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oastargazer, the unverse  ap
pears as padd and cam as a frozen

He Bu n redy, t s avdet
chuning cauldon in which galaxies
adip eah aher guat fingng e
bis acoss the cosmos. Astronomers
woud love O see tis  vioence, but
al tey get ae smgpshots of galax
S n vaos dages o mped Tosee
colisions n maion, tey woud reed
atmedapse  camera that coud com-
press a hilion years into  an hour.
Lars Hemous,  an astrophys-
ot a the Unvesly of Calfomia,
SantaCruz,hasdevisedthenext
bestthing:supercomputersimula-
tions of cosmic encounters.

Hernquist'scomputermodelshave
helpedastronomersunderstandthe
ogn o dabuss aswd asest
matethequantityofdarkmatter
thatsurroundsandmoldsgalaxies.
Recently,Hemquisthasprobedthe
evouton  of disc galaxdes
ownfromtheirhumblebeginnings
as diise nerselr ges. Hs mod
elshavechangedthewayastrono-
mersthinkaboutthe universe.
Whileonecanarguetheyare
meremodels,simulationsarethe
ony way to watch a colision
galaxiesunfold.Astronomershave
tied assambing ®esoopc  phoos o
dierert alHrs n deet  dages

ke our

of wo

5 abt ke g D & wha wak
ing looks ke bylinng up ahunded
photos of different peope on a dy
sreet,  each snapped fom a differ-
entangle. Theremustbeabetter

way.

h hs dice Hemgue uoks
aposer tat ocoud beanadfor anew
Star Trekmovie.Abovethewords
‘Cosmic Voyage” two galaxes dash
inob  each aher in Techniodor. Its
pat of asmuaton  requiing  over
1000hoursonaCraysupercomputer
andincludingmorethanamillion
stars. Theresultingone-minute
V00 B SO Soedaob, t hes become
partofanewhalf-hourmoviepro-
ducedbythe Smithsonianinstitu-




ton for IMAXtheaters, auwdidia in of Hawai have incomporated ges ino twogalaxiesofunequalsizemeet,

whch gant sceens utely  immerse theirecentsimulations.Onegoal the graviational tides induce abaer
the viewer in light and sound‘fs was o understand  starbursts. shaped feature across the center  of
verynice,"Hernquistsays.With Thousands of bright  starburst thebiggergalaxy. Thebarforms

dasped hands resing geny on his  galaxiesdottheheavens,mostof shockwaveswhichknocktheinter-

desk, thisexceedinglymildman- which have undergone a colison in  stellargasdowntoalowerorbit,
neredmanspeaksabouthiswork ther recent histoy.  They get ther compressing it Squeezed gy 1o
quietlyandinmonotone.Butwhen bighess fom the sar fadoies a  getherthegasmoleculesfuseand

he speaks, people Iisten. ‘He s one ther ocenter, where hundreds of new explodelikehydrogenbombsall
ofthefewpeopleinastronomywho das fae b edene eath year acrossthe galacticcore. The

doesit hae D Bk ludy © gt s Thesimulationshaveshownhowa sabust less for hundeds of mi
pointacross,”saysJohnsHopkins oolson eangak ada fdoy. As bs O yeas

astronomer ChrisMihos,whocol-

bhoated  wih Hemgust on te Cos
mic Voyage simulation.

Athough the oolision appears
explosve  in the movie, none of the
sas adely meat Inseed, ooid
ing galaxdes pess nght  trough  each
other.Buttheydon'tescapeun-
scathed. Asthey fy by, ther ocom
bined masses throw up a huge grav
stretchesatthesametime,”says
JohnDubinski,aformerpostdocof
Hemquist's,nowattheUniversity
of Toronto. Thematerialatthe
edoes of te galdes fies of ke a
slingshot.”Inamere100milion
years,whatwasonceasmoothdisc
ends up looking lke aspnng lawn
s

FewIMAX-goerswillnotice
whatinterestsHemquistthemost
about  calculations ike the one for
Cosmic Voyage: te gas. Galakes are
ful  of gas. Bvenything  from hydro-
gen o water vapor rolates  about the
gdacic  coe dong wih biions of
stars.Butgasishardtomodel.
Whereasstarsrespondprimarilyto
Newton's law of gravy, gas swils
aroundunpredictably. Thinkofthe
simpe parabola taced by gof bal
whacked of the tee compared O the
complexpathofthesmokefromthe
goe’s  agarete. Si physasis
hae infered cetan laws of fuid
dynamicsfromexperimentswith

Encounter: -

The time-evolutio

gassesandliquidshereonearth. COMPUTERIZED ENCOUNTER
Assambing  these laws b elaboraie Two disk galaxies collide whipping up great gravitational tides that send
computercode, Hemaquist, Mihos, long arms of stars (tidal tails ; 4-6) spinning into space. Unable to escape

and Joshua Bames of the Universiy each others gravitational pull, the two galaxies soon meet again and merge.



Computersimulationshave
aso helped answer the weghty dark
mater quesion.  Most of the massin
the nvee eds as ‘dak mater”
Othewise  invishle, dak mater re-
wss isf ol bys  gavaiod
effects. it maybe madeof subatomic
paides o bunt ot huss o das
no one knoas for sure. But the ques
tionofcosmicimportanceishow
muchdarkmatteristhere?Ifthe
amountissmall,thecosmoswill

tidal tail

The entire encounter takes 100 million yaers. Here dark halo matter is shown
in red, bulge stars are shown in yellow, disk stars are shown in blue, and the gas  have insufident

is shown in green.

keepexpandingforever,butithe

anout s broe, s gy W re

pressingtheuniversebackdownto

asge port
Hernquistcan'tanswerthe

darkmatterquestionfortheuni-

verse, but at least around galaxies

thequantityappearstobesmaller

thansomehavepredicted. Heand

Toonos Duosk fnd tat the sze

dte tH © nagnbeed ok
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son vaies  drasticaly depending  on

howmuchdarkmattertheyputin.

ff amodel galaxy has too much dark

matter,thegorgeousarchingtails

seen n te Eesoope cat fom, sug

gesing that the amount of dak mat

' n gades 5 smal  Pehaps te

unvese hes afuue afer A
Whateverthefuture holds,

Hemgquistwouldalsoliketoknow

aboutthe past. Recentlyhe has

umed hs aterion 0 a mysterious

comeroftheuniversecalledthe

Lymanalphaforest Thisforestof

ges, which habos dues o the for

mation of galaxies lke our own, is

so dak and dstarnt  tet  astonomers

cant see it diedly. But thanks to

intensely  bight quasars that shine

towh te ges ke feshigs, they

canseetheforest’'sshadows.
Asthequasarlightstreams

trough the Lymanapha forest the

gas absobs cetain wawvelengths. By
spltingthelightintoarainbow
withanultra-fineprism,astrono-

mers reveadl aseries of black lines
acrossthespectrum. Thesearethe

shadows of hydrogen gas. Because of
the tme it tkes the gt to reach
theearth,theseshadowswerecast
around seven bilion years ago, be-
foremostmodern galaxieshad
fomed.

Weknow a ot about the forest
Asthegashurtlesawayfromus
trough space, t shis  te postion
o the dak Ines n te spedum to
wards the red by stretching out the
lightwaves,justasapassingcar
sretches  is  sound wawves, produdng
adeeperrumbleasitheadsaway.
By dscarng  difererty redshiied
hydogen lines in the spectum, as
toomes cantl tat te gss n te
Lymanalphaforestisnothomoge-
neous, butgroupedintoclumps,
somefurtherawayandtraveling
s ten dhes  For yeas adioo
merssupposedthoseclumpsofgas
o be sheped ke douds, whch woud
mess ge gt

aES



Old model

New model

GAS MODELS

A schematic view of two models of the distribution of gas in the Lyman alpha forest. Clouds (top half) or sheets
(bottom half) of hydrogen and other gasses absorb light from quasers (bottom left) on its 5 to 7 billion year journey
to Earth.

Now Hernquist and David Inteleciualy, tnking of the not o get camed away by shaky re-
WeinbergofOhioStateUniversity forest as sheets of gas rather than  suls, but not © be so cavous  that
havemodeledtheforestandhave cloudsismoresatisfying.Forone you dont leam amything” — Weinberg
found somethng tolly  different, thing, connuous gas coud provide says. ‘What Lars does wel is tread
nt ke douds a d Theysat te  enoughmasstoformgalaxies.Fur- tet e’
simulationaroundabilionyears thermore,galaxiesinmorerecent Asaresult, mostofhiscol
ater te Big Bang, when, according pats o te uvase ooor n Bes kagues acoept Hemouisfs interpre-
to theoty, gas was spread ewvenly in  asiftheyhadformedinoverying tations. ‘Ave  yeas ago” Hemoust
space. After the simulaon  evolves sheets. Indeed, the obemgas itsef says, ‘f you asked peope what this
or saed bin  yeas te gss aont  continuestocondenseasthesimu- gas betnveen us and the quasars  looks
denses, not Mo douds, but b o lationrunsontowardthepresent, like,mostwouldhave pointedto

ant sheets and wispy rbbons. Coud uni, a pons o hgh gas compess  someofthesimplemodelsthathad
ths be what the Lyman alpha forest son, gdaxdes eqode out of e va  been aound for tity yeas. If you

lookslike?Byshiningacomputer- por.HermgquistandWeinberghave asked most of e obsenvers  and theo
generatedquasarthroughthegas apparentymodeledsevenbilion ristsnowwhattheybelieve,itis

model HemquistandWeinbergcom- yeas of oogmic  evolution. basedprettymuchonthesecom-
pare te models shadows o the real Somecautionisalwaysappro- puter  smulations. This newpont of
shadowsfromtheLymanalphafor- priatewheninterpretingsimula- view has taken ower” |

et Themaich 5 nealy perfect fors. ‘s wvay tidy n tis game



