
“]’]lC NASA IIRMS Sky SLII VCy X-llaId Obscrvaticms: A ]’10~,lCSS  RC])OI [

S. },cvin,  11,’1’,  olscn, C IIackus, S. (;ulkis

Jc[ l’roptllsioJ~  1.abcmtory,  Califw nia lnsti[utc, of ‘J”ccbnolog,y
4800” Oak <irovc 1 h ivc., l’asadma,  Califmlia  91109-8099

Abst[ ad: ‘lIIc. Sky SuIvcy l13c.mcIIt  of NASA’s IIigh Resolution MicIowavc

SLIIvcy (I IRMS)  has  been  ac t ive ly  cngag,cd  in a  Search for

1 ixtra’1’mm.stlial  Intdlige.ncc.  (S1 {“1’1)  since. October 12, 1992, using n

protolypc system  with a 2097152-channel spcc(rum  analy7cJ  opcr-atillg

pJ imarily at X-13anct ficqwmcics. Wl]ilc the flcqucncy covcragc  of the

]mtolype and the tclcscopc time being, dcvotcxi  to the search arc oJlly d

small flaction  of out ultilnatc. iritc.l}tio~ls,  they ]-c~ncscn(  a substantial

scawh capability and pmvidc. valuable field c.xpcricncw in doin~  S] {’1’1.

As of July 30, 1993,  WC. have identified no 1{’1’1 signals at a sc.nsitivity

lCVC1  of a])pJoximatcly  5x 1 ()-22 W/m2 OVCJ a search space of 30 h41 lz-

sI. ‘J’lIc.  ]mtolypc. sys[cm is pm fol Ining well, with scnsit  ivity and false

slam statistics consistent with theoretical predictions in tbc abscncw of

Radio-1 ‘Icqumcy ltl[erfc]  cIm (R] ‘1). ‘J’ticrc ate JiO known  a[]ornalics ill

the data.

lnlroduclion

As part of the Sky Survey lIlc.mc.Jlt  of NASA’s }Iigh Rcsolutim Micmwavc. SuJvcy

(1 lRMS), wc have been m~p,agcd  in a Sc.arch  fo] }ixtra’1’cncstrial lntcl]igcncc  (S1 i’1’1) sillcc

October 12, 1992 (Klein ct al. 1993, ‘1’at[cr  c1 al. 1993). Our observing, systmn (called tbc

Sky SUI vcy l)mtotypc.  SystcIrI, or SS}’S) is it)tcndcd as a toc~]  to aid in the dcvclopmcnt of

a final o])cI at ional systcm. (hIJ’ ]nimaly  focus ifi using tbe SS1’S has been to f,ai[i ficl(?

cx~~cricnce  fc)r the design atid construction c)f the Sky Survey O})CI ational Systcm

(SSOS). ‘1’hc SS0S will prcwiclc  16 tiJncs tbe frcquc.ncy  coverage c)f the SS1’S, alicl will

itmwpmatc  lessons lcamccl flc)Jn  cmr SS1>S activities.

As a ciistinct subsc.t of cm SS1)S activities, we arc ccmducting  an X-}lancl  SuIvcy with the.

SS1)S, using tbc 34-m atltcnJia at the ACtVRJKCd  IIcve.lc)pmcmt  (VcntIs) site of NASA’s

{io]c~stoJlc  ])ccp  space  ~oJllJ”lltlIlicatiotJs  (hn~)]cx. Wc arc using  tcchJliqw3 as CICXC as

possib]c to those anticipated for use with the SS0S, ancl  arc opcJating  at frcqucmcies



between 8300 M}lz ancl  8600 MI Iz.. In this fre.qucncy  ttingc tllclc  is vay Iittlc Radio

lircquc.ncy  lnte.rfc.rc.nw  (1<1(1) at this site., anti we have used minimal R];l rejection

algori~hms.  More e.ltibwatc  RI;I rcjwtion  schcmcs m under dcvclopmnt  (Olsen c1 ffl.,

1993). As of July 30, 1993 we had covered 29 MI 1~-sr, counting each c i rcular

polar  iy,ation  scpamtc]y (e.g., observing a 1 SICI adian pa(ch of sky with 1 Ml IZ bandwidth

in a single circular  polarimtion  would  inmcasc the total coverage  by 1 MI lz-sr). in this

paper wc report the rcwlts to date from this X-hand Survey.

~Su I-vey l’aramcters

An overview of the 1 lRMS Sky Sunwy is given elsewhere (Klein et H1. 1993,  Klein ct al,

199?.), so we will concc.ntratc  here on details of the. X-Band obscrvat ions and tissumc. that

tllc reader is familiar with the. bload project outlines, including sky pixcliz.ation  and the

racetl-ack  scanning pattern. ‘1’he.  antenna speed is kept cons~ant at 0,2”/See, and the, total

systcm tcmpcrat  urc for a typical observation is about 45 K, including atmcmphe.ric

emission. Spectra are taken every 52..4 mScc (i.e., at the maximum mtc allowed by the

19.(I7 I 17, channel width), and accunmlatcd to~,clher 2 at a time for an output data ralc of

2,097,152 channe]s every 105 mScc. ‘J’hc data are passccl through a ccmvolutiona]  filter

of width 524 mScc (5 accumulations) with weights matched to the (Gaussian) antenna

gain pat[cm, thrcsholdcd, and rcccndcd  on ma~,nctic disk.

As shown in ];igure  ], the X-Band SS1’S sutvcy is being dc)J~c with scanlinc se.~mraticm  of

1 111’IIW (0.067”) in sky frams of length 30”. in order tc) minimim  spatial scallo~)in:,,  wc

arc using a Sillglct/Doublet detection algorithm, in which events which recur in adjacent

scanlincs at nearly the same. frequency and location al-c given e.xtm weight. As a result,

thm arc 3 separate thresholds: “1’}Iw,  ‘1’s, ard “l’]). Whenever the rcporlcd  power in a

single  channel is greater than ‘1’IIw, the event is callecl a “hit”. 1 lits whose rcpcwted  power

is greater than “1’s arc saved as Singlets. A pair of hits which am rc.pom.cl  in acljaccnt

scanlincs within 100 frcquc.ncy bins (1907 11?) and within 1 111’IIW c~f each other is

considcm.d  a IXmblct if the sum of tlwir rcpcn-[ed powers is greater than ‘1’J). A slilall

number of channels (typically ICSS than 0,01% of each sky frame) is automatically maskc.d

when an cxccss number of hits in the same channel at diffcrcmt spatial loc:itions  indicates

the presence of RI;],

l;rom each sky fratm, the 10 stlonge.st  Sing]cts  and the 1() strong,cst  1 Xwblm al-c chosen

for rc-observation, If two or mcm Singlets or Iloub]cts  chcmcn  fc)r rc-obscrviition  are

found to be within 1 } 11’lIW, only the strongest is kept and the othcm arc rep]acc(i with



spatially distinct targets. “1’hc re,-observations are callc(i lookbacks,  ami they achieve

much greater sensitivity than the original apparmt  clctcctions  by speding  30 seconds on

cad target, where the original sky frame devoted only 0.3 Sec to each 1 lP1lW. ‘1’hc full

40 Mllz bandwidth is used to rc-observe each location, but a lookback  hit is only

considered significant if it lies within 5 WOO bins (:!95 kll~) and ~ 1 1 IPIIW of a Singlet

CM lloublet  from the original sky frame. in the event that one of the lookbacks shows such

a repeat, follow-up obscrvat ions are performed.

1.ookback  observations arc performed as soon as practical after the original sk yframc.

Llsually  the lc)okback  observations begin within 10 minutes of completion of the

cm-responding sky fram. “1’hc  origins] sky f)ame currently takes 80 minutes to observe

and the 2.0 lookbacks  require a total of 25 minutes, so normally a locjkback  takes place
~,ithil~  2 hours of the original apparent dcte.ction, Because of limitations on tclcscopc

time and restrictions set by the horizon and limited mobility of the tclcscopc for targets at

z.cn it h, some look backs were performed consiclc.rab] y later. “J’hc sa rvc y coverage can

the.re.fore only be considered eompkte  for sources which remain active for several days.

‘1”0 clo a meaningful survey, we must calculate a limiting sensitivity. “J’he limiting

sensitivity of a sky frame is determined by the weakest Sir~gle.t and weakest lloublct

chosen for re-observation. “J’o get the. limitin~  sensitivity for the entil’e  survey, we must

take the least sensitive sky frame, and then account for s~)atial  and spectral scalloping. in

the worst-case sky frame, the. weakest re-obse,rvcd Singlet has an input Signal to Noise

Ratio (SNR) of 5.3, after subtracting the 90% confidence level minimum contribution due

to thermal noise. ‘1’he worst possible spatial location is an across-scanline  position just

C1OSC enough to a scanlinc to bc more readily dctcctcd as a Singlet than as a 1 )oublct,

while Palling exactly on a boundary bctwccn accumulations in the (over-sample(i) along-

scan]inc direction. ‘1’his  results in a spatial e.fficicncy  factcm  of 0.49. Similarly, a signal

which fell exactly between two frequency channels would (with cm present rectangular

time-domain windowing) bc weaker by a factor of 0.4]. “l-he Singlet sensitivity is thus

(5.3)(19 117)(1 .4 X1023J/K)(45  K) , Sxl[)-q? ~/r)lz
SsjI}gl~~  ‘ - ‘~ s i n g’ c ’ 1 ’  ‘“’’sys = -

Acrr Espa[ia] ~,spcctra] (0.65) n (~;’’’)?”  (().49)(0.41)

‘1’he calculation for l)oub]cts  is more complicated. 11 y choosing tc) rc-obsmw  the 10

strongest Doublets, wc arc imposing an additional boundary condition cm the sensitivity,

with a corresponding spatial smsitivity. “1’hc l)oublet  spatial efficiency factor is based on

the worst-case spatial position which is consis[emt with both Iloub]et  boundary conditions .



andalso  does not result in are-ot)se.rvcd Sirlglct. The net effect is a worst-case Ikmblet

scnsitivi~y  of

Y ~[wt)]c[  ~J k“] ‘sys ,=\4.2)(19H  z)(l.4x102~Jfi)(45K)  ,  SX1{).22W,1112
~ Iwuhlct ‘“ ‘“

&ff C,spatia]  ESiXXLr~I (().65) n (3:1)’)2  (0.42)(0.4 1)

“J’hccalculatcd  limiting scnsitivityof  5x10-22  W/n12isonlyvalid  for signals within the

search space. Wehaveassumcd  IOO%dut  ycycle,circula  rpolarization,  bandwidth much

le.ss than 1911z,andasourcc  which is fixcdon  the. celmtial sr~}]crc witllflcq~lcl]cy(  irift

less than 19}1zin  0.5 Sec(;/f<4.3x] 0-9). Relaxirlg  ar~yofthosc  assl]l]~l~tior~  s[lcgt:ic]cs

the sensitivity. Subject tothcassumptions  statccl, wehavc  scarchcd 29 MI Iz-sr(scc

l;igure 2).

Results

l’hc data from the X-Band SS1’S smvcy to date are consistent with thcor-ctica] predictions

based on thermal noise, and contain no knowri anomalies. As of July 30, 1993, wc have

observed 57 sky frames and dctcctcd no e.vidcncc for cxtratcrrcstrial  intelligmcc  (se.c

‘l’able 1). As a reliability check, sewcral  sky frames were observed at a time and frequency

such that they contained onc of NASA’s spacecraft. “l-he spacecraft transmissions were

clctcctcd at the expected locations, frequcncics,  and power lCVCIS. ‘1’hc Sir]glcts  ancl

1 )oublets  resulting from spacccr-af[  have been e.xcludcd from “1’able 1.

Of the 1140 lookback observations, 2 produced repeats of a Sir~glct or l)oublet  from the

initial sky frame. We re-observed the locations of the two repeats multiple times, ancl  saw

no cvidcncc of any transmitters wi[hin 5:5000 bins (95 kllz)  and ~:1 IIPDW of the initial

hits. Based on purely thermal statistics, with no }1’1’1 and no H;), the expcclcd number of

repeats for 1140 lookbacks is M 2.
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Table 1. IIRMS Sky Survey X-]!aml Results
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sky fratm
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—.—
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———
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In the absence of signals (whether of terrestrial or extraterrestrial origin) we calculated
theexpccted  detection statistics of the SS}’S. lJsingthe  Singlctsf ron~tl]e57  sky frames,

we compare the actual Probability of ] ~alse  A lam (P1~A) with the PII’A expected due to

thermal noise. “J’he cumulative PI;A statistics are consistent with theoretical predictions

over a range of PFA from 1 to 10-12. l;igme 3 shows the cumulative P1;A vs. “J’hrcshold

for the critical (low P1~A) part of the distribution. Similarly, the distribution of Singlets

and l>oublets  over the spectrum analyzer bandpass is consistent with a uniform

distribution (Figure 4).

collclusioJls

Operating in the nearly IW1-free environment of NASA’s Golc]stone IIecp  Space

Communications Complex at frequencies between 8300  and 8700 Ml Iz, the 1 IRMS Sky

Survey Protot ypc, S ystcm is working very well. After 9 months of opcrat ion, there arc no

known anomalies.

Within the 29 Ml lz,-sr wc have observed, there are no signals present which have the

assumed parameters and are stronger than 5X10-22 W-m-z, at the 90% Confidence 1.CVC1.

We have assumed circularly polarized signals with frequency drift less t}]an 19 I Iz, in 0.5

See, bandwidth much less than 191 ]7,, anti 100% duty cycle,  fixed on the celestial sphere.



‘J’hc research described in this paper was carried out by the Jet Propulsion 1.aboratory,

California Institute of Technology, unclcr a contract with the National Aeronautics and

Space Administration,
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Figure Captions

l;igure 1. “]’he stalldard “racetrack” se,arch pattern. Data are acquired during  the

straight “scanline”  sections. “J’hccurvcd  ''tL]rt~arot]nd  ''sectiol~s  accotlr~t  for finitcalltcr~t]a

accelerations. If a channel reports power above the Singlet detection threshold the event

is saved as a Singlet. If nearby channels in adjacent scanlincs at nearby positions both

report hits and the sum of the powers is greater than the Doublet thcshold,  the pair of

events is saved as a l>oub]et.

Figure  2. Aitoff projection of the pixellatcd sky, with observed sky frames shaded.

“1’hc  dark areas have been obse.rvcd  at least twice (e.g.,  two polarizations at the same

ccnler  frequency or a single polarization at each of two freclmncics),  and the lightly

shaded areas have been observed in a single polarization over a single 40 M}17,

bandwidth.

I;igure 3. Probability of I’alsc Alarm vs. “1’hre.sholcl. “l”hc solicl  line indicates Pl~A as

a fnnction of detection threshold (in units of input Signal to Noise Ratio) inferred from

the. Singlet data of 57 X-band sky frames from October 12, 1992 to July 30, 1993. l’he.

dashed line indicates the PI:A prcclictcd  by assuming thermal noise and taking into

account the non-Gaussian statistics of the spectral accumulation and convollltional filter.

“]’he error  bars shown are based solely on mcasurcmcnt  statistics. Note the sllppresscd

zero in the ordinate. Cumulative fi~lsc  alarm statistics for the X-Band Sky Sut vcy to elate

are consistent with thermal noise over 12 ordcls of magnitude.

l{igure 4. l;requcncy  Dis t r ibut ion  of Singlets ancl Iloublets.  “1’his figure  is :i

histogram of the number of Singlets and Doublets binned by frequency. Each bin of (IE

histogram is 32,768 frequency channels (625 kIIz) wide.
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