
What is the value humanity of 
finding life beyond the Earth’s 
Solar System?

How we can detect 
possible life beyond 
Earth’s solar system



Defining life beyond our solar system
The solar system; It is made up of our star, the Sun, and everything bound to it by gravity – the planets 

Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune; dwarf planets such as Pluto; 
hundreds of moons; and millions of asteroids, comets, and meteoroids.

T

Extraterrestrial life
Als o known a s  a s t rob iolog y, the  re s e a rc h  
with in  the  re a lm  of life  b e yond  OUR s ola r 

s ys te m . Life  on  e a rth  c om e s  in  m a ny s p e c ie s  
a nd  b iod ive rs ity is  va rie d  in  m ult ip le  wa ys . 
Flora , fa una , hum a ns , fung i a nd  b a c te ria  
re p re s e n t  s om e  g roup s  of life  on  e a rth . A 

top ic  c om m only q ue s t ione d  with in  p hys ic s , 
s p e c ific a lly a s t rop hys ic s , is  the  p os s ib ility of 

life  w ith in  othe r s ola r s ys te m s .

The  h ie ra rc hy of s p a c e  inc lud e s ; 
Unive rs e  (a s  d e p ic te d  b e low),

g a la xy, s ola r s ys te m , s ta r, p la ne t , 
m oon  a nd  a s te roid . De s p ite  our 

g a la xy b e ing  e xp lore d  a nd  the re fore  
d e c id e d  tha t  the re  is  no othe r life  in  

a ny othe r p la ne ts  in  our s ola r 
s ys te m , the  s ize  of he  un ive rs e  

ind ic a te s  tha t  the re  m a y b e  a  s ola r 
s ys te m  with  a  p la ne t  tha t  is  

ha b ita b le  e noug h  for life  to  th rive .

The  m ilky wa y is  is  the  g a la xy tha t  
inc lud e s  our s ola r s ys te m , vis ib le  a s  a  
ha zy white  b a nd  of lig h t  a rc h ing  in  the  

n ig h t  s ky. It  is  m a d e  up  of b illions  of 
s ta rs , g a s  a nd  b ound  tog e the r b y 

g ra vita t iona l forc e s  a nd  a  lo t  of d a rk 
m a t te r. Da rk m a t te r is  c om p os e d  of 

p a rt ic le s  tha t  d o not  a b s orb , re fle c t  or 
e m it   lig h t .

Our galaxy The universe

Cosmic web
The term "cosmic web" de s c rib e s  a  

ta ng le d  s t ruc ture  of c lum p s  a nd  
fila m e nts  na tura lly form e d  b y d a rk 
m a t te r le ft  to  e xp e rie nc e  the  p ull of 
g ra vity. "The  c os m ic  we b  
d e line a te s  the  a rc h ite c ture  of our 
un ive rs e ," he  s a ys . "It 's  whe re  
m os t  of the  norm a l, or b a ryonic , 
m a t te r in  our g a la xy re s id e s  a nd  
d ire c t ly t ra c e s  the  loc a t ion  of d a rk 
m a t te r."



Relevant  physics concepts associated with space
The fermi paradox and the drake equation

The  Fermi paradox is  the  d is c re p a nc y b e twe e n  the  la c k of 
c onc lus ive  e vid e nc e  of a d va nc e d  e xt ra te rre s t ria l life a nd  
the  a p p a re n t ly h ig h  like lihood  of it s  e xis te nc e . 

With  b illions  of s ta rs  in  the  Milky Wa y s im ila r to  our Sun , it  
b e c om e s  h ig h ly p rob a b le  tha t  a m ong  the m , the re  a re  Ea rth - like  
p la ne ts  c a p a b le  of s us ta in ing  life . The re fore , if Ea rth - like  
p la ne ts  a re  c om m on, it 's  p os s ib le  tha t  s om e  of the m  ha ve  
a lre a d y hos te d  in te llig e n t  life  for a  s ub s ta n t ia l d ura t ion . It 's  
e ve n  p la us ib le  tha t  s om e  of the s e  c iviliz a t ions  m ig h t  ha ve  
a c h ie ve d  in te rs te lla r t ra ve l, a  re a lm  of e xp lora t ion  tha t  hum a ns  
a re  c urre n t ly d e lving  in to . Give n  the  va s t  a g e  g a p  b e twe e n  the  
Sun  a nd  m a ny of the  Sun- like  s ta rs  in  the  g a la xy, Ea rth  s hould , 
the ore t ic a lly, ha ve  a lre a d y b e e n  e nc ounte re d  or a t  le a s t  
e xp lore d  b y e xt ra te rre s t ria l c iviliz a t ions  or the ir p rob e s . The  
is s ue  with  the  Fe rm i p a ra d ox is  tha t  d e s p ite  the  p os s ib ilit ie s  
a nd  like lihood  of the s e  the orie s  in  fa c t  b e ing  t rue , the  c om p le te  
la c k of e vid e nc e  c a nnot  s up p ort  the s e  p rob a b ilit ie s . 

The  Drake equation is  a  p rob a b ilis t ic  a rg um e nt us e d  to  e s t im a te  the  
num b e r of a c t ive , c om m unic a t ive  e xt ra te rre s t ria l c iviliz a t ions in  the  

Milky Wa y Ga la xy.
The  e q ua t ion  wa s n 't  d e ve lop e d  with  the  in te n t ion  of q ua n t ifying  the  
num b e r of c iviliz a t ions . Ins te a d , it  s e rve d  a s  a  m e a ns  to  s p a rk 
s c ie n t ific  d is c us s ions  d uring  the  ina ug ura l s c ie n t ific  g a the ring  on  the  
s e a rc h  for e xt ra te rre s t ria l in te llig e nc e  (SETI). The  e q ua t ion  s e rve s  a s  a  
c onc is e  re p re s e n ta t ion  of the  ke y c ons id e ra t ions tha t  s c ie n t is t s  ne e d  
to  p ond e r whe n  e xp loring  the  p os s ib ility of ra d io- c om m unic a t ive  life  
e ls e whe re . Crit iq ue s  re la te d  to  the  Dra ke  e q ua t ion  d on 't  p rim a rily 
ta rg e t  the  e q ua t ion  it s e lf, b ut  ra the r the  s p e c ula t ive  na ture  of the  
e s t im a te d  va lue s  a s s ig ne d  to  s e ve ra l of it s  fa c tors .

https://en.wikipedia.org/wiki/Extraterrestrial_life
https://en.wikipedia.org/wiki/Probability_theory
https://en.wikipedia.org/wiki/Extraterrestrial_life
https://en.wikipedia.org/wiki/Milky_Way
https://en.wikipedia.org/wiki/Galaxy


Relevant  physics concepts associated with space

Targeted searches for 
Extraterrestrial intelligence

The  que s t  for e xtra te rre s tria l in te llige nc e , c ommonly known a s  ETI, 
e nc ompa s s e s  va rious  s c ie nt ific  e nd e a vors  a ime d  a t  d e te c t ing  s igns  of 
in te llige nt  life  b e yond  our p la ne t , s uc h  a s  the  monitoring  of 
e le c troma gne tic  ra d ia t ion  in  the  hope  of id e nt ifying  t ra ns mis s ions  
from a d va nc e d  c iviliza t ions  on  d is ta nt  world s .

A ‘Foc us e d  Approa c h’ re fe rs  to  ta rge te d  s e a rc he s  c onc e ntra te  on  s pe c ific  s ta r s ys te ms  or re g ions  of the  
s ky tha t  a re  c ons id e re d  more  p romis ing  in  te rms  of hos t ing  pote nt ia lly ha b ita b le  p la ne ts  or c iviliza t ions . 
The s e  ta rge t  loc a t ions  a re  ofte n  s e le c te d  b a s e d  on c rite ria  s uc h  a s  s ta r type , d is ta nc e , a nd  the  
like lihood  of ha rb oring  life . As  we ll a s  th is , ‘d ire c te d  s igna ls ’ a re  us e d , re fe rring  to  re s e a rc he rs  a c t ive ly 
s e nd ing  in te nt iona l s igna ls  or me s s a ge s  in  the  d ire c t ion  of the  s e le c te d  s ta r s ys te ms . Th is  is  ofte n  d one  
with  the  hope  tha t  a n  a d va nc e d  c iviliza t ion  ma y in te rc e p t  a nd  re s pond  to  the s e  me s s a ge s . La s t ly, 
‘In te nt iona l Me s s a ge s ’ re fe rs  to  the  c onte nt  of me s s a ge s  in  ta rge te d  s e a rc he s  typ ic a lly b e ing  c a re fully 
c ra fte d  a nd  d e s igne d  to  c onve y informa tion  a b out  Ea rth  a nd  huma nity. The s e  me s s a ge s  a re  s e nt  with  
the  e xpe c ta t ion  of a  pote nt ia l e xtra te rre s tria l a ud ie nc e .

What is “ETI”



Relevant  physics concepts associated with space

Optimising strategies including where to look and how to ‘listen’ with reference to choice of frequency 
and bandwidth

Untargeted searches for Extra-terrestrial intelligence

Se a rc hing  for e xtra te rre s t ria l s ig na ls  c a n  b e  inc re d ib ly d iffic u lt , a s  find ing  life  in  the  ma s s ive  a mounts  of s pa c e  in  our 
unive rs e  is  pe rp le xing .  The  fie ld  us e fu l for e xp lora t ion  is  the  Mic rowa ve  Wind ow in  the  ra d io  s pe c trum.  We  ha ve  a  wa y to  
he lp  na rrow the  s e a rc hing  fie ld  whic h  is  to  look for ve ry na rrow b a nd wid th  s ig na ls .  But , w ith  lim ite d  re s ourc e s  (te le s c ope  
t ime , e le c t ronic s , e tc .) he re  a re  the  b e s t  s t ra te g ie s  to  s e a rc h  throug h the  fie ld . One  me thod  involve s  a  c ompre he ns ive  
e xa mina t ion  of the  e n t ire  fie ld  b ut  on ly foc us e s  on  the  s ha llow s urfa c e  la ye r. If the re 's  a ny ind ic a t ion  of ETI, it 's  like ly to  b e  
d is c ove re d  if it 's  re la t ive ly c los e  to  the  s urfa c e . Alte rna t ive ly, a nothe r a pproa c h  e n ta ils  s tud ying  the  c he mic a l a nd  g e olog ic a
c ha ra c te ris t ic s  of the  s urfa c e  a nd  id e nt ifying  s pe c ific  loc a t ions  for d e e pe r, more  e xte ns ive  e xp lora t ion . This  la t te r s t ra te g y  
b e s t  s u ite d  for c a s e s  whe re  ETI s ig na ls  ma y b e  d e e p ly c onc e a le d

A ‘Broa d  Sky Surve y’ re fe rs  to  non ta rg e te d  s e a rc he s  involving  s c a nning  the  e n t ire  s ky or a  la rg e  port ion  of it , ra the r tha n  
foc us ing  on  s pe c ific  s ta r s ys te ms . The y e mploy wid e - fie ld  ob s e rva t ions  to  g a the r d a ta  from a  va rie ty of s ourc e s . ‘Pa s s ive  
De te c t ion’ is  non  ta rg e te d  s e a rc he s , re s e a rc he rs  pa s s ive ly ob s e rving  na tura l phe nome na , s uc h  a s  e le c t roma gne t ic  ra d ia t ion , 
ra d io  s ig na ls , o r o the r ind ic a tors  of te c hnolog ic a l a c t ivity. The y d o  not  a c t ive ly t ra ns mit  s ig na ls  b ut  ra the r look for 
unin te nt iona l e mis s ions  or s ig na ls . ‘Dis c ove ry of Anoma lie s ’ is  non  ta rg e te d  s e a rc he s  a iming  to  d e te c t  a noma lie s  or unus ua l 
pa t te rns  in  the  d a ta  c o lle c te d . This  c ould  inc lud e  unus ua l ra d io  s ig na ls  or o the r s ig na ls  tha t  c a nnot  b e  re a d ily e xp la ine d  b y
na tura l s ourc e s .



Relevant  physics concepts associated with space
The information that humans transmit beyond Earth to signal that intelligent life exists on Earth

Ra d io  Sig na ls : Huma ns  ha ve  d e lib e ra te ly s e n t  ra d io  s ig na ls  in to  
s pa c e  in  the  form of powe rfu l, foc us e d  t ra ns mis s ions . The s e  
s ig na ls  c a n  c onta in  b a s ic  in forma t ion  a b out  Ea rth , s uc h  a s  
ma the ma tic a l a nd  s c ie n t ific  c onc e p ts , ima g e s , a nd  g re e t ing s  in  
mult ip le  la ng ua g e s .

Pione e r a nd  Voya g e r Spa c e c ra ft : The  Pione e r a nd  Voya g e r 
s pa c e c ra ft  m is s ions  inc lud e d  p la que s  a nd  g old e n  re c ord s  with  
e ng ra ve d  d ia g ra ms , ima g e s , a nd  a ud io  re c ord ing s  of Ea rth 's  
s ound s , mus ic , a nd  g re e t ing s . The s e  s pa c e c ra ft  ha ve  now e nte re d  
in te rs te lla r s pa c e .

Are c ib o  Me s s a g e : In  19 74 , s c ie n t is ts  b e a me d  a  b ina ry- e nc od e d  
me s s a g e  from the  Are c ib o  Ob s e rva tory in  Pue rto  Ric o  to  a  d is ta n t  
s ta r c lus te r. This  me s s a g e  inc lud e d  informa t ion  a b out  Ea rth 's  
pos it ion  in  the  s o la r s ys te m, our g e ne t ic  c od e , a nd  the  Are c ib o  
te le s c ope  its e lf.



Stance to the issue

I st rongly believe that  physicists and relevant  
scient ific researchers should cont inue to search 
for ETI, as it  provides great  value to our 
evolving human life.



Why and what evidence I have
Ea rth 's  e ve n tua l un inha b ita b ility is  a  c om p le x s c e na rio  re s ult ing  from  a  
c onve rg e nc e  of fa c tors . Clim a te  c ha ng e , p rim a rily d rive n  b y hum a n a c t ivit ie s  like  
b urn ing  fos s il fue ls  a nd  d e fore s ta t ion , ha s  le d  to  ris ing  te m p e ra ture s , e xt re m e  
we a the r e ve n ts , a nd  s e a - le ve l ris e , d e s ta b iliz ing  e c os ys te m s . Re s ourc e  d e p le t ion , 
s uc h  a s  fre s hwa te r s c a rc ity, s oil e ros ion , a nd  d e c lin ing  b iod ive rs ity, p uts  s t re s s  
on  food  a nd  wa te r s up p lie s . Ove rp op ula t ion  s t ra ins  re s ourc e s  a nd  in fra s t ruc ture , 
le a d ing  to  food  s horta g e s , c onflic t s , a nd  e nvironm e nta l d e g ra d a t ion . Without  
g lob a l c oop e ra t ion  to  m it ig a te  the s e  c ha lle ng e s  a nd  t ra ns it ion  to  s us ta ina b le  
p ra c t ic e s , Ea rth 's  ha b ita b ility m a y d e c line  ove r t im e , p os ing  a  s e rious  th re a t  to  the  
future  of hum a nity.

The  s e a rc h  for e xt ra te rre s t ria l in te llig e nc e  (ETI) hold s  im m e ns e  p ote n t ia l in  
e xp a nd ing  our und e rs ta nd ing  of the  c os m os . Dis c ove ring  in te llig e n t  c iviliz a t ions  
b e yond  Ea rth  c ould  offe r p rofound  ins ig h ts  in to  d iffe re n t  c ulture s , te c hnolog ie s , a nd  
the  p os s ib ility of in te rs te lla r c om m unic a t ion . ETI e xp lora t ion  s p a rks  s c ie n t ific  
c urios ity a nd  fos te rs  g lob a l c olla b ora t ion  in  the  q ue s t  for c os m ic  knowle d g e .

Looking for a new home

Value to society

Dis c ove ring  ETI c ould  p rovid e  ins ig h ts  in to  how a d va nc e d  c iviliz a t ions  c om m unic a te  a nd  
in te ra c t . Th is  knowle d g e  c ould  b e  va lua b le  in  p re p a ring  for future  c on ta c t  w ith  
e xt ra te rre s t ria l c iviliz a t ions  a nd  und e rs ta nd ing  the  p ote n t ia l c ha lle ng e s  a nd  op p ortun it ie s  
tha t  m a y a ris e . Sim ulta ne ous ly, it  e q uip s  us  to  a n t ic ip a te  a nd  na vig a te  c ha lle ng e s , s uc h  
a s  in te rs te lla r t ra ve l a nd  the  im p lic a t ions  of a d va nc e d  te c hnolog y. In  th is  wa y, the  q ue s t  
for e xt ra te rre s t ria l in te llig e nc e  not  on ly fue ls  c urios ity b ut  a ls o  e q uip s  hum a nity to  
re s p ons ib ly e ng a g e  with  the  b roa d e r c os m ic  c om m unity.

Preparation for the future
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