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Chromospheric
Lyman-Alpha
Spectro-Polarimeter

1. High-precision (<0.1%) spectro-
polarimetery in VUV

2. First detection of scattering
polarization in the Lya line (121.6
nm)

3. Exploration of magnetic fields in
the upper chromosphere and the
transition region via the Hanle
effect
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Purpose of this study

« The Ly-alpha polarization signal taken by the
CLASP contains the information about the
radiation and magnetic fields in the
chromosphere.

« CLASP data is wonderful!!

— High accuracy in polarization measurement (~0.1%)
— High stability in the pointing (attitude control)

=» Hence, in order to derive the information
about the chromospheric magnetic fields, we

examine the temporal variation in the Ly-alpha
linear polarization.



Data process

- In order to achieve the polarization
accuracy of “2o0 ~ 0.1 %", we perform the
following processes:

1. We sum up the data taken with two
channels.

2. We perform the spatial, temporal and
spectral binning.



Spatial binning
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Spatial binning

CLASP SJ Ly« (1216 A) image
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Linear polarization spectrum for each region
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Linear polarization spectrum for each region
- The asymmetry (asym.) is seen in some regions.
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The region where the linear polarization
spectrum Is asymmetry.

« Region near the solar limb:
Asymmetry might be caused by the overlap of
chromospheric structures along the line-of-sight.

« Boundary region:
Asymmetry might be caused by the effect from the
bright neighborhood region.

« Fibril, Filament:
Asymmetry might be caused by the insufficient
spatial resolution (too large binning) that cannot
enough resolve the magnetic field structures.



Temporal binning

 The minimum temporal binning that can achieve
the polarization accuracy of 20 < 0.1 % is suitable
to investigate the temporal variation.

= We perform the binning with 72 modulation
data (86.4 sec) and discuss the temporal variation
of the linear polarization with running sum data.
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Spectral binning

We execute the spectral binning as

fOI lOWS : intensity (line core: orange, wing: green + orange)
— CORE: E,
line center £0.010 nm 3
(5 pixels) g
o CORE SIDE: 1?1-50 1?1A5'5' | 1216.0 1216.5
line center -0.015 ~ -0.010 nm & o wavelengih (A .
line center +0.010 ~ +0.015 nm 008 2
(4 pixels) o %
£ ysk
In these spectral ranges (CORE and 25t Y
CORE SIDE), the “hight of 7 = 1" and 12160 2108 ngth A 2o 15165

“mean free path” is similar. Then, we
can consider that the emission from
these ranges contains the similar
plasma information (see next page).
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Classification of linear polarization

Linear polarization @ CORE SIDE

Linear polarization
@ CORE




Meaning of this classicization
[effect of magnetic field]

| Variation of only B strength = The spectrum shape does not change significantly. ‘
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Meaning of this classicization
[effect of magnetic field]

Variation of only B direction = The spectrum shape does not change significantly.
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Meaning of this classicization
[effect of magnetic field]

QYA [%)

Variation of only p (~radiation field) = The shape of spectrum can vary.
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Classification of linear polarization

(For the variation of more than 0.3 %,
we perform linear fitting as shown by dashed lines.)
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Classification of linear polarization

we perform linear fitting as shown by dashed lines.)
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(For the variation of more than 0.3 %,

I /7

-~ 04

77

7

nle

ar0a #011: boundary

area #013: boundary

E

area #014: inlor-notwork

Evw)

area #005: network

area #0065 inter-nedwork

area #007: boundary

Effect of magnetic field

Effect of radiation field

asym. = asymmetry in spectrum

area »008: network

ACC = across classified category.

area #010: imer-natwork

04
04 18] =

-

.-/

=

-

o IBT=10:67-
/A

od 1B = 55/

'Sal

area #016: notwork

wing O (R), U By 1)

Y

“Ier=56/

04

inlor-
. - 08 -7 . - - 08 - 08 . -
4 < 04 |8|= “'37. y i :7 4 04 B = B.S /’ i 04 |B|' B7/ ﬁ
0] 3
% e o
4 & / P
g w - - e w
V. P ’
. v
580402000204 08 804020002040
E core O1 (R UM 8 W) ) core O (R, U (B) %)
. arca #023: boundary g\gm #024: Intor-notwork “.vea #02%: boundan . area #026: network . “arcn #030: boundary
7 05 7 - 7 7 B 7 ¥ 7 7
£ 54f Bl = B. Lol Bl=b7/- = o 1BI= 58/ -04 1Bl = B2/ = o4 & £ ol B~ B8/
Q © 5 e S e : f
= g 00 & 0op & e
T = 0 = 02 - 2
Q 3¢ 5 5 g »
P 04 P -04f. P - ‘
% od £ osle H p
0604020002 0.4 06 060402000204 08 0804020002 0408 = 060402000204 06
core Q1 (), U (B) %] core Q1 (R). U1 @8) I i core Q1 (R). U @) %] Intermid. between coro O (R), U (B) 1%)
— —_
arca 2031 hbeil area #032: boundary area #035: fibrl area 8037: network network area 2039: boundary area 2040: enhanced-notworl
= 08| 5 O < 7 = 5 = 08 : 5 5 0 5 08 08
[ 04 IBl= B.1/, £ o4 Bl ="8&% < < £ o4 |3|'29-7/' < £ . Bl= 54/ < £ 04 |B] = 5.5 = o4 |Bl= B2/
& v & & & & | / & 4
5 99 Q 3 5 Q 3 5 02 3
g 00 { 2 g g g g g 00 f“ g <0
5 o2} 2* . L) 3 5 ‘ L) ~ 5 5 02 5 o2
2 04 g 04 §~ ‘ g 204, € 04
S a8 08 | E osle S 08 J/ | o
06.04.02.0002 0.4 06 0604020002 0406 0604020002 04 06 _m - 0604024000204 08 060402000204 06 -
core Q1 (R1), LA (B ) core O ¢R), LA (8) [%] core 1 (A1), UT (D) %) Intermid. between core Q1 ¢R), U1 (1) %) coro G (A1), Ut (D) 1%) Intermid. between
) — )
area #041: enhanced-notwork area #042: intermod. area #043: enhanced-network aroa #044: boundary area 8045: Rament filament area #047: boundary arca #048: hlament area #049: filament filament
= - = 08| = 08 - = 08 ’ ; - 08 = - 08 . = 08 = - 08 = [T
4 E o £ JBr=1027"] Zf’=ps/ ] Eq: z gl B=137/] EZ.[BI=b7/-] E . fBl=113%] [T 8= 0o
8 5 ) : 8 g a8 T g
3 5 92 3 5 % 3 ™ 3 U) U) @ : i
= - 0 o o . =3 o J
g g° g g 0 g o g g 2. 5 g <°
s 5 2 5 PR B 5 02 5 . " Z . 5 02
2 2 04 2 2 N 204 2 / 2 o4
, . 08 5 L] . s 08 4 . 5 08 s, _ - L LT
0604020002 04 06 060402000204 05 0604020002 0406 060402000204 06 0804024000204 08 0604020002 0406 ¢ 060402000204 08
core Q1 (), LA (55 1) core Q1 (PO, UTED) N cong O ¢, LA (8) %) core O (M), U (B ) core Q1 (M. LY ) core O (M), UA () %) core Q1 (M, LT 8 )
area #051: fkament area #054: network area #057: boundar area MOS8 inermed area #060: fivel
7 08 = 08 F T 7 98 7 08 5 7 0% -
= oa |Bj= B2 £ 0s lel'io-f) - & = o4 = 04 1Bl = B‘/ £ 5 o4
e e e e
Q 5 5 o o 5 5 o
& g9 (o * £ 99
5 33 o 3 2
asl 04
08 08 | oele

0604020002 0406
core O (), UA () %)

0690402000204 06
com Q1 (R, LT (D) %)

06-04-0200020406

coro O (R), UL () 1)

029002 04 06
1 (R). U ) 1)



Summary of the classified linear polarization
that have symmetry spectrum

/Q signals in ”inter-\

network regions
with strong
photospheric B”
and “intermediate
regions between

Linear polarization @ CORE SIDE

No categorized data

filaments” largely
fluctuate within this
category area

[Possible cause:
Effect of magnetic

\ field]
/ Q signals \

in “boundary
regions” fluctuate
across the classified

categories

[Possible cause:
Effect of radiation

\_ field]

+Q signal is seen in
the boundary region

[Possible cause:
Effect of radiation
field]

~

J

@ CORE

Linear polarization

Q signal in most
region is located in
these categories

shown in orange color.

J
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Summary

« The precise polarization measurement by CLASP
makes us possible to track the temporal variation

of the Lya linear polarization with spectrum for the
first time.

« This temporal variation gives us the hint to
understand the fluctuation of radiation fields and
magnetic fields.

— For the detail understanding, we plan more analysis
(namely, analysis of U-signal, analysis with other
observational data (IRIS, AIA, HMI, etc.), comparison with
models) as future works.
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3RTHEYBESTE (Stepan et al., 2015)
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