USR studies in hemoglobin derivatives (oxyHb, deoxyHb, metHb
and COHD) solutions
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Hypoxia, low oxygen concentration, plays a crucial role for diagnosis and management
of treatment of tumor/cancer [1-3]. Even though there are several existing methods to measure
oxygen in tissues [3], we propose a noninvasive muon method to detect three-dimensional
distribution of oxygen eventually in human body. So far, we have tested the sensitivity and
reliability of the proposed muon method by detecting low oxygen in water and dilute protein
solutions [4].

To understand the behavior of muon and muonium in the biosamples, we perform
systematic experimental (muon spin rotation and relaxation, uSR) and theoretical studies [5]
starting from water, buffer [6] and hemoglobin derivatives (oxyhemoglobin (oxyHb),
deoxyhemoglobin (deoxyHb), methemoglobin (metHb) and carboxyhemoglobin (COHD)). In
liquid water, we found two muon species — a diamagnetic muon and a paramagnetic isotropic
muonium. However, in frozen water, two diamagnetic muon species and an anisotropic
muonium signals were observed both in zero-field and weak transverse field measurements.
The details of uSR measurements in four Hb derivatives and comparison with water and
buffer will be discussed in the symposium.
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