
   Potential new applications of   
photon source causing deexcitation 
Like Rabi cycle, STED microscope  

apply/test macro CPT symmetry  

CT scan of emission coefficient 

    CPT analog of absorption CT, 

radiotherapy to starve tumor, 

     computational e.g. 2WQC: 

two-way quantum computers 

 
 
  

Jarek Duda, recording, arXiv:2409.15399 + 2WQC 

Laser causes absorption-stimulated emission e.g. in Rabi cycle – let’s use the latter 
 

https://en.wikipedia.org/wiki/Rabi_cycle
https://onlinelibrary.wiley.com/doi/10.1111/joim.12278
https://www.youtube.com/watch?v=3CHEpYEQTio
https://arxiv.org/pdf/2409.15399
https://www.qaif.org/2wqc


optical heating-cooling, pushing-pulling, also tweezers 

Radiation pressure is a vector:  �⃗⃗� = ⟨�⃗⃗� × �⃗⃗⃗� ⟩/𝒄             (source) 

Positive: toward surface, outward: negative radiation pressure  

‘two-way’ symmetric computing, 2WQC:   

EM & hydrodynamics governed by nearly the same equations   

superfluid 
QC? 

https://en.wikipedia.org/wiki/Laser_cooling
https://scholar.google.pl/scholar?q=optical+pulling
https://en.wikipedia.org/wiki/Optical_tweezers
https://en.wikipedia.org/wiki/Radiation_pressure#Radiation_pressure_from_momentum_of_an_electromagnetic_wave
https://www.semanticscholar.org/paper/Microdroplet-oscillations-during-optical-pulling-Ellingsen/b3d4e9ac17370604b83ca88c451f50d5711543ef
https://scholar.google.pl/scholar?q=negative+radiation+pressure
https://www.researchgate.net/publication/284166762_The_analogy_between_electromagnetism_and_hydrodynamics


C – charge conjugation, P – parity, T - time 

“The CPT theorem says that CPT symmetry  

holds for all physical phenomena (…)”     (link) 
any Lorentz invariant local quantum field theory with  

a Hermitian Hamiltonian must have CPT symmetry” 

“CPT Violation Implies Violation of Lorentz Invariance” 
 

Feynman–Stueckelberg : “antiparticles travel backward in time” 
Many microscopic confirmations:  “Data Tables for Lorentz and CPT Violation”  
 

CPT symmetry in equations governing physics 
Can be violated in solutions e.g. 2nd law of thermodynamics 

 
 

 

 

 
 

Physics should be governed by the same equations in CPT symmetry perspective 

Big Bang as ‘the rock’? Everything localized: low entropy 
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CPT CPT GR, QFT 

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/Philosophical_presentism
https://en.wikipedia.org/wiki/Eternalism_(philosophy_of_time)
https://en.wikipedia.org/wiki/Two-state_vector_formalism
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what about lasers? – turns out most have built-in optical isolator   
 

 
 

 

 

 

2003                                                            PRL 2008  

 

  

realization? 

 

Rabi cycle needs photon exchange in both directions, easy for microwaves 

https://www.sciencedirect.com/science/article/abs/pii/S1049250X0380006X
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.103601


Free electrons: 

Synchrotron 

radiation: 

statistical 

~spontaneous  

emission: 𝑷 ∝ 𝑵𝒆
  

 

Coupled electrons 

form bunches:  

SASE in FEL, 𝑷 ∝ 𝑵𝒆
 𝟐 

laser: absorption↔ 

stimulated emission 

switched in CPT 
 

… add mirrors 

FEL oscillator 

Superradiance  

𝑷 ∝ 𝑵𝒆
𝟐         𝑻 ∝ 𝑵−𝟏 

Free-Electron Laser 

source 

Electrons in atoms… 

CPT  

symmetry 

photons?  

𝐫𝐞𝐥𝐚𝐭𝐢𝐯𝐢𝐬𝐭𝐢𝐜: 𝜸 ≫ 𝟏 

SASE: self-amplified spontaneous emission 

distance along undulator line 

oe-31-16-26673 coupled electrons 

https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission
https://scholar.google.pl/scholar?q=free+electron+laser+oscillator
https://www.nature.com/articles/s41598-023-33550-z
https://en.wikipedia.org/wiki/Free-electron_laser
https://slideplayer.com/slide/8675539/
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission
https://opg.optica.org/oe/fulltext.cfm?uri=oe-31-16-26673


CPT symmetric synchrotron self-absorption, self-amplified SE 

 What about causality? In EM should be the same in T perspective 
Is there really spontaneous emission? Or coupled with e.g. electron? 
T: reversed electron+photon trajectory 

    

https://www.mssl.ucl.ac.uk/www_astro/lecturenotes/hea/radprocess/sld028.htm 
astrophysics [1, 2, 3, 4, 5, 6, 7], SASE in FEL synchrotron? 

excited sample 

Synchrotron radiation by accelerating charge, also needed  

 

coupled 

in 4D 

photonic chip  

for 2WQC? 

“Feynman 

diagram  

in 4D” 

negative radiation pressure 

 

positive 

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


Synchrotron radiation would both emit (damping) and 

absorb e.g. CMB photons if spectrum agrees 

𝑷𝜸 =
𝒒𝟐

𝟔𝝅𝝐𝟎𝒄
𝟑 𝒂𝟐𝜸𝟒 =

𝒒𝟐𝒄

𝟔𝝅𝝐𝟎

𝜷𝟒𝜸𝟒

𝒓𝟒   power&energy loss 

https://people.sissa.it/~perrotta/lezioni_2023_2024/chapter6.pdf  

  

astrophysics example CPT symmetry? 

resonators? atoms, nuclei, synchrotron? 

https://uspas.fnal.gov/materials/09UNM/Unit_11_Lecture_18_Synchrotron_radiation.pdf
https://en.wikipedia.org/wiki/Cosmic_microwave_background
https://people.sissa.it/~perrotta/lezioni_2023_2024/chapter6.pdf


    

 

 

 

  
(Inverse) Compton scattering 

Potential and Issues for Future Accelerators and Ultimate Colliders, Brooks, 2018  

CPT 
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https://www.researchgate.net/figure/nverse-Compton-Scattering-shows-that-an-electron-with-relativistic-energy-emits-a_fig1_349773803
https://en.wikipedia.org/wiki/Compton_scattering
https://accelconf.web.cern.ch/ipac2018/papers/tuxgbd1.pdf
https://deepace.net/product/deepace-uwb-circular-polarized-antenna-900mhz-7ghz-r104/
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https://www.researchgate.net/publication/241276104_On_Propeller_Performance_of_DTC_Post-Panamax_Container_Ship/figures?lo=1


 Mapping emission  

coefficient? e.g. in  
human body, brain 

Separation+ 

transparency? 

time, space resolution 

 

  
absorption 

emission
autoluminescent

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


STED microscopy … 
without photobleaching?  
  

separation(positive/negative pressure),   
transparency: blocked by 𝑁2 not 𝑁1 

2WQC, reversed photolithography, 

chemistry, nuclear, neuro, medicine?  

e.g. degrade NADH to starve cancer?  
(precise, non-ionizing)  

Lower dose for intermediate tissues  

Metabolic issues? (toxic) singlet oxygen ~1280nm IR emission? … 

 
  

emission 

Just cause deexcitation: 

CPT 

𝑵𝟐 

𝑵𝟏 

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
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Increase rate of Feynman diagrams  

emitting chosen energy photons? 

e.g. Er-169 

9 days 𝑒− 351 keV 

4 ns 𝜸 8.4 keV 

pumped for  

backward 

camera? 
CPT 

Feynman–Stueckelberg 

https://en.wikipedia.org/wiki/Induced_gamma_emission
https://en.wikipedia.org/wiki/Gamma-ray_laser
https://www.researchgate.net/figure/Erbium-169-decay-scheme-Nucleide-LARA-2018_fig1_352468070
https://en.wikipedia.org/wiki/Antiparticle#Feynman%E2%80%93Stueckelberg_interpretation


Can we separate causation of excitation/deexcitation? 

Physics governed by the same equation in CPT perspective 

Just reverse optical isolator? Or ring laser, synchrotron?  

 

 

  

    Causing excitation and deexcitation … if possible: 𝑵𝟐 > 𝟎  

How to generate negative radiation pressure? 

forward 

backward 

wiggler/ 

undulator? 

Opposite in CPT … photonic chip for 2WQC? SASE 

https://synchrotron.uj.edu.pl/en_GB/centrum
https://www.researchgate.net/publication/303899541_Synchrotron_radiation_research_in_materials_science/figures?lo=1
https://www.researchgate.net/publication/303899541_Synchrotron_radiation_research_in_materials_science/figures?lo=1
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission


backward ASE prevented by forward optical isolator: photons ‘→’ 

CPT?   forward ASE prevented by backward optical isolator? ‘←’ ? 

forward/backward ASE ~ positive/negative radiation pressure  

 

Can we  

separate  

them??? 

Impulse needed?  

Coupling? 
 

Black from 

IEEE:841259 

laser literally 

pulls photons  

from excited erbium  
EDF – erbium doped fiber 

ASE – amplified spontaneous emission                                (SASE: self-) 

fiber optics 

https://ieeexplore.ieee.org/document/841259
https://en.wikipedia.org/wiki/Amplified_spontaneous_emission
https://en.wikipedia.org/wiki/Self-amplified_spontaneous_emission


Backward camera? e.g. for emission CT, 
astronomy e.g. pulsar synchrotron radiation? 

Backward lighted camera? amplify 
target deexcitation e.g. thermal, nuclear, 

attacks on e.g. BB84 “pulling more photons” 

  

  

(of negative radiation pressure) 
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https://iopscience.iop.org/article/10.1088/1742-6596/932/1/012015/pdf
https://en.wikipedia.org/wiki/BB84


Observed negative delays 

Matthew, Science 2003 

  

link 

https://www.science.org/doi/full/10.1126/science.1084429
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.82.5229


stimulated emission 

in agreement 

with CPT symmetry? 

If not: can we show  

macro CPT violation? 
Many micro CPT tests 

 

 
 

positive/negative  

radiation pressure:  

tendency to emit  

photons  →/←  

(carried by photons?) 

CT scanner modifications 

Is absorption/ 

https://arxiv.org/pdf/0801.0287


CPT symmetry: having |𝟎⟩, there is also ⟨𝟎|       Jarek Duda, www.qaif.org/2wqc 

                

 

 

  

Let’s speedup quantum supremacy! (e.g. solve NP, better error correction) 

http://th.if.uj.edu.pl/~dudaj/
http://www.qaif.org/2wqc


Fundamental physics: QFT Feynman ensembles – CPT symmetric 

Past and future are fundamentally very similar … can we apply it? 

Pre: https://en.wikipedia.org/wiki/Maximal_entropy_random_walk, arXiv:0910.2724 

2023: arXiv:2308.13522 “Two-way quantum computers adding CPT analog of state preparation” 

2024: 2WQC XPRIZE team, ~40 QInterns … NP solver, better error correction 

G. Czelusta, Grover's algorithm on two-way quantum computer, arXiv:2406.09450 

M. Noor, J. Duda, No-cloning theorem for 2WQC and postselection, arXiv:2407.15623 

J. Duda, 3-SAT solver for two-way quantum computers, arXiv:2408.05812  

A. Linden, B. Gu l, Optimization of postselection … 2WQC approach, arXiv:2409.03785 

J. Duda, Testing stimulated emission photon direction, arXiv:2409.15399  
 

Many arguments, no counter? search for help with experimental confirmation 

  

https://en.wikipedia.org/wiki/Maximal_entropy_random_walk
http://arxiv.org/abs/0910.2724
https://arxiv.org/abs/2308.13522
https://www.qaif.org/2wqc
https://www.youtube.com/watch?v=_an_QhItf4U
https://arxiv.org/abs/2406.09450
https://arxiv.org/abs/2407.15623
https://arxiv.org/abs/2408.05812
https://arxiv.org/abs/2409.03785
https://arxiv.org/pdf/2409.15399


Superconducting  

QC e.g. IQM 

Measurement/ 

readout by  

coupling with 

resonator 

(invasive, reverse? 

𝑉(𝑡) → 𝑉(−𝑡)? )  
 

State preparation 

by reset or lowering  

temperature -  

conserved by CPT 

symmetry |0⟩⟨0|?-  

also postparation? 

(if no readout/delay,  

exchanging energy) 

time evolve back 

time time 

https://link.springer.com/content/pdf/10.1140/epjqt/s40507-024-00243-z.pdf


e.g. Intel 12 qubit 

All operations with  
EM fields – easy to reverse 

spin or position qubits 

 

 

 

 

 
                                            

                                       

 Elzerman readout: only ↓ spin can tunnel  

in Intel 2024 article for state preparation 
 

Or use magnetic field to enforce spin direction 

before for |𝟎⟩, opposite after for ⟨𝟎| 

reverse applied impulse: 𝑉(𝑡) 𝑉(−𝑡) 

Silicon quantum dots 

https://www.forbes.com/sites/tiriasresearch/2023/06/15/intel-tunnel-falls-into-quantum-computing/?sh=6a3782ef7bbd
https://www.nature.com/articles/nature02693
https://www.nature.com/articles/s41586-024-07275-6
https://www.hpcwire.com/2020/08/19/intel-connects-the-quantum-dots-in-accelerating-quantum-computing-effort/


+⟨𝟎| postparation 

2WQC in theory 

 allows NP solvers, 

e.g. cipher breaking 

(resistant PQC???) 

global optimizers  

like drug design … 

Also 2WQC allows 

better stability,  

error correction  

 

 

 

  

NP problem: find input satisfying polynomial time verifier 

 for example 3-SAT problem, like finding 𝑥1, 𝑥2, … , 𝑥𝑛 ∈ {0,1}: 

https://arxiv.org/pdf/2408.05812
https://arxiv.org/pdf/2406.09450
https://arxiv.org/pdf/2408.05812


Post-quantum cryptography (PQC): now focused on Shor, Grover 

What if better algorithms, upgrades like 2WQC are there/coming? 

 

NP solver verifier: does decryption with given key lower entropy? 

Are some of current PQC already resistant? (NP-hard is not enough) 
 

Building nextgen PQC: immune/resistant to quantum NP solver? 

E.g. require initialization: large calculations based on cryptographic 

key before proper decoding (tough for key superposition) 
 

Maybe based on higher class like PSPACE   (private/public key?) 

https://en.wikipedia.org/wiki/PSPACE-complete 

e.g. formal languages, 3-SAT + ∀ quantifier (∀𝑥,…∃𝑦,…( ∨ ∨ ) ∧ … ), 

reconfiguration: find path satisfying constraints (~arXiv:1204.5317),  

puzzles/games: multiple-interaction cryptography (before low entropy) 

https://en.wikipedia.org/wiki/Post-quantum_cryptography
https://en.wikipedia.org/wiki/NP-hard
https://en.wikipedia.org/wiki/PSPACE-complete
http://arxiv.org/pdf/1204.5317


Thought provoking gedankenexperiment allowed by general relativity 
E.g. Klein-bottle-like wormhole applying T symmetry to a rocket 
For external observer: 

- entropy decreases, 

e.g. egg unscrambles, 

- Reversed 1WQC, 

- state preparation |0⟩ 

↔ postparation ⟨0|, 

- pre-measurement, 

- CT emission scan, 

- laser causes 

deexcitation/negative 

radiation pressure, 

absorption↔emission 

stimulated? 

spontaneous? 

https://en.wikipedia.org/wiki/Non-orientable_wormhole 

1WQC 

reversed 1WQC 

(absorption) 

https://en.wikipedia.org/wiki/Non-orientable_wormhole


Is CPT symmetry still valid in macroscopic case? 

No – we need to modify physics, Yes – many new applications: 

- Backward beam causing only deexcitation (transparency?) 

reversed isolator?  
ring laser?  

synchrotron? 
 

- Direct Rabi removing OI, STED without bleaching by reversing OI? 

- Causing deexcitation: radiotherapy, photolithography, nuclear … 

- Backward camera: of target’s backward beam, e.g. astronomy, Sun? 

- Backward lighted camera enhancing target deexcitation, BB84 attack, 

- Emission CT: backward beam + backward camera: medical, geology? 

- 2WQC: two-way quantum computer: solving NP, better error correction 

 

 

  

How to generate and measure negative radiation pressure? 



- speedup of nuclear deexcitation e.g. Er-169 (forward/backward)? 

- Linac: forward/backward window in new bending magnet? 

- Contact with preferably visible spectrum e.g. betatron … FEL? 

 

Potential directions e.g. in synchrotron Solaris? 


