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1. Introduction

The thermal energy confinement time in JET H-mode plasmas has a weak scaling with the
isotopic mass A [1] whereas in TFTR supershots and L-mode plasmas, it has a stronger
scaling [2,3]. We use the TRANSP plasma analysis code[4,5] to study transport in ELMy H-
mode plasmas to gain a deeper insight into the A dependence.

2. Data and Analysis

Experiments were performed in JET to study the scaling of ELMy H-mode discharges with
dimensionless parameters such as the gyro-radius normalized by the minop radjus a,
collisionality v, normalized thermal pressupe Mach number of the toroidal rotationgM

and the isotopic mass of the thermal hydrogenic species A, defined by

A=<my+2mp+3mr>/<ng+mp+nr> (1)

Several methods were used to vary these parameters. For instance, the plasma current I, and
toroidal field B, which were maintained in a constant

| 104 MW T-NBI ratio, were varied from discharge to discharge. Typical
4.0 _5"299‘"’07 méi’(ft"arfdﬁmsf values scanned were I[MA]B[T] ~ 1, 1.8, 2, 3, and 3.8.
a The mass A was varied by changing the neutral beam
2 5 0: thekrmal E injection (NBI) species and target plasma species from H
) _ 2 W ¥ to D to T. The total neutral beam heating power was
P : varied up to 22MW. The discharges achieved quasi-
§ I ﬁ]éilﬁ;];rle'de'ANS'E steady state conditions during the ELMy phase. The ratio
g 10_: ] Te/ Tion Was approximately 1 in the core.
E ] TRANSP uses measurements such as profiles for
; 5 ot | Ne, Te, Tion, Zeff, and the toroidal rotation of the C
% mermal |1 impurity. Since ECE measurements of Thre not
0 820 22 24 available throughout the wide range of B considered, we
TIME (sec) use the £ measured by LIDR. Examples of checks on the
Fig. 1. Comparison of accuracy of the modeling are showrFig. 1. More than
measured and calculated 50 of these H-mode discharges are analyzed. A database
global parameters. The i ]
database time is 20.6 s. was constructed from the results at a representative time
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5 HH4|25|0|1|(DI) during their ELMy phases. The computed A profiles
3.0 ] are approximately constant in radius during the
selected times, ranging in values from approximately 1
1 42776 (T) to 3. Values of the normalized thernfigy ranged from
Z(P IMA /1T 0.5 to 3.5, and Min the center ranged from 0.05 to
42501B03 / 42776812 ] 0.8.

We studied systematic trends in plasma
parameters with A. The ratio of the computed and
measured stored energy 4s1.14+0.1, with a slight

] trend to increase with A. The malues tend to increase
’ 543491)\;[33// EZ;I;OBOS with A, especially at higher values o&IB. Examples
00 05 10 of the profiles for two pairs are shown kiig. 2. The
Toroidal flux coordinate r/a peaking of the & profiles tends to decrease
systematically to 1 at A=3. Since the fueling rate from

ne (1019/m3)

Fig. 2. Comparison of ng

profiles for D-only and T- T-NBI is less than that of D- and H-NBI at the same
only pairs with similar R, power and voltage,dimight be expected to have the
4.0 opposite trend. The observed trend is confirmed by the

TIMA /1T [} calculated effective particle diffusivity 4D which
42776 (T) g decreases with A. Examples of the profiles for the

2.0 ] ] effective energy transport coefficiepdff are shown in
- < ; Fig. 3.
2 ] 42501 (D) )
E B L RSN S UL B
% 10 ] 3MA /31/; This paper focuses on results at the half-radius since
= 1VU4 .

42493 (D) this region is sufficiently far from the center to

_ Ve minimize sawtooth effects, and sufficiently far from
\/\/ the separatrix to minimize ELM-induced oscillations.
E 42780 (T The negative inverse scale-length of, nlpel

0.0 1 42493803 / 42780806
. IIIIIIIIIIIIIIIIIIIIIIIII
0.4 0.5 0.6 0.7 0.8
Toroidal flux coordinate r/a

=—(Vne) / Ne, decreases towards zero with A. This is
shown inFig. 4-a The inverse scale-lengths of the ion
and electron temperatures show less variation with A.
Fig. 3. Comparison of yer Their magnitudes are 1i."1 ~ 1.7+0.4 /m, and -t -1
profile for the pairs in Fig. 2. ~ 1.4+0.6 /m. The ratio of the temperaturegnl/ Te
is~ 0.85t0.15. The ratio of Bandyeff decrease with A, as shownkhig. 4-b. The values of
Mg at the half-radius are relatively high, as showfkim 4-¢ especially for the D-only-NBI
pulses. Although the T-NBI injects more torque per beam ion, the deposition tends to be
further from the center.

Regression analysis is used to study the scaling of the TRANSP-determined thermal
energy confinement time at the half raditug, Regression using the engineering parameters
B, volume-averagedg 019 /m3], loss power Bss[MW], and A gives
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03 tth [sec]~ 0.144B3n b PosE AL (2-0)
bi 0.0- . ) with a » +0.64:0.05, b ~ +0.68-0.05, ¢ ~
5 Al S -0.60+0.04, and d~ +0.26:0.05. The R for
= -0.5] x L this fit is 96%. This is shown inFig. 5. The
. * © ratio of the TRANSPxth and this fit does not
8 show systematic variations with parameters
" x § such as the ELM frequency, M.ng or LTe. It
3 15 &% T does have a tendency to decrease with
E; o1l ° g A;: ﬁfl, increas.ing -k -1. The ratio of the TRA"N.SP-
1.gMA>< determinedrth at. the .fuII- an.d half-radii isv
1
5 o JL38MAG | iy P y
-E g ;(x g.(2-a).
2 0.4] * X &y _ L
=7 = % A pedestal in the Tprofile is measured
é’ 0.2] <& * ; with ECE. Assuming =T, at the top of the
' pedestal, the pedestal energy peW was

1.0 1.5 2.0 25 3.0 computed for half the discharges in the

Hydrogenic mass A database. Subtracting Jy, from the thermal

Fig. 4. Trends of plasma energy at the full radius gives a corrected

parameters at the half radius

versus the hydrogenic mass A core” energy. Using Bss a “core” energy

confinement time at the full radiuggorecan be
derived [6]. The fit for tcore using the

L.0ygNBI / -
éD-NBI x Mﬁ TRANSP resulthas a weaker A scaling than
- |DT-NBI+ @.ﬁ Eq. (2-a)sc Ad with d~ +0.09:0.11.
2 IT-NBI . XK -
= 0.14RF-only,| .- We use dimensional scaling with the
& constraints for the collisional high regime to
translate the fit in Eq. (2-a) to one using the
o+ i i
001 o1 To dlmen§|onless parametgss v,, B, and A. The
Fit result is
Fig. 5. TRANSP-calculated thermal (B/A)rth o p,av,bpcAd (2-b)
energy confinement time and the fit
in Eq. 2-a. with a~ -2.71, b~ +0.16, ¢ » -0.08, and d~

+1.06. This has a gyro-Bohm-like dependence,
and is very similar to the ITERH-EPS97(y) scaling [1]. Howeverftltependence is much
weaker. Direct regression using the database values gives a fit similar to Eq.(2-b). The same
dimensional scaling arguments f@yore IMmply tcore o« Ad with d~ +0.5; however there is
considerable uncertainty in the exponent.
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Turning to the scaling ofeff, the examples in Fig. 3 suggest that at lewB, yeff in T
is higher than in D, whilst at the highex B the relation is reversed. A simple regression for
yeff using dimensionless variables gives the fit,

(AIB/ &) yeff~82p,av bpcad (3)

with a~ +2.950.2, b~ +0.210.09, ¢~ -0.56:0.2, and d~ -0.46:0.13. The R for this fit is

86%. The relatively large scatter in the fit suggests that the dependencies sugloralld
may be important in view of the contradictory A dependence of the 1MA and 3MA
discharges, shown ifig. 3.

We expect different scaling for the electron and ion thermal heat transport coefficients,
Xe andyion, and for the toroidal angular momentum transpgytand for . For instance,
the lon Temperature Gradient (ITG) modes are expected to gfegctnore directly, while
the trapped electron response can contribute significanyly to De with different A depend-
encies [7,8]. The computed ratio pfon andyeff is approximately 150.7. The computed
ratio of x¢ andyeff is approximately 0#0.4. These do not exhibit significant variation with
A. The values forye at the half-radius are computed with less accuracy. The rajje anhd
Yeff tends to increase with A.

4. Discussion

The scaling oftith is found to be weakly dependent on the effective mass A, especially at low
| = B, in contrast with supershots in TFTR. In terms of the dimensionless parameters
andf, tth is found to scale in a Gyro-Bohm like fashion similar to the global confinement
expression for ELMy H-mode ITERH-EPS97(y). However fthéependence is much weaker
than EPS97(y) and in accord with the transport being small sp@l@) (electrostatic
turbulence yeff is found to increase with mass A at low B where the density profiles are
well matched, but it decreases at higher B where the density profiles are not matched.
Further work is required to establish the dependenggfpfon the unmatched dependencies
such as Irj, Lp, and the rotation Mach number.
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