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Measurement of the “He( 7 g, n) Cross Sections
at Giant Dipole Resonance Region

D. McLean, A. D. Bates, O. KonnJ , K. Maedai” , L. Nomura{r , R. P. Rassool,
T. Sudeﬁ , Y. Sugavvar.eir ,T. Terasawa;r and M. N. Thompson

School of Physics, University of Melbourne, Parkuville 3052, Australia
Laboratory of Nuclear Science, Tohoku University,
Mikamine, Sendai 982, Japan
t College of General Education, Tohoku University,
Kawauchi, Sendai 980, Japan

The comparison of *He( 7, n) and *He( 7, p) cross sections is one of the most sensitive
test of the isospin and charge symmetry nature of the four nucleon system. Since the ‘He
nucles is the simplest self-conjugate system, it has been thought that a complete study of
these subjects can be made. The *He( 7, n) and ‘He( 7, p) reaction thresholds are at 19.8
and 20.7 MeV respectively. The Giant Dipole Resonance (GDR) region of ‘He has been
studied with special interest as a these test of the nuclear force”. When the neutron-
neutron and proton-proton interactions are equivalent, the cross section ratio between the
photo-neutron and photo-proton reactions R,= a( 7, p)/ ¢ ( 7, n) must be around one.
The Coulomb force breaks the charge symmetry of the nuclear interaction. It makes the
asymmetry about 1094 of the total strength which is corresponding to 180 keV in the
matrixes element in the GDR region. However, in the last ten years, measurements of
these reactions have shown a cross section ratio R,= o( 7, p)/ d( 7, n) of between 1.5
and 1.9 at excitation energies below 35 MeV?. As photo-nuclear reactions proceed
predominantly by electric dipole (E1) radiation, the large R, value is thought to be due
to isospin mixing between the 7'=0 and T'=1, J"=1" states. The Coulomb effects can
explain only 40 % of the R, value. These results suggest the presence of a charge
symmetry breaking (CSB) nuclear force in the *He nucleus. This subject have also been
investigated with inelastic 7%/ 7~ scattering experiment near A -resonance region.” They

concluded a small isospin mixing in the *He nucleus from the analysis of the o (7). ¢
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(7™) ratio. The pion scattering experiments casted considerable doubts on the interpret-
ation of the experimental value of R, in terms of isospin mixing. Recently, Bernabi et
al.” measured the ‘He( 7, p) cross sections which is much different from the previously
measured values but closed to ( 7, n) one. The aim of the experiment is to present an
accurate measurement of the‘He( 7, n) reaction cross sections around the GDR region
with a tagged photon beam. It is necessary to make a independent check on the *He( 7, n)
reaction cross sections to clear the uncertainties in the photoreactions.

We have done the ‘He( 7, n) measurement it an energy range between 20 and 100MeV
with tagged photon beams at Laboratory of Nuclear Science, Tohoku University. The
liquid helium target consisted of a 200 #m Mylar appendix mounted in a cryostat.” Time
correlated back ground from the Mylar and air along the photon beam line was expected
less than 7%. Four neutron detectors (NE213 liquid scintillator) were placed at 33°, 50°,
90° and 110° with 1 to 1.5m flight path. Another four detectors were placed at 65° at
3m. The resolution of the neutron energy is adequate to select ( 7, n,) events with the

photon energies below 65 MeV. The experimental arrangement is shown in Fig. 1.
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Fig. 1. Experimental arrangement of the tagged photon experiment.
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Signals from the detectors were processed by standard NIM modules, and linear and
timing data from potential true events read via CAMAC modules and stored on the front-
end memory buffer. These data transfered to the back-end system (Micro-VAXII) with
optical link system. In the back-end system, the raw data were storaged on the magnetic
tape and analyzed. Approximately 10 % of the total beam time was spent for the
measurement of the empty sample. For most of the foreground run, the 90° and 110°
detector thresold were set to 2 MeV in neutron energy allowing us to detect neutrons
corresponding to the lowest tagged 7 energy.

The neutron detector efficiency is a function of neutron energy and detector threshold.
It has been obtained with a computer code TOTEFF. The particle identification of
neutrons have been done with the charge comparison technique on the signals from NE213
liquid scintillator. After the these noise reduction procedure have been done, we got the
ratio of the background events (accidental y-rays) to neutrons of typically about 200-
1000 to 1. Fig. 2 shows a typical neutron foreground time-of-flight spectrum for the
neutron detector placed at 90° and E,=29MeV with Ew=2 MeV. A prominent peak which

is correspondent to the n, neutrons can be seen.
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Fig. 2. A typical neutron time of flight spectrum.
Time-of-flight spectra. Time of flight decreases as the channel number increases.
(a) (i) and (ii): 0,.=90°, E,=42 MeV, foreground (36 hours) and background
(15 hours) respectively; (b): 81.a=90°, E,=29MeV; (c): 61.:=90°, E,=60 MeV;
(d): 601.4=65°, E,=42 MeV
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The firstly analyzed relative cross sections are shown in Fig. 3. They are not different
from the previously compiled ‘He( 7, n) cross sections (shown in Fig. 4.) but these
analyzed data are still preliminary. The geometrical and systematical error must be
corrected for the absolute cross section. We have also measured the neutron spectra with

higher energy tagged photons up to 100 MeV. They are now under the raw data analysis.
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Fig. 4. Compiled cross sections for ‘He( 7, n) and *He( 7, p.).
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In summary, the ‘He( 7, n) reaction cross sections and angular distributions have been
measured using tagged photons and a liquid helium target, for excitation energies around

the GDR. The results may confirm the questions about the large discrepancy between the

*He(y n)and *He(y p)cross sections.
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Coherent Synchrotron Radiation at Submillimeter
and Millimeter Wavelengths
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1 Department of Applied Physics, Faculty of Engineering
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il Laboratory of Nuclear Science, Tohoku University,
Taihaku-ku, Sendai 982

To study the coherence effect of synchrotron radiation (SR), light emission from the
Tohoku 300 MeV Linac, whose energy and bunch length of electrons were 180 MeV and a
few millimeter, was observed in the submillimeter and millimeter wavelength regions by
using a grating spectrometer. The absolute intensity of ordinary SR in the visible region
was also measured. In comparison with ordinary SR, the absolute intensity of SR in the
millimeter wavelength region was enhanced by about factor of 10°, which corresponded
roughly to the number of electrons in one bunch. The intensity of enhanced SR showed the
quadratic dependence on the beam current. The enhanced SR was strongly polarized in the
electron orbital plane. The relation between the electron distribution in a bunch and the

spectra of coherent SR is discussed.

§1. Introduction
Synchrotron radiation (SR) is a useful light source for spectroscopy especially at short
wavelengths in VUV and X-ray regions.” Recently, the usefullness of long wavelength SR

in comparison with the conventional mercury arc lamp has also been recognized in the far-

* Present address: Atomic Energy Research Institute, Nihon University, Chiyoda-ku,
Tokyo 101
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infrared region®™™; the main advantage of SR lies in its high radiance. This advantage of
the far-infrared SR has been experimentally proved for ordinary (incoherent) SR in the
storage ring.”™ More intence coherent SR in the far-infrared region from a bunched
electrons was discussed by Michel®, in analogy to the radiofrequency enhancement in the
celestial pulsar.

Quantitative understanding of the coherence effect is important not only for the
development of an intense light source in far-infrared spectroscopy, but also for studies in
various fields such as the coherent emission of pulsar in astrophysics and the relativistic
electrons in high energy physics. In usual storage rings, however, the coherent SR has not
clearly observed in the far-infrared region, since the coherent SR is expected in the
wavelength range comparable to or longer than the longitudinal bunch length, and the
usual storage rings have the bunch length of a few centimeter or more. The first observa-
tion in the far-infrared region by Yarwood et al.” in the region 100 —10 cm' in SRS-
Daresbury suggested that such an enhancement was present. Schweizer et al.¥ , however,
were unable to detect any enhancement for the range 1000 —15 cni' at the BESSY ring
with the bunch length of about 3 cm. More recently, Williams et al.¥ observed no enhance-
ment in the region 400—25 cni’, by using the NSLS-BNL with the bunch length of 30 cm.

In the electon linear accelerator with the high RF frequency, the longitudinal bunch
length is of a few millimeters. Using the Tohoku 300 MeV Linac, as was reported
previously, we have first observed the coherence effect of SR in the far-infrared region;
the intensity of SR was enhanced by about the factor of 10°, and the intensity showed
quadratic dependence on the beam current. In this paper, we report further experiments to
confirm and to make clear the coherence effect of SR in the submillimeter and millimeter
wavelength regions. As a reference of the intensity of SR, photometry of the SR is made

in the visible region, where no coherence effect is expected.

§2. Coherent SR and the Bunch Form Factor
According to the theory of coherent radiation™, the intensity of SR at frequency v by

an ensemble of N electrons is expressed as follows,

Pon(v)= [N+NWN=1)f(v)] P(yv)=Paear( v) [1+(N—=1)f(v)], (1)
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where P( v ) is the intensity of SR by a single electron, Pien( ¥ ) the intensity of
incoherent SR by N electrons and f( v) is a form factor which is defined by the Fourier
transform of S(r),

f=1 [epG2 nv (aen/Smar !, @
where n is a unit vector directed from the electron to the observation point, and r is a
position vector of the electron. The quantities (n *r) and S(r) correspond to the
longitudinal extension of the bunched electrons and the density distribution of an electron
in the bunch, respectively. The bunch form factor varies from 0 (incoherent limit) to 1
(coherent limit). Therefore, it is expected that the intensity P.s» ( v) is proportional to
N? and that an enhancement of the factor N, compared with the incoherent SR, occurs at
the wavelengths comparable to or longer than the longitudinal bunch length. Hence the
enhancement of the intensity of the order of 107 to 10" are expected for coherent SR from
typical storage rings.

By assuming the form of S(r), the spectra of coherent SR can be calculated for some
simple cases. Let the observation point be so far from the emitting point as to be able to
ignore the phase difference between lights emitted from electrons on a plane perpendicu-
lar to the equilibrium orbit. When the density distribution of an electron in a bunch has
rotational symmetry around the equilibrium orbit of the bunched electrons, the bunch
form factor is given by using circular cylinder coordinates ( &, o, 8),

S =1 [Tf7 e G2 w £/0) 27 0S(¢, 0)dpd 1, ®)
where (-axis shows the direction of motion along the equilibrium orbit. The form
factor is calculated for simple distributions as follows.

(a) UnifoArm cylindrical distribution

When we assume the following distribution,

/(27 oitoL), for- o= <0y, 0Sp< o0y
S(¢, ) =

’

then the form factor is given by,
fA) = {sina/a}? (5)

where a is defined by,
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a=2mwo./A. (6)

(b) Uniform ellipsoidal distribution

3/(dm orton), for (¢&/o)’+(p/0r)'=1

S(¢, o) = { (7

then,
FfCA) = 9{sina/a —cosal}/ a’. ‘ (8)

(¢) Gaussian distribution

SC¢, p) = (/%% 0> 00) exp (— %/ 0= 0%/ 04, 9

then,
(1) =exp (— a?/2). (10)

The quantities 2 01 and 2 or correspond to the longitudinal and transverse bunch
lengths, respectively. The calculated bunch form factors are shown in Fig. 1. Relations

given by eqs (5) and (8) show oscillations with decreasing amplitudes toward shorter

10— , :

f(n) Ol

0.0l

0.00l

)\/20]_

Fig. 1. Bunch form factors calculated for density distributions of an electron in a bunch;
(a) uniform cylindtrical distribution (dashed line); (b ) uniform ellipsoidal
distribution (dotted line); (c) Gaussian distribution (dot-dashed line). The
envelopes of the bunch form factor for (a) and (b) are also given by straight lines.
The form factor for Michel’s theory is also shown by (d), the line broken at A /2
L= 1. .
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wavelength, and the envelopes in the range A< oy are given by f( A )~ 2%/(2 7 ¢.)* and
F(A)~92*/(2 7w o.)*, respectively. The straight line in Fig.1, which is broken at 1 =2 0.,
and is proportional to A® in the shorter wavelength range, shows the form factor
predicted by Michel.”

In general, we can approximate the form factor, as an first approximation, by a
relation as f( A)~(A/2 = 0.)" in the wavelength range shorter than the longitudinal
bunch length.

When a distribution function S( ¢, p) is given by a product g( £ )h( o ), the bunch
form factor reduces into that for one dimensional distribution function.

FA) =1 [esplam &/ 10g(OaC I 1
Hence the bunch form factors for the case (a) and (c) are equivalent to those for the
rectangular and Gaussian distributions with a bunch length of 2 o1, in one dimension. In
addition, the form factor for the case (b) is equal to that of uniform spherical distribu-
tion within the radius 0., since projections of the distribution on the {-axis are

equivalent.

§3. Experimental

The experimental set up is shown in Fig. 2. The operational conditions of the linac
were described previously®: The accelerating RF frequency was 2856 MHz: The energy of
the electron (E) was 180 MeV: The applied magnetic field to produce SR was 0.247 T.
The average beam current was usually set to 1 £ A and could be controlled from 0 to 3 #A
by a beam profile defining slit. A duration of the burst, i. e., the electron bunch train,
was selected to either 2 usec (long pulse) or 0.1  sec (short pulse) and its repetition
was 300 pps. The related beam conditions are given in Table 1. The beam energy spread
(A E/E) was fixed to either 0.2 or 0.5%, corresponding to the longitudinal bunch lengths
of 1.7 and 2.0 mm, respectively. Moreover, by installing a set of magnets (debuncher) in
the beam transport system, the longitudinal bunch length was elongated to about 15 mm.

SR was collected by a round spherical mirror with the acceptance angle of 70 mrad, and
was guided to a far-infrared spectrometer (HITACHI FIS —3), which covered the range

400—30 cni’ with three gratings in combination with several filters. In addition, another
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Fig. 2. Schematic layout of the measuring system. P: emitting point of SR, Ms: bend-
ing magnet, Mp: dumping magnet, BCM: beam current monitor, Ml: collecting
mirror, T: turn table with shutter and polarizers, Ch: chopper, F: filter wheel, G:
gratings, Sy, S;: slits, LP: light pipe, D: Si bolometer. Trajectory of the electron
beam is shown by a broken line.

Table 1. Experimental beam conditions.

Short bunch Long bunch

Short pulse Long pulse Short pulse
Bunch duration (u sec) 0.1 2.0 0.1
Electrons,bunch (10°) 20 3.7 20
Energy spread (%) 0.2 0.2,0.5 0.2
Bunch length (mm) 1.7 1.7, 2.0 15

two home-made gratings and two longwave-pass filters expanded the observable range to
30—15 cmi' and 7.5—5 cni'. Far infrared radiation was detected by a liquid-helium-cooled

Si bolometer with suitable filters.
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In the photometry of SR in the visible region, the same optical system was used with
minor modifications: Three interference filters combined with color glass filters were
installed whose peak wavelengths and half widths were 423nm /11.8nm, 521.8nm/12.3nm
and 638.4nm/17.4nm; a grating was replaced by a plane mirror; a photomultiplier tube
(PMT) with a magnetic shield case was placed behind the exit slit of the spectrometer.

The absolute sensitivity of the measuring system was calibrated in the visible region by
a standard halogen lamp of 500W with a suitable neutral density filter and in the long
wavelength region by a mercury arc lamp of 700W in the spectrometer which was
supposed to be a blackbody radiation source of 4000 K. Difference of the acceptance
angle between the mercury arc lamp and SR was taken into account. In the long wave-
length region, the main error in the absolute intensity of SR is brought about from the
uncertainty of the effective temperature of the mercury arc lamp. The accuracies of the
absolute intensity were estimated to be within the factor of 1.5 in the visible region and
2 in the long wavelength region. The radioactive background noise in the laboratory

during the experiment was measured to be negligible.

§4. Results and Discussion
4. 1 Spectrum

In Fig. 3, observed intensities of SR from the electron beam with long duration of
burst without the debuncher magnets (in later described as long pulse/short bunch) at
the beam current of 1 A are shown in circle “A”, where the bunch lengths were 1.7
(solid line) and 2.0mm (broken line). With that of ordinary (incoherent) SR, calculated
intensities of coherent SR are also shown for the Gaussian distribution (broken line) and
Michel’s theory (dot-dashed line), provided of the longitudinal bunch length of 2.0mm.
Results of the photometry in the visible region for the long pulse/short bunch beam are
also shown in the circle “B”. As was expected, the intensities of SR in the visible region
are in agreement with the calculated incoherent SR. On the other hand, as shown in “A”,
the observed intensities in far-infrared region are drastically enhanced for both bunch
lengths of 1.7 and 2.0 mm; the enhancement factor is about 2X10° at A ~1.7 mm for

both bunch lengths. The factor corresponds roughly to N which is estimated to be 3.7 X
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Fig. 3. Observed spectra of SR in both visible and long wavelength regions. The spectra
in “A” were obtained by using the long pulse/short bunch for the bunch lengths of
1.7 (solid line) and 2.0 mm (broken line), and is expanded in the inset. Data in
circle “B” are the intensities for the long pulse/short bunch with the bunch length
of 1.7 mm and in “C” for short pulse/long bunch of 15 mm bunch length. The
hatching shows the level of stray light during the observation of the 2.0 mm bunch,
caused from the enhanced SR at the longer wavelengths. The solid curve shows
calculated intensity of ordinaly SR for the experimental conditions. The dashed
part is without correction for the acceptance angle of 70 mrad. Calculated -
intensities of coherent SR are shown for the electrons of the Gaussian distribution
(broken line) and for Michel’s theory (dot-dashed line).

10° for the present experiment. In comparison with the spectrum for the bunch length of
1.7 mm, the spectrum for the 2.0 mm bunch decreases rapidly toward shorter wavelengths,
while it has similar spectrum to the one for the 1.7 mm bunch in the short millimeter
wavelengths. The spectrum in the range A <(330 wum were not observed correctly because

of the stray light of enhanced SR at longer wavelengths.
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When the longitudinal bunch length was elongated to 15 mm, the intensity of SR at
millimeter wavelengths was decreased by more than two orders of magnitude as shown in
“C” of Fig. 3. The beam condition of the short pulse/long bunch for “C” was different
with that of the long pulse/short bunch beam for “A” and “B”; the result in “C” could
be converted to the long pulse condition, according to the intensity-N relation given in
8§ 4. 2. In the submillimeter region, the intensity of SR was too weak to be observed.

4. 2 Intensity-beam current relation
The observed dependence of SR intensity on the electron beam current is shown in Fig.

4 for both visible and long wavelength regions. The beam current was varied by controll-

N (electrons/bunch)

108 107
N —— Ve 1

1012
<-400pm

=TT Ty
[ |

520nm —

|Oll

INTENSITY
(photons/sec/mrad/1%BW)

107

0.1 I
Ibecxm (/-LA)

Fig. 4. Dependence of SR intensity on the beam current at A =400 gm and A =520 nm
for the long pulse/short bunch beam. The ordinate is given on the left hand side
for 2=400 gm and on the right for A =520 nm. The two lines show the linear
and quadratic relations to the beam current. The beam current is converted to the
average number of electrons in a bunch on the upper side.
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ing N, while the number of bunch per second was kept constant. In the visible region, the
intensity is proportional to the beam current. On the other hand, the SR intensity at 400
#m is proportional to the square of the electron beam, i. e. to N
4. 3 Degree of polarization
Degree of polarization of the enhanced SR in the far-infrared region was measured for

the range 30 —15 cni' and at 6.75 cni'. The results are shown in Fig. 5. The coherent SR

o

.O i 1 PR WO S S S | N N
0 0.1 I

A (mm)

DEGREE OF POLARIZATION
O
o

Fig. 5. Polarization of SR in long wavelength region for the long pulse/short bunch
(filled circle) and short pulse/short bunch (open circle) beams. The solid curve
shows the calculated one for ordinaly SR with the acceptance angle of 70 mrad.

was strongly polarized in the direction of the electron orbital plane. The degree of
polarization is defined as P= (I,—I,)/(I,+1,) where I, and I, are the intensities of
polarized light whose electric vectors are parallel and perpendicular to the orbital plane,
respectively. In Fig. 5 is also shown a curve which gives calculated values of P for

incoherent SR for the optical acceptance angle of 70 mrad. From the figure, the observed
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P seems to have larger values than the calculation. In comparison with ordinary SR,
however, it is not clear whether the enhanced SR is more polarized in the orbital plane or
not, since measurements of the ordinary SR in submillimeter region also give somewhat
larger values of P than the calculation due to the influence of the diffraction.”™
4. 4 Bunch form factor
The spectrum of the enhanced SR depends on the bunch form factor f( v ). The form
factor derived from the observed spectrum of “A” in Fig. 3 with the bunch length of 2.0

mm is shown by “A” in Fig. 6, where the results of the calculation given in § 2 are also

10 -

L

fon Ol

0.0l

A(mm)

Fig. 6. Bunch form factors of the observed spectra for following experimental conditions.
A: AE/E=05%, B: AE/E=0.2%, C: enhanced electron number (short pulse/
short bunch), D: defocused electron beam. In the case of “D”, the spectrum was
not measured in the millimeter region. The calculation given in Fig. 1 is also given

for the bunch length of 2.0 mm. The solid line broken at A =2 mm shows the
relation predicted by Michel.

shown. The operational conditions of the linac were not so simple to manipulate the
electron distribution in a bunch. However, some relations have been obtained between the

beam conditions and the spectra of enhanced SR in the long wavelength region as follows:
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1) As stated above, the intensity of coherent SR decreased when the bunch length was
elongated to 15 mm. If we assume the spectrum is given approximately by P( 2 )~( 1 2
01)", where the quantity 2 ¢ shows the longitudinal bunch length, the intensity ratio
between the spectra of the bunch lengths of 2.0 and 15 mm gives the power index of u=4.
2) When the beam energy spread (A E,E) was varied from 0.5% to 0.2%, the bunch
form factor increased in the shorter wavelength region, while it remained unchanged in
the millimeter region as shown in Fig. 6 by broken lines. The bunch length was varied
from 2.0 mm to 1.7 mm corresponding to the variation of beam energy spread, which
should make the spectrum shift a little toward shorter wavelength unless the bunch
shape alters. Hence, the difference in the spectra seems to be caused mainly from varia-
tion of density distribution of the electron in a bunch. It is possible that narrowing the
energy analysing slit scrapes away electrons into fragments of electrons with various
sizes, whose Fourier components correspond to the bunch from factor in the shorter
wavelength region.

3) When the duration time of the bunch train was changed from 2 u sec to 0.1 pu sec,
electron beam current decreased by a factor of about 7. It resulted in increase of N by a
factor of about 3. Then, the bunch form factor was increased, as shown in Fig. 6 by “C”.
This result suggests that the increase of N brings about variation of the distribution
function which makes the bunch form factor large. The observed form factor is larger
than unity around the peak. Since the form factor has, by the definition, the upper limit
of unity, it implies that (1) the uncertainty of the absolute intensity described earlier
may be underestimated in the long wavelength region and,“or (2) bunch train has some
irregularities so that the mean of N has somewhat ambiguous factor, as suggested by the
observation of the bunch duration by Kato et al.'?

4) When the electron beam was defocused by the quadrupole magnet, transverse and
longitudinal sizes of the bunch were expanded by almost double. Then, the bunch form
factor decreased as shown by the curve “D” in Fig. 6. If we assume the defocusing does
not influence the electron distribution in a bunch, we can express the spectrum approxi-
mately as P( A )~( 4.2 ¢.)* in the submillimeter wavelengths. Comparison of the

spectra between “A” and “D” shows that the longitudinal bunch length was elongated to
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3.4 mm by the defocusing.

Even though the observed spectra of SR in the submillimeter wavelengths varied
sensitively according to beam conditions of the linac, comparison of the observed bunch
form factor with the calculation strongly suggests the following three points: (1) The
effective bunch length estimated from the observed spectrum is much shorter than the
one derived from the experimental condition of the linac; for example, effective bunch
length of 0.7 mm is obtained instead of 2.0 mm by fitting the observed spectrum “A” to
the uniform cylindrical distribution. (2) Density distribution function of an electron in a
bunch varies sensitively according to the beam condition of the linac, as described above.
(3) The density distribution of bunched electrons from the linac is not so simple as of
the Gaussian. The above point (1) disagrees with the observational result of the bunch
length by a streak camera,'” and the relation between the bunch structure and the
spectrum is remained to further investigations. The analysis of a well resolved spectrum

of SR will give the information on the distribution of the bunched electrons.
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B1R XEREHERE ORIESF

(@) KDA
Temperature (K) 107 127 180 240 293

Max (sin 8,/ 1) 0.705 0.705 0.705 0.705 0.906

Max 2 8 (degree) 60 60 60 60 80

Reflections

measured 328 328 328 328 618

Reflections

Used in refinement 320 324 321 322 546

Lattice constant :
a (A) 7.589(2) 7.592(2) 7.599(2) 7.608(2) 7.616(2)
c (&) 7.075(4) 7.076(4) 7.097(3) 7.115(4) 7.134(4)
R. (%) 3.33 3.51 3.13 3.23 3.33
R (%) 2.81 2.88 2.60 2.67 2.85

(2) DKDA
Temperature (K) 162 167 187 220 250 293

Max (sin8,/ 1) 0.705 0.705 0.705 0.705 0.705 0.906

Max 2 8 (degree) 60 60 60 60 . 60 80

Reflections

measured 325 328 328 328 328 618

Reflections

Used in refinement 322 324 326 325 320 551

Lattice constant
a (A)
c (A)

R. (%)
R (%)

7.610(1) 7.610(1) 7.613(1) 7.616(1) 7.620(1) 7.623(2)
7.114(3) 7.117(3) 7.125(3) 7.137(4) 7.146(3) 7.157(4)

2.78 2.87 3.10 3.06 3.26 3.37
2.36 2.41 2.61 2.58 2.85 3.25
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2R XEBEHRE ORTRER,

(a) KDA

Atom  Parameter 107K 127K 180K 240K 293K
As Bu(=Bz)  000I947(%)  0.002072(100)  0.00%876(%1)  0.003546(087)  0.004392(58)
Bas 0.003214(93) 0.003297(%) 0.004331(88) 0.005349(086)  0.006632(60)

K By (=Bx) 0.003313(212)  0.003653(225)  0.004940(213)  0.006281(190)  0.007653(154)
Bas 0.002581(186)  0.002819(195)  0.004285(185)  0.005597(170)  0.007193(133)

0] X 0.16050(34) (.16034(35) 0.16033(32) (.15978(33) 0.15959(25)
y 0.08537(39) 0.08534(39) 0.08534(36) 0.08520(37) 0.08529(29)

Z 0.13643(43) 0.13627(39) (.13624(43) (.13615(45) (.13579(35)

Bu 0.001935(32)  0.002083(338)  0.003432(321)  0.004232(300) - 0.005567(241)

Bz 0.003158(365)  0.002057(374)  0.003665(341)  0.004636(331)  0.006227(259)

Bss 0.004222(416)  0.004619(435)  0.006082(413)  0.007761(376)  0.009595(310)

Bz 0.000455(647)  0.000683(669)  0.001142(619)  0.001588(587)  0.001757(444)

Bis ~0.002458(810)  —0.002045(844)  —0.003657(805)  —0.005247(741)  —0.006192(574)

Bas —~0.001626(T7T)  —0.001749(805)  —0.002187(751)  —0.003170(712)  —0.004036(577)

(2) DKDA

Atom Paramlter 162K 167K 187K 220K 250K 293K
As  Bu(=By) 00025280)  0.00246(83)  0.0031111(38)  0.003453(89)  0.003893(%)  (0.004659(56)
Bss 0.005092(80)  0.005163(84)  0.005197(88)  0.005466(88)  0.005968(%)  0.007123(58)
K Bu(=By) 0004359(178)  0.004591(187)  0.005118(204)  0.005743(209)  0.006739(234)  0.007492(142)
Bss 0.004236(159)  0.004314(168)  0.04531(179)  0.005168(183)  0.005712(201) ~ 0.007170(122)

0 X (.16085(27) (.16053(28) 0.16047(30) 0.16031(30) 0.16021(33) 0.16010(2)
y 0.08347(31) 0.08331(32) 0.08371(34)  (0.08374(34) 0.08369(38) 0.08406(29)

A 0.13619(37) 0.13625(38) (.13588(40) 0.13621(41) 0.13594(44) 0.13538(34)
Bu 0.002020(272)  0.003054(286)  0.003290(303)  0.003874(310)  0.004423(339)  0.005877(228)
B 0.004090(304)  0.003951(314)  0.004349(336)  0.004544(338)  0.005359(378)  0.006335(248)
Bss 0.005964(350)  0.006191(372)  0.006442(396)  0.007362(408)  0.007675(437)  0.009863(306)
B 0.000895(536)  0.001015(558)  0.000932(589)  0.001271(605)  0.001734(671)  0.002012(433)
Bis —0.003096(684) —0.003824(717) —0.003580(759) —0.004388(787) —0.004249(855) ~—0.005583(554)

~(.002233(660) —0.002433(684) —0.002814(730) —0.002388(746) —0.003395(810) —0.004345(562)
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V) DNEEREL, KDP, DKDP &HBH#ETY 5 Z EBLETH Do A LicpikrEr -
BB, BACKFISRE RIS ER D PSD — TOF Tk Td % o KDA ioxt
THAERBEICEENTVA ), ABIFETIE DKDA KX s 2R TORIESTONh I, &
EEERSE, o VEESETET 3 OICNER YT X §— EEKRRTO y BETH
5ZEm5 (hk0) @ 5 DEHHREED A 2HIE Lo

RN I XROB/E LERRIC 70 v 2 ENB/NETREIC & - 7co BET — 71009 HIERTT
T, EERORE G EZWOBRWTER Ui, 2 DEEIZAMETE - 2o 2RTFORE
RFeErHTEUL, BERTFOx, 5,2, Ta—-bovox yEREIBEELLOT, HHE
kD52 5 —3E@TH > oo AT RETFIH8.2% LM 570 BOSNTI/NS XY —DIE
EH 3 RITRT,

B3R P EREE ORTRER
DKDA

Atom Parameter 293K

0.622 (98)
0.723 (180)
0.828 (54)
0.22285 (162)
3.557 (318)

w < W w W
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LEBEREREL T/ u i@l (KR 20K »7o ZOEIEERERETZI 3010k -
TELES Y, FRBIERCRE U EERE & BT 5 & & TfT - oo RBWEATOH LT
BUCroRIGIR e GltER) & LTIRRh (acac) AR, WHIC X > TR L RERHEI L
ebD%E, BERIZX->T/ v aEE EcoT 1k,

PR BRI RFR TSR D 5ET 51+ v / THRORBBAT X LF—5)
MeVDHIEHEHRE FH\ 7o Z DBROERMEIFI 100 L AT, KRERBFRIFSMBICX->T
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Bk LUio % BHTOREOBRE EREY ¢ OREERCIHEI L ERAT 2 2HRIIR S
21 —100~—130°CicfR - T, ¥ 7REOBE 21T - 720

HBETS, REkERVEYTHRWEEL, YUAS VI SAI BRI 5T 4 —PTT
SCrDHEEE%E Ge (Li) F 7213 pure Ge2Ffd Hi 28 T 2000~50000MFERE DRIFE 21T - 720

§3. ERLEBE

BBV T, RBEOES EHEFTTITEAENBBO T XV F— (AT 2 VF—)
DAY R NERE L, 22T (7, 1) RIBETRAB T X VF =13 0 ~13TkeVO R
BElichiz > TR LTWS C &M o feo 7 T TAHTI, &R 2 A X v+~
2y b VETRETIEEE LT, A7 b AESE (EHAS TR VF—, ME) ZHVEIL
29 5%,

w1, (7, n) KIETOMIEIXE 5%Cr (acac) (DINRERT , T DINRIIFHER P
DYCr DB E T 5%Cr (acac) sDED
HxFLISDTH S, Bt TODFe (acac)s
g BrhibEBERNIE & i, &-
XD & LINREMBHON B, BT XNV
F—Rl B R VF—floD 2 DIFERES
FENFNOERTORGERDTHS L,
MIE =30keV & 0 {& W FEIKIC % T11.00
+1.82%, B 2 AF—HTi314.49£2.39
W L1357 FREOEIL % Fe (acac) s D5
BEOWVWTITE S &, Ex 2 VvF—-fITH 520 2'5 3'0 35
15%, Bz xVF—HITHIBH LS > T MIE / keV
TH 5 DBAR bBEHNREZELL T2, o 1 S (. )OO I I & 3
e DB T & BIROE{LIc DWW T Rh (acac) et 3 2 BHINEK D
g, LGE ET OB & ORAND MIBAF Ee
BITREET % 2 0L S hOEEVIBWTHLMICENTEY, TOB&ICBVTEL
DS HITE > THHENZ DT, TITEHERET, AH T IvF— 0% otk 5 IRE(L
oW CDAHFEET %,

(7, n) KiE%EWTE S h 3 MEOKP CEBHINROZ LIRS bhichs, &oIJEVMIE

— N
(3} o
T
(o}
o

SlCr(acac)y yield / %
o
—0—
o
o
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#HEIc > WTCOE L ER B -9, OBRIRIC>WT DEE S FIREICIT> TH72 Rh(acac),
WO WVWTOREREE 2R . MIEA320eVIEETH S (n, 1) RIGIIBWTIE, Felacac),

20 T T T
N
E !
S % (p,n)
Lo 10'/ (v,n) '
: :
b
%3 5 (n,y)

Sicr - Rh(acac) 3
o L —
0 100 200 300

MIE / keV
-] Rh (acac) sic¥fd 5° ' Croh L &BER NG,

X LR 8 %, Rh (acac)icf LTHI6 %, 7 MIEDS150~250keV & 5 W IR T & 2
(p, n) RIGIZBOVTIR, ThZhii20%, #16% EVSEMB LN, (1, 1) RGO
REHBLT, EE508EICO>VTEEL ST LIIMIET30keVdh 7 0 & TR A X 1
mu, Zz0BROEEHEVDRLNIBVWILTH B,

ZOXIBAB T A NVF—DBOICK > TNRBZET E LR, FIMTEBRNTWLS
WL O pOHMENLENTV S, £DHTRossler 5213, KBEReJHFHKMCls 5 4 7 D1k
BYHT B A E NReCl &8 558, RIFEFHLEMIC AR T2 L ER K RFIREIGEL,
KIG & TICBETFHIRSERE AR TREIICRST L 505, AS T 2 VF - BSEBWEE BRTE
22 BR 37 0NRENT2ELTWS, 22T, ARHLTHASRIET 5 £ TORBET
DOBEEZER B 7, $hiETHTORKFET OES = 2 v F —BEEEIC O VW TERET o

HIMIZ, LSSEHVICL > THESN T AVF 1B =1L TH 3, KPS 281
BEFEGEEIC L ZRMIERET, S.3EFEEOHEIEHCET ETHILETH 5, B IR
i&, *'Cr—Fe (acac) sRICDVWTOFIEMERER LA, Rh(acac)sicoWTd o ERELE
AERCHERPBONG, Thid, SBROERT EREATHZ ORI EEDTWE 0,
HLABOZEAIE E A CHERRICHELE WD TH B, S.&SD—BT 5 5I3H330keV



178

Stopping power / arbitrary unit

0 100 200 300 400
Energy / keV

53 LSSHEGIC & B Fe (acac) siH D CrofHIERE,
Sn : @(‘Bﬁ.ﬂ:ﬁ%y Sc : %?I‘ﬂltﬁgo

T, EBRET->LHERRTRTIDZZIAVF-KDEVEIATH S, iz, S\OE—7 13K
23keVicd D, TDHI FEHRIESZBEICHML COEHERICH/-TVWE, TOXHE
TEpn, At xovF—oZ icpk S BRINEROZILOREI 3, KHEEEE LGRS
LEEBENEEBREER L TVEEELLN S,

TTT, TNENOMIERENETEILREEELTAS L, HHIEREDT 3HEEZEN 7018
BTHshr 5, ABEDET U THMINER L, RFEMEEEZERL Tz 2 vF-%&K
Yo ThizfewL T, BEFHILEDHIBTFEEOERBOT, &5 2 ¥ — IEFHIHE
BEFEbN S, ERERL SHIEOEBPEETHL I ENRENIIEND, TORTE
N8 & & - TTE SBESEEBSHLERERNCEEZRRLTVWE LEZL 505,

C OEBEHSESERICED L S ICAHT AP OVTRIVE2—F VY Ia—Va VITE-
TRDBIEMTESD, TOEIBYIal—Va VREBYA 4 YIRS EOHEE
MISRICOVTIRITOO TV S, REBRRD LS SEHS/LEYICOVWTE, avEa—¥%
DR, SURFERLEDERID DTS TEBTERV, 2T, H1BEEOIMNE LTRD
O BHAERS B,
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BELSERICB VT, ZOBEOBEENRE VB EBHRINEPRES B S ERET 5, #BiLD
BER, SV 2 vF -8 TT 3, §RbLbbIXNF—(NEFRENSBLREEKR
EXBBEELBIENTES, 22T, COTxVF—EhOBTFEHLAICTERD, K
BUR T8I 0B %, PEEARZEG TR, BEAHRICH L TEERAMICET 50h%
HETE, 2 LT, ABLULOHINEY S, OB HERAAIIEAEHEL,
FOAFTANVF—IHLTT oy b LSOV EARDERTH 5, BT X IVF—BAST
B ONTIUEAIRNEL BT
WS EFR oM OB ONB,
LichioT, BT 3 VF—TAH
U7 RBKERF IR 1R S 72 6f
BEBBRLIAVF-%2fELT
Wi, zhizt LK 2 V¥ —T
ANt UREF, TEfoRs,
LA - o fEES LTz R v F —
ERST 2 RB T 3 0¥ — (1558 N,
BEhS< 2y, BOEBRIEE S A
5z BLELLND, 0 100 200 300

LA U 100keV 2L o BRI B Energy / keV

WL, MEABEDLTVWSED 4 Fe (acac) s ¥ Cro# I RE ® 5% 2 A
A TERICEE IR & A ST SERR - RHEAE, R FIEROIE A,

N

—
P
1

Solid angle / 1072 sr

fELTWEW, ShIZDWTORBAE LT, #tkeVEEEDH 72 0 IMHILES TR E S
HEETH B0, 100keVEMA 2 HHR TIIEFIHILBESRHATE BB - TL 5728, #ELGH
BOERE WS EED S ORWEIEALOFTNNREL L -TLBEELLNS, TOE
WORHIEETT S 729, 100keVLI OB LT, FHESAZ &AL & BT HIE
BEDOHET > 74— L LThUbDRBEARTOEBTRLE DD TH 5, CORIEILD,
100keVEI_E ORISR B CILEA B BIE—E L 72 - CEBRIEROF « % v ¥ —§ElE T ofafn
HEREHEHS N D,

PlED & 51z, Rh(acac) et d 2% CrohLE&BERNGD AS = 2 VF—{KEKIZD W
THEL, ZNEHPTEEFTNVEREL, COEFAVERVBIET, Az X VF—IT
WY BEHUNROZLOIEEHIAT 2 T EBTERLY, TOTFVRHREETHY, T0HK
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WEPARHE $822% $H25 1989F12H 181

2 UBEE NI T FNFRZAT 4 vAFYRIZES
BERAEE o O U A () OFEEML

B

BB « SRR - S5RER

§1. ¥ &

AR, ROBY, RESHBEBEETHY, AN LERIERH A SEAREES L
DOTENIERE CECAVLNTVS, BAFVEB TS 5HERTROHMIBL T,
BIEHHEDS  ORENSTHhH, BRECSELEDHOLATVSE, v vy s (1) BEAF
PR IEAIEE IR 720, EiEmHIC B L TR—BIc b & OB OMEWLETSH D,
$1z, ~F¥rooovya (D) OLdiT, 44 ue LTHEHRBE T WEERES
BT 5, TRt cRABi7afkshTlLE > ), BEKROPTHR ML
WK WERESNTVWS, LB LBBSEEDE, ~F9T777avyvas () A, +YJa
oA A v E RN Y F I FURRT 4 vEFVE (TOPO) K&k »T, BRTHRBITHE X
N3 EERVWHL, ZOMEEERS»IC LY,

FHTIE, b7 ook bBUKNERY, BUBBESEREhEEs Y VRS
TOPOZHWT, ~*4 77 7uvyas (M) OFRICEY ZHETHIIC>WTHRET L o
Hiz, vvys () OMBEFEEIOWTEHEICHEN, 2 OFEERERD I,

§2. £ R

21 & E

BEHE~F 372 7a vy s () B ; BEE v —3 —, ""RhR "™ Rhid, HHE
&Bo vy s (Aldrich, #EF99.99%) 12, HILKEETF 51 F v 7 & 5 D50MeVHIENERS
BEBELT, "Rh (7, n)'®Rh, Rh(7y, 2n)""RhORIGICLVBEELI, =7 v
b ZERERICINBARRES, KEMEF b Y Y ATKEIRTHRD, AR U o KERILE LB & 600638
IEFRICMBYARE U, SEBICTHTmBLEETY, FKCHIRL TO.2MBIERERIAR & Lo
Fiz, BA e RN <7 bvickD, vYy s (1) O~NFHT 7 THEPEONII L
ERER U124,

TOPO ; HROHE (FU_LERFZEARE) E R L Fkkic LTlRiL 7,
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B2 ) VEOKEH ; TIROBE CEHMLY, ) ZREBERMOKIRILF b ) ¥ 2KERIC
BRUTco Thve, 79 VBRKEN Y U ABERRZRW TR —BAREICLOEEL, E7
) VERA A VIBEERIRE Lo

ZDMDRAE ; NV EVREANT S VIGBEORETHREEITY, =toxvEy, 1, 2-
Yyuwuxzyy, soakiVald, ERBRNCKTS —5EEEE Uk, AW L 138
HREEZDEER Vo KIZEERBEKERA & LU TRV

2.2 HHHRE

a) ¥y s (M) OIF « FfhH

5.0%x107*—1.0X10?M® (H*, Na*) Pic B 0'5.0 X107 —5.0 X 10™*M D ittt v ¥ w A
() %#&t7kiE (pH1 —5) &, 1.0X107°—1.0X 10" MO TOPO% &t & HhE %20 1< BY
b, 26CT15h5 SKRIRE 5 Ulco BMOSEER, MMEA S—EEI Y 1 U CTHEEEZAE
L, WHEOBEEEDED» S vy A (D) O (Dv) %K1, KHEDOpHIZKE-LF b
VY LERWTHEL, RESBED WWHEpHZRIE Lo £, MHTE Y 2KRT
&, THEEF b Y U AICKD A A VEREEZE0.020MICEEZ T2

W, B0 & S LTRSS EbiRoBE#EEZ, ovy s () Z&FWVWKHE
(evya (D ZMATE, EMBERCAHTERBLIRES L, #AREhbD) LR
ESL, Ffier Yy s (1) ofREERD 2,

b) €7 ) YEROHIH

WERF MUY A EIKEREF U Y AITE D A A VEREER0.020M, pHE 1 — 41X 7:8.8
X107 =2.3X10°MD ¥ 2 ) VEKEK E, 1.0X107—1.0X10" MO TOPO%: &L B M %25
CTHENRHRE S Lic, BOODEER, 355.0nmic B A/KEOWRLEAHEL, RE S HIOK
HELDOENPSE S ) VBEOSER (Dua) ZKDT, Fie, kE SHRE B IKHEOF#pHE
BIE Ulco —F, HEHLOFERITEVLE AT, REIFIRTKEROE 7 V) VEREE ITIF
LAEBMIB VI, FEEOX D BHETEDICKEREREEEL S, 22T, AHEHEIC
s hices ) YEREDBOEIERE UGB L, BOtEQREEET- 7,

§3. HRIEBR
31 EVUVEE—PUFIFNRRT 4 VFF Y RRICBIIB3AFH 77094 (1)
DIMHEEE)
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0.10MDOTOPOA ST~ DEBAEAFAWT, 0.10MEZ ) VEOKBEP SD~NFH T 2
Tovy s (1) OWMBEB TR, B 1IRICRT LI, BEAEOBRARRIIBNT,
pHO LR EESIcu Yy A (1) OB

BINLTW5, 5AMDIRE Stk v ¥
VY% TIRpH38H 5, ~7 ¥ VR TIIpHS.1 2k
»59% Eou vy s () WEEHEICH |
HEhTws, TORER%E, RilEEHE L b
0L
)y uulig SYIFHINFOLISY =
Wil Da& Ty Y VEVER—TOPORY 8 |
EHENT B E, B2 VEERODED, LDIE 2
- =
WpHEED S TOE WIS EEEE 78 - T
Whe —F, pHOB WK TR o vy 4 B
m o IpHO FRE ESITED LT -4 L - L -
() ofEpHD LR E EdicEd L 1 . 3 y : -
%o Zhid, T OpHFEE TR/KEGTA* pH
$7s7uvy s () MIWkaFEERT L,
1 Extraction of Rh (I) into various
HHEOEWVESEEERT 2D TH S organic solvents.
L. 8.1x107°M Rh(I); 0.10M TOPO ;
EEABND, 0.010M picric acid ; Shaking time :
. o . 5min ; Oheptane ; @heptane,back
Z, A D 'O
#fe, myys (D) Offiticxy 25k extraction ; @benzene ; [Jchloro
BEORBEEETH D, UTOLDIBIET form ; /A1, 2 —dichloroethane ; A
nitrobenzene.

DRSO LT VB, ~NTF v SRV E VD>
1,2—=Y7puzyry>=truxvry>rsuoakivs, TOXHBEEHRIZ, & oy
YANKRVEEETOPOIC L B u Yy A (I OHE®, 7 oas (D OMEPicsWTHR SN
%, ¥1z, HLOERIE, B— Y47 b vETOPOIKLB&EA Z v ORRSIEMEBIZB VTS
HESNTHBD, BAELTOPOL OMAMEHOBE VL > THIAS TV ST,
MHEEOERIE, &BA 4 v Ok, SERE~OME (EMH) &, BED S~
O (WHH) 2HANZ ISk - THERT LI ENTE S, FIRICRT LD, Eof
HH» B SN NRHE LS —FELTBY, fkRED 5HLINCHHEEERICEL TV T &R
b,

E5iT, IE« SHoARED, RE D RBIRFEC O WTHEN, B2RIRT L1,
IE e E bz, |RED 1 9D 518003 F T—EDHEESE SN TEY, 14PN
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SHNTET BV, FEF IR ISR TH 5 LR SN

32 BESUVEE—PUFIFINRRT 4 VFFY F—ATIVRICEITEANFHTIT O

Son () OMmETFE

B2 ) VB ETOPOIZ & B ~*
Y7o 7avys (D) OHHE
FEF TP DI ET S L
Bbhol, TTTR, BRAEV
HMHBBONEZ~T Y VRITOV
THHEEEEES ML, HMHE
KEPRET %,

%9, vvva () o4tk
s, vy s (M) BEK
FHERE N KT B VY A
(II) ¥ %5.0x107°—5.0 X
10*M & 10052 LE € TH, 5
3R Y & DT, —EDHEL

2
,§¢ 8- 8-
2ol
-2 1 1 1
0 1 2 3

Shaking time /h

52 Effect of the shaking time on the extraction
of Rh (I ) in the picric acid-TOPO-heptane
system.

0.10M TOPO ; 0.010M picric acid ; Oforward
extraction, pH 2.63—2.67 ; @back extraction,
pH 2.70—2.72.

BELNATWVWSE, Chib, pH2.8OBMEE TIIERETR UKEFTto vy & () {1k
BARELSERCL TRV EBbh 5,

3
2 -
= -0 O O
& gL
2
0
_ I I
! -5 -4 -3
log([Rh(ID)1/M)

%3 Effect of the initial concentration of Rh () on the extraction of Rh (1) .
0.10M TOPO : 0.010M picric acid ; Shaking time : 5 min ; pH 2.80—2.82.
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WoT, ©2Y VB4 4 v ETOPOICEk 2 vy a (1) OMMYEHEIZ, +Y 2 ooliik—
TOPOZTEA Y & FREC, DX > icEdC ENTE D,
Rh** +mPic™+nTOPOoy = Rh*" » mPic™ ¢ ”TOPOqrg (1)

[Rh*" » mPic™ » nTOPO ],
[Rh**] [Pic™]™ [TOPOl."

Kex.M = (2)

ZIT, RAFDorg 3HEMWMEPDILFERE, RAFORVHOIKEROILFEEEZRT, &
7o, Kanm3(O)RXOVEEE, 20 uvy s () OMBERERT, £/, vvvas (D)
OAFHDE, KihTor Yy A (1) €7 ) VBA 4 v EOEEREP, vyya ()
DOHVKSRHER T, F/z, MHESRET « mPic™ » nTOPOD A TH BB H I, KD &
Sk EN B,

Do [Rh® « mPic™ » nTOPO]Qrg
™ [Rh**]

(3)

QRIZERERAT 5 LT ORMBE LN B,
logDv=mlog[Pic”]+nlog[ TOPO oz +10g Kex v 4)
@ickvwe, vy s (M) OHERIE L TKERFOE 7 ) VA & v OSFHRE, &
CEBEROTOPODEREE 2 7 v v b g UL, TOEEX»Em, ndSKED, HHEOMR
BBEDENB I LITEb, TTT, bLTOPOICL B EZ Y YEROMHASEC 23B&II3,
ZNTNOVHRE IBE» S RES BT E &8 TFHEEINE, 22T, TOPOIRL B E
2 ) VBOTHI S VTN, €7 ) VIROMITEEL, RO > ickd CENTE S,
H*+Pic™+iTOPO.y = HPic * iTOPO,sg (5)

[HPic * iTOPO Jorg
[H*] [Pic™] [TOPOT.

Kex, HAI ™ (6)

(B DKo i ZOROFHE LR, DD, €2 ) VBROMHERETRT, €27V VBRI, 7K
HhTikEs ) v (HPic), RUEZ Y VEfA 4 v (Pic) &LT, £k, BEhcRY
2 ) VB, KRUTOPO&EDLEE (HPics iTOPO) & LTHEAETAEELONBDT, ¥
) VEBROSEHDuwlE, RO TERENS,

Do [HPiclue+ = [HPic * iTOPO s
A [HPic]+[Pic™]

(7)

T T, HEEDunERF DL Hic, TOPOK L THEHICAE T 3884 DuE, TOPO &
&6 L CEBIICOE S 284D’ ST TEZL B &icT B,
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_ [HPicl,,
~ [HPic]+[Pic”]

0
DHA

DHA’ =

% [HPic

« {TOPO],,,

[HPic]+[Pic™]

(8)

(7, BR&ED, Dun’ 1ZDuad Dun’EDEELTEINB LI B,

Dua’ :DHA_DHAO

(9)

CCT, i=2& LB ERALTEET 2 LU0PE SN 5,
Dyy’ / [H+] :Kex,HAl [TOPO]org+Kex,HA2 [TOPO]2org (10)
0=z EDWT, logDua” —loglH'] 5d10g[TOPO loe % 7" 11 v b0, HHEBK o ai

MRD SN B,

TOPOEREETIC, B2 Y VEEE LTEBBIAK TS E7 Y VEROBZKRD 59T,
9, K—BERAEMICBT 37 ) VERODIRE D 2N, CDEE, EBRTHEOLE
Dua® S5 Dua’ 23KDT, (0RcE S 7oy v 2 E o7, HEREEAE 4RICRET, TOPOREE

DOEINPE > CTHEE K& LT, TOPOREDE
VR TIREE2.00EREL>TWBE, Th kD,
€7 ) VRETOPOIR 1N 1, ok 1xt2 ToEe
LTWss0EEZ N5, RNESWT, FEE
BR/N_F7 05 ASALSERVWTHE L EC
A, HHEHBE LT, logKuuan=2.91, logKuynm=
6.83L WS ESF SN, HELLL Y 700
FER—TOPORTIE, MIHIFEIZHTCA « TOPO &L W
5 1% 1 D2BEDATHD, THHERKIZogK e ma=
4BLVIETH-Tco PY 7 m RO XS,
CTOPO& 1% 1 TRAT B E LTI i,
FA YT VEIRENRE SN TED, TOPOL 1
W2 TRETHIHE L TIE, EE, WER BiER
BROESBMESN TV, B 1 HFIcxd 2TOPO
DG, Boms LRSS 2 EBbh 5,
BoNIIMEER, Kem®EER VT, HEHE
HOTOPO, RUKEHRDOE s ) VA #+ v O

-1

slope 2

L i ]

-4

-3 -2 -
log(LTOPO1, . ,/M)

org

54 Extraction of picric acid

with

TOPO in heptane.

6.0X107*—3.0X107*M picric

acid

NO;~

; 1=0.020M (H*, Na™)
; pH1.9-3.1.

BEZ, TNThOYNEE LKEOFEpH, SFTHT 5 ENTE 5,
FERABWT, > W TOBRIHRORE, 5, vy s (D) L&E5TRY
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7Y VBO¥m%E 3 LRFE LT, logDy— 3log[Pic™] S{TOPODFHRED 7 a v b & & -
Teo BSRICEERERTY, HEX4I0EBEB>TVWE, Tk, vYvas () LTOPO

131
P
=
alllF
=)
2
M -
!
=
=]
2 9| slope 4
|
7 1 1 1
-4 -3 -2 -1
10g([TOPOT,,.o/M)

¥5 Effect of the equiliblium concentra-

tion of TOPO in the organic phase.

picric acid : 0.010M (O), 0.030M
(@) ;1=0.020M (H*, Na®)NOs ;
pH2.5.

B1IG4TERELTVAEEDEEL LN S,

9..

o

2 8

ey

2

fup

]

=7

= slope 3
6 ] ]

Ly -3 -2

log([Pic™1/M)

% 6[X] Effect of the equiliblium concen-
tration of picrate in the aqueous
phase.

0.10M TOPO ; I=0.020M (H™,
Na*) NO;™ ; pH2.5.

wiCBLNIFERLD, WlicBvTayya () E&E5TBTOPODHNE 4 LEWT
logDyu— 410g[TOPOl Xt €7 V) VEEDNEHBED 7 0w b & ofzo HERITRT L 51T,
EX28DEESE LN, FHRIXNzLdiC, vYva () L7 ) VERMB 13 TEEL
TWB T EDMEND bt, £z, m=3, n=4PISNC 3PEEREBET 3 £ 5 TAENE
m, nOEAEDEMIENT & SFEIC X DIED I,

PIEokERLD, nYya () O, Rh e+ 3Pic™» 4TOPOTH ST Ebibh -
Tro Tz, HIHERKE LT, logKan=1751E0.156& WA EBESNI, €27 ) VE—TOPO—
ATy VRILBFBu Yy () OHMBEOHEE MY 7 o oFfg—TOPO—~7% VRO
SOEFUTHBY, COLSicEBE (M) LTOPOAB 1IN 4 TERETEHEVIDR, ThE
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T2, TOPOICEBH LWIHHRTH 5 EWZ %, &1, TOMHERE, tYsowo
BRSO (logKun=12.20%) IKHRTICOREBETH 50 TOL DITRS T ER S
Bonfoid, €2 VERIBKKWTRELSFTHD, b7 o affRictk ~THEHRIS
BELPT, ok, avya (II) OMHOXA+ & LTERIIE b0LELLNS,

§4. Fo

AHFETIE, €27 Y VEBETOPOIRE >TAFH 77 7u vy s () HBEERTHHED TR
BIZ, EREBICAT S vV VIS EERVWH LI, Big, €7 Y VIR,
RUouvy s () OFENONEEEE2ZNTNDF TELL T Eicky, MHBEOER
ZITV, MHEOME S HERERET B T EMNTE, KR}, vYv s () BEDE
BREERA A v OB BRI b0 LHiRs N5,

CEHEEITI By, @IEE - BRI IR TR ISR O Bl RNz
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%12 Chemical composition of zeolites.

Ferrierite Typical oxide formula Si/ Al
HSZ—T00KOA (F—1) 0.26Na,O¢0.74K,0¢A1,0,+12.35i0, 6.15
HSZ—TI0KOA (F—2) 0.17Na;O+0.82K,0° Al;0,+13.95i0, 6.95

HSZ—T20KOA (F—3) 0.28Na;0+0.70K,0° Al,0,°16.85i0, 8.40
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518 Effect of shaking time on Re,. %52 Effect of shaking time on R

pH:i2.7; O:F—1, A:F—3. pH; 2.7; O:F—1, A:F—3.
3.2 i pH OFE
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RDLEBNETH S, FHEO6Ric7 V54 (F—1) "Dk VY ADRELEH TR
o FRMROE D 5 Langmuir B CRBEBHEIT L TVWBE D EHE S NS, Langmuir B O
EZE5RAFLITOo LS icEd 5,

K QMAX Ceq

= T7xe, @
Qeq : ?@iﬂ%ﬁ (mmol/g)
C., : BBEh D& vy & OPEEE (mol/1)
Quax, K : LangmuirfE${
Quax BB R E L5, WRETE L TkEADMBE SN 5,
Co 1 4L ye, @md

Qeq K @max Quax

Co & (Coy/Qeg) 278 v b (Langmuir plot) U THEHENE SN 3HE, AOXSEHTE 3,
F7, TOHEEPS (1/K Quax) & (1/QyAx> ZRD, Quax EKDBERTE 3,

2 T T T 2 T T T
x10
. /——O o) o) b /
E’ ee] B ~
T4 E
E =2 §
o ! ] g
é o\ 2 = 1
= o
(-1
(o) /
O
g
o 1 1 1 o '\g 1 1 1
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
Ceq (mol/I) Ceqg (mol/l)
%6 Ion exchange isotherm of BT Langmuir plot of Cs for
Cs for ferrierite (F—1). ferrierite (F—1).

BIRWCRTLIIE, 72054 b DYy ARBZ KT 5 Langmuir plot 12 (3B
BRSO 5 Nnfco CDIHCstid7 = V) 54 MFESRANBESFHICIRESEIT Lz bD &
ZAoN 5, B TP S LangmuiriE 3 Quax 1.68mmol/g K U K 1950058 51z, bAET
EEHT BRAREEE VT F 4 b Tldl.l~1.6mmol/g, KIREEZ Y /) FF 54 b TI20.5~1.4
mmol /g HESNTVEY CNDEHBTEE, 7251 F RRREDELTF 1 b
ROV, 7Fas54 bEOEEBELTVWS I LD 5,
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1) KB BREEE e BT ATERTR (BEEEdR, 72/ « 7w
Y=/ +) (1983) 380.
2) Bk : ¥4 54 FOREEEH GSEY ATy T o7 02) (198D,
3) WURBBES, HH)I—BR : BUAEEETRE 29 (1985) 99.
4) BHEE : BILRFEAER TEEA Bt (1981).
5) =&t ¥ EdbRE fEdiesC (1984).
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Determination of trace amounts of carbon in gallium and arsenic has been examined
by photon activation analysis using the *C( 7, 1) "C reaction. In the present experiments,
irradiation samples were prepared by a wide variety of ways in order to search effect of
the atmospheric carbon dioxide. After irradiation with 30 MeV bremsstralung for 20
min., chemical separation of carbon as CO, was performed by the combustion method in
a oxygen stream using a flux and a source of carbon carrier. Then the CO, gas was
collected by passing through double traps containing NaOH solution, and precipitated as
BaCO; to measure the positron anihilation gamma-rays. As a result, it was demonstrated

that reasonable precision and accuracy are also obtained by the above method.
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Study on Isotope Effect on Self-Diffusion in Cu
using three Radioactive Tracers

Shun-ichi Ushino, Shin-itir6 Fujikawa and Ken-ichi Hirano
Department of Materials Science, Faculty of Engineering, Tohoku University
Aramaki-aza-Aoba, Aoba-ku, Sendai 980, Japan

The self-diffusion coefficients in Cu over the temperature range between 980 and
1351K were determined by the serial sectioning method using radioisotope “Cu. A slight
curvature was observed in the Arrhenius plot of the self-diffusion coefficient. The isotope
effect factor for self-diffusion in Cu was determined over the temperature range between
1220 and 1351K, using ®Cu, *Cu and “Cu. No meaningful difference between the isotope
effect factors for the combination of ®'Cu with “Cu and that of *Cu with “Cu, but it was
found that the isotope effect factor decreases in a temperature range near the melting
point of Cu. These results were discussed taking into account the contribution of

divacancy to the self-diffusion in Cu at higher temperatures.

§1. Introduction
The diffusion coefficients of two different isotopes of the same element in the same
material are known to be different each other and the magnitude of this effect is usually
expressed by the isotope effect factor, E, defined by
E=(1—-D./Dp)/ (1 = vmp/ ma) (1)
where D, and Dy are the diffusion coefficients, and m, and mjs are the atomic masses
of isotopes a and B, respectively. Theoretically, the isotope effect factor is related to
the correlation factor f by"?
E=fAK (2
where A K is a factor called the kinetic energy factor.
The correlation factor fis a characteristic of the structure of the crystal lattice and
diffusion mechanism. For self-diffusion by monovacancy mechanism in F. C. C. lattice,

the correlation factor f is calculated to be f = 0.781** and f = 0.458 in the case of the
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divacancy mechanism.”

The kinetic energy factor A K is the fraction of the kinetic energy of a diffusing
atom at the saddle point, associated with motion in the direction of the diffusional jump
to the total kinetic energy of the atom. The value of A K depends on the atomistic
mechanism of diffusion.

12 and it was

On the self-diffusion in Cu, many works were carried out so far,
recognized that the temperature dependence of the self-diffusion coefficient deviated
upwards from the Arrhenius type linear relationship near the melting point. The
curvature of Arrhenius plot was attributed to the diffusion by the divacncy mechanism
overlapped on diffusion by the monovacancy mechanism at higher temperature.

Rothman et. al.” determined the isotope effect factor for self-diffusion in Cu over
the temperature range between 1167 and 1334K, using the radioisotope *Cu and “Cu by
the half-life separation method. However, the result by Rothman et. al. that the isotope
effect factor does not depend on temperature appears to be in consistent with the curved
Arrhenius plot of the self-diffusion coefficient of Cu. Examination of the isotope effect
factor is useful to study the diffusion mechanism through evaluation of the kinetic
energy factor A K, however experimental work on this matter was not carried out so far.
In the present work, the self-diffusion coefficient in Cu was determined using radio-
isotope ®Cu over the temperature range from 980 to 1351K by serial sectioning method
and further the isotope effect factor was determined by using three isotopes ®Cu, *Cu
and ¥Cu. Temperature and mass dependence of the isotope effect factors were examined
to elucidate the additional contribution of the divacancy mechanism upon the

monovhcancy mechanism near the melting point of Cu.

§2. Experimental Procedure
2.1 Specimen Preparation
Single crystals were grown from 99.999996 pure Cu by the Bridgman method. Cylin-
drical diffusion specimens 6 mmin diameter and 11 mmlong were cut from the single
crystals by a precision cutter. They were chemically polished and annealed in H; gas at

1300K for 1.00 X 10°s to decrease dislocation density, and then etched chemically. One end
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of each specimen was mechanically ground flat and polished with alumina paste, and

finally electropolished.

2.2 Production of radioactive tracers

The 7 — ray generated by the bremsstrahlung of 60MeV electron beam with a Pt
converter, was applied to a bulk target of 99.999 96 pure Zn of the natural isotopical
composition to produce a mixture of the radioactive tracers ®*Cu, #Cu and Cu by the
nuclear reactions *¥Zn( 7, p2n)®Cu, ®Zn( 7, pn)*Cu and ®*Zn( 7, p)¥Cu. For this process,
the 300MeV linear accelarator of Tohoku University was used. The Zn target was sealed
in a quartz tube under a vacuum of 0.01Pa and placed on the axis of the electron beam in
close contact with the Pt converter cooled by water. The procedure for the chemical
separation of Cu from the target and that for nuclide identification was described

elsewhere.'™®

2.3 Diffusion experiment

Thin layer of mixture of the radio- Table 1 Condition of electroplating

. o o o of Cu on Cu.
active tracers °'Cu, "Cu and *Cu was

Ingredient Na,P,0; 0.157mol,dm’

electroplated on the flat surface of the Cu Na,HPO, 0.103mol/dm’

specimens under the condition shown in Neutralized by adding H;PO,
Temperature 333K ~ 343K

Table 1. Then, each specimen was sealed in Electrode Potential 4.0V~ 5.0V
Current Density 0.1A cif

a quartz tube with 99.9999 %6 pure He gas

to avoid oxydation during diffusion. The diffusion annealing was carried out over the
temperature range between 980K and 1351K in a resistivity furnace controlled to *1K.
After the diffusion, the specimens were reduced in diameter by grinding mechanically to
remove the zone affected by the surface diffusion. Then, after measuring the diameter,
each specimen was sectioned by a precision microtome. Each section was weighed on a
microbalance and the concentration of radioactive tracers contained in it was measured
as the specific activity of the 7 — ray using by Ge(Li) detecter and a multichannel
analyzer. The thickness of each section was determined from the weight of the section,

the diameter of the specimen and the density of Cu.
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83. Results
3.1 Diffusion coefficient
For the diffusion predicted by the Fick’s law, the specific activity of tracers, I, which
is proportional to the concentration of tracers, ¢, in the specimen at the distance, x, from
the original surface is expressed by
I ¢ = const. X exp(—x2/4Dt) 3
where D is the diffusion coefficient and t the diffusion time. The linear relationship

between log I and x’ was observed as shown in Fig. 1 in agreement with equation (3).

Dol d o 1 1511

rt v raral

WY

IR MREREE

Specific Activity of 87Cu / arb. unit

g vgnal

T ?Illlll

1

E 1000K ]

: 1042K 4
100 " 1 MR R | P

0 1 2 3

Distance Squared /108 m?2

Fig. 1 Penetration profile for self-diffusion of ¥Cu in Cu.
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The diffusion coefficients, D, determined from the penetration plot, log I vs 2, were
listed in Table 2, and their temperature dependence is shown in Fig. 2. It is found that the
Arrhenius plot of the self-diffusion coefficient in Cu is slightly curved.

Table 2 Self-diffusion coefficient and isotope effect factor in Cu.

Diffusion coef. Isotope effect factor

Temp. (K) Time (s) (mzs_l) 610y —5"Cu 840y —5"Cy
1351 2.0 X 10° 5.50 X 107 0.61 = 0.03 0.58 = 0.03
1346 2.5 x 10° 4.24 X 107 0.60 = 0.03 0.54 = 0.07
1316 4.0 X 10° 2.82 X 107 0.59 £ 0.05
1282 6.0 X 10° 2.10 X 107 0.61 =0.05 0.63 £ 0.07
1250 8.0 X 10° 9.12 x 107 0.74 £ 0.04 0.74 £0.05
1220 10.0 X 10° 7.50 X 107 0.71 £0.03 0.74 £ 0.03
1190 15.0 X 10° 4.00 X 107
1163 2.5 X 10* 2.58 X 107
1136 4.0 x 10* 1.33 x 107
1111 7.0 X 10* 9.95 X 107*

1087 12.0 x 10* 6.34 X 107
1064 2.0 X 10° 3.06 X 107%
1042 3.0 X 10° 2.51 X 107%
1000 8.5 X 10° 1.13 X 107"
980 14.0 X 10° 6.32 X 107
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Fig. 2 Temperature dependence of self-diffusion coefficient in Cu.

3.2 Isotope effect for diffusion
From equation (3), the following equation is derived for the simultaneous diffusion
of two tracers a and B
log(I,/I5) = const.+ (1 — Da/Dg) log I (4)
where I, and I denote the specific activity of tracers @ and B, respectively. Then, the
value of (1 —D,,/D,) is determined from log(Z,/I) vs log I. plots. As shown in

Fig. 3, all the plots of log(I./Is) vs log I. have a positive slope, which gives us a
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log(I5/1.) vs. log I, plot for self-diffusion of two

In the preliminary measuremlnts, the concentration
of “Cu was changed with keeping constant the ratio
of concentration of the *Cu to ¥Cu to check the
reliability of the radiation detector.
The results are indicated by “Null”.

positive value of the isotope effect factor E for msz<m, as shown in Table 2. According
to equation (4), the positive value of the isotope effect factor E is reasonable. Fig. 4
shows the temperature dependence of the isotope effect factor E determined by the
present work. It is found that difference between the isotope effect factor £ for the com-

bination of ®Cu with Cu and that of *Cu with “Cu is little, and of the isotope effect fac-

tor E tends to decrease with temperature.



211

1-0 T T T

08 C

06| v

04 -

x %cy- Ty

Isotope Effect Factor E

~ Melting Point of Cu “

0.0 H 1 1 _ 1
1100 1200 1300 1400

Temperature / K

Fig. 4 Temperature dependence of isotope effect factor
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84. Dicussion
In Fig. 4, no meaningful difference between the isotope effect factors for the

combination of ®Cu with “Cu and that of *Cu with “Cu is recognized. This implies that
the difference of the mass of the tracer affects only jump frequency of the tracer, and
the affection of the mass of the tracer upon the motions of the neighbour atoms of the
tracer atom is negligible. If the motion of a given atom does not involve the motion of
several neighbour atoms, the motions of the neighbour atoms of the tracer may be
independent of the mass of the tracer, and then A K should be 1. Therefore, the negligibly
small mass dependence of the isotope effect factor £ implies that the A K is close to 1.
If diffusion takes place by both the monovacancy mechanism and divacancy mechanism,
the diffusion coefficient D and the isotope effect factor E can be described™ by

D = D}, exp(— Q1 ksT) + D}, exp(— Qn/ ksT) (5)
and

E= fiX AK(Dw/D) + fuX A Kp(D2/D) (6)

where DY, and D3, are the frequency factors and @, and @, the activation energy for the
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monovacancy mechanism and the divacancy mechanism, respectively, Kz the Boltzmann
constant and T temperature, fi, and f,, the correlation factors and A K;, and A K, the
kinetic energy factors for the monovacancy mechanism and the divacancy mechanism,
respectively, and Dy, and D,, are the contributions of the monovacancy mechanism and
divacancy mechanism to the total diffusion coefficient D, respectively. According to
equation (6), the decrease in the isotope effect factor E with temperature means the
increasing contribution of the divacancy mechanism with temperature because fi,<fa .
Taking the values of AK,=1, AK,=1, fi,=10.781 and f,,= 0.458, the contribution of
the divacancy (D, D) is calculated by equation (6) to be nearly 0 below 1250K and 0.4
near the melting point of Cu. This means that the contribution of the divacancy increases
with temperature and becomes effective above 1250K. Application of the present results
to equation (5) by the least square fit leads the values D},= 1 X 10°m%™", D},=7 X 107*
m’*™!, Q.= 192kJ “mol and Q.= 300kJ,mol. According to these values, the value of
(Dy /D) is estimated to be 0 below 1250K and 0.4 near the melting point, in good

agreement with the values calculated by equation (6).

§5. Conclusion

It was found that the Arrhenius plot of the self-diffusion coefficient in Cu is slightly
curved, the mass dependence of the isotope effect factor E for the self-diffusion in Cu is
negligibly small and the isotope effect factor E for the self-diffusion in Cu decreases with
temperature. The present results suggest that the contribution of the divacancy to the
self-diffusion in Cu increses with temperature and the fraction of the contribution of
divacancy mechanism to the total diffusion coefficient D may be about 0.4 at the melting

point of Cu.
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Lattice-C 7> 5 MS-CIcBH#Z 5 C Lok 35 b (B3 HE) %1775 - Feo

VAXRIOT 0 "5 %4 v —57 bE— FCHEHT 3BROKE %175 W KS00HZ T
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OPTICAL LINK
MODULE

NIM
modules

modules

CAMAC

poay
:
=

FrE»X FPEZME =3I M0 XM

RAW DATA
SIGNALS

modules

CAMAC

TOYO 7000C.C.

TOYO 7000C.C

OPTICA LINK(1Mbit/sec)

ROOW

DATA PROCESSING

g

UNIVERSITY OSI NETWORK (TAINS)

OPTICALLINK |
MODULE

COUNTING
.| ROOM

Q22bus

1 (&)
. @T@
| i >

L’[ ETHERNET LF.

LOCAL TCP/IP NETWORK

BN FHEHF— s 0#E Y 254 (ODET9) DR
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F— I mm AL T EBHES LS I 5T,
BERERBDAOERICHIEHK S LS IcT 50, LDM EORER VLA TWS
MWPC 7 — % ODHGAERE ZBUE L 72,
THbo
COWMETIE, TNOFAKEHSNREEHSEROGIEN 7 — S B Y X 5 5%, ZD
BREBICHERZ, $98§2T7av bV FUERE, §3TVAXTOF—SBuAA & VA
XETDFYS54vVE=Y —DHEICODVWTENRE, £/ § 4 TR MWPCHr 5D 7 — S HGA
HEEOWTEEREL e — F Y = 7T ONEEB N5, Bichiict v 54 v o1 EFhk
lIT2WTiE Lo

§2. Jov by FOER
7av by FIBEDTOLS SHE (E2K) £7->TWw3, CAMACE Y 2 — VD
F=5 @3N —=YVFIWVCAMAC7 V— b3V bua—5—%E L TNECPCIBI ~ESN, v
77 ICEERAEN D, Ny 7 r ONEMNCES 185 L 5127 — FEBNE LTF— 9 %24 754 4
W)Yy Y a—VERBL, Ny IV FDaAVYEa—F—TH23 Micro-VAX I ~NEET 5,
FREOBNICBWTCCERETEGN 7 Y b YV FIBERY 7 b v = 72 CAMAC ko
F=F DHRAMOKRVNy 7 2V FADTF— 5 Db L T0W53, CZTIR, Co7av
PV RIEERY 7 b TIROWVWTORNEB,
2.1 702 bV FLEBRYT YT
7Jay by FREERY 72 7UTDa) ~8) OF 0/ 5 Ahbi->TW5,
a)te.c
b) tc.i
¢) cdt_init. ¢
d) cdt. h
e) tagcam. h
f) camac. h
£) screen. h
ZNENDT 0S5 AOBBIEABTELUTOL S ITE->TWV3,
a) tec. ¢ AA VT ay S5 s, CAMAC-action T & U read-event 21T\, H L v b

”v77K§%ﬁUoNv7?ﬁﬁk$ﬂﬁﬁ6t7F”v7?K%Lt
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Front-End

PC 9801
oPT|CAamac g%YO | curr.buffer {]
Link —

] 1

M512
B words/unit

circuit room

measurment room

opT|CamadcC |KS

Micro

L

Back-End

b) tc. i

¢ ) cdt_init. ¢
d) cdt. h

€) tagcam. h

F2R JuvhzvRLEROER,

B, ATTFaANY I T Ty SEEL, VAXHINES,
time-counter function DEFo /52 —% (Nr v 77 DREX, H Y
v 5 OYIIESE) ZRE. Ny 7 r DG EER.

configuration-table, &< X 7 DRIE,

inhibit-action (SETI, CLRI) DR, configuration-table DIEEEFER,
CAMAC-function U, % CIZB% LAtk CRIEFIAZ L) %EHo
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f) camac.h CAMACH 7WV—F v,

8) screen. h  PCHHE D HIHBIE % ERo

Jovihzy FUEROY 7 by 7 BEAE  MS-Cvh. 1’ TEMANTWV S, EfTHENE,
A4 v7ayssa () CL—F-BELORRICHEDLE TEET 5 ' Configuration
Data Table’ (BAF, CDT) %V v 7 UT{ERE L5,

2.1.1 XAVI—Fv
_ A4V I—F NEEEE SRR T RT3 AA Y V—F DY —2 =V XKL
T\ 53 function (FORTRAN icHF 54 7 h—F vicdhb) Zick DRl

main() P init_tc()
7 | edinit (edtinit)
checck_cdt()
init_buffer()
mlt‘tc() ‘ = check_scaler_time ’
l () _,_.-"’/ read_scaler() |
ctRl Y T

check_scaler_time | ..

SETI read_scaler() ]

SETI
noX_error()
queue_current_on_tx{

read_event() -----—-----=| read_event( l ' cLal

noX_error()
clock_scaler_time)  {(tc.i)
main queue_current_on_tx(

-loop

1

L sendq()

Y P clock_scaler_time  (c.i) J

sendq()/"/

E{IX 7orbhz v FERY 7Y =7 O,

78 7S5 ADEENCHE init_tc () ITE DR CAMAC Y 2 — VR Uy 7 > ZE0HHL
MENE, ZORIBEIRICRLIEZAAL YIV—T7%2[3 I &TF— & NERUFHIENMTHOIN S
AL Vv—TRFEELT
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a ) check_scaler_time P§® read_scaler ()
b ) read_event ()
¢) sendq O
& CAMAC-action {2fE 5 SETI (set inhibit), CLRI (clear inhibit) SN IL-> T3,

A4 VIV—THOEWEE 1) ~3) &L TRITFIRBBITRT .

1) IR WE XK (x) TRULEAARD NV — 7 D&%\ D read_scaler() 1
TR =5 —DADFEAZIABETTDo B LV Ny 7 7 BEERIZIET NI queue_
current_on_tx() kDALY Ny 77 SRV FNy 72 AF—s BB EN 5,
IRBIAL 7B, 2) ~o

2) read_event () 1A%, read_event () WOWMNIEILT 2—1)~(2-3) DIETITHO N
5o

(2—1) /read IR and save its value,”
CDT T data type 28 “type IR” EEHEZXNTWVWBE Y 2 — W EHT,
(2—2) /read & save CR,”
CDT T data type 25 “ type CR” EEHRENTWV B E Y 2 — L EFT,
(2—3) scan the crate & read data sources,”,  make the bitmap,/
IR O LAMISHIGE L7z EY 2 — VD F— & V&R,
INSDEEDE, H LY by 7 » MEHMTET 11 queue_current_on_tx () ik A1 v
YNy T e oV Ny T rANF—=I BB END, 3) o

3) BV RNy 77 F—IBEXATNTWH S sendg () ITAD, Ny 7 » DRE%
ST 4NV INI2T — FENTT 0y V kT %, BV F Ny 7 7 I8 F— 9
EBIAFNTOVRVERZOEE 1) NS,

%) (7, m) EEEE CRIEFMWPC 7—% & LT “type data” LERLTVBD
T, (2-2) TRFEETIC (2-3) WBLTHERE

VRS 4 vv—TORETH 2, 18, (7, =) EBREEA NV b S TRERE
BAT =5 =X DDA 2D, V=T HADCAMAC-action iZf£ 2 SETI, CLRI iZiT-> T
WL,

2. 1. 2 Configuration Data Table (CDT)

7YY FIERDOY 7 by 7 ZEANICHELE N TV 5 oo U E O b, 7
YEROFROEEEXEE RV S, CDT OXEEDHTF— 5 OHASMITAE D&
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oTWh, PIFTIREERICEL CDTIRBVWTERE LRI NEESEBWSS X — 7 2 K 1T,
ZDHA%ET 5,

b)

)

d)

{325 CAMACEV 2 — VO TH S, COFCRATF 4+ ANV VI EY 2=
EAVI—FTPUVYRI—BEDEN, /- bavia—5—DHEEDI,
redzone
Ny 7y BIRCR BRI T — 7 RIS h BT hid B 59, ToREE LTRET S
DA redzone TH b, /¥y 7 7 B redzone TIRENI2T — FELITIIBEE LNy 7 5
DHOF = DA T T 4 AWV ¥ I &Y a—WOEREDPHIGENE, DM,
(IAXRYPREIBEROT — FE+ 1)

+ Rr—-7-0fRTE7 - FH+3)
LORECHEET 5,

FiED (r, 7) OFEBEEHIETEE, 14 XY PO EFG CAMAC £V 2 —
i3,

CR 6& (1&B17-F §67—-F)

ADC 18 (UAH1I—=F, TchiRHIRED TT7—F)

Scaler 18  (LAH27—F, 12hfEHICED247—F)
Thb, £»T, (13+17—F) + (24+37—F) =41TH 3,
<27 (16#FR)
IR masks : LAMZY T34 V=S5 VL IRT—DF v+ VX IVDIEE,
subaddress masks : IR -7 & EFTRAICWL YT T F L 2 DIEE,
crate definition table
15D CAMAC £V 2 —vOREE { } THEN IBEOF - T VML DERT 5,
EAZUTICRT,

{ crate_No., stn_No., module_type, no_lam, IR_mask, read_mode,

SA_mask, CR_id, CR_mask, lower, upper, label }

DIFICIE > TVWB, ENENELITITRT S
crate_No. V= OFES, 1ROKHE 0 (45F THEREE)
stn_No. TEVa—-EVWNRAEZXTy b DES

module_type : TV a—VOREH, PITOdDBH 5,
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no_lam

IR_mask

read_mode

SA_mask

CR_id
CR_mask
upper, lower

label

IR - EBRAICWSYTT R VR, R ¢) OB T

TypelR D AVI—F TP VYRS —
TypeLink : A7F4hNVYVIEY2—
TypeData : ADC, TDC etc.

TypeCR DO VYTFVRALVIR Y —

TypeScaler : X4 —35—

LAMZRELTBEV 2 -V THEhEP, BERLEE L, BET

FewEx0,

P CDEV2a— VLT LAM MY D24 VI —=5T L VR I—DF v

Vi, FEHC) OB A I THRELTV S,

P T =Y DFESAL, WEICETSE- o 2HRNDOBEND BN

OnCoin @ € — FidFRFERIC D EFEHARTRE,
OnValue : PIZRTH — bOficd b & XDAEHED
OnCoin : (FR5ERK, HFHAEIEE)

%llp[l

ELTW3,

: (OnCoin E— FD/¥5 2 —%, iz {0} TBE,)

(OnCoin E— FD/e5 2 — 4 Bz {0} BT,

:OnValue E— FEEOV 7 b 27 Itk B35 — b,

: 9 ’\“/l/go

2.2 RAEEFTOHREL, SHROEE

D70 T ALY IERLTFERFICBERE S b0 TH D, 19894F 4 B OB
FOERRFICRE 7oy bz v Fa Y Ea—4%—& LTIRZEPSON ‘ PC-286V * (10MHz) iz,
‘Lattice-C’ 2H\V\WT7 075 aBEMN TV, 27 A% (7, z) OEBREC EPSON
‘PC-286VS "’ (16MHz) + ‘ MS-Cvb. 1’ KKEELIET A, Fu /5 ADETEE R 2
Bicisy, HECE->TWV 3, ,
BRTORVERE LTI, Ny 7 v FONEEE & 0BRSS EF OIS, 7— 5 DBE
ZITHOCHDEADIAVE 2 — 5 —[ORIHE LD EME LW, BER 7o Y v
FHROoDTF—FidNy 7z v FiEbp->THAMEE (7avbz vy FicdLtw 72V B

SOVARY RN T ->TBD, Ny TV RTOF— 9 DEIALD T 5 —HSREEE &

E>TW5h,
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SHRTESNIHEROFVERICBVT, 7aY Y FTOFy K54 AHRIEIE 2
BEEERTHL, 70/ 7 20YWRILSEmELER S LEKFICEBIEED T Y Ea -5 —
EEHT 5T L0 LW,

§3. Micro-VAXIIIC & 37 —FHuA

3.1 YRFLOER

Micro-VAXI ETH v SA v 7 a /s a%ELHE b dicid, BWIKIE U T trx. dir,
shr. dir, tmp. dir D=2DF 1 V7 b Y 4 %5RT Z0EHD 5,

trx. dir BFER 70 7S 22T 554 L7 b Y 1 TH B, ERPiZ, cohicdbah>
DT at AL TEFHT 5,

shr. dir i3, BA -7 o AMOF— s ORELEZHYTE7 0 s/ S 2088EN 574 L
7+ 4 ThHb, Vax-fortran FEOHBEBII C CIKRES N B, GEEHEBIc>VWTR
Vax-fortran < = o 7 VR UNEESRBDO C &)

tmp. dir i, XFEBO—RHHFERINEHDBOT, F4 L7 b)) s BEELTVWSE
FTEu,

BEDF4 LI bP) 4 IZEENETR 5401, BIRIELTH S,

BIR Av54vTas560) b,
1. A4 v7akx [ trx]

a., F—SNEYy TI—F VB
abort. f
checksum. f
exec_command. {
general _init. f
handle_data. f
initialise. f

b. SWRHDBY 7 v—F VB
put_massage. f
put_prompt.

update_run_info. f
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Bk (BE)o
update_state_info. f
verror. f
C. XAV NV—FV
trx. f
2. F—YRIAY 7 7o e X8 [ trx]
t_rx_wait. f
trx_tape. f
3. AVIMAvE=Y—HYTTawxF [ trx]
a. EFE
def_online. f
tag. f
view. f
b. (7, 7) EBRCHERAIhIY 77028
def_online. gpi
gtag. gpi
gview. gpi
gmwpc. gpi
4. A v nv—F3 [ trx]
hist. i
tagcam. h
util. 1
user. 1
trx. 1
trxshr. i
5. Y2757 WA *—¥ [ shr]
tagshr. £
datashr. f

trxshr. f
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3.2 TOERMOF—DFE
7Ta ATT — 5 ORE L EITE S HEFEBIL, datashr, tagshr, trxshr D=>TH 5,

datashr trx, tag, trx_tape[Bl®F— % DZEL,
tagshr trx, tagflOF— 9 DZEL,
trxshr trx, t_rx_wait[HiDF— 5 DZFE L,

3.3 7Totz0EE

FvIAvTarI L, F-IOANNEHELETEF—s S okeRL, E=F—%HYT
BEZY—TORAPOLRS, F—F 70 RRAF—DDAA VSO RRAEZHODDY TS &R
THE N, E=9 -7 02 @7 sROSUBERRL LA S5NE, E=9—Tut
A2V TIX 3. 6 THIHT %,
trx (A4 V7 aEX)

FV 54 vTas s rekOfEETE S, FIREI,

1) wHdas, FEAdL, BFOREE L 2,

2) EONTELF—IBELLRAIRAENLDPEIPDF = v 7,
3) .Run DIEE » b b DI,

DEDTH 5B,

t_rx_wait (F— % DFEHIAS)

FTF4ANY VI EY 2= 5 Micro-VAXIANF— % DESEEITIE S, 7 — F 5k
Direct Memory Access (DMA) 2k » TiTHbN B, —HDF — S8k dsikb - Th 5, K
DF—5%2ZFRNTBET, F—5 T owasEERKIEREICT 3,
trx_tape (¥— % OHRF — 7 ~DEXAA)

HARENT T — 5 %, MRT—7IKEEAL,

B4R T — 5 B OHRNERT

3. 4 F—SUBEDFEN

ZEoEOFTENIE, LITOED Th 5,

1) Run 23595 &, ZHP 7 L — b OPHULEITIE - 1cfkic, F— % 7ok 226085, K
IERBIZA S, (Ko &HD

2) ATTAANY VI EY 2 — VBT — I EZFIRS E, t_rx_wait BIEEPREE 2D 7 —
% % Micro-VAX T IZEskd %, F— 44 X3 1 Tuw 75129 — FTHh 3,

3) EAETHR (@HD) F—35DF = v 7 ¥ 25D, trx_tape KEHES S22 (%H),
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(tag) (trx_tape)
N online _| write to MT
s¢| analysis %| (DMA like) |=
. 7
keyboard B \\Yvait
interrupt far MT
l (trx) %
8 ( main routine )
Gr‘aphiCS ,(Allait for
) J trx_wait »1check sum
(view) /| (sleeping) @‘
/ ~
/ AN
4 ~
/ Mo
V
optical link|®
I & tJ2:11n to buffer @
9 ( DMA )

(t_rx_wait)

recieve enable
( independent of other subprocesses )

FBAK F—sNEOFHN.

K@l 2505 IRDBED TH 5,

TH: A rTokX,

MR . BT 7ok X,

EE . T NEOEEORKN,

Mg Bh-okTovABToRBIORD H,
RENOWEEEFEHESOREEFR2EbL L, BERZORMIEB I - THEHT T
nJs5 ADNEBEREDT,
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trx_tape 2> 5 OFEHHMES ($H) 22U % THRILIKEL S5,

4) trx_tape TF— & 2K 7 — 7T %, BloEHE DD, 8 71 v s (40967 —
F) 2—20DF LD ELTEHEZAL, TONEMETTEL, trx (#) &, tag (%)
CREHE S 2%ET 5,

5) trx &% trx_tape O OFEHMES (#) 2%ET 5L, trx wait i LCEPES (&)
R2%ET B, TITL) DUEITRYD, ROF—3452ZINFBETF—9 S ukrefk
DKIEREBIZA B 6

3.5 HWRF—TOF—iEE
170y 7 DRESII8I923 + TH B0 OKITACETF — ¥ 2HUHBAICE, v—/x

) THRET BIEEBD B,

Micro-VAX T O T — 7 A1, .25 b2 —DDBfTE LT, EASA b & TFhHIY

1 FOANBEZDTIEbIhE, BSRBEOI L)

®0® ©0 > ©0O ®
biﬁary data in Micro-VAXII binary data in MT

% 5K Micro-VAXII T integer* 2 D AH o
(—o o= ViR16HEH—H A2 FEDT)
Micro-VAX T TAHIMT b N B HE T, “EOANBIBTEON SO TRICESR
T BYBEIFENDS, MO T IR U 5 EEeE S % .
3.5.1 v—Hh—
7= Oz, RONEHD <~ —BEET B,
FFF0 (16#£) Run Header
Zhld, Run OFHIZELN TV S,

FFFC Good-link Block Header
PCHOoIRELTT - BESNIcLE, Toy 7 OBHIcE
PRTV5S,

FFF9 Bad-link Block Header

PCHODTF— 7 IEPDI ADBE-T- X, ELATWVWS,
FFFF Event Header ‘
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A RV DEPICEIN TV S,

FFFE Scale Header
24— 5 — I EROBEFNCEPN TV S,
FFF1 End of Run Marker

Run OHEITER L TEHEMLN TV S,

3.5.2 F—4iEE

Run D#5% D

Run O3, Run Header DIET2557 — F a3 2 ¥ b A, 2577 — FHEIZ Run No. 23,
2587 — FEIC Field & TV 5, EBOF— 5 DIEE 013, 5137 - FHT® %,

ATFA4HINY VI EY2—ATDL 7Tay 7 DFDHITIE, FFFC % /2 [ FFF9 ©
Block Header LT B0 (RD 17— FiE, 7Jav bz Vv IFhEELSNTEL Ty 7 O
EREBEASH, ZORIS, ANV FERBAT-SHEROSBZATA TV S,

4 RV MER

#¥iZ, Event Header FFFF, DITF, A V¥ S5/ LV VRAF—DHTT VR, a4 vy
FYRAVIRY, EvbE, Eyvbwy MBI —F23D, CAMACF—98&417—F
SoOBEXAEFNSE, v b=y 7, Ey bEOFI—FIE, 3. 6. 3TEILN TS,

2 — 5158

Scaler Header FFFE, LIFIC 2 7— RTF— 5 2D AALEL], Z£0®R2Ay — 7 —HBHK
WY TTRFVADIEICe Y77 — FTEXATh S,

Run ®#bH D

—>® Run B30 - 1cBET, F— 7 PR T — 7 EF XAL8I9231 Mgl v &,
B0 DZEHEAIT End of Run Marker 8EA &N 5, Z D4 i3 Double Tape Marker 258
ErEh, TOT A NVEEAL 5,

HORCEROF— 3T H L ORI EBIFTH <,

3.6 F—YEEAATODE=Y—DFE

Eoy—FukRELTR, 220070 xBdH b, —DidNy 77 Y VI T ok Dtag,
HHVEDREA NS FTLTTRAD view THBo A4 VT REATH B trx i L > THD
AFEhF— ik, WEEBRLEOA A vNy 77 (TBUFF) icEXAThNNv 77 ) v I
Ok XTH5tag L DHRAAEND, T— 713, THEINIRETPCHRPSELNTL S
7o, —EF VRS Y =138y 77 (EDAT) KiRDHU % Lk, HEREREOEX TS
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2793 -4 FFFC : Block Header
2794 16 10 : Block Number
2795 -1 FFFF : Event Header
2796 4 4
2797 4095 FFF
2798 -1 FFFF
2799 -4097 EFFF
2800 44 2C
2801 -32625 808F
2802 0 0
2803 8 8
2804 64 40
2805 98 62
2806 50 32
2807 50 32
2808 74 4A

2809 929 3Aa1
2810 522 20A
2811 -1 FFFF : Event Header
2812 4 4
2813 4095 FFF
2814 10604 296C
2815 -4457 EE97
2816 44 2C
2817 -31857 838F
2818 16388 4004

2819 0 0
2820 62 3E
2821 56 38
2822 116 74
2823 50 32
2824 12 C
2825 50 32
2826 55 37
2827 199 c7
2828 24 18
2829 996 3E4
2830 -1 FFFF

BOEX F—#5v7 Y2 b,

L3y 7 7 (HCOM) ic#&i#id %, TBUFF » 5D EDAT DRV AT iE, av 74714
vavF—71 (CDT) iS5 LADETITEbN, EDAT 5 HCOM ~D#&ii, X +
TIEF 17 1=2VaVicksTTHbNE, HCOM KIS hice X F 75 513, EX b
7557k (view) L&k -> TERENS, ETN)

ZTTi, avI74 0 vA4vavsF—TFNELR TS5 6547 4=V 3 (def_online.f),
Fe Ny Ty, F=FN NV EFLVTOEARDVTHENRS,

EAMIZIE, 7oV bz v RAlOoay 7 4 LA Ve vE—-TLEELEGFT, F—4E2H
DAL T EMHRE, T2 —F B720iTi3, init_cdt & def_hist ZEFITLIEEDT E M3
WARED B X b T AR T EBHRS, EROIBDICE, KTTVy SE— FTO tag
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BUFFERRING

TBUFF

Main buffer

HEADER
IR
CR
ADC1
ADC3

\ A\ e

VL

EDAT

' Temporary buffer

/

/

—

Handypak buffer

E¥ trx, tag, view[H®D ¥— 7 Offitlo

AT 4 TbAavF—"TI

ZEORET, T—INVYFY) Y IPIELITON TV EDEHERT 5L, tagDT F— 4y
= VBHEBESRB PCHILVAXRIODa Y 74 LAY a VF—TUVDI ATHBEBE W
Do, ELSEHEZEIBTINRE ST,
3.6. 1

AVT 4TV, VavF—TNE, 785 A def_online.f FAD init_cdt LWV D ¥ T —F

cdt.stn

cdt.type

CAMACRF—¥ g v /38—

Fes 57

VILEDTERINT WS, IV I 474 YavF—TAhDT7x—<w FZIEEAEPCHIE

[T, CDT &EWHHEFHZTCAMAC X 57— XERLTWVWAS, Fatic, ks h iy
HDOEHE % RT o
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cdt.ir_mask AVISTb=2RY
cdt.sa_mask CAMACHY 77 KL =&
cdt.nsubaddrs +T77F LB

3.6.2 FvRSU—sNwT7 (EDAT)

Jav bV FRLOEEENLTF -3, FYESFY =Ny 77> ELTOEDAT &5
EFNciRO 2T 5B, EDATD7 =<y PRITFOHRDSNTVT, Thid7evbzyv
FRITD CAMAC 57— 4 ) — FOIER LE U TH %, EDATICIX, IRDE, F—5 54 7 H
typecr, F—4% &4 75 typedata DEICIRD 53 515, (BESKX)

3.6.3 EvbvuTEEy IE
FEEEhier—21, v boy 7O0ERNRE-T, BEK7o v by FMilcxEEnT—
JEFNCREN DS, Ey b2y 7OERTE, 1 XV PDH>7CAMACF + Y R NVITE y
PEILT, ENZI0ETELTVS, Ey FPRER, Ey by 7ORISEEKL TV S,
€ 1))

3. 6. 4 DECODE_EVENT
TBUFF 4> 5 EDATADIRD 17 1F, tag DD decode_event &\ D 4 T —F VINTT
bhd, TBUFFOF—%1d, By bvy7& CDTICESL LADEN, kicif~7z EDAT ik
7# =<y MBYIRLST BN B, (10D
3. 6.5 DEF_HIST

EANTSLDAVT 4 TV Va vyF—TiE, def_online 1D def_hist &S+ T )—
FYTERESNTVWE, CRIZEDATOEDF—4%, O R 27 F A hERD S
bDTHBo Tacic, def_hist W THEE(LSNIEFINOERERT, (Bl 12K)

hlst.active EANTS LRI DEI PERD S
hlst.htype HANDYPAK #14 7% &% 3%
oned e 1KLL A R 75 A

group or slice **++++ 2RTLE AT 5 A

twod of scatt ++-+- AFrwd—7ay b

hlst.dtype F— 547
hlst.ircoin ZHIICDT /L, BT 5 ir 29
hlst.xsrel FOEX TS ATHIET BT — 9D, EDAT Oa% b ORIE

hlst.xsrcu ZDERAF TS5 ARG T 575 —7D, EDATOER DY ORE
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1R

CR 1
CR2
CR S
ADC3
ADCS

subroutine init_cdt

include 'hist.i’
include 'user.gpi'
integer*4 ierr

nslots = 13

cdt(0).stn =2
cdt(0).type = typelink
cdt(0).1abel = 'link’

cdt(1).stn =23
cdt(1).type = typeir
cdt(1).1abel = TR’

cdt(2).stn=3
cdt(2).type =1
cdt(2).ir_mask = pi
cdt(2).sa_mask = b0
cdt(2).nsubaddrs = 1

cdt(3).stn =5
cdt(3).type = 1
cdt(3).ir_mask = pi
cdt(3).sa_mask = b0
cdt(3).nsubaddrs = 1

cdt(4).stn =7
cdt(4).type = 1
cdt(4).ir_mask = pi
cdt(4).sa_mask = b0
cdt(4).nsubaddrs = 1

cdt(5).stn=9
cde(5).type = 1
cdt(5).ir_mask = pi
cdt(5).sa_mask = b0
cdt(5).nsubaddrs = 1

cdt(6).stn = 11
cdt(6).type = 1
cdt(6).ir_mask = pi
cdt(6).sa_mask = b0
cdt(6).nsubaddrs = 1

cdt(7).stn=13
cdt(7).type = 1
cdt(7).ir_mask = pi
cdt(7).sa_mask = b0
cdt(7).nsubaddrs = 1

cdt(8).stn = 15
cdt(8).type = 1
cdt(8).ir_mask = pi
cdt(8).sa_mask = b0_6
cdt(8).nsubaddrs =7

cdt(9).stn =19
cdt(9).type = typescaler
cdt(9).sa_mask = b0_11
cdt(9).nsubaddrs = 12
cdt(9).label = 'scalerl’

EDAT

IR
CR1
CR2

CR3

ADC3

ADC S

B8N avI74lv—vaVviF—7T,
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CR1 CR2 CR3 CR4 CR5 CR6 ADC IR

Q)
®

®
@

CAMAC

BITLENGTH ------ LENGTH OF BITMAP
(CAMAC CHANNEL)

ADC7 ADC5 ADC2 ADC1  CR6 CR4 CR3 CR2 CR1 IR

15\\\\\\ \\ //

[ [ [afofofafofafufufofufa]r]s]

BITLENGTH = 13
BITMAP = 4847

BIK EyvbewwTEEy R,

hlst.xmin LA NS5 ADXEOHEED

hlst.xn X o e v o

hlst.xbin X ot v olg

hname B R+ 25 ADLR] (HDEF 2 &G LTW3)

(HDEF 2 122>\ TIE, HANDYPAK v =7 VERBEO I &,)
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logical*4 function decode_event()
! interrupt register
ir = tbuff(mod(tevent, TBuffLen)) ! should be conditional on IR ex
isting
tevent = tevent + 1
e=0
edat(e) = ir
! coin regs
do s =0, nslots - 1
if (cdt(s).type .eq. typecr) then
e=e+1
if ((cdt(s).ir_mask .and. ir) .ne. 0) then
edat(e) = tbuff(mod(tevent, TBuffLen))
tevent = tevent + 1
end if
end if
end do
! bitmap
bitlen = tbuff(mod(tevent, TBuffLen))
tevent = tevent + 1
do i =0, ((bitlen+15)/16)-1
bitmap(i) = tbuff(mod(tevent, TBuffLen))
tevent = tevent + 1
end do
i=0 | bit counter
do s =0, nslots - 1
if (cdt(s).type .gt. 0) then
if ((cdt(s).ir_mask .and. ir) .ne. Q) then
doa=0,15
if (btest( cdt(s).sa_mask, a )) then
e=e+1
if (btest( bitmap(i/16), mod(i,16) )) then
edat(e) = tbuff(mod(tevent, TBuffLen))
tevent = tevent + 1
endif

i=i+1
end if
end do
else

e = e + cdt(s).nsubaddrs
d if
o0 gfl‘ ; I TBUFF EDAT

end do

run.events = run.events + 1
tanal = tevent
decode_event = .true.
retum

end

HFIOK F— 5 D EDAT ~DIMTHZ .
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N
f—( USER.GPIJ

integer*2 i_IR
parameter (i_IR = 0)
integer*2 i_ecr
parameter (i_ecr = 1)
integer*2 i_adc

integer*2 1_adc
parameter (I_adc =7)

parameter (i_adc =7
integer*2 1_ecr
parameter (I_ecr = 6)

1K EDAT®D 74 —<v ko

.

i EDAT l

IR

ECR 1

ECR 2

ECR 3

ECR 4

ECR 5

ECR 6

ADC 1

ADC?2

ADC 3

ADC4

ADCS5

ADC 6

ADC7
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subroutine def_hists

include 'hist.i’
include ‘user.gpi'

integer*4 i, j, k, 1

! redundant...
call hdef1(ESCL','R*4 ',32,0.5,1., Electron Scalers @")

call helr(ALL ")
call hoptn(HBINS ',.true.,0)

i=1
hlst(i).active = .true.

if (hlst(i).active) call Hdef2('adcC '/ 1%2,256,7,0.5,0.5,4.,1., Backup Counter ADC @")
hlst(i).htype = group

hlst(i).dtype = i2
hlst(i).IRCoin = pi

hlst(i).xsrcl =1_adc
hlst(i).xsrcu =i_adc +1_adc - 1

hlst(i).xmin = 1

hist(i).xn = 256

hlst(i).xbin = 4

hist(i).gatefn =0

hist(i).group = particle_detector_group

hname(i) = 'adc’

i=i+1

hist(i).active = .true.

if (hlst(i).active) call hdef2('eCI' ','1*2 '48,4,0.5,0.5,1.,1.," Electron Coincidence Register @)
hlst(i).htype = group

hlst(i).dtype =12

hist(i).IRCoin = pi

hlst(i).xsrcl = i_ecr
hlst(i).xsrcu=i_ecr +1_ecr-1

hist(i).xmin = 1

hist(i).xn = 48

hlst(i).xbin = 1

hist(i).gatefn = 0

hlst(i).group = particle_detector_group

hname(i) = 'ecr’
call hoptn(HBINS ',.true.,0)
numhists =1

end )
I LRAPTSSATF4T4=Va Y,
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3. 6.6 CUMULETE

cumulate i3, EDAT % HCOM ic#&iid 39 7 NV—F VT, tag.f OHicH b, AT T
AFALT 4=V a vTHBHLSTIZ->T, EDATDF— 4 2EES NItk A M5 A F—%
WEHT B, F— i — FEBI D E A M ST A LD T AEERC I TITR o &K
Bicdh - tEBXRAPVLETH S, (513, 14X)

HANDYPAK  (HISTOGRAM)

EDAT HCOM

CR1

CR2 ,
CR3

CR
CR4 HIST
CRS ﬂ

CR6

ADC1

ADC2

ADC3

ADC
HIST
ADC7

N
N

HIK LA MTSADEHDF— DN,

ADC4

/

ADCS

ADC6

NN

3.6.7 VIEW

BRADFRIE, view BT > TV 5, view BHEOEMEC SR LTET, HHER
Ficd 3 HCOM IS TV A E R + 75 6 2HITT 5T TH B, (BIBR) 7—%
WAAICIEEES LTELY, EBRBR 70/ 5025 —F /Ay Z7RERITED
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subroutine cumulate()
if (hlst(i).htype .eq. oned) then
do j = hist(i).xsrcl, hist(i).xsrcu
if (edat(j) .ge. 0) then
if (btest(mask,j-hlst(i).xsrcl)) then
hist(i).accepts = hlst(i).accepts + 1

call hcum1( %ref(hname(i)), float(edat(j)), 1.0)

else ‘

hist(i).rejects = hist(i).rejects + 1

end if
end if [EDAT ),( HCOM )

end do

else if ((hist(i).htype .and. (group .or. slice)) .ne. 0) then
do j = hist(i).xsrcl, hlst(i).xsrcu
if (edat(j) .gt. 0) then
if (btest(mask,j-hlst(i).xsrcl)) then
hist(i).accepts = hist(i).accepts + 1

call heum?2( %ref(hname(i)), float(edat(j)), float(j - hlst(i).xsrcl + 1), 1.0)

if ((hlst(i).group .and. tof_group) .ne. 0) nhits = nhits + 1
else
hist(i).rejects = hist(i).rejects + 1
end if
end if
EDAT HCOM
end do
end if

else if ((hlst(i).htype .and. (twod .or. scatt)) .ne. 0) then

j = hlst(i).xsrcl
k = hist(i).ysrcl
if (edat(j) .gt. O .or. edat(k) .gt. O) then

if (btest(mask,hlst(i).xsrcu)) then
hlst(i).accepts = hist(i).accepts + 1

call hcum?2( %ref(hname(i)), float(edat(j)), float(edat(k)),1.0)

print *,'hcum? ',hname(i),j,edat(j),k,edat(k) ‘
else
hlst(i).rejects = hlst(i).rejects + 1
endsig) rejec st(i).rejec ( EDAT ) HCOM )
end if (
else
write(*,'(1x,a,a4,a)") 'Histogram ',hname(i),: unkmowmmype
end if
end if
end do
if (nhits .gt. 1) run.multiple_tags = run.multiple_tags + 1
end

BN X bT57F— 5 NDEH,
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TEMHES, 27— 5EDEBDOBRE R 33 view DD show_run_info & W5 #
Th—F Ve BERBICEXIL ZNEND B,

HIST
)

HCOM

[HI'ST 1) [ HISTZJ [ HI?T?J

l

\

VIEW

VN

P

P

e

N

DISPLAY HISTOGRAM

/

FI5K bR bS5 LADFER.

3. 7 REEROMES & ZDOXE

Run ORHIOFSH, H5VR T EUCEBAR - THS, F—F 7oy 7 OisA
BT T—DREL, TORE,SIEHDRECEFLEZVESBDH S5, DL SO, Wi

KicHHEN B = 5 —FR W,

"missed a block 273 to zzz”
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(z22 13, % OBHRAAAIIT By 7 ES)
EERENBIETH S,

TD 213" 25—, F—IHnA AR/ o EBERAL TIPS LIELERONE LD
WIS o too EERYISSTER, —F “halt " it LTS LIE S L, BU A" $—-TF—%
WY ABEWRD B EICKDIEEL T — YEAABITN S,

ERELTE, #A7F4hNVY VI EV2a—E, Micro-VAXODED Y A 3 v I Fhn®E
ZoN5b, BANIEXEL, i LAM test #1775, CAMACEIfED ¥4 3 v /2 KA 5
%, BEBHThTh 5,

BIBRICIS - 7208, BED VX7 A RIREEMSEL, SBRORFTFEL LTER-TVS,

4,

/4.

§4 MWPCAYH—TzARX

V25 LD OBELEIKITRT, IHYXAF A TR, MWPCF—%% v 7IVEgE L
TWieied, 14XV M 2msec VETH Y, ThEERIChOEERRAHLENS
CAMAC 7— % LM L CGHERICIR D AL i, A BFERES o1, 2
TMWPC 7— % 2WFEab T 51 v & — 7 = £ ZELER LErb @ EEHI300nsec %2R L 7o

Y 2T L OBROBEEEIKNTIRT . IHY A F AT, MWPCF—4% v ) 7 VERE L
T, 14XV M 2msec METHD, ThEEHIcthoEERAHLENSC
AMAC 7— % S L CRHEIC D AL oI, HoitiRiBoniih o/ 22T
MWPC 57— % 2M5irkd 54 v & — 7 = 4 Z%VERK L@ EE#I300nsec Z3EA% L 720

F— FELET BBRIC 384F ¥ VX VR TEUFERET 5 < LIIRAIRETIRAAWA, FEHERN
THbo PIAEAEY —F Y2 — VEMH LT word serial KX T 2 HESEZ 5N 543,
SENE, 1, 2, 3BEFhFh4F+ 2 VOF—4%2RELEDYE, &448, 24, 24F v v
INVEDETIF v V2 NVEL, ZNOETRTUTEEL, 16bit IA VY FYAV YRS
6EICL > THRAIRAUFEETRH Llco 4 F » VA NVOI%EE 5 T LT & » GEEENRRE,
0.11% &5 5725, BHEOEKERTE, TOETHITH%,

4 V5 —T 24 AOBEEEITRC, ¥4 5F +— b EHEIBKTIRT HYXFLTRY 7
FUYRS =tk >TEy MIZEFICERE LTV, VAT AT, 4F v X0
BES1DB RS54 N—l k> CTRTHKHEZICHINCERRET 5, 1 V5 —7 =4 XE, BHiT
EONTELF— Y % gatereturn DF¥ A I VI TS F L, IAVVYFVAVIRSY —iTks
%9 % &ILiT PCT00IC 7 Y TIESAED, X1, 2, 3BZhZThOMERS 72T OB
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HADRON ARM
B2EEE MWPC (Back Counters)
NIM medules
RFEBIEZE
1 FeE Micro-VAX T
®i e

1T MWPCA v —7 = — ARFE,

data at C.C. __.._/

gate at C.C.
clear at C.C.
data at IF
gate return
data at C.R.

CAMAC clear

1

[




249

EETH 30

B, PCT00S7 U 7 &N BRIENTRO Y — b ATHEV & 512 LB NIETE 58 T O]
DIERHI3#9600nsec TH 5o

W, CAMAC 7 Y TEEIRATO CAMAC £V 2 — VERSAGKRZT A v 5 5 7 ME
BErnELENFNRELT, bBAAZOMMA ¥4 537 MESERELLTOWRTNRE SN
Vo BiEE— ARV EROBAICE, VT by 2 TREBELEGARETH D, SNV AE—
AERWEEBROESIIE 1= 2 b (3.3msec) T 1 4 <Y 2L QMRS FHAEE W
DTEN—Z FOR§IZZ U T T TH %o

ft &

1. ONLINE O35 LT A&
1) wb FiFo-» ot (USER &E5 ACCOUNT %##lic LE7)

a) F¥ LOGIN.COM THE LTH<L D,
$F77 : ==FORTRAN,/EXTEND_SOURCE, WARN=DECL
$FWD:===FORTRAN/CHECK=BOUNDS/DEBUG/NOOPT/—
EXTEND_SOURCE,D_LINE /WARN=DECL
$ DEFINE,/NOLOG SHR $ DISK 2 :[USER.SHR]
$ DEFINE,/NOLOG TMP $DISK 2 :[USER.TMP]
$ DEFINE,/NOLOG LIB $DISK 2 :[MCLEAN.LIB]
$ DEFINE,/NOLOG LNK $ LIBRARY $DISK 2 :[MCLEAN.LIB]BLURTC
$ DEFINE,/NOLOG LNK $ LIBRARY_1 $DISK 2 :[MCLEAN.LIB]BLURTF
$ DEFINE,/NOLOG LNK $ LIBRARY_ 2 KOL $ K3922:CAMAC
$ DEFINE,/NOLOG FORT $ LIBRARY $DISK 2 :[MCLEAN.LIBJBLURTF
$ @SYS $SYSDEVICE: [KEK.UTILITY.UGS.COMMAND JUGSDEVNAM
$ @SYS $ SYSDEVICE: [KEK.UTILITY.UGS.COMMAND JUGSDEVOPT
$SP : ==SPAWN,/NOWAIT,/NOTIFY
$CAMASM : == $SYS$SYSDEVICE:[KEK.CAMAC.V 4 .CAMASM JCAMASM

b) A& L Tk DIRECTORY

[USER.TRX] FOR ONLINE SOFT

[USER.SHR] FOR SHAREABLE IMAGE
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[USER.TMP] FOR TEMPOLARY DIRECTORY

2) SHAREABLEIMAGE ® COMPILE

a) [.SHR] ® DIRECTORY icA %,

b) TAGSHR.F & DATASHR.F & TRXSHR.F & COMPILE
$F77 TAGSHR.F,DATASHR.F,TRXSHR.F

¢ ) LINK
$ LINK DATASHR,/SHARE
$ LINK TAGSHR,/SHARE

 $LINK TRXSHR,/SHARE
(zoa< v Fid, LSHR.COM TEITT 5T EHKET,)

3) TRX GROUP ® COMPILE & LINK

a) TRX GROUP @ COMPILE & LIBRARY OfERK
$ F77,/NOOPTIMIZE /OBJECT=TMP:TMP.OBJ,/LIST=ALL.LIS —
ABORT.F+CHECKSUM.F+EXEC_COMMAND.F+GENERAL_INIT.F+ —
HANDLE_DATA.F+INITIALISE.F+PUT_MESSAGE.F+PUT_PROMPT.F+ —
UPDATE_STATE_INFO.F+VERROR.F+UPDATE_RUN_INFO.F
$ LIB,CREATE TRX TRX,TMP:TMP
$ DEL,/NOCON TMP:TMP.OBJ;*
$ CAMASM TRX_READ

b) TRX ® COMPILE
$F77,/NOOPTIMIZE TRX.F

¢) T_RX_WAIT ©® COMPILE
$F77,/NOOPTIMIZE T_RX_WAIT.F

d) T_RX_WAIT ® LINK
$ LINK /EXECUTEABLE=[USER.TRX T_RX_WAIT T_RX_WAIT,TRX /LIB, —
SYS$INPUT,OPT

$ DISK 2 :[USER.SHR]DATASHR,/SHAREABLE
$ DISK 2 :[ USER.SHRITRXSHR,SHAREABLE
(zoa< v Fid, LRX.COM TEITT 5T EHKET.)
e) TRX ® LINK



251

$ LINK /EXECUTEABLE=[USER.TRXJTRX TRX,TRX /LIB,SYS $ INPUT,OPT
$ DISK 2 :[USER.SHRJDATASHR,/SHAREABLE
$ DISK 2 :[USER.SHR JTRXSHR /SHAREABLE
(zoa<v ki, L.COM TETT ST EMHREET,)
(zhooa< v Fid, MAKE.COM THETE 5 Z EHRET,)
4) TRX_TAPE ® COMPILE & LINK
$F77 TRX_TAPE.F
$ LINK EXEC=[USER.TRXJTRX_TAPE TRX_TAPE,SYS $ INPUT,OPT
$ DISK 2 :[USER.SHRIDATASHR /SHAREABLE
(Zpa< v Fi3, LTAPE.COM TETT 5 EMBH%ET,)
5) TAG.F & DEF_ONLINE.F ® COMPILE & LINK
a) COMPILE
$F77 TAG.F
$ F77 DEF_ONLINE.F
(DEBUG D3 $ F77D TAG.F, $ F77D DEF_ONLINE.F &3 %)
b) SHARABLE IMAGE & HANDYPAK & @ LINK
$ @HPX TAG,DEF_ONLINE
6) VIEW ® COMPILE & LINK
a) COMPILE
$F77 VIEW.F
b) SHARABLE IMAGE& HANDYPAK & @ LINK
$ @HPX VIEW
(HPX.COM (% SHAREABLE IMAGE & HANDYPAK & C LIBRARY %
COMPILE 4 33< ¥ FTTF,)

$ LINK /EXECUTEABLE=[USER.TRX] ‘P1’,UGS2,—

DUA 0 :[KEK.UTILITY. HANDYPAK.LIBARARY JHANDYPAK LIB,/ —
INC=DPINIT $ DATA,DUA 0 :[KEK.UTILITY.UGS.LIBARARY JNUCLEUS+ —
SIMPLEX+CANONLBP+TEK4010+ —

UBCFONT+OBJLIB,/LIB,SYS$ INPUT /OPT
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$ DISK 2 :[USER.SHRJDATASHR,/SHAREABLE
$ DISK 2 :[USER.SHR]TAGSHR /SHAREABLE
SYS$LIBRARY:VAXCRTL,”SHAREABLE

7) LOGICALZ DES
$ DEFINE,/NOLOG DATASHR $DISK 2 :[USER.SHR JDATASHR
$ DEFINE /NOLOG TAGSHR $DISK 2 :[USER.SHRITAGSHR
$ DEFINE,”NOLOG TRXSHR $ DISK 2 :[USER.SHR JTRXSHR
Z DFEFKIZ, ONLINE TERMINAL $NTTEHRT ZSLEBH D T,
(zoa< v Fid, DEFS.COM TE{TY 5T EHRET,)
8) SHAREABLE IMAGE A ¥ & b —
$INSTALL CREATE DATASHR,SHARE,OPEN/WRITE
$INSTALL CREATE TAGSHR,/SHARE,OPEN,WRITE
$INSTALL CREATE TRXSHR,SHARE,OPEN,WRITE
(Zoa=v i3, INSTALL.COM TETT 5T LAHEET,)

2. ONLINE Di&{E
1) MT ® MOUNT & DISMOUNT
$ INIT MSAQ: MT LABEL
$ MOUNT,/FOREIGN MSA0: (MT D% b)
$ DISMOUNT MSA 0 :
2) SAVE$ %7 » 1 VOIEE
$TAG_DATA_OUT:==MSA0: (MT iz SAVE)
(Zoa=v Fid, SAVE.COM TEITT 5 EhHkET,)
$ TAG_DATA_OUT:==FILENAME (DISK ic SAVE)
(TK50icSAVE 4% & %13, MSA0:ORHVICMUAD:&F 5,)
3) MAIN PROCESS D#28)
MAIN PROCESS @ TERMINAL i PROIRITY 27&5< LTHEE 9,
$SET PROCESS,/PROIRITY =11
(Thid, —EREET 57213 TOK)
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& RUN Dia¥ic 350 PROCESS 27 5 €% 3,
(CTRL+T THERFE > TV 5 PROCESS 252 L C, TRX_TAPE 8 CTuhid,
2 DDPROCESS %23 58 5721 T4 T9 )
$SP RUN TRX_TAPE
$SP RUN T_RX_WAIT
$RUN TRX
4) BUFFERING PROCESS D#ZE)
MAIN PROCESS & i33# 5 TERMINAL TS W& T,
$RUN TAG
5) MONITORING PROCESS D#Z#)
MAIN PROCESS & i35 TERMINAL TfT 5 WE 9,
$RUN VIEW
(VIEW>EWS Fa v 7 b i3igd, ? v—2 T VIEW COMMAND 0% L, LT
< T L Ok 5 HISTOGRAM %2R LE$,)

3. ONLINE O#T
1) SHAREABLE IMAGE ® REMOVE
$INSTALL DELETE DATASHR
$INSTALL DELETE TAGSHR
$ INSTALL DELETE TRXSHR
(Zoa=v Fi3, REMOVE.COM THETY 5 L AHkEd,)
2) MT @ DISMOUNT
$ DISMOUNT MSA O :
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@ F—sHEBEEND CAMAC Y L— 1+ DBEFEP CAMAC £V a—ABELLREELTL
B8 (BT + v X MBOFERIEL WD) ZHERT 5,0

©® wAxF—avy—NiTlog-ind b,

® avV—VEHEHOLE TR — I F VOREBET 2,

@ [NDJ] &WS7as56EY2—VEEEHT 5, BRFOROS S 7 1 v 7 EEH LEBRICH
N5ETH 5,

® 7574y /HEEZPUSH LTS — 3 F VEESLBRIBL 51085,

® FEBLHOLY b7y TRIELTIVE2— 5 DFT BERICEL 5

@ &4 LTFSAF =T LT [HE] & [RIEREE] 26575,

® 7574 v /HEHE%POP UP LTHHETHELA 7 P VERBRI 2L 12T 5,
NS DBMECHIENBIETE 5, F 2RI~ R ¥ — a3 vy — VICERE N AER A ERD

LTA . |STARTI |STOP. ELEARI e o o

TA-ID 7
from 1ch to 1000ch
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VT 100

KRN KR HHN K

*
*

HHHH IR KN
input---7

Fo2M <Ry —avbho— I WIERINSEHH,
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MEZREHZDOY 7 b 27T

EE
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EYOFELDZDENTIZVEY, 7us5 s08ERIERICEATED, b HkL
BBEFETH 5, SEIEHIEHT 0 75 st >0WTHET 5,

§2. JOUSLDRE
FRTSLDT Oy I FAY S5 LEBIRCRT. 7077 2OHhLE 133 OHEIHT —

F—20
152 - RE
A
Y
F-4
Ethernet ¢—1 - A ¢ * >
BT —aN-2 CAMAC s
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*—FK—F T537497
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no _nfay

Experiment Set

Beam course
2-Straight

{ Experiment room 2 Experiment room iBeam enagry i
204.0 MeV

t Experiment name
T / ganma-PAI
t \ O \

t

t

b

h

A

a Linac room

fa Straight course QUIT

;]

f

a ISET |

a8 189 de 1]

31 14-NOU-1988 15:04 Left-etc 15. OMeV 1-Left T

32  15-NOU-1988 13:53 ganma-PAI  200.0MeU 2-Straight

33  16-NOU-1988 10:47 ganma-PRI  204. OMel 2-Straight U2

34  17-NOU-1988 11:44 ganma~PAI  180.0Mel 2-Straight .

35 18-NOY-1988 10:06 ganma-PAL 180. OKe¥ 2-Straight )ﬁi\t

36  19-NOU-1988 13:30 Left-etc  60.0Mel 1-Left

37  22-NOU-1988 18: 06 RI  30.0MeU 1-Right Rl (3D

38  24-NOU-1988 11:50 ND  200.0MeU 3-Straight

39 9-DEC-1988 08: 07 ee’n  130.0MHeU 2-SSTR Rl GBTEE)

40  16-DEC-1988 18:33 RI  50.0MeU 1-Right
Rl (REE
K7

T I-1 55.40 A AL B B T80 de T

BON EESLROBHOBRIEY A v FEE.

ZO7 Y Y PHABEERRIRT 34 =2 —BRREN DL, 77— 5 OREFFRAKLI004] % TR
k20T, RERBEORERERDLNE T~ ERATHRELTRIFE, ROEHD L DN
WEDIL L _EF TR OEMREICS 2, BEORE, 5 F - EIMO B LT, M#EBDOZENT
NOEERES 57D ORHEIZEPIWE ST TH %,

(k] EE— 20z X VFEOFEKIE, 7534 X bavhoinEEciiids~a 7 ol
ORFFETITIE 5 o BAIME L7 & & OB OAMERDME & TREDRAHEDER SR 72
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NET I RATBEDIE, YYUTNFIANLT~I ATy 7OHBEHI B ERE S
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FikEBIEE T Thoic, HERSESEIRT 20005 v FAXVPEREEZTET S
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Z LT, MESRFERO VAX 2 5 i3IEES OEEERS X v b7 -7 ZBUTHELONE XD
KHE->TW5b, COEREBZICE, $TVAX (/ —F4F LNSVX0) ka—¥%% “US
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FIRT 2 LETRDOL S SEEE B, EnhONEROREEZ Y 7V A LTHIS T B
TXZ, WEDEZABRIIKMBETERT B IEN, SBRRBFERF—-0E(LEMEE /S
TERTEHE, WAWABHERTOEREHOREEZEL TV &L,



267

VT28X Terminal

—_____ LINAC,SSTR INFORMATION SERVICE __ )
<<« Main Menu >>>>>

1 - LINAC operation data
2 - SSTR operation data

» U 4. 41V H RLYBLI'VUI ¢ AIDY ue Ve _U\4) Ui
Hfleoy UT28X Terminal KB
i LINAC, SSTR ORMATION SERVICE v
4l <<(<< LINAC operation data >»»>> :
i B 10-NOV-1989 13:56:
;}g ganma-PAl  204.0(MeV)  2-Straight ;
3 | 1] ]
el | FocusGl1 0.000 A AccQl 6.670 A AccStc08 -0.22 A 1
Fofl! FocusG12 0.000 A AccQ0? 4,470 A AccStc09 -0.86 A Hil
i FocusG13 0.000 A AccQ03 15.21 A AccStcld  0.15 A :
: H FocusAll 67.91 A AccQ04 20.01 A fccStcll -0.42 A :
1l FocusAl? B85.71 A AccQ05 17.34 A AccStcl?  0.56 A
i FocusAl3d 95.21 A AccQO6 19.30 A AccStcld -0.16 A :
Al AccQ07 6.010 A AccStcld  0.92 A
anli AccQ08 6.990 A AccStcld -0.02 A
dl AccQ09 3.750 A fccStclt  0.05 A
1 AccQl10 11.20 A AccStcl? -0.59 A
EQl; AccStcl8 0.44 A H
G AccStc03 -1.35 A AccStcld -0.46 A i
s ‘! AccStc04 -0.02 A . AccStc20 0.40 A il
sal! AccStc05  0.00 A fccStc2l 1,00 A 1=
s : AccStc08  0.00 A AccStc?? -0.01 A |
ji AccStcl? -0.14 A 5

Enter (1:next page, 2:Exit) :J}

BIR %xv b7—2%2@U Y 3V TIEROERREEE=93 5,
(a) A= a ‘—@ﬁo
(b) V=7 v 7 DEETF— ¥ DFRRH,



268

§6. &% & IC

I 25D, FEOREEEIE T S5 AOFECRP L TE o MEMOY =T v 71
EEEARIA L Th 520EEMA, FIfEOX -5, FAYNVRT vy Vaky YDVLEDVLED
127 DEIDERBELHENTOT, ThEROBIST YV Y A VI —T2—2%ES
HUSEBRLTVS, LhL, REOMEROFIEY A7 41}, I vEa—FPxy b7
yEEOHS & LIT R B LTETE Y, BEFHNCR TS, BADBEZL T BHIEEEA
ZYANLNEDIZNIEERBISLL 6B VIESS E-->TWV A,

EE T 0S5 AEEBICM > T, CAMACAY FIRET A VF—FEFRA V4 V7
W= T T b DEFDE TV Wz, SSTR 07 175 AOBWETH, KoYy avk
DIST 490 F4 AT LADT TS S5 ARD VTR « 51l 7/ Vv — 7 O/NHEHEE A
AT LTW e \Wice Z 0, KEEF « =¥ v 7 V=7 0h 2 IbIVIivT,
PLEDEEAEH N LET,

= % X o
1) REEIERs, Lesk(E, KBREL « EEFFeEG 20 (1987) 393.
2) M. Mutoh, Y. Shibasaki and T. Oonuma : Pro. Linac. Meeting Japan (1988) p. 22.
3) T. Oonuma et al : Pro. Linac. Meeting Japan (1989) p. 316.
4) BRI - HIERSEERE 15 (1982) 164.
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