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AEROSBPACE

A TELESCOPE THAT

CAN HEAR THE
COSMIC DARK AGES

THE CATCH: IT WILL HAVE TO BE ON THE MOON <= By Ned Potter
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SOLATION DICTATES WHERE WE GO TO SEE INTO THE FAR REACHES OF THE UNIVERBE. The Atacama
Dasert of Chila, the summit of Mauna Kes in Hawall, the vest expanse of the Australian OQutback—thesa
are where astronomers and engineers have buill tha great ebeservatories and radio telescopes of modern
times, Thi skies are usually clear, the air iz ard, and the electronic din of clvilization |s far away.

It weaas v oise of these places. in the high deser
oif INeew Miexhoo, that a FPHINE ASTIONEENICT TLAT el Jack

Burms went to study radio jets and gquasars far |

||l.'_§.'|l|||.1 1le BBy Winy, 18 wans 1979, b waans just ool
of grad school, and the Very Large Arcay, a congtel-
lation of 28 piant dish antennas on an open pladn,
wits i mew mecca of radio astronmmy

it the WLA had iis limitations—namely, that
Earth's protective atmosphece and booosphens
blocked many parts of the electromagnatic spec-
trisae, ancd that, even in 8 remote desert, earthly
inferference was never completely pone

Comtld there be a better, even lonalier place topat
a rinchio telescope? Sure, a NASA planetary schentist
el Wendel] Mepdell told Barns: How abowt the
moon? Hie agked il Burng had ever theargiht aboug
Bublding one there.

"My immediate reacton was no, Maybeeven hell,
n, Wy would D want (o dothat?™ Buens recalks with
a sell-depre ing smile, His work at the VA had
gone well, e was fazcinated by cosmologys big
guestions, smd he didnt want to be slowed byt
buarezscratic shop of getting funding to launch anew
pizce of hasdware

Bt M endell sugpested he do some research amd
Eped s at aconterence on hutire lunor shaarvatores,
amdd Burnss thinking about a space-tased radio
telescope began to shift, That was in 1984, In the
lour decades since, he's published more than 500
peer-reveewed papers on radieastromeny, Hesbeen
an atviser o MASA, the Department of Energy, an:
the White House, as well a2 a professor amd o uni-
verkity administrator, And while leng all thar.
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T In an arilet's
| Fandar g, tha
LUSEE-Hight rodisa
teleitops wils
atap Firefly
Aureipace”s Blue
dhost 2 Jardar,
which will carry

i1 1e the moon"s

Burnz has had an ongedng second job of sons asa
fuietly persistent advacate for radie astronoamy
Frcm space,

And earky mext vear, il afl goes well, 2 radio tele-
senpe forwhich he's a sclentific investigaor will be
launghed —not just into space, not just o e moomn,
bt 1o fhe meoon's far sile, where it will ohserve
things invisible From Earth

Wi can e wo doa't Back foa ambition alver all
these vears," savs Burns, mow ¥3 and o |'|[|'_|-ﬁ_"'!-:-i|||"
emeriiieg of astrophysics at the Universidy of Colo
cado Baakder,

The instrnmant ks calbed LuSEE-Night, shorl for
Lamir Surface Electromagnetlcs Experiment—Sight.
Ie will be Lanochet froem Flocida aboard a :-ip._'-u;nz-.‘a‘.'
vackel amd cartbed 1o the moons Firsides Mnp a st
four-kepzed robotlc gpacecialt called Rluae Gluos)
Mission 2, bauilt and operated by Flrefly Aerospace
b Cedar Park, Texas,

Landing will be risky: floe Ghost 2will beon its
ow'r, in b plece that's out of | he sight ofgrownd con-
troflers But Firefly's Blue Ghost 1 pulled off the firs)
successiul kinding by o private company on the
inde s near side in March 2025, And Burns has
already put hardware on the lmar surface, albei

| with mixed results: An experiment he belped con-

cemve was on board & lander called Odvsseirs, budlt
I Howston-tased Intuitive Machines, in 2024
Ud._l.'ﬁ:il_'llﬁ wis damaged on landing, bt Burms's
eaperiment 20l reurned some weerul dati.

Puwrma saps hie'd be burmmed stout that 2024 mis-
siom if there wernen't 5o many more comdng up. He's

FEned in proposieg myrisnd desipnes for radio teles
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soopes that could go tothe moon. And he's kepr
godng through palitical disputes, technlcal debays,
even & confroniation with cancer, Final w, finalhy, the
efFort :!c'|:-.:|5,li|1|_: off.

"We're getting our feet into the lunar sell” savs
Humz, “and understanding what ks possible with
theae radio telescopes ina place where we've never
ihserved before”

MOON-BASED RADIO TELESCOPE coull

hiel LR nrave] soame of the greatest mysieries

in spice science, Dark matter, dark energy,
neutron stirs, andd gravitational waves could all coane
Inio becter focus i observed from the moon, One of
Burns's collaborators on LuSEE-Might, astronomer
Grege Hallinan of Caltech, woiild ke sucly o tele-
scope to lerther his research on electromagnetic
activIny around exoplinets, o possible measure of
whether these distant wockls are hahitable, Bums
himmselFis especinlly Inferested in the cosanic dark
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ages, an epach that legan mone than 13 billicn vears
g, just 390,000 vears alter the big bang, The pou g
universe had conled enough for meutreal byrogen
atams o Form, which trapped the Hght of stars aml
gataxles The dark ages Basted between 200 millbon
and 400 million years,

“Tt"s o critical pertod in the history of the uni-
verse,” aays Burns. "Butwe have no daca from it~

The prablesm is that residual radio signals from
this epoch are very faint and easily drowmned out by
cliser noise-—in particolar, our eanhly commiuni-
caticns networ ks, power grids, radar, end 20 lorih,
The sun adds itz shace, too, What's more, these sig-
naks have been deamatically redshifted by the expan
sion of the universe, thelr wavelengihs stretched as
thelr sources have sped samy from us over billkons
ofvears, Tlhe most critical example s neutral hydio-
gen, the most abundant elemeant in the universe,
whith when excited in the laboratory emits a radio
sigmal with a wivelength of 21 centimeters. Tabeed,
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History of the Universe

Feet Parlicise Elrmt M le

with just some backyard equipment, you can easily
wetect neutral hydrogen In nearby galactic gas
clouds cloge po that weavelenpth, which correspon:ds
tra frequency of 142 gigahertz. Bt if the hydrogen
signal orlglnates from the dack ages (hose 21 centi-
metersare lemgthened o fens of meters. That means
scaentists need fo fisten to frequencics well below
5'.:'I1Il:3:U!:'| rE—pear s od the rudis spectrum that ane
largely blocked by Easth's ionosphere,

Which iz why the lunar farside hodds such appeal
IT may just be the quictest gite in the nner zolar
ayElen

“lereally is the onky place in U solar system that
aever fncesthe Earth,™ saye David Deloer, aresearch
Aalroascaner 4l the University of Californla, Berkeley.
"It really k= Kind of s wondesful, unique place,”

For radio astromomy, things get even better
during the lunar pight, when the sun drops bessath
the horkzan and iz hlocked by the moon's mags. Far
up te 14 Eacth days at a time, a spot on the moon's
fiar sicle g abowt as electromagneticaly dask as any
pace in the inner sodar system can be. Mo radistion
from the aun, no confounding signalks from Earth.
There may be gignaks from i few distant space
probes, but otherwise, deally, yous antenna anly
hiears the raw mrise of the cosmos

“Whin you ger down to those veoy low radio
frequencics, theve's & source of noése that appears
it 's associated with the solarwind,” says Caltech's
Hallinan. Satar wind is the stream of char ged prarti-
clea that speetd rélenthessly from the sun. “And the
only location where you can escape that within a
hillion kilomecters of the Earth is on the lunar sur-
face, an the nighttime side. The sofar wind screams
past e, and yau get o cavity where vou can hide away
frae that noize.”

uSEE-NIGHT'S RECEIVER looks simple,

thatigh there's really nothing simple abowsr i

up top are fwadipole antenmng, ecach of which
comsksts ol twocolEpsible rods pointing inopposite
directions. The dipole antennas are mounted per
petulicular b each other cna small turmabde, form-
I a2 wlsen seen from above, :-.;-||_'|'||;|_|'u;.
gxbends to abour 6 meters, The tumtable sits atopa
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T LuSEE -hight
will listen for
falnt signals
from the cosmlo
dark agss, a
period that besgan
abauit 330,888
yaars after the
hig bang, when
nowtral hpdrogen
ptoms had bogun
to fora, trapping
the light of stara
arvd galoning.
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L= b suppeort equipmeent that™s a bit less an g
culdc meeter in volume: the equipment bay, in tirm
sits atop the Blae CGhast 2 lander, a boxy spacocralt
aboart 2 metirs tall.

1% o Beaastiful inatrumest,” says Stuart Bale, a
physicist &t the Universliy of California, Berkeley,
whi s NASAR principal investigator for the project.
“We don't even Enow what the radino shy looks liks
b thess frequencies without the sum in the sky, |
think that's whot LuSEE-Might will give us.”

The apparaius was desipned to serve several
=I'|I.'I'I'I'|'lil=.:l|'|ll.' meedls: I hiad o be sensitive enorph
o cletect veryweak signals feons deep spoce; rageed
endaigh o withstand the cxtremes of the lunarenvi-
ronmeni; and dquiet enaugh o not interfore with fes
own elservateods, el loud enough to talk to Earth
via relay satellite as noeded. Flus the insiriment hal
o BChck ook budget of ahaout US 5S40 milHon and nod
wilgh move than 120 kilegrams. The mission plan
citfls Fior two years of operatioons

Thee antennas are made of a beryllium copper
alloy, clhwsen for its high conductivity and szabilizy as

WAL e peratses plummet or soar by 58 maech ag
Z50°C ewery tme the sun risesar sets, Lu3EE-Might
will rsate precise voltage measurements ol Uhe sig-
nalg it receives, uding a high-impedance punction
field-cHect transisior bo act a5 an amplifier for each
arvtening. Thesignoks are then el inteaspectromeber
the main science instowment —which reads those
voltages af 1024 milfiop samples per second. Tl
high read rate ks nieant o prevent the Hagperation
of any errors as faknt signald are amplifed. Scientists
befiewe that a cosmic dark-ages signatiere wotld he
hwe bo sixorders o magninide weaker Usan the ofler
slgnals that LuSEE-Might will record

The turntabbe &= there o help characterize the
signals the antennas veceive, 3o that, among other
things, wn ancient dark-ages sipnature can be diz-
tingwlshed fetm closer, newer sipnals from, say,
galawics o interstellar gas chouds. Data From the
earfy universe should be viemally isotropic, meaning
that it comes from all over the sky, regardioss of the
aisleiiag’ oriemtation, Mewer stgnals are more [Fkely
o comie from a specilic direction. Hence the tarn-
tadbder [P vou codlect data aver e course of & lunar

TrvusTrcis by Chires Fidlpoe
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ight, then reasient the antennas and listen
apain, pou’ll beleetier ableto rl'aringui:ih thee
distant from the very, very distant

What's the ideal lunar landipg spot [Fyou
wand to take such readings? One as nearly
opposite Earth as possible, on a fat plain
Mot an easy thing o find on the moon's
hummacly far gide, but mission planners
pared over maps made by lumare satellites and
chose a prime location about 24 degrees
south of the huar egquator,

Cither lunar teledcopes have been proposad
for placensent in the permanently shadowed
craters ser the moon's gowth pole, just cover
the horlzon when viewed from Earth, Such
wraters ang covesed lar the watersce I:;'LI:":-' IR
Ialdl, and the low temperatures in them
e - 2407 C) ang preat [ pou've doing infra
red astronamy and need tokeep vourinstm-
ments cold But the location is terrible i
oui'me working in long -wavelenpth radio,

"Even theinsideof such craters would be
hard to shéeld from Earth-bazed eadio fra
quensy interference {RF1) slgnals,” Leon
Keopmans of the University of Groningen
i the Metherdands, said i an email, “They
refract off the crater rims and often, due to
their long wavelangtls, simply penetraze right
through the crater rim "

RETis a major—and sometimes madden
Ing—Essue ior sensitive instruments. The
first-pvar landing on the lunar far alde was
by the Chinese Chang's 4 spacecraft, in 20149,
It carried o low-frequency radio spectrom
cter among ather experiments. But i Failed
o return meaningiul results, Chinese
restirchers said, mosily becavse of interfer-
ence [rom the spacecraft el

HE PLAN FOR Blue Ghost Mission

2 is totowch dowm soon after the sun

hangs rigen at the banding site, That will
glve mission mdanagers two weeks 1o check
out the spacecraft, take pictures, conduet
nther experiments that Bloe Ghost carrles,
andl charge LuSEE-Night's battery pack with
its photovoltaic panels, Then, as local sunset
eomes, they'll burm everything off except for
thee LuSEE-N|ght recaiver and a bare mink-
Mmum of Support syatents.

There, in the frozenelectromagietic sl
ness, it will scan the spectrum between (.1
amd 50 MHz, pathering date for a low-
lrequency map of the sky—mavhe inchuding
thee firat tanEakizing sipnature of the dak nges.

*it's golng to be really tough with that
instrumyent,” says Buros, " Bot we have some
ardware and seftware techniques that,
wwere ogang Wil allowr ws o detect what's
called the giohalorall-sky  conimrueoowraa
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ahovz all, displaving it onscreens, And, iF this could
b e writh text, it could probably also be dong
with irages and sound. *The Tuture of mankind
wins af the computer acreen,” he decided, as the
“Interactive comparter would become the works
plece of the future."

Equalb profoand boer Melsan was recognising that
e a person had texl ona compuier sereen, they
coithd uae it to construct parallel, nonsequential tes-
tuzl passapes. These word assemblages could then
be linked toone anotheror branch ofl i entinely news
clirections—a farsighbed idea for the wme

In 1964, Meteon accepted a tcaching positiea
Vazzar College, where his new colleagees invited
him to describe how the future ofworkand artstic
creativiry woill happen on cangaer screens [n
the pronmsoticnal fyer for the talk, be Introdeced a
new word: hypertext.

Az Nelson defined itin a 1965 paper, hypertext
mesint S5 Il-c:-:I:,-'lll"wril:l:nl o pictorial wateriad inter-
connected in sech a oomplex way that ic coukd nol
comvenbently be presented or reprosented an paper.”
Almost any topic could, in principle, be represented
ik @ enmpuiber seréen with “links"™ conmnecting one
2y W ik b, '.1|l.|||!{ ALl ulllh:ll.-.llil.::l. Panhnmbes,
and suminsaries, while also Including " esery feature
a noweliss or ahsent-minded professar conkd wart,”

Mel=om nagined that his system of information
storage, rerrieval, and documentation coubd “grea
indefinltaly,” contalning moere and more of the
wirkd's knowledge while pevealing imporiant con
néclions between all af e entriee

Melson soon quit Vassar and started raizing
maoney and his professional profbe. His goal was o
desipn and implement & universal text handling,
pitldizhing, aod ghobally commected electronic lfwary
gyatem, which he namsed Project Xanady, from
Sumvel Taylor Coberidpe’s “Kubla Khan," (1¢% also
Lhe manne of Charles Fosier Bane’s mamsion inCrson
Wl leg's 1Bl classic, Ciirdn Kanihe | Xanddu woribd
ture fiibo Metsoa's [felong abaessioi.

The catalyst that brought Melson together with
Clance Kagan anwl the RESISTORS wasn'l some new
coaniputer bt @i avant-gagde am show, In the fall of
1970, & lawish exhibitlon titled SoTware opened at the
Jewvish Museum in Mew York City, Muoseum director
Karl Katz hand picked the influential art theorist Jack
Burnhagm ey cusate the sl Buroluan, in wam, wias
Insplrad by Morbert Wiener's cybernetic coseepts and
wanited to explors hiow comeepiual artists mightexper
iment with new computing technologies, soch as “resl-
time computing™ and “interactivite” ina gallery
setting, The exhibition gane thousands of visliom an
oppeertdty b see, and o some cases use, minioom-
puters, feletype eoupment, hiph-spesd copymnchines,
avu] clsl-circuit elevision

A contribuior te the show and its echnical
adwviser, Ted Nelson recmilted the RESISTORS to
bl Birm ained some of the arists, As he later wrobe
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| in hi= influential 1974 book d,:‘nﬁll_llli-.l?rl'_f.f.!:;.-’ijr'm.ui-
iy, " Some peopde are too prowd to osk chil-
dren for information, This & dumb. Information i
where you find 17 For Agnes Denes, a Hungarkan-
Born concepiual artist, the teens coded a minicem-
puter to avimate trlangles on a screen for a plece
cilled Tripona! Beller, For concepiuall artist Carl
Fernbach-Flhirsheim, the teens used the [ Ching o
program a piece called Caneepdiel Typewriber, A
wigitor coobd select one of several buttons, such as
"the silent”™ [represented by a civcle) or “the provid
g™ (il bustroted by sheaves olwheat), amd then wse
a flght pen o alver the inage, Both ariists provided
theinitial ideas; bat the RESISTORS executed them.

Melson, working with programmes Med Waoodmin,
comtribiated @ pilece fitled .rl'.lF:!!lI'.'r:Ir.li }-!_1|1|||i:1,_-g: on
PDP-5 that DEC prowicled, farbvprindf was explained
as "the first public demongmration of & yper e
system,” Touse it, a vishtorwould el at nterminal and
Pregin resiing thee dis ployed tert. Forthe passage " The
e B o Yo sre A berEing &6 calbed SolTwaame, I was
argankzed by Jack Burnham,” you coadd use kay-
strodies {such as Fior "forward ™) e navlgate the tex
anel retrieve o defimation of “softeare ™ or I'ringrnph'r:'rll
cletails abiout Rurnhsm

For many musenmgners, the entire exhibition
supgested a technologhcal future whese people easdly
nawigated the informatisae-rich realm of what would
becnme known as cyberspace.

The RESISTORS, meamwliile, prachsally Fanbed
throughout the 19708 a5 its members weant off toool-
lege annd ghe supphy of new recruits dwindied, None
thidess, members fike Nat Kuhin and John Levine
recall that ideas ey Bantered abo in bl sesgions
with Melson in Kagan's barn matertalized lnter n the
pingesad Comppipter Ll Thegor Machiaes, " Therg was
ceraindy very Hiole fn that baok that wee had'talready
leeard about befose ltappeared,” Levine saicd.

When I talked with former RESISTORS, 1t was
saTprising o ear how many members remained in
touch watlvone amither nsee thana half-century later
feany of them stil] Gecluded their participation on
resnmeés. Courtships formeed, amd at least two members
misrriedl esch other, Thelr activithes left a long-losting
el in [he waorld of compsting s well. Len Bossck
colfstinded CaaoSystens Cwthia Dok, & professo
af compeer sclence at Hasvard, made ploneening con-
tributions to coyptopraphes Steve Kirsch was o of
ety et 1o inent the optical mouse ancd wens on
10 becoamea @ auecessliul fech entreprensue,

Even as the RESISTORS were fading a8 a grougs,
missive technological changes were just over the
horzon, Personal compubers, intraechiced in the carly
19Ls, soom became conganer goods fommel im hun-
dreds of thousands of homes, That techinaiogics
revvcutbody would be solidified when Tiwe named
the PC* Machine of the Year ™ in 1982, Mew compl-
im@waorlds beckomed o experts and neophyLes alike,
bur i wizs o Nutune that & geouge of teens inoa Mew
Jppzey harn had slready ssen and Hwed. »
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sxgoal_ W in prnciple, hivee the sensitivity” They'll
lizten ana lEsten agsin over the course of the mission.
That is, If thebr cquipment doesn't freess o fry first

A major task for LuSEE-Might is to protect the
electronsss theal Fuwm il Tem peratime ex tremies are the
bipest problem. Syacesas can be hardens] agsinst
cosmic radiation, and a sturdy spacecralt should be
bl to handie the stresses of loanch, fiight, ond land
g, Hul Fiwue |:|||_',l|||1|:-||'i||!i1 o bast when tempemtures
range e tween L0 s < 130°CFWith lavers of ingi-
Eation? Electric heaters to redwce nlghttime chill? -~ |

“All ol the shove " says Bums To reject daytims
et there will beamulticed parabodic radistor paned
on the outalde of the equigaeent oy To keep warm
at npht, therewill be battery power—a bot of kattery
power OF LnSEE-Might's [aunch maes of 108 j-;g
Alwnid 38 K is a bclhduim-ion hoadtery pack with n coagpeac-
fry of 3160 watt-hours, moatly o genesate beas. The
battery cefls will recherge photovoltabcally aftes the
sy mmes The all-amportant spectromater hes been
progracumed tocycke aft periodically during the two
weeka ol darkoness, sothat e banery s stateof charge
doesa’t drop below 8 percent; batter o lode some
ohserviing time than bose the cntire apporatus aad
moit e abebe 0 resive it

NDIF THEY CAN'T REVIVE IT# Bums has
becen through that before. In 2024 he watched
hetplesshy as Dudysseus, the ficst 1.5, -made
lunar bander in 50 years, ouched down—and then
vt silent lor 15 agonizing minutes wisil costrolless

| in Texas realzed theywere receiving only occasional |

Fhri r:_l. Iy Willtmes

= “Jlapt think,
We're actually
iy to do
cosmaloay Trom
the mocn, *
sayn Jack
Durme. e and
his colle=agues

| alresdy have

early funding for
LuffE-Might® s
BUCCEERIr,

pingg instead of detadbed data, Oddysseos hal landed
hard, snapped a leg, and ended up ing aloeest on
its ke,

A part of its scientifc corpo, Odvsseus carrled
FOLSES-L { Badiowave Clservations on the Lunas
Surface of the plevto-Ebsctron Sheath], an exparineni
Barrms amd & friend had suggested to NASA years
Before It was parthy & test of Iq'l:hnn-:-.':-m." i1.;'||1|:|r to
Slimdy Lhe comgdex imberactions between sunkight,
radiation, amnd hmar soil—theres encmgh electric
charge in the il sometloees that dast partiches bev-
itafe abowve the moon's surface, which conld poten:
liadly mess with radio ohservations, Bt L'):,I_'g,l:-:s:,",l:-;
wits damaged badly enaugh that medensd of a week's
winth of data, ROLSES got 2 hours, most of it
recorded befors the landing. A grad student wocking
with Burns, foshua Hitsbard, managed to parclally
salviagge U experiment el prove that ROLSES had
warhed: Fldden bn ite raw data were signals from
Eartl and the Milky Way.

"Itwas o harrowing experience,” Burnssaid afier-
winrtl, “and 've told my students and fricnds that
| ot weani 0o b Frst oo a Bandes again. D wani ol
gecond, so that we have a greater chonce to be suc-
cesziul.” He says he feels pood about LuSEE-Might
beimg on the Biuee Ghost 2 mission, f-.:pm-r.i:.ll:,' After
the swecessiul Blue Ghost | hinding. The ROLSES
cxperiment, meanwhibe, will @el A seconcd chanoe;
ROLSES-2 has been scheduled to fly om Bloe Ghast
Mission 3, pechaps in 2028,

I LuSEE-MNight succeeds, it will doultless raise
questlons that requine much more ansbitieus radioe
telescopes. Burns, Hallinan, amd othecs have already
pottenearly MASA fumading for a gient interferomet
HBE array on Ul oo called FarView, It wonld con-
alst of & grid of 100,000 antenna nodes spread over
200 square kilometers, made of abunxinuoextracied
trom lomar =soil, They =ay assembly could begin as
sonn as the 2030, although paeditical and bodge:

redlities ey pet in the waw,

TPhrough it all, Burms has gently pushed aicd
prodlded ond lobbied, advocating for a lunar obser-
vty thrm Iﬁh the terms ol ten NASA administra-
tors and seven U5, presidents. He's probably
learned more about Washington politics than lue
ever wanted, American presidents have 2 habit of
reversing the space pricrities of their predecessors,
s miEsians have sometines proceeded full force,
then languished for years. With Lu3EE-Miglt
fimalby headed for launch, Burns at tmes sounda
bueeant: “Just think. We're actually going 1o do
cosmoboagy from the moon” At other times, be's
Been blumwt: “1 never thosght—naoneofus thoughi—
et it weould ake 40 years”

"Like anything in science, there's no guarantes,”
zays Burns, ¥Botwe nesd tolook." B
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