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a b s t r a c t 

Plasma detachment in tokamak divertors reduces the particle and power fluxes to the plasma facing 

components and is essential for successful operation of ITER. The linear plasma generator Pilot-PSI can 

produce a high density ( ∼10 21 m 

−3 ), low temperature ( ∼1 eV) plasma which is similar to that expected at 

the ITER divertor strike-points during the partially detached regime [1] . Given the simple geometry of the 

device, Pilot-PSI allows to diagnose the plasma beam at multiple axial positions. In this study, the inco- 

herent Thomson scattering (TS) diagnostic [2] is exploited to measure the radial plasma T e and n e profiles 

at two locations of the hydrogen plasma beam: near the plasma source (upstream) and 2 cm from the 

target plate. At the target, the TS measurements are supported by an embedded Langmuir probe. These 

measurements prove the existence of parallel plasma pressure loss as well as particle loss, confirming 

that physical processes believed to cause detachment in tokamak divertors also hold in Pilot-PSI (ion- 

neutral friction, volume recombination). It is found that the fractional reduction of the plasma pressure 

varies between ∼4 and ∼50 0 0, depending strongly on the pressure of the background neutrals. The im- 

portance of individual loss channels is discussed. 

© 2017 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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1. Introduction 

In ITER, during D-T operation at Q = 10, the steady state power

crossing the last closed flux surface (LCFS) and entering the scrape-

off layer (SOL) is expected to be about ∼100 MW [1] . From multi-

machine scaling laws and also theoretical considerations the char-

acteristic power scrape-off length in the inter-ELM phase is ex-

pected to be λq < 5 mm [3] . This leads to a total plasma wetted

area which, accounting for flux expansion and target inclination,

is estimated to be around ∼2.3 m 

2 . This would result in a power

loading of ∼40 MW/m 

2 of the divertor targets which is above the

technological limit of 10 MW/m 

2 of steady state power loading for

the plasma facing components (PFCs) [1] . Therefore at least 2/3 of

the power has to be dissipated in the SOL before reaching the tar-

get. This can be achieved with divertor detachment, a regime in

which a large fraction of the power is transferred to and subse-
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uently radiated away by a blanket of neutrals formed in front of

he targets. 

Detachment is routinely achieved on many divertor tokamaks

nd its onset is manifested by parallel-to- B plasma pressure gra-

ients in the SOL and a rollover of target ion flux density with

ncreasing core density during density ramp-up discharges [4] . It

s generally very difficult to diagnose the divertor region with spa-

ially resolved measurements. To our knowledge, divertor Thomson

cattering systems have been installed solely at ASDEX-U [5] and

III-D [6] . The complicated diagnostic access to divertor plasmas

n tokamaks motivates to study the effect in linear plasma de-

ices. The Pilot-PSI linear plasma generator offers a high density

 n e ∼ 10 21 m 

−3 ) and low temperature ( T e ∼ 1 eV) plasma whose pa-

ameters are similar to those expected during partially detached

TER divertor operation [7] . 

. Experimental setup 

Pilot-PSI [8] is a linear device using a high pressure cascaded

rc discharge source [9] . Fig. 1 gives a schematic overview of the

evice. A cylindrical r - ϕ- z coordinate system is used, where the

-coordinate is aligned with the magnetic field and is the axis of
nder the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Fig. 1. Schematic layout of the Pilot-PSI device. 
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Table 1 

List of shots with the corresponding machine settings. I dis is the source dis- 

charge current, Q v is the gas inflow to the source, “Pumping” corresponds 

to the rotational speed of the Roots pump. The label “SP” corresponds to the 

case when a second, identical Roots pump was switched on to further reduce 

the neutral background pressure P n . 

I dis (A) Q v (slm) Pumping (rpm) P n (Pa) Pumping speed (l/s) 

220 2.5 10 0 0 12.6 331 

220 2.5 1500 8.6 484 

220 2.5 20 0 0 6.6 631 

220 2.5 2870 5.1 817 

220 2.5 SP 3.2 1302 

220 1.8 10 0 0 8.9 337 

220 1.8 1500 6.1 492 

220 1.8 20 0 0 4.7 638 

220 1.8 2870 3.6 833 

220 1.8 SP 2.4 1250 

120 2.5 10 0 0 12.6 331 

120 2.5 1500 8.6 484 

120 2.5 20 0 0 6.7 622 

120 2.5 2870 5 833 

Fig. 2. Dependence of the pressure in the arc discharge channel and the arc input 

power on the neutral pressure in the vessel P n for various source settings. 
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ymmetry of the plasma beam and z = 0 is situated at the exit of

he source discharge channel. The cascaded arc operates in steady

tate and the discharge channel is fed by a constant gas flow rate

ypically in the range of 1.5–3.0 standard liters per minute (slm),

esulting in a discharge channel pressure in the range 10 3 −10 4 Pa.

he plasma exhausts into the vacuum vessel and is confined by an

xial magnetic field that can be varied in discrete steps between

.2 T and 1.6 T. Ionization fractions close to the source are between

% and 10%. Typical discharge currents are 100–220 A. The pres-

ure in the vessel is determined by the pumping and the inflow

f the residual neutrals from the source and is typically of the or-

er of several Pa. The plasma beam is terminated at axial position

 = 56 cm by a solid, actively cooled target. 

The key diagnostic was Thomson scattering which was per-

ormed at two axial locations (at z = 4 cm and z = 54 cm, referred

o as “upstream” and “target” locations, respectively) and is par-

icularly suited to measure low temperature plasmas in the range

.07 eV–5.0 eV [2] . A single Langmuir probe was embedded in the

arget with a collecting area perpendicular to the magnetic field

ines. The collector was a circular copper surface of 2 mm in di-

meter while the rest of the target area was covered by a boron-

itride (BN) coating. The pressure at the gas inlet to the source and

he background neutral pressure, which we will denote P n , were

easured by a strain gauge and a capacitance manometer, respec-

ively. The pumping speed was regulated in order to control P n . In-

estigating the effect of P n on the Pilot-PSI plasma beam was the

ain focus of this experiment and was performed for a B-field of

.2T and several values of input powers and source gas flow set-

ings. Table 1 gives the shot numbers and the corresponding ma-

hine settings used in the experiment. 

. Results & discussion 

For the low field ( B = 0.2T) setting, P n scans were performed by

hanging the pumping speed for two values of gas flow and dis-

harge current settings ( Table 1 ). The range of achieved P n varies

rom 2.4 Pa to 12.6 Pa. 

.1. Effect of P n on source operation 

It is important to show that changes in P n do not affect opera-

ion of the source. In Fig. 2 the dependence of the discharge chan-

el pressure and the arc input power is plotted against the neu-

ral pressure P n in the vessel (the arc is current-regulated). There

s no significant dependence of neither of the quantities on P n in
he given range of 2.4–12.6 Pa. On the other hand P n strongly de-

ends on the inlet gas flow Q v and the discharge current I dis . We

onclude in this section that by changing P n we do not change the

onditions under which the cascaded arc discharge operates. 

.2. Effect of P n on upstream plasma 

Fig. 3 shows radial plasma profiles for the case I dis = 220A and

 V = 2.5 slm ( Table 1 ) for the lowest and highest case of P n , 3.2 Pa

nd 12.6 Pa, respectively. As can be seen from Fig. 3 , at the up-

tream location, an increase in P n leads to the decrease of T e but

t the same time also to an increase of n e . On the other hand,

e observe that the electron static pressure is approximately con-

erved. This indicates that no energy is lost due to changes in P n 
t this location of the plasma beam. It is proposed that the elec-

rons are cooled due to ionization of a significantly larger amount

f neutrals that are present inside (or within) and in the vicinity of

he plasma beam. Conversely, this additional ionization causes the

bserved increase in n e . This behavior is analogous also for other

ases of I dis and Q v . 

The plasma static pressure was calculated assuming quasi-

eutrality ( n e = n i ) and equipartition ( T e = T i ) which holds given

he low temperature, high density plasmas in the experiment. Ad-

itionally, recent measurements using a collective Thomson scat-

ering (CTS) diagnostic at Pilot-PSI [10] have confirmed T e = T i at

 = 4 cm. It is also important to justify neglecting the dynamic
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Fig. 3. Upstream profiles of T e , ne and the plasma static pressure for the cases of 

low (3.2 Pa) and high (12.6 Pa) P n . 
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pressure component in this comparison. It is known from earlier

work using spectroscopic measurements [7, 11] that the plasma

flow velocity at z = 4 cm is between 2 km/s and 5 km/s for a broad

range of machine settings in terms of B, I dis and Q V . Knowing the

plasma static pressure p stat , the total plasma pressure p tot can be

calculated in as p tot = p stat ( 1 + M 

2 ) , where M is the Mach num-

ber. The bracket on the RHS is a factor representing the contri-

bution of the dynamic pressure. If we assume that the axial flow

velocity in our experiment did not exceed 5 km/s, the increase of

the total pressure at z = 4 cm associated with the dynamic compo-

nent would not exceed ∼5% (center of the beam) and ∼12% (edge

of the beam) of the static plasma pressure for the high P n case.

This is about the same order as the uncertainty associated with

the reproducibility of the shots and therefore we choose to ne-

glect the dynamic component in the upstream (z = 4 cm) location,

p u,tot ≈ p u,stat . For the lower P n cases, the same consideration leads

to even smaller differences in p u,tot and p u,stat . 

In this section it is concluded that the upstream pressure

stays reasonably constant over the range of background pressures

achieved during the experiment. This is important since our aim

is to quantify how the neutral pressure affects the reduction of

plasma pressure from upstream location to target location. 

3.3. Effect of P n on target plasma 

Fig. 4 compares upstream to target plasma parameters for the

same low and high P n cases as in the previous section. It can be

seen that there is a significant T e drop from upstream to target
or both P n cases. While at the upstream position, T e ∼ 3 eV, at the

arget this is reduced to T e ∼ 0.2–0.3 eV At such low temperatures

elow 1 eV volume recombination processes are expected to be

mportant [12] . As for n e , for the low pressure ( P n = 3.2 Pa) case

t is reduced from ∼ 2 × 10 20 m 

−3 to ∼ 8 × 10 19 m 

−3 while for the

igh pressure ( P n = 12.6 Pa) case the target density is reduced to

 × 10 18 m 

−3 . Such a strong drop cannot be explained by Bohm-like

cceleration of the plasma flow velocity towards the neutralizing

arget plate since the target T e is comparable in both P n cases, im-

lying comparable sound speed c s . Again, the T e = T i . assumption

as used here, since T i was not measured at the target. In order to

xplain the strong reduction of density by the Bohm mechanism,

 i at the target would have to be much higher than at the source

z = 4 cm) which is unrealistic. 

.4. Comparison of TS and LP measurements 

In order to confirm the extremely low densities measured

t the target by TS they are compared to the ion flux mea-

urements from the embedded target Langmuir probe (LP). The

on branch of the LP I-V characteristic yields the ion satura-

ion current which was calculated by fitting the ion branch of

he probe IV-characteristic by a first order polynomial and sub-

equently extrapolating its value at the floating potential V f . I sat 

an be directly related to the incoming ion flux density to the

robe, �LP = I sat / A , where I sat is the probe ion saturation current

nd A = π r 2 is the probe area and r = 1 mm is the probe ra-

ius.Next, the ion flux density to the target was computed from

he measured profiles assuming Bohm sheath edge conditions,

( r ) = n e ( r ) c s ( r) = n e ( r ) 
√ 

2 k ( T e (r) + T i (r) ) / m i , where k is the Boltz-

ann constant and m i is the hydrogen ion mass (all SI units). The

btained radial profile of the ion flux density can be fitted by

 Gaussian function of the form �( r ) = �max exp(-( r / λ�) 2 ), where

max is the peak flux density and λ� is the characteristic profile

idth, both obtained from the fitting procedure. The ion flux den-

ity averaged over a hypothetical probe s urface at the TS position

an then be evaluated as the following surface average: 

 

�T S 〉 = 

∫ 2 π0 ∫ R 0 r � ( r ) d r d ϕ 

∫ 2 π0 ∫ R 0 r d r d ϕ 

= �max 

λ2 
�

R 

2 

(
1 − exp 

(
− R 

2 

λ2 
�

))
, (2)

Based on mechanical tolerances and precision of alignment, we

ssume that the center of the probe was aligned with the center

f the plasma beam with a precision of 1.5 mm. Given the typical

haracteristic � profile widths λ� are in all cases > 10 mm, the un-

ertainty in < �TS > related to this potential misalignment is lower

han the uncertainty of the n e and T e measurements themselves

the propagation of uncertainty for the derived quantity �( r ) is in-

luded via the variance formula). Fig. 5 (a) shows an absolute com-

arison of �TS and �LP as a function of P n while Fig. 5 (b) compares

TS and �LP directly for different arc discharge conditions given in

able 1 . An exponential reduction of the ion flux density with P n is

ound. It can be seen that the flux densities measured by the two

iagnostics show agreement within 30%, with regard to the fact

hat measurements were performed 2 cm from each other and to

he uncertainty associated especially with the analysis of the Lang-

uir probe IV characteristic. 

In this section, the extreme rarefaction of the target plasma

panning three orders of magnitude, already indicated in

ection 3.4 , is confirmed by comparing two independent di-

gnostics. 

.5. Plasma pressure loss 

Plasma detachment in tokamaks is manifested by breaching of

he plasma pressure balance on the open magnetic flux surfaces

f the SOL [4] . These pressure gradients appear when the target
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Fig. 4. Comparison of the upstream (red circles) and target (blue squares) T e and n e TS radial profiles for low (3.2 Pa) and high (12.6 Pa) background neutral pressure P n . 

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 5. Comparison of the ion fluxes from the LP and TS ( Section 3.4 ) displayed as a P n scan (a) and as a direct comparison (b) for different source settings from Table 1 . 

In 4(a), the 120A case is omitted in order to maintain clarity of the figure, nevertheless showing the same trend. In 4(b), the solid line indicates equality while the dashed 

lines represent 30% deviation from equality. 
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 e is low enough for momentum-removal processes to start oc-

urring, typically for T e < 10 eV [13] . From Sections 3.2 –3.4 it can

e seen that the plasma produced by Pilot-PSI is about 3.5 eV or

ower (depending on source settings), falling off strongly towards

he target. In this section, the upstream pressure is compared to

he target pressure via the introduction of a pressure loss factor,

efined by f loss = p u / p t where p u and p t are the target upstream

nd target total plasma pressures (static + dynamic), respectively.

uch ratios, or their inverse equivalents, are commonly introduced

n two-point models of tokamak SOLs, e.g. [14,15] . The f loss was
stimated in the following way. First, we have made the same

nsatz as in Section 3.5 and fitted the pressure profiles by Gaus-

ian curves of the form p ( r ) = p max exp(-( r / λp ) 
2 ), similarly as the

ux profiles. Then, f loss is determined in two ways: (1) dividing

he peak plasma pressures of upstream and target profiles (corre-

ponding to the center of the profile, r = 0) and (2) dividing the

ean plasma pressure of upstream and target profiles. We will la-

el these loss factors f loss,max and f loss,mean , respectively. Fig. 6 (a)

ummarizes the results by plotting f loss,max and f loss,mean as a func-

ion of P n and the central T e at the target. Similarly to the flux re-
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Fig. 6. Pressure loss factor calculated from mean plasma pressure (dotted curves) 

and peak values (dashed curves) as a function of P n (a) and the target temperature 

(b) for the different discharge conditions. 
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duction from Section 3.5 , the reduction of pressure is strongly non-

linear. For the lowest case of P n , f loss,mean ∼ 4 while for the highest

P n , f loss,mean ∼ 10 0 0. Globally, the pressure loss factor increases ex-

ponentially in the P n range between 2 and 6 Pa and for higher val-

ues shows a trend to saturate, for each discharge condition. More-

over, f loss,max is always higher than f loss,mean . 

It is important to restate that the calculations of the loss factors

assume T e = T i . If this is valid, the principal source of uncertainty in

the estimation of f loss originates in the determination of the total

plasma pressure using expression (1). For the upstream location,

the dynamic pressure contribution is neglected, (1 + M 

2 ) ≈ 1. This is

discussed and justified in Section 3.2 . As a result, the p u is slightly

underestimated. At the target, the Bohm sheath edge condition is

used, M = 1. However, in reality, target TS measurements were per-

formed ∼2 cm in front of the surface, still far from the sheath edge,

meaning that M < 1. The M = 1 assumption was used in order to

provide an upper bound for p t . Thus, p t used for calculation of f loss 

is overestimated, at most by a factor of 2. Both uncertainties are

marginal compared to the order-of-magnitude differences between

p u and p t and in fact, both of them go in the direction making

f loss even higher. If the assumption of equipartition stated above is

not valid and T i = αT e at the target, p t would be by a factor α/2 + 1

higher. This would impact f loss by reducing it by the same factor. 

The measurements clearly demonstrate that the f loss is de-

termined by the P n in the vessel, indicating the importance of

plasma–neutral interaction processes (including interactions with

H 2 molecules). However, it is important to point out again that the

build-up of P n in the vessel is not determined by the recycling and

recombining neutrals, as in a tokamak, but by the influx of residual

neutrals from the source, as discussed in Section 2 , making direct

extrapolation of the results to tokamaks extremely challenging. On

the other hand, this enables to decouple P n from the target flux �,

while in tokamaks these two quantities are interlinked in a non-

trivial way. 
Based on the existing literature on low temperature plasmas

n tokamak divertors and linear devices, the main relevant plasma

omentum loss processes considered responsible for the observed

 loss under the present experimental conditions are suspected to

e (1) ion-neutral friction, which is mediated by the resonant

harge-exchange (CX) process and elastic i-n collisions, both ac-

ive in plasmas with T e < 5 eV [14] (2) electron-ion recombination

EIR), comprising three-body and radiative recombination, shown

o be occurring in detached divertors of C-mod, JET and AUG at

 e ∼ 1 eV [12,16,17] and (3) molecule-assisted/activated recombina-

ion (MAR), first identified in a fusion relevant environment at

AGDIS-II [18] . The latter is strongly dependent on the presence

f rotationally and vibrationally excited molecules. The presence of

uch molecules was shown via Fulcher-band spectroscopy in Pilot-

SI [19] . Moreover, for a cascaded arc source similar to Pilot-PSI,

t has been shown that the population of high-n excited states of

ydrogen cannot be explained by EIR alone, suggesting MAR as a

ossible population process [20] . 

A future path to follow in order to provide even more detailed

ata would be to exploit the Magnum-PSI linear plasma generator

hich will enable to move the plasma source in the axial direction,

hus enabling axial measurements and reconstruction of 2-D maps

f the plasma T e and n e . Moreover, it will be equipped with a col-

ective Thomson scattering (CTS) diagnostic system to measure ion

emperatures and flow velocities. 

. Conclusions 

A set of measurements with Thomson scattering (TS) at two ax-

al locations and a single Langmuir probe (LP) embedded in the

arget were performed at the Pilot-PSI linear device, mainly focus-

ng on the influence of the background neutral pressure P n in the

essel. T e drops, typically from 3 eV to 0.1 eV were observed from

pstream to target location, indicating the importance of both mo-

entum loss processes and volume recombination. Moreover, ex-

reme rarefaction of the plasma beam was found from source to

arget location in terms of reduction of the ion flux density and

he plasma pressure. These quantities were determined using a tar-

et embedded LP and incoherent TS, respectively. By varying P n 
rom 2.4 Pa to only 12.6 Pa, the loss of plasma pressure changes

pproximately exponentially, from ∼ 5 up to ∼ 50 0 0. The compar-

son of the target TS measurements and the LP show reasonable

greement, taking into account the fact that the measurements are

ituated 2 cm from each other. 

Lastly, the results show that the performance of cascaded arc

inear devices in terms of ability to deliver high plasma fluxes to a

arget can be significantly improved by marginal reduction of the

ackground pressure (i.e. by applying additional pumping). 

cknowledgments 

This work was carried out with financial support from NWO

nd was supported by the European Commission and carried out

ithin the framework of the Erasmus Mundus International Doc-

oral College in Fusion Science and Engineering (FUSION-DC). 

We wish to thank R.S. Al and K. Bystrov for excellent technical

ssistance. 

eferences 

[1] R.A. Pitts , et al. , Phys. Scr. 2009 (T138) (2009) 014001 . 
[2] H.J. van der Meiden , et al. , Rev. Sci. Instrum. 79 (1) (Jan. 2008) 013505 . 

[3] A. Loarte , et al. , Nucl. Fusion 47 (6) (2007) S203 . 

[4] G.F. Matthews , J. Nucl. Mater. 220–222 (Apr. 1995) 104–116 . 
[5] H. Murmann , et al. , Rev. Sci. Instrum. 63 (10) (Oct. 1992) 4 941–4 943 . 

[6] D.G. Nilson , et al. , Fusion Eng. Des. 34–35 (Mar. 1997) 609–612 . 
[7] G.J. van Rooij , et al. , Appl. Phys. Lett. 90 (12) (Mar. 2007) 121501 . 

[8] B. de Groot , et al. , Fusion Eng. Des. 82 (15–24) (Oct. 2007) 1861–1865 . 

http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0001
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0001
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0001
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0002
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0002
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0002
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0003
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0003
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0003
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0004
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0004
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0005
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0005
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0005
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0006
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0006
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0006
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0007
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0007
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0007
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0008
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0008
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0008


K. Ješko et al. / Nuclear Materials and Energy 12 (2017) 1088–1093 1093 

 

 

 

 

 

 

 

[  
[9] G.M.W. Kroesen , D.C. Schram , J.C.M. de Haas , Plasma Chem. Plasma Process. 10
(4) (Dec. 1990) 531–551 . 

[10] H.J. van der Meiden , et al. , Appl. Phys. Lett. 109 (26) (Dec. 2016) 261102 . 
[11] Veremiyenko V.P., Technische Universiteit Eindhoven, 2006. 

[12] D. Lumma , J.L. Terry , B. Lipschultz , Phys. Plasmas 1994-Present 4 (7) (Jul. 1997)
2555–2566 . 

[13] B. Lipschultz , B. LaBombard , S. Lisgo , J.L. Terry , Fusion Sci. Technol. 51 (3) (Apr.
20 07) 390–40 0 . 

[14] P.C. Stangeby , Nucl. Fusion 33 (11) (1993) 1695 . 

[15] K. Borrass , D. Coster , D. Reiter , R. Schneider , J. Nucl. Mater. 241–243 (Feb. 1997)
250–254 . 
[16] R.D. Monk , et al. , J. Nucl. Mater. 266–269 (Mar. 1999) 37–43 . 
[17] U. Wenzel , K. Behringer , A. Carlson , J. Gafert , B. Napiontek , A. Thoma , Nucl.

Fusion 39 (7) (1999) 873 . 
[18] N. Ohno , N. Ezumi , S. Takamura , S.I. Krasheninnikov , A.Y. Pigarov , Phys. Rev.

Lett. 81 (4) (Jul. 1998) 818–821 . 
[19] N. Den Harder , D.C. Schram , W.J. Goedheer , H.J. De Blank , M.C.M. Van de

Sanden , G.J. Van Rooij , Plasma Sources Sci. Technol. 24 (Apr. 2015) 025020 . 
20] J.W. van Harskamp , C.M. Brouwer , D.C. Schram , D.S. Van , R. Engeln , Phys. Rev.

E - Stat. Nonlinear Soft Matter Phys. 83 (3) (2011) . 

http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0009
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0009
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0009
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0009
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0010
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0010
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0010
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0011
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0011
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0011
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0011
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0012
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0012
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0012
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0012
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0012
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0013
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0013
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0014
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0014
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0014
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0014
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0014
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0015
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0015
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0015
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0016
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0017
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0018
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019
http://refhub.elsevier.com/S2352-1791(16)30098-9/sbref0019

	Plasma pressure and particle loss studies in the Pilot-PSI high flux linear plasma generator
	1 Introduction
	2 Experimental setup
	3 Results & discussion
	3.1 Effect of Pn on source operation
	3.2 Effect of Pn on upstream plasma
	3.3 Effect of Pn on target plasma
	3.4 Comparison of TS and LP measurements
	3.5 Plasma pressure loss

	4 Conclusions
	 Acknowledgments
	 References


