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Abstract:

Recent experiments with the ITER-like wall have destrated that changes in divertor
strike point position are correlated with strongdafication of the global energy confinement.
The impact on energy confinement is observable looththe pedestal confinement and core
normalised gradients. The corner configuration shaw increased core density gradient length
and ion pressure indicating a better ion confinemgne study of neutral re-circulation indicates
the neutral pressure in the main chamber varieersely with the energy confinement and a
correlation between the pedestal total pressuretsdeutral pressure in the main chamber can

be established. It does not appear that chargeasgehlosses nor momentum losses could
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explain this effect, but it may be that changegdge electric potential are playing a role at the
plasma edge. This study emphasizes the importanites scrape-off layer (SOL) conditions on

the pedestal and core confinement.

Introduction

The transition in JET from a fully carbon wall teetITER-like wall (ILW) with tungsten
(W) plasma facing components (PFCs) in the diveatat primarily beryllium PFCs in the main
chamber has been an essential step in 2011 forrd#ratng the compatibility of ITER scenario
with a metallic environment [1]. The initial experents have shown that the operational domain
at Hogy>=1 is significantly reduced with the JET ITER-liall (JET-ILW) mainly because of the
need to inject large amount of gas (abov&) to control core radiation mostly due to W.
These first results have stressed the importantkeoédge plasma and plasma-wall interaction
physics in determining the core plasma performd@geThe change of wall material has also
modified the impurity mix and the recycling flux tife main gas and this could play a role in the
physics of core and pedestal confinement. The itapoe of the particle source as a key control
parameter is confirmed by the degradation of thre emd pedestal confinement obtained when
puffing gas in order to limit impurity accumulatiam the plasma. Maximisation of confinement,
control of metallic impurity sources and heat loads the main challenges facing the further
development of the ITER scenarios in JET.

For these reasons, specific exploration of theceffédivertor geometries on confinement
have been conducted in JET in 2013 and 2014 tdifgehe divertor conditions leading to the
optimum confinement and thermal neutron rate. Tas explored for both the baselirfi$£2)
and hybrid scenarid3(=3) with low shape magnetic configuratio®=0.2) with the objective to
investigate the possible influence of neutral réogcon the plasma confinement based on

experimental analyses and modelling.

Experimental set-up and confinement observations

A series of type | ELMy H-mode discharges have beéeveloped for JET with different
divertor magnetic topology in order to isolate th#ect of divertor recycling. The three
equilibria/configurations have identical bulk plaswolume but the position of the strike-points
is positioned differently with respect to the inrard outer pumping ducts. All three plasma
shapes have a low upper triangulari®z@.2) so as to minimize recycling from the possible
interaction of the plasma with the main chambeguf@ 1la shows the magnetic equilibria as
reconstructed by EFIT [3]. The 3 cases will be mefé to as the horizontal, corner and vertical
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targets in the remainder of this paper. With thisee topologies, baseline scenario type [4] has
been run with Ip=2.5MA and B2.7T (gs=3.2) at two different input power (15 and 23MV¢. i.
Bn~1.5 and ~2) (fig 1b). In addition, hybrid scendBd with Ip=2.0MA and B=2.35T (gs=3.8,
Bn~3) has also been compared in the horizontal antec@onfigurations. In both scenario cases,
different level of deuterium gas injection rate @deen employed in the inner private flux region
(see fig 1) only except for a few cases where #gewas injected from the main chamber at the
outboard mid-plane for comparison. Also in the cafsthe baseline scenario, one of the two JET
cryogenic pumps (pumping speed of ~B@meach) has been switched off for a few discharges
during the experiment in an attempt to separateeffext of neutral pumping and recycling on
confinement.

It is observed (fig 2) that for identical fuellingtes, pumping and input power, the
discharges on the horizontal and vertical targebfigarations have similar normalised
confinement factor kb,» ~0.7, while for the corner configuration a norreali confinement factor
of 0.9 can be reached, close to the level of cenfient for identical discharges with the carbon
wall (JET-C). Several contributions in the pasténagported that deuterium puffing (from the
main chamber or the divertor) impacts negativelyt@nconfinement for both the JET-C [6] and
the JET-ILW [2]. In the present cases, it appehet the variation in divertor geometry and
therefore in neutral recycling and pumping also actpconfinements. This effect could be also
observed in dedicated pulses in the JET-C as gbimik recently [5], but it is much stronger in
the JET-ILW.

Although the hybrid scenario is not achieved yedtationary conditions, the effect of the
divertor geometry on the energy confinement is albgervable. For low plasma shape, an
increase of the normalised energy confinement fantd. 0% when the strike points were moved
to the corner of the divertor [5],. Given that {hedestal is playing a strong role in the observed
improved confinement [7] this would suggest thalgstal confinement is affected by the change
of divertor configuration.

Since the changes by the different divertor geoynbaave very small impact on the
plasma bulk geometry (less than 2% in elongati@md minor radius a which are included in the
engineering parameters of the IPBy2 confinemenirg)a the change in confinement resulting
from the divertor geometry modifications cannot aopon the IPBy2 confinement scaling law
[8] used as a reference here (plasma current,d@alrdield and input power are kept identical
otherwise). Note also that both horizontal target aorner have about the same line integrated
density. The vertical target has on the other rafwver line average density than the other two.

This in principle should lead to an increase of lbemalised confinement owing to the positive
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dependence of the IPB98y2 scaling with the lineraye density (h%). Also, it should be noted
that the distance of the separatrix to the mainmtdea wall does not vary significantly respect to
the SOL width, excluding a large influence on tbafmement.

As shown on figure 1a, the change in divertor gdoyndoes also change the lower
triangularity ©,.=0.38 (horizontal =0.31 (corner) =0.27 (vertical) to some extent (making a
variation of the mean triangularity from 0.27 t®16). This modest variation of the lower
triangularity by ~30% is not expected to play aanaple on the observed confinement variation.
As reported earlier in previous JET studies theelotiiangularity is not playing a significant role
on confinement [9]. We conclude, therefore that duge and scrape-off (SOL) conditions
(recycling neutral and/or pumping) are the dominatdyer in the confinement of these

discharges.

Core and pedestal experimental analysis

The observed changes in energy confinement areistent with the changes in core
plasma density, temperature and pressure profige8). The corner case is characterized by ion
(from core charge exchange spectroscopy) and eftedtinetic pressures (from the high
resolution Thomson scattering: HRTS) substantidligher than the two other cases, the
difference reaching almost 50% at the centre optaema. The higher measured neutron rate for
the corner configuration is consistent with higfierfor otherwise identical neutral source rate
from the neutral beam power.

Interestingly, the gain in plasma pressure is agdedue to changes in either the core
temperature or density profiles. The horizontal aacher configuration discharges present about
the same density level, but the electron and iompeFatures are 50% larger in the corner case.
On the contrary, the vertical configuration disgfeexhibits much lower ELM averaged density
than the other two (possibly because of increasedpmg as measured by the higher neutral
pressure in the pumping duct). However, the elacteonperature is similar to that of the corner
case and the ion temperature profile is intermediatween the horizontal and corner cases. This
suggests that the mechanisms explaining the detgyad# the confinement in the horizontal and
vertical configurations with respect to the cormey not be identical transport wise.

Differences in the kinetic profiles are observedhbon the pedestal pressure (Pe is 50%
larger at the top of the pedestal in the cornefigaration) and in the core gradients. For similar
power heat flux the temperature gradient lengthrfR{€omputed between r/a=0.3 and 0.7 using
HRTS measurements) changes by less than 20% (Wgtlxhe radial position of the outer strike

point. On the other hand, the density gradient tlerig/L, is 2 times larger in the corner
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configuration than on the horizontal target sugggsthat the particle channel transport is the
significantly affected. This change of density pagkis consistent with a change in effective
collisionality (expressed as [10]*=10"* Z.+.R.n/T¢?) between these two configurations.

TRANSP [11] has been run interpretatively for allee cases. The results show a lower
ion thermal transport coefficient for the corneseghan the other two by typically a factor of 2 to
3 in the confinement region (0.4<r/a<0.7). The tidrion transport coefficient calculations with
TRANSP are therefore also consistent with the ofagiems of global energy confinement.

The observations of the kinetic profiles for theeth different divertor configurations
suggest that the plasma edge and/or divertor donditimpact on the pedestal properties.
Pedestal profiles have been studied experimentadiyyg edge charge exchange (for ion
temperature and rotation), the HRTS for electromstg end temperature [12] and reflectometry
(for the edge electron density). The analysis hesnbmade both by ELM averaging over
typically 0.5 to 1s of steady state phase and leyamging the pre-ELM values for several ELMs
for the same time window. Both analyses give vamylar results. In figure 5, pedestal top data
averaged over ELMs are shown for the 3 differemedor geometries at different input power
and gas rate. The highest pedestal density is féamthe horizontal target (where the divertor
recycling also dominates, see next section). Baithighest ion pedestal pressure is observed for
the corner configuration consistently with the care temperature as shown in figure 3. The
most striking difference comes from the toroidaloegy which is much higher for the corner
configuration. The toroidal velocity could play @&ykrole in the edge rotational shear and
therefore in the transport quality of the edgeibariThis observation will be further commented
in the discussion section. The analyses have atsempted to determine the pedestal
characteristics (width and height). There are iest indications between the HRTS and the
edge reflectometry that the density gradient is sfti®ngest for the corner configuration.
However, the error bars are quite large on thesmtgies and more statistical work would be
needed before drawing any firm conclusions.

The ELM behaviour is also markedly different fockaf the divertor configuration [12]
(see figure 1b). In the corner configuration, reguELMs typically occur with a frequency of
35Hz. The vertical configuration exhibits compougidVis with a frequency varying from 10 to
100Hz with large excursion of the pedestal tempeeatand possibly short transitions back to L-
mode) whilst the horizontal configuration has imeel high frequency ELMs above 50Hz.
Stability calculations made with both MISHKA [13)@ELITE [14] codes show consistently the
peeling ballooning limit is different for all thrgaulses [7]. The vertical configuration has the

lowest peeling-ballooning stability limit. The expreental values of edge current and pressure
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gradient are lying in general close to the stabilibundary limit, suggesting that the observed
ELMs are consistent with the peeling-ballooningabdity for all three cases. There is however
differences between the two computations which arése from sources such as the position of
the experimental profiles with respect to the safpex; the calculation of the edge current

(bootstrap model) or the stability criteria usegacth model.

Characterisation of the neutral recirculation in thedivertor and main chamber.

A detailed experimental analysis of the divertortipke recirculation [15] is presented in
this section with the objective to identify the @oatial link between the recycling of neutrals with
the confinement and transport observations fathadle divertor geometries.

Figure 6a and 6b respectively show the inner antkrodivertor x from visible
spectroscopy emission as a function of the striketpposition for the different fuelling and
pumping rates used in the experiment. Typicallg,Bh emission increases with fuelling rate and
when pumping is decreased (by switching off on¢hef2 cryo-pumps toroidally separated by
180deg). With full pumping, the emission levelsafDs doubled when the gas fuelling rate is
doubled. Reducing pumping by one cryo-pump has #@ilsoconsequence to increase the D
emission to similar level than at full pumping wilbuble gas fuelling rate. These observations
indicate that the divertor particle source is deiaed by the balance of gas fuelling and neutral
recycling from surfaces on one hand (source) andrals pumped (sink) on the other. The
amplitude of x light emission is found to depend on the strikesolocations, with a drop of a
factor of 3 at similar gas injection rate betweka horizontal on one hand and the corner and
vertical configurations on the other hand, indegenndf the amount of the input power. The
higher pedestal density observed for the horizaatglet (fig 3) may also be associated with this
high level of recycling. It should be pointed obat the minimum radiation observed for the
corner configuration may be due to vignette linesight into the corner strike point region. The
strike point in this particular configuration istrfally viewed by the diagnostic. Thus one cannot
draw firm conclusions as to the significance oktminimum. Although not reported on these
figures, changing injection location (injection findahe main chamber instead of the divertor) has
also been tested in this experiment and was foengl little impact on the recycling level [16].

The above visible spectroscopy observations ardiroted by the neutral pressure
measurements in the sub-divertor which increased8y when moving from the horizontal to the
vertical configuration. Since the pumped partitle fis proportional to the sub-divertor pressure,
more particles are pumped in the vertical configaraleading to a reduction of the effective

recycling of particles and this possibly leads e fower pedestal density observed in this
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divertor configuration. This also could be helpgdtiee proximity of the inner strike to the inner
corner which could also participate to the effestpumping, even though the cryo-pump are
further from the inner louvre than from the outer.

The data of Fig 6a and 6b are consistent with nreasents of the particle flux from
Langmuir probes [15]. It can be estimated thatghsicle flux reaching the target is about 60%
lower (peak and integral value) at the outer-stpk@t in the vertical configuration compared
with the horizontal one. However, because of tlok laf probes in the outer divertor corner in
JET, it is not possible to compare these valuel thibse of the corner configuration.

Bolometry reconstructions of the divertor area ddirthree divertor configurations also
show decreasing radiation intensity (by typicalliaetor of 3) in the X-point area with increasing
major radius of the outer strike point (fig 7). $Bupports again the observation made with
visible spectroscopy that neutral recirculationtie divertor is the lowest for the vertical
configuration. Given all the above observationgpipears that there is not an obvious correlation
between the neutral recycling or divertor radiationthe divertor with the variation of global
energy confinement as shown on figure 2.

In JET, the divertor neutral pressure and density sirongly linked with the main
chamber values and it has been already observbe WET-C that the neutral recirculation in the
divertor can impact directly onto the main chambeutral pressure [17] due to the open
geometry of the divertor. By changing the divegeometry, the leakage of neutrals towards the
main chamber could change and then impact on thieah@ressure level in the main chamber.

When warming up one of the 2 cryo-pump (therefavéching off the pumping of one
pump) for identical discharges of the same experiman increase of neutral pressure by a factor
~2 is observed for all three divertor configuratiat the toroidal location where the pumping is
still active, but a much stronger increase of teetral pressure at the toroidal location where the
pump is switched off is observed (factor of ~4, gere 8. As already shown on figures 6a and
6b, the recycling flux (from visible spectroscopg) also increased by a factor 2 typically
consistently with the toroidal location of this rsaeement, i.e. in the same toroidal location as
the remaining cold cryo-pump. Figure 2, is showtimg impact of lower pumping on normalised
confinement and the absolute confinement also &v@rage 10% lower for the pulses with one of
the cryo-pump warm. This test emphasizes that alsunlo impact on global confinement
although it is difficult at this stage to assess thle of the strong neutral pressure toroidal
asymmetry.

Looking at the variation of the neutral pressuretie main chamber for all divertor

configurations (Fig 9), it can be observed that thener configuration has the lowest main
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chamber pressure in comparison to the horizongartical ones. Doubling the gas rate (in the
divertor) typically increases the pressure by thme amount (Fig 8) which emphasizes the
connection between the neutral pressure in thertdivand in the main chamber. It is also
interesting to note that increasing the input polas the effect of increasing the neutral pressure
in the main chamber whilst preserving the samedtra@inis effect could be associated with the
increased Be (and Deuterium) recycling and erosaiohigher power as described in [18]. The
levels of neutral pressure shown in Fig 9 are atswsistent with & emission level monitored in
the main chamber. Figure 10 presents the total gpgldpressure from kinetic measurements
versus the main chamber pressure for the sameadatall pulses. At a given gas injection and
input power, an anti-correlation of the pedestaspure with the main chamber pressure is
observed when the strike point position is variedidating a possible physical link between the
main chamber neutrals and the loss of confinement.

Past experiment with the carbon wall had also tepathe impact of neutral in the main
chamber on confinement. With the JET-C, it was fealrout that the separatrix density could be
the source of the confinement degradation [19]oAtmore recently, the loss of confinement in
high triangularity hybrid scenario in JET-C has heerrelated with an increase of the neutral
pressure and recycling in the main chamber [5, 20hough the causality between main
chamber and confinement is not formally demondirétere, the new ILW data evidence points
towards a similar neutral effect on energy confieatras for the previous experiments with the
C-wall. It is unlikely that the difference in conément observed for one given divertor geometry
between the JET-C and the JET-ILW (see Fig 2),mmattributed to neutrals since the neutral
circulation between the two wall material had nas@n to change. On the other hand, the above
evidence suggesting that the difference observédeas divertor configuration are connected

with neutral pressure in the main chamber.

Discussion

In this section, some possible physics mechanisrasreviewed with the attempt to
identify the mechanism which could explain the la$spedestal energy confinement in these
experiments with different divertor geometry.

Modelling of the discharges with different divertoonfiguration has been carried out
using the EDGE2D-EIREINE [22] and SOLEDGE2D-EIREINE] codes with the objective to
investigate the interaction of the neutrals with fledestals. In general, these calculations have
used the equilibrium and the total heating powenpsgt with no impurities thus concentrating on

the deuterium specie. Inside the separatrix, thesefield heat and particle transport is adjusted
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to reproduce the measured pedestal density andetatmpe. The first possible loss channel that
has been examined is the ion energy losses onredgeals through charge exchange processes.
In the two extreme configuration (horizontal andtieal outer divertor strike point), the last
closed flux surface comes close to the divertoffldmf(see fig 1). In addition, in the main
chamber, the proximity to the wall may also indebarge exchange losses through higher level
of neutral. The calculations with SOLEDGE2D (fig)1fil5] are showing that the charge
exchange losses are dominant in the main chamkés.ig consistent with the neutral pressure
measurements in the mid-plane. However, in allc#ése order of magnitude of the energy loss
channel is too small to explain the observed falenergy confinement in the experiment. The
divertor geometry does lead to a variation of tiesés compatible with the confinement variation
(there is a minimum loss for the corner configuma}ibut the losses do not exceed 1MW out of
15MW crossing the separatrix. This is also confoiniy EDGE2D-EIREINE simulations [24]
showing that pedestal charge exchange losses@oalty less than 5% of the power crossing the
separatrix (Psep). Consequently, the neutral péygses inside the confined region of the plasma
are generally small and unlikely to explain theeskied reduction in energy confinement. This is
suggesting that the responsible mechanism is plplmaplicit and may be related to a modified
radial transport in the pedestal due to changésainlivertor and SOL.

Another possible loss channel resides in the @hfien that the corner configuration
shows a much higher toroidal velocity (fig 5) thdre other two configurations. Here, we
examine the hypothesis that neutral recycling contify the ion flow in the vicinity of the
edge barrier shear (ETB) layer and degrades the &8 result. The force balance equation for

the main ion can be written ag, =l%+(l—K)%+VTBP, where the poloidal velocity
en dr r

has been replaced by its neoclassical vaitt8,5-1.5 depending on the collisionality regime and
Bp the local poloidal field. From figure 3, the grewt of the ETB can be inferred and one comes
to the conclusion that the density gradient terfinst term) dominate Eby a factor 2 to 5 over
the last two terms of the equation above. This estggthat edge particle transport could have a
strong impact on the rotational shear at the edgkraay impact on the strength of the ETB.
Experimentally at JET [25], it has been observethenJET-C that the angular momentum can be
considerably affected with a significant loweringtiee thermal Mach number at the edge when
the neutral pressure is increased. Therefore risutray potentially participate to the momentum
loss by friction with the ions and change the ETigrsgth.

To test this, an external force inside the separaims been adjusted in the momentum
balance in EDGE2D-EIREINE such that flow velocitiesuld be close to the sound speed. The
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neutral friction is calculated inside the sepaxatind indicates much lower amplitude than the
momentum transport to the SOL. This indicates thatviscous transport of momentum to the
scrape-off layer can dominate over the impact otnaé friction on the rotation.

The effect of the neutrals on the ion flow has &lsen examined theoretically [26]. It was
suggested that if neutrals are not affecting tmefiow they could, on the other hand, strongly
modify the electrostatic potential just inside Heparatrix either through their large viscosity][27
or through charge separation when different typeenitrals are present [28]. Tungsten impurities
eroded from the divertor could also modify the S€iaracteristics by atomic physics processes
as shown in [29]. The SOL composition of neutraiarijon in JET-C, Be and W in JET-ILW)
may thus modify the charge separation and therefbee electrostatic potential. Therefore
neutrals may be responsible for significant radeliation of the electric field and thereby be
responsible for change in the ExB shear. Howewerfas, only the upstream density could be
measured using the Lithium beam and the reflectermdiagnostics. But no temperature
measurements could be made. It is therefore clgatigrio fully characterise the changes at the
foot of the ETB. These measurements can be reliatdge only for the horizontal divertor
configuration. For the other divertor configurasotine diagnostic viewing lines does not cover

the area where the outer strike point is locatekimggany comparison difficult to interpret.

Conclusions

H-mode experiments at JET with the ITER-like wadlve demonstrated that changes in
divertor strike point position are correlated wistrong modification of the global energy
confinement. Typically the normalised energy coerfirent factor can vary from 0.7 to 0.95 and
is a maximum when the outer strike is close toifside) the pumping throat. The IPB98y2
confinement scaling law predicts an identical coafient time for all three configuration in
contradiction with these observations.

The impact on energy confinement is observablé loot the pedestal confinement and
core normalised gradients. The vertical divertonfiguration shows a much lower pedestal
density and pressure. The corner configuration shawincreased core density gradient length
and ion pressure indicating a better ion confindrtigam the two other divertor configurations.

Pedestal ion pressure and toroidal velocity ie atsonger than in the other configuration
and there are indications that the density gradétite ETB is also larger. This suggests that the
corner configuration has a smaller pedestal trarhgpan the other two configurations.

The study of neutral re-circulation indicates ttegt neutral recycling in the divertor is not

correlated with the confinement. On the other hdhd, neutral pressure in the main chamber
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varies inversely with the energy confinement amdraelation between the pedestal total pressure
and the neutral pressure in the main chamber castablished although formally the causal link
has not yet been demonstrated. This is in line patst observations made in the JET-C.

So far, it does not appear that the energy logsemdge neutrals induced in the pedestal
by charge exchange can explain the loss of pedestdinement. Computed charge exchange
losses with edge codes amounts to less than 5¥#eqgbdwer going through the separatrix over
both the divertor and main chamber area. Momentsrels are another potential candidate but
preliminary calculation does not seem to confirns thypothesis despite contradicting past
experimental results in the JET-C. However, it rbaythat the neutrals can also affect directly
the edge electric potential as suggested in [28]tharefore the ExB shear inside the separatrix
that could determine the edge barrier quality. Mesgerimental and modelling work is
necessary here to infirm or confirm this hypothesis

The performance achieved in both baseline and thydwenario described in this paper
emphasizes the operational importance of pumpirtiggrmain chamber with the JET-ILW. Even
though these experiments are not representatitteeadiivertor conditions expected in ITER (i.e.
semi-detachment), since ITER has limited pumpingabdities (~150mYs for a volume of
~1000m), it is essential to understand the underlying sitsy that governs the interaction
between the neutrals in the main chamber and thespa leading to changes in pedestal and

core energy confinement with a metallic wall enkireent.
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Figure captions

Fig la: Divertor geometry used in JET (horizontal=bluegrner=green; vertical=red). The
cryogenic pump is also pictured in black bold tmc&@he broken arrow indicates the origin of
the R coordinates used for the outer strike poiosigion in the next figures. The black dot
indicates the point of gas injection used in thipexriment. Note that this injection is always in
the private flux area independently from the dieegeometry.

Fig 1b: comparison of the discharges with the three dffiérdivertor configuration pictured in
figure la. These discharges have all Ip=2.5MA=B7T, the same input power, and the same
gas injection inside the private area of the divertThe discharge with the strike point in the
corner (green) shows the highest confinement. ldiste the differences in ELM frequency and
amplitude.

Fig 2: Normalised confinement factor as function of dloger strike point positions for discharge
with identical, volume plasma current (Ip=2.5MA)agmetic field (B=2.7T) at different injected
power (15 & 22MW), gas injection rate and diverparmping (1/2 cryo pump is switched off for
the open green circles). Grey dots are data foneajant JET-C discharges for comparison.

Fig 3: Electron density, temperature and pressure (frdrarfison scattering diagnostic) and ion
temperature (from charge exchange diagnostic) amdpressure for the three divertor geometry
cases.The data are taken during the high power phase {@3Mnd averaged over 0.5s around
t=11.5s (see figure 2).

Fig 4. Total pedestal pressure (0) and core gradient feagt 0.4<0.7 (-). Density gradient
length (A\) varies like the pedestal pressure (0) by almdsictor of 2.

Fig 5: pedestal density and electron pressure from thenison scattering diagnostic and
toroidal rotation and ion pedestal pressure frone #dge charge exchange diagnostic for the 3
different divertor geometries characterized by thder strike position from the centre of the
divertor (see figure 1a). The data are averagedr mxer the ELM activity for 0.5s during the
low power phase (15MW) and the high power phas& {23 for the different situation of gas
injection rate.

Fig 6a: Variation of the recycling emission in the inneivedtor for the three divertor
configurations for different gas injection rate awith %2 of the cryo.

Fig 6b: Variation of the recycling emission in the outewedtor for the three divertor
configurations for different gas injection rate awith %2 of the cryo.

Fig 7: Radiation reconstruction from the bolometry cameasthe three divertor configuration
(horizontal — corner — vertical) in the high powehase (23MW). Note that the emission is the
strongest for horizontal target configuration arektiowest for the vertical one.

Fig 8: Effect of the pumping on the main chamber neutrassure for all three divertor
geometry. Open symbols are the main chamber pressgasurements with both cryo-pumps
cold (i.e. pumping) and filled symbols with onetloé 2 cryopump warm (i.e. not pumping).
Diamonds are the neutral measurements made atottoedal location close to the pump that
stays cold all the time and squares are measureraase to the cryo-pump which is switched
off. Note the strong neutral pressure toroidal astry when one of the pump is warmed-up.

*See the Appendix of F. Romanelli et al., Procegsliof the 2% IAEA Fusion Energy Conference 2014, Saint
Petersburg, Russia
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The neutral pressure is increased by a factor oftleéed to the warm pump and a factor of 2
close to the cold (pumping) pump.

Fig 9: Variation of the main chamber pressure measuredot@ssure gauges for the three
divertor configurations for different gas injectioate and input power.

Fig 10: Correlation of the total pedestal pressure with treutral pressure measured in the main
chamber for different gas injection rate and inpotver when the strike point position is varied
in each case.

Fig 11: Modelling with the SOLEDGE-EIREINE code for all¢brdivertor geometry. Recycling
areas are present on the divertor baffles but itiady dominant in the main chamber on the
outboard side. In all cases the charge exchangse®sare very small (<1IMW) and cannot
explain the differences observed on the globalinenient between the 3 divertor shapes.

*See the Appendix of F. Romanelli et al., Procegsliof the 2% IAEA Fusion Energy Conference 2014, Saint
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Figurela
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