Present Status of feasibility check on Polarized 3He lon Source

Yasuhiro Sakemi : 2003-September-4

- * Optl cal > ECR To Injector
. Pumping . | onizer . (AVF Cyclotron)
(@) (@)

3He Atoms Polarized Polarized
SHe Atoms SHe?* ons

Depolarization in ECR plasma!
Solution to keep polarization
= High Frequency ECR lonizer with ‘adjustable mirror ratio’
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Summary of solution to each depolarization mechanism

Depolarization dueto:
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High frequency ECR lonizer || Adjustable Mirror Ratio

Micro Wave Power

Solutionsto reduce depolarization in ECR plasma



lon Confinement Time

Confinement Time measured by R.C.Pardo@ANL
with 10GHz ECR ion source by laser : lon Confinement Time
(ref: Rev.Sci.lnst. 67 (1996) 1602 ) _
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lon confinement time : depend on 5
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mass number ;A ...:
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lon Confinement Time dependence on Mirror Ratio

guess ?
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Conclusion : Obtained Polarization

Polarization ~ 30 % will be achieved
with Polarized 3He gas : 50 % input 50

lon Confinement Time : 1.5 msec input

Depolarization due to ionization, de-
ionization effects : included

polarization
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Depolarization due to ESR effects ~ not

included for the reason described later + 20
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3He Gas Polarization = 50 %

Calculation with Tanaka-Model
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Additiona Information

If we apply nice Mainz *He polarizer, ESR effects ~ what should be checked:
High polarized 3He gas : 80 % is obtained ! Can be neglected or should be included ?
(lon Confinement Time =1.5 msec) (lon Confinement Time = 1.5 msec)
3He Gas Polarization 80 % 3He Gas Polarizaton 50 %
35
30
IS 525
4 4=
] <
S o
o 15
T T
+ )
T & 10
™ o
5
0
0 5 10 15 20 0 5 10 15 20
ECR frequency (GHz) ECR frequency (GHz)

+ W/0 ESR + neutral density = 7*E11 /cm3
= W/0 ESR + neutral density = 5*E10 /cm3
¢ ESR + neutral density = 7*E11
o ESR + neutral density = 5*E10

# neutral density = 7*E11 = neutral density = 5*E10



Comparison with Prof. Tanaka-san’ s parameters
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What should be careful !

3006V 600eV
P.Sortais : Rev.Sci.Inst 67(1996)867 detail
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Conclusion at Present
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Detail

lonization Cross Section

Electron-Impact lonization Cross section :
(Lotz formulae : ref Z.Phys. 216 (1968) 241 )
o =2 aq; In(E/P,)/(EP;){1-b,exp[-
G(E/P-1)]}

lonization Energy :
He (1S9
He (1SY)

:246¢eV : He ->He'
:54.4 eV : Het+ -> He'

Electron energy for lonization

P.Sotais (ref: Rev.Sci.lnst. 67 (867) 1996
Ar charge state
Rate equation
100eV  Maxwell
Ar8+

148eV  charge state distribution

confinement time 10 usec ~ 1 msec
saturate

1~2 keV
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Detail

lonization Time

lonization Time =

1l/(nex Vex sigma(He->Het) ) +
1/(nex Vex sigma(He +->Het++) )
where : ne: electron density ~ 1012 /cm3
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Detail

De-lonization Cross Section

De-ionization (charge exchange) Cross Section De-ionization Rate ( x
Ref: Phys.Lett A59(1976)19, 62(1977)391
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Detail

De-ionization Time

De-lonization Time =
1/(n0x Vix sigma(Het++->Het) ) +
1/(n0x Vix sigma(He +->He) )
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Detail

| nput Parameters

charge state
Rate Equation
Maxwell
Ee=2keV
Parameters Unit | Vaue Comments

Electron density Ne | cm3 1012
Neutral atom density | N, | cm3 | 5x 1010
Electron temperature | Te | eV 2000 | Maxwell distribution

( should be updated )

Others




Detail

lon (3He) Confinement Time and Temperature

ECR
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Detail

lon Confinement Time dependence on Mirror Ratio
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Detail

Electron Confinement Time
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Detail

Comparison of 1on and Electron Confinement Time
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Detail

Charge State Density :

charge state density Rate Equation

Rate equation of each charge state density :
dny/dt = NgN;1<0 1.5 "V € + NN,y <T g5 &V 1>
“NYNi<O 5 11%V 1> - NN<O 54,V €

under the condition : Charge neutrality of the plasma:

2 inj=n,
Input Parameters:
electron density ‘ne : rate equation
electron temperature : Te~V e
neutral density :n0
lon Confinement Time: 7 i : balance equation
Rate Equation
10 usec ~ 10 msec Ar charge state distribution
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Detail

Extracted Beam Intensity

Beam Intensity :

J=i n; I/t ; 1.6 1019 A/cm?

Charge State Distribution :

charge state

ECR

Rate Equation




Detail

Spin Flip due to ESR effect




Detail

agkrwbdpE

What should be checked/done further

Non-liner Rate equation solve ?

Potential from electron plasma estimation
Micro wave power and electron temperature
ANL mirror ratio ?

Vacuum in ECR ion source




