

simple as a discussion between a few
scientists spealdng a common language,
{Ndmately, once scientific cooperation is
established, along with 2 certain level of
trust, additional messages can be passed
throwugh these channels and the issues
moved to a higher level, Clearly, scientific
collaboration cannot bring abowut peace on
its own, Bur ir can be a useful tool for
bridging cultural gaps. By providing a
common, universal Janguage. it can open
the door 1o all sorts of communicaton. oo
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Teaching to ask

Sir, ~ Kol hakaved to my colieague and
fetlow lsmel Academy of Sciences and

Humanities member, Nobel Laureate Ada
Yonath, for using the prestige and public-
ity of her prize to raise an issue that
deserves serious thought (Another Tack,
October 30), Yonath is not a politician nor
a journalist. She is a research scientist, As
a research scientist myself with no hope
for a Nobel (1 am only about to be award-
ed an EMET prize), | know that our mis-
sion is not to tell other people what to
believe but to ask questions. 1 feel that |
am successfui when 1 have made my stu-
dents and others think along lines that
they would not have followed befora.

[ ain depressed when [ see Yonath's mes-
sage being dragged into a political quag-
mire by Uri Avnery and Sarah Monig.

Ada Yorath has motivated me 1o ask
questions. Who are these prisoners? Is &
good for Istael to keep themn in prlson?
Would it be better to let some of them go
free? Which ones? Do we really want a
peace agreement with a Palestinian state?
Who will be the leaders of this Palestinian
state? Are we holding the future Palestin-
fan Nelson Mandela, who also spent Hme
in prison and then became a remarkable
leader for his country? ’

1 have no idea how to answer these
questions. But T think that we must all
think about them and people who are
much Dbrighter than | may find
answers.

A non-Jew once asked a Jew, “Why do
you Jews always answer 3 question by

asking another question?” The Jew
answered “Why not?”
Lam a good Jew. I ask questions.
HARRY [. LIPKIN
Professor Emeritus
Weignann Institute of Science
Rehovot
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Ush : gt teaching strategies that t
erential Teaching”: B Strateg: accep
i " ntia ch ng the fact that we must live in the
Israel's Kﬁy o Succass real world, not some imaginary
To the Editar: ene where everything is better

A central problem for schoals, in
the teaching of reading as well as
other subjects, is finding a aystem
that can educate al children
to learn, and to love learning
{“Legislation Would Replace
Federal Reading Programs,” Nou
11, 2009}, Teachers must be given
the training and tools to succeed
in reaching students with widely
differing abilities and home
envirgnments, and to enable each of
those atudenta to achieve according
to his or her individual potential.

In lsrael, a “differential teaching”
program known a5 LITAF, developed
by the educator Nira Altalef,
has had spectacular success in
teaching children to read with
understanding, fiuency, and
enjoyment, The Israsli experience
may help educators in other
countries suceeed in the crucial
task of educating all children, with
none left behind,

Her programs begin by
recognizing classreom reality: the
pupils we have, the teachers we
have, and the budgets we have.
While others fzil and Biame their
failure on thege realities, Ms.
Altalel succeedn with differential-

Her programs ineist that it is the
responsibility ef the schoal and
the education aystem o teach

all ¢hildren, ineluding those who
receive no help from their parenta.
The success of thege programs has
shown that it can be done.

In July 2000, 1 published a
“millennium essay” in the journal
Nature that included a picture of
n lat grade classroom in Israel;
the photo shows children working
quietly in amall, independent
groups, and ita caption reads,
“Ninety percent of §-year-old
feraclis can read, understand, and
learn independently” Ms. Altalef's
LrrAF reading program recognizes
that all children, as well as all
teachers, are different. But a good
aystem with a realistic, positive
approach can fit everyone,

All pupils can learn to reagd, all
teachers can teach them, and all
can finish each day with a feeling of
satisfiction and acconiplishment.

Harry J. Lipkin
Frofessor Emarilus

. ] (e

Rahovat, Israel
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Amazingly, the prevailing theery in modern
cosmology, which emerged in the 1980s, sug-
gests that such “paralle! universes” may really
exist—in fact, that a multitude of universes would
incessantly pop out of a primordial vacuum the
way ours did in the big bang. Our universe would
be but one of many pocker universes within a
wider sxpanse called the multiverse. In the over-
whelming majority of those univesses, the laws of
physics mighe not allow the formarion of matter
as we know it or of galaxies, srars, planers and
life. But given the sheer number of possibilities,
nature would have had a good chance to get the
“right” set of laws at least oace.

Our recent studies, however, suggest that
some of these other universes—assuming they
exist—may not be so inhospitable after all. Re-
markably, we have found examples of alternative
valves of the fundementzl constants, and thos of
alrernative sets of physical laws, that mighr stll
lead to very interesting worlds and perhaps w
life. The basic idea is to change one aspect of the

laws of nature and then make compensatory-

changes ro other aspects.

Cur work did not address the most serious fine-
tuning problem in theoresical physics: the small-
ness of the “cosmological constant,” thanks

which our universe neither recollapsed into noth-
ingness a fraction of a second after the big bang,
nor was ripped part by an exponentially acceler-
ating expansion. Nevertheless, the examples of al-
ternative, potendally habirable universes raise in-
teresting questions and motivate further research
into how unigue our own aniverse mighr be,

Ths Weakless Way of Lifa _
The conventional way scientists ind out if one
particalar constant of narure is finely muned or
notis to turn chat “constant™ into zn adjuseable
paramerer and rweak it while leaving all ocher
constancs unaltered, Based on their newly mod-
ified faws of physics, the scientists then "play the
movie” of the universe—they do calculartions,
what-if scenarios or compurer simulations—te
see whart disaster occurs first. Bur there is no
reason why one should tweak only one param-
eter at a time. Tharsituation resembles twying to
drive a car by varying oaly your latitude or oaly
your longitnde, bur nor both: unless you are
traveling on a grid, you are destined to run off
the road. Instead one can rweak multiple param-
eters at once.

" Tosearch for alrernasive sets of laws chatstili
give rise w complex seructures capable of sustain-

January 2619
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ing life, one of us (Perez) and his coilaborarors
did not make just small rweaks to the known laws
of physics: they completely eliminared one of the
four known fundamental forces of nature.

By their very name, the fundamental forces
sound like indispensable features of any self-re-
specting universe. Withour the srrong noclear

force to bind quarks into protons and neutrons:

and those into atomic nuclel, matter as we know
it would not exist. Wichour the elecromagneric
force, there would be no light; there would also
be no aroms and no chemical bonds. Without

graviry, there would be ndForce to coalesce mac-

ter inro galaxies, stars and plagers.

The fourth force, the weak nuciear force, has
a subtler presence in our everyday life but sill
has played a major role in the history of our uni-
verse. Among other things, the weak force en-
ables the reactions that rurn neutrons into pro-
tons, and vice versa. In the first instants of the
big bang, after quarks (ameng the first forms of
matter to appear} had united in groups of three
1o form protons and nentrons, collectively called
baryens, groups of four protons were then able
to fuse together and become helium 4 nuclel,
made of two protons and rwo nentrons. This so-
called big bang nucleosynrhesis took place a few
seconds into the life of our universe, when it was
already cold enough for baryons ro form bur
still hot enongh for the baryons to undergo nu-
clear fusion. Big bang nucieosynthesis produced
the hydrogen and helium that would later form
stars, where nuclear fusion and other processes
would forge vircually all other naturally occur-
ring elements. And to this day, the fusion of four
protons to make helium 4 continues inside our
sun, where it produces most of the energy thar
we receive from it '

Without the weak nuclear force, then, it
seemns unlikely that a universe could contain
anything resembling complex chemistry, lee
alone life. Yet in 2006 Perez’s team discovered
a set of physical laws that relied on only the oth-
er three forces of nature and still led to a conge-
nial universe. e :

Eliminating the weak nuclear force required
several modifications to the so-called Standard
Model of particle physics, the theery that de-
scribes all forces except graviry. The team showed
that the tweaks could be done in such 2 way that
the bekavior of the other three forces—and other
crucial parameters such as the masses of the
quarks—would be the same as in our world. We
should scress thae this choice was a conservative
one, intended to facilitate the calenlation of how

www.ScientificAmerican.com

the universe would unfold. Itis quize possible that
a wide range of other “weakiess” universes exist
thar are habirable bur look nothing like our own.
In the weakless universe, the usual fusing of
protons to form helium would be impossible,
because it reguires that two of che protens con-
vert into neutrons. Bur other pathways could ex-
ist for the creation of the elements. For example,
our universe contains overwhelmingly more
matter than antimatter, but a small adjustment
to the parameter that conarrols this asymmerry &
is enough to ensure that the big bang nucleasya-
thesis would leave behind a substantial amount
of denterium nnclei. Deuterium, also known as
hydrogesn 2, is the isctope of hydrogen whose
nucleus contains a neutron in addition o the
usual proton. Stars could chea shine by fusing a
proton and a deurerium nucleus to make a heli-
wm 3 (rwo protons and one neucron) nucleus.
Such weakless stars would be colder and
smailer than the stars in cur own universe. Ac-
cording 1o compurer simpulations by astrophysi-
cist Adam Burrows of Princeton University,
they could burn for abour seven billion years—
abou: the current age of our sun—and radiate
energy at a rate thar would be a few percent of

thar of the sun.

Next Beneration

Just like stars in our universe, weakless stars
could synthesize elements as heavy as iron
through further nuclear fusion. But the typical
reactions that in our stars lead to elements
beyond iron would be compromised, primarily
because few neurrons would be available for
nuclei to capture to become heavier isotopes,
the first step in the formation of heavier ele-
ments. Small amounts of heavy elements, up to
strontium, might stll be synthesized inside
weakless stars by other mechanisms.

In our universe, supernova explosions disperse
the newly syathesized elements into space, and
synthesize more of the elements themselves. Su-
pernovae can be of several rypes: in the weakless
universe, the supernova explosions caused by col-
lapsing uitramassive stars would fail, because it s
the emission of neutrinos, produced viz the weale-
force interactions, that transmits energy outof a-
star’s core so as to sustain the shock wave thatis
causing the explosion. But a different cype of su-
pernova—the thermonuclear explosion of a star
triggered by accretion, rather chan by gravitation-
al collapse—would still take place. Thus, ele-
ments eould be dispersed into intersteliar space,
where they could seed new stars and planets.




Amazingly, the prevailing theory in modern
casmology, which emerged iz the 1980s, sug-
gests that such “parallel universes” may really
- exist—in fact, thata muldmde of universes would
incessancly pop out of a primordial vacuum the
way ours did in the big bang. Qur universe would
be but one of many pocker universes within a
wider expanse called the multverse. In the aver-
whelmiﬁg majorizy of those universes, the laws of
physics might not allow the formaden of matter
as we know it or of palaxies, stars, planets and
life. Bur given the sheer number of possibilisies,
nature would have had a good chance to get the
“right” set of laws at least once.

Our recent studies, however, suggest that
some of these other universes—assuming they
exist—may not be so inhospieable afrer all. Re-
markably, we have found examples of alternative
values of the fundamental constants, and thus of
alrernative sets of physical laws, thar mighe stiil
lead to very interesting worlds and perhaps o
life. The basic idea is to change cne aspect of the
laws of nature and then make compensatory
changes to other aspects.

Our work did nor address the most serious fine-
runing problem in theoretical physics: the small-
ness of the “cosmological constant,” thacks to
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which our universe neither recollapsed into noth-
ingness a fraction of a second after the big bang,
nor was ripped part by an exponentally acceler-
aring expansion, Nevertheless, the examples of al-
ternative, potentally habirable universes raise in-
teresting questions and motivare further research
tnto how unique our own universe might be.

The Weakless Way of Life
The conventional way scientists find out if one
particular consrant of narure is finely tuned or
not is to turn that “constant” into an adjustable
parameter and tweak it while leaving all other
constants unaltered. Based on their newly mod-
ified laws of physics, the scientists chen “play the
movie™ of the universe—they do caleulations,
what-if scenarios or computzer simulations—to
see what disaster occurs first. But there is no
reasost why one should rweak only one param-
eter ar a time. That siruarion resembles rrying to
drive a car by varying only your latitude or oaly
your longitude, bur not both: uniess youn are
traveling on a grid, you are destined to run off
the road. Instead one can tweak multiple param-
eters at once.

‘Toskarch for alternative sets of laws thar seill
give rise to complex structures capable of sustain-

lanuary 2010
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We may need
to learn more
about cther
Universes to
understand
Sur true
place in the
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Given the relative coldness of the weakless
stars, a weakless Earch-like body would havero
be about six times closer to its sun to stay as
warm as our own Earth. To the inhabitanrs of
such a planer, the sun would look much bigger.
Weakless Earths would be significantly differ-
ent from our own Earth in other ways. In our
world, plate tectonics and volcanic activity are
powered by the radioactive decay of uranivm
and thorium deep wichin Earch. Without these
heavy elements, a typical weakless Earth might
have a comparatively boring 2nd featureless ge-
ology-—except if gravitational processes provid-
ed an alternative source of hearing, as happens
on some moons of Saturn and Jupiter.

Chemistry, on the other hand, would be very
simitzar to that of our world. One difference
would be that the periodic zable would stop at
irom, except for extremely small traces of ocher
elements. Bur this limitation should not prevene
life-forms similar to the ones we know from
evolving. Thus, even a universe with just three
fundamensal forces could be congenial to life.

Another approach, pursued by the other of

muﬁﬁiweg‘%% us (Jenkins} and his collaborarors, searches for
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alternative sers of laws by making smaller
tweaks to the Standard Model than in the case
of the weakless universe, though still involving
mulriple parameters ar once, In 2008 the group
studied to what extent the masses of the three
lightest of the six quarks—called the up, down
and strange quarks—may vary withour making
organic chemistry impossible. Changing the
quark masses will inevitably affect which bary-
ons and which atomic nuclei can exist without
decaying quickly. In turn, the different assort-
ment of atornic nuclet will affect chemistry.

Quarky Chemistry

It seems plausible thar intelligenc life {if itis not
very different from us) requires some form of
organic chemistry, which is by definirion the
chemistry that involves carbon. The chemical
properties of cazbon follow from the fact that
its nucleus has an electric charge of 6, so that
six electrons orbir in & neutral carbon atom.
These properties allow carbon to form an
immense variery of complex molecules. (The
suggestion often made by science-fiction writ-
ers that life could instead be based on silicon—

January 2010
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the next elernent in carbon’s group in the peri-
odic table—is questionable: no silicon-based
molecules of any significant degree of complex-
ity are known to exist.) Furthermore, for com-
plex organic molecules to form, elements wich
the chemistry of hydrogen {charge 1) and oxy-
gen (charge 8) need ro be present. To see if they
could maiatzin organic chemiscry, then, the
team had o calculate whether nuclei of charge
1, 6 or 8 would decay radioactively before chey
could participate in chemical reactions [sze box
on next pagel. .

The stability of a nucleus partly depends onits
mass, which in curn depends on the masses of the
baryons it is made of. Computing the masses of
baryans and nuclei starting from the masses of
the quarks is extremely challenging even in our
universe, But after tweaking the intensity of the
interaction berween quarks, one can use the
baryon masses measured in our universe to esti-
mate how small changes to the masses of the
quarks would affect the masses of nuclel.

In our world, the neuzron is roughly 0.1 per-
cent heavier than the proton. If the masses of the
quarls were changed so that the neutron be-

www, ScientificAmerican.com

came 2 percent heavier than the proton, ao
long-lived form of carbon or oxygen would ex-
ist. If quark masses were adjusted to make the
proton heavier then the neutron, then the pro-
ton in a hydrogen nucleus would capture the
surrounding eleceron and rurn into a newtron,
so that hydrogen atoms could nort exist for very
leng. Bus deuterium or tritium (hydrogen 3)
might still be stable, and so would some forms
of oxygen and carbor. Indeed, we found that
only if the proton became heavier than the nen-
tron by more than about 1 percent would there
cease 10 be some stable form of hydrogen.

With deuterivm (or tritium) substivuting for
hydrogen 1, oceans would be made of heavy wa-
ter, which has subtly different*physical and
chemical properties from ordinary water. Suill,
there does not appear to be a fundamenral ob-
stacle in these worlds fo some form of organic
life evolving. ,

In our world, the third-lightest quark—rthe
strange quark—is too heavy to participate in
nuclear physics. But if its mass were reduced
by a factor of more than abour 19, nuclei could
be made not just of pretons and neutrons bur
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Costa Riea, is in the High Energy
Physics groug at Forida State
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nia Institute of Technology, and he
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while at the Massachusetts Insti-
tute of Technalogy with Bob Jaffe
and Itamar Kimchi. Gilad Perez is
a theorist at the Weizmann Insti-
tute of Stience in Rehovot, Israel,
where he received his Ph.D. in
2003, While at Lawrance Berkeley
National Lab, he explorad the
multiverse with Roné Harnik of
Stanford Upivarsity and Graham D,
Kribs of the University of Oregon.
He has alse dona stints at Stony
Brook University, Boston Universi-
ty and Harvard.
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also of other baryons containing strange quarks.

For example, the team identified a universe
in which the up and strange quark would have
roughly che same mass, whereas the dowm quark
would be much lighter. Then atemic nuclei
would not be made of protoas and neutrons bur
instead of neutzrons and another baryon, called
the £ (“sigrna minus™). Remarkably, even such

a radically different universe would have stable:

forms of hydrogen, carbon and oxygen and
therefore could have organic chemistry. Wheth-
er those elernenrs would be produced abundant-
ly enough for life to evolve somewhere within
them is an unanswered question.

But if life can arise, it would again happen
much like it does in our wozld. Physiciszs in such
a universe mighs be puzzled by the fact that the
up and strange quarks would have almostiden-
tical masses. They mighr even imagine thar this
amazing coincidence has an anthropic explana-
tion, based on the need for organic chemistry.
We know, bowever, that such an explanation
would be wrong, becanse our world has organic
chemistry even though the masses of the down
and strange quarks are quite different.

On the other hand, universes in which the
three light quarks had roughly the same masses
would probabiy bave no orgaric chemisiry: any
nucletis with more than a couple of units of elec-
trical charge would decay away almost immedi-
ately. Unfortunarely, it is very difficule to map
our in dezail the histories of universes whose
physical parameters are different from our own.
This issue requires fusther research.

String Landscaping

Fine-tuning has been invoked by some theoreti-
czl physicists as indirect evidence for the multi-
verse. Do our findings therefore cail the concept
of 2 mulriverse into question? We do not think
that this is necessarily the case, for rwo reasons.
The first comes from gbservation, combined
with theory. Astronomical dara sizongly support
the hypothesis that our universe started out asa
tiny patch of spacetime, perhaps 2s smatl asa bil-
lionth the size of a proton, which then went
through a phase of rapid, exponential growsh,
called inflation. Cosmology still Jacks a defini-
tive theoretical model for inflation, but theory
suggests that different patches could inflate ar
different rates and thar each patch could form a
“pocket” that can become a universe in its own
righe, characterized by its own values for the
constants of narure [see “The Self-Reproducing
Infarionary Universe,” by Andrei Linde; Scien-

Januvary 2010
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T1PIC AMERICAN, November 1994]. Space
berween pocket universes would keep expand-
ing so fast that it would be impossible to travel
or send messages from one pocket to the nexs,
even at the speed of light.

The second reason o suspect the existence of
the multiverse is thar one quantiry still seems to
be finely tuned o an extraordinary degree: the
cosmological constant, which represents the
amount of energy embodied in empry space.
Quantum physics predicts that even otherwise
empty space must conrain ensrgy. Einstein's
general theory of relativity requires that all
forms of energy exert gravity. If this energy is
positive, it canses spacetime to expand atan ex-
ponentially accelerating rare. If it is negarive, the
universe would recollapse in 2 “big crunch.”
Quantum theory seems to imply thar the cosmo-
logical constant should be so large—in the posi-
tive or negative direction—that space would ex-
pand too quickly for structures such as galaxies
20 have a chance to form or else thar the universe
would exist for a fraction of a second before
recoliapsing.

One way to explain why our universe avoid-
ed such disasters could be that some other term
in the equations canceled our the effects of the
cosmological constant. The trouble is chat this
rerm would have to be fine-tuned with exquisite
precision. A deviation in even the 100th decimal
place would lead to a universe without any sig-
nificant structure,

In 1987 Steven Weinberg, the Nobel Prize-
winning theorist at the Universicy of Texas at
Austin, proposed an anthropic explanation. He
calculated an upper bound on the value of the
cosmological constant that would still be com-
patible wizh life. Were the value any bigger,
space would expand so quickly that the universe
would lack the strucrures that life requires. Ina
way, then, our very existence predicts the low
value of the constant.

Then, in the late 1990s, astronomers discov-
ered that the universe is indeed expanding aran
accelesating rate, pushed by 2 mysterious form
of “dark energy.” The observed rate implied
that the cosmological constan is positive and
tiny—within the bounds of Weinberg's predic-
tion—meaning that dark energy is very dilute.

Thus, the cosmological constant seems to be
fine-tuned to an exceprional degree. Moreover,
the methods our teams have applied to the weak
nuclear force and to the masses of quarks seem
to fail in this case, because it seems impossible
to find congenial universes in which the cosmo-

www.ScientificAmerican.com
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A Designer Universe? Staven Wein-
berg. Conference an Cosmic Design of
the Arnerican Association for the Ad-
vancemment of Sciznce, Washington,
D.C., Apsil 1959, Available online at
www,physlink.com/Education/
essay_weinberg.cfm

Paralle] Universes, Max Tegmark in
Scientific American, Val, 288, No. 5,
pages 30-4%; May 2003,

A Universa without Weak Interac-
tions. Roni Haraik, Graham D, Kribs
and Gilad Parez in Physical Review D,
Vol. 74, No. 3, pages 035006-1-
035086-15; August 2006.

Quark Masses: An Environmental
Impact Statement, Robert L. Jafis,
Alpjandro lertking and Itamar Kimehi
in Physical Reviesv D, Vol, 78, No. 6,
wages 065014-1-065014-33;

March 2009.

logical constant is substantially larger than the
value we obsecve. Within a multiverse, the vass
majoricy of universes could have cosmological
constaats incompatible with the formation of
any structure. o

A real-world analogy—as opposed to an ac-
rion-movie one—would be to send thousands of
people trekking scrass a mouncainous desert.
The few who make it out zlive mighr teil stories
full of clif{hangc:s,cncoun:ers'wich polsoaous
snzkes, and other brushes with death tharwould
seem too close 1o be realistic.

Theoretical arguments rooted in string the-
ory—a speculative extension of the Standard
Modet chat artemprs to describe all forces as
the vibrarions of microscopic strings—seem o
confirm such a scenario. These arguments sug-
gest thar during inflarion the cosmological con-
stant and other parameters could have taken a
virtually limirless range of different values,
calied the string theory landscape [see “The
String Theory Landscape,” by Raphael Bousso
and joseph Polchinski; SCIENTIFIC AMERICAN,
Seprember 2004}

Our own work, however, does cast some
doube on the usefulness of anthropic reasoning,
at least beyond the case of the cosmological con-
stant. Ir also raises important questions, For ex-
ample, if life really is possible in a wealdess uni-
verse, then why does our own universe have a
weak force at all? In fact, particle physicises
consider the weak force in our universe ro be, in

" 2 sense, not weak enough. Its observed value

seems unnaturally strong within the Standard
Model. (The leading explanation for this mys-
tery requires the existence of new particles and
forces that physicists hope to discoyer at the
newly opened Large Hadror Collider at CERN
near Geneva.}

Asa consequence, many theorists expect that
most universes would have weak interactions
that are so feeble as to be effectively absent. The
real chalienge, then, may be to explain why we
do not live in a weakless universe.

Eventually only a deeper knowledge of how
Universes are bora can answer such guestions.
In particular, we may discover physical princi-
ples of a more fundamental level that imply that
nature prefers certain sets of laws over others.

We may never find any direct evidence of the
existence of other universes, and we certainly
will never get to visit one. But we may need to
leara more about them if we want o understand
what is our true place in the mulciverse—or
whatever it is that is our there. B
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