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Aims of Pure He Plasma Experiments on JET

|mprove the understanding of:
— Confinement and transport
— L-H transition and edge physics
— Divertor physics and its link with plasmawall interactions
* Remove chemical pathways in the erosion of carbon

Provide a data base for possible H-mode Helium plasma
operation for the low activation phase of ITER
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He versus D operation

e Scalinginmassand Z
* No chemical effectsin plasmawall interaction
» Lesscharge-exchange neutral fluxes

Boundary conditions
— No helium wall pumping
— Mostly no He-divertor pumping unless Ar-frosting
» Leadsto poor density control, higher edge densities
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Comparison of D and He Operation

* Choose a range of operating regimes and discharge configurations for
similar cases exist in both D and He (all for Mark I1GB)

+ 83 discharges, 41 in D, 42 in He
+ Multiple time sampling in each discharge - data averaged over ~0.5 s

+ Limited and diverted (ohmic, L- and H-mode) phases

#54000,t=58 s #54143,t =068 s #54157t=060s
Standard fat High clearance High clearance High triangularity ITER-like
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JET

Carbon release and Zeff (L-mode)

for D and He Plasma Operation

L-mode density limit, He / D
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Total neutron rate vs. Power:

FUSION DEVELOPMENT AGREEMENT

JET

criteriafor low activation satisfied
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High Purity He Discharges achieved
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Energy Confinement vs. Power

PHASE

s Div. 02

o Div. L
— Div. H ELMy
=) s Div. H ELM-free
=T
£
3
=T,
J
v
0.4

| | ; | |
0 5 10 15 0 5 10 15
F'IN (MG3/YTO) [IMW] FIN (MG3/YTO) [MW]

General reduction in confinement between D and He
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JET

Cl11 outer divertor versus n,

T
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e ClII flux lower in He than D
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Although outer target
carbon source lower
in He than D,
emission higher
during H-mode than
at inner target -
increasing importance
of physical sputtering
at outer target?
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JET

Cl11 inner divertor versus n,

5
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e ClII flux much lower in He than D
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Inner divertor carbon
source much lower in
He than D for all
densities and conf.
regimes. Clear
indication of large
reduction in chemical
sputtering at inner
target.
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Density Limits

JET

#44819 (D)
#53995 (He)
Lim. QQ

#53088 (D)
#54029 (He)
Div. Std Fat
L-mode, 2MW

#53080 (D)
#54030 (He)
Div. high
clearance
L-mode, 2MW ©

n, [x10" m?

n/nyy

Pran/Pin
Density limit in He
about 2x that in D
Limit occurs at much
higher radiation
fractions for He
compared with D

50 . 52 . o4

5;[} 5:5 E:G 5;5
Time [s]

50 55 60 65



“EFDG EUROFEAN FUSION DEVELOPMENT AGREEMENT

Divertor radiation: D to He comparison

BO1 53088 19.900000 MW m™ BO1 54029 21.000000 MW

1.0 1.5

Z{m)

2.0 25 3.0 3.5
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#353033 gD) , #54028 (He)

(near disruption) n, =3.5 x10"” m

Radiation tends to accumulate nearer strike zones in D but nearer X-point
in He.
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Summary- a comparison of D and He plasmas

o Very different impurity production than found with D
— Much reduced or absent chemical sputtering at inner target
— Much lower main chamber CX fluxes
— Incremental Zeff lower

e Density limits about afactor 2 higher in He:
— Radiation distributions very different near disruption

e Detachment very different in He:

— Power flux detaches before particle flux
— Outer target particle flux detaches more easily than in D

e Confinement in He drops by about 15-20%
e L-H Threshold in He about 50% above that in D



“EFDG EUROFEAN FUSION DEVELOPMENT AGREEMENT

Summary- Helium Operation for ITER

e Advantages of Hefor ITER low activation phase:
— Much lower chemical erosion of C (ie lower Zeff)
— Spreading of power on divertor appears better
— Density limit is higher

« Disadvantages of an ITER phasein He

— L-H power threshold is ~50% higher and confinement is ~17% |lower
than D

— Detachment not partial but “complete” when it occurs
— Density control appears to be difficult
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