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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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Solar Radius
R ' /-

R@N = 6.957x108 m
Centuries of measures

Vaquero et al. (2016) - 233 years
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Correlation to solar activity
» Costa et al. (1999)
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— = 1.029 — 0.0015(year — 1990)

Correlation to solar activity
» Costa et al. (1999)
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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)
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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 and 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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Goals
Avarage solar radius at 0,212 e 0,405 THz
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Solar Submillimeter Telescope

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

from 2007 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 2007 to 2017
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Solar Submillimeter Telescope

- - quiet Sun

— background., & £

-~ AA




Background, quiet sun & limb levels

Get the coordinates
corresponding to the limb

— — guiet Sun
level

Made for every scan of the
map
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Background, quiet sun & limb levels

A circle (red line) is fitted

: : : X limb pts. --- circle fit == center
using the limb points
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ALMA

» 0.239 THz

» 6 maps 17-20 Dec 2015

R R Height
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ALMA | 961621 | 6971+15  16=+1.5
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Rssc = 963.4° AR =9.8" conv = 973.2"
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Rssc = 962.7° AR=11.2" Reonv = 973.9°
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ALMA
» 0.239 THz

» 2015 Dec 17

0.2THz (arciec) (I;I?)Lg:\t)
SST 972 =5 9+3
SST* 962 =5 1.9+3

ALMA 961.6 = 2.1 1.6 £1.5
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Correlation to the sunspot cycle
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Equatorial and polar radi
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Polar radius
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Correlation to the sunspot cycle

1-year smooth

polar (R=970"+6.4"; p=-0.60) all (R=971"%x5.6"; p=-0.37) - polar (R=971"+7.6"; p=-0.74) all (R=972"+6.8"; p=-0.62)
— equat (R=972"+5.8"; p=-0.20) === sunspot number — equat (R=973"+7.2"; p=-0.32) === sunspot number
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Correlation to the sunspot cycle

2-year smooth

polar (R=970"+6.4"; p=-0.65) all (R=971"%x5.6"; p=-0.42) - polar (R=971"+7.6"; p=-0.81) all (R=972"+6.8"; p=-0.70)
— equat (R=972"+5.8"; p=-0.28) === sunspot number — equat (R=973"+7.2"; p=-0.42) === sunspot number
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Correlation to the sunspot cycle

4-year smooth

polar (R=970"+6.4"; p=-0.78) all (R=971"%£5.6"; p=-0.55) - polar (R=971"+7.6"; p=-0.92) all (R=972"+6.8"; p=-0.91)
— equat (R=972"+5.8"; p=-0.47) === sunspot number — equat (R=973"+7.2"; p=-0.61) === sunspot number
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Equatorial and polar radi

R (arcsec) All pts. Equat. Polar
ALMA (0.2THz) | 961.6 £ 2.1 | 962.2+1.9 | 961.1 = 1.1
SST (0.2 THz) 972 =5 972 =5 9270 =5
SST (0.4 THz) 9273 6 973 =7 972 =7
Corr. coef. All pts. Equat. Polar

0.2 THz -0.37 --0.55-0.20--0.47 | -0.60 —-0.78
0.4 THz -0.62 --0.91 |-0.32--0.61|-0.74 - -0.92
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Cross-Correlation

Time Series o Flattened Data Ry Cross-Correlation (F*G)
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Cross-Correlation

Time Series ' Flattened Data Ry Cross-Correlation (F*QG)
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Cross-Correlation

Time Series Flattened Data Cross-Correlation (F*G)
2.0 2.0 2.0

1.5 — 1.5
1.0

1.0 —

0.5 ’ 0.5

0.0 ' 0.0
—-0.5 -0.5
-1.0 -1.0

Correlation

—L.2 ~1.0

2.0 —2.0 :
O ; 7 7 7 —-2.0-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.0 ; o O

F Time Delay 7




Cross-Correlation

Time Series o Flattened Data Ry Cross-Correlation (F*G)
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Cross-Correlation

Time Series o' Flattened Data G Cross-Correlation (F*G)
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation

1-year smooth
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Cross-Correlation
2-year smooth
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Cross-Correlation
2-year double smooth
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Correlation to the sunspot cycle
1-year smooth

All: |p|max=-0.76 ; lag=3.9yr | | | All: |p|max=-0.62 ; lag=5.3yr
—Equ: [p|max= -0.68; lag=3.7yr | — Equ: |p|max= 0.40; lag=4.7yr
Pol: [p|max= -0.78 ; lag=4.5yr | — Pol: [p|max= -0.75; lag=5.1yr
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Correlation to the sunspot cycle
2-year smooth

All: |p|max=-0.82 ; lag=3.9yr | | | All: |p|max=-0.72 ; lag=5.0yr
—Equ: [p|max=-0.76; lag=3.7yr | — Equ: |p|max= 0.55; lag=4.6yr
Pol: |[p|max= -0.82 ; lag=4.5yr | — Pol: [p|max= -0.83; lag=5.2yr
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Correlation to the sunspot cycle
4-year smooth

All: |p|max=-0.93; lag=3.9yr | | | All: |p|max=-0.93; lag=4.9yr
—Equ: |p|max= -0.88; lag=3.6yr | | — Equ: |p|max= 0.86 ; lag=5.3yr
Pol: [p|max= -0.94 ; lag=4.5yr | — Pol: [p|max= 0.95; lag=5.4yr
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Final remarks
Mean solar radii: Rog12 = 972" £ 5" | Rgos5 = 973" = 6"
Subtracting AR: Ry12 = 962" £ 5" | Ryo5 = 962" + 6"
Approx. 1900 km above photosphere (chromosphere)
Correlation between solar radius and sunspot cycle
Strongly anticorrelated
Lag (phase difference): ~4 yr (212), ~5 yr (405)

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

Increase of B field complexity: iconvect. Tradiat.
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