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These superflares could endanger.any planets
forming around the red

star (Donatiet al. 2007)
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What drives the
solar magnetic
cycle?

Scientists believe
differing rates of
rotation from place
to place on the sun

Can we develop a
general theory of
the dynamics of
turbulent flows and
the motion of gran-

ular materials?

Will mathematicians unleash

underlie its 22-year the power of the Navier-Stokes
sunspot cycle. They | equations?

“ Wijustcan'tmakeit  [What couces
wiY work in their simula- |jce ages?
tions. Either a detail .
TREE kNow: - What causes reversals in
is askew, or it’s back

to the drawing board
[ 1 oE
v [

( 55 )

Earth’s magnetic field?
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THE MINIMUM OF SOLAR CYCLE 23: AS DEEP AS IT COULD BE? -~ ' R

ANDRES MUNOZ-JARAMILLO ">, RYAN R. SENKPEILY, DANA W. LONGCOPE', ANDREY G. TLATOV®, ALEXEI A. PEVTSOV®, \]aramlllo et al . (2015) J\

R 9
LAaURA A. BALMACEDA ", EDwaARD E. DELUCA”, AND PETRUS C. H. MARTENS '’

e Siemees Laboratoy. Uniert of Calforni, Brkelo. CA 4730 USA " (2011)+rav v TO
3 W.W. Hansen Experimental Physics Laboratory, Stanford University, Stanford, CA 94305, USA
This type of time binning is_very powerful for characterizing

the general properties of the solar cycle. An excellent example p (2011)A . ~ épo
of this kind of work was performed by Jiang et al. (2011), who 2 s L _
performed a very detailed quantitative characterization of the ¥ 942 2 wal as T
relationship between cycle amplitude, cycle phase, and the w5 A Gb v Ad | HCY~
properties of active latitudes (i.e., the shape, location, and . ) . L _
width of the wings in the butterfly diagram). Taking advantage @~ W VYV * H X3~ & @&
of this characterization, they laid a solid foundation for the -

\\

; _ . WwD™ 92 DQ _Ta
construction of synthetic data sets based solely on sunspot 7 =
number, which can be used to drive surface flux transport ©985Q 'QZ Hf e Hv ¢
amiulatinng
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CrossMark

Dynamo Saturation through the Latitudinal Variation of Bipolar Magnetic Regions in
the Sun

Bidya Binay Karak

Department of Physics. Indian Institute of Technology (Banaras Hindu University), Varanasi, India; karak phy@iitbhu.ac.in

Karak

3. Summary and Conclusions

We have demonstrated the saturation of the magnetic field in
the kinematic B BdbL()Lk Lelﬂhton type ﬂux tmnsport dyndmo
models through the L ' o g
(2020). It is based on the observed fact that the stronger cycles

M 7€ 0 Talafha et al. (2022, A&A) X
DA ABA 4k 4 (2020)

Jiang (2020) recently called attention to another nonlin-
ear modulation mechanism: latitude quenching (LQ). This is
based on the emprirical finding based on an analysis of a long
sung ctive

eei D (202001 6. B T

we ¥ 9 OTdd (2020)1 »d over
frac ~ " >ross
the O'@ M N C( o A o ab yolar

fields. ‘Iherefore, the correlation tound here represents a neg-
ative feedback effect. Assuming a linear dependence for both
the mean tilt and the mean latitude on cycle amplitude, based
on one particular SFT setup, Jiang (2020) found that TQ and
LQ yield comparable contributions to the overall nonlinearity
in the process of the regeneration of the poloidal field from
the poloidal source. The net result showed that the net dipole
moment change during a cycle tends to be saturated for stronger
cycles.

Qur obiective in the present work is to further explore the
respective roles played by TQ and LQ in the solar dynamo. In

23
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EDITORS® CHOICE

T3 K

bYo/bY

by Jiang. Cameron. and Schiissler (2014) and explained mathematically by Petrovay, Nagy,

How Good Is the Bipolar Approximation of Active
Regions for Surface Flux Transport?

Anthony R. Yeates!

THE ASTROPHYSICAL JOURNAL, 847:69 (17pp), 2017 September 20
2017. The American

https: / /doi.org

Astronomical Society. All rights reserved.

Solar Cycle Variability Induced by Tilt Angle Scatter in a Babcock-1
Dynamo Model

Bidya Binay Karak ® and Mark Miesch
High Altitude Observatory, National Center for Atmospheric Research, 3080 Center Green Dr., Boulder, CO 80301, USA

f e a Karak & Miesch (2017, ApJ)x
p ~ (2014)" kH Y &4
MI N, [ ©88 ¢ | 9272 Oyl

=

L)

&
AAQ.

In the SFT model, the dipole “ampliﬁc'ation factor” for a BMR — in other words, the ratio
— is known to be a Gaussian function of emergence latitude. This was first noted

0 Yeates (2020, Sol. Phy.)x
(2014) 81 € SFT3 A I
gile | Gz + DT Ay G A Qy

since the work of Charbonneau & Dikpati (2000). Recently,
Cameron et al. (2013) demonstrated this idea using observa-

tions, while Jiang etal (2014) for the first ime guantified the
effect of the tilt scatter on the polar field using an SFT model.

Based on_this idea, _many_authors (e.g., Yeates et al. 2008;
Choudhuri & Karak 2009; Olemskoy & Kitchatinov 2013)

modeled irregular features of the solar cycle by including
] - TR Fhoi 2D f l
models.

1 WO

0 ob

v OB
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THE ASTROPHYSICAL JOURNAL, 863:116 (11pp). 2018 August 20 https://doi.org/10.3847/1538-4357 /aad 1 7¢ o -
e 0 Whitbread et al.(2018
= ]

CrossMark )4 4 ro=3 - ]
How Many Active Regions Are Necessary to Predict the Solar Dipole Moment? ApJ) a 0BJ]| T (2015) n

T. Whitbread' @, A. R. Yeates' @, and A. Muiioz-Jaramillo™** s

! Department ul".'\lulhcm.lliv;nlkﬁt'icnccs. Durham lL'ni‘\.:‘r\il.\. l)lll:l:ll!l. DHI _‘\‘l,l-,. UK; I||hf|.\\hnlmunl(" durham.ac.uk I'I l w ‘A /1 \J X D 7 B
~ Southwest Research Institute, 1050 Walnut § #£300, Boulder, CO 80302, USA ‘/\' = -
* National Solar Observatory, 3665 Discovery Drive, Boulder, CO 80303, USA ¢ ) --
* High Altitude Observ ;.‘::,:-;‘.lx;x‘xi<::1.|l ('L-:.:c‘r‘ n:. A\l:x)lu\plllcru" l;i-xcu]::h. }1;.\,(')((L‘mer Green, Boulder, CO 80301, USA (20 15) U A ] l H /‘{ y [OBJ] P ﬂ U
overall axial dipole moment. These low-latitude regions could | % v * = v I A |

l l o 23v nwAIl N

indeed be the cause of the weak polar field at the end of Cycle . o
23, hence the low amplitude of Cycle 24, as suggested by Jiang . [ | a 24 HWy fis+ b
et al. (2015).

Beside the general investigations discussed, a special objective of SFT modelling

Petrovay (2020’ LIVIng Review efforts was to correctly “hindcast” the unusually weak polar fields in the minimum

in Solar PhySiCS) X b p F1 M 23 of Cycle 24 that brought the Modern Maximum to an end. Initial efforts (Yeates
2014; Upton and Hathaway 2014a) encountered difficulties in reproducing the polar

ol nOIll N L A | oo field, until Jiang et al. (2015) were finally able to correctly reproduce the evolution

o ' ~ of the polar field by incorporating in their source term individual observed active

A . 5& ) € 2 . (2015) regions (modelled as idealized bipoles, but with tilt values, fluxes and separations

’ r--a 5 derived from observations). After carefully excluding recurrent ARs from the source

Y L 8 A A ILO-B-‘]FI' VNI d term they found that the chief responsibiliyty for the %leviation of the polar flux from

E 7 - r q ) (b v ‘ S 1 =|= N bits expected value lies with a low number of large low-latitude rogue AR with non-
: : Hale or non-Joy orientations.

25
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MNRAS 531, 15461553 (2024) https://doi.org/10.1093/mnras/stac |
Advance Access publication 2024 May 7

Algebraic quantification of the contribution of active regions to the Sun’s
dipole moment: applications to century-scale polar field estimates and
solar cycle forecasting

Shaonwita Pal “'!** and Dibyendu Nandy “'!<*

I Center of Excellence in Space Sciences India, Indian Institute of Science Education and Research Kolkata, Mohanpur 741246, West Bengal, India
2Department of Technical Education, Training and Skill Development, Government of West Bengal, Newtown Rajarhat 700160, West Bengal, India
3Department of Physical Sciences, Indian Institute of Science Education and Research Kolkata, Mohanpur 741246, West Bengal, India

sometimes becomes challenging and time-consuming. What if we
explore an alternative to numerical methods, moving away from

complex computer-intensive modelling and adopting a simplified Pal & N andy (202 4
]

approach?
The first attempt in this direction was made by Jiang et al. (2019) MN RAS) . YS D v
and Petrovay, Nagy & Yeates (2020). They introduced a mathe- 3 =
matical framework aimed at calculating the distinct contributions of (201'9) nr R O a \
each emerging active region that collectively generate the ultimate D ” MIl N L e ¢ osiH

global DM during the cycle minimum. In their work, synthetic active “ .
region data was utilized to compute the ultimate DM, and the results < H 9, A
were compared with those derived from the 2 x 2D dynamo model 26



_ N\

Aldiang et al. (2018)
Jiang & Cao (2018) |
/R s-P €3 -

~

U 4y Xtavw

THE ASTROPHYSICAL JOURNAL, 890:36 (15pp). 2020 F N ASA AmeSiﬁ?‘iﬂ“'t‘.‘ﬁﬂ?‘iE

© 2020. The American Astronomical Society. All rights reserved.
Application of Synoptic Magnetograms to " _.oal Solar Activity Forecast

I. N. Kitiashvili
NASA Ames Research Center, Moffett Field, Mountain View, CA 94035, USA: irina.n.kitiashvili@nasa.gov
Bay Area Research Environmental Institute, Moffett Field. Mountain View, CA 94035, USA

The application of a Monte-Carlo technique to incorporate
SOLIS /NSO and HMI/SDO synoptic magnetograms in a flux- "§ﬁ§(201 8)
transport model assuming the Babcock-Leighton dynamo .
mechanism (Babcock 1961; Leighton 1969) in a flux-transpor: ngu—Efﬁﬁﬂg
model demonstratedf the predicted poloidal
field for up to one year (Jiang & Cao 2018). In this research, the ?&Em%'—ii'j!ﬁ!l]
flux-transport model was driven by available magnetograms to
obtain 5()preulizati0n of the futurg states. They bpredicted that ﬂ%‘é?%fﬁﬂ"
SC25 will be about 10% stronger (sunspot number ~125) than
SC24 with probability of 95% (Jiang et al. 2018).

PHYSICAL MODEL BASED PREDICTIONS FOR SOLAR CYCLE 25

300

250 1
Nandy <27
(2021, $1501
Solar 100/
physics*
review)

0_

Observed Peak of Solar Cycle 24
SFT + Dynamo
SFT + Precursor

24FR9EE

FAIpui=E

Labonville et al. (2019)
Upton et al. (2018) Jiang et al. (2018)

Dynamo Forecast of Cycle 25

Figure 4 A sample of recently
published forecast for the peak
ISSN amplitude (13-month
smoothed monthly ISSN) for
Cycle 25. The horizontal dotred
lines indicate the peak smoothed
ISSN values for Cycles 23

and 24, as labeled. Predictions in
red are made using surface flux

transport and/or dynamo models:

predictions in purple are made
using dynamo-based precursor
methods. Forecasts in black
collect other techniques.

Bhowmik & Nandy (2018)
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Observationally Guided Models for the Solar Dynamo and the

Role of the Surface Field . _
Hale3Z (EIFRAPHIIE

Robert H. Cameron' ) - Manfred Schiissler’ ¢ @ijiﬁ%%%%)ﬁfg%
FTD/BL models mostly rely on radial differential rotation in the tachocune z
and often also assume penetration of the meridional flow into the stably strat- A a €
ified interior in order to “store” the toroidal magnetic flux at the bottom t Ptsg N
of the convection zone (e.g., Nandy and Choudhuri, 2002). In contrast, the éx:ﬂ:'l OLI\%I =
2D model of Zhang and Jiang (2022) exhibits no such penetration, but ¢ >
sistently includes the helioseismically determined differential rotation in ti. mﬁ“‘J EgI{lE
convection zone (including the near-surface shear layer), a one-cell meridional -
circulation, radial pumping keeping the surface field vertical and inhibiting #m_ﬁaﬁinﬁ
diffusive loss of the toroidal field, and a BL source term. The generation of =H
toroidal flux turns out to be strongly dominated by the latitudinal differential 1 i J%ﬁ@ﬁﬂgﬁﬂ
rotation in the bulk of the convection zone (see also Guerrero and de Gouveia ’
Dal Pino, 2007; Munoz-Jaramillo et al, 2009). The latitudinal propagation of i\j'th 5 L\ l-ﬁﬁ*ﬁﬂ
the toroidal flux belts in the model of Zhang and Jiang (2022) is provided by a
combination of flux transport by the equatorward meridional return flow and ngzlﬁl
the latitude dependence of the latitudinal rotational shear generating toroidal o8

magnetic flux, the latter as already envisaged by Babcock (1961). Test cases
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Article

Harmonizing Sunspot Datasets Consistency: Focusing on
SOHO/MDI and SDO/HMI Data

Barbara Géra-Gilik ', Emese Forgacs-Dajka **( and Istvan Ballai *®

Ly

of homogeneous and well-calibrated datasets.
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The Spectra of Solar Magnetic Energy and Helicity
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are expected to affect the energy and helicity spectra. [Further,

Y. Luo et al. (2023) have found that the energy spectra can
polar fields. On the other hand, there are also more
— Complicated approaches that involve using an extrapolation

fagtor: Due to the theoretical importance of the sign of the scheme to fill in the data at high latitudes (e.g.. (RIHOEEEI
2023, p: 2), which we do not explore here.

Vector magnetograms are considered unreliable at high NoE
latitudes (e.g.. A. Brandenburg et al. 2017, p. 5: Y. Luo et al. n ENW
2023, p. 2) and in regions where the magnetic field 1s weak.
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206. Magnetic power spectra of the Sun and cycle dependence of magnetic network
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Neil Sheeley on Extraordinary

Magnetic Flux Emergence...

Muh. KhaJ on Solar Farside

Solar magnetic fields, as the main source of solar activity, include two prominent components: active re- Magnetograms from... 31
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Article 3:

An Active Region Database for Solar Cycle Variabil-

ity and Prediction

Ruihui Wang?-2, Jie Jiang! 2 and Yukun Luol-2

1School of Space and Earth Sciences, Beihang University, Beijing, China
2Key Laboratory of Space Environment Monitoring and Information Processing of MIIT, Beijing, China

S olar active regions (ARs) are areas where strong
magnetic fields are distributed. Within the frame-
work of the Babcock—Leighton (BL) dynamo, the emer-
gence of ARs and the subsequent transport of erupted
AR flux on the surface reverse the polar field, and build
a polar field with the opposite polarity. The polar field
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