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- Muon charge ratio 𝑅 ⁄𝜇! 𝜇"
→ precise estimation of hadron productions and the 
atmospheric neutrino flux
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[1]	CMS	Collaboration：Physics	Letters	B	692	(2010)	83–104

SK	

𝑹 ⁄𝝁! 𝝁" ≈ 𝟏. 𝟐𝟕 (~300	GeV)

Master degree in Physics
Thesis: Measurement of the Charge Ratio of Cosmic-
Ray Muons in Super-Kamiokande
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SK4 muon decay-e

SK4 2017 (280.9 days)
Fit result

   6155.1± plus 360869.4 µ
   7372.6± minus 213995.8 µ

SK-IV	(2017)
𝑹 𝝁!/𝝁" = 𝟏. 𝟑𝟖 ± 𝟎. 𝟎𝟓

Fitting function

𝝉𝝁#: 𝟐. 𝟏𝟗𝟔 𝛍𝐬𝐞𝐜
𝝉𝝁$: 𝟏. 𝟕𝟗𝟓 𝛍𝐬𝐞𝐜 39.3 m
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Cherenkov radiation

OD
Data period
SK-IV: 2008 〜 2018

1 km

→ search for 𝜇 − 𝑒 decay candidates 
→ counting total 𝑁± considering lifetime 𝝉𝝁± difference 

in water 

𝒆
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PhotonInvMass

Axion-like particles (ALPs)
• Appear in extensions of the Standard Model and assumed to compose dark 

matter
• Photon scattering in the Coulomb field of proton
• Photons fuse to create ALP and decay into 𝛾𝛾 pair  

→ mass 𝑚%&', coupling constant 𝑓"(

Project: Searching for ALPs in Light-by-light Scattering in 𝒑𝒑 Collisions Using 
AFP Proton(AFP) Tagging with the ATLAS Detector

ATLAS central detector
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Master degree in Physics
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Project: Searching for ALPs in Light-by-light Scattering in 𝒑𝒑 Collisions Using 
AFP Proton(AFP) Tagging with the ATLAS Detector

Master degree in Physics
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Signal MC

Generator level (Signal+BG)

Generator level (BG) 

ATLAS
-1 = 13 TeV, 32 fbs

ATLAS (Simulation) - Work in Progress
𝑆 =13 TeV, 32 fb-1

𝑎𝑐𝑜𝑝𝑙𝑎𝑛𝑎𝑟𝑖𝑡𝑦
= 1 − Δ𝜙(( /𝜋
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Beam line

𝑎𝑐𝑜𝑝𝑙𝑎𝑛𝑎𝑟𝑖𝑡𝑦

Axion-like particles (ALPs)
• Appear in extensions of the Standard Model and assumed to compose dark 

matter
• Photon scattering in the Coulomb field of proton
• Photons fuse to create ALP and decay into 𝛾𝛾 pair  

→ mass 𝑚%&', coupling constant 𝑓"(
• Optimization of diphoton acoplanarity selection cut 

for an ALP search in 𝑝𝑝 collision 


