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PULSE and IMPULSE of ELI  
(Extreme Light Infrastructure) 

IV. Electron Pulse Coupling with Dielectric Targets 
by Cruise Effect for High-Intensity External Field 

Controlled Lasing

New arguments are presented in favor of the polaritonic model for the transport of the electrons, syn-
chronously with a plasma assisted high-power laser pulse. This kind of transport is in agreement with 
electron beam acceleration by bubble model, and an experimental validation is proposed. Moreover, 
this transport could improve the coupling with different targets, and particularly with a fiber target. A 
short review will be done of the electron transport on the dielectric fiber surface by the Cruise Effect 
and the extension of this effect to laser accelerated electron beams is analyzed. For very thin fiber the 
coupling between cruising electrons and the fiber material are performed mainly by virtual photons 
and the geometrical characteristic could be of interest for gamma ray laser studies (http://handle.dtic.
mil/100.2/ADA398179), for channeling studies and also for a new kind of directional hard X ray sources.

Mihai GANCIU
Institute of Lasers, Plasma and Radiation Physics, 

Low temperature Plasma Laboratory, Magurele - Bucharest,  
E-mail: ganciu@infim.ro

1/29



In memoriam of Professor Geavit Musa 
2/29



INSTITUTE of ATOMIC PHYSICS

Magurele-Bucharest

PULSE and IMPULSE of ELI

("Extreme Light Infrastructure")

VI. ELECTRON PULSE COUPLING WITH DIELECTRIC 
TARGETS by CRUISE EFFECT for HIGH-INTENSITY 

EXTERNAL FIELD CONTROLLED LASING

Mihai GANCIU

Institute of Lasers, Plasma and Radiation Physics, Low Temperature 
Plasma Laboratory, Magurele – Bucharest

ganciu@infim.ro

3/29

mailto:ganciu@infim.ro


PULSE and IMPULSE of ELI (Extreme Light Infrastructure)

• I. ELECTRON PULSES ACCELERATED by POLARITONIC LASER BEAMS
• Marian APOSTOL, Institute of Physics and Nuclear Engineering, Magurele-

Bucharest

• II. EXPERIMENTAL ASPECTS of ELECTRON PULSES ACCELERATED by 
HIGH - INTENSITY POLARITONIC LASER BEAMS

• Mihai GANCIU, Institute of Lasers, Plasma and Radiation Physics, Low 
Temperature Plasma   Laboratory, Magurele – Bucharest

• III. GAMMA LASER CONTROLLED by HIGH-INTENSITY EXTERNAL 
FIELDS

• Marian APOSTOL, Institute of Physics and Nuclear Engineering, Magurele-
Bucharest

• IV. ELECTRON PULSE COUPLING WITH DIELECTRIC TARGETS by 
CRUISE EFFECT FOR HIGH-INTENSITY EXTERNAL FIELD 
CONTROLLED LASING

• Mihai GANCIU, Institute of Lasers, Plasma and Radiation Physics, Low 
Temperature Plasma Laboratory, Magurele – Bucharest

• http://www.ifa-mg.ro/seminarii.php 4/29
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Experimental set up
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Polaritonic pulse of laser accelerated 
electrons
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Polaritonic pulse of laser accelerated 
electrons
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Polaritonic pulse of laser accelerated 
electrons

• Experiment 
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Self-organization and polarization of a mixture of oil and zeolit granules 
subjected to a high intensity electric field induced by a Corona discharge 15/29



Cruise Effect

Phenomenology:

- in the case of dielectric fiber: positive 

charging of the dielectric fiber, due to efficient 

e- emission under e- and photons bombardment 

the beam is attracted

- in the case of metallic wire: no possibility for 

return current negative charging  the 

beam is repelled

M. Ganciu , E.Dewald, M. Nistor, D. Penache, I.I. Popescu, V. Zoran, 
“Surface guided electron beams on dielectric fibers (the cruise effect)” Rom. 

Journ. Phys. 39, 787 (1994)

16/29



• Confinement and transport of electrons in a French Romanian cooperation 1
• Avoiding the fillamentation

Mihai Ganciu-Petcu, Michel Hecq, Stephanos Konstantinidis, Jean-Pierre Dauchot, Jean  Bretagne, Ludovic 
de Poucques, Michel Touzeau, „Deposition by magnetron cathodic pulverization in a pulsed mode with 

preionization”, European Patent Appl., 4447072.2, Mars 22, 2004, WO 2005/090632,

http://www.fist.fr/fr/manufacture-devices/high-power-pulsed-magnetron-without-arc-formation-2.html

LPGP-Orsay
Materia Nova –Mons
IMN – Nantes
CEA – Grenoble
NILPRP - Bucarest

– Thin layer diagnostics by glow discharge optical and mass spectroscopy

EMDPA – EU Project, Horiba Jobin Yvon, NILPRP 

Mihai Ganciu, Constantin. Diplasu, Agavni Surmeian, Andreea 
Groza, Agnes Tempez, Patrick Chapon, Michel Casares, Olivier 
Rogerieux, "Source magnétron pour spectromètre à décharge 
luminescente", French Patent Application 0850055, 04 January  
2008, PCT/FR2009/05008
http://www.bulletins-electroniques.com/actualites/59514.htm
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• Confinement and transport of electrons in a French Romanian cooperation 2
• Using the fillamentation
• Atmospheric pressure, nanosecond discharge, gas jet, runaway electrons

– LPGP, NILPRP, PlasmaBiotics
Mihai Ganciu, Anne Marie Pointu, Bernard 
Legendre, Johanes Orphal, Michel 
Vervloet, Michel Touzeau and Naget 
Yagoubi, “Method for decontamination 

using atomic nitrogen,  US Patent 
Appl.10/610158, published December 30, 
2004, WO 2005/002630, EP1638616 (A0), 
US Patent: 7229582 B2 / June 12, 2007
http://www2.cnrs.fr/presse/journal/1971.htm

– Low  pressure, nanosecond discharge, electron beams

– LPGP, NILPRP, EOARD

M.Ganciu, G.Modreanu, A.M.Pointu, I.I.Popescu, Generation of intense pulsed 
electron beams by superposition of two discharges J.Phys.D.-Appl .Phys. 27, 1370 
(1994) 18/29
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Pseudo-spark discharge with external 
electrodes

Mean electron energy of the fast electrons from beam 17.5 keV

FWHM of fast electron energy spectrum 7 keV

Temporal width of the fast electron beam 10 ns

Temporal width of the beam 14 ns

Minimum beam diameter (from anodic target damage) 50 m

Maximum beam current (~0.1 of maximum discharge current) 65 A

M.Ganciu, G.Modreanu, A.M.Pointu, I.I.Popescu, Generation of intense pulsed 
electron beams by superposition of two discharges J.Phys.D.-Appl .Phys. 27, 1370 
(1994)
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A demonstrative portable device (20 12 

4cm) allows to apply high voltage in 

trapezoidal pulses with 6 kV peak-to-peak 

amplitude on a sealed discharge tube. Two 

cylindrical electrodes, capacitively coupled 

with the internal dielectric surface of the 

discharge tube, ensure the coupling of 25 

kHz electrical pulses with internal gas 

(argon at 0.3 Torr). The discharge tube is 

quite similar with a channel spark with 

dielectric electrodes. The filamentary 

plasma is associated with an electron beam 

and the fluorescence spot is induced by the 

impact of the magnetically deflected 

electron beam on the glass discharge tube 

wall.

M. Ganciu and A.M.Pointu, International Conference on 

Phenomena in Ionized Gases, Warsaw, 11-16 July 1999
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crude model: static + monoenergetic

a. free cathode- anode space

b.   with an axial  dielectric fiber

X-ray emission associated has an intensity comparable to that generated by the electron 
beam totally stopped in a stainless steel anode. 22/29



Under certain conditions, a dielectric fiber containing nuclear isomers such 178Hf 
m2 may become active medium for gamma ray emission. An X ray generator 
based on the scheme proposed in this paper may provide an optimum coupling of 
the radiation to the active medium. More specifically, assuming that the nuclear 
isomers are concentrated along the center of the fiber and the X rays are 
generated around the fiber, the radiation power density at the isomers is inversely 
proportional to the radius of the (cylindrical) emitting surface. This hopefully would 
pave the way towards fillamentary hard X-ray pumping sources strongly coupled 
with the irradiated active media, as requested for induced gamma emission. 
Accordingly, for the future  our research will be devoted to investigate the CE on 
multilayer dielectric targets at higher electron beam densities and energies.

We anticipated that for a dielectric fiber as target, provided a proper plasma (laser 
or discharge plasma)  is generated on the cruising surface the CE would work also 
for relativistic electrons. In this case the X-ray emission by bremstralung is main 
concentrated along the dielectric fiber inside a cone with an opening angle of 2/
(where is the relativistic factor for the fast electrons in the beam).

contract F61775-00-WE061 with EOARD-US Air Force “Fast pulsed X-ray sources 

tightly coupled with small targets for isomer triggering studies”

http://handle.dtic.mil/100.2/ADA398179

contract F61708-96-WO193 with EOARD-US Air Force “Spatial and energetic 

characterisation of x-ray emission from inverse capillary discharges”

http://handle.dtic.mil/100.2/ADA337641
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Experimental setup

RSG-rotary spark-gap; DT-discharge tube; PM1 and PM2 -photomultipliers; OF-

optical fiber; S1 and S2- scintilators; F-filter; K1 and A1- cathode and anode for pulsed 

discharge; PE preionization electrode; R1 = 10 k , R2= 50 , R3 = 10 M , R4 = 1 

M , C = 3.3 nF; PT- pulse transformer 1:3; L1 = coaxial cable (l = 1 m) Z = 50 , L2 

= coaxial cable(l = 1 m) Z = 50 ,

Photo of the multilayer 

target after the 

interaction with a 

monopulse electron 

beam when the 

melting threshold and 

the ablation threshold 

of gold were exceeded
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• Project:

• - Laser accelerated electron micro- beams coupled with 
dielectric fiber by Cruise Effect

• Goals
• - Low divergence hard X-ray – source
• - Giant Dipolar Resonance studies
• - Activation of micro - fibers 
• - Gamma-ray laser research
• - Cruise Effect assisted polariton transport (Cruising Polariton)

• Advantages:
• - pumping with very high intensity electron beam in a time ~ life time 

of the nuclear excited states of interest (in ps range)
• - electron micro-beams in plasmas (nC/J, 10-100MeV, fs-ps range)  
• - avoiding of the heating or/and ablation for the interest material 

during the pumping by electrons or / and hard X-rays     
Patent pending
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Conclusions

• Polaritonic model – plasma assisted transport of the electrons 
synchronously with a high power laser pulse

• This kind of transport is in agreement with electron beam 
acceleration by bubble model

• Experimental validation by using TW lasers is proposed 
• Cruise Effect could ensure strong coupling of laser accelerated 

electrons with dielectric target 
• New kind of directional hard X-ray sources
• Activated micro-fibers
• Gamma ray laser studies
• Channeling studies 
• X-ray laser studies 
• New kind of electron – photon transport in polariton mode ?   
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Thank you for your attention
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