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HAWC + IceCube Collab., ApJ (2018) [arXiv:1812.05682]:
Large Scale Anisotropy (~0.1%) :
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CR Anisotropy
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CR Anisotropy

(Dipole) Anisotropy

— Direction B field

cf. Schwadron et al.,
Science (2014)

~ 180° flip at 100 TeV:
cf. Ahlers, PRL (2016)



Large-Scale Anisotropy is NOT a dipole!

SHAPE of the L-S Anisotropy = |
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Pitch-angle (0) and gyrophase:
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CRA = Large-scale small-scales
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CR Anisotropy : Probe of turbulence

1L = cos(0) L ~10-50 pc
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Pitch-angle diffusion

(gyrophase-averaged)




CR Anisotropy : Probe of turbulence

NOT 1 -’
In general !

GG & Kirk, ApJ 835, 258 (2017), arXiv:1610.06134



Case 1 : Fast modes & Narrow RF

No dependence of the shape on CR energy
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In general: Anisotropy too wide with narrow Res Fn =>
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Case 2 : Fast modes & Broad ==
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Case 3 : GS - Exponential & Broad RF
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Can fit well the 400 TeV and the 2 PeV data!
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Energy-dependence reproduced for fixed turbulence parameters

First theoretical model to fit this data

Change in shape with CR energy

- - -> |k|-dependent anisotropy in power spectrum?
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And the small-scale anisotropies?

90°smoothing: 20°smoothing - {Dipole}:
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CR trajectorles

Due to the local realization of
the ISM turbulent field, within
0 Xlkec) 5 CR MFP around Earth.

0.02 — Contain signatures of our
0.03 local environment!
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GG & Sigl, PRL 109, 071101 (2012), arXiv:1111.2536



Numerical simulations
down to 3 TeV

GG, Reville & Bian, In Prep. (2021)
(see also arXiv:1810.06396)

(First simulations that reach TeV energies with L =150 pc)



CR Anisotropy - Simulations
ECR =1 PeV
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CR Anisotropy - Simulations
E_. =300 TeV
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CR Anisotropy - Simulations
E_ =100 TeV
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CR Anisotropy - Simulations
E_=30TeV
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CR Anisotropy - Simulations
ECR =10 TeV
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CR Anisotropy - Simulations
ECR =3 TeV
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Simulations down to 3 TeV
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- LSA aligns with the direction of local magnetic field lines,

— LSA not a dipole.




Simulations down to 3 TeV

Observer 1 (Low dB/B): Observer 2 (High 6B/B):
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> “Non-gyrotropic”, smaller-scale anisotropies appear too,
- Ampl. SSA/LSA related to local 6B/B on gyroresonant scales.



Time variability at 3 TeV

. V_=20 kmls
At=0yr At=1yr
0 +360 0 +360
T S A S — S S S W
0.988 0.99 0.9920.9940.9960.998 1 1.0021.004 0.988 0.99 0.9920.9940.9960.998 1 1.0021.004
At =10 yr At =50 yr
0 +360 O I - +360
e S N N S T A N N
0.9880.990.9920.9940.9960.998 1 1.0021.0041.006 0.988 0.99 0.9920.9940.9960.998 1 1.0021.0041.006

At E~ TeV, SSA should vary on ~ 10+ yr timescale



Conclusions
NEW OBSERVABLES!

(1) Large-scale CR Anisotropy:
= New probe of local ISMFs and CR transport properties.

— Aligns with local B field. Shape in u contains crucial
Information on the properties of the local turbulence.

(2) Non-gyrotropic small scale anisotropies:
= Probe of the local realization of the interstellar turbulent
B fields, within a CR MFP from Earth.

- Relative amplitude (compared with the large-scale CRA)
depends on the local 6B/B.

=> Important opportunity for CR experiments to do
groundbreaking science with the CR Anisotropy.

Thank you! it !

Postdocs at TDLI, Shanghai: Gwenael.Giacinti@mpi-hd.mpg.de
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