
l          

The main scientific tasks of the 
'Millimetron' mission and the preliminary 

structure of the scientific program

Millimetron workshop, 9-12 September 2019             

 Dmitry Novikov on behalf of 'Millimetron' team,      
            Astro Space Center, Moscow



The main scientific tasks of Millimetron:

Origin of life 
in the Universe  

Supermassive 
Relativistic
 Objects

CMB 
Spectral 

Distortions 

Additional scientific challenges:



The main scientific tasks of Millimetron:

Origin of life 
in the Universe

Supermassive 
Relativistic 

Objects

CMB 
Spectral 

Distortions 

Additional scientific challenges:



The main scientific tasks of Millimetron:

Origin of life
in the Universe

Supermassive 
Relativistic
 Objects

CMB 
Spectral 

Distortions 

Yuri Shchekinov 
Jens Chluba,

Joe Silk
Paola Caselli



EHT,  April 2019, M87

Supermassive Relativistic Objects



Supermassive Relativistic Objects.

Scientific goals:

● To understand the physics of processes in the          
surroundings of supermassive black holes;            

● To determine whether supermassive black holes or 
    wormholes are in the centers of some galaxies;          

 
● To test the General Relativity under condition of       

    strong gravity.                                                        
   



Observations:

Centers of galaxies M87,  Sgr A* 
 

and others.



Surroundings of supermassive black holes:

● To determine SMBH parameters;                             
       

● To understand the physics of processes occurring  
 in the closest  vicinity of a black hole;                     

                          
● To determine main characteristics of accretion        
 discs and jets.                                                                 

                                                                                 



Supermassive black holes or 
wormholes?

I. Flamm, Phys. Z. 17, 448  (1916),     J.A. Wheeler  Phys Rev 97, 511 (1955).







1. Radiation may come out of a wormhole;                 

Observational manifestations of 
wormholes:

2. Wormhole can be a source of radial magnetic field;

3. Blueshift.                                                                   

Detecting any of these three properties will mean that 
we are observing a wormhole, not a black hole !



Black hole



Black hole



Black hole



Black hole



Black hole



Black hole



Black hole



Black hole



Wormhole



Wormhole



Wormhole



Wormhole



Wormhole



Wormhole





Wormhole



1. Radiation may come out of a wormhole;                 
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V. Frolov, I.Novikov, Phys. Rev. D 42, 1057 (1990)
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Will be continued by Yuri Shchekinov 



Scientific goals:

● To trace the chemical evolution from pre-stellar phase 
to planet formation;                                                      

● To understand to what extent the conditions for the     
emergence of life on Earth are unique.                       

Origin of life in the Universe
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● Solar like Star Forming  Regions;

● Protoplanetary discs;                   

● Objects in our Solar system.         

Observations:



Ceccarelli etal 2017



Formation of star and planetary 
system: 

1. Pre-stellar  (formation of simple molecules);         

2. Protostellar  (formation of complex molecules);     

 3. Protoplanetary disc (simple & complex molecules);

4. Planetesimal formation;                                          

5. Planet formation and the comet/asteroid rain.       



From presentation by Bernardo Ercoli
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Some of opened questions: 

● More observations are needed to trace the formation,     
       storage and delivery of water;                                                 

                                  
● The chemical composition of the envelopes of solar-type 

     protostars has not so far been studied, due to the                
sensitivity of the available instrumentation;                      

                               
●  We will need to measure the HDO/H2O in different          
  stages of the protostellar evolution.                                      



Will be continued by Paola Caselli



CMB spectral distortions:

Scientific goals:

● To open a completely  new channel of 
information about the evolution of the Universe

in the pre-recombination era;

● To find manifestations of fundamental physical 
processes occurring in the Universe

at redshifts z = 10 – 10 3 6









CMB by Planck:



CMB by Planck:

François Bouchet:              Future of CMB observations



















CMB spectral distortions:

Chluba, Rubiño-Martin & Sunyaev (2007),
 Rubiño-Martin, Chluba & Sunyaev (2008)



Will be continued by Jens Chluba
and Joe Silk



Additional scientific challenges: 



Studies of high redshift galaxies

● What:
○ Gas accretion modes
○ Feedback
○ SMBH - bulge coevolution

● How:
○ H2 rotational lines (28, 17, 12, 9.7 microns)
○ HD, [CII], [OI] emission
○ PAH emission

Pope+ 19

S. Pilipenko



Wong et al. (2019).

(Wong et al.2019).

Gravitational lensing



SZ effect:
Paolo de Bernardis, Jens Chluba.

Observations of galaxy clusters to measure 
the following effects:

1. Kinematic SZ effect;                                      

2. Relativistic corrections to Thermal SZ effect;

3. Multiple scattering;                                         

 4.  Anisotropic SZ effect.                                     
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SZ scientific goals:

● Galaxy clusters structure, optical depth,   
temperature, peculiar velocities;             

● Independent measurement of CMB         
quadrupole and octupole;                        

● Separation of ISW effect from SW effect;

● Better understanding of LSS formation;  

● CMB dipole determination.                      



                              Main projects:

              1. Supermassive Relativistic Objects;
              2. Origin of life in the Universe;
              3. CMB spectral distortions.

                               Additional projects:

               1. Studies of high redshift galaxies;
               2. SZ effect;
               3. Gravitational lensing;
               4. Star and planet formation;
               6. Stellar evolution / late type stars;
               7. Exoplanets;
               8. Solar system studies.

Preliminary scientific program 



1. 'Millimetron' mission can provide us with unique      
observational data in the millimeter and submillimeter
wavelength ranges;

2. These data are needed to give answers for some 
of the most important questions of modern astrophysics,  
astrochemistry and cosmology;

3. 'Millimetron' implies wide international cooperation 
involving research by a large scientific community.

Conclusions:



Thank you !
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