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Inflationary Gravitational Waves in Lorentz-violating Weyl Gravity
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Research on properties of trapped ions in the SCRIT device
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Development of clock phase monitoring system for SAMURAI TPC
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Cross section measurement of neutron-rich nuclei production using in-flight
fission of ?*U beam
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Compar ison between emission intensities of geomagnetic conjugate auroras
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Fig. 1. The emission intensities (left) and ratios (right) from 23:41:00 to 23:45:00, Sep. 9.
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Table. 1.

Summary of observed and expected emission intensity ratios
September 9 Observed Expected
Time Maximum Average
22:37:30-22:40:30 UT | 1.21=0.13 1.43
23:41:00-23:45:00 UT | 1.53%=0.25 | 1.29%0. 23 1. 43
September 11 Observed Expected
Time Maximum Average
22:40:30-22:45:30 UT | 1.23=0.13 [ 1.33=0. 16 1. 43
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[(Ostgaard et al. 2005].
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[1] Asozu, 2006, Master Thesis, Tohoku University.
[2] Steanbaek—Nielsen, 1972, J. Geophys. Res., 77, 1844-1858.
[3] @stgaard et al., 2005, Geophys. Res. Lett., 32, LO5111.

[4] Standard Star Optical Photometry Data,
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http://deepred. bu. edu/obstools/starflux/indexmag. html

[5] Data Center for Aurora in NIPR, http://polaris.nipr.ac. jp/ aurora/index]. html
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Fig 2: Images of 0, Ori E. The left image shows 0, Ori E in its quiet state.

The right image shows in its flare state.
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NFIRX—% HAfT Timel Time2 Time3 Time4d Timeb Time6
Ny cm~? 0.31+0.01 0.31 0.31 0.31 0.31 0.31
Z - 0.3640.04 0.36+0.04 0.49+0.05 0.6340.06 0.65+0.04 0.6240.04
KpTiow keV 0.81+0.02 0.81 0.81 0.81 0.81 0.8
KpTmiddie keV 2.540.06 2.5 2.5 2.5 2.5 2.5
KpThigh keV - 26.5+20.78 15.842.3 8.540.5 5.34+0.18 4.740.3
EMow 10%4cm ™2 5.041.1 5.0 5.0 5.0 5.0 5.0
EMpigaie 10%*cm™ 16.140.5 16.1 16.1 16.1 16.1 16.1
EMpign ~ 10°*cm™ - 6.5+0.9 40.6+1.1 57.9+1.6 54.3+1.5 32.6+1.3
x?/d.o.f - 451.7/383(1.18) 161.3/170(0.94) 410.5/378(1.08) 474.2/444(1.07) 586.1/497(1.18) 427.8/382(1.12)

Table 1: Best fit parameter
Temperature (3component) Emission Measure (3component)
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Fig 3: Time evolution of the temperature (left) & emission measure

(right) of the plasma.
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Development of a low energy electron beam source using the photoelectric effect
HEWRZAMABAULEIRILF—BEFHRORR

N ED
BEHE FIU EA

Synopsis An electron beam source using the photoelectric effect has been developed. It is found that an electron beam
current of ~ 100 nA with an energy spread of ~ 0.10 eV can be realized by using a laser diode of photon energy = 2.6

eV and photon power > 60 mW.

Introduction

We have been studying electronic excitation pro-
cesses in rare gas clusters by electron energy loss spec-
troscopy [1]. In this study acquisition time for one spec-
trum was about 50 hours. This is partly due to the low
current of incident electron beam (a few nA), which is
limited by the use of an electron energy selector.

The purpose of this study is to develop an electron
beam source which can produce a low energy electron
beam of a current of about 100 nA with an adequate en-
ergy spread (< 0.2 eV) using the photoelectric effect.
This electron beam source enables us to shorten the ac-
quisition time and also to measure the differential cross
section of rare gas clusters.

Thermoelectronic emission and field emission are
often used as a source of electron, but energy spread of
electrons produced by these methods is typically larger
than 1 eV, which is too large for our purpose. We have
developed an electron beam source using the photoelec-
tric effect because the electron energy spread of emitted
electron by photoelectric effect can be varied arbitrarily.

Photoelectric Effect

Photoelectric current 7. is given by

L=enl, (1),

where I, and # are a number of incident photons per se-
cond, a number of emitted electrons per incident photon
(quantum yield). Then quantum yield # of LaB¢ (cathode
used in this study) is typically 10* ~ 10 [2], and is
known to be strongly dependent on the experimental
conditions, such as the vacuum pressure, incident photon
energy, surface condition of the cathode, etc. We expect
that the emission current of 100 nA can be obtained by
using light source power of order of 10 mW.

Maximum electron energy which is roughly equal to
the energy spread of the electron beam AE, is given by

Enx=E,~9=0E (2,

where En., E, and ¢ are maximum electron energy, in-
cident photon energy and work function of photocathode,
respectively. The energy spread AE = 0.1 eV is expected
if we use £}, of 0.1 eV higher than the work function of
the photocathode.

Experimental Setup

Schematic view of the experimental apparatus is
shown in Fig 1. We used LaBg (100) single crystal of 1
mm in diameter as a photocathode because of its chemi-
cal stability, relatively large quantum yield, and small
work function (¢ = 2.5 - 2.7 eV). It is heated to 1500 K
before each measurement for surface cleaning.

Photocathode
LaB ,(100) Parallal plate
Diameter 1 m energy analyzer

[111)

T T I
J- Electrostatic lens

I oo
[

Figure 1. Schematic view of the experimental apparatus.

Collimator

Q
Faraday cup—__

The photocathode is irradiated by visible light from a
laser diode (LD). Peak photon energy E, and output
power of LDs used in the present work are listed in table
1. Emitted photoelectrons are focused by a set of electro-
static lens system and are energy-analyzed by a parallel
plate energy analyzer. The geometrical energy resolution
of this energy analyzer is one-hundredth of the pass en-
ergy. Background pressure in the vacuum chamber is
about 6 x 10 Pa.

Table 1. Specifications of the LDs used in the present work.

Peak Wavelength Peak Photon Energy Output power

405 nm 3.06 eV 200 mW
448 nm 2.77eV 150 mW
472 nm 2.63 eV 100 mW
532 nm 2.33eV 1000 mW

Experimental Results

Figure 2 shows the energy distribution of the elec-
trons emitted by the irradiation of £}, = 2.77 eV light, and
the acceleration energy of the electron is 40 eV. Solid
lines represent the results of gauss fitting. The peak posi-
tion is used as the origin of the electron energy. Peak
widths (A¢) estimated by Gauss fitting as a function of
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the electron acceleration energy are listed in Table 2. The
peak width Ag is determined by the energy spread of the
photoelectrons AE in eq. (2), and the energy resolution of
the analyzer E,, which is proportional to the electron
acceleration energy E., as
A&* = AE*+kES (3).

From the experimental results shown in table 2, AE and
@ are estimated at 0.29 eV and 2.5 eV, respectively, from
which we expect that we could obtain an electron beam
with an energy spread of about 0.1 eV ifa LD of £,=2.6
eV is used.

| | | | | | |
1.0 . : 7]
-~ X : Experimental results
= sk — : Gauss fitting 4
=3
T oef 7
Z
% 0.4 7]
=i
2
£ o2f 7
0.0 ! !
2 -1 0 1 2 3 4

Photoelectron energy(eV)
Figure 2. The results of energy distribution of the electrons
emitted by the irradiation of E, = 2.77 eV photon, and the ac-
celeration energy of the electron is 40 eV. light. Solid lines
represent the results of Gauss fitting.

Table 2. Peak widths (A¢) estimated by Gauss fitting as a func-
tion of the electron acceleration energy. The energy of the in-
cident light is 2.77 eV.

Acceleration energy

30eV 40 eV 50 eV 60 eV
Ae 0.316eV 0.336eV 0.358eV 0.383 eV

We have estimated from # and E;, the required photon
power Wiy to obtain the emission current of 100nA, and
the results are also included in Table 3.

Table 3. The results of photoelectron current, quantum yield
and W]()().

Ep Ip I n Wioo
3.06eV. 19mW  400nA 64 x10° 4.6mW
277e¢V 28mW 200nA 1.9 X 10° 15mW
2.63eV  20mW  30nA 4.0 X 10° 60 mW
233eV 100mW <1pA <1 x 107

Figure 3 shows the results of dependence of photoe-
lectron current on time. As can been seen from figure
that the photocurrent gradually decreases with time. The
lifetime 7 is defined as the time when the photoelectric
current decreases by half. The results in fig. 3 shows the
higher the photon energy E,, longer the lifetime 7. Figure
4(a) shows the dependence of T on the cathode tempera-
ture. It is found T becomes longer when the temperature

Reference

increases to about 1000 K but becomes shorter at about
1100 K. Figure 4(b) shows the dependence of t on the
vacuum pressure of the chamber. The pressure has been
controlled by introducing Ar gas and air into the cham-
ber. It is found in both cases that t is longest at the
lowest vacuum pressure, indicating that ultra-high vac-
uum condition is essential for the use of this electron
source.

T T T T T T
1.0 %oags X Ep=2.63eV -
2 O Ep=277eV
Sosr \\\.N"\EP_?’-(MeV—
S oel .
)

=04 % %th -
=

)

Eo2r %"% R

0.0 1 1 1 1

4

0 5 10 15 20 25
Time (xlO3 s)

Figure 3. The results of dependence of photoelectron current on

time. Background pressure is 4x10” Pa, and cathode tempera-
ture is 300 K.
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(@) (b)
Figure 4. The dependence of lifetime on (a) cathode tempera-
ture, and (b) vacuum pressure. Vacuum pressure in (a) is 4x 107
Pa, and cathode temperature in (b) is 300 K.

Conclusion

We have developed an electron beam source using
the photoelectric effect, and measured /., AE and 7. From
these results, it is expected that the electron beam source
of I, = 100 nA and AE < 0.1 eV can be realized by using
a laser diode of photon energy = 2.6 eV, and photon
power > 60 mW under the vacuum pressure lower than
107 Pa. It is found that the lifetime can be increased by
raising the cathode temperature to about 900 K.

This study showed that our electron beam source can
be continuously used for about 10 hours in an ultra-high
vacuum condition. It should be noted that we can use this
source even in normal vacuum condition, i.e. in the order
of 107 Pa, if the cleaning of the photocathode surface,
which takes just a few minutes, in done in every few
hours.

[1] H. Kubotera, et al. , Appl. Surf. Sci. 256, (2009) 1046-9, H. Kubotera, et al. , J. Phys. Conf. Ser. 288 (2011) 012012.

[2] B. Leblond, et al. , Nucl. Instr. Meth. A 372, (1996) 562.
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Development of Digital Detection for Ring Core Fluxgate Magnetometer
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Short range gravity experiment using digital image analysis system in Newton-lV
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Mobilities of chiral molecular ions by a drift tube technique
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Constraints on the Charged Scalar Effect on B — D717,
B—DWrp0OOODDOOOODOODODODOOOOOOOO

o0oo
Advisor : OO QOO

1 Abstract

The decay modes B — D7D, are sensitive to charged scalar effects, such as the charged
Higgs effects. In this thesis we suggest a method to determine their effects by using the ratio
of branching fractions and forward-backward asymmetries. In particular, forward-backward
asymmetries on B — DY 7r(— 7v,.)0,, B — D¥7(— pv, ), and B — D¥7(— a,v, )0, play
an important role, which discriminate the Standard Model from other New Physics scenarios.

2 Introduction and Setup

Despite the standard model (SM) has been very successful in describing most of Elementary
Particles phenomenology, the Higgs sector of the theory remains unknown so far, and there is
not any fundamental reason to assume that the Higgs sector must be minimal, i.e., only one
Higgs doublet. The simplest extension compatible with the gauge invariance is called Two
Higgs Doublet Model (2HDM), which consists of adding a second Higgs doublet with the same
quantum numbers as the first one. Similarly, the Minimal Supersymmetric Standard Model
(MSSM) consists of adding a second Higgs doublet. In the MSSM, two Higgs doublets are
introduced in order to cancel the anomaly and to give the fermions masses. The introduction
of a second Higgs doublet inevitably means that a charged Higgs boson is in the physical
spectra. So, it is very important to study effects of charged scalar particles.

The branching fractions of B — D/, and B — D*{iJ, have been measured in B Factories,
where ¢ denotes e, 1 or 7. We define R(D™)) as the ratios of the branching fractions, that is,

B(B — DYrp,)
B(B — D®(e or p)v)’

R(DY) = (1)

Ratioing two branching fractions lower the hadronic uncertainty. The theoretical predictions
in the Standard Model using the heavy-quark effective theory(HQET) on B — D®ri,. are
evaluated as [1]:

R(D)uqer = 0.310 % 0.011, (2)
R(D*)uqer = 0.253 £ 0.003. (3)

These are consistent with the results in Refs. [2, 3]. The R(D) is also evaluated by using
hadronic form factors computed in unquenched lattice QCD as R(D). = 0.316(12)(7), where
the errors are statistical and total systematic, respectively [4]. In Ref. [5], the R(D) is evalu-
ated by using results of HQET and lattice QCD as R(D)uqer+1at = 0.31(2). These theoretical
predictions are consistent with each other within their errors. The recent experimental results

of R(D™) by BABAR [6] are

R(D)exp = 0.440 £ 0.058 + 0.042, (4)
R(D*)exp = 0.332 + 0.024 £ 0.018, (5)

-21-



which exceed the Standard Model expectations by 1.90 and 2.60, respectively.
In this thesis, we consider an effective Weak Hamiltonian such as

clvy G ‘/c
M =4 \1;5 2[0v, + miCs,Os,, +miCs, Os,] + h.c., (6)
OVL = (E7MPLb) (Z7MPLV£)7 (7)
OSR = (EPRb)(gle/g), (8)
Os, = (CPLb)((PLvy), (9)

where Ppg ;1 are projection operators on states of positive and negative chirality. We assume
that the neutrino helicity is only negative. This type one or more general one has been studied
in Refs. [3, 4, 5] by using some observables, e.g, R(D™) and ¢? distributions of R ratios and
anglar asymmetry on B — D™ 7, where ¢> = (pg — pp )%

Since tauon decays light meson(lepton) with nutrino(s), the measurements of anglar distri-
bution for tauon on B — D™ 7w, are difficult. However, angular dependence on B — D7,
is important to search for the NP effect. So, we study relations between the coefficients Cy,,
and forward-backward asymmetries on B — DW7r(— 7)o, B — D¥7r(— pv.)v, and
B — D¥7(— ayv;)v,, and show that it is possible to determine them almost completely
by using the ratios of the branching fractions and forward-backward asymmetries on these
modes.
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Potential sputtering from rare gas solid by highly-charged ion impact
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Development of a position sensitive scintillation detector
for in-beam v-ray spectroscopy
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Study of fragmentation reaction in the human body for proton therapy
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Physics Analysis of T-Violation experiment Run-1I at TRIUMF
and performance test of CDC setup (Run-IV)
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Supersymmetric Gauge Theories and Localization
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Development of an Amplifier Integrated Circuit with Wide Dynamic Range for the
Measurement of Break-up Reactions of Unstable Nuclei
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Development of a CGircumpolar Stratospheric Telescope for Planetary Observations
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[1] Taguchi, et al., SEHIMLZEAIFEBAFEHRIEAIZEBAFE RS JAXA-RR-09-007, 53-72, 2010-03.
[2] Nakano, et al., International Space Conference of Pacific-basin Societies AAS J-007, 2012.
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TELKHEICSL B BEEE X FHEE/NLY— GX 1+4 OFA
Suzaku Observation of the Low Mass X-ray Bainary Pulsar GX 1+4
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1

Pulse Phase

Fig.1 Pulse profile of GX 1+4 obtained by the
Suzaku observation. Background has been sub-
tracted. The upper panel (A) shows profile in the
2.0-10.0 keV energy range and lower panel (B) shows
in the 15.0-60.0 keV energy range.

- 35 -

Energy (keV)

Fig.2 Phase-resolved spctra(¢ = 0.45-0.65) of
GX 144 obtained by the XIS and the HXD-PIN are
shown in upper panel along with best-fit model com-
ponents. Lower panel shows residuals from the best-
fit model.
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Study of time variability of Na atoms density in Mercury’ s atmosphere
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