
Asking for the Moon report itself emphasized the need for innova- 
tive technology. "But we have to recognize 
the real world we're living in," he sighs. The - I perceptions are there. "You can't just step 

GIVEN THE STATE of the federal deficit these 
days, it's still anybody's guess how Congress 
will react to President Bush's multibillion- 
dollar "Human Exploration Initiative," his 
proposal to send humans to the moon and 
Mars. Adding together existing programs 
related to the initiative, plus enhancements, 
yields a first-year budget request of some 
$1.3 billion in fiscal 1991. 

The moon-Mars initiative may or may n o t j y  on Capitol Hill, 
but NASA wants the scientists on its side 

In the meantime. however. the National 

back-and say that Challenger never hap- 
pened." 

In any case, Quayle sent Truly a letter on 

Aeronautics and Space Administration 
(NASA) and the White House's National 
Space Council are making every effort to 
build some credibility with the proposal's 
second toughest audience: the scientists 
who remember all too clearly how huge 
expenses and chronic delays bn an earlier 
human exploration initiative-the space 
shuttle-ended up ravaging the rest of 
NASA's research programs. 

To that end, NASA planning has been 
putting heavy emphasis on such scientific 
goals as the construction of astronomical 
observatories on the moon. And perhaps 
more important, the agency has pledged to 
open up its planning process in an unprece- 
dented wav. In an effort to forestall another 
shuttle experience, for example, the National 
Academy of Sciences and the Aerospace 
Industries Association have been asked to 
review NASA's  lorat at ion vlans on an on- 
going basis. And to counter a widespread 
perception of massive bureaucratic inertia 
and lack of creativity at NASA, outside 
scientists and engine& are already being 
canvassed for innovations that might help 
space programs go far faster and more 
cheaply than they do now. 

Those efforts at building a constituency 
seem to be paying of. At a recent Washing- 
ton meeting of the American Astronomical 
Society, to-take the most vivid example, an 
initially skeptical audience gave a hearty 
ovation to Vice President Dan Quayle when 
he outlined these measures and vowed that 
"the large exploration programs we are plan- 
ning will not emphasize human activities at 
the expense of scientific excellence." 

~ & ~ l e  is chairman of the space council, a 
new 11-member policy group including 
such figures as the Administrator of NASA, 
the President's Chief of Staff, Science Advis- 
er, and National Security Adviser, and the 
Secretaries of Defense, State, and the Trea- 
sury. It was the space council, in fact, that 
inspired the moon-Mars Initiative. 

Senior astronomers, many of whom had 
been asked to comment on early drafts of the 
Vice President's speech, and who later re- 
ceived a background briefing from space 
council staffers, also voiced their support. 
"The Stever report has apparently had a 
strong influence on the thinking of the 
Administration," says Princeton University's 
Jeremiah Osmker, referring to a 1988 re- 
port on the space program that was pre- 
pared for President-elect Bush by a national 
academy committee working under former 
presidential science adviser Guyford Stever. 
Ostriker, who was a member of that com- 
mittee, notes that its central message was 
that any grand initiative to the moon or to 
Mars must come only in addition to NASA's 
baseline science and technology programs, 
not in place of them. "It seems that Quayle 
[and the space council] have agreed to that," 
he says. 

Among the key safeguards of those base- 
line programs is the new national academy1 
aerospace industries review structure, which 
should be able to blow the whistle in a very 
public way if the moon-Mars initiative 
seems to be eating up the basic research 
budget. An ad hoc academy panel, also 
chaired by Stever, will soon be finishing up 
an evaluation of NASA's initial plan for the 

1 moon-Mars initiative. and NASA Adminis- 
trator Richard ~ r u l ~ . h a s  recently sent jn a 
formal request that the pnxess be made 
permanent. The academy is expected to 
agree to this proposal. Its long-established 
Space Studies Board (formerly the Space 
Sciences Board) will continue critiquing 
NASA's baseline research and applications 
efforts. 

Meanwhile, there is the common percep- 
tion in the space community that N&A has 
long since become too ingrown to come up 
with anything new on its own. A case in 
point is NASA's "90-day plan," which the 
agency hurriedly put together during the 3 
months afier Bush announced the explora- 
tion initiative on 20 July last summer, and 
which envisioned a caret$, step-by-step pro- 
gram of moon and Mars exploration at a 
cost of some $400 billion over 30 years: it 
was roundly criticized by the space council 
staff as being stodgy, slow, and unirnagina- 
tive. 
Frank Martin, head of NASA's M c e  of 

Exploration, thinks the criticism was bla- 
tantly unfair, if only because the 90-day 

19 ~ecembei  requesting that NASA "cast 
our net widely"-;hat the agency query aca- 
demic researchers and aerospace industry 
engineers alike for their ideas on "different 
architectures, new systems concepts, prom- 
ising new technologies, and innovative uses 
of new technologies." 

The basic idea is that NASA will spend 
the next 2 years evaluating these newcon- 
cepts. This approach recognizes the fact that 
Congress is highly unlikely to h n d  any 
massive new venture in the next few years- 
if ever. And any emphasis on "faster-cheap- 
er-better" also looks good to the scientists, 
who have been increasingly frustrated by 
NASA science missions that take a decade or 
more to come to fruition. "It means that an 
assistant professor can get involved and not 
have it mean death to his career," says 
Osmker. 

One example of the kind of ideas that will 
likely be surfacing in this period is the 
approach recently proposed by physicist 
Lowell Wood and his colleagues at the 
Lawrence Livermore Laboratory-a group 
that has been preoccupied until recently 
with Strategic Defense Initiative research. 
By carrying everything into orbit using ex- 
isting expendable rockets, they argue, and 
by assembling the interplanetary spacecraft 
and surface habitats out of inflatable Kevlar 
balloons, an expedition could be sent to 

What would they do there? A n  artist's 
conception of a 16-meter lunar telescope. 

Mars by the turn of the century for only $40 
billion-about one-third the time and about 
one-tenth the cost of NASA's approach. 

This vision of inflatable spacecraft has 
raised some very skeptical eyebrows at 
NASA, where engineers wonder how long it 
would be until the first balloon pops. But 
the proposal has inmgued staffers at the 
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space council, \vho see it '1s an "esistcnce 
proof '  that the NXSA \va!, is not nrcess,lril!. 
the onl! \vay. L\'hether o r  not  the b,llloons 
fly, thcy say, this is the kind o f  thinking they 
\vant NXSA t o  pay attention to.  

O f  course, if Congress provides the neces- 
s a n  monc!. and a ~ i~annec i  trip to  Liars 
pro\.cs possible, the nest question is "M'l~at 
arc thcy going t o  d o  \vhen they get there?" 
But as it happens, one ansner-builciing 
obsen.atorics on  the moon-is being given 
serious attention by the astronomers. 

"Xlost astronomical observations are ide- 
ally done from the moon-!f there are n o  
logistical constraints," sa!.s Nobel laureate 
physicist Robert  LV. LVilson o f  Bell Labora- 
tories, \vho reccntl!. prcscntcci an analysis of  
the issue to  ,I national acacierny s u n r y  corn- 
mittcc studying astronomy's needs for the 
1990s. That  is admittedly a big If, he says. 
Rut assuming that the exploration initiati1.e 
docs get as fL1r as the moon, then it \voulci be 
possible t o  build some \.en. interesting in- 
strunlcllts there. 

Since the moon has n o  air, for c s a ~ i ~ p l e ,  a 
16-meter o r  25-meter optical telescope lo- 
cated on the lunar surface \vould be just as 
free of  atmospl~cric interference as the H u b -  
ble Space Telescope. But it \voulci have ten 
times better resolution and \vould be consid- 
erably easier to keep pointed accuratel!. than 
a tclcscope on  a drifting, rL1pidl\ rotating 
satellite. If such a tclcscope \Yere also cooled 
to about 100 K to  ~ i ~ a s i m i z e  its infrareci 
sensiti\.iq.-lunar dust is an escellent insu- 
lating material, and the lunar night is Yen. 
cold-then it could search for Earth-like 
planets arounci other stars and could study 
v c n  young and \.en. ciistant galxxies in the 
process o f  fo rn~~ l t ion .  

Illean\vl~ile, arrays of optical telescopes 
ranging across the lunar plains for ciozens o f  
lulometcrs coulci combine their light inter- 
feronietrically to  prociuce angular resolu- 
tions measureci in rnii.roarc seconds-gooci 
enough to  make cictailed maps o f  hen mat- 
ter fL~lls into the massive black holes t h o u g l ~ t  
t o  lie in the cores of  quasars and other active 
galaxics. Giant raciio telcscopcs coulci oper- 
ate frce o f  terrestrial intcrfcrence. Batteries 
of  special-purpose telcscopcs could continu- 
ously monitor the \\.hole sky at e v e n  Lva1.e- 
lcngtli, making sure that no supernova o r  
other transient c\,ent \vould e\.er g o  Llnno- 
ticcd. 

Anci so  it goes. As i e  as the moon-IlIars 
initiati1.c still is, the acadern!,'~ astronomy 
s u n r y  committee is taking it seriously 
cnoug l~  to add a chapter o n  the subject t o  its 
final report, which is due ou t  nest  year, says 
the committee chairman John Bahcall of  the 
Instinltc for Advanced Stud!, . The  initia- 
tive, he sa!'~, "is a central anci i ~ i ~ p o r t a n t  
question." M. MITCHELL WALDROP 

The Return of Cold Dark Matter 
"Thc reports of  rn!. d c ~ t h  h,l\.c hccn 
grcclrly c~aggcr~l tcd ,"  dcclarcci Il1,lrk 
T\\ ain. And no\\- the m n c  c,ln be s a d  o f  
the rcccntl\. r cpo~ tcd  cicmisc of  thc cold 
clark matter t h c o n  of galaxy formation- 
the propol t lon that c~ h n d  of  in\.isihlc 
cosmic cctop1,lsm h.1~ sh,lpcd the uni- 
\.crjc through the pure t i m e  o f  grc~\,inz. 

J P Huchra 
Originally in\,okcd to  explain 

clu5tc.r~ and supcrclustcrs o f  g~ll,~xies 
could ha\,c formcd from the smooth soup 
of mattcr Icti by the Rig B m g ,  the cold 
d x k  mattcr theon,  actuall!. spent the 
better p a n  of  the 1980s being \ ,en ,  u c -  
ccs \ f~~ l .  O b s c ~ ~  ational cvidcncc suggc5ts 
tliat so11ic k i~ id  ofd,lrk martcr compri\cs 
9 0  to  99% of the mass in the unl\,crsc; 
the theon, simpl! p o s t ~ ~ l ~ ~ t c s  th ,~ t  the stuff 
is ,I haze of slo\\,-mo\,ing, i\.c,~kl!. inter- Two universes. P,ivk'z s i r t ~ ~ r l i ~ t i o r l  (Oorrort~) 
acting clcmcntLln pnrticlc that \\.ere also ,lvc, l i l l l  .(,s ,, A i , ~ , , r  t l rc 
produceci In the Big Bang. Ll'ith co much ,,,, , ,,,, ,,, irq,,,  
mas5, Inorco\ cr, the gr'l\,it,ltional forces 
cscrtcd by dark Iil~lttcr could ha\.c quickl!. pulled ordin,~nr matter into an array of  
dense c l u m p ,  thus forming the galaxies and clusters \vc see today. 

Idatel\., ho\vc\.cr, cold dark matter l ~ a d  seemed to  be h c ~ d c d  for the grave, as 
astronomers kept tinding clustcrs m c i  sheets of  galx~ics  that seemed far too immense 
to h,~\.c formcd bv grayin. ,llonc. Anci !.et it h,ls no\\, been rcsurrcctcd b!. Changbon 
I'ark. a Princeton Cni\.crsln. gradu'lte student runrllng the 1,lrgest computer model o f  
tlic cosnios c \ r r  attcnlptcd. 

L'sing the <lstronornir department's nc\\. Con\,cs ~ninisupcrconiputcr, Park dctincd ,I 

model unlvcrsc some 200 ni~llion light-!,c,lrs o n  ,I sicic, o r  almost t\vicc ,IS Iargc as in 
,In!. p r c \ ~ ~ o ~ ~ ~ c l t i i t ~ l a t i o n .  Next, he tilled that \-olurnc \vith a r,~ndorn distribution of  2 
million ni,~tlicmatic,~l p,lrticlcs rcprcscnting cold dark mattcr, plus another 2 million 
panicles representing tlic oralnary niattcr t h ~ t  forms \.isible stars ,lnd galax~cs. Finally, 
he set them all in niotlon under the influence of  gravity and follo\vcd their e\ulution 
tioni the Rig K,mg to  the present-<I period of  some 13 billion years. 

l'ark has published his results in the E'cbn~~lry issue o f  the .\lorrrlrly ,Yoriic,x c!f t l r cz  

Koy,r/ .-\:rr.c~rrorr~lc,rI Soii<'t)l. Just '1s in p re \ . i o~~s ,  s m ~ l l e r  simulations, the gcllaxics of  his 
mociel ~~ni \ ,crscs  trace ou t  sponge-like structures o f  clumps ar;ci voids Yen, much like 
the one5 astronomers find in the real ~lni\.crsc. Unlike pre\ . iou ~ i n i u l ~ ~ t i o n s ,  hoivc\,er, 
l'ark's un~\,crscs also produced huge sheets o f  g.llx~ies reminiscent of  the "Great 
\Vall," one of the recent dicco\,erics that looked f~tlral to the cold dark ni,lttcr theory 
i Siioriit., 1 7  November 1989, pp. 885, 8 9 7 ) .  

"lt's nice to  scc that thcsc structures t'lrr be formed by gra\.ity," says I'rinccton 
,lstronomcr J .  Richard C;ott, l'ark's thesis ad\iscr. Orhenvise, he says, cosmologists 
\ \ . o ~ ~ l d  be harci-pressed to  cxplain ho\v gc~laxics coulcl have bccn pushed into structurcs 
5uch as the tircat \l'all. Prc\,iol~s sirnu1'1tion i<lilcd to  sho\v such structures hec,lusc 
the!. \\,ere simpl!. too  cm,lll, he adds. 

"lt's \.el?. solici \\rork," ,lgrccs ,\iasc,lchusctts Institute of  'Technolog, ,lstrophysicist 
Edmund Kenschingcr, \\.ho until rcccntl! held the record \\,ith a 2-million pclrticlc 
simulation. Nc\ crthclcss, he points out,  Pdrk's mocicl is still too  coarse-gralncd t o  
model the formation o f  indi\.idu,ll ga l a l i c .  I.ikc c \ ,cnonc clsc In this game, Pdrk \\.as 
forced to  make \omc clucstionablc ,~ssiumptions about h o ~ v  gdlasics hr111, '1 Ha\\. t h ~ t  
\till Ic,l\,o room ti)r douht  ahout the cold ciclrk niattcr theon..  
1'0 do ,I proper model o f  galasics a$ \\.ell as the I'lrgc-scale structurcs, Hertschingcr 

s,l\.s, "!.ou'd ~dc,lll\ need hundreds or  thousands of  times more p,lniclcs." H c  ,lnd hls 
collcclguo hope t o  take ,I big step in th,lt direction this \.c.lr, \\,hen thcy \\ . i l l  dc\,otc 
some 2000 hours o f  eupcrcomp~ltcr time at the Corncll supercomputer ccntcr t o  
modeling the uni\~crsc \ \ , ~ t h  some 17 million particles. M. MITCHELL WALDROP 




