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 ŜƳƛǎǎƛƻƴΣ ǘƻǿŀǊŘ ǎǳǊŦŀŎŜΥ ǇƻǎƛǝǾŜκǇǳǎƘ 

bŜƎŀǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜΥ ƻǳǘǿŀǊŘ ǎǳǊŦŀŎŜΣ ŜΦƎΦ ǊŜǾŜǊǎŜΥ ¢πǎȅƳƳŜǘǊȅΣ ╗ᴆO ╗ᴆ 

ƴŀǘǳǊŜΦŎƻƳκŀǊǝŎƭŜǎκǎпмрфуπлннπмлсффπт ǇƻǎƛǝǾŜκƴŜƎŀǝǾŜ ƛƴ ƳŜǘŀƳŀǘŜǊƛŀƭǎΣ 

Ǝŀƛƴ ƳŜŘƛǳƳΣ ǇǳƭƭƛƴƎ ƪƛƴƪǎ Χ 9a ǇǳƭƭƛƴƎ ŜƴŜǊƎȅ ŦǊƻƳ ǊŜǎƻƴŀǘƻǊǎ ƭƛƪŜ ŀǘƻƳǎΚ 

¢πǎȅƳƳŜǘǊȅ ǎǿƛǘŎƘŜǎ ōŜǘǿŜŜƴ ŀōǎƻǊǇǝƻƴ ŀƴŘ ǎǝƳǳƭŀǘŜŘ ŜƳƛǎǎƛƻƴ Ŝǉǳŀǝƻƴǎ 

9a Ϥ ƘȅŘǊƻ  

9a .ŀǊƴŜǧ ŜũŜŎǘΥ  

ǳƴŎƘŀǊƎŜŘ  

ƳŀƎƴŜǝȊŜŘ ōȅ  

ǎǇƛƴƴƛƴƎ ὄᶿ‫  

 Ὁȟὴᴆȟὒᴆ ƭƛƪŜ ǇƘƻǘƻƴΥ 

hǇǝŎŀƭ ǇǳƭƭƛƴƎΥ 

  

*ÁÒÅË $ÕÄÁȟ ÒÅÃȟ ÁÒ8ÉÖȡςτπωȢρυσωω ȟ ς71# 

tƻǘŜƴǝŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ƴŜƎŀǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜ
ǇƘƻǘƻƴ ŜΦƎΦ н²v/Σ ƳŜŘƛŎŀƭΣ ŀǎǘǊƻΚ 

ϤǇƘƻǘƻƴ 

tƻȅƴǝƴƎ 

https://en.wikipedia.org/wiki/Radiation_pressure
https://scholar.google.pl/scholar?q=negative%20radiation%20pressure
https://www.nature.com/articles/s41598-022-10699-7
https://opg.optica.org/ol/viewmedia.cfm?uri=ol-35-20-3405
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.77.125012?casa_token=zwPmqX577C8AAAAA%3AhJEk1AK_RIamm5QlQyLTPZO34ANe91rGfCntVOzMSK3QMsAsfeThLZvHLoLa2Z-Su21-oqUuiH1nLcw
https://en.wikipedia.org/wiki/Stimulated_emission#Mathematical_model
https://scholar.google.pl/scholar?q=hydrodynamics%20electrodynamics%20analogy
https://en.wikipedia.org/wiki/Barnett_effect
https://www.semanticscholar.org/paper/Microdroplet-oscillations-during-optical-pulling-Ellingsen/b3d4e9ac17370604b83ca88c451f50d5711543ef
https://th.if.uj.edu.pl/~dudaj/
https://www.youtube.com/watch?v=BRXZ5QlPGik
https://arxiv.org/pdf/2409.15399
https://www.qaif.org/2wqc
https://en.wikipedia.org/wiki/Poynting_vector


3ÔÉÍÕÌÁÔÅÄ ÅÍÉÓÓÉÏÎ ÁÐÐÌÉÃÁÔÉÏÎÓ   
×ÉÔÈ ÎÅÇÁÔÉÖÅ ÒÁÄÉÁÔÉÏÎ ÐÒÅÓÓÕÒÅ 
,ÉËÅ 2ÁÂÉ ÃÙÃÌÅȟ 34%$ ÍÉÃÒÏÓÃÏÐÅ  

ÁÐÐÌÙȾÔÅÓÔ ÍÁÃÒÏ #04 ÓÙÍÍÅÔÒÙ  

#4 ÓÃÁÎ ÏÆ ÅÍÉÓÓÉÏÎ ÃÏÅÆПÉÃÉÅÎÔ 

  ÁÓ #04 ÁÎÁÌÏÇ ÏÆ ÁÂÓÏÒÐÔÉÏÎ #4ȟ 

ÒÁÄÉÏÔÈÅÒÁÐÙ ÔÏ ÓÔÁÒÖÅ ÔÕÍÏÒȟ 

ÁÓÔÒÏȡ #04ɉÂÌÁÃË ÈÏÌÅɊ ÏÎÌÙ ÅÍÉÔÓȩ 

ÓÕÒÐÒÉÓÉÎÇ ÎÅÇȢ ÒÁÄÉÁÔÉÏÎ ÏÂÊÅÃÔÓȩ 
ς71#ȡ Ô×ÏȤ×ÁÙ ÑÕÁÎÔÕÍ ÃÏÍÐÕÔÅÒÓ 

3ȤÍÁÔÒÉØȡ  
  

[ŀǎŜǊ ŎŀǳǎŜǎ ŀōǎƻǊǇǝƻƴ        ǎǝƳǳƭŀǘŜŘ ŜƳƛǎǎƛƻƴ ŜΦƎΦ ƛƴ wŀōƛ ŎȅŎƭŜ ς ƭŜǘΩǎ ǳǎŜ ǘƘŜ ƭŀǧŜǊ 
 

{¢95Υ {¢ƛƳǳƭŀǘŜŘ 9Ƴƛǎǎƛƻƴ 5ŜǇƭŜǝƻƴ 

/t¢ 

0ÕÒÃÅÌÌ  

ÅÆÆÅÃÔȡ  

ÃÏÕÐÌÅ  

ÔÏ  

ÄÅÅØÃÉÔÅ 

https://en.wikipedia.org/wiki/Rabi_cycle
https://onlinelibrary.wiley.com/doi/10.1111/joim.12278
https://en.wikipedia.org/wiki/S-matrix#Interaction_picture
https://en.wikipedia.org/wiki/Purcell_effect
https://en.wikipedia.org/wiki/Purcell_effect


Ȥςπ6 

Ȥρπ6 

3ÕÐÅÒÒÁÄÉÁÎÃÅ ÕÓÉÎÇ ÎÅÇÁÔÉÖÅ ÒÁÄÉÁÔÉÏÎ ÐÒÅÓÓÕÒÅ 

ÆÏÒ×ÁÒÄ ÂÉÁÓ ÄÉÏÄÅ ɉ,%$Ɋȡ ÔÅÎÄÅÎÃÙ ÔÏ ÅÍÉÔ Ϲ 4ȤÓÙÍÍȢȡ 

ÒÅÖÅÒÓÅ ÂÉÁÓ ÄÉÏÄÅȡ ÔÅÎÄÅÎÃÙ ÔÏ ÁÂÓÏÒÂ ÅȢÇȢ ÉÎ ÄÅÔÅÃÔÏÒÓ 

3ȤÍÁÔÒÉØ ἂⱶ█ȿ╤ȿⱶ░ἃȡ ÂÏÔÈ ÃÏÎÔÒÏÌ ÐÈÏÔÏÎ ÅØÃÈÁÎÇÅ  

#ÁÕÓÉÎÇ ÁÂÓÏÒÐÔÉÏÎȾÓÔÉÍÕÌÁÔÅÄ ÅÍÉÓÓÉÏÎ ÏÎ ÔÁÒÇÅÔ 

2ÅÖÅÒÓÅ ÂÉÁÓÅÄ ÁÃÔÉÖÅÌÙ ÈÅÌÐÅÄ ×ÉÔÈ ÅÍÉÓÓÉÏÎȡ 

ÍÏÒÅ ÔÈÁÎ ÊÕÓÔ ÁÂÓÏÒÂÅÒȟ ÇÅÔÔÉÎÇ ÓÕÐÅÒÒÁÄÉÁÎÃÅ   

ÏÐÇȢÏÐÔÉÃÁȢÏÒÇȾ ÏÅȤςπȤωȤωυπρ Ô×Ï  OÔÈÒÅÅ ÔÅÓÔÅÄ ςπςτ                             
ÎÅÇÁÔÉÖÅ 
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4ÉÍÅɍÎÓɎ 4ÉÍÅɍÎÓɎ 

ÒÅÖÅÒÓÅ ÂÉÁÓ ÏÆÆ         ÏÎ 

ÄÅÌÁÙȩ 

 

ƴŜƎŀǝǾŜΚΚΚ 

ǎǳǇŜǊǊŀŘƛŀƴŎŜ 
ÁÂÓÏÒÂÅÒ ÂÉÁÓ 

https://www.nist.gov/pml/quantum-networks-nist/technologies-quantum-networks/single-photon-detectors
https://en.wikipedia.org/wiki/S-matrix#Interaction_picture
https://opg.optica.org/oe/fulltext.cfm?uri=oe-20-9-9501
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12895/128950K/Two-faces-of-superradiance-in-tandem-cavity-ridge-waveguide-heterostructures/10.1117/12.3002224.short
https://www.researchgate.net/publication/282211004_Slides_of_presentation_Superradiance_in_electrically_pumped_semiconductor_laser_structures_Myth_or_reality_-_Photonica_2015_24-28_August_Belgrade_Serbia
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12895/128950K/Two-faces-of-superradiance-in-tandem-cavity-ridge-waveguide-heterostructures/10.1117/12.3002224.short


# ɀ ÃÈÁÒÇÅ ÃÏÎÊÕÇÁÔÉÏÎȟ 0 ɀ ÐÁÒÉÔÙȟ 4 Ȥ ÔÉÍÅ 

Ȱ4ÈÅ #04 ÔÈÅÏÒÅÍ ÓÁÙÓ ÔÈÁÔ #04 ÓÙÍÍÅÔÒÙ  

ÈÏÌÄÓ ÆÏÒ ÁÌÌ ÐÈÙÓÉÃÁÌ ÐÈÅÎÏÍÅÎÁ ɉȣɊȱ     ɉÌÉÎËɊ 
ÁÎÙ ,ÏÒÅÎÔÚ ÉÎÖÁÒÉÁÎÔ ÌÏÃÁÌ ÑÕÁÎÔÕÍ ПÉÅÌÄ ÔÈÅÏÒÙ ×ÉÔÈ  

Á (ÅÒÍÉÔÉÁÎ (ÁÍÉÌÔÏÎÉÁÎ ÍÕÓÔ ÈÁÖÅ #04 ÓÙÍÍÅÔÒÙȱ 

Ȱ#04 6ÉÏÌÁÔÉÏÎ )ÍÐÌÉÅÓ 6ÉÏÌÁÔÉÏÎ ÏÆ ,ÏÒÅÎÔÚ )ÎÖÁÒÉÁÎÃÅȱ 
 

&ÅÙÎÍÁÎɀ3ÔÕÅÃËÅÌÂÅÒÇ ȡ ȰÁÎÔÉÐÁÒÔÉÃÌÅÓ ÔÒÁÖÅÌ ÂÁÃË×ÁÒÄ ÉÎ ÔÉÍÅȱ 
-ÁÎÙ ÍÉÃÒÏÓÃÏÐÉÃ ÃÏÎПÉÒÍÁÔÉÏÎÓȡ  Ȱ$ÁÔÁ 4ÁÂÌÅÓ ÆÏÒ ,ÏÒÅÎÔÚ ÁÎÄ #04 6ÉÏÌÁÔÉÏÎȱ  
 

/t¢ ǎȅƳƳŜǘǊȅ ƛƴ Ŝǉǳŀǝƻƴǎ ƎƻǾŜǊƴƛƴƎ ǇƘȅǎƛŎǎ 
/ŀƴ ōŜ ǾƛƻƭŀǘŜŘ ƛƴ ǎƻƭǳǝƻƴǎ ŜΦƎΦ нƴŘ ƭŀǿ ƻŦ ǘƘŜǊƳƻŘȅƴŀƳƛŎǎ 

 
 

 

 

tƘȅǎƛŎǎ ǎƘƻǳƭŘ ōŜ ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ ǎŀƳŜ Ŝǉǳŀǝƻƴǎ ƛƴ /t¢ ǎȅƳƳŜǘǊȅ ǇŜǊǎǇŜŎǝǾŜ 

9a ¢πǎȅƳΥ CŜȅƴƳŀƴπ²ƘŜŜƭŜǊ ŀōǎƻǊōŜǊ ǘƘŜƻǊȅ

.ƛƎ .ŀƴƎ ŀǎ ΨǘƘŜ ǊƻŎƪΩΚ 9ǾŜǊȅǘƘƛƴƎ ƭƻŎŀƭƛȊŜŘΥ ƭƻǿ ŜƴǘǊƻǇȅ 
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/t¢ /t¢ DwΣ vC¢ 

https://en.wikipedia.org/wiki/CPT_symmetry
https://universe-review.ca/R15-12-QFT04a.htm
https://en.wikipedia.org/wiki/Lorentz_invariant
https://en.wikipedia.org/wiki/Quantum_field_theory
https://en.wikipedia.org/wiki/Self-adjoint_operator
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.89.231602
https://en.wikipedia.org/wiki/Antiparticle#Feynman%E2%80%93Stueckelberg_interpretation
https://www2.ph.ed.ac.uk/~vjm/Lectures/ParticlePhysics2010_files/Particle4-5Nov_1.pdf
https://arxiv.org/pdf/0801.0287
https://en.wikipedia.org/wiki/Wheeler%E2%80%93Feynman_absorber_theory
https://en.wikipedia.org/wiki/Philosophical_presentism
https://en.wikipedia.org/wiki/Eternalism_(philosophy_of_time)
https://en.wikipedia.org/wiki/Two-state_vector_formalism


tƘƻǘƻƴƛŎΥ ŜƳƛǎǎƛƻƴ ŦƻǊǿŀǊŘ ōƛŀǎ Ҍ ŀōǎƻǊǇǝƻƴ ǊŜǾŜǊǎŜ ōƛŀǎ  

ǎȅƳƳŜǘǊƛŎ ǘǿƻπǿŀȅ н²v/Υ ǇǊŜǇŀǊŀǝƻƴ ȿπἃ Ҍ ǇƻǎǘǇŀǊŀǝƻƴ ἂπȿ 

ἂπȿ Ґ /t¢όǇǊƻŎŜǎǎ ǳǎŜŘ ŦƻǊ ȿπἃύΣ ŜΦƎΦ ǊŜǾŜǊǎƛƴƎ ǳǎŜŘ 9a ƛƳǇǳƭǎŜǎ 

ǎƻƭǾƛƴƎ Ǉƻǎǘ.vt ʂἚἜΣ ōŜǧŜǊ ŜǊǊƻǊ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ ŎƻǊǊŜŎǝƻƴ   

ǎǳǇŜǊƅǳƛŘ 

Κ 
v/Κ 

ŎƘƛǇ ōŜǘǿŜŜƴΚ  н²v/ π ŜȄǇƭƻƛǘ {πƳŀǘǊƛȄ ŦƻǊƳǳƭŀǝƻƴΥ  

https://en.wikipedia.org/wiki/PostBQP
https://www.qaif.org/2wqc
https://en.wikipedia.org/wiki/S-matrix#Interaction_picture


 

ÁÒ8ÉÖȡςτπωȢρυσωω 

ÅȢÇȢ ÍÁÐÐÉÎÇ  

ÅÍÉÓÓÉÏÎ ÃÏÅÆПÉÃÉÅÎÔȩ  
ÅȢÇȢ ÉÎ ÈÕÍÁÎ ÂÏÄÙ 

ÍÏÂÉÌÅ ÉÆ ÏÎ ÄÉÏÄÅÓ 
 

  

ÁÂÓÏÒÐÔÉÏÎ 

ÅÍÉÓÓÉÏÎ

ÐÏ×ÅÒÅÄ ÂÙ ÃÅÌÌ ÂÉÏÃÈÅÍÉÓÔÒÙ  

-ÅÄÉÃÁÌ ÁÐÐÌÉÃÁÔÉÏÎÓȩ (ÁÒÍÌÅÓÓ ɉÎÏÎȤÉÏÎÉÚÉÎÇɊ ÃÏÌÏÒ 24'Ⱦ#4ȩ ɉÖÉÄÅÏȩɊ  

https://arxiv.org/pdf/2409.15399
https://www.researchgate.net/figure/Excitation-and-emission-properties-of-biological-molecules-responsible-for-cell-and_tbl1_8043055
https://www.researchgate.net/figure/Excitation-and-emission-properties-of-biological-molecules-responsible-for-cell-and_tbl1_8043055
https://www.researchgate.net/figure/Excitation-and-emission-properties-of-biological-molecules-responsible-for-cell-and_tbl1_8043055


34%$ ÍÉÃÒÏÓÃÏÐÙ ȣ 
×ÉÔÈÏÕÔ ÐÈÏÔÏÂÌÅÁÃÈÉÎÇȩ  
  

ÓÅÐÁÒÁÔÉÏÎɉÐÏÓÉÔÉÖÅȾÎÅÇÁÔÉÖÅ ÐÒÅÓÓÕÒÅɊȟ   
ÔÒÁÎÓÐÁÒÅÎÃÙȡ ÂÌÏÃËÅÄ ÂÙ ὔ ÎÏÔ ὔ  

ς71#ȟ ÒÅÖÅÒÓÅÄ ÐÈÏÔÏÌÉÔÈÏÇÒÁÐÈÙȟ 

ÃÈÅÍÉÓÔÒÙȟ ÎÕÃÌÅÁÒȟ ÎÅÕÒÏȟ ÍÅÄÉÃÉÎÅȩ  

ÅȢÇȢ ÄÅÇÒÁÄÅ .!$( ÔÏ ÓÔÁÒÖÅ ÃÁÎÃÅÒȩ  

ÐÒÅÃÉÓÅȟ ÎÏÎȤÉÏÎÉÚÉÎÇ  

ÎÅÕÔÒÁÌ ÆÏÒ ÉÎÔÅÒÍÅÄÉÁÔÅ ÔÉÓÓÕÅÓ  

-ÅÔÁÂÏÌÉÃ ÉÓÓÕÅÓȩ ɉÔÏØÉÃɊ ÓÉÎÇÌÅÔ ÏØÙÇÅÎ ͯρςψπÎÍ )2 ÅÍÉÓÓÉÏÎȩ ȣ 

  

ÅÍÉÓÓÉÏÎ 

Wǳǎǘ ŎŀǳǎŜ ŘŜŜȄŎƛǘŀǝƻƴΥ 

/t¢ 

╝  

╝  

https://www.picoquant.com/applications/category/life-science/singlet-oxygen
https://www.researchgate.net/publication/267219129_Mechanisms_of_Laser-Tissue_Interaction_I_Optical_Properties_of_Tissue/figures?lo=1


!ÓÔÒÏÎÏÍÙȡ ÎÏ× ÆÏÃÕÓÅÄ ÏÎ ÁÂÓÏÒÐÔÉÏÎ Ȥ ÏÆ ÐÏÓÉÔÉÖÅ ÒÁÄÉÁÔÉÏÎ ÐÒÅÓÓÕÒÅ 

.ÅÇÁÔÉÖÅȡ ÔÅÌÅÓÃÏÐÅ ÅÍÉÔÓ ÍÏÒÅ ÔÈÁÎ ÁÂÓÏÒÂÓȩ  

2ÅÖÅÒÓÅȤÂÉÁÓȤÄÉÏÄÅȤÌÉËÅ ÓÏÕÒÃÅÓȩ 0ÕÌÓÁÒȩ "ÌÁÃË ÈÏÌÅȩ  

/ÂÓÅÒÖÅÄ ÅȢÇȢ ÉÎ ÒÁÄÉÏ ПÌÕØ ÍÁÐÓ ɀ ÒÅÁÌÌÙ ÁÒÔÉÆÁÃÔÓȩ  

ŀǊ·ƛǾΥнмлт 

Φлнсфр 

!ǎǘǊƻǇƘȅǎƛŎŀƭ 

WƻǳǊƴŀƭ  

!ǊŜ ǘƘŜǊŜ ŎƻǎƳƛŎ ǎƻǳǊŎŜǎ ƻŦ ƴŜƎŀǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜΚ 

ÎÅÇÁÔÉÖÅ ÐÏÓÉÔÉÖÅ 

ŎƻǳǇƭŜŘ ǊŜǎƻƴŀǘƻǊǎΥ 

ἂⱶ█ȿ╤ȿⱶ░ἃ 

ƴŜŜŘǎ ōƻǘƘ 

https://arxiv.org/pdf/2107.02695
https://arxiv.org/pdf/2107.02695
https://iopscience.iop.org/article/10.3847/1538-4357/ac0e93/pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ac0e93/pdf
https://en.wikipedia.org/wiki/Oscillation#Coupled_oscillations


&ÒÏÍ #04 ÐÅÒÓÐÅÃÔÉÖÅȟ ÏÕÒ ÂÌÁÃË ÈÏÌÅ ÉÓ ×ÈÉÔÅ ÈÏÌÅȡ ÖÅÒÙ ÁÃÔÉÖÅ 

%ȢÇȢ #04ɉ×ÈÉÔÅ ÈÏÌÅ ÈÅÁÔÉÎÇ ÁÒÏÕÎÄɊ Ѐ ÂÌÁÃË ÈÏÌÅ ÃÏÏÌÉÎÇ ÁÒÏÕÎÄȩ  

‪ȿὟȿ‪ Υ ǿƘƛǘŜ ƘƻƭŜ ǇŜǊŦŜŎǘ ŜƳƛǘŜǊ ȿ‪ἃ  ōƭŀŎƪ ƘƻƭŜ ǇŜǊŦŜŎǘ ŀōǎƻǊōŜǊ ‪  



 όΚ 

/t¢ό²I       ύ Ґ .I 

/t¢όƘŜŀǝƴƎύ Ґ ŎƻƻƭƛƴƎ 

     θ╝    ḻ     θ╝  

άǎǳǊǇǊƛǎƛƴƎέΣ άŘǳǎǘέΚ 

.I ƛǎ ²I ƛƴ /t¢ ǾƛŜǿ 

/t¢ Ǿƛƻƭŀǝƻƴ ƻǘƘŜǊǿƛǎŜΚ 

 
  

ŀǊ·ƛǾΥнрлфΦмлсмр Υ ά{a.Iǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǎǳǊǊƻǳƴŘŜŘ ōȅ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ƘƻǧŜǊ Ǝŀǎ 

όΧύ {ǳǊǇǊƛǎƛƴƎƭȅ όΧύ {ŀƎƛǧŀǊƛǳǎ !ϝ όΧύ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ƴƻ ŎǳǊǊŜƴǘƭȅ ŀŎǝǾŜ ƧŜǘ ƻǊ ǿƛƴŘΦέ 

 

ά¢ǊŜƳŜƴŘƻǳǎ ƎǊƻǿǘƘ 

ōƭŀŎƪ ƘƻƭŜέΚ ōȅ ǇǳƭƭƛƴƎ 

ƎǊŀǾƛǘΦ Ҍ 9aΚ IŀǿƪƛƴƎΚ  

  

‬Ὁ

‬ὸ
 

ΚΥ  LƴǘŜǊƳŜŘƛŀǘŜ Ƴŀǎǎ .I ρπ ρπ ὓṩ Υ ǾŜǊȅ ƭƻǿ ƭǳƳƛƴƻǎƛǘȅ 

 .I ǎƛƳǳƭŀǝƻƴǎΥ ŜƭŜŎǘǊƻƴ ǘŜƳǇŜǊŀǘǳǊŜ ғғ ƻŦ ƛƻƴǎΗ 9ΦƎΦ мслȄ 

a!5Σ {!b9 ƳƻŘŜƭΥ ͼbŜŀǊ ╡▐░▌▐ Σ ǘƘŜ ŜƳƛǩƴƎ ǊŜƎƛƻƴ 

ǎƘƛƊǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻǿŀǊŘ ƘƛƎƘŜǊ ƭŀǝǘǳŘŜǎ ŀƴŘ ƧŜǘπŘƛǎƪ 

ōƻǳƴŘŀǊȅέ ŎƻƻƭƛƴƎΥ ƛƴǾŜǊǎŜ /ƻƳǇǘƻƴ Ҍ ǇǳƭƭκǎǝƳǳƭŀǘŜŘ ŜƳƛǎΦΚ  

 

9ǾŜƴǘ IƻǊƛȊƻƴ ¢ŜƭŜǎŎƻǇŜΥ άǇƭŀǎƳŀ ǎǿƛǊƭƛƴƎέ π ƘŜƭǇŜŘ ōȅ ƴŜƎŀǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜΚ 

  

²ƘƛǘŜκōƭŀŎƪ ƘƻƭŜΥ 

‎ Ǝŀƛƴǎ 9 

https://www.esa.int/ESA_Multimedia/Images/2022/07/Composition_of_gas_around_active_black_hole_MIRI_spectra
https://arxiv.org/pdf/2509.10615
https://www.nasa.gov/missions/chandra/nasas-chandra-finds-black-hole-with-tremendous-growth/
https://www.nasa.gov/missions/chandra/nasas-chandra-finds-black-hole-with-tremendous-growth/
https://en.wikipedia.org/wiki/Intermediate-mass_black_hole
https://arxiv.org/pdf/2406.10496
https://arxiv.org/pdf/2510.08848
https://blog.galaxyzoo.org/2014/01/22/how-do-black-holes-form-jets/
https://blog.galaxyzoo.org/2014/01/22/how-do-black-holes-form-jets/
https://www.researchgate.net/publication/349773803_High_Energy_Dimensioning_the_Quantum_Space-Time_of_the_Electron/figures?lo=1
https://pages.astro.umd.edu/~rmushotz/ASTR480/Beckmann_Longair_Radiation3.pdf
https://eventhorizontelescope.org/new-eht-images-reveal-unexpected-polarization-flips-at-m87


 

.I ƴŜƎŀǝǾŜ ǘŜƳǇŜǊŀǘǳǊŜΚ ώмΣнΣоΣпΣрϐ  

άƴŜƎŀǝǾŜ ¢ ȅƛŜƭŘ ƴŜƎŀǝǾŜ ǇǊŜǎǎǳǊŜǎέ 

╣  ƳŀǧŜǊΥ ǘŜƴŘŜƴŎȅ ǘƻ ŜƳƛǘ 

ǊŀŘƛŀǝƴƎ ǇƻǎƛǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜΦ 

╣  ƳŀǧŜǊΥ ǘŜƴŘŜƴŎȅ ǘƻ ŀōǎƻǊō  

ōȅ ƴŜƎŀǝǾŜ  

ǇǊŜǎǎǳǊŜ  

◄P ◄ ǝƳŜ 

  

bŜƎŀǝǾŜπǘŜƳǇŜǊŀǘǳǊŜ ǇǊŜǎǎǳǊŜ  

ƛƴ ōƭŀŎƪ ƘƻƭŜǎΣ bƻǊǘŜΣ 9t[ нлнп 

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.68.016108
https://journals.itb.ac.id/index.php/jmfs/article/view/2717
https://iopscience.iop.org/article/10.1088/0253-6102/53/1/19
https://www.sciencedirect.com/science/article/pii/S0370269307002456
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.106015
https://iopscience.iop.org/article/10.1209/0295-5075/ad2088/pdf
https://iopscience.iop.org/article/10.1209/0295-5075/ad2088/pdf


  

5ÎÉÖÅÒÓÅ ÎÏ ÌÏÎÇÅÒ ÁÃÃÅÌÅÒÁÔÉÎÇȩ $%3)ȡ ÄÁÒË ÅÎÅÒÇÙ ×ÅÁËÅÎÓȩȟ ÒÅÖÉÓÉÔȟ 3ÁÂÉÎÅȡ ÙÏÕÎÇÅÒ ÄÉÍÍÅÒȩ 

https://www.nature.com/articles/d41586-025-00837-2
https://news.cornell.edu/stories/2025/10/physicist-after-33-billon-years-universe-will-end-big-crunch
https://academic.oup.com/mnras/article/544/1/975/8281988?login=false
https://www.youtube.com/watch?v=2VpP-qXuJMc


!.)4!Ȥ)ȟ )))ȟ )6ȟ &ÌÕÏÒÅÓÃÅÎÃÅ $ÅÔÅÃÔÏÒ ÏÆ ÔÈÅ 0ÉÅÒÒÅ !ÕÇÅÒ /ÂÓÅÒÖÁÔÏÒÙ 

  

ȰÐÕÓÈ ÔÈÒÏÕÇÈ ÅÁÒÔÈȱ ȣ ÍÁÙÂÅ ȰÐÕÌÌ ÂÙ ÎÅÇÁÔÉÖÅ ÒÁÄÉÁÔÉÏÎ ÐÒÅÓÓÕÒÅȱȩ 

{aΣ ʉ ρπŜ±ύ 

ŜȄŎƭǳŘŜŘ 

όLŎŜ/ǳōŜΣ 

!ǳƎŜǊύ 

bŜŜŘǎ ƭƻƴƎπƭƛǾŜŘ 

ŀƊŜǊ ƛƴǘŜǊŀŎǝƻƴΚΚΚ 

aŀȅōŜ ǎƻƳŜ ǇǳǎƘ  

ǎŎŜƴŀǊƛƻ ƛƴ /t¢ 

ǇŜǊǎǇŜŎǝǾŜΚ 

 #04 

ȩ 

https://www.mpi-hd.mpg.de/lin/seminar_theory/talks/Talk_Salvado_220124.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.134.121003
https://scholar.google.pl/scholar?q=negative%20radiation%20pressure
https://icecube.wisc.edu/news/research/2020/01/icecube-rules-out-last-standard-model-explanation-of-anita-anomalous-neutrino-events/
https://icecube.wisc.edu/news/research/2020/01/icecube-rules-out-last-standard-model-explanation-of-anita-anomalous-neutrino-events/
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#04 

ÓÙÍȢ  



&ÒÅÅ ÅÌÅÃÔÒÏÎÓȡ 

3ÙÎÃÈÒÏÔÒÏÎ 

ÒÁÄÉÁÔÉÏÎȡ 

ÓÔÁÔÉÓÔÉÃÁÌ 

ÓͯÐÏÎÔÁÎÅÏÕÓ  

ÅÍÉÓÓÉÏÎȡ ╟ᶿ╝▄
  

 

#ÏÕÐÌÅÄ ÅÌÅÃÔÒÏÎÓ 

ÓͯÕÐÅÒÒÁÄÉÁÎÃÅȡ  

3!3% ÉÎ &%,ȟ ╟ᶿ╝▄
  

ÌÁÓÅÒȡ ÁÂÓÏÒÐÔÉÏÎ P

ÓÔÉÍÕÌÁÔÅÄ ÅÍÉÓÓÉÏÎ 

Ó×ÉÔÃÈÅÄ ÉÎ 4Ⱦ#04 

ÊÕÓÔ %-ȡ 4 ÓÙÍÍÅÔÒÉÃ 

ȣ  

╟ᶿ╝▄         ╣ᶿ╝  

9ƭŜŎǘǊƻƴǎ ƛƴ ŀǘƻƳǎΧ .ÁÒÒÏ×ÉÎÇ ÓÐÅÃÔÒÕÍȟ ÃÏÈÅÒÅÎÃÅ           #04 ÐÅÒÓÐÅÃÔÉÖÅȩ 

ÏÅȤσρȤρφȤςφφχσ 

{!{9Υ ǎŜƭŦπŀƳǇƭƛŬŜŘ ǎǇƻƴǘŀƴŜƻǳǎ ŜƳƛǎǎƛƻƴ 

https://en.wikipedia.org/wiki/Superradiance
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission
https://www.bnl.gov/nsls2/userguide/lectures/lecture-2-shaftan.pdf
https://opg.optica.org/oe/fulltext.cfm?uri=oe-31-16-26673
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission


#04 ÓÙÍÍÅÔÒÉÃ ÓÙÎÃÈÒÏÔÒÏÎ ÓÅÌÆȤÁÂÓÏÒÐÔÉÏÎȟ ÓÅÌÆȤÁÍÐÌÉПÉÅÄ 3% 

 7ÈÁÔ ÁÂÏÕÔ ÃÁÕÓÁÌÉÔÙȩ )Î %- ÓÈÏÕÌÄ ÂÅ ÔÈÅ ÓÁÍÅ ÉÎ 4 ÐÅÒÓÐÅÃÔÉÖÅ 
)Ó ÔÈÅÒÅ ÒÅÁÌÌÙ ÓÐÏÎÔÁÎÅÏÕÓ ÅÍÉÓÓÉÏÎȩ /Ò ÃÏÕÐÌÅÄ ×ÉÔÈ ÅȢÇȢ ÅÌÅÃÔÒÏÎȩ 
4ȡ ÒÅÖÅÒÓÅÄ ÅÌÅÃÔÒÏÎϹÐÈÏÔÏÎ ÔÒÁÊÅÃÔÏÒÙ 

    

ÈÔÔÐÓȡȾȾ×××ȢÍÓÓÌȢÕÃÌȢÁÃȢÕËȾ×××ͺÁÓÔÒÏȾÌÅÃÔÕÒÅÎÏÔÅÓȾÈÅÁȾÒÁÄÐÒÏÃÅÓÓȾÓÌÄπςψȢÈÔÍ 
ÁÓÔÒÏÐÈÙÓÉÃÓ ɍρȟ ςȟ σȟ τȟ υȟ φȟ χɎȟ 3!3% ÉÎ &%, ÓÙÎÃÈÒÏÔÒÏÎȩ 

ÅØÃÉÔÅÄ ÓÁÍÐÌÅ 

3ÙÎÃÈÒÏÔÒÏÎ ÒÁÄÉÁÔÉÏÎ ÂÙ ÁÃÃÅÌÅÒÁÔÉÎÇ ÃÈÁÒÇÅȟ ÁÌÓÏ ÎÅÅÄÅÄ  

 

ÃÏÕÐÌÅÄ 

ÉÎ τ$ 

ÐÈÏÔÏÎÉÃ ÃÈÉÐ  

ÆÏÒ ς71#ȩ 

Ȱ&ÅÙÎÍÁÎ 

ÄÉÁÇÒÁÍ  

ÉÎ τ$ȱ 

ƴŜƎŀǝǾŜ ǊŀŘƛŀǝƻƴ ǇǊŜǎǎǳǊŜ 

 

ǇƻǎƛǝǾŜ 

https://www.google.com/search?q=synchrotron+self+absorption
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission
https://www.mssl.ucl.ac.uk/www_astro/lecturenotes/hea/radprocess/sld028.htm
https://asd.gsfc.nasa.gov/Volker.Beckmann/school/download/Longair_Radiation2.pdf
https://people.sissa.it/~perrotta/lezioni_2023_2024/chapter6.pdf
http://www-astro.physics.ox.ac.uk/~garret/teaching/lecture5-2011.pdf
https://pulsar.sternwarte.uni-erlangen.de/wilms/teach/agn_08/hand11.pdf
https://iopscience.iop.org/article/10.1086/305676/fulltext/37194.text.html
https://academic.oup.com/mnras/article/510/1/815/6447556
https://www.aanda.org/articles/aa/pdf/2001/30/aah2783.pdf
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission
https://en.wikipedia.org/wiki/Synchrotron_radiation


#ÉÒÃÕÌÁÔÉÎÇ ÅÌÅÃÔÒÏÎ ÌÏÓÅÓ ÅÎÅÒÇÙ ɉÄÁÍÐÉÎÇɊ 

ÉÎ #04 ÁÌÓÏ ÃÉÒÃÕÌÁÔÉÎÇ ÂÕÔ ÇÁÉÎÓ ÅÎÅÒÇÙ ÉÎÓÔÅÁÄȢ 

"ÅÃÁÕÓÅ ÏÆ ÍÏÒÅ ÁÂÓÏÒÂÅÒÓ ÔÈÁÎ ÅÍÉÔÔÅÒÓȩ  
2ÅÖÅÒÓÅÄȡ 

ÇÁÉÎ ÅÎÅÒÇÙ 

ÉÎ ÔÁÂÌÅÔÏÐ 

ÁÃÃÅÌÅÒÁÔÏÒÓ  
ÒÅÓÏÎÁÔÏÒÓȩ ÁÔÏÍÓȟ ÎÕÃÌÅÉȟ ÓÙÎÃÈÒÏÔÒÏÎȩ 

ÈÔÔÐÓȡȾȾÐÅÏÐÌÅȢÓÉÓÓÁȢÉÔȾͯÐÅÒÒÏÔÔÁȾÌÅÚÉÏÎÉͺςπςσͺςπςτȾÃÈÁÐÔÅÒφȢÐÄÆ 

%ÍÉÓÓÉÏÎ ÁÓÙÍÍÅÔÒÙ  /t¢ ǎȅƳƳŜǘǊȅΚ 

)Î #-" ÓÐÅÃÔÒÕÍȩ 

ŀƭǎƻ ƴŜƎŀǝǾŜΚ 

ƳƻǊŜ ŜƳƛǧŜǊǎ 


