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Detecting neutrinos via 
light emission of muons
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“Classical”  picture of
  neutrino astronomy:

Earth filters out CR 
muons

look for upgoing muons 
from neutrinos
astrophysical: expect 
flatter spectrum 
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IceCube Starting Events 
Detection:

Using the outer strings 
of the detector as a 
double wall veto to find 
neutrinos that interact 
inside the detector.

Fewer background 
events.



XN   
XeNe 

Tracks
-paths of light through the detector
-highly correlated with neutrino direction

Cascades
- showers of light
-contained neutrino energy



  

High Energy Starting Events

Today: HESE 6 year 
sample:  82 events in 2078 
live-days
 2 obvious background 

events excluded
 Expected atmospheric m 

background 25 ±7 events
 Estimated from data using 

double-wall veto study
 Estimated atmospheric μ 

background 16+11
-4 events

 Best fit dN/dE ~ E -2.92±0.3 

in range 60 TeV < 
Edeposited < 10 PeV

7 year coming soon. 



  

Diffuse Analysis 

Muon: 2.6 PeV deposited
Neutrino:     3-10 PeV !



Results of 7 year clustering search

Northern sky
astro vs atmos
muon neutrinos

Southern sky
muon neutrinos vs
atmos muons
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Murase and Waxman
Red band – density and luminosity
combinations that explain our diffuse flux

Left of dotted lines: 
density and luminosity
combinations allowed by
lack of hot spots in our
sky map (weak enough to
not see individually)

Right of dotted lines: 
density and luminosity
combinations dis-allowed
by lack of hot spots in our
sky map (so bright we 
would have seen them
individually)



  



  

IceCube observation of a high
energy neutrino event IC170922A

Time: September 22, 20:54:30.43UTC
Direction: RA=77.43o ,Dec=5.72o

Mean angular resolution: 0.25o

Neutrino energy (assuming E -2.13 ): 290 TeV (183 TeV 90% CL lower limit)
Alert was issued ~ 1 minute after the event



  

A multimessenger observation of
TXS 0506+056

Fermi finds blazar TXS 
0506+056, 0.08o from the 
neutrino that was in a 
recent, flaring state. The 
preference for correlated 
emission between the 
gammas in Fermi and 
neutrinos in IceCube 
found to be 3σ.

Magic detects gamma rays with energies above 
100 GeV from TXS 0506+056.

Science 13 Jul 2018: Vol. 361, Issue 6398 IceCube,  Fermi, MAGIC and 13 
additional collaborations



  

Historical neutrino search at the
TXS 0506+056 position

Time integrated emission from this point:
– A 2.1σ excess found at the TXS 0506+056 position

(excluding the time period with the IC170922A event)

Time-dependent emission from this point:
– A period from Sept 2014 – March 2015 was found 

to have a 3.5σ excess over expected background

IceCube 
Coll., 
Science 
13 Jul 
2018: 
Vol. 361, 
Issue 
6398



  

Neutrino Cross Section 
Measurements

At energies above 30 TeV, the Earth absorbs neutrinos
1 year of up-going  data was binned in (E, cos(z))

● Fit to standard cocktail, with absorption allowed to vary
● Cross-section is a multiple (“R”) of standard model cross-section 

(arXiv:1106.3723) 
● Neutral-current included; reduces neutrino energy



  

R=1.30 +0.21
-0.19 (stat) +0.39

-0.43 (syst.) 6.3 TeV < E < 980 TeV

Neutrino Cross Section 
Measurements



Inelasticity in contained events

 Inelasticity y = E hadronic shower/En

 Predicted by standard weak interaction model
 Inelasticity distributions are different for n, n for En < 10 TeV

 Analysis uses 2650 starting track events (nm) in 5 years of data, 
selected by a machine learning approach

 965 similarly-selected cascades used in some global fits
 A second machine finds E cascade, Em, yvis

 yvis    ~ y, but accounts for missing energy

A starting track event with
Ecasc =64 TeV
Em = 724 TeV
y vis=0.08

Direction



Mean Inelasticity <y>
 Parameterize ds/dy ~ (1+e(1-y)2)y l-1

 Motivated by low-x region, where xq(x,Q2) ~x-l

 e, l are heavily correlated, so fit for <y> and l
 <y> decreases with energy, as expected
 In agreement with CSMS calculation 
 Used to measure atmospheric  n/n ratio and to observe charm 

production in n interactions from 1.5 to 340 TeV

E (GeV)

<
y>



Detecting Dark Matter Decay using 
Neutrinos

A diffuse fit for the atmospheric, astrophysical and dark matter decay. 
Two separate data sets: Tracks and Cascades. 
● It has been shown that the observed high-energy neutrino flux can be 

described equally well by a combination of a dark matter component 
and a diffuse astrophysical flux with a power-law energy spectrum.

● But neither analysis identified a significant dark matter excess in the 
data, and models in which the cosmic neutrinos flux arises entirely from 
dark matter decay are disfavoured

Cascades Tracks



Detecting Dark Matter Decay using 
Neutrinos

From the non-observation of a dark matter signal, lower limits are set 
on the lifetime of dark matter particles with mass above 10 4 GeV. 
For such heavy particles these limits are presently the strongest on 
the dark matter lifetime
Search for neutrinos from decaying dark matter with IceCube, 
arXiv:1804.03848



Test of LV using atmospheric neutrinos:
● Muon neutrinos are produced in the upper atmosphere 
● These atmospheric muon neutrinos pass through the entire Earth before 

being detected by IceCube
● The LV permeates space and could induce an anomalous neutrino 

oscillation to tau neutrinos. 
● Therefore, a potential signal of LV is the anomalous disappearance of 

muon neutrinos. Note, here we test only the isotropic component.

Lorentz Symmetry with IceCube



Results showed no evidence 
for Lorentz violation

● analysis provides the 
best attainable limits on 
SME coefficients in the 
neutrino sector

● along with limits on the 
higher-order operators

● Comparison with limits 
from other sectors 
reveals that this work 
provides among the best 
attainable limits on 
dimension-six coefficients 
across all fields

Lorentz Symmetry with IceCube

Nature Physics, 16 July 2018, Neutrino 
interferometry for high-precision tests of 
Lorentz symmetry with IceCube



  

IceCube- Gen2 

100 new strings with
240 m spacing

Extended 
surface 
array for 
veto

Phase1/PINGU - Infill array 
for lower energy and 
neutrino oscillation

IceAct- Air 
Cherenkov telescope 



  

Conclusion

IceCube has opened a new field of astronomy 
with the detection of astrophysical neutrinos.

There is evidence of a connection between an 
IceCube alert and a flaring Blazar. 

IceCube is able to provide neutrino cross 
section measurements at higher energies. As 
well as results on dark matter decay Lorentz 
violation and more. 



  

Thanks!
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