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How does the irradiance
~ ofthe Sunvary on
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GeoSphere: The Sun as Star

Geosynchronous Spherical Scattering Target

d ~ 4 m, 20 mas

albedo ~ 0.9 .
my ~ 10

(example)




Size Constraints

2

my (@) = mye — 2.51ogy, ((7" fsr@)Z Zﬁb(@))

¢(a) = [sina + (1 — a) cosa)| /o

y . : M . o ALY i i " 3
= J8-= ks d & L ) - § y . e = % M gv .. A L -
el C - s o TG Biwt S e )Q‘\- ea Yo it WL AN - ‘1:.; M s s Y
. 4 et il Pk c e P B O p oL HEL R, B St rr g ew hie e o N .

o> =~ 'y ~ i 4 ) )
o = - - PR 4 S Log e — 4 . - 3
- Ny - et = E s o - o A RieT, (S =R v
; : ' : e taiy b e b g Xy it O s L L ol ey . UK Y
f ] *34¢ s I b s e B0 9 Iy - P N iy ! - ! i

[




“What a stupid idea. Anyway,
we e already maklng these
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Total Solar Irradiance Data Record
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Total Solar Irradiance Composite
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TSI [Wm™?]
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SORCE /TIM TSI Reconstruction
(from IPCC ARS bosed on Krnvovo 2010 & Boll 2012)
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SORCE/SIM Spectral leference 2004 2007
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“There's no such thing as a
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e See Freisen et al. 1992

* Two stable longitudes: 105°W and 75°E

* “stable plane” exists at 7.3° inclination
which has a reduced amplitude of orbital
plane excursions

nding Node
(degrees)

* Proposed as a better alternative for
‘graveyard orbits” (Rosengren et al.
2013)
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Stable Longitude Observatories

Boulder, CO; Apache Point, NM 105°W Indian Astronomical Observatory 78°E
Fairborn Obs., AZ; OAGH, Mexico 110°W Xinjiang Astronomical Observatory, China 87°E
Lowell Observatory AZ; Kitt Peak, AZ 112°W Yunnan Astronomical Observatory, China 102°E
OAN, Mexico 115°W

CTIO, Chile 70°W



GeoSphere analemma (night)
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“That kind of precision is




Robotic photometry 1993-Today
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Greg Henry, output Tennessee State Univ. telescopes at Fairborn Observatory
Automated Photometric Telescopes (APTs)




APT Group Observations
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Could the APT program detect solar cycle variation?

~0.07% TSI = ~0.0010mag b, y = ~0.1% b, y
(Lockwood 2007)

Yes!, e.g. "solar twin” 18
Sco with comparison star
scatter ~0.02%
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(Hall et al. 2007)
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Achieving Precision

-very night:

Single difference: S B
Repeated measurements:  o- = o} + o-
. e gt 1
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Achieving Precision

With one good group and n good nights in a year:
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‘GeoSphere will reflect light
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“GeoSphere would move with
respect to the background sky
throughout the year
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GeoSphere Group Observations
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‘It your basis of comparison is
a\ways Changlng observatlona\
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Achieving Precision

Continuous Measurement Throughout Year
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‘Space isn't empty — the
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GeoSphere Albedo Stability

. Oxidation: Negligible ~1-10 O/cm® at 42,000 km

« Micrometeorite cratering: Extrapolating from LEO measurements,
~0.45% area/century

. a(t) = ag — kt(ag — b)

* Pre-crater before launch? (b = ap)
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‘It IS Just too expensive to
\aunch somethlng that blg mto
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Engineering Considerations

 Materials?

e How to launch a ag-meter inert

object into a specific orbit? ’ v /

e Expandable?
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http://en.wikipedia.org/wiki/Hokkaid%C5%8D

“It's still too expensive. You will
never get funding for a century-
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Conclusions

 The GeoSphere program could provide a
measurement of spectral irradiance variations in
visible wavelengths with sufficient precision to monitor

secular variations above ~0.002% (sparse series) or
~0.02% (continuous series)

n n
o Stable orbit allows ground-based observation
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“There aren't enough stable




Stable Comparison Abundance

PERCENTAGE OF STARS WITH LONG-TERM VARIABILITY (0},,, = 0.0005 mag) As A
FUNCTION OF B—V

B—V Range

(mag) Main-Sequence Spectral Type N Percentage Variable

stars

(1) (2) (3) 4)

57.9
59.0
65.8
57.1
81.0
70.6
33.3
66.7
100.0

(Henry 1999)



“GeoSphere would move with
respect to the stars! — your data
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Stellar Noise

* Background stars pass behind GeoSphere moving at 15” -
CcOsO - t, creating photometric noise for olbservations

* e.g. 5" aperture, mag 10 GeoSphere, 100 s integrations: 1 in
100 integrations contain object of comparable magnitude
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Other Applications

 Earth albedo variations

* Measure uy variations to check spectral cycle
phase relationships
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Observation Program

* [n a 6h night, GeoSphere moves 6h in RA across the
celestial sphere

* |ts position at local midnight moves ~1 deg/day, or
~1/15 h RA/day
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Emitted Resulting atmospheric Radiative forcing by emissions and drivers Level of

compound drivers confidence
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500 1000 1500 2000
(Shapiro et al. 2011)

‘... the observational data do not allow to select and favor one of the
proposed reconstructions. Therefore, until new evidence becomes available,
we are in a situation where different approaches and hypothesis yield different

solar forcing values.”
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“Directly detecting [Maunder Minima-like] changes requires 1) instrument stabilities
<0.001%/year and measurement continuity, and/or 2) measurements having
absolute accuracy uncertainties <0.01%, as intended for the Glory/TIM and TSIS/
TIM instruments, so that measurements separated by several decades could detect

secular changes.”
(Kopp & Lean 2011)
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HD 30495 variapility

target amplitude ~ 0.02 mag ~ 1.8% comp. yr-yr scatter ~ 0.0008 mag ~ 0.073%
target uncertainty ~ 0.0006 mag ~ 0.059% comp. uncertainty ~ 0.0002 mag ~ 0.018%

N
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target amplitude ~ 0.003 mag ~ 0.28%
target uncertainty ~ 0.0003 mag ~ 0.027%




Stable Orbits

True anomaly v

" Argument of pgriapsis

Jeg
. - -
of ascending no«

Reference
direction

* Freisen et al. 1992 numerically simulated
unpowered geosynchronous orbits on
century time scales

* “worst case” radii excursions of up to 50
km for all near-geosynchronous orbits

* ~1 mmag variation = in situ tracking needed
e Observations: INTELSAT, abandoned 1969

* “Stable longitudes” exist at 75E and
105W about which orbits oscillate
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