Weak Nuclear Response studies & Nuclear Isotope Detection using muon probes at the MuSIC facility at RCNP
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Abstract: MuSIC is a highly intense muon facility at RCNP, Osaka University, where negative muons of about 108 muons/sec can be produced. The muon yield available at MuSIC is almost the same as the world highest. By using nuclear muon capture
reactions, nuclear weak/neutrino responses are studied by measuring emitted gamma-rays from residual nuclear states and nuclear radioactive isotopes. They provide important information relevant to matrix elements for neutrinoless double beta decays and for
supernova neutrino processes. This gives unigue opportunities to study them directly through the weak interaction. In addition, negative muons are useful to determine rare isotope concentration by measuring muonic X rays and gamma rays from nuclear
radioactive isotopes. Both of the measurements can be carried out by using high-resolution Ge detectors at RCNP. We are planning to carry out the experiment at MuSIC in June. Preliminary results will be presented.
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MuSIC is a highly intense muon facilities at RCNP, Osaka University. Equipped GM mml ?
with continuous time structure, MuSIC can produced about 108 negative muons /sec Pion capture solenoid /’-' .
using a 400W proton beam [1-3]. The muon yield available in MuSIC is almost the Max. B p', 35T \
same as the world highest. MuSIC was consists of a pion capture system using a oot '
superconducting solenoid magnet, and a part of superconducting muon transport -
solenoid channel have been build on 2009 and started operating since then. .
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atomic nuclei by measuring double beta decays (B3), inverse beta decays induced by _ _
solar and supernova neutrinos, and astroneutrino nuclear interactions [4,5]. The MuSIC facilities provide the world’s highest intensity muon beam using a 400W proton beam provided by the cyclotron. The layout of the proposed system of MuSIC was consists of pion

capture system and followed by a muon transport solenoid. The 180 degrees arc of solenoid can make a dipole field up to 0.04 Tesla, in addition to the solenoidal field for charge and momentum
selection of the muon beam. A beam current of 4nA is available at present, for June beam test 1uA beam current will be use [1]. MuSIC was currently under construction at the experimental hall in
RCNP of Osaka University since 2009. The pion capture system and muon transport solenoid up to 36 degrees was already operated. (Figure 3(a) and 3(b)).

nuclear weak for low-lying states are obtained from [ decay rates and electron
capture rates. However, they are limited to 3 decays from the ground state in the
Intermediate nucleus only[6].
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3.0 4t BEAM TEST
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Four beam tests have been performed to check the performance of muon beam intensity and the muon yield by MuSIC. Graphite target was injected by up to 10 nA proton beam to produce
tv __®% ey je  TI ey 4piHeLT gy pions. At the end of the 36 degrees solenoid, the detector and stopping target (Mg or Cu) was put into position. In the last beam tests, muon lifetime measurement and muonic X-ray measurement
J:T J: J.,:,p with higher statistics have been analyze in order to determine number of muon yield by MuSIC [1]. Figure 4(a) illustrates the experimental setup for muon lifetime measurement and muonic X-ray
In Pt N Nt oo P measurement. The results of muon lifetime measurement and muonic X-ray measurement can be seen in figure 4(b) and 4(c).
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orders of ppm-ppb and pgr-ngr [8].
In probing the nuclear responses with muon probe from MuSIC, muon capture Figure 4(a): Experimental setup for muon Figure 4(b): Results for muon lifetime measurements using Cu Figure 4(c): Results for muonic X-ray measurements using Mg as a
reactions of (u,v,) are used to get the B+ strength in the intermediate nuclei [4,8]. lifetime and muonic X-ray measurements. as a stopping target. stopping target.
Excitation energies and angular momenta involved in this reaction are between the
energy range of 0 < E < 50MeV and 0%, 1* and 2*. Furthermore, by observing muon
capture in heavy material, it will be useful in determining rare isotope concentration After 5 hours irradiation time, the Mo target was taken for offline measurement. The offline Sn__%80 Sn__ 6872 g
by measuring muonic atomic X-rays[7]. measurement uses to record the gamma ray energy for the weak nuclear response studies of R S —_
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4.0 EXPERIMENTAL METHOD From the Geant 4 simulation on a natural Mo target with 1% Mo 9.6% for supernova neutrino _ |
responses with the dimension of 100 mm x 100 mm x 5 mm and density of 11 g/cm3, the were ~ Figure 7(a): Decay of *°°Mo (u,y)**’Nb with Figure 7(b): Decay of 1Mo ((u, ny)?°Nb with
In order to demonstrate the feasibilities of nuclear weak response studies and about 75% from total muon yield by MuSIC will stop on target. Figure 6 shows the simulation ~ yemission at 536 keVand 600 keV. B —and y emission at 98 keV and 138 keV.
nuclear isotope detection by using u probe from MuSIC, a molybdenum target will be results of muon stopped on Mo target. The stop rate of muon when 10nA proton beam is
:eggglr?rtr(]egntb gu?inrgiﬂ;u%ninggg?/n r;l;f h Uinsits Wl 23 670 SEp 15 Messel ol tile Injected on Mo target Is 4X10% muons/sec. The X-ray energy yield from 5 hour irradiation, Y (X) ~ 5.52x10-Y/sec or about 2.0 k/hour for
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up will be used. The online measurement (Figure 5) was taken in order to observe Entries 227 536 keVyas shown in ﬁ,yure 7(2). However, in the 100Mo ( ) %Nb decays at 15 seg/on d o?yz 5
muonic atomic X-ray from Mo target by using ORTEC GMX45 Ge detector and RMS  27.92 g ' ’ H, VY y '

min with X-ray energy 98keV and 139 keV respectively (Figure 7(b)). After 5 hours of irradiation
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?gfi{)?'ne 9 50EB(EE R I =40 (R N0 el A B v N ClEeEyE 50— time, the total yield on Molybdenum target, Y (X) will be about 1.38x10-3/sec.
a0 : I\A/Ill:?ui:?pped For offline measurement, the 5 hours bombardment on radioisotope of °Mo/*°Tc the gamma
i ray energy atl45 keV might be observed on energy spectrum. The production ratio of gamma ray
Muon Beam i can be calculated by irradiation time, t’/mean life of radioisotope Mo, which is about 0.05. In
30 offline measurement, the Mo metal is placed on top of Ge detector of 50 mm diameter with the
‘ i peak efficiency, £(y) about 10-2.The total yield of gamma ray for offline measurement, Y(y) is
_ 20 0.394 k /sec =1.42 M / hour.
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020 40 60 80 100 120 140 160 180 200 Medium energy p from MuSIC are use for the study of nuclear weak response by
Ge Detector 50 cm _ observing the nuclear activities following (u, vy) reactions. The muon captures use to
Figure 6: Number of muon stopped on Mo target. determine nuclear isotopes separation by the emission of atomic muonic X-ray. The gamma
_ _ ray emission from offline measurement might gives unique opportunities to study them
The yield of y and X rays at 10 nA beam current was calculated . Yield of X-ray energy directly through weak interaction. We aim to promising future of the study of nuclear weak
from K'Mg at 259 keV, K-Mo at 3622 keV and L-Mo at 476 keV W|” be Observed When the response by using u probe_
peak efficiency, €(X) ~ 2x10> where g(X) is the peak efficiency of 25mm diameter of Ge

Figure 5: Online measurement setup. detector at 50 cm distance from the solenoid exits.
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