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Why?
Related to solar activity
Its variations over time indicate changes in the solar atmosphere
Important parameter to improve solar atmosphere models

Gap of subterahertz frequencies in the measurements of the solar
radius and other parameters of the atmosphere
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Correlation to solar activity

» Costa et al. (1999)

» Radio Observatoério de
ltapetinga (ROI)

» 48 GHz single-dish
» 1991 -1993 (3 yrs)

4

Av

Loq,[GOES: soft X—ray flux (w/m?)]

— GOES: soft X—rays (XL 1-8 Angstrom)
Menthly mean suspot number
Solar radius ot 48 GHz

coronal emission excess

lllllllllllllllllllllllllllllllllllllll Il'l'lllll-

—11.030

1.025

1.020

1992 1993 1994
Yeaqr

1995

1996

Solor radius at 48GHz/R,

50

250
200

130

Monthly mean sunspot number

12



Correlation to solar activity

» Costa et al. (1999)

» Radio Observatoério de
ltapetinga (ROI)

» 48 GHz single-dish
» 1991 -1993 (3 yrs)

1029 — 0.0015(vear -

1 990))

AV BNy {

Loq,[GOES: soft X—ray flux (w/m?)]

llllllllllllllllllllllllllllllllllllll I resr rr1rrri+
I GOES: soft X rays (XL 1-8 Angstrom)
- Monthly mean suspot number
. @ Solar radius ot 48 GHz
i —11.030
- coronal emission excess
. —11.025
[ —11.020
\
L1 1| | lllllllll I lllllllll | lllllllll I lllllllll I llllllllll
1991 1992 1993 1994 1995 1996
Yeaqr

Solor radius at 48GHz/R,

50

250
200

150

Monthly mean sunspot number

13



Correlation to solar activity
» Selhorst et al. (2004)

» 17 GHz from NoRH
» 1992 - 2003 (1 cycle)
» Correlation coeficient: 0.88

» Polar radius: corr. coef.: -0.64
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Correlation to solar activity
» Selhorst et al. (2004)
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Correlation to solar activity
» Selhorst et al. (2004)

Polar Radius (arcsec)

.

1996 1998 2000 2002

» 17 GHz from NoRH

» 1992 - 2003 (1 cycle)

Above Quiet Sun

‘B
'
9
A
D
=
e
i
D
oC

» Correlation coeficient: 0.88

1992 1994 1996 1998 2000 2002

» Polar radius: corr. coef.: -0.64

O
o
L L L L L]

Sunspot Number

o
T T

.

1992 1994 1996 1998 2000 2002
Time (years)




Correlation to solar activity
» Selhorst et al. (2004)

» 17 GHz from NoRH
» 1992 - 2003 (1 cycle)
» Correlation coeficient: 0.88

» Polar radius: corr. coef.;: -0.64
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Goals
Avarage solar radius at 0,212 e 0,405 THz

Height above photosphere where these emissions are being mainly
created

Variation of the solar radius in relation to the solar cycle
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Solar Submillimeter Telescope

CASLEO - San Juan, Argentina
(Andes, 2550 m)

from 1999 to 2017
0.212 THz: 4 beams, HPBW = 4'
0.405 THz: 2 beams, HPBW = 2’

Time resolution: 5 millisec.




Solar Submillimeter Telescope

CASLEO - San Juan, Argentina
(Andes, 2550 m)

from 1999 to 2017
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Solar Submillimeter Telescope




Background, quiet sun & limb levels
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Background, quiet sun & limb levels

Get the coordinates
corresponding to the limb
level

Made for every scan of the
map
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Get the coordinates corresponding to the limb level
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Background, quiet sun & limb levels

A circle (red line) is fitted
using the limb points

X limb pts. ™ --- circle fit == center

Correction due to Earth’s
orbit eccentricity
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Background, quiet sun & limb levels

A circle (red line) is fitted
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Results
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Results

Frequency

212 GHz

405 GHz
Optical

Rad1us
(arcsec)

966 2.7
966 £ 2.6
959.63

Radius
(Ro)

1.007:220.003
1.007 = 0.003
]

Radius Altitude
(10° m) (10 m)

7.01 £0.02 5.0x2.0
7.01 £0.02 5.0x2.0
6.957 0




ALMA
» 0.239 THz

» 2015 Dec 17

R R Height

0.2THz (arcsec) (108 m) (106 m)
SST Q66 + 2.7 7.01 £0.02 | 5.0 2.0
ALMA | 962.9+19 6980+x1.3 | 2.3+x1.3

39



Results

Alissandrakis et al.(2017)
Bachurin (1983)

Coates (1958)

Costa et al. (1986)

Costa et al. (1999)

Furst et al. (1979)

Horne et al. (1981)
Kislyakov et al. (1975)
Labrum et al. (1976)
Pelyushenko et al. (1983)
Selhorst et al. (2004)
Swanson (1973)

Wannier et al. (1983)
Wrixon (1970)

Present Results (ALMA)
Present Results (SST)
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Correlation to the sunspot cycle
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Equatorial and polar radi

Equatorial radius

Polar radius
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Equatorial and polar radi

120° 60°

R (arcsec) All pts. Equat. Polar

ALMA (0.2THz) | 962.9 +1.9 | 964.2 +1.9 | 962.1 = 1.1

SST (0.2 THz) 966 2.7 | 966 3.3 | 266 = 3.5

SST(0.4THz) | 966+2.6 | 967 +3.2 | 966 +3.4 240> o 300

Equatorial radius

Polar radius



Correlation to the sunspot cycle

polar (R = 966"; PCC = -0.54) — sunspot number — polar (R = 967"; PCC = -0.80) — sunspot number
— equat (R =967"; PCC = -0.40) — equat (R =967"; PCC = 0.28)
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Correlation to the sunspot cycle 1200 N 60°

SST All pts. Equat. Polar
0.2 THz -0.75 -0.40 0.54
0.4 THz -0.86 0.28 -0.80
240° S 300°

Equatorial radius
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Final remarks

Mean solar radii at both frequencies, R = 966" + 3"
Between 2500 - 7500 km above photosphere (chromosphere - corona)
Solar atm. models predict these freq. to be at the chromosphere

Polar radii at both freq. are anticorr. to sunspot cycle

At 17 GHz there are a significant increase of polar limb brightening during
solar minimum (Selhorst, 2004)

High solar activity is associated with increased magnetic fields, which would
lead to a reduced energy flux transported by convection (Gilliland, 1981).

0.405 THz equat. radius weakly correlated to sunspot cycle

0.212 THz equat. radius anticorrelated to sunspot cycle



Aknowledgements
Ay -
CRAA -

ALMA

Centro de Radio Astronomia e Astrofisica Mackenzie

FABIAN MENEZES menezes.astroph@gmail.com



youtube.com/DragoesdeGaragem youtube.com/AstroTubers

FABIAN MENEZES menezes.astroph@gmail.com



