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SOLAR RADIOCASTRONOMY Observational ’T‘echm'gucs in Solar E’:dioasi’ronomg
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Tnterpretation of 3 DYNAMIC SPECTRUM DYNAMIC SPECTRUM PARAMETERS

Assume emission of em radiation at w2z wp {
with Wp - LOCAL PLASHA PREQUENCY ¢
|
wp=f("-e)) n¢=f(.l') > wp‘f(r) :
: fe |
with ne- tlectron deasity , r - radial distance }
from the Sun. : :
fs ! : :
E.g.: CHROMOSPHERE N = 107 w?  w, = 1.85 GHa S
CORONA Ne = 10w  wp =~ 285 MHm ts t La E >
COROWNA ' Fs =~ STARTING FREQUENCY
lv - fe - ENDING FREQUENCY
fol- === =~ = . feo = (fs -fe)/l =~ CENTRAL FREQUENCY
LA '
fyl-—w = |
fyl- = —=—— ’ : ! ts — STARTING TIiME
fol-——=~o : : | te -—- ENDING TIME
by,
fo|-—- : Loy be = (tg-ts)/L - ceEnTRAL TIME
' |
te b3 &3 t4 t —_—
CHROMOSPHERE o s I tg-tg! ~ eveab duration
SUN RADIO SPECTRUM | fs- fe! - event bandwidth

I - event inteasity



SYNOPSIS of Solor Radio Emission 80 Mz radio maps of +he quiet Sun (Clulgoora radio

obs.) for olifferent periods of e solar cycle

QAUIET SUN — i<t Sfun raclic emiziicv. 2
[ Mclean & Labrum , 1985] p. 45%

+bremsstraklung of thermal clectrons (P~ @) +
cyclotron emission (P~ (x)) ;
e T, = 500K (A=Lmm) = 40° K (A=20cm)

PERTURBED SUN —» A) slowly varying component (8)
r A 3+60cm » close association with suuspot
groups (10.¥cm » R); - chromospheric or coronal

source
o bremsstrakluug (P~@) + cyclotron emission (P (x)),

B) Fast varying component :
TYPE I BURSTS (NOISE STORMS)
TYPe IL 8URsTS ( low frequepcy drift)
TyPe II BURSTS ( high frequemey drift)
7vpe IZ gurys ( broad bend continuum) e
Type ¥ BURSTS ( metre comtimuum)

PARE I S

. These events occur according fo a Timwng closely
related to +he time evolution of tHhe assoctated
FLARE (exception : type I bursts):

L I i 1 1 L i 1 i L
15970 975 1980

1) type IL (+ type W) —> IMPULSIVE PHASE

2) bype IL (+type IT) » GRADUAL PHASE



NOISE STORM:

continuum + TYPE T BURSTS TYpPE I BURSTS

o o™

Jr
abumhry o

15 10 1980
' October 39,4369 (Dulk,1930 in Kriiger 1373, p. 104)

237 MZ

N im T e e - .
Trieste 'y
Selar “ Triest
Grew . riests
i P Selar
'y « ' Qroup
' M&_.;Mﬂ
»
L | ’
»
" 1| .
m'? L1 L 1 (1] ne " M "o
Type I Bursts Continuum Duration at 100MHz 2 10 min
Duration ot 100MHx 5£1s days or weeKs Tb 10% - 10" K
Te 2 10 K 2 109K Circular Polarization ~ O%
Circular Polarization 50 +400/, (o) same as bursts Occurring frequ. range 200 - 1 Mz
Occurring frequ. range 50 + 300 MH2 “ 4w Banolwidth 10 MH2
Bandwidth x 1 MHz % 100 MHz Source height 0.2 - 200 Rg
Source height 0.1:0.6 Ry same 25 bursts Magnetic t-oPoIo_gy open
Magnetic topology closed “ u a Associated phenomeus flare, shock wave
A ssociated phenomeud big sunspots R R Emission meclanism plasma (F+H)
Emission mechanism plasma (F) "
Source size ~ 1.5

1' (wog) -~



WH Ay 11

TYpe I BursT
TYPE ¥ BURST

wulgoera radio heliograph , March 30,136 : LT e T .

Type IT Tj/pc s
T ' ree.
type IL burst sources + con Einuum soﬂ; 'I’)"uré‘f'!on at 100 MH2 F feu.r seﬁends >.i min
. " ¢ s 107 - 101* 108-70" &
( Smerd i 1430 in Krugcr‘ 13?5’ P o Circular Polarization E+30%, H+ 10 (o) <402 (x)
Occurring frequency Range 200 - 1 MHe 100 - 10 NHx
Bandwidh 10 MN 3 50 MHn
Source height 0.2-200 Rg 0.5-2 Rg
Magunetic topelogy open (closed) open %
Associated phenowena electron beam c/3 follow some fypeTL
Emission mechanism plasma (F+H) plasma (H)



TYPE 1€ BURSTS
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Source height
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Associated phenomena
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Radic pulsations during 2 type I burst (Trieste Solar Group)



ENERGETIC FHENOMENA

FLUID MOoTION
v
CHANGE N THE MAGNETIC FIELD TOPOLOGY
v
RECONNECTION
S
MAGNETIC ENERGY
RELEARCE
(10“(.':-9)

e

- SOLAR _FLARES
/"'.'
PARTICLE ACCELERATION HEATING
(109 k) (107 &)

i

WHITE LIGHNT comowa (eelipse: June 30,1998; v e (10-100keV) => HXR, type I, IPM
0 Newkirk, HAOG ) '

p ( 10 HeV)=> {-ray tives, 1pM

RELATIVISTIC € = f~ray CONTINUUM,
type I, TPM

(almost contemperaneously )/

LMechanisms: — STOCHASTIC ACCELERATION
- DIRBCT ELECTRIC FIELD

- SHOCK ]

. g
CORONAL MAYNETIC FI8LD axtropelobed v 3 . .
currenl - frec approximadl

(Ambref , 1993)

o MAGNETIC FIELDS o CURRENTS m _



1982 February 8
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SMM - GRS data (from Chupp et al., 13¢5)
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1010304
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T
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X _rays
< 10keV

- Exignded ghase .
\ \ Impulsive phass

Pr ocuuol
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o

10 20
Time {roinj

Timing of a solar {lare in olifferent bands
of the clectromagnetic spectrum ( Kane, 1574
in Mclean ¥ Labrum 1885 p. 55)
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THE THEORY MUST ACCOUNT FOR:

(1) BEAM FORMATION (bump formah‘an]
(1) BEAM EVOLUTION ' (quasi- lincar rela xaton)
(3) BEAM-PLASMA INSTARILITY C bump-on- tail instability)

'

(4) PLASMA - EM WAVE CONVERSIOV  (many #heories proposed )

MAIN DIFFICULTIES IN INTERPRETATION :
(A) STURROCK'S DILEMMA in point (2); |

(8) Low EFFICIENCY in point (4 ).

( PROTONS -+ LOW-DKIFT TrPe IL')

—~RESEARCH PROTECT —

3. THEORETICAL APPROACH TO POINTS (3). (&)

l by using +he methods of plasma phyaics

feed back

L——b. DETAILED ANALYSIS OF EXISTING RADIO
OB SERVATIONS

THE PLASMA RADIATION MECHAN/SM
FOR THE TYPE IlI BURST

|

: PLASUA

| in STAGE I
I

|

|

.1 PENOMENON
SOLAR CORONA| |

-_—— = - - - v e = o ey v e ww vm wer wes e wee v

UNSTABLE
PLABMA
OONFTGURAZION

STA0B 11

e T
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RADIC EmiIZZIen > infermatien about Hie

[.‘erturbat'iom, sncl the medium +hrough hich

it prepagate: 3
OBSERVED PARAMETERS

1. 0Observation Frequency

2. Aidiation Intensity

3. Duratien, Rise and Decay
Time, Periodicity
4. Polarization

B. Freguency Orift

6. Observed source size

INFERENCES

density , M.F. (wp/2e)
saturation mechonism,
perturbotion
temgora] dependence of
’TJJ apmctues
Magnetic Field
propagation velocity o
+hech%;Hn3 agen t Y f
real source site

k<

EVIDENCE of ACCELERATED PROTONS
IN THE SOLAR ATMOSPHERE

© PROTONS ame ACCELERATED during FLARES a3 well as clectvoms
and iF hos been proposed (Simmett, 1983) that protons in
the emergy range 40°+40% my are the deminent ENERGY
CARRIERS during the impudaive phase.

OBSERVATIONS nf' mu.“’uiahnce:
A) DIRECT, $AR PRON T NAMNG SiTE o
.wrmunnm mm from I




RADIO SIGNATURE
of PROTON BEAMS

m

" 10 July 1980,
TN, IKARYS
SPACTROMETAR
iol. ® v ima [ Y 1 N "
SLOW DRIFT TYPE IIL
20 MHz/s 150 Miafs | oRIFT RATE
13.000 Km/s 100.000 Mm/y | 8AN VELOUITY |
0.6 s (slectrons) 30 s ialietman) | coOLLIS. TIME B
5.0m (protoms) ; B 3

w

[After Baun ® Simactt, Wotuon, 21O , 508 (1396)]

REMARKABLE POINTS :
for the SLOW DRIFT BURST

(i) fhc M ;’ ‘ ‘f'dﬂ' Df masn"‘-ud‘ sm‘])gq
than that of a requler type JL} -

(1) the BEAM VELOCITY % 41+L Vo (3.008K) .pu, |
rwe-sPream instability is Lanslew dpmped” - .

Gii) the CQLLISION TIME for ELECTRONS g roe short
(<< DURATION) => an electron beam woeuld not s

propegate Y

THE EYCITERS can be PROTON BEAMS i
with PROTON ENERGIES 0.56 % 3.7 MeV |

232

MHz

280-

232

MHz

437

050135 ! 05.0137 UT

(a)
Lowd cLndiF DT Terl WL BUKCT

05.0240 050244 Ut

(b)
‘Type UL BURST

Cixarus spectrometer, ETH, 2irich)



PROTON REAMS in CORONAL PLASMA

DAL g The verification of the profon beam [
coronal conolitions as a pos.sib]e candli date

for the interpretation of solar radlio bursts .

1Sk 5

LINEAR REGIME of an UNSTABLE BEAM-PLASMA SYSTEM
(Messerotti, 1383) :  analytical and numerical approach
for the cold and warm case ; whole lnterval of protou
beam velocities.

NOM - LINEAR REGIME .
a) monoenergetic protow beam in cold bacli'ground

iy

- e

plasma : tHheoretial esHmaHon , numericl
calewlations using a Pa:f‘ic]e numerical code.

S

-
i
e
4

» Comparison of growth rates, saturahon Jevels and ,,
trapping periods for eleckron and Yprotou¥ beam 5,

« ¥

Cfor various ms/me ).
« Possible improvement => better descripion of
beam-plasma system (eg La2mw 7™ L= 20 ).
 The level of saturation is a parameter of
{undamental ‘mportance for solar rad;‘oasﬁouo.‘f"
becouse it is commected with the intensiby of iy
the observed radio bursts through the transformaFiok.

b) cold profor bram n warm backerounol plasma for
various proton beam vedocches

c) Warm profon beam in warm hackgrounol plasma
for variou$ protow beam velocifies (bump-on -
Fail instability | Jon- acoustie instabilify ) ;

d) Protow beam propagating perpendiculac to
magnehe fiedd .

QUASI - LINEAR APPROACH for Jong Ame evoluhon
of profon beam

a) Proton beam in in homogencous corona nNeshe (r) '

quasi-linear approach |, propagakion effects, i
|
|
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A typical heam-plasmi system represen bed
by & gap distribution

BEAM - PLASMA INSTABILITY
The cold case in +he electrostatic dpproximation

The eleetresbokic ().-’.'L‘f-cr'.{f,f:-'w,

relation in He colol fesc

Tn the frame of the linear theory (¢ small
perturbation amp]itudcs) the clectrostatic approxim
stion (FxE=0) can be applied to derive the
oi spersion relation for a COLLISIONLESS BEA?-PLASHA
SYSTEM consisting of a particle beam streaming
i an unmagnetized bacKground plasme (iows +
ELECTRONS ).

Electrostatic longituolinal oscillations 3are
cousidered as solutions in the form of traveling
plane waves anol 2 1-D probJem con be studied
to make the notation simple. .

In the limit of vanishing temperatures (n-0) !
the 3 umperturbed plasma components are ’
represented by &- functions in the velocty space:

f-OC (V): Ylo é(V) )LOI- (V)=' np S(V) {Ob (V):. nbg(v‘u)

BACKGROUND ELECTRONS & 1ONS BEAM
V=V, VELOUTY Ne UNPERTURBED FIASHA NUNBER DINSITY
n‘b = E n_o BEALL i” "

[é<<1 = weak beam ]
Vp =Vpx STREAMING VELOCITY Of the BEAST.



. The propagation is supposed to occur dlong the.
X -3xis.

The charge neutrality is assumed as ne=wn;=n,
with 3 neglegible perturbation coused by the
beam (ny «n,).

The ELECTROSTATIC DISPERSION RELAT/on reaols
(see e.g. Mikhsilovskii, 4974):
< A

Dlw )z g “ee. . Wpi . _Web__ . g
w? w* (e V- )2

W = wr + ir LOMPLEX FREQUEMNCY
we W, elR (REaL FREQUENCY)

[ Y €IR (L/NEAR GROWTH RATE)

K e REAL WAVENUMBER

Wye =[ﬁ£ﬂu:_?‘] /2
m
e, m clectron charge and mass

12

if2
Wp; = [a;;f ;2] i (%;_) We BACKGROUND IONS PLASHA EREQU.

M proton mess (mainly prof-ons)

2 42

Wy = [4rheet T, g (3. )'Izwft BEAM PARTICLE PLASHA FREQU.
M Ly,

My, beam particle mass

The oh'spcrsiou_ relation cam be rewriHew 35:

4 z 2
D(UJ/K).—_ ’1-— _a.).g_c,« 1 wpc - € (Jpe. :.-O
w? Mep Wi MRA (w- K V})*

BACKGROUND ELECTRONS PLASHA FREQY.

MKF = M/m *183¢ PROTON 7€ ELECTRON [MHASS RAT 10

MRB = m, [m BEAM PARTICLE TO CLECTROM MASS RAT/IO

That is a 4th oroler dlgebraic eguation n &
and (fs sowuTions  w; = W, (k) (i=1.4) are he

PERMITTED MODES in the btam-plisma system .

If w.; has a now-vanishing imaginary part
Y, , the waves are” ola wped (y:<0) or growing
(yi>o0).

S THE POSSIBLE GROWING MODES ARE OF /NTEREST

TO STATE IF THE FLASMA RADIATION MELHANISET
CAN WORK EFFECTIVELY .

Mumerical solutions of_

the dispersion relation

Atter some variable substitufions as:

b(/j: w/wpe ’2’.-.' KV},/U)BC

the DISPERSION RELATION becomes:

"
D(WRK})-4_ 4. .4 1 _ & 1 o)
’ ol T hee ¢ T MR S-Rr

which is suitable fo be solved nuwmerically.
It is a 4 oroler a]gcbr.u‘c e?uah'ou of normalized
compler variable &=+ /& and real coefficients,

which depevols ouly on the FREE PARAMETER £
ealabad 4n +Hie beam dencitu



The Real rat il of +he solutions -;Jn- :.{’Jn- (i)
Lisf.4) are the branches of the dispersion
relation and the MaGimaLy FALTD “Ll/'[""t’ffvur (w)
are the correspondin3 GROWTH RATES,

If missi0F 3 PROTON BEAM is considered
whereas /1iis - L represents dn ELECTROMN BEAI,

Mumerviool recull:

Three cases of beam oeusity were consiolered for
profous and electrons respectively s 1. £«1,
sTRONG 8SAM ; L. £-40"* and 3. §-40"¢,
WeAK BEAM (extreme vilues estimated for tlectrou
beams proolucing type W bursts.

In the Figures the eoseillatien bramches (ickexiff
ed by digits) are plotted ik panels (3) and the
corresponoling qrowth rates in panels (b).

The high-frequency plasma branch (1) can be casily
idemtificd . The resomance bramch (2) represents
the unstable beam-plasma oscillations (F20).

As the beam oleusity (s decreased | the ringe
of wavevectors corresponoling to an appreciable
awplitude of the growth rate ¥ is reduced énol
such is also the mariwuw growth rate (see
following griphs).

PROTON BEAM

20

@

10

2,3

L ‘-—-—-—‘
0.8'0 1.0 K 20
{a)
010
7
005F
| - -
0.8.0 10 K 20

(b)



PO ON BEARM !
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2,0['
w
1
-
1 - 1. O -
10 3 kluaxp | ’
j — 3
2.3 L 000 L4 |
-6 € 1
10 h]
PROTON BEAM
3 ]
%80 10 K 20
(a) 2.000
0.0010r ol
- !’""" Ill
maxe In'
3 /
— l?l._..-
_4 e [ — - . - ‘ Rt
0.0005} _6 e i 10_6 cj 1
10 3
ELECTRON BEAM ELBCTRON BEAM
Maximum linear growhe rate Maximum normalized
s beam deusity &s%t wavevector E:nlfa/wfg
i the clectrostatic case vs. beam deusity &
]
03.0 10 K 20 in the electrostatic
{ b}

case




1B+

1E-014

GAM 1E-32-

Cold Beam-plaswma System

o -, Y s % electrons
v
- - protans
-4 t + + + ' 4
1E-@6 18-85 1E-84 15-8 LE-82 1E-81 16489

Ers

Lincar growth rate y* vs. beam dmsity

E=nbfn, for elecctron and proton

beawms in the electrostatic 71-0 case

L T

From o elireck comparison of the growth rates in
the PROTON and (n the ELECTRON case [t comes oul
that the FORHER s 4 order of magnituole Loweer.
This is in agreemeut with the aualytical analysis
(ste Q. MiKhailovsKii,K 1374) +kat shows thot (n
the cise of proton beams +he growth rate is
reduced by a factor (MeP)™P x 12,

It is impossible to draw a conc]usion aboutl the
possible radioemission by proton beams from
such 2 simple analysis , because +he used
spproximations are quite restrictive and the
Eemperature spread must be takew inte account.
Moreover the NoW-tiNEAR eyolution of the
system wust be considered in oroer to oletermine
the SATURATION (EVEL of the (ustability . Such
energy level is 2 fundamewtal parameter n
the vadio emission process in oroler to establish
the available cnergy in the plasma waves to be
converted (uto transversal electromagnetic weves.



BEAM PARTICLE TRAPPING
THE TYPICAL COMPUTATIONAL CYCLE

ZME TIME STEP (v 4 PARTICIE SIMULATICN CrbE

Tntegration of equations
of motion . moving particles |>—
F; —» v; —» X;

1

Weighting @ Weighting
(£,8)] - F; (xv); = (9,7)]
‘ A Y
Fig. 2. A quast-monokinetin sleciron beamt (vean valoally Jy, velnally ¥y, kv tha resonant .
l;*,:,., e s T”“"‘"“':,'Lr‘?m :,:-*mm;ﬁ Integration of freld
trovoma irspped (at time r,, Pigere 301 The elosiran of the basss 1N rgIRE I Phase space (tisme 1, > 1, < e?uat‘l‘ons on srl‘d .3
e s e e ol e seeeio o o bl (i X0 8 Co.T)
. . (E‘ ) f .
e J aat
o
I Y 4. WS- _ |
i t =42 .. NP  PARTICLES
5 j=4,8,..NG GRID POINTS
A ll. ty *
Fig 3. Schematic view of tha evolution of the bis wave ," (onrnppin.pululmn}.ulur‘inum
trapping 1ype saturstion process. Timen 1, 1y, and 1, schamatically correspond Lo thone of Figure2 ( From B ‘.rdsa 11 & L 3 ngdan } '198 5 )

Osciltations st the apping frequency Anally damp away, dus 1o the mixing phenomena describad in the
a1,

( from Le Queau ¥ Roux , 198%)



Beam-plasma instability: NON-LINEAR EVOLUTION
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OUTPUT of the electrostatic code ES1
DIFFERENT DIAGNOSTICS :

{(4)

(6)

THRE APPLICATION OF A 1-D ELECTROSTATIC <CODE FOR THE ANALYSIS OF
SEAM-PLASMA SYSTEMS IN THE SOLAR CORONA

M. Messerottill), M. Karllckylzl, P. Ziubec{l)

(1} Astronomical Observatory, Trieste, Italy

{2) Astronomical Observatory, Ondrejov, Czechoslovakia

SOMMARIO

§i discute 1'uso di un codice elettrostatico unidimensionale per
1'analisi di sistemi fascic-plasma. S5i e’ condotto unc studio
preliminare di un'instabilita' elettrostatica di streaming di tipo
"bump-on-tail” nei regime non lineare per un fasclio di proteni ed wuno
di elettroni aventi la stessa densita' e velocita' nel caso freddo.
i‘energia di saturazione ottenuta per i protoni e’ superiore a quella
degli elettroni, il che suqqgerisce una possibilita’ di radioemissione

anche per il prime tipo di particelle.

ABSTRACT

The use of a particle simulation code for the analysis of
beam-plasma systems is discussed. The code is one-dimensicnal and
electrostatic. Such a code has been used in a preliminary study of an
electrostatic streaming instability (bump-on-tail type} in the
nonlinear regime and the related choice of system parameters 1s
explained. The saturation of the instability is analyzed for a4 protan
as well as for an electron weak beam having the same density and
velocity in the cold approximation and the correspondeat enerqy levels
are compared to test the efficiency of the process. The saturation
level for protons revealed to be larger than that of electrons. This is

suggestive of a possible radicemission by protens.
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Introduction

In  swolar radioastronemy wvarious kinds of racdio burste
vbserved 10 the metric and decimetric band are interpreied on the
basis of the plasma radiation mechanism: some type of plasma
instability generates high freguency plasma oscillationsg (Langmuir
waves), which are converted into  observable radio waves via A
nonlinear process (e.qg. Melrose, 1987).

This mechanism seems to  explain guite well the type II1
bhursts, which are the signature of an electron beam injected inta
the coronal plasma ofter acceleration during the 1mpulsive phase
of a flare. Such @& beam 15  propagating with a velocity of
approximately o/7% and excites plasma waves at different coronal
levels (lL.e. plasma freguencies} giving origin to a fregquency
drifting radioemission, This instability is the so-called
“"Leam—plasma  instability" and it is quite effective for an
wlectron beam. Many studies were devoted te the theoretical
investigation of these systems (Melrose, 1980 and references
therein}.

Recent observations from the 5MM satellite pointed out that
protons and electrons are quasi-simultaneously accelerated during
the impulsive phase of flares and in the literature it is
sugqgested that proton beams can be the exciter of low-drift radio
bursts (Benz and Simnett, 1986). Sb it is worthwile theoretically
cansidering proton-beam plasma systems to determine if they are
sultable candidates for radicemission.

The linear regime for a three component plasma (beam pratons,
plasma electrons and protons) in the zero temperature
appraximation was analyred e.ig. in Messerotti (1987) for the
electrostatic case. From this analysis one can get the most
unstable mode and  the corresponding maximam  growth rate (see
Figqure 1), but nothing can be said about the further developement
of the gystem. This is a problem as the energy lIevel of growing
waves 1% an wmportant parameter in estimating the radio intensity
of ohserved bursts and on a relatively long time-scale trapping
el ferte become effective and must be taken ints  account in

determining such level. With regard to that the linear regime does

not provide an appropriate description and one must Taak at the
naniinear phase (see w.q. Le Rueaux and Roux, 1987),

The particle terapping for a proton as well as for an electron
beam having the same density and velocity 1% considered in the
following as a preliminary approach to the probilem by using the
saturation times and energies obtained by a nparticle simulation
toue 1N comparison to those provided by the analytical theory. The
agreement is guite satisfac tory notwithstanding the inadequate
description of the physical system uwsed in  the simulation to

shorten the running time.
The simulation parameters

The particle samulation code "ES1™ documented in Hirdsall and
Langdon (1985%) was used, It is an electrostatic code which allows
the addition of & static magnetic field and provides many useful
ditagnostics to analyze the aystem evolution such as the time
histories of the energy in the various modes.

A beam—plasma system was simulated on  a relatively long
time-scale first for an electron stream ( 1200 time steps ) and
then for a proton stream ( 2600 time steps ) interacting with a
backyground electron plasma (the neutralizing ion background is
added by default). The beam density was chosen as ].OH3 the
background density (weak-beam model). The proton mass was set to
10 times the electron mass to reduce the computing time, but this
value is probably to low to give a good description of a real
proton beam and it will be changed to 100 in  future runs. The
number of grid pointa was set to 64 as the number of background
electrons, while the beam particle number having to be greater to
reproduce adequately the trapping effects was set to 312. The
lenght of the system, which is the wavelenght of the most unstable
wave, was set to 2 to place the first mode near the peak of the
growth rate determined by the linear analysais. To this mode a
small initial perturbation was given. For a detailed discussion of
such values see Rirdsall and Langdon (1985, p. 119).

The time history of the electroatatic eneray far the first
mode | Ew b Vb / mpe = 1 } is piven in Figure 2 for an electron

wnd in Figure 3 for a proton beam. The energy levels at the first



peal were assumed as saturation values to  be compared with  the

theoretical estimations,
Thearetical estimations

The growth rate uf a beam plasma system in the case of

langitudinal electrostatic ouscillations isa

y .o 73 EE 1/3 TE 1/3 (1)

L pe 24/3 n, m )
where wpe is the electron plasma frequency, ( n, / n, 1 is  the
beam to plasma density ratio and ( L / mb ) is the electron to

beam particle mass ratio.

The trapping period for beam particles (L8 Queaux and Rou,
1987) ie:

m 1/2
2n b -
T = ﬁ; 2n [ TeE ] [21]
with nT - trapping frequency, k — wavenumber and E -~ @alectric

field intemnsity at saturation.

The saturation level of the field energy densities given by

(Birdsall and Langdon, 1985, p. 117): )
L 1/3
= 1 2 - R 1 2 -
N(tz) 75, E (tz) [ 5 ] [ 5o Ny vy ] - [Z]
; - . . 2 -
with t2 trapping time, R = ( wbb / "pa [ I | M, / no ) beam

to electron plasma frequency ratio and v° - streaming velocity,.

Hence one can write:

2 1/3 2/3 1/3
E (tz) x R my & m - E(tzj o my [41

and the ratio of the trapping periods between protons and

electrons become:

T m 1/3
[ b
T [m ] * [3]
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From [3] and [4] one can estinate the ratio between the

saturation levels:
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For 4 mh / me ~ 1B4% ) one gets a ratio eqguals to 150, which

means that the saturation level for protons is two orders oft

magnitude higher than that of electrans.
Comparison of theoretical estimations and numerical results

In Table I & comparison between the theoretical wvalues and
the rumerical ones is reported. As one can see the agreement 1s
quite satisfactory for the chusen mass ratio for protans ( My / m,
= 14 }. A discrepancy was obtained in a preliminary run  with a
mass ratio equals Lo 100, but this can be due to the fact that
augmenting this parameter requires also a higher number of
particles to describe properly the beam on a long time-scale. This
modifications will be the goal of future simulations, when the
program will be implemented on a dedicated workstation so allowing

tg disregard the running time.
Conclusion

The nonlinear regime of a beam—plasma system was studied for
different beam particles by using the analytical approach as well
48 the simulation one. Results derived atcording to both
procedures are in  satisfactory agreement, so confirming the
validity of going on simulating with different parameters of the
system to provide an extensive analysis, which can find an
interesting application to solar radioastronomy.

These preliminary results show that the saturation level of
proton beams 1s 150 times higher than that of electron beams
(having the same density and velocity) propagating in a background
pPlasma. This means that the efficiency of conversion between beam
kigetiec energy and plasma waves energy is higher for protons. Such

.

a fact is interesting if compared with the result given by the
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Tietvrar analysics, which gives a growth rate tor proaltang  one o deee
ol magnitude smaller than that of electrons.

Evern if this would cupport the hypothesis that protons can b
surlable candidates for radioemission  in solar  conditions, 0ne
mog b be:  careful 1in drawing  conclusiong becalse in theone
preliminary simulations 1t was not  considered tho trappinqg of
background electrons, which can be effective 1n some situations
Ygiving a lower level of plasma waves In the case of a praoton beam.
Such effects can be simulated but one must be very careful in the

thoice of correct mass ratio and number of particles,
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Table [

Electrons Protons
GROWTH RATE in the linear phase
-
Theary 0.0687 0.0319
Numer . 0.0616 0.0310
SATURATION LEVEL at first peak
Theory 2,493 E -4 1.157 E -3
Numer . 2.918 E -4 1.480 E -3
RATIO between SATURATION LEVELS
Theory 4.64
Numer . 5.04
TRABPING PERIOD
Theory 55.9 120.2
Numer . 61.6 130.8
BATIO between TRAPBING PERIODS
Theory 2.15
Numer . 2.14

In the theoretical

estimations

equals to 10 has been assumed.
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Cold Beam-plasna Systen
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Fig. 1 - Maximum growth
rate a5 a function of
beam density {normalized
to the plasma density) 1n
the linear regime tor
electrons and protons.

Fig. 2 - Electrostatic
“ energy time history for
" an electron-beam plasma

system in the nonlinear
regime as produced by the
program ESl (dee text)

Fig. 3 - Electrostatic
energy time history for 4
proton-beam plasma system
in the nonlinear regime
as  produced by the
program ES1 (see text).
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