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UNITED STATES GENERAL ACCOUNTING OFFICE 
WASHINGTON, D.C. 20548 

June 2, 1986 

The: ‘t1onorahIe Samuel S. Stratton 
(Iha i rman, S\lbcommittee on Procurement 

and Mil i t.ary Nuclear Affairs 
Comm i t t ecii on Armed Services 
lI0u:;r: of AcJpresentat ives 

T)ear Mr. Chairman: 

‘I’ h i 3 briefing report responds to your May 14, 1986, request 
that WC! review the Department of Energy’s (DOE’s) answers to a 
sfkbr- 1 es of questions raised by Representatives Edward Markey and 
Iii 11 Green about the x-ray laser proqram which DOE is conducting 
f-(‘)r t-.h~ Department of Defense’s (DOD’s) Strateqic Defense 
“I:ni t-iat ive Orqanization (SnIO). Many of these auestions resulted 
frrcm press reports, especially a November 12, 1985, Los Angeles 
Time:; article, Durinq the period from December 1985 to April 
1986, WC reviewed selected aspects of the proqram to answer these 
:iamf? (jrleations at the request of Representatives Ftdward Markey 
ei n ~1 I\ .i. 1 1 Gr e e n . 

WC.! provided a detailed classified briefing on the results of 
our rcvit?w to Representatives Edward Markey and Bill Green on 
Apri.l 10, 1986. We also provided you and Representative Marjorie 
Ifolt with the same hriefinq on May 14, 1986. 

I? c; s c n t. i a 1 1 y , we found the x-ray laser program is a research 
prorJram with many unresolved issues. In our oDinion, there was 
nc1 “tltisiqn flaw” in the diaqnostic instrumentation as mentioned 
i’n t:liic~ I,08 Anqeles Times article. However, analysis of test data 
tiy I,awrence r,i.vermore National Laboratory (LLNL) scientists 
r?iir;cttl questions about the accuracy of some experimental data. 
As ;1 r e Eill 1 t , some diaqnostic equipment was reconfiqured. These 
unr?xpected measurement uncertainties are now much better 
~~ndc~rc;t.c,otl . In our opinion, there was no need to delay the 
lrlt~st x-ray laser nuclear test. We also found that the x-ray 
1 asr?r program was not beinq arbitrarily accelerated. No tests in 
the atmosphere or space of the nuclear explosive driven x-ray 
1. il!;f’r are env is ioned , according to LLNL officials. 
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Our evaluation of DOE's answers to the questions is included 
in the appendix. The answers that DOE provided to your 
Subcommittee are generally consistent with what we found durinq 
our review of selected aspects of the x-ray laser program. 
Classification restrictions limit the amount of detailed 
information we can present in this unclassified briefing report. 

We performed our work at DOD's SD'tO and at DOE's Office of 
Military Applications, LLNI,, Los Alamos National Laboratory 
(LANL) , and Sandia National Laboratories (SNL). Also, we 
contacted members of the JASON qroup, which advises DOD and DOY 
on national defense scientific and technical issues. Our 
evaluation was based on a review of various x-ray laser program 
documents, renorts, letters and memorandums, as well as 
interviews with proqram manaqers, scientists, and reviewers. 
Most of our work was performed at LLNL. 

As requested by your office, we did not obtain official 
comments on this briefing report from DOD or DOE. As arranqed 
with your office, copies of this briefinq report are being 
furnished to Representatives Edward Markey, Hill Green, and 
Marjorie Halt. Also, we will send copies to the Secretary of 
Defense and the Secretary of Energy. Copies will be available to 
others upon request. 

If there are any questions regarding the contents of this 
briefinq report, call me on 275-4265. 

Sincerely yours, 

Harry R. Finley 
Senior Associate Director 
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APPENDIX 

ANSWERS TO QUESTIONS POSED BY 
CC~T\lGRE1E;SMEM EDWARD MARKEY AND RILL, GREEN 

1. IItrw i !; the performance of the x-ray laser measured, and what 
is t hcl nature of the desiqn fl.aw that has been identified in 
Vhf.8 tlrbv ice mentioned in the press account? What effect does 
thrb flaw have on the data that has been gathered on the 
x-r13y 1 Iic;cr proqram? Do the problems that have been 
id(!nt i P icbd relate only to last spring’s test or all of the 
x-rdy l;iser t.ests that have been conducted to date? 

DOI: ’ f; response 

‘I’htbrr! are four properties of the x-ray laser that determine 
it:; f,erformance: (a) the total power in the laser beam; (b) 
t hri color of the laser light; (c) the size or spreading 
(rljv<?rqt?ncn) of the laser beam; and (d) when the laser beam 
t-urns on and how lonq it lasts. The measurement of these 
l,roper-t ies is a difficult task because of the nuclear 
environment, and the hiqh intensity, short timescale of the 
1 t-3:; i nq process. There was no “design flaw” in these 
expf~rirnt?ntal measurements. The hiqh intensity laser pulse 
intrbr;icts stronqly with the measuring device during the time 
of' observation. A scientific question was how accurately we 
could make the measurements and, thus, whether the quoted 
at):;01 utt? power was correct. 

GAO v !i evaluation 

‘I’h(h 110E response is consistent with the information we 
cit)tn ined durinq our review. We agree there was no “design 
fl;lw” as such, but cannot explain the basis for our 
concl\1sion in this unclassified document. 

2. In addition to the measuring device that has had these 
Perot) 1 r?m:; , examine what other instruments are used to qather 

’ ct;ita on x-ray laser experiments and explain what kind of 
’ in fcr.)rmat ion they provide. 

I)015 ’ s -- response 

‘l”I~~~ color of the laser liqht is determined bv a variety of 
high-resolution spectrometers. These spectrometers measure 
tlltb line energy and intensity of the lasing transitions and 
ril.:;o measure detailed atomic physics of laser materials. 
“I’ h c size of the laser beam is determined by a one- 
rl imc.~nsional i.maqing instrument. The time history of the 
1 a:;er f)~*am is determined by the same diagnostic that 
mr:;l:iurc!s the total power. This instrument measures the 
t.(~rnporal shape of the laser beam, when the laser beam turns 
on relative to the nuclear pumping source and how lonq the 
1 ilser hcam lasts. 
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GAO ’ s oval ua t i.on - 

Tht-3 J:,OE wc?sjronse is consistent with the information we 
oP~tainec3 during our review. 

3. 1’ h e 1, r- f? $5 s r e po K t s indicate that tests show the x-ray 
6:xperiment is lasinq, but that tests do not provide 
nufi’ic: ient information regarding the intensities such 
dev i ces can achieve, Is this so? Please provide 
information on the kind of intensities determined to be 
necessary for the various military applications currently 
under consideration for an x-ray laser weapon and compare 
them to other candidate laser syst.ems. 

r)OE ’ s response 

There is no controversy over whether x-ray lasing has been 
observed. The purpose of the ongoing research program is, 
amonq other things, to determine what intensities an x-ray 
laser can achieve. 

X-ray lasers have several potential military applications 
including counterdefense, booster kill, post-boost vehicle 
kill, reentry vehicle kill and discrimination of reentry 
vehicle decoys. The technology requirements for each 
mission are different. 

GAO’s evaluation 

The DOE response is consistent with the information we 
obtained during our review. None of the individuals named 
in the Los Angeles Times article (see question 9) questioned 
that laslnq has occurred. As shown in question 1, absolute 
power calculation inaccuracies occurred in past tests. 

41 Reports suggest that while there have been some adjustments 
to the measuring device, further adjustments to the device 
(that would permit more accurate readings of the laser’s 
i.ntensity) could not have been completed until six months 
after what the press reports identify as the “Goldstone” 
test. Is this the case? Provide an assessment of the 
feasibility of temporarily delaying testing until these 
technical. problems had been resolved. 

1mF: ’ s response 

See classified answers. 

GAO’s evaluation 

Provided in classified briefing. 
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7. Jr; i.t true that the schedule for x-ray laser experiments is 
go i ncl to t)e accelerated? What is the justification for this 
acc~l c:rat. ion: Provide an assessment of the validity of this 
jllst if”ic:at: ion. 

!;inec? its inception the x-ray laser program has been 
operat inq on a resource-limited basis. Because of the 
i m pa c t a Soviet x-ray laser would have on 1:Jnited States 
Strategic Defense Initiative (SDI) architectures, the 
Fletcher Panel strongly recommended acceleration of the 
x-ray ‘laser program. The only way we have of assessing the 
Ijot-cntial of Soviet nuclear directed energy work is to 
conduct such research ourselves. If information on weapon 
feasibility for the counterdefense mission is to be provided 
t.o the Strategic Defense Initiative Organization (SDIO) in a 
t irnely Fashion, the program must be accelerated. 

GAO’s evaluation 

The DOE: response is consistent with the information we 
obtained during our review. The Fletcher Panel recommended 
a technology-limited, not a resource-limited, program. The 
DOD and DOE officials we contacted stated acceleration is 
nc?eded to provide data to SDIO in a timely manner. 

6. What is the overall funding for the x-ray laser in FY 1986? 
Please provide a detailed breakdown of the types of 
activities supported by these funds. Is there a strong 
scientific and technical basis for acceleratina x-ray laser 
funding at this time? 

DOE f s response 

I 
The overall funding of the x-ray laser program and a 
breakdown of the activities and the amount of funds 
supported by the program is classified. The basis for 
accelerating nuclear directed energy weapons (NDEW) research 
is to assess adversary threat at the earliest possible date. 

GAO’s evaluation 

The lX)E response is consistent with the information we 
obtained during our review. 

7. We have heard that the SD1 Program Off ice has a program that 
wi.11 provide S38 million in contracts to the DOE weapons 
laboratories. Press reports indicate that these funds are 
being provided on “a reimbursement basis” for 
nuclear-related research. Is this so? What exactly will 
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ill it support the x-ray 

APPENDIX 

laser 

$'18 million in reimbursable funds are being made available 
from thfz !;nrCI. Of this $38 million, the LLNL share is $20 
mil 1 ir)n. 7'hese reimbursable funds in the LLNL proqram will 
be us(~c3 jn areas of siqnificant and leqitimate Department of 
Defense (DOD) interests. Areas addressed by these funds 
3 r ((3 : systems analysis studies, weapon platform studies, and 
ac~luisition, pointing and tracking systems. These augmented 
funds potentially help to accelerate a more broadly based 
x-ray laser program. 

GAO’S evaluation 

The DOE response is consistent with the information we 
obtained during our review. In fiscal year 1986, $38.0 
million is being provided by the Military Interdepartmental 
Purchase Request process to he used for matters of interest 
to the DOJ). Of this, $20.0 million is goinq to LLNL for the 
x-ray laser program. Only a small portion of the remaininq 
$18.0 million, goinq to LANL and SNL, is earmarked for the 
x-ray laser program. Detailed explanation of fund usage can 
not be provided in this unclassified document. 

8. WE! have also heard reports that there may be an additional 
$62 million available in DOD accounts, either in the SD10 
h\~dyet or elsewhere, to support additional x-ray laser tests 
in FY 1986. Is this true? Just what will this money be 
US~?Cl for? Are these additional funds fully justified? 

K>Ol~ ’ s response 

'T'h(b proqram is in a state where additional funds can be used 
Y to accelerate the rate of technical progress. If the 
1 sclditional $62 million dollars in funds available from the 

DC)D can be transferred to the DOE this money could he used 
to accelerate the rate of testing. 

GAO's evaluation 

'T'h~i DOE response is consistent with the information we 
ol)tained durinq our review. DOD has proposed a one time 
$62.0 million appropriation transfer to be divided between 
I,~,NT,, LAPJL , and SML. The majority of these funds, if 
aJ)provr?d , will go to LLML to be used primarily for x-ray 
I a !; (I' r r-F! sc?arch . DOD and DOE officials we contacted told us 
ttlr?se funds are needed to accelerate the x-ray laser 
Ijrcw ram. 



A F’P’flND TX APPENDIX 

‘4 I ‘Irh(“? st:~.iIct’led r,os Angeles Times article indicates that 
!;evrhral classified reviews of the x-ray laser program have 
c:a11c~~i into question earlier claims for the weapon's 
$7 \l (‘ (3 e 8 c; , ThF first of these critiques was issued as far 
back as August of 1984. According to the article, by last 
summF?r scientists from the Los Alamos laboratory, the 
1,ivcrmorc-t laboratory and the Jason Group had all identified 
s c? r 1. 0 11 .s technical problems with this program. Please 
examinch these internal reports and interview the individuals 
who prepared them. Provide an assessment of these critiques 
and their implication for further research on the x-ray 
1 aser proqram. Examine whether the officials responsible 
for managinq the x-ray laser program took these criticisms 
f"\llly into account in their planning for future research and 
testing of this device. 

DOE's resnonse 

In all the classified reviews held to date there has been 
unanimous opinion that x-ray lasing has been demonstrated. 
In all the scientific and program reviews, the LLNL staff 
have used the most current and most accurate information 
available. Most of the scientific reviews have, in fact, 
been requested by LLML in order to provide independent peer 
review of the results and proqress. In all cases, we have 
accurately conveyed the current status of the x-ray laser 
program to all levels of qovernment and the scientific 
community. No major disagreements with LLNL's presentation 
have been expressed. The outcome of the reviews have, in 
general, been enthusiastic support for the program as laid 
out by IJ,NL. 

The program management has always used the most current 
information to plan for the future research and testing of 
the x-ray laser. Since there is still much to learn about 
x-ray lasers, there have been changes in the underground 
tests and their associated experiments to address the 
physics and systems issues of an x-ray laser weapon. The 
ongoing internal and external review process has been a 
normal part of the program planning, and we have always 
tried to incorporate any suggestions we have received during 
the review process. We know of no example where a major 
scientific concern was not fully considered prior to the 
planning or execution of an underground test or major 
experiment. 

GAO's evaluation 

The limited scope of our review and DOE's use of all 
inclusive terms does not allow us to express an opinion on 
the DOE response. However, we have no knowledge about the 
proqram that would cause us to question the accuracy of 

7 



APPENDIX APPENDIX 

DOE’S response based on our review of the x-ray laser 
proc~ram . 

We interviewed all the individuals named as reviewers or 
critics in the Los Angeles Times article. These individuals 
were not outside or independent critics, but were program 
participants or peer reviewers. As such, they were offering 
constructive criticism. We also interviewed other 
individuals we identified as program reviewers. 

Overall, the above individuals generally support the current 
x-ray laser program, but they have identified problems or 
issues which must be addressed. These issues were, or are, 
being considered by x-ray laser program managers. 

LT,NJ, officials also kept SD10 offi.cials apprised of current 
program status. Program results were presented at a June 
1985 briefing. When some of these results had to be 
modified, due to the measurement inaccuracies (See question 
1) I another briefing was held in July 1985 at which time the 
revised data was presented. 

IO. What explosive yields have been determined to be necessary 
for nuclear testing in support of research on the various 
military applications of an x-ray laser? According to 
current planning I at what point (if any) would explosive 
testing in the atmosphere or in space be needed? 

DOE’s response 

See classified answers. 

GAO’s evaluation 

Provided in classified briefing. 
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I J.S. General Accounting Office 
1+x4. Office Ilox 60 15 
Gaithcrsburg, Maryland 20877 

Telephone 202-2756241 

The first five copies of each report are free. Additional copies arc 
$2.00 each. 

There is a 26% discount on orders for 100 or more copies mailed to a 
single address. 
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