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Vertical threads in the quiescent
prominence observed by SOT in Ha




2D prominence fine-structure models

Vertically infinite fine-structure thread embedded |t
in a dipped magnetic field

2D MHS equilibrium of Kippenhahn-Schluter

type (Heinzel & Anzer 2001).

Solution of 2D radiative transfer by MALI method
(Auer & Paletou 1994) with usage of the short cha-
racteristics (Kunasz & Auer 1988)

12 level plus continuum hydrogen atom

Partial-frequency redistribution (PRD) is assumed /
for Lyman-a and Lyman-3 lines
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emperature structure
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T(m,y) = Tcen(y)+[Ttr—Tcen(y)] {1 B 4M(y) !1 B M(y)]}

The central temperature Tcen(y)

y|72
Ten(y) = Ty~ (T -To) (1= % 7). for |yl <5
Tcen(y) = Ttl’ , for |y| >0

v1 and > are chosen parameters.

Heinzel, P., Anzer, U., & Gunar, S. 2005, A&A, 442, 331



Temperature structure

Temperature and density structure
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Density structure

T(m,y) = Tcen(y)+[Tir—Tcen(y)] {]_ — 4M

The central temperature Teen(y)

Teen(y)
Teen(y)

v1 and o are chosen parameters.
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B = — : y 73
WM (y) = Mo (1 - H ) for |y| < 6
M((y) = 0 , for |y| > ¢
for ly| <6
for ly| > o

Heinzel, P., Anzer, U., & Gunar, S. 2005, A&A, 442, 331




L—alpha, x—position 44 L—beta, x—position 45

N

" erg 5™ cm™ sr™' Hz']

1 [10™ erg 5™ em™ sr™" Hz™']

_ - 0 -
1215 1216 1217 1025.0 1025.5 1026.0
wavelength [A] wavelength [A]

L—gamma, x—position 46 L—delta, x—position 46

o
)

4
IS

1 [10™ erg s em™ s Hz™]

'
T
ke
%
b
€
S
‘»
<4
)
g
o

o
N

0.0 . 1
972.0 972.2 972.4 972.6 972.8 973.0 K 949.5 950.0
wavelength [A] wavelength [A]

L—6, x—position 46 L—7, x—position 46

o o

o o

@ s}
o o
o o

°
=)

Bw(o) y4e) Ut
[Gauss] [dyn cm™2] [x cs]

1 [107° erg 5™ cm™ sr™" Hz™']
1 [10™ erg s cm™ s Hz™']




thread N
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Lyman line asymmetries

Observed profiles - asymmetries of Ly sometimes opposite to those of Lya
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2D multi-thread models with LOS velocities

The total emerging intensity

Iotal(N) = | ||y x exp(=7y2)) + L) | x exp(=7y3)) + I 3| X
e + I (nv_1)| X EXP(—T 1 ;
+ Iy 1)] p( A(N)) + I, () !B_>
where I,.,y and 7,¢,) are defined as -
At At §<1>| o | (1)|
Ly = 10— Ax™) AEE
ry = T — AXM) | s g o)
i;i
AN is the Doppler shift for the thread n &(3)| §| (3)|
12
c *
where \g represents the line-centre wavelength of a given m
spectral line and 5(") is the LOS velocity of thread n. &m) —=
Positive values of §<n) represent velocities towards the =
observer.
TLOS

Gunar et al. 2007, A&A (472), 929
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Statistical comparison

Number of observations within each block, May 25 to 26, 2005
16:03:15 UT to 20:40:59 UT 20:46:27 UT to 23:01:26 UT 23:04:54 UT to 01:21:51 UT

Spectral window

Lyman-« 25 12 13
Lyman-3 40 20 20
Lyman-v and Lyman-§ 39 20 20
Lyman-5 to continuum 10 10 10
CDS observations of Hel 584.33 A Lya Ly Lyy  Lyé

at 25—May—2005 15:59:32.659 UT
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Gunar et al. 2010, A&A (514), 43




Models used for one thread of
multithread model

Label Set of input parameters

modell 7T,=7000 K; T;=100 000 K; B;(0)=6 Gauss;
Mo=1.1 x 104 g cm™2; pg=0.015 dyn cm~>;
11=10; ~2=60

AX To=7000 K; Ti=100 000 K; Bz(0)=6 Gauss;
Mp=1.1 x 100% g cm™2; pp=0.015 dyn cm~2;
v1=5; 72=30

Cx  Ty=7000 K; T;=100 000 K; B;(0)=6 Gauss:
Mp=1.1 x 107% g cm™2; pp=0.015 dyn cm~2;
v1=10; ~2=30

the LOS velocities from interval between -10 and 10 km/s
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Prominence observations of
April the 26, 2007

Hel 584.33 A
13:03:34 UT

/50 800 850 900 ]
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To=7000 K; B,(0)=6 Gauss; v1=10
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Comparison of the synthetic Lyman line profiles
of MODEL1 for u=0 with the observations
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MSDP Ha observations

calculated profiles

Hea;, p=0.5 MODEL Ax, 1 thread
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MSDP Ha observations

Ha, pe=0.5 MODEL Ax; 2 threads
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MSDP Ha observations

calculated profiles

Her, pe=0.5 MODEL Ax; 5 threods
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Prominence observations of

May the 18, 2005
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model name: Model1_8000_Mo8.5E-5_Bxo7_po2E—-2, one thread
p1=1.0000000; line: Lya

A in A on abscissas

intensities in 107® erg/cm?/s/sr/Hz on ordinetes

observations: 18—May—2005 22:06:58.147 + 19—May—2005 01:32:46.811 UT
total x’= 7.6286E+05; 25.58% of all synth. profiles assigned
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1114 115 1216 1217

Th=9000 K; B.(0)=6 Gauss;

Mo9.5E-5_9000_Bxo6_po2.5E-2 ) )
My=9.5x 10 °gem 2 pp=0.025dyncm 2;

Ty=8000 K; B,(0)=T7 Gauss;

Modell_8000_Mo8.5E-5_Bxo7_po2E-2 5 5 9
My=85x10"gem =; pp=0.02dynecm -;

Th=8000 K; B,(0)=1 Gauss;

Model _A4 Mo4E-6_po0.03 . 5
My=4.0x10 %gem ?; py=0.03dyncm %
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integr. intensity of Lya integr. intensity of Lya
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2x10*  4x10* 6x10* 8x10* 1x10°
E(Lya) [erg cm™ s7" sr7'] E(Lya) [erg cm™2 s7" sr7']

observations observations

MoS.5E-5_9000_Bxo6_po2.5E—2, 10 threads Model1_8000_Mo8.5E—-5_Bxo7_po2E—-2, 10 threads
u#=1.0000000 u#=1.0000000

Model1_8000_Mo8.5E-5_Bxo7_po2E—-2, 10 threads Model1_8000_Mo8.5E—5_Bxo7_po2E-2, 10 threads
u=1.0000000 #=0.86600000

Model_A4_Mo4E—6_p00.03, 10 threads Model1_8000_Mo8.5E—5_Bxo7_po2E—2, 10 threads
p1=1.0000000 p1=0.50000000




integr. intensity of Ly integr. intensity of Lyg

relative counts [%]
L) L] I L} L) L] I L] L] L] I L) L] L) I L] L] L)
relative counts [%]
IIIIIIIIIIIIIIII|IIIIIIIIIIIIII|||||||IIIIIIIIIIIIIIIIIIIII

100 200 300
E(LyB) [erg cm™2 s7" sr™"]
observations observations

Mo9.5E—5_9000_Bxo6_p02.5E—2, 10 threads Model1_8000_Mo8.5E-5_Bxo7_po2E—-2, 10 threads
u=1.0000000 #=1.0000000

Model1_8000_Mo8.5E—5_Bxo7_po2E—2, 10 threads Model1_8000_Mo8.5E—-5_Bxo7_po2E-2, 10 threads
x=1.0000000 #=0.86600000

Model_A4_Mo4E—6_po0.03, 10 threads Model1_8000_Mo8.5E—-5_Bxo/7_po2E—2, 10 threads
1=1.0000000 - p#=0.50000000




integr. intensity of Lyy
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E(Lyy) [erg cm™2 s7" sr™']

observations

Model1_8000_Mo8.5E-5_Bxo7_po2E—-2, 10 threads
u=1.0000000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—-2, 10 threads
u=0.86600000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—-2, 10 threads
u1=0.50000000

integr. intensity of

relative counts [%]
R LA LA LA RALLRLRLLY LA

40
E(Lyé) [erg cm™ 57" sr7']

o

observations

Model1_8000_Mo8.5E—-5_Bxo7_po2E—-2, 10 threads
u=1.0000000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—-2, 10 threads
wn=0.86600000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads
1=0.50000000




integr. intensity of Ly5 integr. intensity of Ly6

relative counts [%]
Ll T I L] T Ll I Ll Ll Ll I T T T
relative counts [%]

20 40 60
E(Ly5) [erg cm™ 7" sr7'] E(Ly6) [erg cm™ s7' sr7']

observations observations

MoS8.5E-5_9000_Bx0o6_po2.5E-2, 10 threads Mo9.5E-5_9000_Bxo6_p02.5E-2, 10 threads
#=1.0000000 p#=1.0000000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads
#=1.0000000 u=1.0000000

Model_A4_Mo4E—6_po0.03, 10 threads Model_A4_Mo4E—6_po0.03, 10 threads
©#=1.0000000 ©#=1.0000000




Lyman decr. Lya/Lyf Lyman decr. Lyy/Lyg Lyman decr. Lyé/Lyp

relative counts [%]

relative counts [%]
relative counts [%]
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observations

MoS9.5E-5_9000_Bx06_po2.5E-2, 10 threads
#=1.0000000

Model1_8000_Mo8.5E—5_Bxo7_po2E—2, 10 threads
u=1.0000000

Model_A4_Mo4E—-6_po0.03, 10 threads
p1=1.0000000




Lya red—to—BLUE peak ratio Lya blue—to—RED peak ratio
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observations

MoS8.5E-5_9000_Bx06_p0o2.5E—-2, 10 threads
u=1.0000000

Model1_8000_Mo8.5E-5_Bxo7_po2E-2, 10 threads
p©=1.0000000

Model_A4_Mo4E—-6_po0.03, 10 threads
p#=1.0000000
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observations

Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads
u=1.0000000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads
#=0.86600000

Model1_8000_Mo8.5E—-5_Bxo7_po2E—2, 10 threads
u=0.50000000




Lya center to avg. peak ratio LyB center to avg. peak ratio
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observations

MoS8.5E-5_9000_Bx06_p0o2.5E—-2, 10 threads
u=1.0000000

Model1_8000_Mo8.5E-5_Bxo7_po2E-2, 10 threads
p©=1.0000000

Model_A4_Mo4E—-6_po0.03, 10 threads
p#=1.0000000




Conclusions
Models of one thread close to MODELL1 used in model of prominence fine

structure are suitable for modelling of prominences with majority of
reversed profiles of Lyp — Lyd (prominences of 25 May and 18 May

2005 ):

Th=9000 K; B.(0)=6 Gauss; =10
Mo9.B5E-5_9000_Bxo6_po2.bE-2 ) . N N
My=95x10"gem *; py=0.025dynem * ~,=60
Th=8000 K; B,(0)=7 Gauss; =10
Modell_8000_Mo8.5E-5_Bxo7_po2E-2 . N 5
My=85x10"gem °; pp=0.02dyncm =; ~»=060
To=7000 K; DB:(0)=6 Gauss; 11=10
MobEL1 ! i . P
Mop=1.1 x 107* g em™; pe=0.015 dyn cm™  2=60

Purely emissive profiles of the lines L3 — Ld observed at theprominen-ce
on 26 April 2007, are due to lower column mass not due magn. field
orientation: purely emissive profiles calculated using the MODEL1 with
M,=1.1x10%* g cm2 for one thread, occurs at p almost equal to O only
(below 0.009 for L3, below 0.052 for Ly and below 0.017 for Ld) [ very
low probability to observe the prominence with magnetic field oriented
almost or even strictly to the observer. Synthetic profiles of LB —
Ld computed using MODEL1 at p=0 are 2 — 4 times higher than the
observed ones Using the model Ax1 with M,=1%x10° g cm?, purely
emissive profiles can be obtained even at uy=0.5 or lower. These synthetic
profiles resemble better observed profiles.



Cornclusiorns — corjilritiilor]

There is problem with values of reversal depth in modelling the Lyman
line profiles — intensities at the reversals are OK, but peaks of synthetic
profiles are higher. Including the effect of mutual irradiations of threads
made the problem even worse. Even after improvements of the multi-
thread model (numerics, using atlas spectrum of BG radiation for IR lines)

the problem still persists mainly for the Lya line

Assuming that optical thickness at the Ha center is around unity, intensity
In the linecenter can be used to estimate number of the threads in the
observed are of the prominence.

By comparison of histograms of some properties of the observed profiles
with those of synthetic profiles by the 18 May prominence it can be seen
that models close to MODEL1 cannot explain their behaviour completely
and that presence of low density threads are also needed.

Question of whether there is one general prominence-corona transition
region (PCTR) or each thread has its own or both exist still open — it is to
be solved with applying threads with different plasma conditions in the

multithread model
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