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 This report summarizes the accomplishment of sixteen years of work toward the 

development of thin foil Faraday collectors as a lost energetic ion diagnostic for high 

temperature magnetic confinement fusion plasmas. Following initial, proof of principle 

accelerator based studies1,6,8,11 , devices have been tested on TFTR5, NSTX10,12,15, ALCATOR14, 

DIII-D 14,23, and JET (KA-13,9 and KA-217, 21, 22, 24). The reference numbers refer to the attached 

list of publications. The JET diagnostic KA-2 continues in operation and hopefully will provide 

valuable diagnostic information during a possible d-t campaign on JET in the coming years. A 

thin Faraday foil spectrometer, by virtue of its radiation hardness14, may likewise provide a 

solution to the very challenging problem of lost alpha particle measurements on ITER and other 

future burning plasma machines.20.  This work has benefitted from extensive collaboration. The 

collaborators include Neil Jarvis, Piet van Belle, Guy Sadler, Vasily Kiptily, Doug Darrow, Bob 

Ellis, Alan Horton, Keith Fullard, Bill Heidbrink, Sid Medley and Earl Marmor. In addition we 

gratefully acknowledge the cooperation and support of Darlene Markevich and Erol Okley both 

recently retired from the Office of Fusion Energy Sciences at the U.S. Department of Energy 

 

 

 

 



Project Publications 

1. F.E. Cecil, P. van Belle, O.N. Jarvis and G.J. Sadler, "Development of a thin foil Faraday 

collector as a lost alpha particle diagnostic for high yield d-t tokamak fusion plasmas. Proc, 21st 

European Physical Society Conference on Controlled Fusion and Plasma Physics (Montpelier) 

European Conference Abstracts, 18B (1994) 1340. 

 

2. G.J. Sadler, J.M. Adams, F.E. Cecil, G.A. Cottrell, A. Gondhalekar, J. Hoekzema, O.N. Jarvis, 

M.J. Loughlin, F.B. Marcus, P. Van Belle and M. Von Hellermann, "Fast particle diagnostics at 

JET: status and plans" Nuclear Fusion 35 (1995) 1609. 

 

3. M.J. Loughlin, F.E. Cecil, M.Hone, O.N. Jarvis,G.J. Sadler, P. Van Belle, G. Whitfield, 

"Initial operation of ITER compatible lost alpha detector at JET". Proc.  International Conference 

on Diagnostics for ITER (Varenna) Plenum Press, New York and London (1996) pp.  

 

4. B. Esposito, R. Martin Solis, P. van Belle, O.N. Jarvis, F.B. Marcus, G. Sadler, B. Fischer, P. 

Froissard, J.M. Adams, F.E. Cecil and N. Watkins, "Runaway electrons in the JET tokamak", 

Plasma Physics and Controlled Fusion, 38 (1996) 1  

 

5. M.J. Loughlin, F.E. Cecil, M.Hone, O.N. Jarvis,S. Medley and L. Roquemore,G.J. Sadler, P. 

V. Belle, G. Whitfield,"An  ITER compatible thin foil Faraday collector as a lost alpha particle 

diagnostic for high yield d-t tokamak plasmas". Rev. of Sci.c Instrum. , 68 (1997) 361  

 

6. F.E. Cecil, J.C. Barbour, P. v. Belle, M. Hone, O.N. Jarvis, S. Kern, M. Loughlin. S. Medley, 

A. Nowak, A. Roquemore, G. Sadler, Y. Takimoto and G. Whitfield, "A thin foil Faraday 

collector as a radiation hard, high fluence charged particle spectrometer", "Proceedings of 

International Conference on Nuclear Data in Science and Technology"  (Trieste); Eds. G. Reffo 

and A. Ventura, (1998) 562. 

 

7. F.E. Cecil, J.C. Barbour, P. v. Belle, M. Hone, O.N. Jarvis, S. Kern, M. Loughlin. S. Medley, 

A. Nowak, A. Roquemore, G. Sadler, and Y. Takimoto, "Development of a  thin foil Faraday 



collector as a lost alpha particle diagnostic for high yield d-t fusion plasmas" in Diagnostics for 

Experimental Thermonuclear Reactors,2, ed P.G. Stott, Plenum Press, New York,  (1998) 525 

 

8. F.E. Cecil, B. Roy, S. Kern, A. Nowak, Y Takimoto, O.N. Jarvis, P. v. Belle, G.J. Sadler, M. 

Hone, M. Loughlin, D. Darrow, S.S. Medley, L. Roquemore and C. Barbour, "Development and 

operation of a thin foil Faraday collector as a lost ion diagnostic for high yield d-t tokamak 

fusion plasmas" Rev.  Sci.  Instruments" 70, (1999) 1149 

 

9. O.N. Jarvis, P. van Belle, G. Sadler, G.A.H. Whitfield, F.E. Cecil, D. Darrow and B. Esposito, 

"Measurements of escaping fast particles using a thin foil charge collector", Fusion Technology. 

39, 84 (2001) 

 

10. D.S. Darrow, R. Bell, D.W. Johnson, H. Kugel, J.R. Wilson, F.E. Cecil,R. Maingi, A. 

Krasilnikov and A. Alekseyev. "Fast ion loss diagnostic plans for the National Spherical Torus 

Experiment" 72. 784 (2001). 

 

11. F.E. Cecil, Brian Roy, Christian Sutton and Nicole Wasinger. "A thin film device as a low 

energy, high flux charged particle spectrometer". Reviews of Scientific Instruments. 72. 792 

(2001). 

 

 

12. Douglass Darrow and Edward Cecil.  “Neutral beam ion loss measurements in NSTX 

plasmas”. APS Division of Plasma Physics Annual Meeting. Miami. Nov 12. Abstract published as 

http://www. aps.org/ meet/ DPP02/ baps/ abs/ S900102. 

 

12. M. Miah, W.W. Heinbrink, D. Darrow, B. LeBlanc, S. Medley, and F.E. Cecil. “Confinement 

of dilute populations of beam ions in stable NSTX plasmasAPS Division of Plasma Physics 

Annual Meeting. Miami. Nov 12. Abstract published as as 

http://www.aps.org/meet/DPP02/baps/abs/S900103  

 



13. Robert Ellis, Douglass Darrow, Andreas Werner and Edward Cecil;  “An energetic ion loss 

diagnostic for JET”. APS Division of Plasma Physics Annual Meeting. Miami. Nov 15. Abstract 

published as http://www.aps. org/meet/DPP02/baps/abs/S2240012 

 

14. F.E. Cecil, A. Aakhus-Witt, J. Hawbaker, J. Sayers, A. Bozek, W. Heidbrink, D. Darrow, T. 

Debay, E. Marmar, “Thin foil Faraday collectors as a radiation hard lost fast ion diagnostic”. 

Reviews of Scientific Instruments. 74. 1747 (2003). 

 

15. W. W. Heidbrink, M Miah, D Darrow, B LeBlanc, S S Medley, A L Roquemore and F E 

Cecil “The confinement of dilute populations of beam ions in the National Spherical Torus 

Experiment” Nuclear Fusion 43, 883 (2003). 

 

17. Ed Cecil Doug Darrow, Bob Ellis Stephan Baumel, Andreas, Vasily Kiptily, “Design of Fast 

Ion Loss Diagnostics for JET”, Bulletin of the American Physical Society 48,  204 (2003). 

 

18 S. Baeumel, A. Werner, D. Darrow, R., F.E. Cecil, V. Kiptily, H. Altmann, L. Pedrick 

“Scintillator Probe Alpha-loss diagnostic for JET”,  Bulletin of the American Physical Society 48,  

204 (2003). 

 

19. S. Baeumel, A Werner, R. Semler, S. Mukherjee, D. Darrow, R. Ellis, F.E. Cecil,L. Pedrick, 

H. Altmann, V. Kiptily and J. Gafert. "Scintillator probe for lost alpha measurements in JET ";   

Rev. Sci. Instrum. 75, 3563, (2004)  

 

20. F. E. Cecil, D. S. Darrow, and R. V. Budny. "Preliminary calculations of expected signal 

levels of a thin Faraday foil lost alpha particle diagnostic for International  Thermonuclear 

Experimental Reactor " Rev. Sci. Instrum. 75, 3569 (2004)   

 

21. S. Baeumel, A. Werner, R. Semler, S. Mukherjee, D.S. Darrow, R. Ellis,F.E. Cecil,  L. 

Pedrick, H. Altmann, V. Kiptily “Design of lost alpha particle diagnostics for JET  “, Fusion 

Engineering and Design, 74, 853-857 (2005).  al. 

 



22. D. S. Darrow, S. Bäumel, F. E. Cecil, V. Kiptily, R. Ellis, L. Pedrick, and A. Werner. 

“Design and construction of a fast ion loss Faraday cup array diagnostic for Joint European 

Torus”  Rev. Sci. Instrum. 75, 3566 (2004). 

 

23. W.P West, C.J. Lasnier, J.G. Watkins, J.S. deGrassie, W. Heidbrink, K.H. Burrell and F.E. 

Cecil. “Observation of fast ion loss to the plasma facing walls during quiescent H-modes on 

DIII-D.  J. Nucl. Materials 337-339, 420 (2005) 

 

24. Doug Darrow, Stephan Baumel, Ed Cecil, Bob Ellis, Keith Fullard, Ken Hill, Alan 

Horton, Vasily Kiptily, les Pedrick, Matthias Reich and Andreas Werner. “Initial results from 

the lost alpha diagnostic on Joint European Torus” Rev. Sci. Instrum. 77, 10E701 (2006). 

 

25. G.J. Kremer, M.F.F. Nave, R. Nazikain, D.S. Darrow, H. Hill, E. Mazzucato, M.R. 

deBaar, V. Kiptily, S.D. Pinches, S.E. Sharapov, E. Rachlew, M. Reich, S. Hacquin, F. Nabais, 

F.E. Cecil, JET-EFDA Collaboration. “Giant Sawteeth stability and core localized fluctuations 

in JET plasmas.” American Physical Society Division of Plasma Physics Annual Meeting. 

Philadelphia. (2006). http://meetings.aps.org/Meeting/DPP06/Event/52539. 

 

26. F.E. Cecil, S. Baumel, M. Reich, A. Werner, D.S. Darrow, H.W. Hill, G.J. Kramer, V. 

Kiptily. “Fast ion loss measurements from JET plasmas” American Physical Society Division of 

Plasma Physics Annual Meeting. Philadelphia. (2006). Abstract published as  

http://meetings.aps.org/Meeting/DPP06/Event/52541. 

 

27. A. Murari, T. Edlington, J. Brzozowski, E. de La Luna, P. Andrews, G. Arnoux, F.E. Cecil, 

L. Cupido, D. Darrow, V. Kiptily, J. Fessey, E. Gauthier, S. Hacquin, K. Hill, A. Huber, T. 

Loarer, K. McCormick, M. Reich and JET-EFDA Contributors, “JET New Diagnostic Capability 

on the Route to ITER” EFDA-JET-CP(06)-04-17. 

 

28. K. Hill,D.Darrow,F.Cecil,V.Kiptily,M.Reich, T. Johnson, A. Salmi, and JET-EFDA 

Contributors. “Effects of MHD and other parameters on fast ion losses from JET”. Proc. : 12th 

US-EU Transport Taskforce Workshop, San Diego, USA, 17th April 2007 



 

29.  V. Kiptily, F.E. Cecil, D. Darrow, P. de Vries, K. Hill, T. Johnson, M. Reich, A. Salmi, R. 

Budny, M. Cecconello, V. Goloborod'ko, I. Jenkins, E. Joffrin, S. Sharapov, R. White, V. 

Yavorskij. “Observation of fast ion losses in JET ripple experiment.” Proc. : 10th IAEA 

Technical Meeting on Energetic Particles in Magnetic Confinement Systems, Kloster Seeon, 

Germany, 8th October 2007. 

 

30. V. Kiptily, G.; Borba, D.; Cecil, F. E.; Cecconello, M.; Darrow, D.; Golobrod'ko, V.; Hill, 

K.; Johnson, T.; Murari, A.; Nabais, F.; Pinches, S. D.; Reich, M.; Sharapov, S. E.; Yavorskij, 

V.; Chugunov, I. N.; Gin, D. B.; Gorini, G.; Shevelev, A. E.; Syme, D. B.; Zoitam, V.  “Fast ion 

JET diagnostics: confinement and losses” International Conference on Burning Plasma 

Diagnostics, Varenna, 2007; AIP Conference Proceedings vol 988 (2008) 

 

31. V Kiptily S.D. Pinches, S.E. Sharapov, D. Borba, F.E. Cecil, D. Darrow, V. 

Goloborodko, T. Craciunescu, T. Johnson, F. Nabais, C. P. Perez von Thun, M. Reich, A. Salmi, 

V. Yavorskij, M. Cecconello, G. Gorini, P. Lomas, A. Murari, V. Parail, S. Popovichev, G. 

Saibene, R. Sartori, D.B. Syme, M. Tardocchi, P. de Vries,V.L. Zoita.  : Recent Progress in Fast-

Ion Physics on JETConference : 22nd IAEA Fusion Energy Conference, Geneva, Switzerland, 

13th October 2008. and Nuclear  Fusion 

 

32. V. Kiptily , S.D. Pinches, S.E. Sharapov, B. Alper, F.E.Cecil, D. Darrow, V. Goloborod'ko, 

D. Howell, A.W. Morris, C. Perez von Thun, V. Plyusnin, A. I. Smolyakov, V. Yavorskij, M. 

Gatu Johnson, T. Craciunescu, C. Hellesen, T. Johnson, Y. Liang, H. R. Koslowski, J. Mailloux, 

F. Nabais, M. Reich, P. de Vries, V.L. Zoita  : Studies of MHD Effects on Fast Ions in 

JETJournal : Nuclear Fusion. (2008) 

  

33. F.E. Cecil,V. Kiptily, A. Salmi, A. Horton , K. Fullard , D. Darrow and K. Hill, “Analysis of 

and proposed solution for the anomolous currents in the front foils of the JET lost alpha particle 

diagnostic KA2” JET Internal Report (2008). 

 



34. V.G. Kiptily, C.P. Perez von Thun, S.D. Pinches, S.E. Sharapov, D. Borba,F.E. Cecil, D. 

Darrow, V. Goloborod’ko, T. Craciunescu, T. Johnson,F. Nabais, M. Reich, A. Salmi, V. 

Yavorskij M. Cecconello, G. Gorini,P. Lomas, A. Murari1, V. Parail, S. Popovichev, G. Saibene, 

R. Sartori,D.B. Syme,M. Tardocchi, P. de Vries, V.L. Zoita and JET-EFDA Contributors ; ” 

Recent progress in fast ion studies on JET” Nucl. Fusion 49 (2009) 065030.  

 

35. D.S.  Darrow, F. E. Cecil, V. Kiptily, K. Fullard, A. Horton, A. Murari, and JET EFDA 

Contributors,” Observation of alpha particle loss from JET plasmas during ion cyclotron 

resonance frequency heating using a thin foil Faraday cup detector array”.Rev. Sci. Instrum. 81, 

10D330 (2010)  

 

36. F.E Cecill,V. Kiptily, A. Salmi, A. Horton, K. Fullard, A. Murari . “The anomalous currents 

in the front foils of the JET lost alpha diagnostic KA-2”. Rev Sci Instrum 81, 10D326 (2010) 

 

37. F. E. Cecil, D.S. Darrow and V. Kiptily, “Correlation between KA2/JTOT and JET 

magnetics” JET Internal Report (2011). 


