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2Fast Radio Bursts - Discovery in 2007 

Figure 2: Frequency evolution and integrated pulse shape of the radio burst. The survey data,
collected on 2001 August 24, are shown here as a two-dimensional ‘waterfall plot’ of intensity
as a function of radio frequency versus time. The dispersion is clearly seen as a quadratic sweep
across the frequency band, with broadening towards lower frequencies. From a measurement of
the pulse delay across the receiver band using standard pulsar timing techniques, we determine
the DM to be 375±1 cm−3 pc. The two white lines separated by 15ms that bound the pulse show
the expected behavior for the cold-plasma dispersion law assuming a DM of 375 cm−3 pc. The
horizontal line at ∼ 1.34 GHz is an artifact in the data caused by a malfunctioning frequency
channel. This plot is for one of the offset beams in which the digitizers were not saturated.
By splitting the data into four frequency sub-bands we have measured both the half-power
pulse width and flux density spectrum over the observing bandwidth. Accounting for pulse
broadening due to known instrumental effects, we determine a frequency scaling relationship
for the observed width W = 4.6 ms (f/1.4 GHz)−4.8±0.4, where f is the observing frequency.
A power-law fit to the mean flux densities obtained in each sub-band yields a spectral index of
−4 ± 1. Inset: the total-power signal after a dispersive delay correction assuming a DM of 375
cm−3 pc and a reference frequency of 1.5165 GHz. The time axis on the inner figure also spans
the range 0–500 ms.
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Lorimer et al.,Science 318 (5851): 777-780 

• A total of ~23 FRBs detected to date. 
Estimated FRB event rate is ~1,000/day
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Figure 1: Multi-wavelength image of the field surrounding the burst. The gray scale and
contours respectively show Hα and HI emission associated with the SMC (8, 9). Crosses mark
the positions of the five known radio pulsars in the SMC and are annotated with their names and
DMs in parentheses in units of cm−3 pc. The open circles show the positions of each of the 13
beams in the survey pointing of diameter equal to the half-power width. The strongest detection
saturated the single-bit digitizers in the data acquisition system, indicating that its S/N ≫ 23.
Its location is marked with a square at right ascension 01h 18m 06s and declination −75◦ 12′
19′′ (J2000 coordinates). The other two detections (with S/Ns of 14 and 21) are marked with
smaller circles. The saturation makes the true position difficult to localize accurately. Based
on the half-power width of the multibeam system, the positional uncertainty is nominally ±7′.
However, the true position is probably slightly (∼ few arcmin) north-west of this position given
the non-detection of the burst in the other beams.
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3Fast Radio Bursts Emitting Neutrinos?

No concrete neutrino production models yet

• Blitzar  “Cataclysmic”                                                               
[H. Falcke and L. Rezzolla, A&A 562, A137 (2014)] 

• Binary neutron star merger                                             
[T. Totani, Pub. Astron. Soc. Jpn. 65, L12 (2013)]

• Evaporating primordial black holes                                  
[Halzen et al., PRD 1995]                                                                           
“MeV neutrinos”  

• Magnetar/SGRs hyperflares                                                   
[S. B. Popov and K. A. Postnov, arXiv:1307.4924]                                                                                     

[Halzen et al. (2005) astro-ph/0503348]                                                       
“TeV neutrinos”?       this work
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4IceCube Detector 

Goal: detecting TeV-PeV astrophysical neutrinos 
Construction completed in December 2010
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5Neutrino Signatures in IceCube 
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(1) Track: charged current νμ 

(2) Cascade / Shower: all 
neutral current, charged 
current νe, low-E charged 
current ντ

• <1o Angular resolution

• Factor ~ 2 energy 
resolution

• 10o Angular resolution 
above100 TeV

• 15% energy resolution on 
deposited energy

“high degeneracy”

data

data

2013

IceCube has detected a diffuse astrophysical neutrino flux,  
but no TeV neutrino point sources have been identified to date.
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6

• Burst times cover IceCube data taking seasons from 2010 to 2015 (6 years) 

• A total of 29 FRBs (11 unique locations).

All Sky Fast Radio Bursts with IceCube Coverage

FRB121102
repeated 26 times (17 times within our data sample)

North

South

Repeated bursts are treated as 
unique bursts in space & time
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7Event Samples  & Background Modeling

Background PDF derived from 
off-time dataNorth

(DEC >= -5o)
South

(DEC < -5o)

842,597 events

(collected from 
2011-2015)

379,261 events

(collected from 
2010-2014)

“dominated by
atmospheric 
neutrinos”

“dominated by
atmospheric 

muons”

A total of 1.2 million events 
in 6 years

arXiv:1702.068682015 ApJ 805 L5

https://arxiv.org/abs/1702.06868
https://arxiv.org/abs/1412.6510
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8Analysis Method: Unbinned Maximum Likelihood

T := �n̂s +
NX
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n̂sSi

< nb > Bi
)
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i=1

P (xi)

The likelihood for observing N events with properties          for                           
expected number of events is:

T := ln
L(N, {xi};ns + nb)

L0(N, {xi};nb)

P (xi) =
nsS(xi) + nbB(xi)

ns + nb

The normalized probability of observing event    is          :

{xi}

P (xi)i

(ns + nb)

Si = Stime(ti) · Sspace(~xi)

Bi = Btime(ti) ·Bspace(~xi)

“temporal” + “spatial”
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9Search Strategy

• Stacking

• Max-burst
r.a
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Source 1 Source 2 Source 3

STACKING

“Distributed fluence test”

“Single bright neutrino source test”
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Source 1 Source 2
Source 3

‣ Model independent

‣ Expanding time windows 
centered at burst times

‣ 25 time windows from 10 
ms to 2 days, expanding as 
2ix10 ms (i =0, …, 24)
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10Sensitivity & Discovery Potentials - Stacking 
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Donglian Xu | High-E Neutrinos from Fast Radio Bursts | TeVPA2017, Columbus

11Sensitivity & Discovery Potentials - Max-burst
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12Results - Most Significant Bursts & Events

South Max-burstNorth Max-burst
Most optimal time window:  

�T = 655.36 s
Most optimal time window:  

�T = 167772.16 s
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13Results - Upper Limits

North Max-burstNorth Stacking
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14Results - Upper Limits

South Max-burstSouth Stacking
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15Conclusion & Outlook 

• Fast radio bursts (FRBs) could emit high energy neutrinos

• A maximum likelihood analysis has been established to 
search for spatial and temporal coincidence between 
IceCube neutrinos and FRBs

• No significant correlations between IceCube neutrinos and 
FRBs were found in 6 years of data. 

• Most stringent limits on neutrino fluence from FRBs have 
been set to be ~0.04 GeV cm-2. Publication is in preparation.

• IceCube can now quickly follow up on the FRBs to be 
detected in the forthcoming future, adding a multi-
messenger window to help untangle the FRB mystery   
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16Back up slides 
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17Neutrino vs Photon Arrival Times
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18Neutrino vs Photon Arrival Times

For 10 MeV neutrinos:

For 1 TeV neutrinos:

Photon trapped time unknown

z ' 0.5, Dlight ' 2 Gpc
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