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My research career covers different fields of computational plasma Physics: nuclear fusion,
astrophysics, industrial and experimental plasmas. I have 16 years of research experience modeling
plasma in different regimes, participating as researcher in international projects as well as project
PI. My research experience is supported by publications in reference journals (51 papers including
34 as first author as well as 72 congress contributions), keeping an active collaboration with all the
research groups | participated, performing original studies as leading researcher. I keep common
research lines with the next institutions in the following topics:

RESEARCH LINES:

NUCLEAR FUSION PLASMAS

In collaboration with the next researcher and institutions:

1.

3.

ORNL QPS and ITER: D. Spong, D. Del Castillo and Y. Ghai:

» AE stability in Tokamaks and Stellarators.

» FAR3D code developing.

» Gyrokinetic (GTC) code bench-marking.

DIII-D: M. Van Zeeland, D. Pace, W.W. Heidbrink, X. Du and A. Wingen.

» Negative triangularity discharges

» Optimization of NBI operational regime for steady state operations.

» AE stability of high poloidal B and reverse shear discharges in DIII-D plasma.

NIFS: K.Y. Watanabe, S. Ohdachi, Y. Todo, K. Nagaoka, Y. Narushima, T. Tokuzawa, Y.
Takemura, K. Ida and R. Seki.

» Optimization of LHD plasmas versus AE/EPM instabilities.

» Bench-marking of the FAR3d code with the hybrid code MEGA.
» EIC events.
>

Ballooning and interchange modes stability in LHD inward/outward shifted
configurations.

» MHD soft-hard transitions.

» Effect of the ECCD, ECH and NBCD on the LHD plasma stability.
» Shear flows and zonal currents induced by EIC and MHD burst.
CIEMAT: C. Hidalgo, A. Cappa and S. Melnikov..

» AE activity in TJ-II plasma.

Kyoto University: K. Nagasaki.

» AE activity in Helitron J plasma.

QST Naka: S. Yamamoto, K. Shinohara, A. Bierwage, J. Shiraishi and M. Honda.
» EPM/AE activity in JT-60SA.

EAST and CFETR: J. Huang, J. Chen, V. Chan

» EPM/AE activity in EAST NBI + ICRH plasma.

» Prediction of EPM/AE activity in CFETR steady state plasma.



8. JET and University of Marseilles: S. Sharapov, J. Garcia, S. Mazzi and D. Zarzoso.
» AE activity in JET D-T plasma.

» Generation of zonal currents by fish-bones: saw-tooth events destabilization.

9. CFQS: A. Shimizu.

» Prediction of the AE activity in CFQS plasma.
10. University of Seville and ASDEX: M. Garcia Mufioz and J. Rueda.
» Analysis of the AE activity in ASDEX plasma.

11. Marseilles University: D. Zarzoso and H. Betar

» EP transport.

12. KSTAR: J. Kim and J. Kang

» AE stability and optimization.

13. W7-X: A. Knieps

» AE stability and optimization.

Research main topics:

(a) MHD Stability of stellarator and tokamak devices: Analysis of ballooning modes and
interchange modes stability in LHD inward and outward configurations, Transitions between soft
and hard MHD regimes and studies of MHD turbulence (nonlinear simulations). See figure .
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(b) Destabilization of Alfven Eigenmodes by energetic particles: Optimization of nuclear fusion
devices to minimize or avoid the destabilization of Alfven Eigenmodes driven by energetic particles
(NBI, ICRF and alpha particles). See figure II.
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ASTROPHYSICAL PLASMAS
In collaboration with the next researcher and institutions:
1. Observatory of Paris: F. Pantellini, M. Moncuquet and P. Zarka.
» Analysis of the Hermean magnetosphere: MESSENGER and BepiColombo missions.
» Slow modes in the Herman magnetosphere
» Solar wind interaction with planetary magnetospheres.
» Exoplanet radio emission.
2. CEA Saclay, LDEE group, S. Brun and A. Strugarek.
» Convective dynamos in solar-like stars.
» Space weather.
» Earth habitability among the Sun main sequence.
3. SMILE project, A. Samsonov.
» MHD simulations of the Earth magnetosphere
4. German Aerospace center, [. Fernandez.
» MHD simulation of the solar wind interaction with the Earth magnetosphere during
CME events.
5. Institute of Astrophysics of Granada and the CARMENES observatory: M.. Pérez-Torres.
» Space weather and radio-emission from Proxima Centauri exoplanets.
6. Nicolaus Copernicus Astronomical center: M. Cemeljic.

» Space weather effects on exoplanets around neutron stars.

» Interaction of the stellar wind with the magnetosphere of the exoplanet HD189733b.



Research main topic:

(a) European project SHOCK (Stellar wind interaction with the Hermean magnetospheres):
Solar and Heliospheric Collisionless Kinematics, Seventh Framework Programme FP7 of the
European Commission (see http://project-shock.eu/blog/) at Observatory of Paris. The aim of the
research was to simulate the interaction between the solar wind and the magnetosphere of Mercury
with MHD codes (PLUTO and VAC). See figure III.
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Fig Ill. (a) Density distribution, inflow/outflow regions on the planet surface and |B| along solar
wind stream lines. The black lines (Hermean magnetic field), white line (satellite trajectory) and
pink line (plot figure b). (b) Plot of density, |B|, temperature and velocity. (c) Energy load and
sputtering regions on the planet surface. (d) Radial velocity and open B field lines on the planet
surface. (e) Solar wind leaks in the inner magnetosphere toward the reconnection region. (f) and (g)
show the slow mode and compressional front in the Hermean magnetosphere.
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(b) Space weather effects on the habitability and radio emission on planetary magnetospheres:
MHD simulation dedicated to study the effect of the stellar wind and interplanetary magnetic field
on planetary magnetospheres. The effect of the space weather conditions during regular and CME-
like conditions were analyzed for the Earth and exoplanets. The radio emission is calculated
applying the radio-magnetic Bole's law. See figure IV:
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Fig IV. OCB latitude with respect to the IMF orientation and jBIMFj calculated in the North
Hemisphere (a) DS (0o longitude) and (b) NS (1800 longitude), South Hemisphere (c) DS and (d)
NS. Fixed Pd = 1:2 nPa and Tsw = 1:8 105 K. The dashed horizontal lines indicate the Kp index.
The yellow star indicates the OCB latitude if jBIMFj = 0. IMF direction: Sun-Earth (black star),
Earth-Sun (red circle), northward (blue diamond),southward (green triangle), and ecliptic ctr-
clockwise (cyan pentagon). (e) OCB line calculated from the 27=05=2017 ICME simulation.
Energy flux calculated by Ovation prime simulations at the (f) North Hemisphere and (g) South
Hemisphere. Ovation prime data are provided by the iSWA



Publications:

1A J. Varela, V. Reville, S. Brun, P. Zarka and F. Pantellini “Effect of the exoplanet magnetic field
topology on its magnetospheric radio emission ", A&A, 616, A182 (2018).

2A J. Varela, S. Brun, A. Strugarek, V. Reville, P. Zarka and F. Pantellini. “MHD study of the
planetary magnetospheric response during extreme solar wind conditions: Earth and exoplanet
magnetospheres applications” Astronomy and Astrophysics, 659, A10 (2022).

3A J. Varela, A. S. Brun, P. Zarka, A. Strugarek, F. Pantellini, V. Reville “MHD study of extreme
space weather conditions for exoplanets with Earth-like magnetospheres: On habitability
conditions and radio-emission”, Space Weather, 20, e2022SW003164 (2022).

4A J. Varela, A. S. Brun, A. Strugarek, V. Reville, P. Zarka and F. Pantellini, “ On Earth'’s
habitability o v er the Suns main-sequence history: joint influence of space weather and Earth’s
magnetic field evolution”, MNRAS 525, 4008—4025 (2023).

5A R. Mishra, M. Cemeljic, J.Varela and M. Falanga “Auroras on planets around pulsars ”, ApJ,
959, L13 (2023).

6A A. Canet, J. Varela and A. I Gomez de Castro “Stellar wind impact on early atmospheres of
unmagnetized Earth-like planets”, MNRAS, 531 2626 (2024).

7A L. Pefia-Mofiino, M. Torres and J. Varela “Magnetohydrodynamic simulations of the space
weather in Proxima b: Habitability conditions and radio emission”, A&A, 88, A138 (2024).

1B J. Varela, A. S. Brun, A. Strugarek, V. Réville, P. Zarka, F. Pantellini "3D MHD study of the
Earth magnetosphere response during extreme space weather conditions", PICO presentation
EGU21-1684 , EGU, 2021.

2B J. Varela, A. S. Brun, A. Strugarek, V. Réville, P. Zarka and F. Pantellini "3D MHD study of the
Earth magnetosphere response during extreme space weather conditions: applications to
exoplanets", poster, WHPI workshop (online), September 13-17, 2021.

3B J. Varela, A. S. Brun, P. Zarka, A. Strugarek, F. Pantellini and V. Réville "MHD study of extreme
space weather conditions for exoplanets with Earth-like magnetospheres: On habitability
conditions and radio-emission", Poster, Cool Stars 2022, 4 - 8 July, Toulouse, 2022.

4B J. Varela, A. S. Brun, P. Zarka, A. Strugarek, F. Pantellini, and V. Reville "Effect of the space
weather on exoplanet habitability conditions and magnetospheric radio-emission", Poster, SEA
2022, 5 - 9 September, Tenerife, 2022.

5B J. Varela, A. S. Brun, P. Zarka, A. Strugarek, F. Pantellini and V. Réville "MHD study of extreme
space weather conditions for exoplanets with Earth-like magnetospheres: On habitability
conditions and radio-emission", Poster, Cool Stars 2022, 4 - 8 July, Toulouse, 2022.

6B J. Varela, A. S. Brun, P. Zarka, A. Strugarek, F. Pantellini, and V. Reville "Effect of the space
weather on exoplanet habitability conditions and magnetospheric radio-emission", Poster, SEA
2022, 5 - 9 September, Tenerife, 2022.

7B M. Perez-Torres, J. Varela and L. Pefia-Mofiino "Simulating the habitability conditions of an
Earth-like magnetosphere in Proxima b ", Poster, EAS, 10 - 14 July, Krakow, Poland, 2023.

8B A. Rabufial Gayo, J. Navarro Cavall¢ and J. Varela, " Analysis of an artificially generated
magnetosphere using plasma thrusters", ESWW23, Poster [-750, November 20-24, Toulouse,
France, 2023.

9B Samsonov, A., Milan, S., Sun, T., Buzulukova, N., Varela, J., and Forsyth, C. , "Reproducing the
magnetospheric response to southward turnings in MHD simulations ", EGU2024, Poster EGU24-
1968 , November 14-19, Vienna, Austria, 2024.

10B L. Pefia-Tofino, M. Perez-Torres, J. Varela and P. Zarka "Habitability conditions and radio



emission under calm space weather around Proxima b", Oral session, Bcool, 09 - 11 April, Astron,
Neatherlands, 2024.

11B J. Varela, A. S. Brun, A. Strugarek, V. Reville, P. Zarka and F. Pantellini, "On Earths
habitability over the Suns main-sequence history: joint influence of space weather and Earths
magnetic field evolution", Poster, CoolStar 22th, 24 - 28 June, San Diego, USA, 2024.

11B J. Varela, A. S. Brun, A. Strugarek, V. Reville, P. Zarka and F. Pantellini, "Exploring Exoplanet

's habitability: the role of the space weather conditions and magnetosphere radio-emission ",
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(c) Project SPACEINN (Convective dynamo in solar-like stars and Kepler KOI analysis),
(Exploitation of Space Data for Innovative Helio- and Asteroseismology), Seventh Framework
Program FP7 of the European Commission (see https://www.spaceinn.eu/) at CEA Saclay,
DSM//IRFU/SAP/LDEE. The purpose of this task was to model, as accurately as possible, the
convective dynamo of solar like stars using the MHD code ASH, analyzing the effect of the
magnetic fields in the star differential rotation. We compared the model results with
Asteroseismology data, in particular Kepler KOI (Kepler object of interest). See figure V:
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Fig V. (a to f) Temporal and longitudinal averaged of the angular velocity profiles during 10t. and
radial cuts from the equator to the latitude 75° each 15° (black lines are the hydro cases and the red
lines the MHD cases) between 0.4 and 0.96 r/ro (v/ro = 0.4 is not necessarily v = ry,). The long
dashed vertical line on the right hand side panel of each cases shown the basis of the convective
layer. Absolute value of the differential rotation between the equator and 60° latitude (g) and
differential rotation kinetic energy versus Ro (h). Differential rotation versus rotation (i).
Differential rotation versus mass (j). MHD data are the solid circles and hydro data are the empty
circles. The dotted (dashed) line shows the linear fit of the MHD (Hydro) data. The data sets of the

graphs are fitted to power equations A = a+oa B’ (o, B and a parameters are tted).
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LABORATORY AND INDUSTRIAL PL ASMAS

In collaboration with the next researcher and institutions:
1. University of Saclay, LIMSI and AIM, CEA/CNRS: C. Nore and D. Berengere.
» MHD simulations of the turbulent dynamo in the VKS liquid metal dynamo.
2. University Carlos III and thermofusion consortium: M. A. Monge.
» Analysis of the PbLi flows in the DLCC blanket module.
3. University Carlos III aerospace division: J. Navarro.

» Experimental study of the solar wind interaction with planetary magnetospheres using
plasma engines and magnetized targets.

4. Quantemol Ltd (University college of London): J. Tennyson.

» Industrial plasmas applications: plasma sterilization and semiconductor etching.



Research main topic:

(a) Project VKStars (Liquid metal experimental dynamos): Study performed at CEA Saclay
DSM//IRAMIS/SPEC/SPHYNX group and University Paris-Saclay LIMSI group. MHD numerical
simulations using the code PLUTO to explore in a simplified geometry the liquid sodium flow
structure in the Von-Karman-Sodium (VKS) experiment in the vicinity of the multi-blades impeller.
The VKS is a metal dynamo experiment to study several regimes of astrophysical or geophysical
interest. We performed parametric studies to foreseen the effect of the impeller geometry, remnant
magnetic field orientation and intensity, blade material, turbulence level and impinging large scale
flow in the dynamo loop. Dynamo loop features study using mean field theory. See figure VI.
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the BIFD congress, Paris, 15-17 July 2015.

(b) PbLi flows in the DLCC blanket module: Simulate the flow of the liquid metal PbLi and the
heat removal in a nuclear fusion blanket (fig. VII).
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Publications:

1B_J. Varela, J. M. Reynolds-Barredo, V. Tribaldos and M. A. Monge "Modelling of the PbLi flow
for different operational regimes of the DCLL blanket module", Poster P2-2F01, ITC 2022, 8 - 11
November, online, 2022.

(c) Synergy project EXOPLAWIN-CM-UC3M: experimental analysis of the solar wind
interaction with planetary magnetospheres using an artificial source of plasma, reproducing similar
conditions compared to the astrophysical conditions (fig. VIII).
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Fig VIII: (left) Simplified scheme of a plasma engine type Helicon. (right) Plasma ejected by the
engine and slectrostatic proves required for the plasma properties characterization.

(d) European project CORINF (Industrial plasma applications) (Correlated Multielectron
Dynamics in Intense Laser Fields) Marie Curie Training Network funded by the Seventh
Framework Programme FP7 of the European Commission (see http://www.corinf.eu/) at University
Collage of London. The aim of the task was to perform numerical simulations using the hybrid code
(HPEM) and MHD code (ELMER) to study industrial plasmas, plasma etching in the
semiconductor industry and plasma sterilization for sanitary applications.
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TEACHING EXPERIENCE:

UNDERGRADUATE LEVEL:

225 hours teaching electromagnetism theory and laboratory in different engineer bachelor groups:
- Industrial technologies.

- Aerospace.

- Electronics and industrial applications.

- Informatics.

- Mechanics.

- Biomedical.

POSTGRADUATE LEVEL.:

Seminar sessions in the European Eramus Mundus Master Nuclear Fusion and engineering Physics.

MASTER STUDENTS TUTORING:

- Xihui Wang (Institute of Plasma Physics, Chinese Academy of Sciences, Hefei, Anhui, China
University of Science and Technology of China, Hefei, China):

Analysis of beam ion driven Alfven Eigenmode stability in EAST

- Luis Herrera (University Carlos III of Madrid, Spain):

Optimization of the AE stability in TJ-II plasma with respect to the NBI operational regime.
- Andrés Rabunal (University Carlos III of Madrid, Spain):

Analysis of the plasma flow interaction with magnetized objects.

PhD STUDENTS TUTORING:

- Juan Ortiz (University Carlos III of Madrid, Spain):

Study of the Alfven Eigenmodes stability in CFQS plasma using a Landau closure model
Analysis of the AE activity triggered by the helical coils ripple in TJ-1I plasma.



