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Respons'e.,,of solar |rrad|ance to sunspot-area variations
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|. Motivation 3.An improved impulse response model 4. Can this model describe long-
term variations ?
Our objective
Can long-term solar variability (months to years) be adequately reconstructed by Problem : Past studies relied on a classical transfer function model
models that describe short-term variations only (days to months), using solar proxies ? Problem: The model by Preminger & Walton mixes variations caused by solar rotation and by SSI(w) = DSA(w) x H(w)
The sunspot area (a proxy for magnetic flux emergence) is widely used to model solar irradiance, true sunspot evolution. We want the |atter only. ) , , , - ,
o : : e : . : : . : : Solution : We find that the response of the irradiance requires an additional (« residual »)
as it is associated with a deficit of irradiance (in the visible) or an excess (in the UV), or a mix of Solution: We separate the two effects two by taking a snapshot once every solar rotation (every N L
contribution R(w) that varies independently of the sunspot area
the two. 27 days)
e Advantage : We eliminate the effect of solar rotation-induced variations SSle))= DEA{@) < K@) « R@)
- Bieadtvariiame S e Caner resehie vETET B secuing o fmescsles < 57 days Consequence : SSI variations cannot be described solely in terms of their response to the DSA.
visible image &€ & y An additional term R(w) is needed, which evolves differently. Therefore, models that rely on the
We estimate the impulse response h(t) by using SSI observations from TIMED/SEE, SORCE/ DSA only (or on the sunspot number) to describe SSI variations may fail at longer timescales.
LSTICE, an RCE/SIM (2 -2015). : i : - : S :
‘ P SOLSTICE, snl SORCHEI (20052015) The physical origin of this additional term R(w) is currently being investigated.
\ 27 days  .° A sunspot that lasted for one solar 10
g 13607 rotation only and its impact of the ol _ <1073
total irradiance %12222 total solar irradiance and on the UV. EuV | EUV band (10-120 nm): 15F | | | | | -
0102 : facular brightening persists for 3-5 rotations o FUV r(t) o .
o Ng 0.101 L . The red area expresses the excess of c 10 | ] Contribution of the residual term r(t)
UV irradiance > o \\MZ | irradiance produced by that single § ’M«\ | to the variability of the SSl in the
0'028 Feb 27:1:/Iar 23 Ap( 18 I\7I5y"‘~.~ 16 Jun 13 JuI 09 Aug SpOt' % 5 B l »Ml”““}” l 7] FUV band (122-200 nm)
FUV band (122-200 nm): . “M il . Q,l..w'likl»
facular brightening persists for 3-5 rotations OF----"2"C ST 0 s A -
UV image 2004 2006 2008 2010 2012 2014 2016
year
MUV band (200-300 nm):
initial competition between darkening and brightening p
! 5. Nonli f th
. Nonlinear response of the
2.What we know 5 | - : i P
= 0 f5=-:F*  NUVband (300-400 nm): irradiance
= _1'3 NOV | initial darkening, followed by facular brightening.
-15 &t E 5
x10°
N — } . The magnitude of the impulse response is weakly solar-cycle dependent
Preminger and Walton [2005-2007] have shown that the spectral irradiance does not respond R VIS band (400-600 nm): o . . . . .
instantaneously to magnetic flux emergence. The delayed response can be adequately described 10} : e k4 . et S * Initial brightening durlng flux emergence is weaker at solar maximum = IOYVQ!' ratio of facular
by its linear impulse response. ol vis| initial darkening, followed by weak facular brightening area to sunspot area. This was expected [Foukal, 1993] but we now quantify it.
1073 e Facular brightening (once the sunspot has vanished) does not depend on the level of solar
4 0 '__:-:—_—:—_l_:..._,._ﬁ;':—_—_—q__ﬂ.:.,____,.m activity
What is the impulse response ? =2 1 NIRband (600-2000 nm): -
4t NIR | - initial darkening, followed by weak facular brightening 10
-6 | | | | . X
In linear system theory, the impulse response h(t) describes the reaction of a system (here 0 c 10 15 20 27 — hic0) FUV
the change in total irradiance TSI or spectral irradiance SSI) to a trigger (here the daily lag [27 days] —1+—ht=29 FW] | |mpulse response
sunspot area DSA) by means of a convolution = in the FUV
. . ; B c - — J
SSI(t) = DSA(t) * h(t) lr.np%llse response h(t) for different spectral bands, without the effect of solar rotation. Grey band = level of ; { ! (122200 nm)
significance (+10).
In Fouri
nrourier space p L Impulse response h(t) during flux
SSl(w) = DSA(w) x H(w) e I' . | | emergence (t=0) and one solar
o 0 —_ [ —
where the transfer function H(w) is the Fourier transform of h(t). 6. Conclusions rotation later (¢ -27 day s), when the
0oty 1 Impulse response sunspot has vanished.
The impulse response h(t) tells us by how much the SSI on average varies after a sunspot = -0.02 | e — 1 in the visible
that would last for one day and then disappear. -0.03 — h(t=0) VIS 1 (400-700 nm) Three levels of solar activity are
_  We provide an improved model of the response of the SSI to changes in sunspot area. This 0.04 p [ he2n VS| | | : shown: low, intermediate and high.
000l |11 1 AR 2 model avoids spurious variations that are caused by solar rotation. Larger DSA corresponds to higher
5 TR ' riBBer b A E o E 002 | — | ' solar-activity levels
S oLl | l o il /\VM/\\VAW/\W/\V/\/\/\ My * The impulse response clearly reveals the competition between darkening/brightening at each 0 ~
CZJ : P 1 | A wavelength. 0.0z .\ 1 Impulse response
| —2f C L. . . - = i |
o ML o z | e SS| variations cannot be described solely in terms of a response to sunspot area. An additional 0.04 —o of the TSl
* B contribution is required. This has two important consequences: 006 1| —e— n(t=0) TS| ‘
1361 008 | | —T—ht=27) TSl
response )l . ] *We can establish an energy budget for short-term ' ' ' ' '
£ < | mpulseresponse - variations only (a few months), not for the solar cycle ’ ° : ; ° R
§1360.5- WWM = _;.o : L f e Y ’ y ‘ For more dEtG”S, average DSA [100 phem]
Z R : {(cays) *Irradiance models that rely on sunspot numbers or on | read [Dudok de
1360 | | | a3 ; Impulse response of the total solar irradiance sunspot area only may not describe long-term Wit et al., ApJ
2007 2008 2009 (TSI) to the daily sunspot area (DSA) variations adequately 853 (2018) 197] Acknowledgements : We acknowledge funding from CNES, the NASA SORCE mission, and
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