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Аннотация.       -      , 
              ,    

  .          

         .   

             

              .    -

 ,        -

. 

Ключевые слова:   ,  -

  , ,  

Введение.          ()  -

      ( )      
       . ,   

  ,     1965 ., -

             -

    [1–5].       
               ,   
    ,    
,       [6, 7]. 

       Методы  и материалы; результаты. А. Основные принципы работы 

прототипа.       -
      .    -
   ,    -

         .         
           

 ,       -

  [7]. 

        -
      ,        (, LIGO, 

VIRGO, KAGRA),         [8]. 

Мембранные, резонансные  и магнитострикционные системы:   
       

 ,       

     .       
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   ,     ,   

        .       

        .  

       
        ,          

      .   ,   KAGRA (-

),       . 

Б. Возможные схемы реализации. Болометрические детекторы: -
,     ,   -

             , , 

 . 
      -

 ,    ,    -

   . 

В. Целесообразность проекта. Научная значимость:  - 
          -

   ,     ,   -
                .    

   ,      , 

,     . 
    Технологическая база:        -

  ,    ,     -
,            . 

Дополнение  к существующим экспериментам:      
    ,   LIGO, VIRGO, KAGRA  

    (, LISA).    -

   - «». 

Оценка флуктуации температуры.   -
             - 

  (), 

 =

, 

  = Бln, Б —   , W —   -
  [9]. ,       
    hν,  ν = 10

6 , 

∆ ≃ 1,40 ∙ 10 K. 

Результаты. ,       Т < 0,2·10-4 K 

     ,    . 

         -

                .  

                  

[10, 11]     ,   
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  .      

        -

  [12].  

 
 

Рис. 1. Магнитный калориметр (рис. из статьи [10]) 

 

Заключение.       -      —  
 ,         -
 .         -

       ,    ,   , 

   .     -

      -       
    . 
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Prototype of a Gravitational Wave Detector to Record Radiation 
from the Early Universe in the Kilohertz Range 

 Izmailov G.N.  gizmailov@mail.ru 

V.A. Kotelnikov IRE RAS, Moscow, Russia 

Abstract. The operating principle of a detector designed to register radiation of the early 

Universe within the gravitational energy transfer channel is proposed. The new type of the 

detector is considered as a tool for experimental study of the history of space. The rele-

vance of the project is emphasized and the theoretical possibility of the existence of gravita-

tional waves in the kilohertz frequency range (SGWR) is indicated. The schemes of modern 

cryogenic detectors are analyzed, which can serve as prototypes for the development of a 

new device. 

Keywords: relic gravitational radiation, stochastic gravitational wave background, cryo-

genics, magnetocalorimeters extreme conditions, such as the merger of neutron stars or the 

collapse of massive objects. 

Introduction. Development of a prototype gravitational wave (GW) detector in the 

kilohertz (kHz) frequency range is a promising direction in modern physics and 

astrophysics. It is known that the registration of relic microwave radiation coming 

from space in 1965 confirmed the Big Bang theory of the Universe and made a 

breakthrough in the study of space [1-5]. Using another energy transmission chan-
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nel can become an important tool for exploring the early Universe, as well as for 

studying exotic astrophysical objects such as neutron stars, black holes or hypothet-

ical cosmological strings [6, 7]. 

Methods and materials; results. A. Basic principles of the prototype. GW 

are a unique channel for transmitting information about events in the Universe. The 

detector prototype involves the use of sensitive elements that respond to micro-

scopic changes in spacetime in the kHz range. GWs with frequencies in the range 

from several hundred hertz to several kilohertz can be caused by neutron star mer-

gers, oscillations of young neutron stars or other high-energy processes [7]. 

The prototype should be optimized to register these frequencies, which distin-

guishes it from existing detectors (e.g. LIGO, VIRGO, KAGRA) operating in a 

lower frequency range [8]. 

Membrane, resonance and magnetostrictive systems: Mechanical resonators or 

membranes have been used as sensitive elements of detectors, which are capable of 

amplifying gravitational wave signals due to their own oscillations. These systems 

can be made of ultra-pure materials such as silicon or sapphire to minimize energy 

losses. This type of detector uses the generation of a magnetic response of the sen-

sor material when it is deformed by a GW. 

To achieve high sensitivity, the detector can use cryogenic systems that reduce 

thermal noise and increase the accuracy of measurements. Modern cryogenic de-

tectors, such as KAGRA (Japan), serve as a basis for the development of new tech-

nologies. 

B. Possible implementation schemes. Bolometric detectors: Bolometers are 

sensitive to temperature changes so its can be adapted to register secondary effects 

of gravitational waves, such as heating of a material. An alternative is nanoscale 

mechanical oscillators cooled to ultra-low temperatures, which can be used to de-

tect small disturbances in spacetime. 

C. Feasibility of the project. Scientific significance: Detection of gravitational 

waves in the kHz range will provide new data on processes occurring in extreme 

conditions, such as the merger of neutron stars or the collapse of massive objects. 

It can also help test theories that go beyond the standard model of physics, 

such as string theory or extra dimensions. 

Technological base: The development of the prototype will stimulate the devel-

opment of new technologies such as cryogenic systems, quantum optics and nano-

mechanics, which could find application in other areas of science and technology. 

Addition to existing experiments: The detector in the kHz range will comple-

ment existing projects such as LIGO, VIRGO, KAGRA and future space missions 

(e.g. LISA). This will allow us to create a more complete scope of the gravitational 

wave “sky”. 

Evaluation of temperature fluctuations. We will determine the statistical tem-

perature during the generation of energy waves Q by stochastic GW background 

 =

, 
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where dS = kB lnW k, B is the Boltzmann constant, W is the adopted energetic levels 

number in the system [9]. Assuming that two radiation quanta with energy h are 

generated during generation, where  = 10
6
 Hz,  

∆ ≃ 1,40 ∙ 10 . 

So, in a cryogenic setup with a temperature of T < 0.2·10
-4

 K, temperature 

fluctuations caused by the absorption of the SGWB can be observed. For this pur-

pose, a setup of two perpendicularly located detectors and the connection by an 

anticoincidence circuit for their readings can be proposed. In a review of prototype 

setups for recording the SGWB, schemes [10, 11] of existing and planned magne-

tocalorimeters are indicated, at operating temperatures below microkelvins. 

Magnon excitation [12] is proposed as a mechanism for transferring graviton 

energy to a magnetic field in magnetocalorimeters. 

 

 
 

Fig. 1. Magnetic calorimeter (fig. from [10]) 

 

Conclusion. The prototype of the GW detector in the kHz range is a promising 

project, which can significantly expand our knowledge of the Universe. Using 
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modern cryogenic technologies and quantum methods, it is possible to create a de-

vice capable of registering signals that are inaccessible to current systems. The im-

plementation of such a detector will be an important step in the development of 

gravitational wave astronomy and will open new horizons in space exploration. 
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