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 Introduction and review of previous 
preglow investigations

 New experimental results @ 37 GHz

 Future plans



Motivation: CERN Motivation: CERN BetaBeta--beam beam and and 
EURISOLEURISOL

 Short pulse MCI source (20-100 µs) 

Design Study
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Two ways of short pulse creationTwo ways of short pulse creation

Short pulse ECR Ion Source

Quasi-stationary generation of MCI
(Quasi-gasdynamic Ion Source)

Nonstationary  generation of MCI
(preglow & afterglow effects)

25 µs Total ion current

Rising time~15 µs



Gyrotron
1O kW@28 GHz

90 Bending Magnet

PHOENIX 
ECR Source

60 kV Platform

Klystron 
2 kW@18 GHz
(not visible)

Diagnostics

Grenoble MCI sources,28 GHz Grenoble MCI sources,28 GHz 



««PreglowPreglow»» effecteffect

0 0 .0 0 2 0 .0 0 4 0 .0 0 6 0 .0 0 8

tim e , se co n d s

0 .0 E + 0 0 0

4 .0 E + 0 1 1

8 .0 E + 0 1 1

1 .2 E + 0 1 2

1 .6 E + 0 1 2

Io
n

 d
e

n
s

it
y

, 
c

m
-3

F ree  p a ra m e te rs :

M ic ro w a ve  po w e r: 9 00  W  th ro u gh  1  cm 2 o f E C R  zo n e

       (to ta l p ow e r 1 1 .3  kW , 18  G H z) 

In itia l n eu tra l ga s  d en s ity : 2 *1 0 1 2  cm -3

T ran sve rsa l con fin e m en t tim e :  2 0 0 s

R a tio  o f e x trac tio n : 1 0 %

C a lcu la ted  pa ra m e te rs :

E lec ro n  te m pe ra tu re  a t th e  4 00 s : 1 .5 5  K eV

H e +

H e 2+

3He2+

3He+

preglow

preglow

T. Thuillier, T. Lamy, L. Latrasse, R. Geller, I. Izotov, A. Sidorov, V. Skalyga, V. Zorin, M. Marie-Jeanne. Study of pulsed electron 

cyclotron resonance ion source plasma near breakdown : The Preglow. Review of Scientific Instruments, 79, 02A314 (2008).



Experimental and theoretical investigationExperimental and theoretical investigation
of Preglow in classical ECRISof Preglow in classical ECRIS

1. Phoenix 18 GHz, France, Grenoble, LPSC + IAP RAS, Russia.

2. Phoenix V2 28 GHz, France, Grenoble, LPSC + IAP RAS , Russia. 

3. ECRIS, 14 GHz, Finland, University of Jyvaskyla (JYFL) + IAP RAS , Russia.



10
12

10
13

10
14

Steady-state plasma density, cm-3

0.1

1

10

100

P
G

W
 I

m
a

x
, 
e

A
/c

m
2

Legend

p=100 W/cm2

p=300 W/cm2

p=500 W/cm2

p=1000 W/cm2

p=3000 W/cm2

p=5000 W/cm2

p=10000 W/cm2

p=20000 W/cm2

p=40000 W/cm2

He++ PGW Imax

18 GHz

28 GHz

37 GHz

60 GHz

10
12

10
13

10
14

Steady-state plasma density, cm-3

0

10
-5

2x10
-5

3x10
-5

4x10
-5

5x10
-5

P
G

W
 F

W
H

M
, 
s
e
c

o
n

d
s

0.0

0.5

1.0

1.5

2.0

2.5

3.0

I2
+

m
a

x
/I

1
+

m
a
x

FWHM

I++
max/I

+
max

FWHM & Current ratio

18 GHz

28 GHz

37 GHz

60 GHz

In short preglow peak effective generation of multicharged ions 
is possible under conditions of high frequency powerful heating

Theoretical scaling for Preglow parametersTheoretical scaling for Preglow parameters



SMIS 37/75SMIS 37/751 - Gyrotron (37.5 GHz, 100 kW), 2 – focusing lens, 3 – plasma chamber, 4 - coupler, 5 

– MW detector, 6 – magnetic coils, 7 – MW quartz window, 8 – diagnostic chamber, 9 –

pulsed neutral gas input, 10 – plasma electrode, 11 - puller, 12 – high voltage insulator
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20 µs
Preglow

Afterglow

Total ion current

MW pulse MW pulse

Тmw=300 µs Тmw=200 µs

««PreglowPreglow»» effect @ 37 GHzeffect @ 37 GHz
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Initial neutral density, cm-3
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Ion currentsIon currents
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Ion charge state distribution in Ion charge state distribution in 
Preglow peakPreglow peak
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MHD perturbations (long pulse)MHD perturbations (long pulse)

MHD

MHD

1

MHD doesn’t depend on electron density

T – decreasing with increasing of gas density Na

If T<
MHD

, we can forget about MHD stabilization

about “min B”, about hexapole

Streak photos
Plasma was confined 
in a mirror trap

MW beam t
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Prospects for improvement Prospects for improvement 
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Future investigationsFuture investigations

1. SMIS 75 @ 75 GHz

2. SEISM prototype

(Sixty GHz ECR Ion Source using Megawatt Magnets)

3. Efficiency study

@ 60 GHz



ConclusionConclusion

1. Preglow could be observed in any kind of ECR ion source

2. Tuning of Preglow parameters is very complicated

3. Short Preglow peaks with high average charge could be produced 


