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low energy cosmic ray anisotropy
in arrival direction
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Nagashima et al., J. Geophys. Res., Vol 103, No. A8, Pag. 17,429 (1998)
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Super-Kamiokande

‣ 2.1⋅108 events

‣ angular resolution < 2˚

‣ median CR energy ~ 10 TeV

Guillian et al., Phys Rev D, Vol 75, 063002 (2007)

‣ 9.5⋅1010 events

‣ angular resolution < 1˚

‣ median CR energy ~ 6 TeV

Milagro
Abdo et al., ApJ, Vol 698-2, pag 2121 (2009)
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ARGO-YBJ
J.L. Zhang et al., 31st ICRC Łódź - Poland, 2009

Tibet-III
Amenomori et al., Science Vol. 314, pp. 439, 2006

‣ 365 days livetime
‣ 6.5⋅1010 events
‣ median CR energy ~ 1.1 TeV

‣ 3.7⋅1010 events
‣ angular resolution ~ 0.9˚
‣ modal CR energy ~ 3 TeV
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cosmic ray anisotropy arXiv:1109.1017

Spre   = -8.6σ
Spost = -6.3σ
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smoothing = 30˚

Li, T., & Ma, Y. 1983, ApJ, 272, 317

• reference map derived from data with time scrambling

• smoothing radius optimized on highest significance in excess/deficit region
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smoothing = 21˚

300 TeVTibet-III

cosmic ray anisotropy

EAS-TOP 370 TeV
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cosmic ray anisotropy
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energy scale

angular scale

arXiv:1109.1017 ApJ (2011) 740 16

PRL (2008) 101 221101

ICRC 2011

arXiv:1109.1017
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Milagro
(direct integration)

ARGO-YBJ
(time scrambling)

Tibet-III
(global fit)

medium / small scale anisotropy
for different experiments
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anisotropy vs energy
Tibet ASγ Amenomori et al., ApJ. 626, L29, 2005
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IceCube-22 Abbasi et al., ApJ, 718, L194, 2010

EAS-TOP Aglietta et al., ApJ, 692, L130, 2009
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Abreu et al., Astrop. Phys., 34, 627, 2011
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IceCube-59 Abbasi et al., arXiv:1109.1017

ARGO-YBJ Zhang 31st ICRC Łódź-Poland,2009
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ARGO-YBJ 32nd ICRC Beijng China,2011
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topics

• anisotropy and nearby supernova remnants and pulsars

• cosmic ray propagation through interstellar medium

• cosmic ray interaction with turbulent interstellar magnetic field

• cosmic ray interaction with heliosphere

• recent results on cosmic ray anisotropy as a function of energy and angular scale

• analysis techniques in cosmic ray anisotropy studies

‣ origin of large scale anisotropy: nearby sources, ISM, heliosphere

‣ origin of small scale anisotropy: propagation, heliosphere

‣ spectral features and connection with CR composition

‣ connection with leptonic CR anomalies, e+/e-, anisotropy ?

‣ TeV CR as probe into heliosphere/ISM ?
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10

anisotropy measurements

models & implications

anisotropy measurements & methods

anisotropy measurements & models

leptonic CR, propagation, ISM

spectral features & anisotropy

heliosphere & LISM

heliosphere & LISM

5:00pm Banquet
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Restaurants around the Pyle Center

http://bit.ly/cosmic_food
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Restaurants around the Pyle Center

http://bit.ly/cosmic_food
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various info

• transportation

• if you need to schedule a cab we can help you (~20 mins to MSN; ~20 $)

• Concurse Hotel has complimentary shuttle to MSN airport

• internet access is in your handout information

• collect your presentations, possibly collect them in advance for the next sessions

•  go to Marcos.

• banquet tonight at 7:30pm at the Harvest Restaurant, on the Square

• any questions you may have please ask us and/or Kim
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Let’s start the workshop

Friday, October 28, 2011


