
La misión LISA (ondas gravitatorias) recibe el apoyo del National 
Research Council de los Estados Unidos

!"#$%&'()%#*+,-%&+"#.(#"+#/&0('1-2+,-3&#4*5$6#.(#"%'#!!77#8+#.+.%#'9#+:%;%#0-2%<
=%'%#+#"+#>919=+#!"#$"%&'()%*+%,&-$&."#$/0$/12$#/3%&4%($/&4?/@A6#,%B%#9&+#.(#"+'#
.%'#2=+&.('#B-'-%&('#(':+,-+"('#C9(#"+#*A@A#:=%2=+B+=D#:+=+#("#:=3E-B+#.(,(<
&-%#(&#,%"+F%=+,-3&#,%&#"+#A2(&,-+#!9=%:(+#.("#!':+,-%#4!@A6G#?+#=(,%B(&.+,-3&#
'(#+&9&,-3#(&#=9(.+#.(#:=(&'+#(&#("#$(&1=%#H(,I#.(#"+'#A,+.(B-+'#*+,-%&+"('#.(#
"%'#!!77#(&#J+'8-&21%&#K$#("#:+'+.%#LM#.(#+2%'1%#.(#NOLOG#?/@A#('19.-+=D#("#
7&-0(='%#.(#>%=B+#.->(=(&1(#+#1%.%'#"%'#.(BD'#%F'(=0+1%=-%'#(':+,-+"('P#B(.-+&<
1(#"+#B(.-,-3&#;#+&D"-'-'#.(#1"-%(&5/%6+#%#1/+%(G

!&#("#=(,-(&1(B(&1( #,%&,"9Q.%# +"01/2$ &-$*$"%,& 7A'1=%NOLORP#9&+#,%B-'-3&#.(#(E:(=1%'#
>9(#(&,+=2+.+#.(#(E+B-&+=#;#:=-%=-S+=#1%.+'#"+'#+,1-0-.+.('#.(#-&0('1-2+,-3&#(&#A'1=%&%<
BQ+#;#A'1=%>Q'-,+#(&#"%'#!'1+.%'#7&-.%'P#+'Q#,%B%#(&#"+#-&1(=>+S#.(#('1+'#.-',-:"-&+'#,%&#"+#
TQ'-,+G##!"#-&>%=B(#=(,%B-(&.+#>9(=1(B(&1(#?/@A#.(F-.%#+#"+'#(E:(,1+1-0+'#.(#C9(#"+#%F<
'(=0+,-3&#.(#%&.+'#2=+0-1+1%=-+'#=(':%&.(=D#,9('1-%&('#,-(&1Q>-,+'#,"+0(#'%F=(#"+#A'1=%>Q<
'-,+#.(#"%'#-&-,-%'#.("#$%'B%'#;#.(#"+#TQ'-,+#.("#7&-0(='%G

!"#$$%&'"()*")+#)$&,-'%*#*)$%"'./0%$#)%'."1'#$%&'#+)"').&1'&)#)2345

U*%'#,%B:"+,(#B9,8%#C9(#("#*5$#8+;+#=(,%&%,-.%#%>-,-+"B(&1(#("#-&B(&'%#:%1(&,-+"#.(#
?/@A#(&#A'1=%>Q'-,+#;#TQ'-,+#T9&.+B(&1+"RP#.-,(#V%B#W=-&,(P#:=%>('%=#(&#("#/&'1-191%#V(,&%<
"32-,%#.(#$+"->%=&-+#4$+"1(,86P#-&0('1-2+.%=#@X&-%=#(&#("#Y(1#W=%:9"'-%&#?+F%=+1%=;#4YW?6#;#
,%<:=('-.(&1(#+B(=-,+&%#.("#$%B-1X#$-(&1Q>-,%#/&1(=&+,-%&+"#.(#?/@A#4?/@V6G#*9B(=%'%'#-&<
0('1-2+.%=('#.(#0+=-%'#:+Q'('#(9=%:(%'#:+=1-,-:+&#(&#?/@AP#'(+#,%B%#B-(BF=%'#.("#?/@V#
4>%=B+.%#:%=#LZ#,-(&1Q>-,%'#(9=%:(%'#;#%1=%'#1+&1%'#('1+.%9&-.(&'('6#%P#"+#B+;%=Q+P#.('+<
==%""+&.%#+,1-0-.+.('#.(#-&1(=X'#:+=+#"+#B-'-3&#.(&1=%#.(#"+#,%B9&-.+.#-&1(=&+,-%&+"G#!'<
:+[+#('1D#-B:"-,+.+#(&#?/@A#+#+BF%'#&-0("('G#U*%'#:=%:%&(B%'#+F=-=#9&+#&9(0+#0(&1+&+#
8+,-+#("#7&-0(='%#B(.-+&1(#"+#%F'(=0+,-3&#.(#B-""+=('#.(#>9(&1('#.(#=+.-+,-3&#2=+0-1+1%<
=-+RP#+:%'1-""+#("#:=%>('%=#W=-&,(G

U!"#.(,-.-.%#+:%;%#.("#*5$P#)9&1%#,%&#&9('1=+#(E,("(&1(#=(:91+,-3&#.(&1=%#.(#"+#,%B9&-<
.+.#,-(&1Q>-,+P#&%'#+&-B+#B9,8Q'-B%G#$%&#?/@A#,=(+=(B%'#9&+#8(==+B-(&1+#,%B:"(1+B(&<
1(#&9(0+#:+=+#%F'(=0+=#("#7&-0(='%P#,%&#(&%=B(#:%1(&,-+"#:+=+#+B:"-+=#&9('1=+#,%B:=(&<
'-3&#.(#"+#TQ'-,+#;#"+#A'1=%&%BQ+#.(#B+&(=+'#-B:=(0-'-F"('RP#.-,(#H+='1(&#K+&SB+&&P#:=%<
>('%=#(&#"+#7&-0(='-.+.#.(#\+&&%0(=#4A"(B+&-+6#;#,%<:=('-.(&1(#(9=%:(%#.("#?/@VG

@(2]&#%:-&-3&#.(#^+=,-+#5-(I(P#:=%>('%=+#.(#A'1=%&%BQ+#(&#"+#7&-0(='-.+.#.(#A=-S%&+#;#
0-,(:=('-.(&1+#.(#9&%#.(#"%'#,%B-1X'#.("#A'1=%NOLOP#U(&#("#:+'+.%#8+#'-.%#>=(,9(&1B(&1(#
.->Q,-"#,%&0(&,(=#+#"%'#+'1=3&%B%'#.(#:=-B(=+#"Q&(+#.(#"+#-B:%=1+&,-+#.(#"+#A'1=%&%BQ+#.(#
%&.+'#2=+0-1+1%=-+'G#?+#:=-%=-.+.#.+.+#+#?/@A#(&#A'1=%NOLO#('#9&+#-&.-,+,-3&#.(#C9(#"%'#
+'1=3&%B%'#(B:-(S+&#+#-.(&1->-,+=#"+#,+:+,-.+.#.(#?/@A#:+=+#91-"-S+=#"+#=+.-+,-3&#2=+0-1+<
1%=-+#:+=+#('19.-+=#("#7&-0(='%#.(#9&+#B+&(=+#-&&%0+.%=+RG

U?%'#+=29B(&1%'#,-(&1Q>-,%'#(&#>+0%=#.(#?/@A#'(#8+&#B9"1-:"-,+.%#,%&'-.(=+F"(B(&1(#(&#
"%'#.-(S#]"1-B%'#+[%'G#A&D"%2+B(&1(P#"%#C9(#9&#.Q+#'(#,%&'-.(=+F+#1(,&%"2Q+#.->Q,-"#(&#B(<
1=%"%2Q+#.(#+"1+#:=(,-'-3&#('#8%;#1(,&%"%2Q+#,%&'%"-.+.+#;#>-+F"(RP#+[+.(#@,%11#\928('P#
:=%>('%=#+'%,-+.%#(&#("#^/VG



U!&#"%'#1=(,(#+[%'#C9(#""(0%#1=+F+)+&.%#(&#?/@AP#'9#1(,&%"%2Q+#;#'9#,-(&,-+#8+&#+0+&S+.%#
BD'#+""D#.(#B-'#'9([%'#-&-,-+"('#BD'#+"%,+.%'RP#'(#(&19'-+'B+#@1(="#W8-&&(;P#:=%>('%=#.(#
A'1=%>Q'-,+#1(3=-,+#(&#("#$+"1(,8P#B-(BF=%#.("#?/@V#;#:=('-.(&1(#.("#:=-B(=#(C9-:%#C9(#
,%&>(,,-%&3#"+#.(>-&-,-3&#.(#?/@AG#U!'1%;#-B:+,-(&1(#:%=#=(,-F-=#"%'#:=(,-'%'#.+1%'#C9(#&%'#
B+&.(#?/@A#.-,-X&.%&%'#'-#"%'#+29)(=%'#&(2=%'#2-2+&1('#C9(#+"F(=2+&#"%'#,(&1=%'#2+"D,1-<
,%'#'-29(&#"+'#"(;('#.(#"+#5("+1-0-.+.#_(&(=+"#.(#!-'&1(-&P#+'Q#,%B%#'-#&9('1=+'#-.(+'#
+,(=,+#.(#'9#>%=B+,-3&#'%&#%#&%#,%==(,1+'RG

U!"#0-2%=%'%#+:%;%#C9(#"%'#BD'#.('1+,+.%'#+'1=3&%B%'#+B(=-,+&%'#.("#B%B(&1%#8+&#
.-':(&'+.%#+#?/@A#8+,(#%>-,-+"#("#=(,%&%,-B-(&1%#.("#:%1(&,-+"#.(#"+#B-'-3&#:+=+#,%&0(=<
1-='(#(&#9&%#.(#"%'#%F'(=0+1%=-%'#+'1=%&3B-,%'#BD'#-B:%=1+&1(#.(#&9('1=%'#.Q+'RP#+>-=B+#
`(=&+=.#TG#@,891SP#.-=(,1%=#.("#/&'1-191%#^+E#W"+&,I#.(#TQ'-,+#.(#"+#_=+0-1+,-3&#(&#`(="Q&#;#
B-(BF=%#.("#?/@VG#a#+[+.(b#U$9+&.%#?/@A#>9(#,%&'-.(=+.+#:%=#"+#!@A#(&#LccdP#"%#>9(#:%=<
C9(#'9'#%F'(=0+,-%&('#.(#=+.-+,-3&#2=+0--1+1%=-+#+==%)+=D&#"9S#'%F=(#"%'#>9&.+B(&1%'#.(#
"+#_=+0(.+.#;#"+#5("+1-0-.+.#_(&(=+"#(-&'1(-&-+&+#;#1%.+'#'9'#:=(.-,,-%&('G#!&#"%'#]"1-B%'#
C9-&,(#+[%'#"'%#+'1=3&%B%'#8+&#,%B:=(&.-.%#,3B%#?/@A#:9(.(#.(',9F=-=#,+:Q19"%'#-&X.-<
1%'#(&#"+#8-'1%=-+#.("#7&-0(='%#(',9,8+&.%#"+'#%&.+'#:=%.9,-.+'#:%=#"+'#:=-B(=+'#('1=(<
""+'P##"%'#:=-B(=%'#+29)(=%'#&(2=%'#;#"+'#('1=(""+'#BD'#+&1-29+'#C9(#+]&#(E-'1(&#8%;G#^-<
.-(&.%#,3B%#'(#+"+=2+#"+#"%&2-19.#.(#"+'#%&.+'#:=%0(&-(&1('#.(#"%'#+29)(=%'#&(2=%'#BD'#
0-()%'#+#B(.-.+#C9(#'(#:=%:+2+&#:%=#("#7&-0('%#(&#(E:+&'-3&P#?/@A#:9(.(#-&,"9'%#('19<
.-+=#("#B-'1(=-%'%#(&-2B+#.(#"+#(&(=2Q+#%',9=+RG

5+6-'&()*#.&()(&71")+#()&'*#()61#8%.#.&1%#()9)(&71")2345

?/@A#,%&'-'1(#(&#9&+#,%&'1("+,-3&#.(#1=('#'+1X"-1('#C9(#%,9:+&#"%'#0X=1-,('#.(#9&#1=-D&29<
"%#(C9-"D1(=%#.(#d#B-""%&('#.(#I-"3B(1=%'P#+"2%#BD'#.(#LN#0(,('#"+#.-'1+&,-+#V-(==+<?9&+G#
!"#,(&1=%#.(#"+#,%&'1("+,-3&#'-29(#+#"+#V-(==+#(&#'9#3=F-1+#+"=(.(.%=#.("#@%"#+#9&+#.-'1+&,-+#
.(#9&%'#Zd#B-""%&('#.(#I-"3B(1=%'#40(-&1(#.Q+'6G#?+'#%&.+'#2=+0-1+1%=-+'#C9(#+1=+0-('(&#
?/@A#:=%0%,+=D&#B-&]',9"+'#+"1(=+,-%&('#(&#"+#"%&2-19.#.(#'9'#F=+S%'P#.("#%=.(&#.(#9&+'#
,(&1X'-B+'#.("#.-DB(1=%#.(#9&#D1%B%G#?+#>%=B+#(&#C9(#?/@A#.(1(,1+=D#('1%'#,+BF-%'#('#
B(.-+&1(#=+;%'#"D'(=#-&>=+==%)%'#C9(#,%&(,1+=D&#,+.+#:+=#.(#'+1X"-1('#;P#:%=#-&1(=>(=%B(<
1=Q+P#.(1(=B-&+=D#"%'#,%==-B-(&1%'#.(#>+'(#+'%,-+.%'#+#"%'#,+BF-%'#.(#:%'-,-3&G#?+'#=(>(<
=(&,-+'#:+=+#1+"('#B(.-.+'#'%&#:+=('#.(#B+'+'#.(#9&+#+"(+,-3&#.(#9&%'#N#I-"%'#.(#%=%#;#
:"+1-&%#C9(#>"%1+&#"-F=(B(&1(P#(E,(:1%#'-# ""(2+#9&+#%&.+#2=+0-1+1%=-+P#(&#("#-&1(=-%=#.(#
,+.+#'+1X"-1(G#@(#:=(0X#"+&S+=#?/@A#8+,-+#B(.-+.%'#.(#"+#.X,+.+#.(#C9(#,%B-(&S+#(&#
NONOG

?/@A#('1D#.-'([+.+#:+=+#.(1(,1+=#=+.-+,-3&#2=+0-1+=-+#.(#F+)+#>=(,9(&,-+P#(&#("#=+&2%#(&<
1=(#OGL#B-"-<\(=1S#;#OGL#\(=1SG#!'#:%=#"%#1+&1%#9&#%F'(=0+1%=-%#,%B:"(B(&1+=-%#.(#"%'#%F<
'(=0+1%=-%'#1(==('1=('#,%B%#?/_e#4(&#"%'#7@A6#;#f/5_e#4'-1%#(&#W-'+#;#:=%.9,1%#.(#9&+#,%<
"+F%=+,-3&#(9=%:(+#(&1=(#/1+"-+P#T=+&,-+P#\%"+&.+P#\9&2=Q+#;#W%"%&-+6#;#("#+&2"%<2(=B+&%#
_!e<gOOP#-&'1"+.%#(&#\+&&%0(=#4A"(B+&-+6G#!'1%'#%F'(=0+1%=-%'#1(==('1=('#('1D&#:(&'+<
.%'#:+=+#"+#%F(=0+,-3&#+#>=(,9(&,-+'#B9,8%#B+;%=('P#(&1=(#LO#\(=1S#;#0+=-%'#I-"%<\(=1SG

?+'#%&.+'#2=+0-1+1%=-+'#'%&#,%B%#9&#=-S+.%#(&#"+#,9=0+19=+#.("#(':+,-%<1-(B:%#C9(#'(#
:=%:+2+#+#:+=1-=#.(#"+'#>9(&1('#C9(#"+'#2(&(=+&G#K(F-.%#+#C9(#?/@A#=(,-F-=D#(&#1%.%#B%<
B(&1%#.(,(&+'#.(#B-"('#.(#'([+"('#'9:(=:9('1+'#;#:=%,(.(&1('#.(#1%.+'#"+'#.-=(,,-%&('#
.("#(':+,-%P#'9#>9&,-%&+B-(&1%#'(#:+=(,(#BD'#+"#.(#9&#B-,=3>%&%#.(#+BF-(&1(#C9(#+"#.(#
9&#1("(',%:-%#,%B]&#C9(#1%B+#>%1%'#.(#"92+=('#F-(&#9F-,+.%'#(&#("#,-("%G#!'1(#&9(0%#1-:%#
.(#%F'(=0+1%=-%#&%'# -&>%=B+#.-=(,1+B(&1(#'%F=(# "%'#B%0-B-(&1%'#.(#B+'+'# -&0-'-F"('P#
,%B:"(B(&1+&.%#+'Q#"+'#%F'(=0+,-%&('#.(#"%'#1("(',%:-%'#,"D'-,%'P#C9(#'3"%#:9(.(&#0(=#
"+#"9S#2(&(=+.+#:%=#D1%B%'P#&],"(%'#;#:+=1Q,9"+'G



:45;)<545)9)"+)=1&9"$.&

!&#"%'#!'1+.%'#7&-.%'P#?/@A#'(#2('1-%&+#.('.(#("#_%..+=.#@:+,(#T"-281#$(&1(=#.(#"+#*A@A#
4,(=,+#.(#J+'8-&21%&#K$6#;#:%=#("#Y(1#W=%:9"'-%&#?+F%=+1%=;#4YW?6P#+.B-&-'1=+.%#:+=+#"+#
*A@A#.('.(#("#$+"1(,8G#!&#!9=%:+#'(#2('1-%&+#.('.(#!@V!$P#,(&1=%#.(#.('+==%""%#1(,&%"3<
2-,%#(':+,-+"#.(#"+#!@AP#,(=,+#.(#?(-.(&#4\%"+&.+6G

!"#8+=.h+=(#.(#?/@A#1(&.=D#'9#:=-B(=#1('1#(&#("#(':+,-%#,%&#("#"+&S+B-(&1%#.(#"+#B-'-3&#
:=(,9='%=+#?/@A#W+18T-&.(=P#C9(#1(&.=D#"92+=#(&#NOLM#F+)%#=(':%&'+F-"-.+.#.(#"+#!@AG#
!'1+#B-'-3&#:%&.=D#(E8+9'1-0+B(&1(#+#:=9(F+#1(,&%"%2Q+'#,=9,-+"('#:+=+#?/@AP#B9;#(:(<
,-+"B(&1(#("#""+B+.%#-/%580/$$P#9&#'-'1(B+#C9(#B+&1-(&(#"+'#B+'+'#.(#=(>(=(&,-+#4-29+<
"('#+#"+'#.(#?/@A6#(&#,+Q.+#"-F=(#:(=>(,1+#8+,-(&.%#9'%#.(#B(.-.+'#.(#+"1+#:=(,-'-3&#.(#'9#
:%'-,-3&#(&#("#'+1X"-1(#;#+,19+&.%#,%&#B-,=%<:=%:9"'%=('#'%F=(#X'1(#:+=+#C9(#"+'#B+'+'#
:(=B+&(S,+&#,(&1=+.+'#(&#("#-&1(=-%=#.(#+C9X"G#!&#:+"+F=+'#.(#@1(>+&%#f-1+"(P#:=%>('%=#.(#
TQ'-,+#(&#"+#7&-0(='-.+.#.(#V=(&1%#4/1+"-+6#(#/&0('1-2+.%=#W=-&,-:+"#.(#?/@A#W+18T-&.(=P#U"+#
B-'-3&#('1D#:(=>(,1+B(&1(#(&,+==-"+.+P#,%&#"+#B+;%=Q+#.("#8+=.h+=(#;+#(&1=(2+.%G#A&1('#
.(#C9(#+,+F(#NOLMP#?/@A#W+18T-&.(=#8+F=D#.(B%'1=+.%#C9(#"+#(EC9-'-1+#B(1=%"%2Q+#C9(#
?/@A#=(C9-(=(#>9&,-%&+#;#('1D#"-'1+#:+=+#0%"+=RG

?%'#-&'1=9B(&1%'#,-(&1Q>-,%'#+#F%=.%#?/@A#W+18T-&.(=#'(#.-'([+&#;#2(&(=+&#(&#"%'#:+Q'('#
(9=%:(%'#C9(P#,%%=.-&+.+B(&1(P#:+=1-,-:+&#(&#"+#B-'-3&G#!&#('1(#,+'%#'%&#ib#A"(B+&-+P#
/1+"-+P#5(-&%#7&-.%P#!':+[+P#@9-S+P#\%"+&.+#;#T=+&,-+G#?+#,%&1=-F9,-3&#(':+[%"+#'(#=(+"-S+#
(&#("#/&'1-191%#.(#$-(&,-+'#.("#!':+,-%#4$@/$</!!$6P#(&#`+=,("%&+G#!"#^-&-'1(=-%#.(#$-(&,-+#
(#/&&%0+,-3&#>-&+&,-+#('1+'#+,1-0-.+.('#.('.(#NOOMP#8+F-(&.%#-&0(=1-.%#8+'1+#("#B%B(&<
1%#,(=,+#.(#j#B-""%&('#.(#(9=%'#(&#("#W=%;(,1%G


