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Key points: In neutron monitor data at cutoff rigidity ~17 GV, short-
term modulation events in Jan. & July 2012 exhibited two-week,
symmetric decreases in count rate and sharp increases in

diurnal anisotropy along —y, due to non-local effects of

CME shocks and diffusive cross-field inflow leading to

count rate recovery.



1 hour corr_for_efficiency values from 2021-04-15T00:00:00 to 2021-05-14T08:00:00
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Solar diurnal anisotropy

Mechanism Associated with Depends on sign of B?
1. Parallel diffusion rapid flux changes No
2. Parallel flow rapid flux changes No
3. Perpendicular diffusion slow flux changes No
4. Perpendicular drifts solar magnetic polarity Yes
5. Gradient anisotropy B xVn Yes

Observation at higher cutoff rigidity

¢ Particles have large gyroradius (at 17 GV, R ~ 0.07 AU or 4 degrees heliolongitude/latitude)
** More sensitive to gradient anisotropy, e.g., from latitudinal cosmic ray gradient

s Less sensitive to small structures (ICMEs)

+* Still sensitive to large structures (shocks)



15t-order harmonic analysis of diurnal anisotropy ..

¢ Excess over 24-h running average is fit to a
sinusoidal curve (vary day boundary to estimate ...
uncertainty)

..................
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¢ Consider set of asymptotic viewing directions:
matrix of coupling coefficients SIS Fidddsddsdiys

¢ Convert to local time at the station g
<19C\7>°*l> Sun
*** Report phase as local time of max. cosmic ray flux = XGsE
] I A>0

¢ Obtain flow vector S: aA<o 12 hl

% S, component (from 0 h local time,

roughly along x.) = Yese * 18h 6h
X S, component (from 6 h local time, oh Earth

roughly along y)



Doi Inthanon dlurnal anlsotropy & count rate, and soIar wmd parameters, 2008 2019 (7 day averages)

N

Sy (x107)

Anisotropy (flow) vector
Mostly varies along —y
(corotational) direction

Sx (x10™)

Phase is close to 18 h for
A>0, close to 12 h for A<O

Anisotropy magnitude
Moderate variation with 0 v Hisnnes it T
sunspot cycle, interesting 02 _“WVNWWAAWM N uh”‘v"uwsrw TV PR {
shorter-term phenomena 28— e
Count rate / 'D- 2.18 - U ” V‘V\“;MN
varies 3% with sunspot cycle, © 216 } T
Forbush decreases, short- a4 B}
term modulation events, g F———— | '
27-day variations )

\ Aia I » PR e : i : i
e o e A T R | : : : N

v i ! ] i i i \ " n'\ L i A 1 1
: Ml AV LYY MIN]IT
I y v

Phase (h)
)

(2]
—
=

= i
B :

DA (%) !
o
[as]

B[ (nT)

4 i Il : I

Bx - By (nT)
o

B,-B, indicates sectors;
affects gradient anisotropy

-4

600 ‘ _
500 —JHM L 4 1] '
400

300 4o
T 1 LI LI I LI LI T 1 I T LIl LI 1 LI LI LI T I LI LI T 1 I T T T LI T T T
1/1/08 1/1/09 1110 11 1112 1113 1114 1115 1/1/16 1117 11118 1119

.. A>0, Sunspot min.

Mﬂﬂ 'i

V ( km/s)

Solar wind speed

Sunspot min., A<O ... Sunspot max.



Doi Inthanon diurnal anisotropy & count rate, and solar wind parameters, 2012 (7-day running averages)

Short-Berm modulation events (non-local shock effects)
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Two-week modulation events of 2012 Jan & Jul: \
s Sequence of CMEs & interplanetary shocks \
** High rigidity -> Large-scale structures

Shocks
** Enhanced anisotropy along —y (corotating) &
late/gradual flux recovery explained by . e REDUCED
perpendicular diffusion, A,~ 103 AU GCR
(Ruffolo et al. 2012 theory & sim.: A, =3 x 103 AU) FLUX
B

GCR FLOW

Enlil simulation of

solar wind density (green),
views from N & E,

2012 July 12-26

https://svs.gsfc.nasa.gov/
4167



https://svs.gsfc.nasa.gov/

Summary

*** We examine the diurnal anisotropy (DA) over 2008-2019 from the
Princess Sirindhorn Neutron Monitor at Doi Inthanon, Thailand, at
effective vertical cutoff rigidity of 16.7 GV

*** DA time series has moderate effect from solar modulation (mainly
on phase) and strong short-term effects of gradient anisotropy,
short-term modulation events, and Forbush decreases

*¢* Two short-term modulation events in 2012 exhibited
a two-week symmetric decrease in count rate and sharp
increase in diurnal anisotropy along —y, due to non-local
effects of CME shocks and diffusive cross-field inflow
leading to recovery.



