
Potential candidates for the astrophysical 
neutrino signal measured by IceCube 

experiment and the role of GRBs 

Nissim Fraija 
Instituto de Astronomía – UNAM,Mexico 

 
In collaboration with: William Lee (IA), Peter Veres (U. Alabama Hunstville), 

Rodolfo Barniol-Duran (U Perdue), A. Marinelli (U. Pisa), M. Araya (U. CostaRica) 

11th Workshop on Science with the New generation of  High Energy Gamma-ray Experiments  
(SciNeGHE) October 18th – 21th, 2016, Pisa – Italy 



Outline 

Gamma-ray bursts  
(Some generalities and descriptions of the most powerful GRBs) 

Hidden GRB jets inside progenitor stars 
(Possible scenario for high-energy neutrino production) 

Conclusions 

High-energy neutrinos 
(IceCube observations and correlations with known sources) 



Outline 

Gamma-ray bursts  
(Some generalities and descriptions of the most powerful GRBs) 

Hidden GRB jets inside progenitor stars 
(Possible scenario for high-energy neutrino production) 

Conclusions 

High-energy neutrinos 
(IceCube observations and correlations with known sources) 



IceCube Experiment 



IceCube Experiment 
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IceCube Experiment 

IceCube Collaboration (09) 
IceCube Collaboration (13) Event Topology 

Shower-like neutrino events 
Track-like neutrino events 



IceCube Collaboration (13) 
IceCube Collaboration (14) 
Francis (16) 

http://icecube.wisc.edu/science/data/HE-nu-2010-2014 
High-Energy Starting Events (HESE) catalog 
+ 54 neutrino events (TeV – PeV energy range) 

Astrophysical neutrinos 
observed by IceCube 

experiment  

Recently added: 

Arrival directions of neutrinos in the four-year 
starting event 

…       …..                       ………               ……..        ……                    …..                ….. 



All known sources 
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Blazars 
Blazars 



Big Bird 

 PKS B1424-418 
(This quasar presented a strong flare) 

Flare 

temporal 
coincidence 

The brighest sources in the south hemisphere 

Kadler et al. (16)   
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Comparison between the expected signal 
and neutrino background 

Fraija et al. (16)   



Radio Galaxies 
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Supernova Remnant  

06
0

1
2

0

1
8

0

1
8

0

2
4

0

3
0

0

- 9 0

- 6 0 - 6 0

- 3 0 - 3 0

0 0

3 0 3 0

6 0 6 0

9 0
SNR
Neutrinos Events



Supernova Remnants 
(GeV – TeV energy range)  

Mandelartz and Becker et al. (13)   

All Supernova Remnants with emission in GeV – TeV energies 
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IceCube-160427A 
IceCube-160731A 
IceCube-160814A 

(many ATels, but no direct association) 



Searching for IceCuve neutrino signal 
 associated to GW150914 

In the time windows of  ~ 500 s from the GW150914, 
 no neutrinos were spacial correlation  



Galactic sources 

Extragalactic sources 

Others …… 



Gamma-Ray Bursts??? 
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Diverse temporal properties 

•  Fast variability 

•  No variability 

•  Many peaks or episodes 

BATSE team 

http://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/grbs/ 



No Thermal spectrum 

Spectrum (Prompt)  Spectrum (Afterglow)  

Synchrotron radiation 

No Thermal spectrum 

Band function 

Band et al.  (93) 

Piran (93) 
sari et al.  (98) 



http://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/grbs/ 

BATSE team 



GRB Duration 

http://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/grbs/ 



GRB Duration 

Long GRBs 

http://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/grbs/ 



Magnetic field in central engine 



GRB Duration 

Short GRBs 

http://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/grbs/ 



Neutron star merger 

§  The most popular progenitor 
associated with sGRBs is the merger of  
compact object binaries 

NS-NS  or NS – BH 

Berger (12)  



Neutron star merger 

§  Magnetic field amplification during the merger NS - NS 

§  The most popular progenitor 
associated with sGRBs is the merger of  
compact object binaries 

NS-NS  or NS – BH 

Magnetic field can increase 
 up to 1015 G or more 

§  The growth related to  KH instabilities and turbulent 
amplification 

Zrake and MacFadyen (13) 
Giacomazzo et al (09) 

Berger (12)  

Price and Rosswog (06) 



Fireball model 



Fireball model 



Fireball model 



Fireball model 



BATSE team 



GRB110731A 
The brightest peak 
at  ∼ 5.5 s 

Ackermann et al. (13) 

1.  The LAT emission at > 10 MeV is slightly delayed (∼2.5s) 
      with respect to the GBM light curves. 
 
2. An outstanding peak with high count rate was presented 
    at 5.5s in the LAT data. 
 
3. A temporally extended emission lasting hundreds of  seconds. 

Three important features: 

Ackermann 
et al. (13) 

Peak of  
flux 
density 

Multiwavelength Light Curve 
of  Afterglow 



GRB090510 
The brightest peak 
before 1s 

Ackermann et al. (10) 
Multiwavelength Light Curve 

of  Afterglow 

1.  The LAT emission is  delayed with respect to 
     the GBM light curves. 
 
2. An outstanding peak with high count rate was 
    presented before 1s in the LAT data. 
 
3. A temporally extended emission lasting hundreds of  seconds. 

Three important features: 



GRB130427A 

Three important features: 

1.  The LAT emission is  delayed with respect 
      to the GBM light curves. 
 
2. An outstanding peak was presented at 15s 
    in the LAT and optical  data. 
 
3. A temporally extended emission lasting more 
    than thousand of  seconds. 

LAT observed the highest-energy photon 
ever recorded  of  95 GeV 

The brightest peak 
at 15s 

Ackermann et al. (15) 

Vestrand et al. (13) 



GRB090902B 

The brightest peak 

Ackermann et al. (10) 



GRB090902B 

GRB080916C 

The brightest peak 

The brightest peak 

Ackermann et al. (10) 

Ackermann et al. (09) 



GRB090902B 

GRB080916C 

GRB090926A 

The brightest peak 

The brightest peak 

The brightest peak 

Ackermann et al. (10) 

Ackermann et al. (09) 



Leptonic model  
based on 

 external shocks 

Zhang et al. (03) 
Kobayashi et al. (05) 
Fraija et al. (12) 



GRB110731A       GRB090510       GRB130427A    GRB090926A    GRB090902B     GRB080916C 

A = 5⇥ 1010 gram/cm

� ' 520 � ' 3000

n = 0.1 cm�3

E ' 1053 erg

Ackermann et al. (10) 
De Pasquale et al. (10) 
Lu et al. (10) 

✏B,f/r and ✏e,f/r

?????? 

E ' 1054 erg E ' 1054 erg

� ' 550

A ' (109 � 1011) gram/cm

Ackermann et al. (15) 
Vestrand et al. (15) 
Vestran et al. (14) 

� ' 520 � ' 550 � ' 520

A ' (109 � 1011) gram/cm A ' (109 � 1011) gram/cm

E ' 1054 erg E ' 1054 erg E ' 1054 erg

GRB Values    



Fits of the multiwavelength LCs of GRB110731A 

SSC reverse shock 

Synchrotron radiation 
 forward shock 

slow cooling regime 

fast cooling regime 

Fraija (15) 



SSC reverse shock 

Break jet 

fast cooling regime 

Fits of the multiwavelength LCs of GRB090510 

Synchrotron radiation 
 forward shock 

Fraija, Lee, Veres and Barniol-Duran (16) 

slow cooling regime 



Fits of the multiwavelength LCs of GRB130427A 

SSC reverse shock 

Synchrotron reverse shock 

Synchrotron radiation 
 forward shock 

fast cooling regime 

Fraija, Lee and Veres (16) 

slow cooling regime 
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Fraija et al. (In preparation) 



-4

-3

-2

-1

 0

 1

 2

 3

 4

 0  1  2  3  4  5  6  7

Fl
ux

 D
en

sit
y 

lo
g 1

0(
f i)

 [i
 J

y]

Time Since Trigger log10(t) [s]

Optical (V-band)
X-ray (7 keV)

LAT (100 MeV)

Fits of the multiwavelength LCs of GRB090926A 

SSC reverse shock 

Synchrotron radiation 
 forward shock 

fast cooling regime 
slow cooling regime 

Fraija et al. (In preparation) 



-3

-2

-1

 0

 1

 2

 0  1  2  3  4  5  6  7

Fl
ux

 D
en

sit
y 

lo
g 1

0(
f i)

 [µ
 J

y]

Time Since Trigger log10(t) [s]

LAT (100 MeV)
X-ray (1 keV)
Optical (3 eV)

Fits of the multiwavelength LCs of GRB080916C 

SSC reverse shock 

Synchrotron radiation 
 forward shock 

fast cooling regime 

slow cooling regime 

Fraija et al. (In preparation) 



An Absence of  Neutrinos Associated with Cosmic Ray 
Acceleration in Gamma-Ray Bursts 

Gamma-Ray Bursts (GRBs) have been proposed as a leading candidate for acceleration of  ultra 
high-energy cosmic rays, which would be accompanied by emission of  TeV neutrinos produced in 
proton-photon interactions during acceleration in the GRB fireball. Two analyses using data from 
two years of  the IceCube detector produced no evidence for this neutrino emission, placing 
strong constraints on models of  neutrino and cosmic-ray production in these sources. 

IceCube collaboration 
Nature 484 (12) 351-353 
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two years of  the IceCube detector produced no evidence for this neutrino emission, placing 
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Nature 484 (12) 351-353 

TITLE:   GCN CIRCULAR 
NUMBER:  14520 
SUBJECT: GRB 130427A: High-energy neutrino search 
DATE:    13/05/01 14:09:45 GMT 
FROM:    Erik Blaufuss at U. Maryland/IceCube <blaufuss@icecube.umd.edu> 
 

Search for high-energy neutrinos in coincidence with GRB 130427A 

The IceCube collaboration (icecube.wisc.edu) reports: 
 
We used the data from IceCube to perform several searches for high-energy neutrinos in spatial and 
temporal  

coincidence with GRB 130427A (A. Maselli et al., GCN 14485).  No neutrinos were found in this 
search.  



The null result reported by 
 IceCube Collaboration could be 
 explained in the framework of 

 magnetized outflow where   
neutrino flux is degraded 

PRL Zhang and Kumar (13) 
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CCSNe 
type Ib, Ic 
and II 

Hidden 
jets 

No photons 
but Neutrinos Internal shocks 



Conditions of Internal shocks 
inside the star  

rj = 2�2t⌫ < R?

RWR ' 1011 cm

RBSG ' 3⇥ 1012 cm

Fraija (14) 
Fraija (15) 



Conditions of Internal shocks 
inside the star  

rj = 2�2t⌫ < R?

RWR ' 1011 cm

RBSG ' 3⇥ 1012 cm

Radiation mediated 
shocks 

Do not allow that CR can 
be accelerated up to UHE 

⌧ ⇠ 1� 10CR are 
expected  

⌧ ⇠ np�T r . min[�2
rel, 0.1C

�1�3
rel]

Murase & Ioka (13) Bromberg et al. (11) 
Mizuta & Ioka  (13) 

Fraija (14) 
Fraija (15) 



Hadronic Processes 

                     proton- proton 
Interaction 
                     proton – photon 

Fraija (14,16) 



Hadronic Processes 

n� = F (�, tv, L, ✏e, ✏B)

np = F (�, tv, L, ✏e, ✏B)

E⌫ = F (�, tv, L, ✏e, ✏B)

Quantities for the 
neutrino production  

                     proton- proton 
Interaction 
                     proton – photon 

Fraija (14,16) 



Ev=2.6 PeV 

Ev=2.6 PeV 

restric
ted 

parameters restric
ted 

parameters 

proton-photon interactions 

Fraija (14,16) 
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proton-photon interactions 

proton-hadron interactions 

Fraija (16) 
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Conclusions 

In the early afterglow framework, the short HE emission that falls in 
the MeV regimen and in coincidence with the prompt phase could be 
interpreted as SSC - RS and the temporally extended GeV emission  
can be described as synchrotron - FS.   In the most powerful GRBs, 
the strength of  the B in the RS is 50 – 200 times stronger than FS. 
The central engine is entrained with strong B. The stength of  
magnetic field is related with the decrease of  neutrinos.  
 



Conclusions 

In the early afterglow framework, the short HE emission that falls in 
the MeV regimen and in coincidence with the prompt phase could be 
interpreted as SSC - RS and the temporally extended GeV emission  
can be described as synchrotron - FS.   In the most powerful GRBs, 
the strength of  the B in the RS is 50 – 200 times stronger than FS. 
The central engine is entrained with strong B. The stength of  
magnetic field is related with the decrease of  neutrinos.  
 
 
The high-energy neutrino detected could be generated by proton-
photon and proton-hadron interactions in internal shocks inside GRB 
progenitor star. lGRBs with values of  luminosity          and 
equipartition parameters                  and            favor the HE 
neutrino production  in progenitors such as Wolf-Rayet and blue 
super giant stars 
 
 

10�4 < ✏B < 10�1 ✏e > 0.05
L < 1048 erg/s


