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IceCube: Astrophysics 

• Diffuse astrophysical neutrino flux has been 
detected. 
• 10-20 events per year with E > 30 TeV 
• Measured flux exceptionally high -> Large  
   hadronic component in HE universe. 
• Close to the Waxman-Bahcall bound:  
 
 
 
• Spectral index (single power law): 2.0-2.6 
   > 10 TeV best fit: 2.43 
• Consistent with 1:1:1 flavor ratio. 
• No events > 3 PeV (no GZK events seen yet,   
  several expected) 
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IceCube: Astrophysics 

• No point-source detected yet. 
 
• Correlation with galactic center not  
   significant. Best fit at 7.5 degrees 
   around galactic center gives 
   post-trial chance probability 2.8%. 
 
• GRB’s highly constrained as only 
  sources of UHECRs. 
  
• Single source hypothesis highly  
  disfavored. 
 
• Flux consistent with Fermi  
  Gamma-Ray flux. 
 

arXiv: 1412.5106 
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IceCube: DM + Neutrino physics 

• Using the Deep Core extension, strong limits 
   on the spin-(in)elastic WIMP cross-sections  
   and annihilation rates have been set. 
 

C. Rott AAPPS Vol 25 No 3 

Phys. Rev. D 91, 072004 (2015) 

• Oscillation parameters have been 
   have been determined with high precision 
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IceCube: Gen2 
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IceCube: Gen2 

arXiv: 1412.5106 
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IceCube: Gen2 proposal 

What makes Gen2 possible?  
Extremely clear ice gives very long absorption length and little scattering.  

String spacing can be enlarged -> IceCube x 10 for the same price! 
Plot from D.Jason Kosinen 
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IceCube: Gen2 

What will the LE extension give us: 
• High sensitivity to physics associated with the neutrino mass 

• High sensitivity to physics associated with the nature of dark matter  
• “Dream signal” -> Galactic Supernova 

 
 
 
 
 

What will Gen2 HE extension give us: 
• Sensitivity to astrophysical neutrinos at extreme energies > PeV 

• High statistics of astrophysical neutrinos of all flavors. 
   - Detailed spectral studies 

   - Significant point-source discoveries 
   - New discoveries 

• Detailed Cosmic ray composition at the ankle through surface array 
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IceCube: Gen2 LE extension 

• Detailed simulations show a 
  sensitivity to the neutrino mass  
  hierarchy of 3 sigma in 5 years. 
  
 
• Sensitivity to make a world-class  
  measurement of neutrino  
  oscillation parameters. 
 
 
 
 
 
 
 
 

http://p5response.uchicago.edu/submissions/7/NSF_subcommittee_responses_IceCube.pdf 
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IceCube: Gen2 LE extension 

• DM sensitivity expected down to 
 
 
 

   
 
 
    
 
 
 
 
 
 
 
 
 

GeV 5M -1323 s cm 10 vA

• Expected upper limit on  
   annihilation rate at 5 GeV:  

C. Rott, AAPPS Vol 25 No 3 
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IceCube: Gen2 HE 
extension 

• Neutrino astronomy is the 
   window to extragalactic 
   astronomy above 100 TeV! 
 
• What are the sources of our 
   cosmic neutrinos? 
 
  
 
 
 
 
 
 
 
 
 
 
 

Multi-messenger era has started!! 
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IceCube: Gen2 HE 
extension 

• GZK physics 
 
 
 

 
 

www.astroblogs.nl  
 
• Cut-off observed by Auger & TA 
   Composition unclear. Do we see 
   the GZK effect,  
   or photodisintegration? 
 
• Gen2 will provide a guaranteed 
   observation if UHECRs are  
   protons -> CR composition. 
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IceCube: Gen2 HE 
extension 

• Neutrino cross-section at  
   ~100 TeV c.m.s. Testing the weak 
   interaction at scales out of reach 
   for terrestrial accelerators. 
 
 
 
•Glashow resonance -> Distinguish  
   between  photo- or hadro- 
   production channel 
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IceCube: Gen2 status 

 

Gen2 White Paper published on the arXiv: 1412.5106 
Pingu LoI published on the arXiv: 1401.2046 

NSF Major Research Equipment and Facilities Construction Proposal 
is aimed for. 

Construction funding start in FY2017 or FY2018 is aimed for. 
Funding applied for equivalent to IceCube funding. 

Significant contribution from European IceCube partners expected. 
Very tentative timeline: 
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IceCube: Gen2 Belgium 

Until funding is applied by NSF the contribution of Belgium groups to the IceCube 
Gen2 project is restricted. 

Current involvement of Belgium groups in Gen2: 
Sander Vanheule (Gent) 

(Communications Firmware) 
Simona Toscana (VUB)  

(Gen 2 simulations, layout, optical, link optical to radio) 
Krijn De Vries (VUB), Nick van Eijndhoven (VUB), Simona Toscana (VUB) Kael 

Hanson (UW,ULB), Thomas Meures (UW,ULB), Aongus O’Murchadha(ULB) 
(Radio simulations, new detection techniques) 

Aongus O’Murchadha (ULB) 
 (ARA monitoring and detector developmen/deployment) 

 Juan Antonio Aguilar Sánchez (ULB) +Christopher Raab (ULB)  
(DOM upgrade, Pingu DM analysis) 

Gwenhaelle de Wasseige (VUB), Nick van Eijndhoven (VUB) 
(Pingu Solar flare analysis) 
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IceCube: Gen2 Belgium 

Sander Vanheule: Gen2 Firmware development 
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IceCube: Gen2 Belgium 

Slides from J.A. Aguilar Sanchez 
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IceCube: Gen2 Belgium 

Slides from J.A. Aguilar Sanchez 
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IceCube: Gen2 Belgium 
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IceCube: Gen2 Belgium 

J.A. Aguilar 

Slides from J.A. Aguilar Sanchez 
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IceCube: Gen2 Belgium 

Slides from J.A. Aguilar Sanchez 
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IceCube: Gen2 Belgium 

Pingu analysis 

Solar flare physics Dark matter 
searches using 

Pingu 

+ Nick van Eijndhoven + Kael Hanson 
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IceCube: Radio Belgium 

•First estimations are very 
promising for this method.  

 
• Energy threshold > few PeV 

 
• Plasma properties are crucial 

for the method to work. 
 

• First feasibility test 
performed, possible scatter 

observed. 
 

• Background measurements 
currently performed at the 

South Pole by Aongus 
O’Murchadha 

Transmitter Receiver 
Ice 

First hint  
for radar 
scattered 
signal!! 
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IceCube: Radio Belgium 
Slides from J.A. Aguilar Sanchez 
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IceCube: Gen2 Costs 

Pingu ~$65 M US + ~$25 M non US (marginal to Gen2) 
Surface array ~$45  M 
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Summary 

IceCube Gen2 has a very broad physics potential 
What can the LE extension give us: 

• Mass hierarchy  
• DM physics 

• Supernova + Solar flare physics 
 

What will Gen2 HE extension give us: 
•Detailed understanding of Source distributions, spectrum and flavor composition 

for the astrophysical neutrinos detected. 
• Multimessenger astronomy. 

• GZK neutrino detection (in case UHECRs are protons) 
• Neutrino cross-section at extreme energies. 
• Glashow resonance p-p/p-gamma distinction. 

• Precision physics of cosmic rays at the knee of the spectrum. 
 

• Belgium involved through simulation / analysis studies. Further involvement 
on hardware development strongly depend on obtained NSF funding.                  


