Characterization of edge poloidal impurity ~ $

PSFT asymmetries at ASDEX Upgrade

Fusion Technology

D.J. Cruz-Zabala'?", E. Viezzerl?, U. Plank3, R. M. McDermott3, M. Cavedon?3, R. Dux3, P. Cano-Megias?4, T. Putterichs,
A. Jansen van Vuurent?, J. Garcia-Lopez!<4, M. Garcia-Munoz'4, and ASDEX Upgrade team

1 Dept. of Atomic, Molecular and Nuclear Physics, University of Seville, 41012 Seville, Spain 3 Max-Planck-Institut fur Plasmaphysik, 85748 Garching, Germany
2 CNA (U. Sevilla, CSIC, J. de Andalucia), Seville, Spain 4 Dept. of Energy Engineering, University of Seville, Seville, Spain P4 1020
Motivation Impurity density calculation
.. : : #37529 (NVII
* Impurities play an important role in 437520 (NIl 7 —
determining fusion performance L * The new gas puff module has been 6
150p — Expected (n,,,"*=n,,,") iIncluded in the CHICA code [7] s
« HFS measurements are necessary to  ,,q| e N
understand the impurity transport % .| - CHICA uses the neutral population from 2
along the whole flux surtace s FIDASIM and the radiance of the CXRS & 7
~ ol diagnostic to obtain the impurity density 2|
 Asymmetries in the impurity density - 11 {5
: . : ¢ LFS (NBI P
are needed to explain the differences 2 \/ \ _— 4 Lex 22 o| ¢ LFS Eep} w2
between measured and expected HFS Lo Z " hy 0.93 0.94 095 096 0.97 098 0.99 1.00
- - - - - Np (S0, 7 Vi s)ds 0
parallel flows [1,2] Ppol 2m fLOS p.n )< nZ,A f>eff( ) oo
. #38002 (BV)
_ ) ) ) _ * The impurity density calculated using
CXRS technique provides impurity profiles at the LFS GP based CXRS system has |
HFS and LES been benchmarked against well 3 * *
established impurity density calculation & 3j +
« CXRS suite at AUG: 08 #37529 (NVII) from NBI based CXRS systems % , M “
v' LFS beam (NBI) based: toroidal and .| ; c
yoloidal views o cthdits . Exce_llent aglreem.e!’\t hag been found A
v' LFS gas puff (GP) based: poloidal o5 for different impurities: nitrogen ¢ LFS (NBI)
view 3 o4l (#37529) and boron (#38002) ol * LFS (GP)
_ _ — 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1.00
v HFS GP based: toroidal and poloidal "~ o Ppo
views 0.2 | LFS poloical “NBB'.) %
oa§ iR i
HFS poloidal (GP) F1]
 The GP based CXRS diagnostic 50 | | | |
installed at the HFS of AUG has been ofbdé o ., J”*‘{»h“ |||+ Impurity density asymmetries can be made 437529 (NVII)
upgraded with a new piezo driven gas . £ ﬁ'%“ YL AR @L visible using the HFS and LFS GP based ~ °
valve [3]: | | E TN ;}.3;{., s i Ly CXRS systems 5
v Higher signal-to-noise ratio A =;§,—+; o 3 .,ﬁ D
. > % P 9l ° e N
v' Enables background subtraction o .ﬁ,;...‘g{;‘::,. 41|, Presence of HESHD may impact the T 4
| LS troit ey ’ neutral density calculations. No HFSHD 2 3
= 1 MA, Pyg = 4.85 MW, Prpy = 1.35 &ﬁ SN\
d. tOp _ 6 5.1019 m_3) ShOW OOd 0 By : : +é..£"“{33!“:=' .......................... + ........ o
MW, neP® — 0.0 | 9 S TR N | || = Impurities tend to accumulate at the HFS 1l — LFs(GP)
agreement with previous studies [1,2,4] ;g_lo_ R edge region ,| —HFS(GP) T
v Impurity temperature is a flux = %13 + 0.96 0.97 %98 0.99 1.00
funCtion '§> —20 ¢ ?a“ ; | . . ] pol
A * Impurity density asymmetries can be
- - (c) } #37529 (NVII)
v ;:FS tLOFrglqa rocgat'?r: more co-current =30 § LES polical (el ¥ ﬂ calculated from the densities (n/;,, / o
an IN pedestal region. HFS poloidal (GP) | | LFS | —— from densities
v Minimum in poloidal Velocity at LES _4(9.94 0.95 0.96 %97 0.98 0.99 1.00 me ) or estimated from the flow L > —— from flows
and HFS, but different value p measurements [1,2]: 5 4|
- vexp - B E
. . exp 1l,a,LFS HFS o 3
Gas puff modelling in FIDASIM RS UllaLFs T SinSyps| Bues &
~ — - =2
: : : : _ n (m-z) nLFS Uexp P o
* Impurity density reconstruction requires particle v ” 1 | 107 iMP flows XD 1,a,LFS RyFs .
distribution of the injected neutrals T T L HES — sindpps Ryps O
SRl 10°| |« Excellent agreement between asymmetries 0.96 0.97 0.98 0.99
* Anew gas puff module has been included in the obtained from densities and from flows Pl

FIDASIM code [5] taking Into account geometry 10"

of HFS and LFS CXRS systems . Bl Summary and Conclusions

valve 111
11

directic‘;r‘\

* This model launches Monte Carlo markers with 4o 0,97 * Poloidal asymmetries in the impurity profiles have been studied.

a distribution similar to the gas cloud observed e v 10 Asymmetries In the impurity density are needed to explain asymmetries In
during laboratory test of the new valve [3] - the flows

Neutral ation = first fon of neutral 1.05 1|5\,1[5m] 1.25 A new module has been included in FIDASIM to enable the impurity

el rta dpoputa |Ion N |ishg|en§rat|:) | o neutrals N (m?) density calculation from GP based CXRS measurements. Excellent

(Injecte heutrals, nO.) alo neutrals Wa||;';';';'p|asmal 10" agreement between impurity density from GP based and NBI based
(successive generation of neutrals, n, ). Halo . .

. alo 111 #37529 diagnostics
neutrals penetrate into the plasma [6] - il (3479)
5! * |Impurity density calculations show an accumulation of impurities at the

1 . r 111 . . . .

vave @ ool A HFS edge region. Good agreement with the asymmetries estimated from

rection ™ .ty Gedaliin rl -

osf e i i flows
RN i y‘fe‘ , 5 valve Va‘Ve”I.l. : : : : : : .
S o) ot B | |direction, . « Edge impurity density asymmetry studies are now possible in scenarios
. ) without NBI
05 1
D A e _ References Acknowledgement
1 . . L UXO - A [1] K.D. Marr et al. Plasma Phys. Control. Fusion, 52:055010, 2010 [5] B. Geiger et al, Plasma Phys. Control. Fusion 62: 105008 (2020). This work received funding from
1 05 0 05 1 ¢ ‘0_5 1 1.05 1.15 1.25 [2] T. Putterich et al. Nucl. Fusion, 52:083013, 2012 [6] R.M. Churchill et al. Rev. Sci. Instrum. , 84, 093505, 2013 the VI Plan Propio de
1 0 u ] - ' [3] D.J. Cruz-Zabala et al. Journal of Instrumentation, 14:C11006, 2019 [7] R.M. McDermott et al. Plasma Phys. Control. Fusion, 60:095007, 2018. Investigacion de la Universidad
U, i R [m] [4] E. Viezzer et al. Plasma Phys. Control. Fusion, 55:124037, 2013 de Sevilla (PPITUS 2017).

% : ) This work has been carried out within the framework of the N
Correspondlng auth_or. dcru_zB@us.es /" \ EUROfusion Consortium and has received funding from the — = f \ ASDEX
47th European Physu:al Souety / \\) , E U RO fUSion Euratom research and training programme 2014-2018 and [ — — — N3 / ‘ \ Upgrade

- 2019-2020 under grant agreement No 633053. The views — e — — =
Conference on Plasma PhySICS’ \‘\\-'-/' and opinions expressed herein do not necessarily reflect N —— — — 'E 5 —
Online those of the European Commission. CSlC JUNTA DE ANDALUCIA




