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1. Introduction

In the H-mode plasmas, the eduedestal structure determirtee boundary condition of the heat
transport of the plasma core. Therefore, itofsprimary importance to understand the physical
processes determining the edge pedestal structueestiiicture of the H-mode pedestal is composed
of a spatial width in which a steep pressure gradient is formed. In this region, the periodic expulsion
of energy and particles is commonly observed due to the existence of the MHD instabilities (ELMs)
caused by a steep pressure gradient or a laogestrap current. However, the dependence of the
pedestal width on local and global plasma parameters is not clearly known.

Particularly, knowledge of the pedestal widthy based on non-dimensional parameters is of
great help for the extrapolation towards nextpsidevice. In this paper, the non-dimensional
parameters such gs,.*, Ppo and v* are the values evaluated at the pedestal shoulder unless
otherwise specified. The shoulder of the H-mode pedestal is determined by the linear fit of the edge
T; profile on the outer midplane. Several empirical scalings,@fhave been proposed with the use
of the non-dimensional parameters. However, tiseaéngs vary from machine to machine and with
the operational regime. In the JT-60U tokamiakhas been reported that the pedestal witlih
scales as the normalized poloidal Larmor radius of thermal ggyifs i.e. Apeq ¢ ppoi* [1]. Later
analysis showed the weaker dependena&,afon pyo* [2]. In the DIII-D tokamak,Apeq o (ppor*) ©%°
OF Aped o€ Bp0|°'4, wherepor (oc NT / Ipz) denotes the ratio of the edgediic pressure to the poloidal
magnetic pressure [3]. This disagreement cacdused by the existing strong co-linearity between
ppo* and Ppoi, Which is hard to separate out in the peripheral region. In practice, the edge pressure
imposed by the stability boundary for ELMs scales empiricallyTas I, in JT-60U. If we keep the
collisionality v+ (c n / T?) fixed in a single deuterium discharge, then we can find gkt (oc
ﬁ/lp) varies in proportion tcﬁpm%. To distinguish these variables, a pair of experiments in
hydrogen and deuterium plasmas are conductelis study. Explicit difference between,* and
Bpol is the mass dependence mf,* (o m™9) in contrast with no mass dependenceBjp. The
investigation of the mass dependence of the pedestal width can reveal the dependence of the H-mode
pedestal width on the edgen-dimensional parameters. 15

In this study, thepp* dependence o0fApeq iS [ I I ,,‘L:— D
investigated conducting the dedicated mass scan [ ’,’ ]
experiments using hydrogen and deuterium plasmas. Iig r ,’,‘_____--------f
addition, theB,, dependence ofeqis also examined by @ZC_’L [ /’{,‘4;"0 | 1 H
conducting the non-dimensiortahnsport experiments. 05k /" J

L/ ]
2. ELMy H-mode confinement databasein JT-60U [ ]

The dataset is restricted to hydrogen and deuterium 00' == ;,' = '1|0' = '1I5

discharges of standard H-mode, high density H-mode and Pabs [MW]

high B, H-mode performed during the period 2000-2003. Figure 1. Relation betweerPa, and By for
hydrogen and deuterium discharges.
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Figure 2. Profiles ofne, T and T, which correspond to the deuterium anditogen discharges operated at the spy&
(see highlighted data points shown in figure 1).

For comparison of the spatial profiles betweedrbgen and deuterium discharges, the dependence
of Bpol® (total Bpo)) ON Papsfor the discharges operatedigt IMA, By = 2T,dos ~ 4,k ~ 1.4 andb ~

0.3 is shown in figure 1. It is seen tifiaL® for deuterium plasmas is larger by a factor of two than
that for hydrogen plasmas at fix&d,s In other words, the energy confinement time in deuterium
plasmas is two times longer than that imfogen plasmas. In¢haccessible range Bfq in hydrogen
plasmas, we can select a pair of discharges operated at thgyganfeand the plasma density.

Shown in figure 2 are the profiles of, T andT,; for hydrogen and deuterium discharges with
keepingBpe and n, fixed, which correspond to the data points highlighted in figure 1. The power
required to sustaifi,o equivalent to that obtained in the deuterium discharge is larger by a factor of
two for the case of the hydrogen discharge. Howevés clear that the resultant profiles mf Te
andT; are almost identical over the wide radial rabgéveen these plasmas. This result implies the
ppo* dependence afeqis weak.

3. Experiment on pyq* dependencein type-l ELMy H-mode plasmas

The experiments were conducted at fiBgd= 2.4T,x = 1.4,6 = 0.34 and: = 0.27 for deuterium
and hydrogen discharges. To keep a sufficient rangg.tfand By value, a set of discharges was
performed with different, = 0.90, 1.08 and 1.25MA, each of which were tuned by varying the NB
injection powerPyg so thatfp, can be matched for both speciékte that the plasmas in this
experiment are the H-modes withdhké ITB in the plasma core.
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Figure 3. Profiles ofne, Te, T; for deuterium and hydrogensdgharges. Edge profiles gf*, Bpo andv* are also shown.
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Figure 4. (a) Pedestal; profiles for deuterium and hydrogen plasmas at the gimend v*. (b) Data area in
Bporppo® Space of the experiments. (c) Relation betwpgyf and Ayeda,. The exponent opye* in the log-linear

regression at fixeflyo is§ = 0.1.

If ApeqiS dependent oppe*, it would be impossible to matchedtpedestal height for both plasmas
at the same edge pressure gradient. In this case,/siade deuterium plasmas becomes larger than
that in hydrogen plasmas by the factor of ~ (Wich is the square root of the mass ratio), the
pedestal height in deuterium plasmas should be I#ngerthat in hydrogen plasmas at fixed pressure
gradient. On the other hand Afeqis determined bf,., edge pedestal profiles which are defined by
the pedestal width and height would become identical for both plasmas.

Figure 3 shows the spatial profiles of eTe, Ti, ppo*, Bpot @andv* for hydrogen and deuterium
discharges. The required power in the hydrogennmais ~ 2 times larger than that in deuterium
plasma to sustain the sarfig, at the plasma edge. As seen in figure 4(a), the €dpeofiles are
obviously almost identical in H/D plasmas.ldoth cases, clear type-l ELMs are observed while the
ELM frequency for the hydrogen plasma is higher than that for the deuterium plasma. Figure 4(b)
shows the data area igo—ppo* Space in this series of experiments. A strong correlation bet@yggen
and ppo* IS seen in each species. Bf, ~ 0.24 in the pedestal region, thg* scan is possible
comparing H/D plasmas. Figure (c) shows the relation betwggnand Apeda,. By keepingBpo
fixed, it is seen that the,.* dependence ofeqis weak, satisfyingypeda, o ppoi* .

5:"1 T T T L | 6 T
C Case B 3
o?“:“i./
€ ;5L [ ] 15 4¢
AR, .
= 2F =
o [ = 2F
S 1f 3
O -ll
00
101 1 T T T
V¥
101 E10'1' E
10-2 10-2 102 bes et v et o ee o tseey
0.6 0.6 1 0.6 1

Figure5. Profiles ofne, Te, T; for Bpo SCan experiments. Edge profilesppd*, B0 andv* are also shown.



33rd EPS 2006; H.Urano et al. : Characterization of H-mode pedestal width based on hydrogen and deuterium disc... 4 of 4

¢ separatrix
UL L R 0.2
shoulder (@) 3 (b)

7~
@ Case A 0.1p ]
@® Case B SQ 0.08¢ ]
: 5 0.061 7 1
i o
| e SRS Y ]

| IPEPREE N VLR L 111 ] 0_02" L N PR R T
4 41 42 43 44 0.1 0.2 0.4 0.60.8
R [m] Bpol

Figure 6. (a) Pedestal; profiles for thepyo scan at the samgq* and v*. (b) Relation betweefyo andAqeda, at
Ppol ~ 4.5x10% The exponent dfbpai in the log-linear regression at fixpgh* is & = 0.6.
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4. Experiment on By, dependencein ELMy H-mode plasmas

Power scan of satisfyingo o Ip4 at the pedestal with controllingoec Ip4 gives the variation of
Bpor at fixedppo*. Based on this rule, the exfments were conducted at fixegs = 3.6,x = 1.4,6 =
0.35 ande = 0.27 in deuterium plasmas. The spatial profiles ohth@&., Ti, ppoi*, Bpo andv* for a
pair of H-mode plasmas f8),, scan are shown in figure 5. The case (A) indicates a figwplasmas
performed at, = 0.96MA andBr = 2.1T while the case (B) indicates a ‘higly, plasmas performed
atl, = 1.15MA andBr = 2.5T. As shown in figure 5, the edgg, is scanned while,.* and v* are
kept constant. From the edgeprofiles shown in figure 6(a), the case (A) of the highgrplasma
has higher pedestdl value accompanied by wider pedestatitiin spite of the almost identical
ppol* at the pedestal. Figure 5(b) shows the relation betvlgghand Aseda, while keepingppo*
fixed at ~ 4.5x16. Then, it is seen that,.sdepends strongly OBy, satisfyingApeda, o Bpoi* *°.

5. Discussion and summary

In this series of experiments on the non-dimemai parameter scan, we obtain the scaling of the
pedestal width, which is expressed &sq «c @, ppo*®* Bpo’®. We should be careful for the error
evaluation of the scaling under the existence of strong co-linearity bepygemand By, at the
pedestal in addition to the log-linear fitting deviation. In JT-60¥,réation between edgg.* and
Bpoi is expressed appo* o PBpo’ "L Then, the pedestal width scales &gq o« @, ppoit "0
Bpo”®7*%1 The deviation opyo* reacts to that o, and vice versa.

In this study, the characteristics of the pde width were investigated in hydrogen and
deuterium plasmas. Both the database analysis the dedicated experiments on the mass scan
indicated that the pedestal width depend weegkly on the plasma particle speciepgr*. Identical
profiles of the edgd; which were obtained in the experiments suggested that the pedestal width
depended o, more strongly thapp.*. The experiment ofd,, scan was also performed. Higher
Bpol Plasma had higher pedestalvalue accompanied by wider pedestal width in spite of the almost
identicalppo* at the pedestal. Based on the non-dimensierperiments, the scaling of the pedestal
width was evaluated a@§eqoc a, ppor* o1 0B e 0701
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