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IceCube - Aartsen et al., ApJ 826, 220, 2016

Solar Dipole: a known anisotropy 
due to Earth’s revolution around the Sun
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Arthur H. Compton and Ivan A. Getting
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<𝑣> = 29.8 ± 0.5 km/s

https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1103%2FPhysRev.47.817


Solar Dipole is given by


Where  𝜉i is the opening angle between velocity direction and 
CR arrival direction (for pixel i).


Since the m=0 component is missing, this reduces to 


or, in equatorial coordinates (𝛼,𝛿) coordinates


Method 1: Dipole Fit
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relative Intensity



The dipole component is given by the Ylm, terms


So, for a dipole oriented along the x-y plane,


Horizontal Multi-pole Fit

We fit parameters: A1, 𝜙1 
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over the pixels in the FoV

relative Intensity



Method 2: 1D Projection (Toy MC) 

• Amplitude is maximum towards equator and 
zero at poles


• 1d measurement corresponds to the average 
amplitude over declination bands
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relative Intensity



1. Plot amplitude of 1d fit in RA. as a function of declination

2. Fit cosine of declination and extrapolate to horizon • Low Statistics 

• Poor reconstruction

Extrapolation of 1D Amplitude 
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Horizontal dipole Fit

2D Fit (horizontal)

Data

24 TeV

Fit comparisons to data

42 TeV8
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ᵞ = 2.2679
correcting projection 23.5º: 
ᵞ = 2.6539

ᵞ = 1.5167
correcting projection 23.5º: 
ᵞ = 1.8347

Solar Dipole:  
A Calibration Source

If no quality cuts are applied on the 
track reconstruction,  the level of mis-
reconstructed events increases the 
isotropic background  (and decreases 
signal), thus reducing the amplitude of 
the anisotropy.
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Amplitude vs. Energy

10% Burn sample (1 year)
Energy bins from 12-year Anisotropy Study
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Equatorial Projection Bias

Correct for projection bias  
(dipole tilt is known) 

23.5047°
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Amplitude vs. Energy

Correct for projection bias  
(dipole tilt is known) 

23.5047°

10% Burn sample (1 year)
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Energy bins from 12-year Anisotropy Study
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PoS(ICRC2021)085

extended-sidereal distribution is produced 

by a yearly modulation of the sidereal-

dipole amplitude 

and it deforms the solar distribution

Bias from Yearly modulation of sidereal anisotropy
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https://pos.sissa.it/395/085/


HAWC PoS(ICRC2023)364
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• Derived spectral index vs energy (after correction 
for projection bias).


• Boxes correspond to systematic uncertainties


1.Variation in Earth's orbital speed, 


2.Interference from Extended-Sidereal 
distribution.


• Low statistics at high energies produce large 
uncertainties in the extended sidereal amplitude

10% Burn sample (1 year)

Systematic Uncertainties
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• Derived spectral index vs energy (after correction 
for projection bias).


• Boxes correspond to systematic uncertainties


1.Variation in Earth's orbital speed, 


2.Interference from Extended-Sidereal 
distribution.


• Low statistics at high energies produce large 
uncertainties in the extended sidereal amplitude

Systematic Uncertainties

Data are consistent with all three hypotheses due to large 
uncertainties. 
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10% Burn sample (1 year)



Conclusions
• Applied quality cuts to improve angular reconstruction


• Measured the solar dipole amplitude for different energy bins using a 10% burn sample


• Derived the corresponding spectral index from Compton-Getting formula.


• Data are consistent with both, single and broken power law scenarios due to large 
uncertainties


• Statistical uncertainties will decrease with 10x data with full 12-year sample


• Systematic uncertainties:


• Uncertainties on amplitude and phase of extended-sidereal distribution (should also 
decrease with more statistics).


• Variation of Earth's orbital speed due to eccentricity.
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https://events.icecube.wisc.edu/event/183/overview





Thank you


