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Coming soon…

Anastasia SokolenkoDan Hooper
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Fermi-LAT

Reasons to be excited about TeV halos

• New discovery method to detect “invisible pulsars” 

• Evolution and properties of pulsars

•  Diffusion of cosmic rays in the Milky Way

• Origin of positron and Galactic Center excess?



Outline

q Pulsars and TeV halos

q Theoretical modelling

q Preliminary results
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Fermi-LAT

Pulsars: “Pulsating Stars”

Neutron stars Fast-rotating Highly magnetised

Fun facts:

• 3000 pulsars, mostly radio pulsars

• Their periods span 4 orders of magnitude: 
9.435 s to 1.395 ms 

• Discovered in 1967 by the grad student Jocelyn Bell



Fermi-LAT

Discovery of TeV halos 

In 2017, HAWC Observatory 
discovered a bright gamma-ray 
emission around Geminga

Key observations: 
• Bright (1032 erg/s)
• TeV gamma-rays
• Spatially extended

Image credit: John Pretz
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Transport Equation
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Models
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Diffusion model1

Injection spectrum2

Time evolution3



Diffusion models
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See Tim Linden’s talk!



Injected spectrum
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Time evolution
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What do we measure?
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Energy flux
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Surface
brightness
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PRELIMINARY

HAWC
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Fermi-LAT

Cherenkov Telescope Array
Largest ground-based gamma-ray 
observatory in the world

10x better sensitivity

20 GeV – 300 TeV



Models
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PRELIMINARY



Models
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Conclusions
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TeV halos opens a new window in
understanding the properties of pulsars1

Energy and angular fluxes provide
complementary information2

CTA will be able to better constrain
the diffusion, injection spectrum and 
time evolution of pulsars
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TeV halos opens a new window in 
understanding the properties of pulsars1

Energy and angular fluxes provide
complementary information2

CTA will be able to better constrain
the diffusion, injection spectrum and 
time evolution of pulsars
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Thank you for 
your attention!



Back-up slides
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Models
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Pulsar’s 
evolution
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Liu, arXiv:2207.04011v1



Fermi-LAT

Geminga

𝑃̇ = 1.1 ×10<?

𝑃 = 237 𝑚𝑠
𝑇 = 340 𝑘𝑦𝑟

𝐸̇ = 3.25 ×10@? 𝑒𝑟𝑔/𝑠


