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ÅGamma rays from blazars are unique prob of the cosmic voids.



ÅTeV gamma-rays attenuate in the cosmic voids giving ▄ pairs.
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Fermi-LAT

ÅThe ▄ pairs are expected to produce a detectable GeV cascade.



Neronov and Vovk (2010)

The electromagnetic cascade
is missing inthe observations

Fermi-LAT upper limit

Cascade emission
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Fermi-LAT
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First possible solution
Pairsdeflected by IGM magnetic fields

Neronov and Vovk (2010)ὄ > fG
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Energy loss by plasma instability before IC

Second possible solution

Broderick et al (2012)
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Previous studies focused on the nonlinear 
saturation of the instability
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Schlickeiseret al. 2012, 2013
Miniati & Elyiv 2013

Chang et al. 2014, 2016
Rafighi et al. 2017

Vafin et al. 2018, 2019
Alawashra& Pohl 2022
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Feedback of the instability on the pair beam
is significant
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▓▓ Perry & Lyubarsky2021
Alawashra& Pohl 2024

Alawashra, Vovk & Pohl 2024 in perp.



Feedback of the instability on the pair beam
Breizman& Ryutov (1970)
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█: Beamdistribution

╓░▒: Diffusion coefficients

╦: Waveenergy density
ⱷ░: Linear growth rate



Feedback of the instability on the pair beam
Breizman& Ryutov (1970)
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The significant feedback is the beam widening ⱣⱣ. 

Perry & Lyubarsky(2021)
MNRAS5032
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Feedback of the instability on the pair beam

Alawashra& Pohl (2024) 
ApJ964 82



The significant feedback is the beam widening ⱣⱣ. 
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Feedback of the instability on the pair beam

The beam widens by certain factors, suppressing
the instability energy loss of the beam.

Energy loss by the instability ~ 1%

Perry & Lyubarsky(2021)
MNRAS5032

Alawashra& Pohl (2024) 
ApJ964 82



What is the Impact of the Instability 
widening on the GeV cascade?

Alawashra, Vovk & Pohl (2024) In perp.



ÁStudy of Perry & Lyubarsky (2021):

- Simplified 1D beam distribution.

ÁStudy of Alawashra& Pohl (2024) :

- Realistic 2D beam distribution at distance 50 Mpc from 
fiducial blazar.

- Include the continuous production of the pairs.

Limitations of the initial beam distribution

Ὣ— ὨὴὴὪὴȟ— ÅØÐπȢς‎— ȟ ‎ ρπ
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ÅConsider 1ES 0229+200 like gamma ray source:

ÅUsing the Monte Carol code (CRpropa), we calculated the 
beams injection rates, ὗ , at different distances in the IGM.

Beams induced by the blazar 1ES 0229+200 
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Alawashra, Vovk & Pohl (2024) In perp.



1ES 0229+200 induced beam production rates
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Normalized 
to the Earth 
distance

Alawashra, Vovk & Pohl (2024) In perp.



Simulation of the instability broadening of
1ES 0229+200 induced beams
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Pair Beam:

Pairs cooling: ὴ
τ

σ
„ό ‎

Plasma waves:

ὗ : Continuous production of new pairs.



Beams broadening due to the instability
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Alawashra, Vovk & Pohl (2024) In perp.
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Cascade delay due to the instability broadening 

Alawashra, Vovk & Pohl (2024) In perp.

Arrival time 
delay [years]

Fermi-LAT
Energy Range
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Compton-included cosmic rayscould Landau 
damp the instability
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Yang, Long & Hirata (2024)ApJ965111



Conclusions

ÅBeam broadening is the dominant instability feedback.

ÅNew confined Steady-state of the beams due to the 
balance between continues pairs production, inverse 
Compton cooling and instability diffusion.

ÅTime delay of the cascade arrival due to the instability 
diffusion is NEGLIGIBLE.
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Thank you 



Back up slides





Suppression of the cascade emission by IGMFs

H.E.S.S. Collaboration (2023)6



Alves Batista et al (2019)

Suppression of the cascade by instability energy loss 
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Second study
Alawashra, Vovk and Pohl (2024) In perp.



ÅThe cascade gets emitted at scales of more than tenths of Mpc
in the intergalactic medium while the instability operates at 
scales of kpc and less. 

ÅWe can take the cosmological scale information about the 
beams from Monte Carlo simulations of the blazar beams as 
an input into the beam-plasma Fokker-Planck diffusion 
simulation.

29

Beams induced by the blazar 1ES 0229+200 



The linear growth rate balancesthe damping rate
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Steady state waves spectrum
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Distance and Luminosity dependence
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Instability saturation



Effect of Inverse Compton Cooling
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Confined steady state
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First study
Alawashraand Pohl (2024) ApJ964 82



Simulation steps
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The realistic initial beam distribution

ÅConsider the fiducial BL Lac source (Vafin et al 2018 ):

ÅThe yielded beam 
distribution at 50 Mpc
from the blazar:
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ÅThe realistic beam distribution at 50 Mpc from blazar 
(Vafin et al (2018))
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2D simulation of the widening feedback

Ὡ
TeV-‎

Ὡ

EBL

AGN

50 Mpc

0.05 Mpc

▓ȟ
ς‫ ▓ ‫ ὡ ▓ȟὸ

‬Ὢὴȟ—

‬ὸ

ρ

ὴ—

‬

‬—
—Ὀ

‬Ὢ

‬—
Beam and IGM parameters

ὲ σ ρπ ÃÍ

ὲ ρπ ρ ᾀ ÃÍ

Ὕ ρπὑ

16



Significant  widening of the beam
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Alawashraand Pohl (2024) ApJ964 82



Beam energy loss issubdominant
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Alawashraand Pohl (2024) ApJ964 82



Simulation of the beam-plasma system
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ὗ : Continuous production of new pair due to the gamma-rays 
annihilation with EBL (Vafin et. al (2018)
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Alawashraand Pohl (2024) ApJ964 82



Expansion of the beam due to the instability 
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Alawashraand Pohl (2024) ApJ964 82



Expansion of the beam due to the instability 
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Alawashraand Pohl (2024) ApJ964 82

The beam expands continuously due to 
the balance with the continuous pairs 

production in the IGM.



Adding Inverse-Compton cooling

The IC cooling is only relevant for particle momentum

We use the linear evolution of the plasma waves
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Momentum beam distribution evolution
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Confined steady state after IC cooling time

27



Alawashraand Pohl (2024)
accepted in ApJ

The instability is suppressed by the widening

Common logarithms 
of time in seconds:



Unstable wave spectrum evolution

Alawashraand Pohl (2024)
accepted in ApJ



The beam keepswidening

35

Alawashraand Pohl (2024) 
ApJ964 82



Andrew Taylor (private communication)







Relevant for pairs with Lorentz factors less than 
Alawashraand Pohl (2024) accepted in ApJ


