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Ultrafast radiolysis:  R. Crowell et al., Rad. Phys. Chem. 70, 501 (2004); B. Brozek-Pluskab et 

al., Rad. Phys. Chem. 72, 149 (2005): LWFA applications to radiolysis. In vitro cell irradiation 

by LWFA electrons: C. Richter, et al.  J. Rad. Measur. 46 April 11 (2011). 

Very high electron energy (VHEE) electron radiotherapy based on LWFA:  K. Svendsen et al., 
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endoscopic therapy: T. Tajima, G. Mourou, D. Roa, and A. Necas, Prov. Patent (2019) 

T0089.0041.P1. 
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high density regime of LWFA (micsroscopic scales): B. Nicks, et al., IJMPA (2019), also 

provisional patent T. Tajima et al.,T0089_0041_P1.  (2019). D. Roa et al. Photonics 9, 
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T. Tajima, S. Gales, G. Mourou, and C. Kamperidis, Photonics 9, 826 (2022). Experimental 
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PNAS(2025). 

 

Ion-branch of LWFA acceleration observed by ion beam-driven ion-cyclotron wave-driven 

wakefields, which effectively accelerated ions in a magnetized plasma:  R. Magee, et al., Nature 

Phys. 15, 281 (2019); multi-GeV ion acceleration by LWFA, X. Zhang, et al., (2023). 

 

Venture capital company Tau Systems started applications and products of LWFA (Austin, TX). 

Other related avenues of wakefield acceleration triggered by the LWFA 

concept: 

Ponderomotive acceleration ahead of the intense EM pulse: M. Ashour-Abdalla et al. Phys. Rev. 

A, 23, 1906 (1981).  

PBWA (Plasma Beat Wave Acceleration) works:  Joshi’s Group (starting with Clayton et al. 

PRL 54, 2343 (1985)) and Kitagawa’s group etc. Have tried to induce wakefields by beat wave 

since mid-1980’s. 

PWFA (Plasma Wakefield Acceleration) works: J. Rosenzweig’s Group, A. Ogata’s Group, 

Siemann-Joshi’s Group etc. Have demonstrated to accelerate electrons by the electron beam 

generated wakefields since 1990-2010’s. Multi-10’s GeV electron acceleration. 

PDPWFA (Proton Driven Plasma Wakefield Acceleration) works: A. Caldwell’s Group (starting 

with A. Caldwell, et al. Nature Phys. 5, 363 (2009)) uses ion beam to drive wakefield for 

acceleration. 

Astrophysical evidence of wakefield acceleration, Gamma ray variability from blazars and 

microquasars: P. S. Chen, T. Tajima, and Y. Takahashi, Phs. Rev. Let. 89, 161101 (2002); 

F.Y.Chang et al., Phys. Rev. Lett. 102, 111101 (2009); T. Ebisuzaki and T. Tajima, Astropart. 
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Impacts of wakefield acceleration in laser developments: high reprated, high efficiency fiber 

laser (Coherent Amplification Network), G. Mourou, W. Brocklesby, T. Tajima, and J. Limpert, 

Nature Photon. 7, 258 (2013); high intensity, coherent single-cycled lasers, G. Mourou et al., 

Eur. Phys. J. 223, 1181 (2014); T. Tajima and G. Mourou, US papetnt appl. #619531182 (2014); 

application to space debris removal, T. Ebisuzaki et al., Acta, Astronaut.  112, 102 (2015). 

More generally, laser wakefield research has driven the ultrafast ultraintense laser developments 

overall. The employment of CPA technique (1985 and on), its derivatives, and other laser 

technologies (some mentioned above) have been spurred significantly over the years (for 

decades).  This is particularly noteworthy by the recognition of the 2018 Nobel Prize on the CPA 

as part of its legacy and growth closely related to LWFA. 

 

PATENTS 
 

1. Tajima, T., Laser Driven Compact Ion Accelerator, US Patent 6,867,419B2 (filed: March 29, 

2002; date of patent: March 15, 2005). 

2. Tajima, T., Laser Driven Compact Ion Accelerator, US Patent 6,906,338B2 (filed: Jan 8, 

2001; date of patent: June 14, 2005). 

3. Tajima, T., Daido, H., Murakami, M., Hishikawa, Y., 粒子線治療装置 (Beam Therapy 

Machine), Japan Patent applied 2006-197382、Japanese patent 2008-022994(filed: July 19, 

2006; date of patent: Feb.7, 2008), (date of patent May 27, 2011). 

4. Tajima, T., Bulanov, S., Esirkepov, T., イオン加速方法および装置  (Ion Accelerator 

Method and the Associated Machine), Japanese patent appl. # 2007-034924, Japan Patent 

4953243 (filed February 15, 2007; date of patent: March 23, 2012). 

5. Kando, M., Chen, L.-M., Tajima, T., Kato, Y.,レーザー駆動高コントラスト単色高強度
コヒーレントＸ線発生装置及びその発生方法 (Laser-driven, High-contrast, 

Monoenergetic, High-intensity, Coherent X-ray Source and its Generation Method), Japan 

Patent applied 2007-122045, Japan patent 2008-277204 (filed March 7, 2007). 

6. Tajima, T., Chao, A. W., ビーム終端方法およびビーム終端装置 (Beam Stopping and its 

Energy Recovery Using Plasma), Japan Patent applied 2007-314155 (filed December 5, 

2007). (patented Nov. 28, 2012). 

7. Mourou, G., Tajima, T., Fisch, N., Malkin, V., and Toroker, Z., Method for the production 

of ultrashort and ultrahigh peak power laser pulses and system for putting into practice this 

method (filed July 13, 2011). 

8. Tajima, T., Mourou, G., and Gales, S., Arrangement for generating a proton beam and an 

installation for transmutation of nuclear wastes, application # 12290303.2 (filed Sept. 14, 

2012).  



  11/17/25 

 

– 71 – 

 

9. Nakajima, K., Mourou, G., and Tajima, T., Compact, efficient, high average power FEL for 

EUV lithography at 13.5nm, Ref. P23946FR (2013). 

10. Nakajima, K., Mourou, G., and Tajima, T., Compact, efficient, high average power FEL for 

EUV lithography at 6.7nm (2013). 

11. Tajima, T., and Mourou, G., Solid media wakefield accelerators, submitted March 14 

(2014) #61953182, US Application No. 14/658648 (2015).  

12. Tajima, T., Schwinger fiber accelerator, submitted March 18, 2014  #61954918. (this has 

been consolidated with #13).  

13. Mourou, G., Soulard, R., and Tajima, T., Femtosecond laser with high power pulse, 

218267FR, submitted (2014). 

14. Binderbauer, M. and Tajima, T., Conversion of High-Energy Photons into Electricity, US 

Patent 9,324,897 B2 (Filed: Jan. 1,2011; granted: April 26,2016).  

15. Binderbauer, M. and Tajima, T., Conversion of High-Energy Photons into Electricity, US 

Patent 9,570,644 B2 (Filed: Mar. 31, 2016; grated: Feb. 14, 2017).  

16. G. Mourou, T. Tajima, Dispositif heuristique mettant en oeuvre un équipement  de 

production d' impulsions laser FR1352786. 

 

17. Gérard Mourou,Toshi Tajima,Nathaniel J. Fisch, Vladimir M. Malkin, Zeev Toroker. 

"Method for the production of ultrashort and ultrahigh peak power laser pulses and system 

for putting into practice this method". N/SL/55468 

18.  M. L. Zhou, X. Q. Yan, T. Tajima, G. Mourou, J. Wheeler,  

Generation of an ultrashort ion bunch, (filed 2015), European Patent FR/14.10.15/ FRA 

1559764 (2018). 

 

19.  Michl Binderbauer, Vitaly Bystritskii, and Toshiki Tajima, Systems and methods for   

      forming and maintaining a high performance FRC,  filed (2015), EU PATENT APPROVED  

      19210201.0-1212 (2020). 

 

20.  G. Mourou, J. Wheeler, T. Tajima, M. Zhou, and X. Yan, generation of an ultrashort ion     

       bunch, submitted for French patent (2016).  

 

21. G. Mourou, J. Wheeler, T. Tajima, and J. C. Chanteloup, Laser game changer, submitted for   

       a French patent (2017). 

 

22. T. Tajima, A. Necas, and M. Binderbauer, Systemsand methods for FRC-Based Transmutator              

      and radioisotope generator,  (filed Aug.1, 2017). T0089.0026.P1 

 
23. T. Tajima and A. Necas, First wall for fusion reactor, (filed Aug. 11, 2017) T0089.0021.P1 

       (consolidated into T0089.0027.WO, Mar.1, 2022). 



  11/17/25 

 

– 72 – 

 

 

 

24. T. Tajima, G. Mourou, and A. Necas, Systems and methods for liquid phase based   

transmutation with laser assisted monitoring,  (filed Aug. 16, 2017) T0089.0028.P2 

 

25. T. Tajima and A. Necas, Transmutation by external neutron source with real-time feedback,     

      (filed Nov. 26, 2017). T0089.0030.P1 

 

26. T. Tajima and A. Necas, Systems of controlled neutron sources for supercritical segmented   

      transmutator, (filed March 7, 2018).  T0089.0031.P1 

 

27. T. Tajima, A. Necas, and A. Muschnikov, Artificial diamond-based materials for the first   

      wall of nuclear devices, (April 27, 2018).  T0089.0027.P2 

 

28. T. Tajima, G. Mourou, and A. Necas, Systems and methods for laser neutron generation   

      for startup and control of liquid-phase based transmutation field, (June, 24, 2018).    

      T0089.0033.P1 

 

29. T. Tajima, M. Binderbauer, and A. Necas, Systems and methods for electrostatic    

      accelerator driven neutron generation for startup and control of liquid-phase based   

      transmutation, (July 2, 2018). T0089.0034.P1.  

 

30. K. Matsumoto, H. Saitoh, D. Tan, A. Shiro, K. Nakai, A. Komatsu, M. Tsujimoto, R.   

         Yasuda, T. Kawachi, T. Tajima, and F. Tamanoi, Destruction of tumor mass by   

         gadolinium-loaded nanoparticles irradiated with monoenergetic X-rays: Implications for  

         the Auger therapy, submitted for a provisional patent (with Kyoto University, QST) (2018) 

 

31. T. Tajima, G. Mourou, R. Dante, and A. Necas, Systems and methods for compact wakefield  

      accelerated electrons and X-rays for cancer diagnostics and treatment, (March 18, 2019).  

     T0089_0041_P1.  PCT/US20/23394 (March 18, 2020). 

 

32. M. Binderbauer, V. Bystritskii, T. Tajima, Systems and methods for merging and   

      compressing compact tori ,  US patent 10,665,351 (May, 2020). 

 

33. H. Gota and T. Tajima, System and methods for forming and maintaining high energy and   

       temperature FRC plasma via spheromak merging and neutral beam injection”,  US       

       patent application no. 17 / 860,294 (July 8, 2022). 

 

34.  T. Tajima and H. Gota, System and methods for flow and shear flow control of FRC plasma      

       system, US provisional patent T0089.0046.P2 (Aug. 30, 2022). 
 

35.  F. Tamanoi, T. Tajima, High-Z atom-containing nanoparticles irradiated with a  

       monochromatic X-ray and cancer therapy with this, 62/907,043 (Sep. 27, 2019),  

       PCT/JP20/36367 (Sep. 25, 2020). 

 

36.  T. Tajima and A. Necas, Carbon negative reactors, T0089.0027.P3 (Mar.1, 2021). 



  11/17/25 

 

– 73 – 

 

       Consolidated into T0089.0027.WO (Mar.1, 2022).(processed on Oct. 3, 2023). 

 

37. Y. Shimabukuro and T. Tajima, Method and apparatus for producing, storing, and  

      separating Helium-3,  TAE ID 1157 10/30 (Oct.30, 2023). 

 

38. Y. Shimabukuro, G. Koumarianou, T. Tajima, and T. Massard, Aneutronic fusion reactor and   

      their wall system including energy conversion capability, TAE ID 1158 10/25 (Oct. 25 22,  

      2023). 

 

39. T. Tajima, A. Necas, and S. Nicks, Collectively enhanced fusion for PB11 reactor      

      (submitted, Aug. 6, 2025) T0089.0052.P1  

 


