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TSI: spectrally integrated solar radiative flux at 1 AU

Space-based measurements of TSI

Total Solar Irradiance Data Record

Total solar irradiance

Records of direct TSI since 1978

Composites of TSI measurements
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Variation in %e

Variation in %e

Irradiance reconstruction models
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Data
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Employment of Ca Il K observations

» Recover solar surface magnetic field back to 1892
» More accurate TSI reconstructions back to 1892
» Constraints on other TSI reconstructions
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Centred at 3933.67 A ‘\} |
Strongest absorption line in solar spectrum \

|

CCD data (since 1980’s)
Photographic data (since 1892) |
* Only recently available digitally
 Numerous artefacts

« Non-linear response to radiation

Collections of very diverse data

Photographic plates # linear detectors
Overexposure’

Characteristic curve .
(CC) 2~ Solarisation

Linear part

c Depends on:

* Plate’s emulsion
Observation
conditions
Development
Storage
Digitization
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Differences between archives
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Nominal Bandwidth [A]

Main differences between archives
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Corrections and calibration developed by me

Automatic process to:
» Photometrically calibrate images
« Compensate for instrumental and physical effects

Evaluated method'’s accuracy with synthetic data
 Performs better than all other methods in the literature

Works consistently with quite diverse data

Kyoto Artefacts map

17/04/1956 (instrumental +
physical effects)

Arcetri Ca ll K Kodaikanal Ca Il K Kodaikanal Ha
16/05/1957 23/09/1913 04/08/1965

CLv
(physical effects)
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Calibration curve Calibrated image

Chatzistergos et al., 2018, 2019, 2020 10



Ca ll K archives
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Plage coverage over the 20t century
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Plage coverage over the 20t century

Plage fractional areas
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Coimbra

Meudon

Relation between plage and sunspot areas
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Exponent
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Dependence of relation on bandwidth
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Reconstructing plage areas from sunspots

Residual disc fraction

Residual disc fraction
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» Call K brightness is an excellent tracer of photospheric magnetic fields

Rome/PSPT
Call K

Ca ll K as proxy to magnetic field

SDO/HMI
magnetogram

Ca Il K contrast
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Exponent

Exponent

Fit parameters in time and position of solar disc

Whole disc, Plage, Network

Constant parameters in time and positions
on the disc
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Reconstructing historical unsigned magnetograms

Applying our method to calibrate historical Ca Il K observations
gives consistent results to modern CCD-based ones.

2

29/05/1907 The relation we derived here is directly 26/07/1918
applicable to the historical data too!
12/09/1908 23/08/1917
05/07/1909 27/02/1916
22/09/1910 08/02/1915
16/08/1911 ' 05/10/1914 19

14/09/1912 15/11/1913



Spectral And Total Irradiance Reconstructions
(SATIRE)

Krivova et al. 2003

Sunspots Faculae Quiet Sun
S(t) = J Z da
Lj
[, ] pixelsin the image

Intensity spectra (I) computed from corresponding model

atmospheres (Unruh et al. 1999)

Sunspot
Filling factors (a) P

Faculae: Reconstructed magnetograms from Ca Il K (Chatzistergos et al. 2019)
Sunspots: Sunspot areas and positions database from RGO, Kislovodsk, and
Pulkovo observatories (Mandal et al. 2020)

Only one free parameter: B_,, such that
B

af(i'j) — |Bsat|,
1, |B| = |Bsacl

|B| < |Bsqt] Faculae / plage
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TSI (W/m?)

SATIRE reconstruction with Rome/PSPT Ca ll K
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Agreement to different TSI series
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Reconstructions with diverse Ca Il K archives

Archives with different
« Bandwidth (0.09 -9 A)

* Pixel scale (~*0.7 - 5.5”/pixel)
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Reconstructions with high-cadence data

07 June 2014
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Results with photographic Ca Il K data

Mt Wilson PMOD Meudon

1982 1984
Year

1980

Chatzistergos et al. et al. 2021

25



Summary

» Ca ll K observations are an extremely valuable, but largely unexplored, resource for irradiance
studies

» We performed a comprehensive analysis of Ca Il K observations
» Produced the first plage area composite from 38 archives
» Scrutinised the relationship between plage and sunspot areas
» Reassessed the relation between Ca Il K brightness and magnetic field strength
>

Reconstructed TSI variations with SATIRE model
» The reconstructions show excellent agreement with TSI composites

» We acquire accurate reconstructions with quite diverse Ca Il K archives including photographic ones
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Thank You
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