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I ntroduction

Chemical erosion is one of the key pro-

cesses to limit the operation of nuclear fu-_1.0
sion devices such as ITER, because the ero-
sion determines the lifetime of the carbon di-
vertor tiles and co-deposition of tritium withE
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the hydrocarbons, generated by the chemical

erosion, determines the tritium inventory in Langmuir

. o . robe
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chemical sputtering yields are required and R (m)

tion for the lifetime and the inventory, the

have been measured in tokamaks with car-
) o Figure 1:Cross-sectional view around the divertor.

bon divertor plates. For estimating the sput-

Viewing chord for the spectroscopic measurement,
tered hydrocarbon flux, spectroscopic mea-

location of the gas-puff nozzle, and the magnetic
surements have been widely used. Because

configuration are shown. Another viewing chord
the emission rates of the CH spectral band

and a Langmuir probe are positioned on different
include significant uncertainty, the chemical

poloidal cross-sections.
sputtering yields, even the GHields ( the

simplest case), are different from one another by a factor of 2 [1]. TheflOKis expressed as
follows,

ron = (168~ 3 168, ) = (161 - 3 e, 15, ) -LEFEL ®
Because contribution of the CH emission originating from heavier hydrocarbons sugHgisC
significant [2], the contribution should be removed as shown in eq. (1). However, these extension
has not been done except for [2]. HdaJEPg,'j4 stands forCH, Loss-Events / CH Photgrwhich
is defined as a reciprocal of the number of CH photons emitted until onggdetst, andBc,H,,
Is a branching ratio of CH to £emission originating fronCoHy,. If LEP&:'4 and Bc,n, are
known,l"ch, can be estimated from measured intensities of CH ansp€ctral band. However,

LE Pg,:'4 andBc,H, depend on the transport during the break-up chain from ©HCH, which
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is influenced by the divertor geometry. Hend:eEPgﬂ4 and Bc,H, are not identical amongst
devices but are required to be determined in each device. In this work, to deteraihand
B in JT-60U, CH,, CD4 and GHg were injected into spectroscopic observation volume around

the outer strike point.

Experimental

As shown in Fig.1, a gas-puff nozzle has been installed at the outer divertor plate. From this
gas-puff nozzle, Cll CD4 and GHg were injected to the outer divertor plasma at a known
rate. Along a viewing chord in front of the gas-puff nozzle ( diameter : 110 mm on the plane
of the gas-puff nozzle, hereaftérCy ) observed were CH/CDAEA — X2M) or C, (AN —
X3M) spectral band. Along the other viewing chord, toroidally apart from the gas-puff nozzle
by ~ 150 mm ( hereaftel/ G, ) observed were CH/CD orCspectral band originating from
intrinsic hydrocarbons. The electron temperature and density were measured by a Langmuir
probe, which is positioned on a different poloidal cross-section from the gas-puff nozzle.

Figure 2 shows waveforms of a

CD4 injection experiment to determine

LEFSS, At25s, CDywas injected, and _ ~ h | (IJD e |

%) g 4
its flux became almost constant in 1 St g 0.8 LREEE ]
The CD photon flux measured along th'é*s_2 g 06k '.' |
viewing chordV Gy, shows a waveform g QE :.
similar to the COQ flux while the CD ¢ = 04
photon flux measured along the othe% 3
viewing chord /G, is not affected by 8 S o2 e A
the CLy injection. Hence, the net CD 00— : VG

24 25 26 27 28
photon flux originating from the in-

Time ( sec)
jected CD can be estimated by sub-
traction of the CD photon fluxes meaFigure 2:Waveforms of CRflux, and photon fluxes of the
sured along these two viewing chord€<D spectral band. The CD photon flux shown by the solid
On the assumption that all the injecteclirve was measured along the viewing chord in front of
CD4 molecules were lost by the molecthe gas-puff nozzle (i and the CD photon flux shown
ular processes such as dissociation lig the dotted curve along the other viewing chord )/C
the spectroscopic observation volum®uring the measurement, the electron temperature was 70
the LERSE, is inferred as a ratio of theeV.
injected CD flux to the measured CD photon flux. This assumption is valid in the case the

electron density is higher than&10¥m~3 and the present experiments were performed in this
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condition. Similar experiments were performed by injecting,Gél determineLEPg,'j4, and
CzH to determind EREY, , LERS%, andBc,n.

Results

Figure 3 shows the measure&Fg{ and

LERSE, as a function of electron temperature I

on the assumption that the electron tempera-400 /(

ture is not affected significantly by the Glar § PISCES-ACH) model(CH)|
the CDy injection. An isotope effect between_g_ 300 x25
LERS and LERED, was not pronounced :7;
LERS andLERSS, agree within the errorsg200 s, anoan Sl """""" "
at 30 eV - 50 eV. The dependenceldf RS 1 \JT-60(CD)
and LEPCCDD4 on the electron temperature iscé,J100 \Ié(-%;%:ggg)

weak : bothLERS]! andLEFRS) are almost AUG (CH & CD)
0 1 1
constant around 200 between 30 eV and 60 20 40 60 80 100

eV. Similar dependence was observed in the T, (eV)

data taken in JET [3] and AUG [4, 5]. On the

_ Figure 3: Loss-Events / Photon ( LEE and
contrary, the data taken in PISCES-A [6] and

TEXTOR [7] increase with increasing eIeCLEF’gDD4 ) as a function of electron temperature (
i with i i -

H electron density 0.5— 2 x 10°m~2 ). Data taken
tron temperature. The calculatel Pgm by a

. _ _ L . In JET [3] ( closed squares ), AUG [4, 5] ( open di-
model [8], which considers dissociation, ion-

L o amonds ), PISCES-A [6] ( crosses ), TEXTOR [7
ization, charge exchange, also indicates an in- ) eI ) 71

) _ open squares ), and data from model calculation [8]
creasing trend with electron temperature. The

(.solid curve ) are also shown.
data at electron temperatures below 30 eV
would enable more precise comparison.

Figure 4 shows the measureB FSH, andLEFRSZ, . Compared to theEFSH, , theLEREA,
is substantially larger and depends on the electron temperature more strongly. These two results
were also observed in tHeE Pg;,L4 and LEP(?;H4 taken in PISCES-A [6]. The branching ratio
of CH to G emission originating from &Hg, BCZHG' is also shown in Fig. 4. At an electron
temperature around 15 eBCZHe taken in JT-60U is larger thaﬁssz4 taken in PISCES-A [6].
This result is against expectation that $€2H4 is smaller tharBCZH6 because of the smaller
number of C-H bonds in £H4 compared to that in §Hg. Better comparison would be given

when the GH4 injection experiment is performed.

Summary
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In order to determine ’'Loss-Events / 2000

8 w

Photon’LEP, and a branching ratio of CH .{T—60 (CZ)\; H g
| ‘ 9

to G emission,B, in JT-60U, CH, CDy4 < 1500 "PISCE:S-A ©,) | l y, 63
and GHg were injected at a know flow S \ +/< 3
< | ) =

rate from the newly install -puff noz I 9 &4 Branching|, ©
ate from the newly installed gas-pu ozﬂ 1000 PISCES-A (CH) Tatio 40_

zle into spectroscopic observation volume T
> (@)
around the outer strike point. The ratid) 500} & _2 =
. 9N | 1. S

of the gas flow rate to the net increas& JeT (CH) §F§.|j- nm 'K:. ] .% ;g;
. | ¢ NJT-60 (CH) ke

of CH, CD and G spectral band inten- 0 ' ' : 0—

0 20 40 60 80 100
sity provided theLEP for CHy, CD4 and T.(eV)

CoHe. The LERSY, and LERES, are al-

most constant around 200 at electron terRigure 4:Loss-Events / Photon (LER, and LE F%HG
peratures between 30 eV and 60 eV whileand branching ratio, @ 1., as a function of elec-
theLE sz'ﬂ'G andLE P(%HG increase with in- tron temperature. Data taken for:8, in PISCES-A [6]
creasing electron temperature. TBg,H, (open circles for G and open squares for CH) and JET
also increase with an increase of electrggj ( open diamonds ) are also shown.

temperature. Similar experiments to deter-

mine LERSH, , LEPCC,ZZH4 and Bg,n, are planned. With these data, the sputtering yields of
CH,4/CD4 and GHy/C2Dy [2] will be modified.
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