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Study in the Divertor Simulator MAP-II

3 ’. g 2 1 = - -
- — _— :.:?-, - -

He EIR Plasma @ 2nd Chm. H, MAR Plasma @2nd Chm.

-

Objective: Clarifying the A&M processes relevant to the plasma detachment
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Gryzinski Method for spin-change excitation cross-section
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Radiative transition ratio
Rotational structure: HoOnl-London factor

Vibrational structure: Franck-Condon factor 27 +1
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Experiment:. Hollow cathode glow discharge
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N(d,v')IN(d,0,Q br.)

N(d,v')IN(d,0,Q br.)
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PR branches exhibit anomaly.

T, (P) should be equal to T, (R).
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Behavior of the recombination front (1st chamber)

Discharge conditions: V=65 V, 1=30 A. Recombination front was moved
without changing its shape, by controlling the gas pressure (80-145 mTorr)

P eutra=82 mtorr P reutra=108 mtorr P eutra=130 mtorr P eutra=140 mtorr

Since the position of the laser is fixed, the gas pressure can be interpreted
as the spatial position along the plasma column.

Electron collisions determine the shape of the recombining front:
-loninzing plasma (e-n and e-i) // Recombining plasma (e-i)

-Increasing the neutral pressure affects mainly the ionizing plasma region.
-Energy relaxation length (elastic) ~ 15 cm. --> determines the T, profile.

BIEETSATRDURRNIV I E OB ONDBFRE0.05V)IIEFETESN?
- —H— NAYEELE TR Z B A& 7=



LTS and OES systems on MAP-II
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- A second harmonic Nd:YAG Laser (=
400-500 md / pulse @532 nm, 7 ns, 10 Hz) is

used as the probe beam.

beam dump -An object lens with a 150-mm focal length

~ and a 100-mm in diameter is used to image
the 12 mm vertical scattering region onto an
optical fiber array with a magnification of 2/3.

B f150 - Viewing optics are also used for the optical
© ¢ 100 emission spectroscopy (OES) for the
obj.lens  comparison with LTS.
polarizer
0 I':"""'"""_"_ For OES
~

double monochromator

Rayleigh block
L\ )
L |

G

Low resolution
spectrometer
(AN ~ 0.5 nm,
e 0220 00 )
Linear CCD
(2048 pix,12bits)
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Stages of the development of Double Monochromator (DM)

lonizing = H,-MAR Transition EIR

L N S S s S o o

4V 3 o2 1 05 03 0.1 0.08 0.06 0.04

< . .
Safety margin(fitting mask) Ideal limit (by RB)

Interference filter

[
|
[ |

System-0 : Conventional DM (= Homo-Tandem type)
0.2 -03 <T,=< 40eV (2004-2005)

A. Okamoto, S. Kado, et al.,Rev.Sci.Instrum. 76(2005). ngleiqh block: DM: focal length
~0.3mm 135 + 135 mm
System-| (F/2.8)
0.07 -0.13 =T, < 40eV (2006) J~0.2mm

F. Scotti, S. Kado, et al.,Plasma Fusion Res. 1 (2006) 054 .

System-Il : Development of Hetero-Tamdem DM

0.03 -0.048 <T. < 40eV (2007, still in progress) (ZIS/(;)"' 100 mm

F. Scotti,, Master Thesis: The University of Tokyo (2007.8 ) .



LTS vs Spectroscopy (System| T, ,,~ 0.13eV)

-0~ CR model (n=3,4)

1014

[CR(n=3,4)]

lonizing
|

dewated |
Recombining

Fraction of ionization
component (Best fit,
lineintegral). . |

5 10 15 20 25

Position (cm)

T, between LTS (local) and CR(line-
mtegral) are consistent.

The jump in T,(CR) is due to the bright
recombining plasma surrounding the tip

pTTE of the ionizing plasma.
, In order to access to the brightest point

in the front, further upgrade (to system
Il) was found to be required.

“ n,(CR) exhibits deviation around the

LTS

transition region.

A plausible explanation is the mixing of
the ionizing and recombining
components due to the averaging over
the line-of sight of the measured line
intensity ratios.

Linear combination of the two specitra:
r=rg,(0cm)ea +r.. (27cm) * (1- a),
with o as a fitting parameter to the 4
intensity ratios used in the CR model
analysis, supports this hypothesis.



Preliminary results for System Il ( T, ,,~ 0.048 eV)
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The lower measurable T, allowed the study of the EIR front. V=59 V, 1=30 A.

Due to the different discharge
conditions from the previous

experiment, we mainly < 0.20 — Y
concentrated on the L —~ CR model
measurement of the T, as lowsS 4 45 —
as possible. 4@ ' 0.13 eV (Sys. ;I: practical limit)
S :
- g 0.10 I T
T, (LTS) monotonically £ o——
decreased until 0.05 eV, - 0.048 eV (Sys.|I practical) -
which is the value usually g 0-05p--F i.T ; ] G B
reported by spectroscopy forg \ o ,
_ 0 0.03 eV (Sys.ll ideal) #20070808/3-8
the Rydberg series. 0.00 i i -'
150 155 160 165 170 175 180 185

Schematic line- integrated
wness

Neutral Pressur

e (mTorr)

T, based on the CR model (n=3,4) was found to be slightly lower, with values
0.03-0.04 eV. This deviation may be significant in this very low T, regime.
Cross-check with the high-n Rydberg spectra would be preferable in such a
fine comparison. (Note: OES suffers the integration effect.)
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