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objectives

t

Signature of Cosmogenic nuclide (C-14,Be-10, etc) : &8, JKER

A A

Cosmic rays and solar activities atmosphere and aerosol




Scientific Reports | (2020) 10:660 | SCIENTIFIC
https://doi.org/10.1038/541598-019-57273-2 REPORTS

natureresearch

OPEN Prolonged production of **C during
the ~660 BCE solar proton event
from Japanese tree rings

Hirohisa Sakurai'*, Fuyuki Tokanail, Fusa Miyake(»?*, Kazuho Horiuchi?, Kimiaki Masuda?,
Hiroko Miyahara®*, Motonari Ohyama®, Minoru Sakamoto (%58, Takumi Mitsutani” &
Toru Moriyal
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Cosmogenic nuclide in the atmosphere
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Daily Sampling and Measurement of Be-7

In the atmosphere from 2000

TARSUER(BIEE) 20034, /\aV(RIEE) 20145 &Y
Sampling site R : :
Altitude: 153 m i B Measurement time : 6 hours

Latitude: 38.25

' 0
Longitude:140.3 detection 2.68%
efficiency
resolution 1.69keV
@1.33MeV
Collected filter
*Glass fiber filter
collection efficiency : 99.99%
(¢ 0.3 um particle)
'Be |53.28d
High Volume Air Sampler (HV-100F)
: : 0.4776 0.3%(EC)
Sampling time: 23 hours/dayEISSHEN Fath T 58 it e R

Intake rate: 1000 L/min. — 9.7%(EC) E 5%
y-ray:477keV_+0

“Li HPGe detector

l




1750 FE Mo D KGR RBOEE ST
(NOAA/NWS space weather prediction center)
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Calculation of the Be-7 production
EXPACS

EXPACS can calculate the energy spectrum of neutron and proton at an arbitrary
location (A, ¢, h) and a time (t) from cosmic rays.
Fop (E,A, ¢, h,t) dE:where A, ¢, and h are latitude, longtude, and altitude.

Reference: T. Sato, Analytical Model for Estimating Terrestrial Cosmic Ray Fluxes Nearly Anytime and Anywhere in the World: Extension of PARMA/EXPACS,

Contact E-mail: nsed

EXPACS ver. 4.00

Excel-based Program for calculating Atmospheric Cosmic-ray Spectrum, Copyright© 2006, Japan Atomic Energy Agency
developed by Tatsuhiko Sato, Japan Atomic Energy Agency, E-mail: nsed-expacs@jaea.gojp

PLOS ONE, 10(12): e0144679 (2015).

£0jp

Homepage URL: http://phits.jaea.g0.ip/expacs/

Input conditions in the white columns

Attude or Atmospheric depth 20206
]
Location or 77814
Cut-off rigidty =169.773 Long.(dee)
Solar activiy, Time, or 2014
Count ate of Oulu 10 Month
neutron monitor 16 Day
w
Surrounding Environment. 4

Local Effect Parameter 0.2 No meaning
Definition of dose
Output flux unit

Output dose unit

Check input condition
Atmospheric depth 783594 (g/cm’)
Cut-off rigidity 008 (GV)

Solar Activity (W value) 55.9
Local Effect Parameter 0.2 No meaning

Calculated Effective Dose

Total 1.346E-01 (uSv/h)
Neutron 6.584E-02 (uSv/h)
Proton 1.335E-02 (uSv/h)
He ion 1.968E-05 (uSv/h)

1.924E-02 (uSv/h:
1.660E-02 (uSv/h

Positive muon
Negative muon

(uSv/h)
(uSv/h)
Electron 5.062E-03 (uSv/h)
Positron 4.346E-03 (uSv/h)
Photon 1.018E-02 (uSv/h)
Other ions 2.239E-07 (uSv/h)

2
2

2

1
1
2

Omni-directional cosmic—ray fluxes calculated by the PARMA model
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Omni-directional cosmic—ray fluxes calculated by the PARMA model

Energy(MeV/n) Neutron ~ Proton

1.13E-08
142E-08
1.79E-08
225E-08
284E-08

Fluxes of particles plotted in the graph (/cm2/s/(MeV/n))

1.05E+04
1.09E+04
1.12E+04
1.15E+04
1.17E+04

He ion

EXPACS

Positive muon Negatvemuon Electron  Positron  Photon

Estimate of Be-7 production rate in an arbitrary
altitude P(A, ¢, h, t)

P(A, ¢, h, t)
E;
Fn,p (E, A, o, h, t)Nn,OO'Be_7(E)dE

Eq

Ny o(4, ¢, h,t) ... the number of nitrogen or
oxygen in air mass
Opge—7-.. Cross section of Be-7 production

E;, E, ... Minimum, maximum energy (10MeV and
100GeV)
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Seasonal profiles of Be-7
concentrations in 2019
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In Yamagata, Be-7
concentrations are high in
spring and autumn, and
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Factors of seasonal variations
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“latitude variability of
production rate
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Monthly back-trajectories of air-mass in 2019
by NOAA HYSPLIT model

The monthly trajectory is the average of trajectories for every six hours in the month.

At Yamagata, the trajectories in spring (blue) and fall (green) pass through on the higher
latitudes, while those in summer(red) on lower latitudes.



3-box model
from production to concentration

P: production rates K: residence time A:Be-7 half life 53days
atoms/g.. /s rPS .
stratosphere d—ts @ KgNg — ANg
Ns N: atoms/box
tropopause = = = 4— S T T T
Pt
Upper dN7
troposphere TS — KNy — ANy + KgNs
Nt

l' Kt

Pg lower dNg @
—= KgNg — ANy + KpN
[ troposphere Ng} dt g8 g TINT

ground l Kg

Concentration(mBg/m3.;,)



Observed Be-7 concentration and optimized
concentration by 3-Box model
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Optimized residence times in the
troposphere and mixed layer boxes
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The shorter residence times in the mixed layer box indicate a contribution of rather
higher wet deposition rates in summer season.



K& HBe-7EEEHA T —2DEE - ABAAEDRES
> KNG IRIRIE T — 3R —XIUGONETNDZZEEE
> FHEFOEZET—AHACDF~ADE#RT AL
v' Common Data Format: GSFC/NASAN & 18 - &
v’ Self-describing?g/ N1 5 1) 7 —4
s FRREICKEEITFERDS
o T—HRART—RE—TTEBTES

> FHEZRBHMY I TSPEDASEDFEE TR
v’ Space Physics Environment Data Analysis Software : UC
Berkeley, UCLAZLE W EIE - E FH
v COFEHLF-T—4%)E—RIRIM)AREF
v SPEDASOEEF AT S EHRELTCERTZT 1%
YERK
v’ CDFT—AMSPEDASIZ KB - R #T T Ak

JE—RYRIR

BT %
(CDF) ~ A—ALTI Y
N

Y T jJupyter BERIST14>
A 3—FRyk b) - (Python)

from ny_modules.cdf import yamazata b gmjaﬁ{yé{p;l—:_
vamagata.|oad(user-user, passwd=passwd) « IJ:E—FIJ[ \D:/’Fljb\bT—aD/L

22-Feb-24 11:16:55: Downloading remote index: https://polaris.nipr.ac.jp/"kozai-cr/login_yanagata/

22-Feh-24 11:16:55: Downloading https://eolaris.nipr.ac.jp/ kozal-cr/lozin_ramagata/vanagata_ri_hus_v0l.cdf to ./vamag
ata_data/yanagata_ri_hus_v0l.cdf
22-Feh-24 11:16:55: Download complete: ./vamagata_data/vamagata_ri_hus_v0l.cdf

["epnch_end _HUS®, ’concentration_HUS®, “error_HUS’]

PYl.tp\ul(['cnmcemtratiuﬂfHUS’.’errnerUS'])« ;’EE &Is_éﬁ%yﬂjn \\JI§

o

pyt .get_datai’concentration HUS® ,netadata=True) « }9?—9%%%

{'COF": {"WATT": {’FIELDNAM’ CONCENTRATION’,
CATDESC Be 7 cnmcentrahum

TALIDNIN®: °0°
TALIDWAR" H]D
"SCALEMINT: (07,

"SCALEMAR: 1007,

TUNITS": mBa/m3’,

'DEPEND_0°: “epoch_start’

"LABLAXIS’: “Conc’

"MONOTON " "false’

"FORMAT®: 'FE.37,

"VAR_TYPE': ‘data’,

TRMG_TYPE: standard

"DIGPLAY TYPE "time_series’

"SOALETYP? Mnear e

CGATT: {7 PrnJe:t “Wawagata Uniw RI Obserwation’,
"Discipline’: Snace Physice>Gosmic Ray Physics’,
'Suur:e_ﬂame" *Yamagata Univ RI Observation>#tmoseheric Be-77,
Data_type’: 'Kn>Key Parameter’

"Descriptor’: A\ r Gampler’,

Data_version’: "1’

'TITLE': Vamagala Un\vers\ly Ee-7 Concentration’
"TEAT": CTEBT®

"Generated hy ROIS Ds*

"Generat ion_date’ 20240222

"MODS Cl’ealed UZ/ZUZA‘l

"ADID _ref’: ?

"Logical f\ le_ \d YAMAGATA_RI_HUS_vO17,

'Logical _source’ \‘J\MAGATAJIHUS’Y
'Lnglcalfsnurcejescr\ptiun': *Vamagata University: Be-7 Concentration®,
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