NATIONAL SCIENCE FOUNDATION
WASHINGTON, bB.&. 20580

vk February 28, 1989

OFFICE OF THE
ASSISTANT QITIECTOR
FON MATHEMATICAL AND
PHYSICAL GLIEMCES

MEMORANDUM FOR ERICH BLOCH

Prom: Icliord Nicholson

Subj: Recommendation for Construction of LIGQ

You msked for my recommendation as to the priority of LIGO versus
replacement of the collapsed radio telescope at Green Bank,

There is no doubt that a strong scientific justification exists for each of these

projects, and in an unconstrained system I could be enthusiastic about going

‘shead with both of them., However, in terms of priorities, | believe a

significantly stronger case exists for LIGO, and therefore it has my unqualified
( recooxmendation for the highest priority.

BSome of my reasons for this recommendation are contained in the remainder
of this memorandum,

11GO

Delecting gravitational radiation has been an important scientilic goal since

Einstein developed the General Theory of Relativity early in this century.

‘ " . Since the effect is very weak, detection was long assumed to be impossible,

v hadad o wever, with advances in techinology during the past 16 years, particularly in

b 4% | lasers and super-reflective mirrors, it now appears that gravitational radiation
A+ could be observed with LIGO.

To detect gradational radiation would open an entirely new window in physics

and on the universe (because the origin of the phenomenon is physically

.« different from electromagnetic radiation). Many think the discovery would be

v 4%‘\';01"{.}_1}' of a Nobel prize. While today it cannotl be called astronomy, if

//Vgi/d\ success(ul, LIGO probably would be the "telescope” of the next century,

L e P NSFE is the only agency that supports basic research in gravitational physics,
and has been solely responsible for the R&D on the LIGO project for the past
sixteen years, This research hag been gpectacularly innovative and successful,
including the construction of a prototype (a 1/100-scale version of LIGO at
Caltech). Over this time the projest hes been extensively reviewed and
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evaluated. This review hasg included numerous project peer reviews, ns well as
reviews by the National Bcience Board, the NEBF Physics Advisory Committes,
and the National Academy of Sciences {the 1986 Physics Survey known as the
"Brinkman" Report), In each case the project has received an unqualified
endorsement, and in the latter two cases it was rated top priority. It also has
been endorsed by an International Workshop (1886) that involved physicists
from a variety of subfields of physics, not just gravitational physics, and by the
International Society for General Relativity (1986)., A Project Development
Plan was approved by the National Science Board in 1984, and the Conceptual
desigu stage is nearing completion.

In sbort, LIGO iz a thoroughly researched, reviewed, and widely endorsed
project. It eould open an entirely new window in science and thus it has the
potential of producing many unexpected and profound discoveries. It represonts
the very essence of basic research and the mission of the NSF. In addition,
because it involves extremely creative scientists with a track record of pushing
P pkras measurement technology to its very limits, it seems very likely, even certain,
A that L1GO will produce wany practical spin-offs, o

a—

P2y
Radio_‘I'elescop

Of course, we only began discussing this project following the collapse of the
Jeas *?37 7 .300-Toot telescape at Green Bank last Fall, and therefore it has nothing like the
W /IB-year history of LIGO with which to compare, Nevertheless, it is clear that, .
[{ both scientifically and techwologically, LIGQ is revolutionary whergmtfk%
' replacement ant is_evolutionary, %j% ‘:wm«‘ W o i %e oy
I'he collapsed antenna Lind been a workliorse, és;)cacsmj' use%ﬁﬁﬁh ir]é?lgﬁrveys,
and had over the yesrs provided a great deal of useful scientilic data.
"9 \ -ﬁjevenheless, in a priority sense, this antenna had recently been placed in
T category "C" by a distinguished committee (the "Langenberg" report) established
m @ by NSF to review and set priorities for facilities in radio astronomy.
o ead B2 adrd T ] lm/_ e
Er e In the short time following the collapse, & _good scientilic justification has been
Py Jedeveloped by the U.S, radio astronoiny cornmunity for repl'acmg the collapsed
Ny QF»QM:’M {elescope with o 100-aneter class, high performance radio telescope. The
A proposed telescope would have several new features, such as the ability to work
Wﬂ""”' at millimeter wavelengths and to observe the g%%%er, m%ﬁé) a
i 3 : i : A
certain extent a replacetnent in name 0“”‘50&45‘3@.} mw‘«/f ML&%";M?
/Despite the scientific justification and the added capability, I see several relative :
' disadvantnges in terms of putting this project at the highest priovity. First,

while millimeter work is a high priorily, the location at Green Bank is less than
N ideal due to atmospheric conditions, Thus, the scientists estimate that at best
‘i ' | there would only beabout 80 days per year when the weather conditions would

sermit full use of the higher pe I‘QJM%‘OP_SEQ telescope, ralsin
perm higher per o ﬂ.,ﬁm,fﬂ frev 1)

questions of cost-ellecliveness.

) 6) MKQ@ %«@M\'#Mﬁ G B fpenfed.

o
i simssns s
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Another concern has {o do with overall priorities for the whole field of
astronomy, including optical astronomy. New radio astrenomy facilities have
occupied a high priority at NBF for (he past twenty years, starting with
construction of the VLA in the seventies, and continuing with the construction
of the VLBA in the eighties. 'I'oc now construct another radio facility in the
nineties, would most likely preclude any significant project for oplical
astrouomy, given any realistic budget projections., This would therefore mmnount
to mearly 30 years of NSF focusing ou radio astronomy to the likely detriment
of optical astronomy, Thus, in the interest of a balanced national program, I
believe NSF should await the next "decade survey” before starting a major

construction project in radio astronomy, . ")

Wo’ Wm Poabines Aoy WJ \

My






DIRAFT

March 1, 1989 "
LASER INTERFEROMETRIC GRAVITATIONAL!OBSERVATORY (LIGO)

After much consideration of the various options, NSF has [
concluded that LIGO represents an importaht sclentific I
opportunity that should go forward at this time. LIGO is a :
chance for the National Science Foundation to respond guickliy to

8 unigue scientific opportunity to support highly innovative and [
forefront research to push back the frontiers of knowledge, !

_ = '+ PROJECT RESCRIPTION o }f " :
fﬁuA/MbW<j-aW“Mk: é%jg. A Weo, MIMJE%M »@wy%J%/%%bq7m g ?/ :
f LLGO will be a major scientific ref€earch facility whose purpose |

is to detect and measure gravitational waves. Gravitations) '

waves are something sclentigts have wanted to observe since

Einstedin first predicted their existence, but only racenlly hasg

the technology been developed to make this possible. 'Ihe reason

they are so difficult to detect is that the effect is very small;

it is necessary lo detect movements of less than the diameter of

a single atom, Gravity waves will provide a fundamentally new

way to view the universe. This developmeht will be at least as
revolutionary as radio and X-ray telescopes. LIGO will see

Lt further away, earlier in time, and penetrate deeper into space
fL”&qk an%7&££fmnomical systems than anything ever conceived before.
i 2,

o

A LIGO site would consist of a control buillding with two large
vacuun tunnels (above ground) at roughly right angles ang 4
kitometers (2.5 miles) long. Two essentially identical LIGO
sites are required "by the physics" of the observation, '"The
sites must be separated by at least 1000 miles. LIGO's vacuun
tunnels and control room would house some of the world's most
technologicaily advanced lasers, mirrors, optiaes, and computers.
The facility would operate over the long term, both as a basic
rescarch center for continually-improving and developing
technology, and also as an(“observatory")to which visiting

scientists from sround the world would come to make observations.
!

CURRENT STATUS | cﬂwﬁ@mmxjﬁwA/MV&v

: / %
. A
L1GO has undergone 16 years of prototype BavelopmenéﬂiiﬁWMV 4£Ziigww';
scientists in the U.§. and Burope. Since: FY 1985 NSF has

provided about S12M Lo support LIGO prototype development and
planning. Conceplual design is nearly complete. Construction
techniques and cost estimates hove been developed by Stone and
Webster, A.D. Little, and JPL working wiitnh scientists at MI?T and
Caltech. A construction proposal will be. submitted

t%/ESF before
the end of this summer. At jﬁmwﬁ o Py Lelle g

LIGO has been thoroughly reviewed and prioritized by the U,S. and
international sciepntific communily, It has been endorsed by the
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National Academy of Sciences in the "Brinkman" report and the NSF
Physics Advisory Commitiee as the highest priority projeet in
ground based gravitational rescarch,

The National Science Board approved the project development plan
in 1984 and has regularly received briefings on the project since
that time--most recently in May 1988. These actions have

prepared the National Science Board to review the forthcoming
congtruction proposal. !

The Office of Management and Budgel has regularly supported fLhe
regearch and development budget requests for LIGO over the last

several yearsg and will be receptive to project construction and
implementation. :

As with other NSF projects, no specific authorization legislation
is reguired. Section 3(n) of the The Foundation's organic act
(42 U.5.C. Sec 1862) authorizes the Foundation:

to initiate and support bagie scientific research ang
programns to strengthen research potential...at al)
levels in the mathewatical, physical...and other
sciences...by making contracts or other arrangements
(including grants, loans, and other forms of
asgsistance) to support such scientific...activities,

The current five year authorization (P.L,, 100-570) also provideg

sufficient authorization for project lnmplementation, provided
funds for the project are appropristed,.

SCIENTIFIC OPPORTUNITIES

LIGO represents a new tool for fundamental physics and astronomy
research, with capabilities far surpassing other current

j%W&Q Lnstrument It will permlt the first dECectlon of graVLtatlonal
ﬁﬂ“#“?

polarlzation etce. ). The work that 00u1d be accomplished with
&wiﬂdﬁu LIGO is of a caliber that could likely lead to a Nobel Prize.

Gravity wave observations would open a news window to the universe
f””?” that s radically different from cosmic-ray, radio or optical L

aslronomy. 1t could also dramatically enhance the study of ?ﬁiéﬁim

astronomical objects such as black holes, supernovae, pulsars,

galactic nuclei, and the early universe, LIGO will be both a

long term observatory as well as a researsh and development /M}_ 7”
facility. ﬁ”ﬁﬁ

1
H

INTERNATIONAL JMPLICATIONS

Strong groups of capable scientists already exist in Western
Euvrope. A new group to pursue gravity wave detection has also
been created in Japan, An internsational agreement has been
reached o collaborate for maximum payoff for Loth physics and
astronomy in the coming decades. The U.8, remains, however, the
world leader in this ares with the ideas and crestivity: the
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highest guality of scicentists; and pProgress toward implementing
construction and operation of such a Tagility. Construction will

enhance U.§, leadership.

COST ESTIMATES, SCHEDULE AND ECONOMIC IMPACTS

Construction technigues and cost estimates, al various levels of
detail, have been examined at over 150 sites within the u.5s.
"ﬂjpmnd%ﬂﬁgince 1983. 7Totsl cost of design and construction of the first
s J1GO site is estimalted at appoximately $74M. The tentative
Ve N gchedule and initial cost estimates for LIGO are shown below:

»mxa(§109ﬂﬁ%w FY 1989, $4.8M Lo

(in addition to the $4M already in

2 Llale, the current year's plan) for engineering design

studies, site surveys, equipment,

and staff,

FY 1990, $6.8M to (in addition to the £4.2M already
inc¢luded in the FY 1900 reguest) for engineering design

studies, equipment, and staff.

ks phoro GB FY 1991, CB15-25y
Y

0 begin first site&construction of

h&i@ which $3-12M is estimated for earthwork. FY 1991
- ‘_ﬂ- )d/

budget not yet formulated.

: L i :
1
1&mwm% FY 1992(i%é5-25M to continue first site construetion of
A

which &
construction at second gite)

Mg estimated for earthwork. (45M to begin

FY 1993, $5M to complete first site construction anq
begin installation of receivers at first site, ($15-20M
o continue construction at second site)

FY 1994, $5M to complete installation of receivers at
first site and begin operation at aporoximately $2.1M
bex year. (complete construction at second site $10-

20M)

FY 1995, (s810M to install receivers and begin operation
at second site at approximately $2.4l4 per year.)
Upecational site at first site contihues at S2M per

vear,

Permanent staffing of the first LIGO facility would require
approximately 20 persons: 10 pecople in full time rvesidence

dedicated to operations (site manager, coaputer programmer,
electronics technician, mechanical/vacuum technician, plant

maintenance technician,

and 5 operators) plus 10 local reople

working under conhtract to maintain mechanicel equipment.

universities would have {the opportunity
LIGO as well as develop high schoeol and

Researchers from around Uhe world will waht to use this world
class facility. Scientists and engineers’ from nearby

t2> conduct research using

collegiate educational
activities that include LIGO. Loeal university personnel could

sacone involved in the ongoing instrumentstion R&D activities.







ESTIMATED COSTS

. - Esfinutes
REPLACEMENT RADIO TELESCOPE: GREENBANK ' N A
13
Prelimj.nary Design IIIIIII 4 4 4 mow o ow oYY Ry Ry ‘O' 5 Fyg‘? ‘(M
Design Contract....vosveveernnnes i e s esanana e e 2.7 FY%QFz"l
cﬁnstructio[‘ llllllllll 4 4 A & b B A & B % A B & + 4 ¥ A2 K F N HF S AN 53!7 F'V‘?{ #Zg’”
Project Management, Instrumentation and Contingency..18.7 &
Total EStimatEd Cogt'onvrn & A A A & A S A A B AR & A s A =A== ..--.75. Fyql zam
< N e, FYTE FiEM
annual Operating Cost Eatimate OB o L vy FY‘H‘ ‘/0”!

Est Annual Operating Costs of Existing Radio Observatory:
without replacement instrument....... . o0 3.0

Total Est Annual Operating Costs of Existing Radio Observa-
tory with 300 ft replacement telescope....:vs.ve.vi.. 3.3

]
LIGO: GREENBANK |

Design, Site Suxvey, Related Equipment............... 19.8
COnStructiOr‘!! ¢ ¢ & g w» A & d & & & 4 & F 5 4 2 = ® & & & & @4 0 F 2 b ¥ W AN ¥ W DI‘IUSO'O
Installation Of ReCEIVErS. i cessesisancasnnsssanionns 5.0
'Potal Estimateaed CDSt ---------------- touoi.ii.ﬁt#!ilw&?dQD
Annual Operating Cost Estimate........cv.vvvvvvvvvens 2.1

t

Total Est Annual Operating Costs of Existing Radio Observa-
LOLY With LIGQ. . ue e usisatiisigrsssnscnsansosons 5.1

/a’m///\aﬁ/ P
/ylw/9¢? _an/Lw;ZZ¥%;aqﬂu%% éa ”9¢Qj /716&;

March 1, 1989 /W//WW /{/lum/ W? Neds

P yndle jdeomnncy, ()mfww»MMtM%w Y

GJ ') NRAD withs ooy O |
()'nwxﬂzﬂ quﬁ%aiﬁ;\, LiGD - GR

CVR A ﬂydg/“ﬂﬁbﬁm




BACKGROUND INFORMATION FOR SENATORS BYRD AND ROCKEFELLER

, REGARDING THE
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LIGO PROJECT: GREENBANK

0 w@*ﬁﬁientifieally, LIGO is an extremely prés:igious and exciting
-Aﬂhﬂ project (of Nobel Prize caliber) that wou'd ensure the L1GO gitesy
with a prowminent position on the World's scientifdic map.

hw alr FOllowing the two year construction phase;, LIGO will also be a

1 hades major research and development effort that:

@ﬁwﬁm‘ Years. There will neveyr be

ingtrumnent is as good as one wants it.

development effort would be

astronony obsservatory gould
ot A
,ﬂm.qu,

L will continue for many
a time when the sengltivity of the

The ongoing research and
needed to continually improve LIGO's

form the foundation for a permanent

,}q%%k55ensitivity. Thus the existing infrastructure of the radio

state of the art electronics and laser facllity. Wil dhelipnes <

Alepuneit fe e o COIE I

Approximately $50-55M {up to around 825M locally) would be spent

during a construction phase

at Greenbank rfor 400 man years during

the two year construction phase of the project.

42 m¥ In addition to operational o
TQ%meqastronmmy (approximately 83,
sasmﬁw per year would be required f
e (targeted for FY 1994) incre
ﬁ“quo\ §3.3M up to $5.1M.

FERY /

osts spent at Greenbank for radio

M din FY 1989), an additional S2.1M
or LIGO activities when operational
asing annual wperating support from

Assuming FY 1989 staffing leveln at the rhdio astronomy

observatory, installation of
employment at Greenbank over

L1GD at Greepbank could increase
current levels by about 10-12

positions (If one assumed 8.

S positions were supported by the 300

foot lLelescope, the requirement of approximately 20 for LIGO

operations is projected).

Visiting scientists at the r

L

ate of at least 5 per year will be

housed at each LIGO site. The number of visiting scientists per
year could increase when gravity waves arg observed; there will
be instant, world-wide interest in the project.

LIGO is estimated to use 1MW
$350, 000 per vyear.

{%&; L1GO will have the potential
oA v, 0f stable high power lasers,
ﬁﬂ“ﬂﬁﬁ%measurEment technology.

LIGO will enhance insights g
combining data from all avai
signals will be far more val
ﬂxijﬂgf%o¢ating the pogitions of go

yy in their behavior.

kel L1GO could help NASA since I

will be useful for developin
werh 1inks to satellites.

of electricity annually at a cost of

for important spin offs in the area
optical components, and precision

[
athered by obgervations in space. By
lable sources, correlations between
uable than the separate components in
urces and unraveling the complexities

1GO's developnent of stable lasers
g high capability communications




S 'd LPibl BEAPOACD 00 THSEM TING WOd4

COST CONSIDERMATLONS

L1GO

Q Consiruction techniques and cost estimates studied fOE
various sites sincoe 1983

< Construction $50M, of which $20M spent locally

O Operalbions 82M/yr

RADLO TELIESCOPE

&) Cost estimalted with reasonable confidence at $75M, including
design, centingency, and instrumentation

ot Construction contract $53M (included in $75M TEC) to outside

vendor (1LW, R&I, etc.)
ﬂ jﬂ?mj% :

-~ {myﬁw M ~
et A e T ey Jlrwenen frot,
VERALL PROJECT IMP&EMENTATION SCHE

L EGO
o 1989: $8.9M Engineering design, equipment, staff, site
SUrvVeys
o 1990:  §10.9M BEngineering design, equipment, staff
O 1991: $30M Begin construction at East Coast site
o 19¢2+  S30M Continue construction at East Coast site, Ondien
initiate West Coast site - g/ evorag)
o 1993:  £25M Complete construction at East Coast site,
continue construction at West Coast site
O 1994: $25M Complete construction at West Coast site,
install receivers and begin operations at East Coast site
0 1995: 810-20M Install receivers and begin operations at

West Coast site

BADIQ TELESCOPE

0 1989: $4.0M Conceptual and engineering design
ut 1990 81,7M Bnginecring design (continued)
O 194G 425.7M Fabrication and site developnent
o 19921 817.3M Erection of antenna structure

© L9930 $17.3M setting panels, outfitting, and testing

$ ptds a9 0M Consbruction o operations




INTERNATIONAL IMPLICATIONS
L1GO

o Part of an inteornational network involving the U,8.A,
France, Italy, Greal Britain, and West Germany

o Multinational agreement for complimentary investment in
receivers and joint technology development

RADIO TELESCOPE

Q Anticipated use as major ground station for space VLBI
satellites Radioastron (USSR) and V8OP (Japan)

o] Additional to world-wide network of ground~based VLBI
stations, including antennag in Europe, Australia, and
acrosas the U.S. A f&ﬁi

G ‘EWWW%WMW‘W ﬁ&)%mwb

En { Moo,
CURRENT S8TATUS

L1Go
o NSB Project Developwent Plan approved 1984
o] Lndorsementg: NSF Adv, Comm, for Physics (1983)

NAS Physics Survey (1986)
Int. soc. for Gen. Relativity & Grav. (1986)

. Dher @M#Jwﬂ#,&ﬁi = oA poliy
© L0 years of brototype R&D P A?T:@%;@u]. Li@i;;zi )’&A fonie o
st J |
o Conceptual design nearing completion -”{”(ﬂAW@,

RADIO TELESCOPE

Recommended by Radio Astronomy Panel of "Fieild Commnittee"
U.5. user workshop (Greenbank, West Virginia 1988)

Uses advanced technology for panels and support system and
design for reducing aperature blockage

he -
Conceptual design recently initiated

oy 1957 @@.NJJ'¢7~ﬁ@ NOZ  pufprees,



EMPLOYMENT 1IMPACTS

L1GO
O Short term employment for 400 man-years during constfuction
o Long term operations staff of 20

O 5 FTE vigsiting scientists ;)44;23.Aw%j/uﬂﬁ%2_74w VcﬁnAzﬁh e
ot

RADTO TELESCOPE Ty sad

o Un-site construction crew brought in by contractor /?

© 140" to be mothballed within a few years

O 100-150 on-site users/year

o) NRAQ bresence at Green Bank continues at present levels

Q/Awmw{#}‘f/ D o ﬂ/a/\/g?,/g{, /?7@{‘
LEGLSLATIVE REQUIREMENTS
LLGo

o No specific avthorization legislation reguired. NSF Organic
Act and ourrent five year authorization act provide
sufficient authorization for project implementation,
brovided adeguate reasources are appropriated.

RADIO TELESCOPE

Act and current five vear authorization act provide
sufficient authorization for project implementatiwn,
provided adequate resources are appropriatad,

o No specific suthorization legislation required. NSF Organic
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PROJECT DESCRIVELON N /?

]‘J]‘(":O‘ L U T IO
s o b0 7 " ' ‘

o Firsl inoLrument Lo obgserve Lhe univerge by entirely new

medium of gravitational wadiabion

o Twe 4 km "L"Y~shaped vacuunm gystems, housing advanged lager
debactors CzﬂfMW4 A6l Whlk ﬁuﬁf’JE&%?w’/dV to . adkd T awna’
: 7
' _— —
RARIO _THLESCODE Wt S o ol MWWZW WAL,
{
&} Fully steorable, 100-meter class aperture, high performance

rodio telescope, operable to 7mm or -hetter

: t
Located in the National Radio Quiet Zone and designed to
minimize interféarence from man made and natural raddo
signals.

SCIENTIFIC OPPORTUNITIES
LIGQ

o Hew tool for Fundamental physics(and astronomy/research

5
o) ,ﬁfrst detoction of gravitational radiation and exploration
“of iits properties (velocity, polarization, etc.)

o Research is of & caliber that could lead to Nobel Prize Aodes !
i

o opening of a window {0 the.universa which is radically

different from eloctromagnetic, cosmig-ray, Or neutrino

asltronony
o study of astronomical objects such as biack holes,

supernovae, pulsars, galagtic nuelei, compact binaries, and-

the early universe D pe ﬂﬁﬂﬁﬁﬁxa&ﬁ, 7 Artlin/
RADIO TELESCOPE  Rdtabr, o olandvm ol /RAQ«A@Z/«J%-Z%’W' St
o Re aoce and upgrads capégf?fﬁz %;r observations at radlo

wa .o kongths, with access to center off the Milky Way galaxy

¢ studicg of sbtructure of the universe, gosaous content of
galaxies, solar/stellar phenomena, wolecular clouds and star
forpatian. ; evolution af galaxies, and the solar system Uéﬁb
¢ 7 — ! \ = N /ﬁM) e
oty e’ L. ZW@M,‘/MWC,@??} g fes Pl 0,
o} Applicatiions te space- and ground-basdd very long bagsaline
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puestions for National Science Foundatlon

Independent of construction funding for the Very Long Base Line
Array, funding for the radio astronomy has declined. The 1989
budget for operationg ig slightly less than 1984. inasimueh ag
some Of the money goes to support VLBA operations, the decline in
funding has had an even more adverse impact on the abillity of the
National Radio Astronomy Observatory to malntain operations,
particularly in the face of inflation.

What were the staffing levels at Green Bank in FY 1984 (by
function) and what azre those staffing levels now?

.8taffing Levels at Green Bank

1984 (bec) 1989 (Jdan)
Telescope  nerations 18 14
Machine Shup & Cryogenics 15 11
Electronics 23 20
Plant Maintenance 17 13
Sclientific Services 12 9
Administrative Services 13 B
Figcal Office 8 5
Research Staff 3 0
Mechanical Engineering 4 4]
VLBA Construction 3 4
Total ' 116 84

How much does the FY 1990 budget include for radio astronomy? Of

those amounts, how much is dedicated to operations, and
construction? -

The FY 1990 Request includes funding for two National Astronomy
Centers having radio astronomy facilities:

FY 1989 FY 1990
Current Plan Reguest

Nationgl Astronomy and

Ionosphere Center (NAIC) Operations § 6.15M % 6.35M
Nationsl Radio Astronomy
Observatory (NRAO) $30.11M $31.21M
Operations (18.3) (19.0)
VLBA Construction (11.8) (12.,2)

Radio astronomy 1s supported on research grants as appropriate to
the subject mattar,




ow many staff are associated with the operation of the 140~ foot
and the 300-foot telescopes (by function).

Green Bank Operations Staff Assignments by Telescope - 1989

300-Foot (reassigned to other duties at OGreen Bank follbwing

collapse)

Telescope Supervisor
Operators

Scientist

Computer Programmer
Mechanical

140-Foot

Telescope Supervisor
Operators

Scientist

Computer Programmer
Mechanical

U.S8. Naval Observatory (USNO)

Common Green Bank Support¥

Electronias

Machine Shop & Cryogenics
Plant Maintenance
Scientific Services
Administrative Services

Total

3, B frae
4 ///szziﬁ tjaﬁj
1
1.5
1
B.5

20

13

53

84

ny

* USNO funds support seven full-time equivalents in this
are VLBA construction, one is
associated with the summer secondary science
ingtitute, and five are in the fiscal division,

category, four positions

teacher's




Wwhat would be the staffing levels at Green Bank were the 140-foot
telescope to be mothballed? (Please list the mffected positions
by function).

The 140-foot telescope i the only telescope NRAD operastes at
Green Bank for i1tes user community. If the 140-~foot were
mothballed, the rationale for NRAD's operation of the mite would
cease to exist. The staffing levels in Green Bank would then be
entirely dependent on the U.5. HNaval Observatory. i1t 1ie
difficult to predict the final staffing level of a stend-alone
USNQ operation; a rough egtimate would be 10 to 15 personnel
employed by USNO for as long as they retained an interest.

What were NSF'éllong—range plans for radio astronomy et Green
Bank prior to the collapse of the 300 foot telescope?

Prior to the collapse of the 300-foot telescope, it was NRAO's
plan to operate the 300~foot and the 140-foot telescopes as long
a8 long as 4{he scientific priority of each telescope remainsd
competitive with other needs in radio astronomy and in astronomy
as a whole, A recent review conducted for NSF to identify
priorities among all radio astronomy facilities supported placed
the 140-foot telescope in 8 group highly recommended for
continued funding under all but truly disastrous funding levels
and the 300-foot telescope in a group highly recommended for
continued funding, but less so than other radio facilities,

For a long time NRAO has been considering the scientific
requirements for a new large-aperture, fully steerable modern
telescope that would replace both of the old telescopes.
However, the Observatory's first priority, established with a
national consensus, has been the Millimeter Array for which they
planned to seek NSF construction funds. Because the pew Green
Bank telescope hes spplications in areas of research supported by
NASA and the USNO, it was hoped they also would contribute to its
construction.

What are NSF's plans for radio astronomy st Green Bapk I1f the
telescope is not replaced (be specific)?

If the 300-foot telescope is not replaced, NRAO will continue to
operate the 140-foot with reduced staff levels. However, the
long-range future of the Green Bank-site cannot be in radio
sstronomy without a new large aperture telescope to replace the
Tollapsed 300-foot and the 140-foot telescopes. It will not be
cost effective to continue operation of the rapildly eging 140~
foot telescope 4indefinitely. Priority must be given to new
areas, such as operation of the VLBA, causing severe budgetary
pressures on the remaining program.




What space applications did the 300 foot telescope have for NASA
programs? :

The 300-foot telescope was to make obsservations that. ‘would have
enhanced twe NASA programs. A survey of pulsars was planned to
support the Gamma Ray Observatory mission. A survey of atonic
hydrogen emission in the Milky Way was planned that would be
valuable for interpretation of data from the Extreme Ultraviolet
Explorer, ROSAT, and other soft X-ray migssions.
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What potential does a replacement telescope have for NASA

i\ programs?
b

In addition to the programs listed for the 300-foot telescope, s
“replacement telescope would contribute to programs in space very
long baseline idnterferometry, planetary radar, and radio
wavelength studies of objects observed with ‘the Hubble Space
Telescope,




How many stall will be dedicated to the gravity wave delector, on siie at Green
Bank (by function)? :

After the initial construction phase, there will be 10 people in full-time
residence dedicated to operations (site manager, computer programmer,
electronics technician, mechanical /vacuum technician, plant maintenence

technician, and 5 operalors) plus 10 local people working under contract | D, Ll (O

on development and manulacture of major new scientific components. (.2 4o o
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In addition, there will probably be 5-6 visiting scieatists in regidence

from the user groups collsborating on mounting independent
simultaneous experiments.

How many stall’ will be dedicated to the gravity wave detector at other siles,
and type of stall?

The operating stall will be the same size, but lhe local manuflacturing
support is not anticipated to be available at more remote sites,
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What will be the-operating budget of the gravity wave detector at Green Bank,
end other sites? ‘

----------------

Operations (stalf) $800k $800k
Power (I MWatt) 350 760
Supplies nnd expenses 100 100
Laser upkeep 250 250
Vacuum system
upkeep 2560 250

Physical plant

maintence 250 2b0

TOTALS  $2.0M/yr $2.4M/yr

in addition, it is anticipated that there will be $5.6M spent on several
university user groups to carry out the science, This will be used for
stafl costs, parts and materials for receiver development, data analysis,
travel and living expenses at L1GO, ete.

What applications would the gravity wave detector have for the space program?

Both ground-based and space research aim to further our fundamental
knowledge of the universe--its origin and structure, as well as the
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mechanisis underlying the many interesting astronomical objects which
occupy it. In a general way, the new informalion gained [rom the LIGO
will enhante The insights to be gathered by observations in space. By-
combining data from all available windows (optical, infra-red, radio, x-
ray, neutrino, and gravity wave) correlations between signals will be far
more veluable thon the seperate components in locating the positions
of sources and unraveling the complexities in their behavior.

In addition, the technology developmment for the LIGO will help NASA
in its spuce mission. For example, the development of stable lasers will

be useful for developing high capability communications links to
satellites.

An even more closely related application is that LIGO will surely be a
precursor for the Laser Gravity Observatory in Space (LAGOS) project
which NASA has in a study phase for a possible mission in the next
century. This will search for low frequency (below 1 Hz) signals which
are impossible to see on the earth due to the masking eflects of seismic
noise. Such signals are created by particularly interesting sources, e.g.
extremely massive black holes, which would otherwise be impossible to
ever observe. The LAGOS mission would consist of a laser system
bouncing between satellites, 1t is conceptually like a LIGO scaled up by
a factor of & million in size, and suspended in space,

Clearly, the technology developed for ground-based operation of the LIGO will
be eritical to the design of the even move complex LAGOS project.




