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SO10        SU(3) x SUL(2) x U(1)        SU(3) x UQ(1) 

GUT in Standard Model 



Quantum field theory 



Superfluid 3He 

Quantum vacuum, characterized by 

Y (phase)   S (magnetization)  L (orbital momentum) 

Quasiparticles 

Magnons 

Acoustic modes 

Topological defects: 

Boojum 

Vortex 

Brane 

Particles: 

Fields: 

Texture of orbital  

momentum 



Superfluid 3He is the most complex system  

of quantum fields, experimentally accessible,  

for which we already have  

“The Theory of Everything” 



Multiple Higgs bosons from superfluid 3He 







Multiple Higgs bosons from superfluid 3He 





- Candidate for Dark matter 







Fermi liquid 
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Superfluid 

Cooper pairs – Physical vacuum 

Fermi 

Sea 



Superfluid 3He 

Degenerate Vacuum States: 

Mass 

Domain Wall  

Domain wall bound state 



Majorana fermions 

Andreev scattering 



Majorana heat capacity experiment. 
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6 mm 

4.5 mm 
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Thermal contact  

orifice 

VWR-heater 

VWR-C 



 

Superfluid 3He bolometry 

60 µm  hole

Sintered silver
Copper box  

Vibrating Wires  

(5 µm and 13 µm)

Detector 

Absolute thermal isolation due to Kapitza resistance 



60 µm  hole

Sintered silver
Copper box  

Vibrating Wires  

(5 µm and 13 µm)



Self-calibration of 3He bolometer 
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Self-calibration of 3He bolometer 

Heater B 

Heater Thermo. 
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Bolometric calibration by pulsed heating 
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 linear dependence H(Upuls ) 
Bradley et al., PRL 1995; Bäuerle et al., PRB 1998 
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Bolometric calibration coefficient 

Specific heat of quasiparticle 
gas 
 
 
 

Vibrating Wire damping 
 
 W  exp D /kBT( )

Calibration coefficient 
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+ 
Total enthalpy count from zero absolute 



Bolometric calibration by pulsed heating 

  1/√T 



Response to an instantaneous heat release 
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Dynamical response of the thermometer 
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Thermal equilibrium 
time 

 eq 1ms

Relaxation time of the 
bolometer 

 b 1/ Sorifice  5 s

Instantaneous heat release 

W0 (t) =Wbase Aexp(t /b ) (t)

time (s) 



Bolometric calibration by pulsed heating 

  1/√T 

Thermometer delay 

VWR intrinsic  

Loses + Majorana 

heat capecity 



Bolometric calibration by pulsed heating 
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 linear dependence H(Upuls ) 
Bradley et al., PRL 1995; Bäuerle et al., PRB 1998 
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Self-calibration of 3He bolometer 

Heater B 

Heater Thermo. 
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Grenoble 2011 

 exp = C total 

                      
 /C bulk 
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By the considered experiment the existence of low energy gapless  

excitations is established and measured by its heat capacity.  

They are corresponds to a prediction of gapless Majorana excitations! 

 

The further experiments with a developed surface of the walls  and  

with different amplitude of magnetic field are desire 

Acoustic investigations Review: Okuda Y and Nomura R,  J. Phys.:  

Condens. Matter 24 (2012) 343201, 

Electron bubble probe   K. Kono, RIKEN. 

V. Mourik et all. "Signatures of Majorana fermions in hybrid superconductor- 

semiconductor nanowire devices". Science. arXiv:1204.2792  

Message from 3He-B to Standard Model: sum rule found by Nambu in 

3He-B gives a hint for extra Higgs bosons 

http://en.wikipedia.org/wiki/Science_%28journal%29
http://en.wikipedia.org/wiki/ArXiv
http://arxiv.org/abs/1204.2792

