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Abstract : The aim of this study is to identify common factors which influence health-related
lifestyles of community-dwelling elderly persons in Korea and Japan, in order to obtain basic
data on development of East Asian health promotion model. Concretely, this study considered
the effects of health-related commitment and health-related self-efficacy on health-related
lifestyles, after assuming the same model for community-dwelling elderly persons in Korea
and Japan. For this research, an unsigned survey was conducted with 500 community-
dwelling old adults each registered in the senior citizen support center in B City, A
Prefecture, Japan, and in the senior citizen welfare facility in B City, A Province, Korea. For
statistical analysis, among the collected questionnaires, data from 182 Japanese aged people
and 214 Korean aged people who had no flaws in analysis items, were employed.

According to the analysis by structural equitation modeling, both of Korean and Japanese
aged people had high self-efficacy in health care, as they highly perceived health-related
commitment, and continued to practice health lifestyles, as they highly perceive self-efficacy.
This result implies that there is a necessity of implementing health education which lays
emphasis on an intervention into health-related commitment and self-efficacy in health care,
for making the elderly keep health-related lifestyles.

Key words : The Elderly, Lifestyle, Commitment, Self-Efficacy
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Abstract : For the Duchenne Muscular Dystrophy (DMD) patients in the process that
shifted from in a wheelchair-ridden to bed-ridden, I performed a random ed clinical trail and
carried out occupational therapy and compared the change of the QOL of intervented group
and the follow-up control group. The participants in the sutudy were made of 20 people in an
intervention group and 20 in an control group. There are stages were VII and VIII in
Functional Classification. We examined the change at the begining and three months later by
using the Schedule of Individual Quality of life-Direct Weighting (SEIQoL-DW) and the
MDQoL-60.

As a result, the scores of SEIQoL-index and in MDQoL-60 items of psychological
stability,environment and the human relations increased in the interventioned group. The
scores of SEIQol-index and in MDQoL-60 items of psychological stability, environment, hope
and activity declined in the control group. As a result of having compared the amount of
change between two groups,the score’s of SEIQoL-index and in MDQoL-60 items of
psychological stability, ADL, environment, hope, activity, human relations and nature in the
intervention group surpassed those scores in the control group. Therefore, it was suggested
that the occupational therapy based on the needs of the DMD patients is one of the effective
support to lead to QOL and it effects on them.

Key words : DMD, Occupational therapy, QOL, Effect, Rehabilitation
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The research of respiratory movement induced hepatic tumor
motion in radiotherapy by use of a cone-beam CT
under the fluoroscopic mode

Xiaoguang Lu, Hiroki Ohtani

Abstract : The characteristics of the hepatic tumor movement caused by respiration were

evaluated by using fluoroscopy in this study. Motion signal curves of the tumor and apex

were derived from fluoroscopic images acquired under the Motion View Mode on cone beam

CT installed on an Elekta Synergy-S accelerator. The curves showed the relationship between

the tumor and the diaphragm movement caused by respiration. Measurements showed

motion of the tumor was closely related to that of the diaphragm caused by respiration. For

the same patient, the periods and the ranges of the respiration were only slightly dissimilar

among different fractions. On one hand, the patients could hold breath to minimize the extent

of tumor motion. On the other hand, the tumor motion can be deduced from the motion of a

marker affixed to the patients’ skin. It is possible to reduce the influence of motion

uncertainty by investigating the respiration to make treatment planning more accurate.

Key words Cone-beam CT, Fluoroscopy, liver cancer, Respiration

I Introduction

Radiation therapy plays an important role in the
treatment of liver cancer, which is the one of the
most common malignant tumors in Asia’. Owing
to the accumulated high dose of radiation required,
as well as the use of hypofractionation, attention
must be paid to accuracy in treatment delivery of
radiation therapy to the liver cancer. However, res-
piration often leads to liver movement during the
therapeutic process, especially in the cranial-caudal

(CC) direction, which may cause an erroneous
dosez~5>. As a previous study, Maier-Hein, et al.2>
showed that mean displacement between expira-
tion and inspiration was 15.0 4.7 mm, with cranio-
caudal movement making up the main part (14.2
4.9 mm). In order to achieve accuracy in the dose
to the target, the margin extended from the clinical
target volume (CTV) is ordinarily provided for
three-dimensional conformal radiotherapy (3D-

CRT) and intensity-modulated radiation therapy
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(IMRT). Furthermore, the range of the margin has
a good relation to the respiration of a patient. This
could be deduced by use of the fluoroscopic imag-
es that carried out under free respiration of pa-
tients. In this study, we studied respiratory move-
ment to analyze tumor motion due to respiration
by use of a cone-beam CT (CBCT) installed on an
Elekta Synergy-S accelerator under the Motion-
ViewTM mode of fluoroscopy.

II Materials and Methods

1. Materials

The ventral fluoroscopic images of 5 patients
gotten primary carcinoma in their livers were ob-
tained with the kV-CBCT under the Motion View
TM fluoroscopy mode®in a general hospital in
China. All of the patients have gone through inter-
ventional therapies, and hence the concentrated
lipiodol was deposited in their livers during the
whole periods of radiotherapy. The fluoroscopic
scopes contained the movement areas of their dia-
phragms and livers. The interval between adjacent
pictures was about 0.18 s, and the spatial resolution
was 0.5 mm. The positions of lipiodol, as the tumor
mark, could be clearly observed and measured in
the continuous fluoroscopic images by use of the
XVI image system of the CBCT 7>, and the signals
of tumor motion were derived according to the
measured positions. All of the work in this study
was carried out under IRB approval in China.

2. Motion signal curves of diaphragm

and tumor

The regulation of respiratory movement was
studied by using the continuous fluoroscopic imag-
es which obtained during 20~40 s in each fraction.
Both of the anterior and the lateral images were
obtained and they demonstrated that the tumor
movements were negligible in the anterior-posteri-
or (AP) and leftright (LR) directions, but were ob-
vious in the CC direction. A lead cross was at-
tached on the thermoplastic immobilization as the
reference point for measuring the positions of tu-

mor and diaphragm in the fluoroscopic images.
The patients were asked to breathe freely and the
fluoroscopy was carried out before the irradiation,
the positions of the diaphragms and tumors rela-
tive to the lead marker were measured on each flu-
oroscopic image, and their motion curves were
concluded from the positions and were analyzed in
detail.
3. Movement of tumor in deep breath
and breath holding
The patients were trained to hold their breath,
and the fluoroscopic images were obtained. The
patients were told to breathe freely at first, and
then, to hold their breath following instruction.
The relation between diaphragm movement and
tumor movement was studied as the patients held
their breath.
4. Effect of thermoplastic immobilization
on tumor movement
In order to investigate the influence of thermo-
plastic immobilization on respiration, the fluoros-
copy was firstly carried out when the patients were
immobilized by use of thermoplastic. Then, re-
move the thermoplastic immobilization and make
sure that the patients didn’t move. Attached lead
marks to the thoracic space and abdomen of the
patients, after that, the fluoroscopy was carried out
again. Differences on the cycle and range of respi-
ratory movement among the patients with and
without the thermoplastic were studied, as well as
the relationship between movement of skin mark-
ers and tumors.
5. Differences of tumor movement
among fractions of treatment and patients
For each treatment, the fluoroscopic images
were obtained as the patients were calmly breath-
ing. The movement curves for the diaphragm and
tumor for a given patient were investigated in dif-
ferent fractions, and the differences of respiration
among the patients were analyzed.
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III Results
1. Periods and ranges of the hepatic tumor
movement

The movement curves of the hepatic tumor and
diaphragm demonstrated that the range of the tu-
mor movement was in general in accordance with
that of the diaphragm movement caused by respi-
ration. The movement cycle was basically similar
to the respiratory period. Due to the influence of
the tumor position, there was a slight difference in
the movement curves of the tumor and diaphragm.
When the duration of fluoroscopy was long
enough, the range of the patients’ respiration
would obviously fluctuate (coughing was not taken
into consideration), however, the patients’ respira-
tion was relatively smooth in each fraction of the
treatment (Fig.1). The anterior and lateral images
demonstrated that the range of tumor movement
was small and negligible in the AP and LR direc-

tions. As the typical case shown in this study, the
range of tumor motion was about 10 mm in the CC
direction. It is suggested that a 5-mm-margin ex-
tended from CTV to PTV in CC direction could en-

sure a lethal dose in the tumor.

2. Movement of the tumor for deep breaths
and breath-holding
During the period of breath-holding after inspira-
tion, the positions of the diaphragm and tumor al-
most did not change (Fig.2). At the end of inspira-
tion, the range of the tumor movement was
different from the diaphragm movement because
of the liver distortion caused by other organs, how-
ever, the period and phase stayed the same. For
different patients, the breath holding time and the
ranges of the diaphragm movement during the
breath holding were different.
3. Effect of thermoplastic immobilization
on the tumor movement
The fluoroscopic images were obtained with and
without the thermoplastic immobilization. Further-
more, the tumor movement curves were analyzed.
The results showed that the difference between
the respiration periods was not obvious. However,
the movement range was decreased by 4 mm in
the CC direction (Fig.3). This study demonstrated
that thermoplastic immobilization of the body not
only improved the positioning accuracy, but also
reduced the range of tumor movement. As a result,
the range of margin could be reduced in the treat-
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Fig.3 Effect of thermoplastic immobilization on the respiration

ment plan, so as to better to protect the normal tis-

marker in the AP direction could be measured. As
sue.

the data showed, the periods and ranges of the
marker movement curves had a good relation to
the tumor movement curves (Fig.4-a). We defined

F1 was the marker movement curve and Al was

The fluoroscopic images showed that the marker
in the patient’s thoracic space had no obvious mo-
tion, and the marker in the patient’s abdomen
moved with the respiration only in the AP direc-

the average range, A2 was the average range of the
tion, so that only the movement of the abdomen

tumor movement, and tried to calculate the tumor
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Fig.4 a) Movement of tumor and skin mark during respiration; b) Measured and calculated movement

curves of the skin mark

movement curve by formula F2 = F1* (A2/A1).
The result was compared with the measured tumor
movement curve. The two curves were basically
same, where as the marker movement in the AP
direction and the tumor movement in the CC direc-
tion differed only in the range, which showed that
it was feasible to deduce the tumor movement from
the marker for the tumor tracking technique
(Fig.4-b).

4. Differences of tumor movement

among fractions of treatment and patients

Figure 5-a shows the diaphragm movement
curves in five weekly fractions for a given patient.
The periods of respiration were slightly different in
the five weekly fractions, and the ranges of the dia-
phragm and tumor movement caused by the respi-
ration were almost the same. By comparing the
respiration periods in fractions of the whole treat-
ment, we found that the period of the patient’s res-
piration was basically steady. If cough and other
disturbance were not considered, the range of tu-
mor movement was almost unchanged in the treat-
ment.

The difference in the periods and ranges of 5 pa-
tients’ respiration were obvious (Fig.5-b). The res-
piration periods of patients were 3~4.5 s, and the

range of diaphragm movement was 10~15 mm.
For different patients, individualised treatment
plan should be designed according to the respira-

tion.

IV Discussion

Radiation therapy is a complex process, and
many factors could influence the accurate delivery
of dose to the tumor. The movements of the tumor,
tissue, and organs caused by respiration had ef-
fects on the accuracy of the treatment position and
dose delivered to the target volume. It would there-
fore, result in reduction of tumor control probabili-
ty (TCP) and increase of chances of recurrence.
The tumor movements of patients were obvious
during radiation therapy because the liver could
easily be affected by respiration. For 3D-CRT, es-
pecially for IMRT, the patients’ respiration should
be studied when the treatment plan is designed,
selected suitable margin to ensure the accuracy of
the dose to the tumor. The results of this study
showed that the range of movement of a liver tu-
mor could be more than 1 cm in the CC direction,
but was not obvious in the LR and AP directions.
Due to limitation of time and space, the movement
curves in the LR and AP directions could not be
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obtained exactly. In view of the tumor movement
and the lower dose at the field border, the margin
should be about 1 cm in the CC direction, as well
as respective 5 mm in the LR and AP directions for
the treatment planning. The results demonstrated
that the period and range of respiration were stable
in the whole treatment.

To different patient, the respiration range might
be different. Furthermore, the position of the tu-
mor relative to the diaphragm would also deter-
mine the influence caused by tumor movement in a
way, so the margin should be specially considered
based on the respiration of patients for treatment
planning. According to the results of previous stud-
ies, Guckenberger, et al.? reported that margins of
4~6 mm were calculated for compensation of the
intrafractional drifts of the liver. The motion range
of the diaphragm dome was reproducible within 5
mm for 11 of 13 lesions. Kitamura K, et a1.4>demon-
strated that the average amplitude of tumor motion
in the 20 patients was 4 +4 mm (range 1~12), 9+
5 mm (range 2~19), and 5= 3 mm (range 2~12)
in the LR, CC, AP direction, respectively. It is sug-
gested that the individual difference can’t be ne-
glected in this investigation.

Breathing control could lessen organ move-

a) Respiration movements of 5 weekly fractions; b) Five different patients’ typical respiration move-

ment” 10). As a result, the movement range of a liv-
er tumor was lower when the patient held his
breath. Multifield radiation and the normal dose-
fractionated irradiation are usually used in CRT for
liver cancer, and the patients should hold their
breath repeatedly during the treatment. In order to
fix the tumor position, the patients should have 2~
3 periods of training of breath holding before they
are irradiated, which makes sure that the tumor is
in the irradiation area. Most patients can hold their
breath for about 30 s, whereas the time of a single
radiation field was about 15 s. Therefore, the tumor
position was basically stable in a single radiation
field. Different patients hold their breath for differ-
ent times, therefore, each patient should be
trained, and the regulation of tumor movement
should be analyzed.

When the patient breathed freely, the tumor po-
sition could be deduced by the detectable marker
attached on the patient’s skin surface’™ 2 It was
worth noticing that, as the marker was put in dif-
ferent locations, the respiration range obtained
might vary. This should be measured and analyzed
according to each patient. For a given patient, the
marker position should stay the same for different
fractions, so as to keep the same relation between
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the movement ranges of the tumor and diaphragm,
and the formula deduced by measured data could
be used repeatedly, which could reduce the burden
on doctors and patients, as well as reduce the treat-
ment time.

X-ray fluoroscopy can monitor the patients’ tu-
mor movement, which is easy to use, costs little,
and obtained reliable results. However, there must
be an obvious marker such as iodinated oil, or met-
al marker in the patients’ bodies. However, for
some patients, the shape and volume of the iodinat-
ed oil might change during the whole irradiation,
which has an effect on the accuracy of measure-

ment.

V  Conclusion

In this study, the characteristics of the hepatic
tumor movement in the CC direction caused by
respiration were analyzed by use of fluoroscopic
images. The average amplitude of tumor motion in
the 5 patients was 10+ 2 mm in this investigation.
The relation between hepatic tumor motion and
respiration of patient has been demonstrated in de-
tail.
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Abstract : The purpose of this research was to clarify the characteristics of CT-scanned

patients at Tokyo Metropolitan Bokutoh Hospital and to investigate effects of the aging of the

population on CT scan study. We retrospectively surveyed patient’s age who had undergone
CT scan study at Tokyo Metropolitan Bokutoh Hospital from 2002 through 2011. The patients

were divided into four age groups: age under 15, age 15-64, age 65-74, and age over 75.

Median age and mean age for patients increased from 52.6 and 58.8 years in 2002 to 56.8 and

63.0 years in 2011. The proportion of the patients 75 years or older increased from 14% in
2002 to 23% in 2011. The proportion of the patients 15 to 64 years decreased from 55 % in 2002
to 46% in 2011. The proportion of the patients 75 years or older and 15 to 64 years were

highly-correlated to the percentage of regional population (Sumida-ku, Koto-ku, Edogawa-ku)

of 75 years or older and 15 to 64 years. The result of this research indicates that the

proportion of CT-scanned patients at least 75 years old will increase to about 40% by the year

2025.

Key words : X-ray computed tomography, medical care, patient, age, aging
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A multi-wire chamber with a pair of electric slit wire planes

NEORERL HE B EasE—

Taro Ohama', Nobuhiro Ishihara!, Shoichi Kitamura®

E BV FIAYTFooNIBWT, T/ —FIAYOE y F 25 UE,
RN BT 2 RIEE R B0, T/ — FUAYOEMIIE » FI B E <
TOLLEND Y, MEPEEE Y, ZEHYE LA RS 22T, T/ FTA4Y
DOEYFHRp=3mm DR 2T F NI, 7/ —FIAVEIFATICETAY vk
DB E I A) Yy VIAYHEZTHZLICE ST, 7/ —F74YOEM
FE Y F2p=3mm ISHET L ILDBMNEMNOE ET, ¥y F 2L 1Imm FO03
DOOFMIIKFFHMTEL L)Lz, aEflioT, 7V x7 M2 KHEBIZE > CHE
KEHIIL, BICEAAGDELER, EZHICp=1mm ¥ v FD7 / — N7 4 Y%z #H>
T N EM R R Rz C ORI o TRKE T ) B R EHR O G 7
EWIELIBATE %,

F—TJ—R IV FIAYF 2N, BFA) v b, FESENE X5

1. ¥8

SR FEBRCANT] R 2o Ao BB F-IRBI AR L 28V VA, ik, FAEZFIH T2 b OWH B, Wb
BRTICL A4 MEBRAFHL TV b, 209 b AT T AV FHEED/N S V720D R WRERAT
BOoNDOVEMTH D, BHRIIILEHS - HANP A= F 2o VE LCHRELA®E, Yy sy s
b VNMAEREIRA D T AN T = VNI E L, BUE b BB O R 11T % 720 12 BRIIZEDS
Bl HNTVD, TTTIETAYT = Y NONESFREE BRI LSS, afid v
WG SRLH LR L2 5H CONEEREEGSHIOATLIZ LA EZ N0 THRET 5,

—HEZ, TAXTF = UNIET = R A YIS AR EE (gas multiplication) 2% 1), #HEo7 / — F
T A X FHEOTNVF T A Y F /8N (multi-wire chamber) 12§56 2 & TH 7V 27 b OR%E EWKE TR
RAHBIENTED, 7/ = FIAXYOE Yy Fa2HLTIUL, ZRGMREILIN L3525, 7/ —-FJ7A4YD
BIILYE  FICRHBIICE T 2 LEND Y, $72, MENTBE R D, REHEELORFZES Y,
ZZT, 7/=FIAYOEy FRIBEWEELL TV p=3mm IZBREL, #H7iZ, 7/ —F7A4¥I2
FHLCTERTA) Yy "OBE 2/ -Eb 20y bIAYEERT, 7/ —-FIA4YOEy F%, 5PAYICS

1 BRIV F—IESDIZeHER (KEK) High Energy Accelerator Research Organization (KEK)
2 HOAREFEES A Nihon Institute of Medical Science
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SEIL, MRBEREDET LI EI2L-5TC, 7T/ = FIAYETLOBRCEMLD F FTHRETE, ExHWIZ

T —=FIAYOE Yy FRp=1mm O\F = N L (FITEM R EEEICT 5, HEEWEL RS IR,
FEEGEORPEICISHTEL 2Ry, ZOLHIE, 7/—FIAXYDOE Y F% p=3mm TiE->Tp
=1 mm DZER 53R % Fi7o 8 3 AT F 72N v,

I. 5

1. #EEEBAIEIL (unit cell)

TNVFITAXF L oNDT A VERNZOWT, Fig. 1 12 x—y P, x—z P %57, x—y Fi ki
1 7,=10 um OFMT A ¥ (Hidi 5 2 KIE Ty DRPERTRIMWICERDIE 252V E )12, I
FfErg=70um) % ¥y F p=3mm T2l K%E->77 /— FJT 4 YH, s=4mm OFTIZFE 7=70 um
DIAXYEE Y Fp=3mm T2 AEKES7=A) v NTAXHD Db, Tz, x—zH 12X, FEr=
70um, ¥©vF p=3mm T2 KiE-727Y v FIAXYHLEH DL, 7/ —FIAYXYHEET) v K74 Y
(T EEEE g =2 mm BN T WE o 7eiE L 2o T b,

TN RIAXIRT /= F7AYIIH L CTEMADOHANIE->TWD, 7/ = FTAYHEH, 7y FJA

y
C G AA St S
Ve,Q :OddA( Va,Q : Vs,Q
C\C : a=a CI)VS%QS‘I S, S
:EvenA( VaQ !
! aQa |
' Vs2.Qs2 .
) [ O 57 o-particle
0dd ALt fEIONS |
"""""" 57555577 region 177777 -5
Po=6mm : A reg|on2 Tp=3mm X
EEvenA ., 1egio l i
--------- r---v/f%/%/ﬁt%ggwﬂﬁ/-- :
SO R I R Q _region3 |
'0dd A ;
c=4 'g=2 St= ' s=9
mm mm mm mm
z
c c 1a St S

b ,’ _

s | ! R

! ! l X
e —

Fig.1 Wire congulation on x-y and x-z planes. q./ (27€0) , qg/ (27€0) , 951/ (27e0) , gs2/ (2mep) and q./ (27ep) are
expressed by Qq, Qg, Qs1, Qs2 and Q. respectively.
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EAKME 2 Hm, 7y FIAXYOEFL% yJim, 7/ — KIAXYOEFLN% z ik 3
ow%néhﬁwyﬁﬁ®U%u7/—b74¥®mv# . —H, 2 iAofiEE, 7))y FUAY
f)‘%TTfZ)o

CDF = Y ISNOEMEIZ T = v N D LB (proportional region) # flio> Cwb, 7/ — FJ 4 YRET
ARSI B L &, TAVYO—HTIE% L, BEFAAICE mm OJL3) 252, ko TF Y v 7Y
AX%T /= FIAXDL) IRV E Yy FICT LR EIE v 72, 7)) v FUAYORRRIZZEINT,
HABGERERE 2 Fi /-4 B BT R {, M7 A Y EROBRIFEL TE L, 74 v R, 7/ —-F7 A
TORFEEMIIE Y F 2R THIET, BBDIITNFTIA YT = W NOSERER FEZ TS 2
LT X B,

A1)y NIAXEIXT /= FIAXEHEFATTRELIORT L )12, VA VEIZT /— F7 A4 YofL

2R L CHEWICEEYT S LAMEICESTWA, ZOAY v I AVICKEIZHE, BEOFS IR
D, #H(0dd, OFNZE B & @ (Even, OFNEHDAY) v T A YVIZH -2 5B AT 5 2 &
T, 7/ FI7AXICHLTRAY Y bOEHERT, 7= v NAF Ar £ F &35 1 5L Q@R HRS 77
Z (Ar : 89%, CO2:10%, CHy:1%) Tiii L T\ 5,

4, Fig.lx—yHICBWT, po=2p=6mm & c+g+s+s(=4mm+2mm+4mm~+9mm) CH F L7z
M, BIOx—zICBWVT, po=2p=6mm & c+g+s+s TPl Nl 2BV ] EHDUT 5,
i, 7/ —=F74YH, AV vy NIAYE, 7y F7AYHEIZERILS>Twb50ET 5
&, FiglicBwe, 7/ —=F7A4AYHE, 7))y FIAYEEDIZ, po=2p=6mm FE DOHAL LIV D¢
NELTTETWh,

A2y PIANIZFgLICR S X )12, FEEFH (0dd)S1, & B H (Even)S TIXBIL, 1§ po=2p
:6mm®$ﬁkwm¢k,%ﬂ%h,1$TOJ2$%50%@ﬁﬁkwa@%ﬁmﬁﬁfévab
74?&iﬂ@ﬁ%%oiﬁtwmﬁA#%74¥®UZﬁlO@iﬁ%w’FL UZﬁwwim«

BT 5. 2OX) BF o v NTHE, ZHOBMAMIRD (DR TEEINL, ZOADPLLHEL LI
yﬁmﬂiPO—ZP—Gmm TR LFEUEBMEZRD, ZOHMEIVOBSKMWEEZ T E2BITIEF = g
ROBAL AT % RDI2Z L1 5o

T = FIAXICEN Ve, 70y FIAXIZEMV, 0dd, Even ® A v s 7 A Y2, ZhZEh,
Va, Ve %52, Fig.1 ® CEM(H vV — NH), SEM(V —AH) OBMEENENV,, V& Lk &,
HAURESHDDOT )= FIAXYDEME qo. 7)) v RTAXYOEME g5, AV v hIAXY S, S2 D&
&, FNEN, ga, g2 &350 T72, HV— NHEETIEEMNIE—FRIZOMALTDBELT, #V—F
L ClE po=2p=6mm CTHMU R ZH77- ) QMR LOBME g L35 &, 3WILZERIZBIT 55 Py, y,
2 DER Vi, y,2) IZA) v 74X DRVEE L B L TRz ) 57,

4. .| 2nx 2n(y—Po/4)}} q,
= 9 4 h _
Vinyz)==p n {COS B /2 % (/2 ] 2600, /2"
a, . [ 27(x+g) 2n(z—po/4)H a,
~ % 1n| 2] cosh - -
ine, {C‘)S /2 (s S 2"
C4a . 2n(x-s,) 2ﬂy}}_ 90 .
ine, In 2{cosh7po cos y 2.0, (x-s,) (1)
Lo gy 2{cosh2ﬂ(x_s’)—coszn(y_p"/Z)H— 4. (x-s,)
47e, by Do 2&,p,
_ 4 (x+g+c)-¢
€y Do
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Ehbe TTIQIITEEN, e ZBEEOFEFRTH S,

ORI BT, ZBBOME, BMNEG2 5L, B qe g gs1. g2 ge B L OTEETEN ¢ & KA
ETHROEN SRR LGS, ZORIET = v NOFEM, BRE, BLRWEEOIZIZTXCOREEEET
NEBDL(Z M) v 7 ADFEFE Aj I22W T Appendix 7).

A, A, Ay A, As 1)q,/Q@re)) (V.
A, A, Ay Ay Ay -1 g, /@) | |V,
Ay Ay Ay Ay Ay -1 a0/ Qre) | |V -
Ay Ay Ay Ay A 14, /Qre) | |V,
Ay A, Ay Ay Ay -1 q./Qrey) | | V.
Ay Ay A Ay As -1 ¢ Vs

— I, DELEM g #5512, Ev T po NSV, BV, 2T E S5, T2, V— AT L,
M po=2p=6mm CTHMEZH7- ) OHILH LOFEAN g5 13 ¢s= — (204 +2¢g+ gs1 + g2+ q0) o EHIT, F =
YNHNDOEMOEEDE P, y, 20128V, x, 9, 2 HAOER% Ey, Ey, E, L $5E, BRI AY v
FT7AY S, Se DB LT Fig.2(Upper), (Middle), (Lower) D X 9 127 % (Ey, E,, E; 122V T
13 Appendix Z18) .

2. MEHNE

BRITHAMICET /= FIAY, K70y FIAYEBECTY T v Ty Tt HEdEARN ik
HBE, ZRHOTVT T ELELTLEOT, T TREFWEE»OMESEEZRAT LTS, £
3, Fig.3(@) 2BV, O0dd HoiPtT = — > (L) 2 FIHAT 5, 7/ — F7 A Y (KATRLAZK
WEELT = FUAVELRS IR G 2K E250) 65 1 A ZEZIRMTEEE (L 9 B, 7/ —
RO AYEETIEROMBNET A v E/RZAG L TikoTWwa,

PUF, EHioHAIZA — 24 (ohm) & L, Fig.3 I2BWTIRMDOERD 720, ohm # &M+ 2, F o o1
WOFTAFIZAS L CEL gL o TEBESNAETP R ZMLTCERELLT / — F7 A4 YO
BAXYMOME) ST/ — KA VERE COMPUEE Ray, HinE COMPUEE Rp 55 L, 7
J = FIEPLTF = — » OIETUE ra W5 O R INIEPLZ I 2 T ra=Ra1 + Rez +12.5X2=200x 10+ 12.5%x2 T
bbo 72, 7T ¥ T PAL PA2 ENENO ATPUL T ¥ T A O ATHGUE 510 1T 1000,
FHAIEHTx 22 T rja1 (%) =rja2(x) =510+ 1000+x TH 5, j=1, 2, 3 & Fig.1 (Upper) |2/~ 9 region &
ER

fito> T, Fig.3(a)® 0dd D#HF = — >~ (FADIZB VT, |IF = — v %2 H PAL NN D B %
ia1, G PA2 Nipp &9 B8, ANV by FIOMEL

R‘”:[1+ T +rj32] i,  1pt125 Ra2:(1+ T +r].32] i,  Lu+125 3

ra 1 al +i a2 ra ra ra 1 al +i a2 ra

%%, £72, Fig.3(a)® Even FHOIPLF = — > (PN I2OWTH FHET, /45 PA3, PA4 O AJJikdt
T ENEIN b1 (%) =1jb2(x) =510+ 1000 +x, ANITEIRE in1, 2 & T 5 &,

(4)

Rbl _ U Tz ibz Tipz +112.5 sz _ Iy 0 ibl Ty +112.5
—=|1+ - , —=|1+ - .

L, T, L+l n, T, L, Ly Hlpp r,
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51, 2 HMIZOWTH A (Fig.3(h)), 71 v FIEILT = — VSIS % & o 72 I8Pl 2% rg =
100%20+300%2, 7)) 7 >~ 7 PA5, PA6 D AJJILE, ZNZI, rg(i=1,2) =510+1800, AJJTEii &
ig1, g2 & L THUORENTE L, EEPEELZZY v FTALXYOMEL XY POME) S 7Y v
R A Y TOEPUEE Ry, G COMIUEL R £ T 5L, 7V v FIEHTF = — > DIRHUME g
VLT3 ORI M2 C rg=Rg1 + R +300 X 2=100%20+300%2 TH %, > T,

Rg1:(1+2rgi)ig2‘_rgi+300’ Rgzz(l+2rgi)igl‘_rgi+300. )
I';I l'g 1g1 +1 @ I'g I'g 1'g 1g1 +1 @ I'g
3. RPEHAlETU 7 TDADER y
Fig.3() R+ L H12, 7/ — F7 4 Yid0dd(Z%% St .S
FH LBI1E o5 6mm) k Even(BHAEH, o=
THI1I0A, EvFeémmiXopL, EiF=—>b Even A~
Odd, Even 2122 20D AMae HET 2. & 512, p0=6llp=30ddA? y
Fig.1 (Upper) 2R X H 27/ — FIAYDE Y Fp mm . MM Eyenp—>
=3mm % % O, [ |2 regionl, region2, region3 X3 Odd A %
G B SV;’%
¥, regionl IZOWTIRF T4, DUF, BEALOH e e
BV EF B0 4 Vo=1846, Vy=Ve=Vs=0 D& X, o
ANy NI AXITVa=903, V=903 %52 5 &, ]
I'lal =Tla2 =T1b1 =T1b2=510+1000+25 &£ B < &, Fig.2 St S
(Upper) IR £ 912, ELLTAY Y PTAYHO S —
TR, regionl DR EEIEE T D IIT A EADOAT =
J=RIAXIZETLIENTE, BHIFAY v T =
AYS, SIEWBIRENTLE). ZOHE, 7/ — _ — : x
K7 A ¥ I2# L 72E T d regionl OFEHHE L7251 T & —
WV, S
Z2T, WiE, 0dd DAY v kT A Y OB = ——
{ Va1=903—76, Even MM % it < Vig=903+76 & Tepa s
T2 &, HEH, Va<Ve®¥4, Fig.2(Middle) (275 \
FTEHIZ, T/ = RFTAVIET LET I region2 % ! St S
L, Y OETIEEven DAY v b7 A4 Y S22
WL &5 o ————
SORREAL )~ PR 70, Figdl) g =
L, 0dd DT = — > TRELED T T ¥ 7D Po;%JIp;?am OdaAsr —
AN A D2 2. BIL, M7 7 > 7 PAL PR = ——
D AFTHEHL % 1201 (x=0) =510+ 1000+ 25— 25, 75l 0"“;
PA2 ® A 77 4 B % r2a2(x =50) =510+ 1000 + 25 + 25
EES 5, £ FMEven T, LWTY 77 W

PA3 ® A J7HEHT % rop1 (x=50) =510+ 1000 + 25 + 25,
FifH] PA4 % ropo(x=0) =510+ 1000+25-25 £ § 5,
WHF = — 2~ 1I2BWT, 200 DI/ITIT E v F po=

Fig.2 Electric eld lines bound for the S elec-
trode in case of Vg1 ="V (Upper). In case
of Vs1< V2 (Middle) and Vi1 > Vo (Lower) .
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6mm IZHET LMD 2 FKT, HEoT, 20 0dd DIEILF = — » Tld, Va=Ve Dk &L L_TEFA
KPi% —25, H%E+25 128 W52 &, Fig.3(a) (Upper) TOdd D7 / — K7 A ¥ DALl & FERhIC
# 1 mm(6x25/200=0.75) /577 PAL (23001 72 2 L IZH4 L, [FBRIC, Even Tid Fig.3(a) (Lower) |23
WC, 7/ = FIAXYOMEEL S PA2 N Imm ED T A% 3%, 2H9LTC, 7/—F74¥D
15575, 1% 5 E17:Cld Fig.1 (Upper) D resion2 # i L 7255 CHH I L 2RI LN TEL, 2D
AP x OZEFEEEMEI Figd (R THEMXOTTA v 5 =5 T MLV AZ 2D X TfT> T b,

C OB LIS, 0dd DAY v T A XITEWEM Vi =903+76 %52, Even |ZfK\ AL
Veo=903—76 % 5- 2 72 Va1 > Vo O34, Fig.2(Lower) D X 91270, AJJIEPL% raa1 =510+ 1000 + 25 +
25, r3a2=510+ 10000+ 25— 25, 1351 =510+1000+25—25, r3p2=510+1000+25+25 L ZH#H _C, Odd ®
7 — FUA Y %EMing2 PA2 ®J712, Even % PA1 23513 T, Fig.1(Upper) ® region3 D&% #-¢
Tl b, Fregion(Vsy, Ve D) LxHIGT 570 7 v 7O AIIOME TREICHED TE <,

region regionl region2 region3
V,.(V) 1846 1846 1846
V.,.(V) 903 903-76 903+ 76
V., (V) 903 903 +76 903-76
V,=V..(V) 0 0 0

Odd- 1, =51041000+25 r,, =510+1000+0 r,,, =510+1000+50
anodewire  r,,, =51041000+25 r,,, =510+1000+50  r,, =510+1000+0
Even- 1y, =510+1000+25 1, =510+1000450 1y, =510+1000+0
anodewire 1y, =510+1000+25 1y, =510+1000+0  r,,,=510+1000+50

DIV, Vo b dbllA vy -5 7 LY AFT, JEK, HAEIZY YL CFRIIL, & re
gion THZEHZERGDLEIUE, HHD, 1mm BB TEHIL 20 & S 7% 50 BRM 5707
1% KEK (5 T % b & — fiiis 2 iF 72 4k ) THi%E L 72 ADC (Analog to Digital Converter), KODAQ (Kakuken
On-line Data Acquisitin System)8> EAHALTAZ ) =Y EIZH#nTw5,

I [RNF] OGERR

Bi%, ROstlloOsi a2 5720, A8F %2 E7 002 MAm 0 o # % - 7 B % 47 5 72,
HWFO[ AT 1% Fig.1 ® SEM5um O 7V I F 14 A< A7) OIMI(ZBREHF)IZENT, ZOsMilH
5 FHIEAIE F 05> M Am (370 kBq) @ o # % HBST L 720 % region 120 % 343, &at 9 43 OB AT T
R L — P T L 72 Hi 5% Fig5 05T 20 Ve=1846 FHEDEM TIZT / — F7 4 ¥1x *Am @ o
(5.48 MeV) |25 L T D& A HIEORRE % o Y,

Fig.5 NE& /Uil 0dd 7/ — N7 A Y OE5 & o TR A8 0§ (Wil 2y, #Edmadsz) T
HY, I Even 7/ — FT AV TRAMBGT, RFZICCOWE(TELW, 0ddT7 / — F7AVYORES
EFBRYE, Even 7/ — R AXYDOES) 2EREGLEL L TEAGmMOI AT |OEENERT 5,

IV %

C DFEH (Fig.5) 7 b 22 o BAIZ (1) T, BRI Appendix IR TR TEETE Y, WEAEIL L7
LOTHIE, ZDL) LKGEHNDEI> 2 Ehb b, Fig.5 @ Lk 1 B H o403 Odd 7
= FIAYIREF 1L ADON, WHOLT ) — FIAYXYE1IRKEZR)DT /) — KJ A4 YDOMIE,
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a1 ra=200%10+12.5x2=2000+25 for Odd anode wires a2

i .
a1 425 200200 200200 125 a2
1000 X

510 LG N TR e TR e T e N e R, 510

510 M Q0 PR R e 510
‘ 1000

X b1 125 100 200 200 200200 100 125 5

—
b1 ,=200%9+100x2+12.5x2=2000+25 for Even anode wires o2

(a) Resistor chain for anode wires

300 100100100 100 100

rg1=510+1800 rg=100%x20+300%2=2000+600 rg2=510+1800

(b) Resistor chain for grid wires
Fig.3 (a)Resistor chains for Odd and Even anode wires. Unit of resistors is ohm. Direction PA1 (PA3)to
PA2 (PA4) corresponds to the positive direction of y axis on Fig.1 (Upper). (b)Resistor chain for grid
wires. Direction PA5 to PA6 does to the positive direction of z axis on Fig.1 (Lower) .

Pre Amp  Div.
ia2 Gate
i —PA2 FAN in/out discriminator Generator
a4
I Gate
FAN in/fout Generator
PA1 1Scaler nfou
Odd* (Oda) | |—>ADC gate
— +
¢ ¢ PA4 L —cAsE]
Odd— Even™ 1 2—) KODAQ
A — &
ias o — Scaler input interupt
(Even) switch  resistor
|::| INV. INV. s
——{PAB [AN infout discriminator Scaler
ig2 ]
=
- PAS [ }—>Apc()
[ F—>nApc()
[ —>nnc
[ |—>ADCQE)
(4)
()

delay 200ns  attenuator
Fig.4 Opver all diagram from the wire chamber to ADC via KODAQ.
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Fig.5 Picture of a small thin spanner (wrench) on the wire chamber by exposing « particles. Left picture on
the bottom in the screen shows the pattern by the Odd anode wires, middle does by the Even anode
wires and right does the superposed pattern of the spanner (wrench) by Odd and Even.
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Appendix ¥ k) v 7 ZEFR Aj
D)RICEARIIMEEZ ANT A &kD D &
(D) V=Va,x=7r,(=10 um) ~0,y=po/4, z2=po/4 ©RKAT % &
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A, =—1n(251nh 2, j A, =—1n(25inh Zﬂg]—Z—”g,
by o by

A13=—1ln 2cosh2ﬂs‘ —l(—st), Al4=—lln 2cosh2m’ —l(—s,), A15=—2—7T(c+g)
2 P 2 Do

o o 0 0

2)V=Vgx=—g+r,(=2mm+70 um) ~ —g,y=po/4, 2= po/4 * AT 5 &

2
A, =—1n(25inh 2ng j—z—”(—g), A =—1n[2sinh i j
b, Do by

1 2n(g+s,), =«
Ay =——In{2cosh =2 "2} - = (—g—s,)},
5="% ) Po( g-s/)

0

1 2n(g+s )} T 2m
A, =—=In{2cosh="2 "2\ _ = (—g— Ay =—""—
u="y { cos ) ’ (-8-5,), Ay P ¢

o 0 0

B)V=Vs,x=si+r(=4mm+70 um) ~s, y=0,2=po/4 =LA 2 &

Ay :—ln(Zcosh 2ms, j—z—ns,, Ay =—1n{25inh@}—il(g+st )
0

(1 () 0

o,

Ay :—ln(2sinh ], A, :—ln(ZCOSh er J, Ay =—il(c+g+st)

o 0 0

(4)V=Vig, x=st+rs(=4 mm+70 um) ~st, y=po/2, 2= po/4 #LAT % &

A, = _1n(2COSh 27, ]_Zist, A, = _1n{2sinh@}—i—”(g+s, ),
0

(1 o 0

7,

A43=—1n(2003h J, A44=—1ﬂ(25111hmsj, A45=—i—ﬂ(c+g+st)

o 0 0

B)V=V,x=—(c+g),y=po/4,z2=po AT B &L

Ay = —1n{2sinhw}—il(—c—g), Ay, = —ln(2sinh 2”6)-21(-0)’

o o 0 0

Ass = —%1H{2COShM}—pl(_c_g_st ),

0 0

A, :—%ln{ZcoshW}—pl(—c—g—st), Ay =-0

(6)V=Vsx=+ (st+5),y=po/4,2=po/4 TRAT 2 &
M}_il(sﬁs), Aﬁz=—1n{25inh

0

—==(g+s,+5s),
0

o= {Mh M} 2n

0

2ns| « 1 2rs| & 2r
-—S, A :—71 2 h — T 9 A ==
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Appendix ZENDE

., 4nx
sinh——
:_ﬂ:+( 4. ) by 2l+( 4. jzi
' ox 2re, COSh4ﬂ—COS drn(y—p,/4) b, 2me, ) Dy
b Do
sinh74”(x+g)
qé’ o 2r qg 21
2 dn(z+g) _ An(z—p/4) by |\ 27 ) By
0 ) cosh 2P EHE) s 0 0 0/ r0
0 0
sinhizn(x =s)
+(qxlj o l(qsl )l
2re, coshzn(x_s‘)—cos@ b, \2me, ) b,
0 0
sinh 22 =81
(qszj o l+(452j£
27e, cosh 27t(x—s,)_coS 27r(y;1>0/2) bo \2mg, ) p,
0 0
+(‘17c]2l
2re, ) b,
sin 4”(3’_170 /4)
__ﬂ_+( 4, ] b, 2
y
U 27, coshélﬂ—cosizm(y_p0 /4) by
bo Do
sinzﬂ
+( /S j o Ea
2780 ) cosh ZEE=S) _ g 278 B0
0 0
sin 2n(y-=p,/2)
( Qsz J p() l
27e, cosh 27r(x—s,)_coS 2n(y—1p,/2) P,

o by

sin An(z—p,/4)
v _ ( 9, j b, 2n
2me, cosh dn(x+g) ~cos dn(z—p, /4) P,

0 0

o
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Abstract : A multi-wire chamber with a narrower anode wire pitch has higher space
resolution in radiation measurements. In some cases, narrower pitch is quite useful; however,
higher electric potential on the anode wires is necessary in inverse proportion to the pitch
width. This is disadvantageous viewed from design and construction. The new wire plane,
which works as a pair of electric slits, is attached in parallel with the anode wire plane in a
popular chamber (pitch of p = 3 mm, relatively lower anode wire potential). By operating
these electric slits, we can virtually divide the anode wire pitch into 3 regions. It was possible
to obtain the information from each region by « particles. Then, we could complete the whole
picture of the object, superposing them on the screen. The image of a thin small spanner
(wrench) as an example shows that the new chamber works at a low anode wire potential
corresponding to p = 3 mm, equivalent to the anode wire pitch of a p = 1 mm. This technique
is applicable widely to design and construct chambers for precise resolution at low anode
wire potential.

Key words : multi-wire chamber, electric slit, charge division, partial measurement
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