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Motivation

» Forbush decreases (FD) in GCR flux has been observed using an underground muon
detector at Sakashita (median rigidity 331 GV; Sakakibara et al. 1979)

» Precursory anisotropy before arrival of an interplanetary shock & FD in Misato underground
muon detector (median rigidity 145 GV; Munakata et al. 2000):

v' Pitch-angle distribution due to loss cone effect (Ruffolo 1999), prospect for advance
warning of space weather effects

» Solar cycle variation of diurnal anisotropy was reported in underground muon data up to

median energy ~600 GeV (Munakata et al. 2010)

Transient effects on large-scale cosmic ray anisotropy have never
been observed above ~150 GeV
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Method
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TABLE I. Detection of transient large-scale CR anisotropy on November 4, 2021.
Nyir or Nyiye Median primary Gradient Formal Normalized Chance Time of max.
Detector  range CR energy (TeV) Time (UT) magnitude, g (%) significance (o) significance (o) probability, p significance?
WCDA (30, 40) 0.7 10:00 - 11:00 1.20 10.98 7.06 1.67e-12 v
[40, 60) 1.0 10:00 - 11:00 1.11 11.46 7.42 1.17e-13 Vv
[60, 100) 1.5 10:00 - 11:00 0.78 7.17 5.11 3.22¢-07
[60, 100) 1.5 13:00 - 14:00 0.92 8.48 6.08 1.20e-09 v
[100,320) 3.1 10:00 - 11:00 0.56 4.80 3.41 6.50e-04
[100,320) 3.1 13:00 - 14:00 0.81 7.11 5.14 2.75e-07 v
[320,2025) 12.6 10:00 - 11:00 0.52 1.84 1.53 1.26e-01
[320,2025) 12.6 14:00 - 15:00 0.63 2.35 1.98 4.77e-02 v
KM2A (10, +o0) 26.5 10:00 - 11:00 0.51 3.44 2.55 1.08e-02

(10, +c0) 26.5 14:00 - 15:00 0.65 4.56 3.42 6.26e-04 v




Discussion
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Summary

> BATEXRZEWMT TeV e HBRF AR B & RS ETHAIERE, ZIKREIAE 2021 £11 B 4 H—X
ICME ({TERHEHFHE) LidHAiE.

> £ LHAASO-WCDA RIPU/NREER (FR{IgEE 49354 0.7, 1.0, 1.5 7 3.1 TeV) #, HR(IEESXKIN
45° JEINAMTEABEEM (>550) KRR XXEE.

> ZXKEHERNIRE (BERERBREREMN) KANT(1%)*(E/TeV)*(-0.53).

> WMBWERER: REXAAFRANFHEZES (TRESHEZEFE—HD) .

> EREH BN B [SEMNEIER—ZUWNKREHAEXE, EFEHFRIEES, HAIRLMESL
SR OB & [E F M E R
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KM2A: weak significance
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How to calculate the upper limit ?

Jo.95 i
f G(g)dg = 0.8
0

)Non;i [0.HELENE. 1981]

+ Nogri e~ (NsitNogr,i)

Non,i!

N.:
G(g) = HiPoisson(Non,i|Ns,i + NOff,i) _ Hi( s,i

Ns,i = s,i(g)
We assume that the direction of signal is the result we obtained through fitting (¢ = arctan(?))

We change the value of g to get the expected skymap (i.e. to get Ny ;).
So we can get the distribution of g vs G(g)
The position at the 0.95 quanti IS go 95 (the uplimit)
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FIG. S3. Distributions of §, = g./0, and §, = g,/0, for 45 days of quiet-time data, for WCDA data with 30 < N,; < 40, compared with
Gaussian fits.
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How to calculate significance ?

For a specified hour bin t, in the case there is no real anisotre@ ,
gy generally follow Gaussian distributions with a mean of 0 and statistical uncertainty o, .

The significance of g, and g, is defined as follows:
S.ﬂ] = ﬁ"
U'g
8y
U'g

Se, =

Given that g, and g, can be expressed as
gx = gsing,
gy = 8Os P,
the probability density function (PDF) of the gradient magnitude for a given hour t is derived as:

P(g) = —e -8 I(ZDQJ

[Tg

Using this Rayleigh distribution, the p — value, i.e., the chance probability of obtaining this gradient

magnitude g, can be calculated given the statistical uncertainty g;,.
We then calculate the significance value S, that corresponds to a two-sided chance probability equal

to p — value for a Gaussian distribution.
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