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In this report we consider possibility of formation of small-scale plasma structures in the turbulent flows of
photospheric gas on the Sun and analyse dependence of their spectrum and intensity on height and the magnetic field
strength. It was shown that in the height range 150-350 km the slope of the structure spectrum decreases with
increasing the altitude. Under the weak magnetic field (B =5 G), the intensity of plasma structures is unchanged with
height. The increase in the magnetic field strength results in arise in the structure intensity and in a decrease in the

spectral sope.
PACS: 94.05.—a; 96.60.Mz; 47.27.—i

INTRODUCTION

The structure and dynamics of the solar photosphere
are very important for better understanding of basic solar
phenomena such as atmospheric energy transport,
turbulent diffusion of magnetic field or chaotic excitation
of solar oscillations. The degree of photospheric gas
ionization is quite small [1, 2]. It means that electrically
charged particles in the photosphere can be considered as
passive contaminants embedded in motions of the gas.
Results of observations clearly show that the photospheric
flows include both organized and stochastic motions [3,
4]. The spectra associated with the random velocity fields
obey power laws, which are close to the spectrum of
Kolmogorov turbulence [4]. Turbulent motions of the gas
have to result in formation of random plasma structuresin
the photosphere [5]. Parameters of the photosphere and
turbulent mixing depend on height [1, 2, 6]. In addition
there are regions with various magnetic field strengths in
the photosphere [7]. It is important to analyse possible
dependence of the spectrum and intensity of plasma
structures generated in turbulent photospheric flows on
the height and the magnetic field strength. This analysisis
the am of the report. The present consideration will be
restricted to small-scale structures with length-scaes
smaller than the length-scale of the mean plasma density
gradient.

BASIC EQUATIONS AND RELATIONS

To describe turbulent mixing in the solar photosphere
(which is aslow process) athree-fluid model can be used.
Since the charged particles are passive contaminants, they
have no influence on motions of neutral gas and the gas
velocity field u(x, t) may be treated as a known function
of position and time. The gas in the photosphere can be
regarded as incompressible, Nu=0. The behaviour of
charged particles embedded in the gas flow can be
described by the following set of equations[5]:

N/t +N(N.v,) =0, 1)
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where the variables are chosen as density Ny and velocity
Vs for each species (s°i, €), ts is a characteristic time of
charged particle collisions with neutrals, gs is the particle

charge (ge=—q=-€), We= gqB/mg is the gyrofrequency, v+s
is the thermal velocity, my is the particle mass, b=B/B is
the unit vector along the magnetic field B, E isthe electric
field.

In the photosphere t;W<<1 and the assumptions of
quasi-neutrality Ne=N=N and isothermality T=T=T,=T
arevalid.

In the case of turbulent flows the gas velocity may be
separated into mean and fluctuating parts u=ugtu;
(up=<u>, <u;>=0, u<up). The same may be made for
plasma dmsty N=Ng+N; (N0:<N>, <N;>=0, N;< No), N,
represents plasma structures generated by the turbulent
velocity field u;.

The way of derivation of Y (k,w), the spatiotemporal
spectrum of dN= N/Ny, from Egs. (1), (2) isdescribed in
[5]. Length-scales of random gas motions were restricted
to theinertia range of turbulence. In this range turbulence
is homogeneous and isotropic one with known statistical
properties. The spectrum tensor of thefield uy [4, 5, 8] is:

F .o (kW) = D, ()t (E(K) 4p 2 (@+wt )1 (3)
ko<k<k,

where D.p=Oa—k.ky, /I is the projection  operator,
t(K=(nkP+e”*2% ™ is the decay time of eddy with a
length-scale k™, E(K)=C,e?%™" is the energy spectrum
function, ko isthe basic energy input scale, k,=(e/n®)**is
the Kolmogorov dissipation wavenumber, n is the
kinematic viscosity of the gas, e is the rate of turbulent
energy dissipation per unit mass, the Kolmogorov
constant C; isaround 1.5 [9].

To obtain Y (k,w) the only dectric field E considered
was that required to prevent charge separation (due to E
eectrons tend to follow ions). In addition a contribution
of the mode interaction in the process of plasma structure
generation was taking into account through the coefficient
of turbulent diffusion Ky. For the structures with length-
scales smaller than Ly=No|NNo[?, the length-scale of KIN,
the following expression was derived [5]

Y (k,w) =[4p°(@1+wi )[@+wt )]t 1 ;Qk), (4)

Ly <k<ky,
here  t,=(DAK+KAA) =(DalC+€°K¥%) ™, D is the
ambipolar diffusion coefficient, Q(k)= [(n" k)%(LnK)*+
+(b” KXt W) Ce* k™2, n=LyNy *NINy is the unit along
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KINo, kg = (e/Da%)** is the Oboukhov-Corrsin wavenumber
known in the theory of passive scalar turbulent convection
[9], in the present case it define the structure length-scale
at which K:=Da.

From Eq.(4) we can obtain the spatial spectrum of dN

R.(k) =) Y (kwydw =[4p(1+t, /)] 't £, QK) - (5)

Unlike [5] the inequality DAl n was taken into account
in the present case. Using Eq.(5) a mean-square levd of
dN in the range (k1, kz) may be calculated

(ON2) = ¢p, (K)dk = S((k, /k,)*?) - S((k,/k,)**) . (6)
where

S(x) :gL'Nzktfx'3’2[(3+ Pr)x- 2/3] +
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+g%[arctg XY2 - ((L+Pr) [ 2)*2arctg(x(1+ Pr) / 2)%] +

+§t12V; [2In(x/(1+x)) - (1+Pr)In(x(L+ Pr) /(2+x(L+ Pr)))]

here Pr=n/D, is the diffusion Prandtl number.

The 1D spectrum of plasma structures in the turbulent
photospheric flow that may be measured along z-direction
may be obtained from Eq.(5) too:

k, 2p
Ru(k.) = gk dk. A (k)dj =
. 0 0 (7)
2%5“5 (K. K, 0,) 4 WK F (KK, 0))F (KK 7k, dk,
0

where f(kn,k,,q)=k~*+k~%cos’q+2k,’sin’g, q. is the angle
between z and n, g, between z and b, k. =kik7
K=k k2, FQ=(L+(kka) ™) (2+(Kka) >+ (KK Y]
Egs. (6), (7) give an opportunity to estimate
changeability of small-scale plasma structures with
changing the height and the magnetic field strength.

CHANGEABILITY OF PHOTOSPHERIC
PLASMA STRUCTURES

To estimate changeability of the photospheric plasma
structures we shall consider the case when n and b arein
vertica direction, while the possible measurement
direction z is horizontal. Then q,=0,=p/2 and Eq.(7) takes
the form

P, (k) :%BL'; + Wk?)(k, + 2k, )F (K)k k. dk, . (8)

The plasma structures are analysed near heights of 150
and 350 km. The outer scale of turbulence ky'=
Lo=940km is the same for both heights [6], and we
suppose that Ly»Lo. The mean gas velocity on Ly is Uy,
and then e= ue’/L,. Parameters of the photosphere taken
from [1,2,6] together with the calculated values of k,*
and ky ‘are presented in Table 1. Characteristics of plasma
structures calculated with use of Egs.(6), (8) and the value
tiW are shown in Table 2 (g is the power index when
Pn(k,) was approximated by a simple power law k, ). The
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limits of integration in EQ.(6) are ky=2p/Ly, k2=k,
(Lw=300 km).

Fig.1 shows the 1D spectrum Py(k,) calculated with
the use of Eq.(8) for h=150 km: line 1 is for the case of
the magnetic field B=5 G, line 2 for B=250 G, a straight
line is the power law k, 2. Fig.2 represents the same for
h=350 km.

From the figures and Table 2 it seen that the small-
scale plasma structures have to be sensitive to the change
in both the height and the magnetic field strength. In the
region with a weak magnetic field, dependence of the
structure intensity on height is amost absent, though the
spectral shape changes. An increase in the magnetic field
provides a change in the rms fluctuation level and the
spectral slope.

Table 1. Parameters of the solar photosphere

Parameter h=150 km h=350 km
T K 5180 4670
N, m 5.05 107 1.01" 107
Ne, m™ 6.04° 108 1.12° 10"
m, au.m. 25 26.3
Uo, km/s 1.1 2.05
k., cm 10.4 20
kg™, cm 1.33 25
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Fig.1. Spectrum Py(ky) at h=150 km
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Fig.2. Spectrum Py(ky) at h=350 km



Table 2. Characteristics of plasma structures

h,km | B, G t,\W <dN>>2, 9 g
150 5 1.98 107 25 2.22
150 | 250 | 9.9 10% 2.6 1.41
350 5 9.4 10° 25 194
350 | 250 | 47 107 2.8 1.23

CONCLUSIONS

An analytic expression for the 1D spectrum of the
plasma structures in a turbulent flow of photospheric gas
Eq.(7) as well as the formula for estimation of the RMS
levd of their intendty Eq.(6) were presented in the report.

Using the expressions it was shown that in the height
range 150-350 km the dope of the structure spectrum
decreases with increasing the dtitude. Under the weak
magnetic field (B=5 G), the intensty of plasma structures
is unchanged with height. The increase in the magnetic
field strength results in arise in the structure intensity and
in a decrease in the spectral dope.

The obtained results seem to be important for better
understanding of basic solar phenomena, such as
generation of the random component of magnetic field or
chaotic excitation of solar oscillations.
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CHEKTP MEJKOMACHITABHbBIX [IVIASMEHHBIX CTPYKTYP B ®OTOC®EPE
FO.B. Kvizviopos

PaccmaTpuBaeTcs BO3MOXHOCTh (DOPMHPOBAHMS MEIKOMACIITAOHBIX IUIA3MEHHBIX CTPYKTYp B TypOYJIEHTHBIX
nmotokax ¢ortocepHoro raza Ha ConHIE M AHATM3HPYETCS 3aBHCHMOCTh HX IPOCTPAHCTBEHHOTO CIHEKTpa U
WHTEHCHBHOCTH OT BBICOTHI M HANPsDKEHHOCTH MarHUTHOro mois. IlokazaHo, 4ro B mHTepBane BeICOT 150-350 M
HaKJIOH CIIEKTPa PacCMAaTPUBAEMBIX CTPYKTYP C YBEIMUECHHEM BBICOTHI yMeHbIIaeTcs.. [Ipy ciaboM MarHUTHOM Mo
(B=5 I'c) HHTEHCHBHOCTD IUIA3MEHHBIX CTPYKTYP C BBICOTOI HE MEHSETCs. YBEINYCHHE HANPSHKCHHOCTH MarHUTHOTO
TIOJISL IPUBOANT K POCTY MHTEHCHBHOCTH CTPYKTYP M YMEHBIICHUIO HAKJIOHA CIIEKTpa.

CHEKTP APIBHOMACIITABHUX IIJIASBMOBUX CTPYKTYP Y ®OTOCPEPI
FO.B. Ku3zviopoe

PosrismaeTpess MOKIHBICTH (DOpMYBaHHS APIOHOMACIITAOHWX IUIA3MOBHX CTPYKTYp B TypOYJIECHTHHX ITOTOKaxX
¢doroctheproro razy Ha CoOHIII Ta aHATI3YETHCS 3AJIEKHICTE iX MPOCTOPOBOTO CIEKTPa Ta iIHTEHCHBHOCTI BiJl BUCOTH Ta
HAMpPYXEHOCTI MarHiTHoro mnojst. [TokazaHo, mo B inTepBasmi Bucor 150-350 kM Haxmi cHeKkTpa CTPYKTYp, IO
PO3TIISAAIOTHCS, i3 301TBIICHHSIM BHCOTH 3MCHINYETHCSA. 32 YMOB cilabkoro MaraitHoro monst (B=5 I'c) iHTeHCHBHICTD
IUTa3MOBUX CTPYKTYp 3 BHCOTOIO HE 3MIHIOE€THCS. 3OUTBIICHHS HANPYKEHOCTI MArHITHOTO ITONA BEAE A0 3POCTaHHS
IHTEHCUBHOCTI CTPYKTYp Ta 3MEHIIICHHSI HAXWITY CIIEKTpA.
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