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The development of H-mode scenarios in JET with ITER-like wall (ILW) has indicated the 
need of understanding and controlling W accumulation, which hinders the attainment of good 
confinement for long durations [1,2]. This paper presents experimental results, interpretative 
modeling and theory predictions of W transport in JET ILW standard H-mode (STH) and Hy-
brid plasmas, including first results of heavy impurity Laser Blow-offs (LBO). A key element 
for the understanding has been the availability of theory models for W neoclassical and turbu-
lent transport (NEO [3] and GKW [4] respectively) that include the effects of rotation on 
transport coefficients and poloidal asymmetries. 
The typical pattern towards W accumulation has been identified in a Hybrid discharge [2] as 
due to progressive peaking of the density [5] and reversal of neoclassical convection from 

outward to inward, but is in 
fact common to both 
scenarios, as can be seen 
from the time traces shown 
in Fig.1. Both discharges 
feature NBI heating only and 
show similar time evolution 
of the density profiles and 
SXR emission (Fig.1 d and 
e). In the STH however the 
more regular and frequent 
sawtooth activity (Fig.2) 
limits the central W peaking, 
allowing attainment of a 
stationary discharge, which 
in Hybrids is not possible 
(Fig.1b). The sawtooth activ-
ity seems a better candidate 
than ELMs to explain the 
difference in stationarity in 
STHs vs Hybrids, because 
ELMs, although more 
frequent in STH (Fig.2), 
regulate the W influx from 
the edge rather than its spa-
tial profile. So the presence 

Fig.1: Main time traces of discharge 82722 on the left (Hybrid, 
BT=  2 T, Ip=  1.7 MA) and 83351 on the right (standard H-mode, 
BT=  2.6 T, Ip=  2.75 MA). t19, t22 and t25 are SXR line integrals 
with tangency radius respectively at r/a=0, 0.22, 0.4. The dashed 
lines indicate the times for the NEO+GKW modeling. 
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of regular ELMs is a necessary condition in both scenarios to reduce the W influx and avoid 
high W contamination, but it is only a central expulsion mechanism like MHD crashes that 
can counteract the unfavourable transport that causes central accumulation.  

	  

Fig.2: Central Te and H-α emission for dis-
charges 82722 (Hybrid) and 83351 (STH). 
 

 
Fig.3: ne profiles for shot  83351 at the 3 times 
chosen for NEO+GKW simulations 

Referring to [2] for the detailed analysis and NEO+GKW simulations of the Hybrid shot, in 
this paper we present the analogous study for the STH discharge. The 3 times at which the 
simulations have been performed are 9.34 s, 10.42 s and 12.37 s, taken at the top of sawteeth 
in 3 different phases of the discharge. The density profiles and the SXR tomographic recon-
structions for these 3 times are shown in Figs.3 and 4. One can see the hollow initial ne profile 
leading to hollow W density (peaking at the LFS due to centrifugal effects), and the progres-
sive ne peaking leading to centrally peaked W profile, with intermediate phases in which both 
the LFS and central peaks coexist (t=10.42 s). 

 
Fig.4: tomographic reconstruction of SXR emission for shot 83351 at the	   3	   times	   chosen	   for	  
NEO+GKW	  simulations  

In Fig.6 the W density (nW) profiles in the equatorial plane obtained by the NEO+GKW simu-
lations made with the same procedure described in [2] at the 3 chosen times are compared 
with the nW profiles reconstructed experimentally from the 2D SXR emission using the ana-
lyzer also described in detail in [2]. The NEO+GKW W V/D profiles are shown in Fig.5, 
where one can see the reversal of the neoclassical convection when ne peaks. The agreement 
between theory and experiment is good taking into account the experimental uncertainties. In 
particular we note that at t=9.34 s the experimental SXR analysis possibly due to the con-
straint of constant Zeff yields a rotation slightly smaller than measured by the CX diagnostic, 
and this is responsible for the larger hump at HFS with respect to the NEO+GKW simulation 

0.2

0

0.4

0.6

0.8

1.0

3.0 3.2 3.4 3.6 3.8

n e
 (1

02
0  

m
-

3 )

R (m)

9.34s

12.37s

10.42s

C
P

S
14

.1
71

-5
c

0.0000000
110.36396
220.72792
331.09189
441.45584
551.81976
662.18378
772.54767
882.91168
993.27563
1103.6395
1214.0035

1

2

0

-1

2.52.0 3.0 3.5 4.0

Z  
(m

)

R (m)

SXR emission (W/m3)

1

2

0

0.0000000
168.95854
337.91708
506.87561
675.83417
844.79272
1013.7512
1182.7098
1351.6683
1520.6268
1689.5854
1858.5441

0.0000000
633.60376
1267.2075
1900.8113
2534.4150
3168.0188
3801.6226
4435.2261
5068.8301
5702.4336
6336.0376
6969.6411

-1

2.52.0 3.0 3.5 4.0
R (m)

1

2

0

-1

2.52.0 3.0 3.5 4.0
R (m)

C
PS

14
.1

71
-4

c

3
150

200

100

50

0

4

2

1

0

5

9 10 11 12 138 14

Te
 (k

eV
)

H _
 (a

.u
.)

Time (s)

3

800

600

1000

400

200

0

4

5

2

1
0

6

5

Pulse No: 82722

Pulse No: 83351
6 74 8

Te
 (k

eV
)

H _
 (a

.u
.)

CPS14.171-6c

41st EPS Conference on Plasma Physics P1.017



which uses the measured CX rotation. These results constitute a further validation of the 
NEO+GKW W transport theory against JET data. It is important to note that for this dis-
charge the inclusion of centrifugal effects is crucial not only for the poloidal mapping but also 
for the transport calculations.  In fact Fig.6 also shows (dashed line) the nW profiles calculated 
including centrifugal effects in poloidal mapping but not in transport, indicating that both are 
indeed required to match the data. 

 
Fig.5: W D/v profiles averaged over the 
flux surface calculated by NEO+ GKW for 
shot 83351 at the 3 chosen times 
Fig.6: W density profiles calculated by 
NEO+GKW for shot 83351 at the 3 chosen 
times, compared with those deduced from 
the SXR emission measurements. The 
dashed line is the result of simulations 
where centrifugal effects are not included in 
the transport calculation but only in the 
poloidal mapping.  
Having understood that all high power JET NBI plasmas are prone to W accumulation due to 
density peaking, to which the unavoidable core NBI particle source is a main contributor as 
discussed in [6], the only possible path to controlling accumulation relies in application of 
strong ICRH on-axis heating. Indeed, first attempts in standard H-mode plasmas with 6 MW 
ICRH have been successful in preventing W accumulation [7]. ICRH has various effects that 
all contribute to suppressing W accumulation. First, it affects main plasma profiles, typically 
causing ne flattening and Ti peaking, thereby reducing the neoclassical inward convection. 
Second, the minority fast ion temperature also contributes to neoclassical screening. Third, 
the anisotropy of the fast ion temperature reduces the W diffusion, enhancing the effects of 
convection. These effects are analyzed in detail through NEO+GKW simulations in [8]. In the 
following we present initial experimental results of laser blow-offs (LBO) in STH plasmas 
without and with ICRH. Both W and Mo were injected, but Mo turned out to be the best di-
agnosed via the SXR cameras, since their filters cut off most of the W line emission. Fig.7 
shows plasma profiles just before the Mo injections for 85308 (19.1 MW NBI) and 85307 
(14.7 MW NBI+ 4.9 MW ICRH in (H)-D). We note the ne flattening due to ICRH, which re-
duces the inward convection, whilst Ti is not changed. Fig.9 compares for the two cases with 
and without ICRH, the experimental SXR line integrals at one representative position, to-
gether with time dependent 1.5D JETTO-SANCO [9] simulations in which empirical profiles 
of Mo diffusion and convection are adjusted iteratively in order to best fit the experiment, 
calculating the SXR line integrals with the UTC SXR post-processor. Fig.8 shows the Mo D 
and v profiles obtained by such optimization procedure. Fig.10 shows for the discharge with-
out ICRH the spatial profile of the SXR line integrated emission from a vertical camera to-
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gether with the JETTO-SANCO simulation, 140 ms after the LBO. While in the discharge 
with ICRH the background plasma is almost stationary during the LBO phase, in the dis-
charge without RF injection the dynamics of W through the sawtooth period, which produces 
the central emission peak in Fig. 10, must be considered.  These experimental results indicate 
beyond the experimental uncertainties that the main change in heavy impurity transport due to 
ICRH is the reversal of the sign of neoclassical convection. In [8] it is found that ICRH fast 
ion effects are important in addition to ne flattening to explain this experimental evidence. In-
crease of central turbulent diffusivity, often invoked to explain W control by central RF heat-
ing [10], does not seem to play an important role in these JET experiments. 

 
 

Fig.7: Ti, Te, ne and rotation profiles just before LBO 
in STH discharges with NBI only (85308, black) and 
with ICRH (85307, red). 

Fig.8: Mo D (dashed) and v (full) FSA 
profiles from time dependent simulations 
using JETTO-SANCO of MO blow-off in 
STH discharges without (black, 85308) 
and with (red, 85307) ICRH. 

  
 

  
Fig.9: SXR Channel #21 of the vertical camera 
T (dashed line) and JETTO-SANCO simula-
tions for Mo LBO in shot 85308 (black, NBI 
only) and shot 85307 (red, NBI+ ICRH). The 
growth of the SXR trace after the LBO is 
much slower in the NBI-only case. 

Fig.10. Profile of the vertical SXR camera T  0.14 
sec after the LBO of Mo into the 85308 NBI only 
discharge. Green triangles are the expt data and 
blue stars are the JETTO-SANCO simulations. 
The Mo signature is represented by the bulge on 
the right, while the central peak is due to W. 
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