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Determine the atmospheric kaen—to—pion ratio Vg/x | | lulllantd ANE D& Data-set (10 years) Lomb-Scargle analysis [4

: : : Sep. 2008 - May. 2018
using the cosmic-ray muon and the atmospheric “ The single muon time variation — Livetime -2940 days 170853 + 16
temperature correlation a. = - - - - -

Single muon sample 484 + 22 (0.283 %)
Cosmic-ray muon modulation

| Efficiency corrected
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. Lomb-Scargle analysis identified
the expected 1 year and half year periodicities.
- Sinusoidal fitting Is fixed to 1 year and half year.
. The fit Is used to determine the amplitudes and
phases of the seasonal modulation.

rTempera’cure data (JRA-55 [5])\

. 37 discrete pressure in 1~-1000 hPa.
- 4 times a day (0:00, 6:00, 12:00, 18:00)
. 36.25° N and 137.5° E (Closest of SK)
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50 100 150 200 550 - The effectlve atmosehenc ’Femperature
Day of Year K (Teff) is calculated using this data-set. []]J
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Generalized Lomb-Scargle power

Single muon event rate [event/day]
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Single muon event rate

Expect the positive correlation

1 year folding time variation
between muon rate R, and : :
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atmospheric temperature T variation
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iMuon rate and Teff exhibit the same annual modulation.
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| rSuper—Kamiokande detector [2]\

. A water cherenkov detector
. 1,000m underground
(2,700 m.w.e, 36.4° N, 137.3"° E)
. Detector is separated into ID and OD. 0.9
. OD is used to identify muon event. agl | NeOretical a; from :E;‘gi:‘e":i;‘fi%
. Muon event rate is ~ 2 Hz. the Gaisser model. [1] Best-fit point
Muon energy at the surface >~ 1 TeV. _

. === 1 o contour region
MUBQOY (Reconstruction tool) [3]

Me=0.21 Tc?.i;)g
o, = 0.80 + 0.02
. Reconstruct Track direction,
Entry point, # of track, etc.
- Use T and Q from ID PMT. Y
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., 1he correlation and the kaon=to-pion ratic
. Measure ry,, and a;
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by fitting simultaneously.
Best-fit result
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s/ This work

1 Super-K (This work) MINOS FD (2010)
MINOS ND (2014) Double Chooz ND (2017)
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: : t—ﬂT s in go agreement with other results and theoretical model [1].
0.78— Experimental a, from . Best-fit r,,_ is consistent with Honda flux expectation. [13]

The kaon-to-pion production ratio ry,, 0.761 Muon-Teff correlation. — The “m-only scenario” is disfavored at 3.6 0 (most significant exclusion).
L | o L P Py | R

. Relative contribution of kaons and pions to 0 005 01 015 02 025 03 035 O — The world-leading result and the most strongest constraint from cosmic-ray muon

: . re = 0 — monly! Kaon to Pion rat : :
the atmospheric muons and neutrinos. Kim aon o Fion ratio f, modulation analysis.

Correlation coefficienct Oy

- Kaon contribution increases with muon energy.
- Important parameter for the atmospheric neutrino simulation.
- The shape of energy spectrum, Flavor ratio

- Pion and Kaons exhibit different sensitivities to the atmospheric
temperature variations.
- Kaon < Pion (due to different mass and critical energy ¢, ¢)

K/n

—— Honda flux prediction |[73] " - . Single muon variation exhibit 1year and half year modulation.
—— Super-K result . —e— Measurement ~ e : : s ; R —— PO— R e

[ ] Honda flux prediction x Best_'ﬁt resul‘ts rK/]Z’ — 021 1'882 aT — 0.80 i 002 ,
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. a; iS consistent with other results and theoretical model.
. 1y, 1S consistent with Honda flux expectation.

. The “m-only scenario” is excluded at 3.60.
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The kaon-to-pion production ratio r



mailto:tadatomo2976@s.okayama-u.ac.jp

