
Extreme	  SETI	  
Albert	  Allen	  Jackson	  IV	  

Lunar	  and	  Planetary	  Ins;tute,	  Houston,	  Texas	  

Big	  Thinks	  

Extreme	  SETI	   1	  

Douglas Yazell from audio
Sticky Note
...pioneers of, I guess you would call it advanced civilizations...starting with H.G. Wells (left), who influenced Olaf Stapleton (center), who influenced Arthur C. Clarke (right). I am not sure whether they influenced these guys (next slide). 
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Douglas Yazell from audio
Sticky Note
Freeman Dyson and Nikolai Kardashev. My springboard for this is that I am looking at what advanced civilizations might do in the way of signaling us, aside from obvious means of radio. 
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Douglas Yazell
Sticky Note
As you know, Kardashev classified civilizations into, well, I don't know where the zero comes in here, If you look on Wikipedia, there are about a dozen self classifications now. But anyway, his original [idea] was "One" was our civilization today, "Two" was (II) a civilization that had mastered the energy output of their local star, and III was a galactic-wide energy user. 

I am only interested in II's (Twos). I keyed off of this because I gave a couple of talks about lookinf for starships, and Zubrin had made a study of this and as you can see there (next slide)



Zubrin(Possible	  Propulsion	  Systems,	  1995)	  
Type	   Radiated at 

Source	  
Frequency 	   Detection	  

Radio* 80-2000 TW	   10 – 48 kHz	   Yes-Magsails 
~ 100 to 1000 
ly	  

Visible	   120000 TW	   IR	   Yes –
Antimatter	  
Possibly at 
300 ly	  

X-Rays	   40000 TW	   2 - 80 KeV	   Marginal at 
~10 
ly-1000ly!	  

Gamma Rays	   1 – 32 MeV	   20-200 Mev	   Maybe	  
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Douglas Yazell from audio recording of Dr. Albert Allen Jackson IV
Sticky Note
The reason those amounts of radiated energy at the source are so big is because he had a 100,000-metric-ton ship moving at about 1/10 or 2/10 the speed of light, and those produced a lot of energy. These can be kind of like those that come off of various propulsion systems. 

I modified an earlier talk by changing this into something that, using a  [...?] method, a K2 (Kardashev II) civilizations might have solved. (Next slide)



Ansatz	  
	  
	  
	  
Following	  the	  lead	  of	  Freeman	  Dyson	  and	  Nikolai	  Kardashev	  
I	  will	  take	  the	  civiliza;on	  to	  be	  Kardashev	  2,	  or	  K2.	  
These	  problems	  have	  been	  solved	  a	  K2	  civiliza;on.	  
1) K2	  civiliza;on	  have	  interstellar	  flight.	  
2) K2	  civiliza;ons	  can	  deploy	  an	  instrumentality	  that	  can	  ‘engineer’	  a	  local	  
Astronomical	  environment.	  
	  3)	  Whatever	  the	  problem	  …….	  a	  K2	  civiliza;on	  can	  solve	  it.	  
Is	  all	  this	  possible?	  
	  
Science	  Fic;on	  prose	  writers	  have	  been	  doing	  it	  for	  almost	  80	  years	  now,	  …..so	  
what	  the	  hell!	  
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Douglas Yazell from audio
Sticky Note
... they woudl have interstellar flight, but they wouldn't necessarily come here. They would be able to [...?] The bottom line is that whatever a K2 civilization might do in this galaxy, they will do it. Or, any problem that arises at the K2 level, they will be able to solve it. 



Neutron	  Star	  	  
and	  

Black	  Hole	  Beacons	  
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1. Bombing	  Neutron	  Stars	  
2. Black	  Hole	  Lensing	  
3.	  Kerr	  Black	  Hole	  Bombs	  
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Douglas Yazell
Sticky Note
So here are three different ways of using a neutron star or a black hole as beacons. One is bombing neutron stars, the other is using them as a gravitational lens, and the third one is very exotic, it is black hole bombs. 
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Douglas Yazell from an audio recording
Sticky Note
So let's consider this. Back in the 70s and 80s, it was thought that gamma ray bursts, some gamma ray bursts, might be due to small objects like asteroids colliding with neutron stars. Remember, neutron stars are about ten kilometers in diameter, but they have 1.3 to 2 or 3 masses of the Sun. So I'm following what Sterling Colgate did back in the 80s, and this is what you would see if you just dropped, say, a one-kilometer cannonball on a neutron star.  
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Colgate	  and	  Petsheck	  
Ap.	  J	  1983	  

 Impact energy𝐸 =    𝐺𝑀𝑛𝑠𝑚𝑖𝑚𝑝

𝑅𝑛𝑠
. 

For a ~ 1km impactor density of iron (8 gm/cm3) E ~ 1036(
𝑚𝑖𝑚𝑝

1016
)𝑒𝑟𝑔𝑠 
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Douglas Yazell from audio
Sticky Note
The first thing that happens is you get tidal  distortion, and you get actually more [...] distortion, about 300 kilometers. Then it starts to heat up and it vaporizes. So what impacts the neutron star is a thin column of plasma. And in fact, this plasma, when it hits, will do one of two things. If it was an old neutron star and only a mild magnetic field, the plasma, it impacts at the surface, quickly covers the neutron star, and that energy is radiated off, it's like about 10 KeV extra energy. What Colgate discovered was that if the star is young and has a magnetic field of, pardon me using Gaussian physics, 10 to the 12th Gauss, [...?], then the plasma train, well actually, it turns out that it hits this column and spreads out longitudinally along that impact point and expands outward. So what you would see is a fan of plasma defined by the magnetic field. And the reason, and this is important for back then, was because this explains the time scale, it takes longer with time for this to happen, instead of a tenth of a millisecond to cover the star and radiate away, this can take up to 10/200 millisecond, which is what they observed. The end of that story was that not much has been done on this in the last 35 years, because gamma ray burst statistics show that most of the gamma ray bursts are outside of the galaxy. And they seem to be associated with very high-energy events, and they are associated with either things like supernovae or colliding neutron stars, or something like that. But, if you had a civilization that could set up a factory around a neutron star... By the way, within the amount of cubic kiloparsecs of the Sun, there's at least one neutron star. We may not have seen the one that's nearest us. Anyway, if they took that and they dropped small masses, 10 to the 16th gram is not that small, but they could be smaller, and you see that down in the bottom there, that turns out to be 10 to the 36th ergs of energy. Well, the Sun radiates 10 to the 33rd ergs per second. So that is a considerable amount of energy. It all comes out within about a millisecond or so. So you just drop these things in a pattern. You would be seeing an X-ray spectrum with a [...?]



Gravita;onal	  Lensing	  
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For	  a	  week	  deflector	  and/or	  the	  source	  far	  away:	  

𝑅𝑐𝑟𝑜𝑠𝑠 ≈
𝑏
𝛼

 

𝑔𝑎𝑖𝑛   ≈   
2√𝐺𝑀
𝐷

    𝐷   → 0  𝑔𝑎𝑖𝑛   → ∞ 
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Source	  

Douglas Yazell from audio
Sticky Note
Ok, so that's the first beacon. The second one is gravitational lensing. This is a well-known topic, especially used in the chronological astronomy, and looking for small objects in the galaxy, it is also called mico-lensing. Down there you can see that there's a famous angle of alpha which is the Einstein fluxion angle, discovered, really, by Einstein, for just the deflection of starlight, then as a lens, later on, I think in 1935. The gain, you have, if you focus a source, you have 2 GM over D. That'st the focal distance from the focal axis. There was a problem with this, this is called geometric optics, is when D goes to zero, the gain goes to infinity. Almost any at the time, and one of the things going on here is if the source is perfectly aligned with the deflecting mass, then you have a divergence on the focal line. They took a while to find a solution to this, but there is, in wave optics, you solve the wave equation on the Schwarzschild background, then (next slide)



Wave	  Op;cs	  	  
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Solve  the  wave  equation    

  

On  the  Schwarzschild  background  

2 2 2 1 2 2 2 2 22 2(1 ) (1 ) ( sin )GM GMc d dt dr r d d
r r

τ θ ϕ−= − − − − +
  

To  get  the  amplitude    

∅ =   
𝜋𝑤

1 − 𝑒−𝜋𝑤 B𝐹1
1(
𝑖𝑤
2 ,

𝑖𝑤𝑦𝐷2

2 J  

𝑤 = 4𝐺𝑀𝜔  and  𝐹1  1is  a  confluent  Hypergeometric  function    

As  D  goes  to  0  the  amplification  and  w  → ∞  

ϕ𝜙∗ ≈ 𝜇 = 105 ] 𝑀
𝑀𝑠𝑢𝑛

a ] 𝜔
𝐺𝐻𝑧

a  

For  visible  light  ω  ~  500  THz  ,  M  =  5  Solar  Masses  then  

µμ=1017  ,  so  1  watt  in  105  terawatts  out.  
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Douglas Yazell
Sticky Note
If you solve the wave equation on the Schwarzschild background, then you get that terrible-looking wave function there in the middle. which has got a confluent [...?] geometric wave function embedded in it. However, if you take the limits, where the argument, w, goes to infinity, then the intensity, the square of the product of the wave function, is, as you can see, is that number mu, and on the right-hand side is a very curious thing, it goes proportional to the frequency. So, another constraint on this is that the wavelength of the source has to be less than the Schwarzschild radius of the body, so that means long wavelengths give you back geometric objects. Short wavelengths will give you high amplification, so you can see that if you have visible light, which is like 500 terahertz, and you had a 5-solar-mass black hole, then the amplification factor you get is like 10 to the 17th. So that means if you go one watt in, you get back 10 to the 5th terawatts. So for very little energy, you get a tremendous amount of amplification. There is a bad [piece of] news in this. {It} is that the angular size of the thing that you would be looking at is only milliarcseconds in size. So it would be rare to see one. 



Photon 
Sphere 
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Douglas Yazell from audio
Sticky Note
One possibility would be... I was going to show you a little bit more of the math... 

This is the wave optics picture, and the light rays, when they are scattered off of the black hole, really diffract, and the come to a focus at a thing called a Caustic point.
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Douglas Yazell from audio
Sticky Note
And by the way, you have to not cross a thing called a photon sphere (next slide), at 3 Schwarzschild radii, or they'll be captured. So that is kind of a summary picture of what's going on. 

And then I had the idea that if you had a constellation of transmitters, then it will be an even bigger constellation, and you can create a Caustic. Caustics that are sticking out in four pi radians. 

So there's one possible solution to this problem. You are putting in very little energy and getting out a tremendous amount, [...?]



Gravita;onal	  Lensing	  Constella;on	  	  
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Kerr	  Black	  Hole	  Bomb	  Beacons	  
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 The rotational energy in the 	  

Ergosphere of a Kerr BH ~ 1052 to 1054 ergs!	  

𝜴	  

𝑁𝑜𝑡𝑒  𝐴𝑛𝑔𝑢𝑙𝑎𝑟  𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚  (𝐽)  𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟  𝑎 =
𝐽
𝑀𝑐
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Douglas Yazell from audio
Sticky Note
OK, so the other one is a Kerr black hole. This was discovered back in the 70s, that for a rotating black hole, once again you solve the wave equation on the rotating black hole. Rotating black holes are called Kerr black holes because that's the solutions for Einstein's equations by Roy Kerr. There is a solution for that equation, and it turns out that when you find the boundary conditions for the ingoing and the outgoing waves, the outgoing waves have picked up a little bit of energy, and it's only a little bit, so, if you want to amplify it, you have to put something like a mirror around it, and then as long as the frequency is less than, well, the M is an integer, so if you just take that to be first mode, then that means that if the frequency that goes in is a product of the thing you see on the way inside, in kiloHertz, then it'll be amplified. The amplification time for say, OK, if you take like a one-solar-mass rotating black hole you only have to put like a 33-kilometer mirror around it. The e-folding time is about a [next slides]
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The	  scalar	  wave	  equa;on	  on	  the	  Kerr	  background	  

By	  separa;on	  of	  variables	  this	  has	  the	  solu;on	  

Where (t,r,θ,ϕ) are time and spherical coordinates , ω is the frequency, l is the 
spheroidal harmonic index and m is the azimuthal harmonics index. 

Where (t,r,θ,ϕ) are time and spherical coordinates , ω is the frequency, l is the 
spheroidal harmonic index and m is the azimuthal harmonics index. When 
boundary conditions are applied for the ingoing and outgoing wave it found that 
the wave extracts a small amount of energy of the rotating hole. This is called 
superradiance. If one were to confine the radiation with a spherical mirror there 
will be exponential growth of the wave amplitude. 
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For a one solar mass rotating black hole (with a = 1) this is a wave 
length of about 19 km, extremely long wave length radio waves. The 
wave can be amplified with a mirror, theory shows for a one solar mass 
black hole, Rs = 3 km, optimum mirror radius = 33 km with an e-folding 
time of .06 seconds. In 13 seconds the energy content of a pulse in will 
be 1014 (the amplitude squared)! One watt in gives 1 terawatt (1012 
watts) out! 

For a maximally rotating black hole (a = 1) Outgoing wave 
gains a small amount of energy on the condition that: 

𝜔   ≤ 𝑚𝜴    or  ω ≈ 16
𝑀ʘ

𝑀   𝐾𝐻𝑧  
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Douglas Yazell from audio
Sticky Note
The e-folding time is about 6/10 of a second, so in 13 seconds, the amplitude has gone to 10 to the 7th, but actually the square of the amplitude is 10 to the 14th, so the amplification factor is 10 to the 14th. So here is something. I calculated that the radiation pressure, really, would not bust anything that is only 33 kilometers, keeping it centered over the black hole is the same old Dyson sphere problem. Say a K2 civilization could do that. You would put something like a transmitter on the surface, you would put several transmitters, into the sphere. You have portholes [next slide]
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33	  km	  mirror	  about	  a	  one	  solar	  mass	  black	  hole.	  
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Douglas Yazell from audio
Sticky Note
You have portholes in it, which would be mirrors, which would be opened, and then the radiation, once it built up, would come out in a spherical distribution. 
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Conclusion  

Source   Energy  In   Energy  Out   Spectrum  
Neutron    

Star  Impactor  
  

1  KM  
Iron  Sphere  

1036  ergs   ~10  kev  
X-‐rays  

  
Black  Hole    
Lens  

1  watt   1 terrawatt  
(depends  on  
the  choice  of  
wave  
length)  

Visible    
(depends  on  the  
choice  of  wave  

length)  

  
Black  Hole  
Bomb  
  

1  watt   10  terrawatt   Long  wave  
Length  

Radio  waves    
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Douglas Yazell from audio
Sticky Note
So here's a conclusion to this. For a neutron star beacon, one kilometer iron sphere, [...?] 10 to the 36th ergs, is a tremendous amount of energy, in the 10 kev X-rays. For a black hole lens, once again, if you only put in one watt, you get out a terawatt. For a black hole bomb, for one watt, it puts out 10 terawatts. And, I should have mentioned, it is a little bit of a disadvantage here, because, since the wavelength has to fit the rotation rate of the rotating black hole, For instance, like a one-solar-mass black hole, it would be 16 kilometers, so that's a long-wavelength radio waves. It has to divide these by the square of distance to get the fluence, and then it depends on your detector, what you detect, [?] at those wavelengths. So, this is really kind of ongoing work. 

So that is something that I think might be of interest. 

If you ever find black holes or neutron stars that are radiating [...?], you might want to look and see if it's an ex-t (extraterrestrial) civilization. Thank you. Question: 
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Supplementary	  Slide	  




