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Cosmic Rays (CRs) and Gamma Rays (γ)

● CRs = high-energy
particles and in space

● ~89% protons, ~9% He,
small fraction of heavy
nuclei, e-, e+, γ, etc 

● Sources: Supernovae,
pulsars, AGNs, stellar
winds, Sun, etc

Energy-2.7

Evoli, Carmelo. (2018). The Cosmic-Ray Energy Spectrum.
Zenodo. https://doi.org/10.5281/zenodo.4309926
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Primary and secondary CRs

ThaisCube 2023 Mitthumsiri et al. 3/30



  

Fermi LAT

https://fermi.gsfc.nasa.gov/fermi10/fridays/

Launched in 2008
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GeV Gamma-Ray Sky before Fermi LAT
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GeV Gamma-Ray Sky after Fermi LAT
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Green & Hays, ICRC (2017)

PRL 112, 151103 (2014)

CR proton spectrum

Confirm new spectral features
for proton at ~500 GeV
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S. Gabici, APC, ICRC2023
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How to Explain the Break

Either put the
break at here

or here

S. Gabici, APC, ICRC2023
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CR-induced γ-ray emission of Earth

Madlee et al., JGR 125, e2020JA028151 (2020)

Earth's γ-ray intensity map
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Excess e+/e- at high energy

Mirko Boezio, INFN (2013)

Contradicts
secondary e+ 
model at high
energy

PRD 95, 082007 (2017)

Above ~10 GeV, measurements
indicate excess e+ and e- above
secondary background model
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Combined e-+e+ spectrum

Explain the total e-+e+ 
spectrum with known
astrophysical sources 

Di Mauro et al., arXiv:1402.0321v2 (2014)

ThaisCube 2023 Mitthumsiri et al. 12/30



  

Istomin et al. (2020) arXiv:2007.08287v1

DM

DM

e+

e-

Possible nearby primary e+ sources

Pulsars Dark Matter

ThaisCube 2023 Mitthumsiri et al. 13/30



  

Constrain some parameters of pulsars
Cholis & Hooper, PRD 88, 023013 (2013)
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Bright γ-ray pulsars
Inset: Jordan Goodman
(University of Maryland)
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Anisotropy Measurements

Abdollahi et al., PRL
118, 091103 (2017)

e-+e+

● Latest measurements by
Fermi LAT and AMS-02 show
that CR e-/e+ are consistent
with being isotropic

● Dipole upper limit by AMS-02
for E > 16 GeV:
● e-: δ < 0.005

PRL 122, 101101 (2019)
● e+: δ < 0.019

PRL 122, 041102 (2019)

Fermi LAT

Casaus (AMS-02 Collaboration), EPSCHEP (2019)

e+ anisotropy map
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Constrain some parameters of DM

Cholis & Hooper, PRD 88, 023013 (2013)

14
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Pulsars and Gravitational Wave Background
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Large High Altitude Air Shower
Observatory (LHAASO)
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LHAASO

Aharonian et al., Chinese Phys. C 45 085002
Aharonian et al., Chinese Phys. C 45 025002
Aharonian et al., Eur. Phys. J. C 81, 657
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LHAASO and Fermi LAT Energy

HAWC = 3000 hours
LHAASO = 1 year
Fermi-LAT = 10 years

CTA, H.E.S.S., MAGIC, VERITAS = 50 hours

https://cds.cern.ch/record/2810081/files/2111.05659.pdf
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Cao et al., Nature 594, 33 (2021)

Cosmic “Pevatrons”

Highest photon energy ever detected
= 1.4 PeV from Cygnus X (~4.5 kLY)
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Gamma-Ray Burst GRB221009A
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CR Spectral Measurement (by KM2A)

H. Zhang, et al. (2023), ICRC2023
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CR Anisotropy from Solar Storm
K. Koennonkok, et al. (2023), ICRC2023
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Sidereal Anisotropy from LHAASO-WCDA

● Challenging to model
● Patterns do not vary much with energy
● May need to use KM2A data for E > 100 TeV

W. Liu, et al. (2023), ICRC2023
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CR Moon shadow

J. Maburee, et al. (2023), submitted to SPC2023

Prelim
inary
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Latest Results
on e+/e-

Adriani et al. (CALET Collaboration),
PRL 120, 261102 (2018)

Di Mauro et al.,
arXiv:1402.0321v2 (2014)

e- + e+

e+ fraction

Can LHAASO
measure the
e+/e- around
0.3 – 3 TeV?
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Not yet...

Zheng Xiong et al. (2023),
The 38th ICRC2023
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Fermi LAT
LHAASO

Summary
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Back Up



  

CR electrons (e- ) and positrons (e+)

Milky Way
Galaxy

● CR = ~1% e-, ~0.1% e+

● High-energy e-/e+ lose
energy rapidly → great
probe of local (a few kpc)
universe

● Spectral index (~3.1) much
softer than proton (~2.7)

● e+ created through e-/e+ pair,
so if e-/e+ have the same
origin, we expect positron
fraction e+/(e-+e+) ~ 0.5

● Measured e+/(e-+e+) ~ 0.05
at 10 GeV, implying that e+ 
are mostly secondary while
e- are mostly primary

This model predicts decreasing e+/(e-+e+) with energy



  

Additional source(s) of e+

Aguilar et al. (AMS-02 Collaboration), PRL 122, 041102 (2019)



  

Known (pulsars) vs new (DM) physics

AMS-02 Collaboration (https://www.quantumdiaries.org/tag/ams/)

Some models suggest that e+/(e-+e+) at high energy exhibits
sharp cutoff for dark matter and gradual decline for pulsars

Positron spectrum Positron fraction

We expect larger anisotropy for e+ from pulsars than from DM



  

Carquίn et al., PDU 11 (2016)

Gravitino DM

1 TeV
2 TeV
3 TeV

Mass:

e+/(e-+e+) cutoff explained with DM



  

Linden & Profumo, ApJ  772 (2013)

e+/(e-+e+) cutoff explained with pulsars



  

Anisotropy
Spherical
harmonic
expansion
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