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Improved methods for solar DM searches with the IceCube Marcel Zoll

sensitivity from the respective sample. The final event rate is 1.4 mHz in the IC-dominated sample
and 0.4 mHz in the DC-dominated sample.

6. Results and discussion

This analysis found no significant excess in muon neutrinos from the direction of the Sun
in the search for a possible solar WIMP signal. This allows us to set stringent limits on the muon
neutrino-flux from the Sun for energies in the GeV-TeV range. Under the assumption of a local DM
density at 0.3 GeV/cm3, a standard Maxwellian velocity distribution in the galactic WIMP halo and
the Standard Solar Model this limit can be converted to a limit on the WIMP-nucleon scattering
cross-section for each such probed WIMP model. Figure 5 shows the obtained sensitivities and
limits of this analysis for the spin-dependent and spin-independent scattering cross-section.

Compared to the previous IceCube solar WIMP analysis[9] conducted with 79 deployed strings,
the improvement ranges from a factor up to 10 at the lowest WIMP mass at 20 GeV to a factor 2
for higher WIMP masses up to 10 TeV. The improvement over just the added detector volume
can be attributed to the refinement of the analysis methods and a better hit selection with IceHive.
The so obtained limits make IceCube very competitive compared to the reported limits from other
experiments for WIMP masses above ⇠150 GeV.

Note: We have carried out a second independent solar WIMP analysis on the same dataset. The
results of the two analyses are consistent with each other and are described as separate contributions
to this conference (see [4]). At a later time we will combine the two analyses.
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Figure 5: Limits of this analysis on the spin dependent (left) and spin independent (right) WIMP-nucleon
scattering cross-section as a function of the WIMP mass derived from this analysis. Systematic uncertainties
are shown as a red band. Also shown are reported limits from other experiments [10, 11, 12, 13, 14, 15, 16,
17, 18].
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•  Leptonic	   CR	  electrons	  

γ	  

Moskalenko,	  Porter,	  Digel	  (2006)	  
Orlando,	  Strong	  (2007)	  
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•  Hadronic	  

	  

CR	  protons	  

ν	  γ	  

Seckel,	  Stanev,	  Gaisser	  (1991),	  
Moskalenko,	  Karakula	  (1993),	  
Ingelman,	  Thunman	  (1996),	  +	  



Fermi	  2011	  

Kenny	  C.Y.	  NG,	  6th	  Fermi	  Symposium	  Nov	  12	  2015	  

	  

12 Abdo et al.

102

100 101 102 103

E
3  J

e 
(G

eV
2  m

-2
 s

-1
 s

r-1
)

Energy (GeV)

AMS-01

Fermi-LAT

fit

eq.(2)

eq.(3)

GALPROP LIS

Demodulated

Figure 6. Electron spectrum used in the models of the IC emission compared with the data from Fermi–LAT (small red filled circles, Abdo et al. 2009b;
Ackermann et al. 2010) and AMS-01 (blue filled squares, Alcaraz et al. 2000). The thick solid (black) line is a fit to the Fermi–LAT electron spectrum at 1 AU;
this is also the electron spectrum for r < 1 AU in Model 3. The dash-dotted (black) and doted (black) lines show the electron spectra at at r = 0.3 AU in
Models 1 and 2 calculated for �0 = 400 MV, eq. (2) and eq. (3), correspondingly. The dashed (blue) line shows the demodulated local interstellar spectrum. The
double-dot (magenta) line shows the local interstellar spectrum of leptons as calculated by GALPROP (Ptuskin et al. 2006); this spectrum is used in the model
calculations of the diffuse Galactic emission.

Figure 7. Energy spectra of the IC emission for elongation angles 5� and 20� as observed by Fermi–LAT and compared with model predictions. Statistical
error bars (larger) are shown in black; systematic errors (smaller) are red.

Fermi–LAT observations of the quiescent sun 13

Figure 8. Intensity profile for the IC component vs. elongation angle compared with the model predictions. Statistical error bars (smaller) are shown in black;
systematic errors (larger) are shown in red. To allow a direct comparison with the models, the model predictions are also shown binned with the same bin size as
used for data.

Figure 9. Energy spectrum for the disk emission as observed by the Fermi–LAT. The curves show the range for the “nominal” (lower set, blue) and “naive”
(upper set, green) model predictions by Seckel et al. (1991) for different assumptions about CR cascade development in the solar atmosphere (see text for details).
The black dashed line is the power-law fit to the data with index 2.11± 0.73.
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-‐>	  Nicola	  Giglie6o	  16B	  



Fermi	  2011	  

Kenny	  C.Y.	  NG,	  6th	  Fermi	  Symposium	  Nov	  12	  2015	  

	  

12 Abdo et al.

102

100 101 102 103

E
3  J

e 
(G

eV
2  m

-2
 s

-1
 s

r-1
)

Energy (GeV)

AMS-01

Fermi-LAT

fit

eq.(2)

eq.(3)

GALPROP LIS

Demodulated

Figure 6. Electron spectrum used in the models of the IC emission compared with the data from Fermi–LAT (small red filled circles, Abdo et al. 2009b;
Ackermann et al. 2010) and AMS-01 (blue filled squares, Alcaraz et al. 2000). The thick solid (black) line is a fit to the Fermi–LAT electron spectrum at 1 AU;
this is also the electron spectrum for r < 1 AU in Model 3. The dash-dotted (black) and doted (black) lines show the electron spectra at at r = 0.3 AU in
Models 1 and 2 calculated for �0 = 400 MV, eq. (2) and eq. (3), correspondingly. The dashed (blue) line shows the demodulated local interstellar spectrum. The
double-dot (magenta) line shows the local interstellar spectrum of leptons as calculated by GALPROP (Ptuskin et al. 2006); this spectrum is used in the model
calculations of the diffuse Galactic emission.

Figure 7. Energy spectra of the IC emission for elongation angles 5� and 20� as observed by Fermi–LAT and compared with model predictions. Statistical
error bars (larger) are shown in black; systematic errors (smaller) are red.

Fermi–LAT observations of the quiescent sun 13

Figure 8. Intensity profile for the IC component vs. elongation angle compared with the model predictions. Statistical error bars (smaller) are shown in black;
systematic errors (larger) are shown in red. To allow a direct comparison with the models, the model predictions are also shown binned with the same bin size as
used for data.

Figure 9. Energy spectrum for the disk emission as observed by the Fermi–LAT. The curves show the range for the “nominal” (lower set, blue) and “naive”
(upper set, green) model predictions by Seckel et al. (1991) for different assumptions about CR cascade development in the solar atmosphere (see text for details).
The black dashed line is the power-law fit to the data with index 2.11± 0.73.
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6-‐yr	  Solar	  Disk	  Spectrum	  
•  >	  1GeV	  

•  Inconsistent	  with	  
Model	  	  

	  	  	  (Seckel	  et	  al.	  1991)	  

•  Lower	  flux!?	  
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Ng	  et	  al.	  (2015)	  



Time	  VariaIon!	  
•  Definitely	  looks	  
like	  Cosmic	  Rays	  

•  MagneIc	  fields	  
–  IMF	  
– Corona	  
– Photosphere	  
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Aug	  2008	  
	  

Aug	  2013	  
	  

Ng	  et	  al.	  (2015)	  



TeV	  Gamma-‐Ray	  Sun	  
•  Unique	  source	  for	  
HAWC/	  LHAASO	  

•  Spectral	  break/
Cutoff?	  
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Ng	  et	  al.	  (2015)	  



TeV	  Neutrino	  Sun	  
•  Guaranteed,	  
IdenIfiable	  
Neutrino	  source!	  

•  Standard	  candle	  

•  Energy	  
informaIon?	  
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Ng	  et	  al.	  (in	  prep.)	  

Ingelman	  Thunman	  Flux	  



SensiIvity	  floor	  
•  1.5	  –	  2	  orders	  of	  
magnitude	  away	  	  

•  Rate	  comparison	  
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CDMS II Ge (2004-2008)

Edelweiss (2005)

PICASSO (2009)

COUPP (2011)

SIMPLE (2011)

Xe
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Si

Ruppin	  et	  al.	  2014	  

Coherent	  neutrino	  scaGering	  



Summary	  
•  The	  Sun	  is	  a	  bright	  gamma-‐ray	  and	  neutrino	  source	  

•  Cosmic	  rays	  
–  PropagaIon	  
–  InteracIon	  

•  Solar	  atmospheric	  physics	  

•  Neutrino	  astronomy	  
–  Standard	  Source	  

•  Dark	  maGer	  
–  Neutrino	  floor	  

•  More	  studies,	  more	  results	  to	  come	  
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Thanks!	  


