Cosmic-Ray and Gamma-Ray Studies
with Fermi LAT and LHAASO

Warit Mitthumsiri
Department of Physics,

ABEANENANERS NNINeNaBuTing FaCU":y Of SCience,
FACULTY OF SCIENCE, MAHIDOL UNIVERSITY . . .
Mahidol University

warit.mit@mahidol.ac.th

’ ThaisCube Meeting &+
@_/ p Chiang Mai, Thailand N ARIT
T>crmi Aug 11, 2023

Gamma-ray

/ Space Telescope
\

: : : NATIONAL
Institute of High Energy Physics g! A_h. ACCELERATOR

‘\25 Chinese Academy of Sciences P bm ™VNN® | /BORATORY




Cosmic Rays (CRs) and Gamma Rays (v)
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Primary and secondary CRs
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GeV Gamma-Ray Sky before Fermi LAT

Third EGRET Catalog

E > 100 MeV
+90

https://imagine.gsfc.nasa.gov/
observatories/satellite/fermi/

& Active Galactic Nuclei m Pulsars
® Unidentified EGRET Sources LMC
® Solar FLare
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GeV Gamma-Ray Sky after Fermi LAT

= No association B Possible association with SNR or PWN = AGN
* Pulsar A Globular cluster + Starburst Galaxy ¢ PWN
® Binary + Galaxy o SNR # Nova
* Star-forming region B Unclassified source

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 247:33 (37pp), 2020 March
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CR proton spectrum
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Give me a break! (CR protons)
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How to Explain the Break

Qcr(E) « E~° Tese(F) o< B~
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S. Gabici, APC, ICRC2023

Ncor(E) = Qcr(E) x 7(E) < E~°7°
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CR-induced y ray mission of Earth
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Excess e*/e” at high energy

Above ~10 GeV, measurements
indicate excess e” and e above
secondary background model

Mirko Boezio, INFN (2013)
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Combined e+e* spectrum
Di Mauro et aI , arXiv:1402.0321v2 (2014)
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Possible nearby primary e* sources

Pulsars Dark Matter
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Istomin et al. (2020) arXiv:2007.08287v1
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Constrain some parameters of pulsars

Cholis & Hooper, PRD 88, 023013 (2013)
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Bright y-ray pulsars
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Anisotropy Measurements
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Constrain some parameters of DM
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Pulsars and Gravitational Wave Background

25
Y Fermi-LAT 2021

International Pulsar Timing Array (IPTA)
% European Pulsar Timing Array (EPTA)

2.0} o North American Nanohertz Observatory
for Gravitational Waves (NANOGrav)

& Parkes Pulsar Timing Array (PPTA)

1.5}

Agwb(x1 01 4)

t !

Ajello, Science 376, 521-523 (2022) t t t I :I

0.0} t

2005 2010 2015 2020 2025
Year

ThaisCube 2023 Mitthumsiri et al. 18/30



Large High Altitude Air Shower
Observatory (LHAASO)

CATCHING RAYS

China’s new observatory will ~ OB OO0
intercept ultra-high-energy y-ray ’
particles and cosmic rays.

12 wide-field-of-view -~
air Cherenkov :

telescopes ; ;'1 80,000-m2 surface-
’ _ 5,195 scintillator ; ~water Cherenkov 1,171 underground
detectors i detector - water Cherenkov tanks
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LHAASO and Fermi LAT Energy
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Cosmic “Pevatrons”
LHAASO Sky @ > 00 TeV
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Gamma-Ray Burst GRB221009A

LHAASO Collaboration, Science 380, 1390-1396 (2023)
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ﬂux*E”"’(GeV1 '75/(m2*sr*s))

All-particle energy spectrum of cosmic ray

CR Spectral Measurement (by KM2A)

H. Zhang, et al. (2023), ICRC2023
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Y2=--3.131 + 0.005
Sharpness=4.1 + 0.1
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stat.err =
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Red dot: 2021.09-2022.12 data measured all-particle

energy spectrum of cosmic ray

EPOS-LHC
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Shadow band: systematic uncertainty
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CR Anisotropy from Solar Storm

K. Koennonkok, et al. (2023), ICRC2023
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Sidereal Anisotropy from LHAASO-WCDA
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» Challenging to model
» Patterns do not vary much with energy
* May need to use KM2A data for E > 100 TeV

ThaisCube 2023 Mitthumesiri et al. 26/30



CR Moon shadow
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3cband E.=1 TeV

Latest Results 7 mei: —

TOT E =1 TeV

TOT E,=10 TeV
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~ Can LHAASO
measure the

0.3-3 TeV?
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Back Up



CR electrons (e’) and positrons (e")

*CR=~1%¢,~0.1% ¢e"

Milly Way i + High-energy ee" lose

energy rapidly — great
probe of local (a few kpc)
universe

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

» " 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”
25

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



Known (pulsars) vs new (DM) physics

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

& [
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3 25C Ams 2024 Bideary | ] Pulsars
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w20 9
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Imx 10F o
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= lEnargy [GeV] : o e ISy |
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Positron spectrum Positron fraction

AMS-02 Collaboration (https://www.quantumdiaries.org/tag/ams/)
We expect larger anisotropy for e from pulsars than from DM



e’/(e+e”) cutoff explained with DM
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e'/(e+e") cutoff explained with pulsars
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Linden & Profumo, ApJ 772 (2013)
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Anisotropy

m=4¢ Spherical
Te(0,0)/ <Te>= 1+ S: y: aem Yem (0, ) t— harmonic
eSO m=—E expansion

Dipole components

/| 3
East-West =4 =i
. . PEW A 1-1

P N

3
North-South PNS =\ —Q1+0
4n

N 4
3
( . ) Forward-Backward PFB = Eahl

Dipole amplitude
(I)max T (I)min _ \/02 n P2 " p2
(I)max 4% (I)min b FB i

5=
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