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Very-high-energy gamma rays are observed
from the lobes of SS 433. Such objects could
be promising gamma-ray sources for GRAND

Main authors: BenZvi, Brenda, KF, Rho, Zhang, Zhou
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Cosmic Ray Anisotropy
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Cosmic Ray Anisotropy

Remove the isotropic term to obtain
relative intensity distribution



Cosmic Ray Anisotropy
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Large and Small-Scale Anisotropies
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Large and Small-Scale Anisotropies
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Large and Small-Scale Anisotropies

fteration 20 fit {ee = 1,2.3)

' - - . 1
intensity [10 7] intensity [107]

Flux =1, 2. 3 model

subtracted fit (¢ = 1,2.3)

infensity [1074]

o



Analysis Algorithm

HAWC & IceCube, ICRC 1708.03005 5



Analysis Algorithm

Assume that flux in given direction can be written as an isotropic flux times a
relative factor

¢(a,0) = ¢™°I(a,d)

HAWC & IceCube, ICRC 1708.03005 5



Analysis Algorithm

Assume that flux in given direction can be written as an isotropic flux times a
relative factor

¢(a,0) = ¢™°I(a,d)
Taken into account acceptance, the expected event number in pixel i is

Ui = Iz (7

HAWC & IceCube, ICRC 1708.03005 5



Analysis Algorithm

Assume that flux in given direction can be written as an isotropic flux times a
relative factor

¢(a,0) = ¢™°I(a,d)
Taken into account acceptance, the expected event number in pixel i is

Ui = Iz (7

The chance of getting n events in that pixel during given time is then

Nti p—Hri
L, N, )= H (Mri) e

Nei!

Ti

HAWC & IceCube, ICRC 1708.03005 5



Analysis Algorithm

Assume that flux in given direction can be written as an isotropic flux times a
relative factor
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Taken into account acceptance, the expected event number in pixel i is
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The chance of getting n events in that pixel during given time is then
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Maximize this likelihood with respect to the null hypothesis (T = 1) gives the
best-fit relative intensity and isotropic flux
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Cosmic Ray Anisotropy at Tens of TeVs - large scale
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Cosmic Ray Anisotropy at Tens of TeVs - large scale
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Large-scale anisotropy is at the level of 107-3 at ~10 TeV
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Cosmic Ray Anisotropy at Tens of TeVs

subtracted fit (¢ = 1,2.3)
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Cosmic Ray Anisotropy at Tens of TeVs

subtracted fit (¢ = 1,2.3)
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Cosmic Ray Anisotropy at > EeV
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Table 3. Results of the first-harmonic analysis in right ascension in the three bins above 8 EeV.

Energy [EeV] events af by ry et [°] P(>r])
8-16 24,070 —0.011 £ 0.009 0.044 £ 0.009 0.046 104+11 3.7x10°°
16 - 32 6,604 0.007 £ 0.017 0.050 £ 0.017 0.051 82+ 20 0.014
> 32 1,513 —0.03 £ 0.04 0.05 £ 0.04 0.06 115435 0.26

Auger Collaboration, Science (2017), Apd (2018)
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Table 3. Results of the first-harmonic analysis in right ascension in the three bins above 8 EeV.

Energy [EeV] events af by r{ et [°] P(>r])
8-16 24,070 —0.011 £ 0.009 0.044 £ 0.009 0.046 104+11 3.7x10°°
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>5 sigma Dipole found above 8 EeV
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Hints to Cosmic Ray Origins
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Hints to Cosmic Ray Origins

o0

v M ——

90

Dipole directions as function of energy, comparing with
that from galaxies in the 2MRS catalog

Auger Collaboration ApJ (2018)



Dipole Amplitude Over Energy
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Galactic CRs
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Pulsars as Sources of UHECRs
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Pulsars as Sources of UHECRs
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Pulsars as Sources of UHECRs
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Pulsars as Sources of UHECRs

Neutron star merger
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Pulsars as Sources of UHECRs
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Cosmic Ray Acceleration
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Cosmic Ray Acceleration  Kirk & Lyubarsky (2001)

Arons, ApJ 589 (2003)
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Cosmic Ray Acceleration  Kirk & Lyubarsky (2001)
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Cosmic Ray Acceleration  Kirk & Lyubarsky (2001)
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Interaction with Ejecta
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UHE-allowed Pulsars
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Pulsar distribution in the galaxy
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Integrated Extragalactic Pulsars
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Integrated Extragalactic Pulsars
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What about their Galactic Counterparts?
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Contribution from Galactic pulsars - Spectrum
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Contribution from Galactic pulsars - Composition
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Contribution from Galactic pulsars - Composition
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