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@ Introduction

Changvan neutron detectors
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Drawing of the Changvan monitor. Tube 1 and Tube 3 are leaded detectors. Tube 2 is unleaded » e | 55 ;&
neutron counter hold onto three supported wooden plates. : ﬁ}[\?ﬂ]ﬁ\\i\s{\
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\TITUDE SURVEY

.Ez The latitude surveys in 2018-2019 (CN35) and 2019-2020 (CN36) |
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TIME-DELAY HISTOGRAMS #&

* Distribution of the time delay between successive neutron counts at one counter tube recorded
during one specific 1 h interval. (left) Long time delays show the exponential distribution typical of
unrelated events, while (right) short time delays deviate substantially from the exponential
function (red line). The electronic dead time is typically t; ~ 80 - 90 ps.
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Leader fraction

* Leader fraction (L) refers to neutron counts that do not 100 3 (a)
follow a preceding neutron count in the same counter ]
from the same atmospheric secondary particle 109’2 a = slope

- : = =Y —int t
» We statistically calculate the leader fraction (L) from e ¢ Hicereey

histograms of time delay that related to cosmic ray
spectral index.

* Amplitude of exponential tail (red) indicates rate of

“leaders” arriving by chance, not “following” in temporal | T l l l l l l
. . . . 0 20 40 60 80 100 120 140
association with preceding count. t(ms)
Ruffolo et al., 2016
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where a and Ag are the parameters from the hourly long-time
histogram fit. tp=0.142 s is the overflow time in the electronic

system, and dead time ty = 87 us . The term Zgotd Nt is the sum

of the neutron pulses for all time bins from ty to tp from the

recorded histogram files
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Result

the 20t December 2019 of the survey year 2020
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Leader fraction of single-tube in the Leader fraction of single-tube in the
survey year 2018-2019 survey year 2019-2020

08 (a) Tubel 086 =—, (e) Tubet —
0.84— . . =] — P
- - " - - — 1
- ) . iy TR T, e ;
R s TONS O SR .
0.8 -1 f':é. e, e M
= a‘a..’j T a‘c“ =
078 AT =
0.76 — — —]
095 a (b) Tube2 — = ) Tube2 =
— - - 5 == . |
o8 ¢ .M — 0.92 %rg A =
- = = = _ 0.8 Epgd . -
0.85~ — 0.88 = 2

03:— _: 0.88 ;

“E E .84 = 42 =
0755 ; ; S ey e ; i 082 =— ; ; ; ; ; ; ; ; ——
088E" () Tubes E (a) Tube3 =
0.84F P o S| 0.84 — Sy ]

= S, " | = p
vaf— ‘m&r“e‘: Holg e o 0.82 =
~ - ¥ A, o e‘lt ‘44‘ e i‘?“‘ = -l — %
08fF- :’E‘.;.‘:.c‘“ g i = ¥
078 £ 8 ey, = 078 == Tk
= b = = W —]
0.76 - 0t /— ° . ——
13 {d.] " " -’...‘ " 16 E =
R : g 1 ®
(28 « Apparent cutolf & - Apparant cutofl
@ 10 a  Vertical culoff Ko 1g - Vertical eutof
g &
5 s 3 ¢ i

: 7

g ; g S F s e 4

40 45 50 5 70 300 320 340 360 420 440 460 480

55 60 380 400
Day of Year 2019 Day of Year 2019-2020




Count Rate (s)

Pressure (mmHg)

Cutoffs (GV)

Data set of the survey year 2019 (a)-(d) and (e)- (h) of the survey year 2020, as a function of time.
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Dorman functions to fit Leader rate vs apparent cutoff rigidity for the survey year 2019 (CN35) and the survey year 2020 (CN36)

C Survey Year Analysis Ry o K
2018-2019 (T1+T3)/2 | 7.320 | 6.434 | 0.7999
= —— (T1+T3)/2 Survey year 2019 2019-2020 (T1+T3)/2 | 7.363 | 8.140 | 0.8769
7+ 2019-2020 T2 5.249 | 7.611 | 0.8317
: s (T1+T3)/2 Survey year 2020
N - T2 Survey year 2020 we apply the Dorman function for the leader rate:
» °F
o [ R=Ry(1-e"o%"),
©
:: 3 N can be differentiated to determine the Differential leader rate
[} L ; :
5 - response function (DLF):
g _
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- b R=| (DLF)dpP
E Pc
= K
3 DLF = RyaP~1(e=®P™)
B Where Ry, a, and k are free parameters.
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The count rate (left) and leader rate (right) ratio of unleaded vs. leaded counters as a function of apparent cutoff
rigidity for the 2019 and 2020 survey years.
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Leader fraction of cross-tube

- Changvan latitude survey 2018-2019
- Changvan latitude survey 2019-2020



Long and Short time delay histogram of cross —tube of 17t hour UT on the 11t February 2019 of the survey year 2018-2019 (CN35)

N(s")

N

N(sh

Hist 00: mm, same tube

Eind 2704158
Prob o
A 1.870e+05+ 2.120e+03
LF =0.8685 | - a0
10°
10*
10°
102 _JV‘
0 0.1 02 03 04 05 0.6 07 038 0.9
t(s)
Hist 01: mm, separation 1
x° I 1775/ 81
0
2881e+05+ 2522403
LF = 0.9368 o a4+ 0070
10°
104
10°
102
PO S ST T N YN ST T WO NN SN TN WY N WO TN T N VAT U T W N U T WA Y SN WA WA W (WY T W W I U AU Y Y
0 0.1 0.2 03 04 05 0.6 0.7 0.8 09
t(s)
Hist 02: mm, 2
¥ Ind 220/ 60 ’
Prob 4.026=-20
A 1.212e+05 + 1.478e+03
a 8513+ 0.076

10° B~ LF =0.9823

N

N

N(sY)

Hist 00

10°

107

1
0.0005

1 1 1
0.001 0.0015 0.002

1 1 Il Il L
0.0025 0.003 0.0035 0004 0.0045
#(s)

Hist 01

PRI SR SR BT S NSRS BN ST B S S S RS S B S A A
0.0005 0001 00015 0002 00025 0003 0.003% 0004 0.0045

t(s)

Hist 02

0.0005

0.001

0.0015 0002 00025 0003 0.0035 0004 00045
t(s)




Long-time delay histogram of cross —tube of 9t" hour UT on the 3™ September 2019 of the survey year 2019-2020 (CN36)
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Short-time delay histogram of cross —tube of 9t hour UT on the 3@ September 2019 of the survey year 2019-2020 (CN36)
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Geomagnetic Cutoff (GV)
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Leader fraction of cross-tube in the survey year 2018-2019 (CN35)
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Leader fraction of cross-tube in the survey year 2019-2020 (CN36)

LL same tube

LM separate 1

LR separate 2

ML separate 1
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Next plan

Leader fraction of cross-tube (Changvan and South pole)
* Pressure Correction
e Temperature Correction

* Integral Response function / Differential Response function
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