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The search for unknown resonances of unbound 10N
via 9C+p elastic resonant scattering is proposed. The-
oretically, four broad and overlapping low-lying 10N
resonances that may not be clearly identifiable in the
9C+p excitation function are expected.The vector an-
alyzing power is measured to determine these broad
resonances1). The level information obtained in the
experiment is useful for discussing resonances in 10Li
since 10N and 10Li are mirror nuclei that are expected
to have a similar structure. The 10Li structure pro-
vides us with valuable information for constructing the
three-body model of the borromean 11Li nucleus.

A polarized target is required for the measurement
of the analyzing power. A polarized proton solid target
for low-energy beam experiments2) has been designed
based on an existing system for intermediate energies
3). In the target, proton polarization is obtained by
transferring the electron polarization of photo-excited
triplet state of pentacene to protons of p-terphenyl.
Polarization transfer is done by microwave irradiation
that satisfies the condition that the Rabi frequency of
electron spin is matched to the Larmor frequency of
the proton2).
We select a magnetic field strength of 0.2 T. This

value is a tradeoff between the magnitude of proton
polarization and magnetic field effect for the trajectory
of recoil particles. At this field strength, the resonance
frequency of electron spins is ∼4.8 GHz and the proton
resonance frequency is ∼8.5 MHz.

For the detection of low-energy recoil protons emit-
ted with respect to ±22.5◦ where the analyzing power
is expected to be the largest, the microwave resonator
must be sufficiently short to avoid interference with the
trajectory of scattered protons.A three-loop two-gap
resonator4) (LGR) was chosen as the microwave res-
onator, as shown in Fig. 1 (Left). Its structure allows
us to sufficiently shorten the resonator and to imple-
ment NMR coil close to the resonator without affecting
its performance4).

We conducted a simulation of the LGR using the
electromagnetic field simulation software CST Mi-
crowave Studio. In the simulation, the LGR was placed
inside a brass shield to reduce microwave radiation
losses, as shown in Fig. 1 (Right). The shield was
designed to allow beam particles and recoil protons to
pass through the resonator freely. The LGR was ex-
cited by an antenna placed close to one of edge loops.
The resonance frequency of LGR and the strength of
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Fig. 1. Three-loop two-gap resonator (LGR) (Left). LGR

placed in the shield (Right).

the oscillating microwave field were simulated at 1-W
incident power. The power required for optimal polar-
ization transfer was evaluated. Simulations were per-
formed for different central loop diameters. We found
that the resonator with 18-mm diameter and 5-mm
length was the tradeoff between the target size and
required incident power of 20 W.

The thickness of the target was chosen to be 110 µm
to cover the range of the 9C beam with an energy of 5.6
MeV/nucleon. A novel thin crystal production method
is proposed. In this method, the crystal prepared by
the Bridgmann method is placed in a vacuum tube
and heated. The crystal sublimates and its thickness
slowly decreases. The sublimation speed is controlled
by the heater temperature. A test sample prepared by
the sublimation method is shown in Fig. 2.The sample
thickness is approximately 700 µm.

Fig. 2. Sample prepared by the sublimation method.

In conclusion, the microwave resonator was designed
for the thin-film polarized proton target at 0.2 T.
The sublimation method was proposed to produce thin
crystals. In the next fiscal year, the resonator will be
built and tested. A thin crystal with a thickness of
approximately ∼100 µm will be produced by the sub-
limation method.
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Kinetic parameters of photo-excited triplet state of pentacene
determined by dynamic nuclear polarization
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A polarized proton target prepared by dynamic nu-
clear polarization (DNP) techniques, which is a means
of transferring electron spin polarization to nuclei by
microwave irradiation, has been extensively used in
particle and nuclear physics experiments.1) However,
in these studies, DNP is carried out at a cryogenic
temperature of <4.2K and in a high magnetic field of
several Tesla. On the other hand, DNP using photo-
excited triplet states (Triplet-DNP) can produce high
nuclear spin polarization without such equipment, by
using the non-equilibrated electron spin polarization
in the lowest photo-excited triplet state generated by
laser irradiation.2)

In this paper, we determined kinetic parameters of
the triplet electron spin of pentacene, which is mainly
used as a polarizing agent in Triplet-DNP, to optimize
the polarization transfer sequence for maximizing the
polarization of the target. Although the polarization
of the triplet electrons is initially higher than 70%, it
decreases as a function of time after the optical exci-
tation. There are two processes relevant to this phe-
nomenon: one is the decay from the triplet state to
the ground state, while the other is the relaxation to
the thermal equilibrium in the triplet state. The time
constants are referred to as lifetimes (τi, i=+1, 0, -1: i
represents the sublevels in the triplet state) and spin-
lattice relaxation time (T1).
We determined the time constants of pentacene

doped into p-terphenyl in 0.3 T and at room tempera-
ture, based on the NMR signal intensities of proton
spins enhanced by Triplet-DNP. A continuous-wave
Ar-ion laser pulsed by an optical chopper is used for op-
tical excitation. We first measured the delay-time (the
timing of microwave irradiation for polarization trans-
fer) dependence (Fig. 1(a)). Analysis using only this
data revealed a difficulty in separating the contribu-
tions of τi and T1. We thus utilized the pulse-structure
(the duty and the repetition rate of laser pulse) depen-
dence data as additional information (Fig. 1(b)). The
combined analysis of these data allowed us to sepa-
rate the contributions of the parameters. The values
of τ0 and τ± were determined to be 22.3 µs+3.0 µs

−1.5 µs and

88 µs+13 µs
−19 µs, respectively (Fig. 1(c)). The value of T1

was found to be longer than 300 µs. It was also found
that the proton signal enhancement is limited at a high
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Fig. 1. (a) the delay-time dependence of the NMR signal

intensities of proton spins enhanced by Triplet-DNP. (b)

the pulse-structure (the duty and the repetition rate of

laser pulse) dependence of the signal intensities. (c)

Variation of the chi square values of τ0, τ−, and T1.

repetition rate owing to the partial cancellation of the
electron spin polarization by the remaining population
produced by the preceding laser pulses.
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