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Description

PLUS Collaboration: Plasma in Laboratory and Universe Systems.
Promote Italian activities in Plasma Physics, especially with respect
to cross-fertilization between Laboratory and Astrophysical scenarios.

https://www.afs.enea.it/project/astro

Research Lines: Acceleration in Plasmas; Accretion onto Compact
Objects; Fusion and Diagnostic Devices; Self-Gravitating Systems.

Scientific Board:
- Elena Amato (INAF - Arcetri Observatori (Florence))
- Stefano Atzeni (SBAI Dep., “Sapienza” Univ. of Rome)
- Marica Branchesi (GSSI, L’Aquila)
- Roberto Capuzzo Dolcetta (Physics Dep., “Sapienza” Univ. of Rome)
- Cristina Falvella (ASI)
- Massimo Ferrario (INFN, L.N. Frascati (Rome))
- Luigi Stella (INAF - OAR, Monteporzio Catone (Rome))
- Marco Tavani (INAF - IAPS, Rome)
- Angelo Tuccillo (CREATE)
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Staff Members:
Coordinator: Giovanni Montani.

Franco Alladio (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome)); Stefano Ascenzi (INAF-OA
Brera, Milan); Roberto Bruno (INAF-IAPS, Rome); Paolo Buratti (ENEA, Fusion and Nuclear Safety Department, C. R.
Frascati (Rome)); Nakia Carlevaro (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome));
Sabrina Casanova (Max Planck, Heidelberg); Francesco Cianfrani (University of Marseille); Giuseppe Dattoli (ENEA,

Fusion and Nuclear Safety Department, C. R. Frascati (Rome)); Matteo Del Prete (Physics Department, “Sapienza”
University of Rome); Andrea Doria (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome));
Matteo V. Falessi (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome)); Alessandre Fassina (IGI,
CNR); Marco Feroci (INAF-IAPS, Rome); Donatella Fiorucci (RFX Consotium, Padova); Lori Gabellieri (ENEA, Fusion
and Nuclear Safety Department, C. R. Frascati (Rome)); Alfredo Luminari (PhD Student - Ast. Roma1 - Tor Vergata
(Rome)); Fabio Moretti (Physics Department, “Sapienza” University of Rome); Roberto Onofrio (ENEA, Fusion and
Nuclear Safety Department, C. R. Frascati (Rome)); Francesco Piacentini (Physics Department, “Sapienza” University
of Rome); Fulvia Pucci (National Institute of Natural Science, Japan and Princeton University); Daniela Pugliese

(University of Opava); Fabrizio Renzi (Physics Department, “Sapienza” University of Rome); Stefano Romeo (LNF -
INFN); Raffaella Schneider (Physics Department, “Sapienza” University of Rome); Angelo Schiavi (SBAI Department,

“Sapienza” University of Rome); Brunello Tirozzi (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati
(Rome)); Onofrio Tudisco (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome)); Cristina Vaccarezza
(INFN, L.N. Frascati (Rome)); Gregorio Vlad (ENEA, Fusion and Nuclear Safety Department, C. R. Frascati (Rome));

Angelo Vulpiani (Physics Department, “Sapienza” University of Rome); Fulvio Zonca (ENEA, Fusion and Nuclear Safety

Department, C. R. Frascati (Rome); Institute for Fusion Theory and Simulation and Department of Physics, Zhejiang
University, Hangzhou (China)).
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Activities:

- Dedicated J. Plasma Phys. Thematic Issue (TBP in May 2020)

- Workshop PLUS. ENEA, C.R. Frascati - November 06, 2019
- Meeting PLUS. Physics Department, “Sapienza” - July 02, 2019
- Thematic workshop: Plasma acceleration.

ENEA, C.R. Frascati - May 13, 2019
- Mini-workshop. ENEA, C.R. Frascati - March 05, 2019
- Workshop. ENEA, C.R. Frascati - June 21, 2018
- Workshop. Physics Department, “Sapienza” - October 23, 2018
- General meeting. ENEA, C.R. Frascati - March 05, 2018
- Mini-workshop. ENEA, C.R. Frascati - January 16, 2018
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Selected Talks:
- Gian Piero Gallerano: Terahertz and mm-waves FEL applications at ENEA Frascati

- Roberto Capuzzo Dolcetta, Gravitational Dynamics in an extreme environment

- Fulvia Pucci, Energy transfer and electron energization in collisionless magnetic

reconnection for different guide-field intensities

- Stefano Atzeni, Laser-driven inertial fusion and matter in stellar conditions

- Franco Alladio, Status of the art and operation plans of PROTO-Sfera

- Andrea Doria, Relativistic Electrons Based Radiation Sources

- G. Dattoli, Plasma accelerated e-beams and Free Electron Lasers?

- S. Ascenzi, Controparti elettromagnetiche di coalescenza di binarie compatte

- M. Feroci, Nuovi rivelatori per nuove diagnostiche in Astronomia X

- F. Zonca, Nonlinear wave-particle interaction in rising tone chorus generation

- M. Ferrario, Nuove Tecniche di Accelerazione ad EuPRAXIA@SPARC LAB

- M. Tavani, La fisica di AGILE: nuovi scenari per l’emissione ad alte energie

- L. Stella, Magnetosfere di stelle di neutroni in accrescimento e di magnetar

- G. Vlad, Le prospettive della fusione italiana ed europea con DTT

- P. Buratti, Flares from the Crab Nebula
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Crab Nebula
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Four intense gamma-ray flaring episodes from the Crab Nebula have
been reported in the gamma-ray energy range 100MeV - a few GeV
by AGILE and Fermi/LAT in the period 2007-2011.

[M. Tavani et al., Science 331, 736 or 739 (2011); V. Vittorini et al., ApJ 732, L22 (2011)]

This activity has been attributed to transient emission in the inner
Nebula due to the lack of:

any variation in the pulsed signal of the Crab pulsar;

any detectable alternative counterpart.

High spatial resolution optical and X-ray obs. by Hubble Telescope
and Chandra detected local enhancement in the “anvil” region.

[A. Tennant et al., ATel 2882, 1 (2010); P. Caraveo et al., ATel 2903,1 (2010)]

The emission can be modelled as rapid (within 1day) acceleration
followed by synchrotron cooling.

Assuming a bulk Doppler factor ∼ 1 and a local magnetic field
Bloc ∼ 1mG, the energy for the synchrotron photons implies that the
electrons are accelerated to γ ∼ 109.
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The striped pulsar wind:

In the equatorial belt, the magnetic field at a fixed radius alternates in
direction at the frequency of rotation, being connected to a different
magnetic pole every half-period.

The flow evolves into regions of magnetically-dominated cold plasma,
separated by a very narrow, hot, corrugated surface (current sheet),
whose amplitude increases linearly with the distance from the star.

Wavelength of oscillations is at most 2πrL, where rL = cP/2π is the
light cylinder radius and P the pulsar period (Crab: P = 33ms).

The current sheet cuts the equatorial plane, and locally it resembles a
sequence of concentric, spherical surfaces: striped wind.

[F.C. Michel, Comments Astro-phys. Space Phys. 3, 80 (1971)]

Only some fraction of the magnetic energy can be converted into
particle energy via a magnetic reconnection process in the wind before
the termination shock. [Y. Lyubarsky, J.G. Kirk, ApJ 547, 437 (2001)]
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Shock-driven reconnection and Crab flares:

Lyubarsky analytical model for the particle acceleration via the
shock-driven magnetic reconnection: [Y.E. Lyubarsky, Mon. Not. RAS 345, 153 (2003)]

Maximal Lorentz factor a particle can attain in the plasma comoving frame, when
the magnetic field dissipates completely:

γM =
1

∆o

[ 2− s

2(s − 1)
σ
]1/(2−s)

where s ∼ 1.5 is the power-law index of particle distribution;
maximal energy in the particle distribution in the laboratory frame:

γmax ∼ γM Γw/k ∼
Γw

∆s−1
o

[ 2− s

2(s − 1)
σ
]1/(2−s)

For the Crab Nebula γmax ' 109R
−3/4
15 . If a shock forms in a region

well inside the termination shock and compresses the pulsar wind at
1015cm from the inner pulsar, this calculation shows that high energy
electrons can be accelerated up to γmax ' 109 in the laboratory frame.
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A collisionless shock compressing the pulsar wind:

Assume that a shell of overdense material of total energy Eo is created
in the vicinity of the central pulsar, composed by photon and e± pairs,
and loaded with baryons: fireball model. [T. Piran, Phys. Rept. 333, 529 (2000)]

Issues against this formulation:

Fireball acceleration Γf is highly relativistic, at least one order of magni- tude larger

than Γw at 1015cm: the initial shell is radiation dominated. Thus, most of the

fireball energy content is radiated as thermal emission when the fireball becomes

transparent, at Tobs = Γf × 20keV∼ 100MeV. It should have been detected by a

gamma-ray instrument;

in an almost pure radiation fireball, the transparency is reached too early to

accelerate the baryons to such a high Lorentz factor;

alternative possibility: the fireball is highly magnetized (acceleration driven by

magnetic pressure instead of radiation pressure). But the baryon acceleration is

even less efficient, scaling as Γ ∝ r1/3.
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A plasma instability?

Required properties of a plasma instability:

the shock-induced magnetic reconnection requires necessarily a supersonic

compression of particles and of magnetic field characterizing the wind;

the wind is strongly dominated by the magnetic energy and the Alfvén velocity is

supersonic in the medium.

We propose the Weibel instability: anisotropy of the wind
temperature. [E.S. Weibel, Phys. Rev. Lett. 2, 83 (1959)]

Since the compression of the sheet is radial, we can infer a radial
propagation of the instability, associated with a different radial
temperature of the wind with respect to the orthogonal one.
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Pulsar wind equilibrium distribution function:

f0 =
n

u2
pu(2π)3/2

exp
[ v2

p

2u2
p

+
v2

2u2

]
(vp, up) and (v , u) are the particle velocity and its variance on a given
plane and in the orthogonal direction. n the wind particle density.

Growth rate for up � u:

γ(k) = kupωp/
√
ω2
p + c2k2

At r ' 1015cm: n ' 10−3cm−3, ωp ' 103s−1. Furthermore,
ωp � c/λs (where λs � λD ' 107cm is sheet scale). Thus, on the
sheet scale,

γ ' 10 s−1

The Crab wind is collisionless: anisotropy must come from the pair
e± generation mechanism.
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Accretion in Astrophysics
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Astrophysical Jets
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Cosmological Plasma
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