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Cosmic ray anisotropy

* Arrival direction is approximately

iIsotropic, but still anisotropic
* amplitude~10"4-1072

* evolve with energy
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Origins of anisotropy
are still confused
Local magnetic
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LHAASO
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Status of WCDA

« WCDA full array mode: ~ 35kHz
« 2021/03/05-2022/12/31: 96% duty cycle

Daily Duty Cycle [ % ]
8
x|

w
o
IIII’II_

600
Days (2021/03/05 - 2022/12/31)

(=1
-
o
(=]
na
o
=]
w3 :
<
B
(=}
(=3
u
(=3
(=]

2
IIII|II|||II|||II||

0 100 200 300 400 500 600
Days (2021/03/05 - 2022/12/31)



Duty cycle

Status of KM2A

Y2 KM2A % KM2A

1/2 LHAASO Layout: 2365 EDs + 578 MDs 3/4 LHAASO-KM2A Layout: 3978 EDs + 917 MDs LHAASO-KM2A Layout: 5249 EDs + 1188 MDs

600 -Area = 654218 " | 600-Area = 909602

 KM2A full array: ~ 2.5kHz

* The average duty cycle of E
Full-KM2A is 96.8%, nearly

100% for most of the time.
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By Wei Liu et al.

2021.09.01-2022.08.31 (one year)

Zenith 0°<B6<50°
TeV ~ hundred TeV

pattern does not vary
with energy <100 TeV
Above 100 TeV,
significance is not
enough
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Anisotropy with WCDA
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solar anisotropy-WCDA

* Expect: amplitude 0.0004, phase 6 hour
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Relative Intensity

Anisotropy with KM2A

* By Wei Gao et al.

KM2A half three Full Total
* 2020.01.01-2022.12.31 Time 335 days 231 days 501 days 1097 days
 Zenith 0°<6<40° Used events 3.89 x 10° 5.98 x 10° 19.23 x 10° 29.09 x 10°

* Dozens TeV ~ PeV
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Solar anisotropy with km2a

1.0015

1.001

1.0005

.“+II|]TIIIIIIII

LHAASO-KM2A
s Compton-Getting Effect
<oenmeee Datta Fitting

© %2/ ndf 31.25/16
A 0.00039 + 0.00001

5.297 + 0.081

au
.....

2

@

c

g

E fos”

o Ui

2 C

5 -

[} -

* 09995

0.999—

0.9985,

2 4 6 g 10 12 14 16 18 20 22 24
Local Solar Time [hour]

1.0015
1.001
1.0005

0.9995
0.999

0.9985 -

ext-sidereal

I|H|IIII|IIH

}

ext-sidereal
2053/ 186
6.515e—-05 + 8.292e—06
135.4 +7.3

x2 / ndf

S LT TEECL Crr g L PP SR

Relative Intensity
= Hlllllllllllf]l

100 150 200 250 300 350
Right Ascension [deg]

4]
o

1.0004
1.0003
1.0002
1.0001

ratio

0.9999
0.9998
0.9997

IIIIlIIII[IIII

0.9996

Q_HII]IHIlIIIIlIIIIlHI#

Ratio of the data with expected CG effect

~ preliminary

PN T TN S T S T T S

.3,...,...',..1...1. L
4 6 8 10 12 14 16 18 20 22 24
Local Solar Time [hour]

10



Declination [deg] Declination [deg] Declination [deg] Declination [deg]

Declination [deg]

1D profile fitted with:
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Hourly anisotropy-WCDA

« By David Ruffolo et al.

GSE lat. (deg.)

* In a given hour, anisotropy includes
» Only part of sky (using zenith < 45)
» Sidereal diurnal anisotropy
» Solar diurnal anisotropy
» Any transient effects

GSE lat. (deg.)

GSE lat. (deg.)

« look for a transient anisotropy due to the

interplanetary coronal mass ejection passage on

2021 November 4-5, starting with 30 < Nhit < 60 z

(low energies, includes some particles at <100 R T
GSE long. (deg.)

GeV). .
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30.00 #leq nhitCR < 60.00 (2021:11:03)

X

Hourly zenith-centered sky maps on 3th November 2021
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[X 30.00 #leq nhitCR < 60.00 (2021:11:04)

centered sky maps on 4th November 2021
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Start of ICME
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Hourly zenith-centered sky maps on 5th November 2021

. NON | [X| 20.00 #leq nhitCR < 60.00 (2021:11:05)
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 Conclusion

---the all particle anisotropy was observed from TeV to nearly PeV with LHAASQO, the preliminary results
consistent with others.

---the solar anisotropy approximating the Compton effect was observed, while the stability between
iIndividual energy intervals have more large deviation.

---see evidence for enhanced anisotropy at the time of ICME passage (2021 November ICME event), for
an data sample that includes cosmic rays of <100 GeV.

* Further works

---optimize the data selection, update the results, extend the all particle anisotropy energy range to
higher energy and lower energy

---unify the energy standards of WCDA and KM2A
---more works for the hourly anisotropy at low energy (<TeV)

---more works for the dipole anisotropy due to Compton-Getting effect
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Qudrapole anisotropy VS energy
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