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IGMF - Standard Constraints [Neronov and Semikoz, 2009]
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Resistive decay removes short correlation lengths
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LB cannot be larger than the Hubble Radius



IGMF - Standard Constraints [Neronov and Semikoz, 2009]
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IGMF cannot be stronger than galactic magnetic fields



IGMF - Standard Constraints [Neronov and Semikoz, 2009]
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Non-observation of intergalactic FR for radio emisson from Quasars



IGMF - Standard Constraints [Neronov and Semikoz, 2009]
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Non-observation of large scale angular anisotropies of the CMB



IGMF – Lower Bound on B? [Neronov and Semikoz, 2009]
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Lower bound on B from gamma ray observations?



IGMF – Lower Bound on B?
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I Gamma rays emitted from a blazar develop an
electromagnetic cascade due to interactions with photon
background fields via Pair Production and Inverse Compton
(IC) scattering. The interaction of this cascade with the
IGMF results in several observational features.



Limits on IGMF using Multimessengers
I Multimessenger physics opens a new window of opportunity

for constraining IGMF

I A flaring object (flare duration ∆tflare) which emits gamma
rays and neutrinos simultaniously provides a measure for the
time delay ∆tIGMF of the sec. gamma rays due to IGMF

I Of particular interest is the IceCube neutrino event
IC-170922A [IceCube Collaboration, 2018] which is associated
with the 2017 flare of the blazar TXS 0506+056 in the
electromagn. spectrum [IceCube Collaboration et al., 2018]
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Limits on IGMF using Multimessengers
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Cumulative distribution of time delays of gamma rays due to IGMF
(∆tIGMF) for TXS 0506+056. The grey shaded region indicate the

period of enhanced activity of the object (∆tflare)



Limits on IGMF using Multimessengers

I We simulate the emitted flux as

dN
dE = J0

E−αl exp
(
− E

Emax,l

)
"low" (non-flaring) state ,

ηE−αh exp
(
− E

Emax,h

)
"high" (flaring) state ,

where η is the enhancement factor during the flare

I We use four different EBL models for the simulation of the
propagation of the electromagnetic cascade with the CRPropa
code [Alves Batista et al., 2016] and consider large ranges of
B, Lc, Emax and α

I In order to analyze the data, we first determine the best-fit
spectral parameters of the low state (i.e. Emax,l and αl), and
then scan over the remaining parameters (η, Emax,h, αh, B,
Lc)
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I For two of the EBL models we could reject the B = 0
hypothesis

I For these two models it is possible to constrain the magnetic
field strength B and the correlation length Lc
[Alves Batista and Saveliev, 2020]
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I IGMF have a significant impact on the determination of the
intrinsic spectral properties of the source
[Saveliev and Alves Batista, 2021]



Conclusions and Outlook

I Gamma ray observations are a well-known tool for
constraining IGMF

I Using flaring events which emit photons and neutrinos
simultaniously provides a new opportunity to set limits on
IGMF, in particular, for the first time, also on the correlation
length Lc

I We have also shown that IGMF have to be taken into account
when determining the intrinsic spectral properties of a source

I In the future we will extend our analysis to other flaring
objects to obtain more robust magnetic field limits and extend
the parameter space, in particular considering higher magnetic
field strengths.



Conclusions and Outlook

I Gamma ray observations are a well-known tool for
constraining IGMF

I Using flaring events which emit photons and neutrinos
simultaniously provides a new opportunity to set limits on
IGMF, in particular, for the first time, also on the correlation
length Lc

I We have also shown that IGMF have to be taken into account
when determining the intrinsic spectral properties of a source

I In the future we will extend our analysis to other flaring
objects to obtain more robust magnetic field limits and extend
the parameter space, in particular considering higher magnetic
field strengths.



Conclusions and Outlook

I Gamma ray observations are a well-known tool for
constraining IGMF

I Using flaring events which emit photons and neutrinos
simultaniously provides a new opportunity to set limits on
IGMF, in particular, for the first time, also on the correlation
length Lc

I We have also shown that IGMF have to be taken into account
when determining the intrinsic spectral properties of a source

I In the future we will extend our analysis to other flaring
objects to obtain more robust magnetic field limits and extend
the parameter space, in particular considering higher magnetic
field strengths.



Conclusions and Outlook

I Gamma ray observations are a well-known tool for
constraining IGMF

I Using flaring events which emit photons and neutrinos
simultaniously provides a new opportunity to set limits on
IGMF, in particular, for the first time, also on the correlation
length Lc

I We have also shown that IGMF have to be taken into account
when determining the intrinsic spectral properties of a source

I In the future we will extend our analysis to other flaring
objects to obtain more robust magnetic field limits and extend
the parameter space, in particular considering higher magnetic
field strengths.



Alves Batista, R., Dundovic, A., Erdmann, M., Kampert,
K.-H., Kuempel, D., Müller, G., Sigl, G., van Vliet, A., Walz,
D., and Winchen, T. (2016).
CRPropa 3 - A Public Astrophysical Simulation Framework for
Propagating Extraterrestrial Ultra-High Energy Particles.
J. Cosmol. Astropart. Phys., 1605(05):038.

Alves Batista, R. and Saveliev, A. (2020).
Multimessenger Constraints on Intergalactic Magnetic Fields
from the Flare of TXS 0506+056.
Astrophys. J. Lett., 902(1):L11.

Domínguez, A., Primack, J. R., Rosario, D. J., Prada, F.,
Gilmore, R. C., Faber, S. M., Koo, D. C., Somerville, R. S.,
Pérez-Torres, M. A., Pérez-González, P., Huang, J. S., Davis,
M., Guhathakurta, P., Barmby, P., Conselice, C. J., Lozano,
M., Newman, J. A., and Cooper, M. C. (2011).
Extragalactic background light inferred from AEGIS
galaxy-SED-type fractions.



Mon. Not. R. Astron. Soc., 410:2556–2578.
Gilmore, R. C., Somerville, R. S., Primack, J. R., and
Domìnguez, A. (2012).
Semi-Analytic Modeling of the EBL and Consequences for
Extragalactic Gamma-Ray Spectra.
Mon. Not. R. Astron. Soc., 422:3189.
IceCube Collaboration (2018).
Neutrino emission from the direction of the blazar txs
0506+056 prior to the icecube-170922a alert.
Science, 361(6398):147–151.

IceCube Collaboration, Fermi-LAT Collaboration, MAGIC
Collaboration, AGILE Team, ASAS-SN Team, HAWC
Collaboration, H.E.S.S. Collaboration, Abdalla, H., INTEGRAL
Team, Kiso and Subaru Observing Teams, Kapteyn Team,
Liverpool Telescope Team, Swift/NuSTAR Team, VERITAS
Collaboration, and VLA/B Team (2018).



Multimessenger observations of a flaring blazar coincident with
high-energy neutrino IceCube-170922A.
Science, 361(6398):eaat1378.

Neronov, A. and Semikoz, D. V. (2009).
Sensitivity of γ-ray Telescopes for Detection of Magnetic
Fields in the Intergalactic Medium.
Phys. Rev. D, 80:123012.

Saveliev, A. and Alves Batista, R. (2021).
The Intrinsic Gamma-Ray Spectrum of TXS 0506+056:
Intergalactic Propagation Effects.
Mon. Not. R. Astron. Soc., 500(2):2188–2195.

Stecker, F. W., Scully, S. T., and Malkan, M. A. (2016).
An Empirical Determination of the Intergalactic Background
Light from UV to FIR Wavelengths Using FIR Deep Galaxy
Surveys and the Gamma-Ray Opacity of the Universe.
Astrophys. J., 827:6.


	Constraints on Intergalactic Magnetic Fields (IGMF)
	Limits on IGMF using Multimessengers
	Conclusions and Outlook

