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Measurement of radioactivity induced by high-energy protons with energy of 2.83 and
24 GeV and spallation neutrons produced by bombarding a mercury target with the high-
energy protons were performed by using the AGS (Alternative Gradient Synchrotron)
accelerator at Brookhaven National Laboratory. The samples of boron, carbon, aluminum,
iron, copper, niobium, mercury-oxide, lead, bismuth, acrylic resin, SS-316, Inconel-625 and
Inconel-718 were irradiated around the mercury target.  After the irradiation, the
radioactivity of each sample was measured by using HPGe detectors at the cooling time
between 2h and 200d. In the processing of the measured y-ray spectra, more than 90
radioactive nucleus were identified, and the radioactivity production data were obtained.
This report gives the experimental procedure, the data processing and the experimental

results.
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1. Introduction

Projects for intense spallation neutron sources driven by GeV-protons are proceeding
recently in the world aiming at breakthroughs in the fundamental researches of life science,
material science, and so on. In Japan, the spallation neutron source driven by 3 GeV protons
with the intensity of 1 MW are being constructed under the Japan Proton Accelerator
Complex (J-PARC) Project conduced by Japan Atomic Energy Research Institute (JAERI)
and High Energy Accelerator Research Organization (KEK) D, For design the facility, safety
handling of the radioactive materials is an important issue. A large amount of radioactive
nuclides are to be produced by bombardment of GeV-protons and associated secondary
particles to various target and surrounding materials.  In order to create the maintenance
scenario of the facility, the proper estimation of the induced radioactivity is indispensable.

In JAERI, a code system employing NMTC/JAM ?, MCNP ¥ and DCHAIN-SP *> has
been developed to evaluate the induced radioactivity under the environment related to high-
energy protons and neutrons. The calculation begins with the simulation of the transport
phenomena of protons and high-energy neutrons (>20 MeV) using NMTC/JAM, which also
simulate the nuclide production by the transported particles. Subsequently, the transport
calculation for low-energy neutrons was performed using MCNP. Finally, using those
calculation results as input, DCHAIN-SP computes time-development of radioactive
products.

The reliability of the code system was checked by the analysis of the activation
experiment with 14 MeV neutrons.” However, the whole system including the high-energy-
part calculation by NMTC/JAM have not been validated because there was no adequate
experimental data. Therefore the experiment of induced radioactivity measurement was
carried out using a mercury (Hg) target and the AGS (Alternating Gradient Synchrotron)
accelerator at Brookhaven National Laboratory.”

The series of the experiments using AGS accelerator has been performed since 1997
under an international collaboration among laboratories in Japan, U.S. and Europe, namely
ASTE (AGS Spallation Target Experiment) collaboration. The main purpose of the
experiment is to obtain expérimental data on neutronic performances of the Hg target
assembly *® and on shielding design parameters and to validate predictions from theoretical
calculations on neutronics and shielding. In the series of the experiment, the induced
radioactivity measurement was conducted in January 2001.

In the experiment, the samples of born, carbon, aluminum, iron, copper, niobium,
mercury-oxide, lead, bismuth, acrylic resin, SS-316, Inconel-625 and Inconel-718 were
irradiated around the mercury target, and the radioactivity was measured at the cooling time
from 2 hours to 200 days. In this report, the experimental procedure and the measured data
are presented.
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2 Experiment
2.1 Mercury Target

A schematic plan view of the accelerator complex of Brookhaven National Laboratory is
shown in Fig.1. The mercury target and shielding blocks were set in the area of SEB for
nuclear physics experiment. The shielding configuration around the Hg target is shown in
Fig. 2. The shielding, which is constructed by steel and concrete blocks, was specially
designed for this shielding experiment. The slots for installing the activation detectors in the
shields were prepared to measure the attenuation length for the spallation neutrons.

The schematic view of the Hg target is shown in Fig.3. Hg was contained in a
cylindrical target container made of stainless steel with 2.5 mm in thickness. The dimension
of the target container was 200 mm in inner diameter and 1300 mm in inner length. The
target container had a hemisphere beam incident surface on its top end. The target container
was placed in the secondary container made of stainless steel. The secondary container was
fixed on a platform that went up and down by remote control for the positioning. (During
the beam tuning, the platform was moved to the off-axis position of the proton beam to aviod
unnecessary activation.)

2.2 Samples

The materials of born (separated isotopes of '°B and ''B), carbon, aluminum, iron,
niobium, mercury-oxide, lead, bismuth, acrylic resin', $S-316, Inconel-625 and Inconel-718
were used as irradiated samples for this experiment. The specifications of the samples were
tabulated in Table 1. The samples were bunched as shown in Fig. 4. The bunch of samples
was set at the on-beam and off-beam position as shown in Fig. 3. The on-beam samples
were irradiated with the incident protons and the spallation neutrons, and off-beam samples
were irradiated only with the neutrons.

For the on-beam samples, copper foils were inserted at the several positions in the bunch
in order to measure the number of protons bombarding individual samples by referring the
"Cu(p, x)**Na reaction. For the off-beam samples, niobium foils were inserted similarly in
order to check the neutron flux by using the *Nb(n, 2n)**"Nb reaction. (The threshold energy
of the ®Nb(n, 2n)**"Nb reaction is about 11 MeV.)

! The acrylic resin samples were irradiated to investigate the production of "Be from oxygen; that can be
deduced by subtracting the contribution of the C(n,x)’Be reaction from the total production rate by using
the carbon data obtained in this work.
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2.3 Irradiation

The following four irradiation shown as indicated below denoting incident proton energy,
and time length of irradiation were conducted:

- 24 GeV, Short (24-S),

- 24 GeV, Long (24-L),

-2.83 GeV, Short  (2.83-S),

-2.83GeV,Long  (2.83-L).

The parameters of the irradiation are summarized in Table 2. (The abbreviations like
"24-S" are used after this.) The short-irradiated samples were used mainly for measurements
of short-lived radioactivities with the half-life (7)) less than a few days, and the long-

irradiated samples were used for measurement of long-lived products with T}, longer than
10 d.

2.4 Proton Beam Monitor

The total number of the incident protons was measured with an integrating current
transformer (ICT), a separated electron-chamber (SEC), and the activation method using a
copper foil.'” The configuration of the proton beam monitors in front of the mercury target
is schematically shown in Fig. 5.

As for the activation method, the reaction of Cu(p, x)**Na was adopted as a reference.
Figure 6 shows the experimental values and the eye-guided curve for the production cross
section. The experimental data were taken from Michel et al.'’, etc. Based on the eye-
guide curve, the cross section values of the Cu(p, x)**Na reaction were evaluated to be
3.5+ 0.5 and 3.5 £ 0.2 mb for the incident proton energies of 2.83 and 24 GeV, respectively.

The comparisons of the experimental results among the different techniques are shown in
Fig. 7. The results were consistent among them within the uncertainties. In this work, we
decide to take the values of ICT measurement.

The imaging plate (IP) technique was employed for monitoring the incident proton beam
profile. The thin aluminum foil was exposed to the proton beam. After the irradiation and
cooling, the aluminum foil was attached to an IP to obtain the image of the distribution of
activities induced by the incident protons. The center and full width at a half maximum,
which was obtained by fitting the projection of the IP image, is summarized in Table 3.

The incident protons bombarded partially the on-beam samples because the dimension of
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the sample was smaller than that of the proton beam expansion profile. To derive the
number of protons bombarding the individual foils, several copper foils were irradiated
simultaneously by inserting them in the bunch of foils, which has already mentioned in
Sec. 2.2. The number of protons obtained by the activation of individual copper foils was
tabulated in Table 4.

2.5 Reference Reaction for the Spallation Neutron Flux

The neutron flux at the off-beam position was checked experimentally using the
“Nb(n, 2n)**"Nb reaction as the reference. Figure 8 shows the cross section curve of the
“Nb(n, 2n)**"Nb reaction and the calculated neutron spectra at the beam-off position. (The
neutron spectrum was calculated using the NMTC/JAM and MNCP.) As shown in Fig. &,
the ®*Nb(n, 2n)’*"Nb reaction is sensitive for neutrons between 11 and 20 MeV.

The measured reaction rate of the “’Nb(n, 2n)**"Nb reactions for the beam-off samples are
tabulated in Table 5 along with the calculated reaction rates. (The calculated values were
obtained by multiplying the calculated neutron flux spectrum and the cross section curve.)
The calculated reaction rates are consistent with the experimental data within the accuracy of
130% in almost all cases.

2.6 Activity Measurement

After the each irradiation, the y-rays of activated samples were measure with three HPGe
detectors at cooling times of 0.1~260 days.

The specifications of the detectors were tabulated in Table.6. In Fig. 9, the
configuration of the HPGe detector and the samples are shown. In order to keep the
detector-to-sample geometry rigidly, the samples were mounted on the acrylic spacer. The
y-ray detection efficiencies were calibrated at the "standard position" shown in Fig. 9.

2.7 Data Processing

(1) Deduction of Radioactivities

Radioactivity for each product was deduced using the following equation:
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3 AN
A= (1-ee,1,” @b

14

where
N : Count of the full-energy-peak of y-ray,
A : Decay constant (A=In2/ T,,, T, is the half-life of the product.),
: Measurement Time,
&: Gamma-ray detection efficiency,
I,: Gamma-ray emission probability per disintegration.
The y-ray emission probabilities taken from Table of Isotopes'” were used to deduce the
activities. The used decay data are tabulated in Table 7.
Special care was paid for the following four cases because two radioactive isotopes decay
to a same nuclide via B* and P-decay with emission of identical y-rays. The detailed

procedures of the data process are described below.

19%¢T] (Half life: 5.3 h) and ***Au (2.70 d)

Since the y-ray of 411.8 keV is emitted by the decay of "**™#Tl and '***Au, it was
possible that the disintegration curve of 411.8 keéV y-ray has three components with
different half-lives. In Fig. 10, the counting rates of 411.8 keV y-ray for the bismuth
sample of 24-L-On were plotted as a function of cooling time. ~ The data could be fitted
well to a function consisting of the two decay-component of '***T1 and ***Au. Using the
fitting result, the radioactivity of each product was deduced. The 675.7 keV y-ray of from
1%eT] were also checked to validate the fitting results if it was available. (The 675.9 keV
y-ray is not emitted from '®"Tl and “*Au.) The contribution of "*"T1 (1.87 h) was
assumed to be less than 1% because the y-ray peak of 282.8 keV with the isomeric

transition was not seen in the y-ray spectra.

171 (7.42 h) and ’Au (3.139 d)

The y-rays of 158.4keV and 208.2keV are emitted from '®Au and '®T1. The
radioactivity of 'Au was deduced by subtracting the contribution of TI, whose activity
was deduced using 455.5 keV y-ray which is not emitted from '*Au.

2T1 (26.1 h) and **™Au (18.7 h)
The y-ray of 367.9 keV is emitted with the decays from **T1 and **"Au to **Pb. In
this work, the contribution of **"Au was assumed to be less than 1% since the 497.8 keV y-

ray from **™Au was not observed.
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**Hg (46.61 d) and **Pb (51.9 h)

The radioactive products of **Hg and **Pb emit the identical y-ray of 279.2 keV.
Since the half-lives of those are completely different, it was easy to separate the
disintegration rate for the 279.2 keV y-ray into the two components. In Fig. 11, the
counting rates of 279.2 keV for the bismuth sample irradiated at the on-beam position
(2.83-L-On) are plotted with cooling time, which gives corresponding decay curve. By
using the fitting results, the data at the short cooling time (< 10 d) were processed by
assuming that the contribution of the **Hg was negligibly small, and it is considered that
the data at 65 days cooling corresponded to the radioactivity of **Hg.

(2) Gamma-ray Detection Efficiency

The point source calibration of the y-ray efficiency was carried out using standard y-ray
sources of ¥Na, *'Cr, **Mn, *'Co, *Co, *Zn, ¥Sr, Y, '®Cd, "*Sn, '¥'Cs, "Ce and *'Am.
The coincidence summing effect was considered for the sources of *Na, “Co and *Y. The
measured full-energy-peak efficiencies at each y-ray-energy point were fitted to a equation
with 6 fitting parameters as follows:

3
£=Y a,_ exp(~ayE)+a,E™™, (2.2)

i=1

where € is the efficiency, E is the y-ray energy and as (i=1~8) are the fitting parameters.
The efficiency curve of the detector #1 and #2 is shown in Fig. 12. For deducing the
activities properly, the efficiency was corrected by considering the following items:

- Coincidence summing effect for cascade y-rays,

- Pile-up effect for random coincidence,

- Geometric effect of the samples,

- y-ray self-attenuation in the samples.
The relation between the efficiency curve calibrated using the standard sources and the

corrected one could be shown by -
g, =£,'CC,CC,, (2.3)

where &;is a corrected efficiency, 8,0 is the efficiency calibrated using the standard sources and

C, are correction factors for the i'th items. The procedure for estimating the correction
factors was described below.

The correction factor for item (1) was estimated by considering the decay-scheme of
radioactive product, total and full-energy-peak efficiencies. The total efficiency was
measured with the standard y-ray sources, and the measured points were fitted to a fitting
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function with 4 fitting parameters. The detail of the estimation of the correction factors was
presented in Ref. (12).

For the item (2), the count loss for pile-up of pulses was estimated by assuming that the
fraction of the count loss for the total counts is approximately proportional to a dead time.
The correction factor C, was estimated using

C,=1-aD, (2.4)
where D is a dead time in percentage and a is the constant which was determined from the
experiment, in which the counting rate of 1369 keV y-rays of *Na was investigated by
changing total counting rate using other kinds of y-ray sources. In Fig. 13, the measured
counting loss was plotted as a function of a dead time. The constant a was determined from
the fitting result. In this work, almost all the measurement was done with dead time less
than 3%, so the contribution of the correction is less than 3% in most cases.

As for the item (3), the deviation of the efficiency for the volume-source geometry from
a point source was estimated using point-detector concept, in which the efficiency is
proportional to the inverse-square of the distance between the y-ray source and the effective
center of the detector. The correction factor C; was deduced by

G = _t+d , (2.5)
[+d+t
where / is the distance from the surface of the aluminum cap of the detector to the sample, d is
the distance from the surface of the detector to the effective center of the detector, and 7 is the
thickness of the sample. The detailed procedure for deducing the formula is shown in
Ref. 12. The contribution of this correction was estimated to be less than 3%.
The correction factor of C, was estimated by

1- —Hupt
C,=——, 2.6)
upt

where L is the mass attenuation coefficient of y-rays for a sample in cm?g, p is the density of
the sample in g/cm’, and ¢ is the thickness of the sample in cm. In this work, the contribution
of this correction was relatively high for low energy y-rays. In case of maximum, the
correction factor was estimated to be 5~6 for a 122 keV y-ray of ’Co. In most cases, the

contribution was estimated to be less than 5%.
(3) Error Estimation

Experimental errors of the measured radioactivity are attributed to statistics of y-ray
counts, accuracy of the y-ray detection efficiency, including the error of the correction factor,
and the y-ray emission probabilities. Estimated experimental errors are summarized in
Table 8.
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3. Results

Numerical data of the measured radioactivity are tabulated in Table 9. The data were
plotted in Figs 14~19 as a function of cooling time for the major products. In the figures, the
decay curves were drawn for each product by fitting the experimental data to the following
equation:

A= Ajexp(-A1), (3.1

where 4 is an activity [Bq/g], M=In 2/T,,; T, is the half-life of a product) is a decay constant,
t is a cooling time and A4, which corresponds to the activity at =0, is a fitting parameter.
The decay constants were taken from the reference'”, and those values were fixed in the
fitting procedure. When there is a relatively long-lived parent nucleus in comparison with

the daughter, like **Pb (T,,=51.873 h) with the parent of **Bi (11.76 h), the following
expression was used:

A
Ay =Ale ™ + 2 Al M —eh), 3.2
= A b A ( ) (3.2)
In the expression, 4, is the activity of the daughter, A, and A, are the decay constants of the
parent and daughter, respectively, and 4,° and A4,’ are the fitting parameters. If the

experimental data for the parent activities were available, the parameter of 4,° was determined
using the fitting result for the decay of the parent nucleus.

In the followings, we make a note about major radioactive products for the samples of

iron, copper, niobium, mercury-oxide, lead and bismuth.
3.1 Iron (Figs. 14.1~14.2)

The experimental data of the iron samples for 2.83-L-On and 2.83-L-Off are plotted in
Fig. 14.1, and that for 24-S-On and 24-L-Off are shown in Fig. 14.2. The major radioactive
nuclides are *®Mn (5.591 d) and *'Cr (27.702 d) at the cooling time of 2~50 days and **Mn
after 100 days. The data “Sc (3.927 h) were fitted to the Eq. (3.2) by considering the
contribution of “"Sc (2.44 d) that decays to *“*Sc in isomeric transition (transition probability:
98.80%). The short-lived component of “#Sc is clearly seen in the experimental data of 24-
S-On (Fig. 14.2).

3.2 Copper (Figs. 15)

The copper samples were irradiated only at the on-beam position. The experimental
data of 2.83-L-On and 24-L-On are shown in Fig. 15. The major radioactive products are
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“mSc (58.6 h) before 3 days cooling, and *'Cr (27.702 d) and **Co (70.82 d) after a few days
cooling.  After ~300 days, the radioactivity of **Mn (312.3 d) becomes dominant.

3.3 Niobium (Figs. 16.1~16.2)

The experimental data of the niobium foils for 2.83-L-On and 2.83-L-Off are plotted in
Fig. 16.1, and those for 24-S-On and 24-L-Off are plotted in Fig. 16.2. The dominant
activities at 2~50 days cooling are **"Nb (14.60 h), **Zr (3.27 d) and *¥Y (3.33 d). At the
short cooling time (<1 day), the activities of *®Nb (14.60 h) and *™Y (13.37 h) are also
relatively intense. The activities of 887r (83.4 d) and **Y (106.65 d), which are related by a

parent-daughter relation, are dominant after 100 days cooling,.
3.4 Mercury-Oxide (Figs. 17.1~17.2)

The experimental data of the mercury-oxide samples for the irradiation of 2.83-L and 24-
L are plotted in Fig. 17.1 and 17.2, respectively. (The experimental data for 2.83-S and 24-S
were not presented in this report because the intensity of the induced activities was not
sufficient.) The major radioactive nuclides are ""Hg (23.8 h), '***Au (2.70 d), '’Au (3.14 d)
and *Hg (46.6 d). In addition, for the on-beam samples, the activities of '*Os (93.6 d) and
182mRe (12.7 h) are relatively intense. In the following, some important products that could
not be measured in this experiment are as follows:
- The radioactivity of '®™Hg (42.6 min) was not observed since the half-life is short and we
had no chance to measure the irradiated samples within a-few-hours cooling.
- The y-ray peak of 77.4 keV from '*Hg (64.14 h) could not be separated from the X-ray
peaks of mercury and gold.
- The activities without the y-ray emission like "**Hg (520 y) and '*Au (186.1 d) could not
be measured.

3.5 Lead (Figs. 18.1~18.3)

The radioactivity of the lead samples for the irradiation of 2.83-L, 24-L and 24-S are
shown in Figs. 18.1~18.3.  (The data for 2.83-S were not adopted because the intensity of
induced radioactivity was not sufficient.) The radioactive nuclides of 23ph (51.9 h), 2'Tl
(72.9 h) and Tl (26.1 h) are dominant at the cooling time shorter than 10 days. At

2 In order to separate the low energy y-ray peak from the X-ray peaks, we need to employ a low-energy-
photon-spectrometer (LEPS), which is specially designed for the detection of the low-energy y-rays by
mounting a Be window.
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10~100 days cooling, the activity of **T1 (12.23 d) is the most intense. At the cooling longer
than 100 days, '**Os (93.6 d) and '**Re (70.0 d) are the dominant nuclides. In addition, as for
on-beam samples, the activity of "Be largely contributes to the total radioactivity at cooling
longer than 200 d.

3.6 Bismuth (Figs. 19.1~19.3)

The radioactivity of the bismuth samples for 2.83-L, 2.83-S, 24-L and 24-S in
Figs. 19.1~19.3. (The irradiation of 2.83-L-On and 2.83-S-On was not conducted.)

The dominant nuclides are **Bi (11.22 h) and **Bi (11.76 h) at cooling less than 2 days.
In the period of cooling of 2~100 days, the nuclides of **Bi (6.24 d) and **Bi (15.31 d) were
dominant. ~ After 100 days cooling, almost all activity is attributed to 2"Bi (31.55 y). In
addition, for the on-beam samples, the radioactivity of '¥Os (93.6 d), '**Re (70.0 d) and "Be
(53.29 d) are relatively intense.
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4. Summary

Radioactivity of the samples irradiated around the mercury target bombarded with the
incident proton energies of 24 and 2.83 GeV using the AGS accelerator were measured in the
cooling time from 0.1 to 260 days. In the processing of the measured y-ray spectra, more
than 90 radioactive nuclides were identified. The experimental data for the radioactivity
were tabulated, and the decay curves for the major radioactive nuclides were shown in the
figures. Finally the dominant radioactive nuclides were noted for iron, copper, niobium,
mercury-oxide, lead and bismuth samples.

On the basis of these experimental data, we will validate the DCHAIN-SP code system
that has been employed for design of radiation safety on the J-PARC project.
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Table 1 List of the character of the irradiated samples.
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Material Chemical Form Weight [g] Size[mm] Thickness[mm]
Boron-10 (99.82%) ¥ B" 0.5 25x25 9
Boron-11 (99.50%) * BY 0.6 25x25°9
Carbon C 2.8 25%25 2.5
Aluminum Al 1.1 20x20 1
Iron Fe 3.1 20x20 1
Copper ‘ Cu 1.1 25%25 0.2

0.7 20x20 0.2

1.0 30x19 0.2

0.6 20 (Diameter) 0.2
Niobium Nb 34 20%x20 1
Mercury-Oxide HgO ™ 5~9x107 24x24 ©
Lead Pb 0.91 20x20 0.2

14 20%x20 3
Bismuth Bi 6 20 (Diameter) 2
Acrylic Resin  {-CH,-C(CH,)(COOH) -}, 22 25%25 3
SS-316 1.3 20 (Diameter) 0.5
Inconel-625 0.38 20x20 0.1
Inconel-718 23 30x19 0.5
¥ Separated isotopes. The atomic percent of the enriched isotope is shown in parentheses.
» Powder samples packed with plastic sheet.
© Size of the package
Table2 Summary of the irradiation parameters.
Trradiation code ® 24-L 24-S 2.83-L 2.83-S
Proton energy [GeV] 24 2.83 2.83
Irradiation time [hh:mm:ss] 01:59:59 00:00:45 06:24:30 00:07:31
Total number of the incident protons 1.48E+15  7.90E+12  2.19E+15 2.33E+13

¥ "24" and "2.83" show the incident proton energy in GeV, and "L" or "S" mean long or short irradiation,

respectively.

® The detail of the measurement was described in the section 2.4. The errors were estimated to be +10%.

Table 3 Shift of the center and full width at a half maximum for proton beam profile obtained by the

imaging plate technique.

Irradiation Beam Center® FWHM

x[mm)] Ax[mm] Ay[mm]
2.83-L +1 39.8 19.0
2.83-S +0 39.8 19.1
24-1. -4 26.8 27.9
24-S -2 27.7 28.9

a)

The origin of the coordinate axes was set at the center of the Hg target. See Fig. 3.
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Table4 Number of protons that bombard each Cu-sample at the on-beam position.

Irradiation Code ®  Sample Size[mm)} Number of incident protons JoErr
2.83-L Cu--4 20 (Diameter) 1.49E+04 15%
2.83-L Cu-508 20x20 2.25E+14 15%
2.83-L Cu-8 25%25 4.76E+14 15%
2.83-S Cu-3 20 (Diameter) 4.36E+12 15%
2.83-S Cu-503 20x20 6.22E+12 15%
2.83-S Cu-1 30x19 6.41E+12 15%
2.83-8 Cu-7 25%x25 7.30E+12 15%
24-L Cu-6 20 (Diameter) 4.10E+14 6%
24-L Cu-509 20x20 5.37E+14 6%
24-L Cu-2 30x19 7.03E+14 6%
24-L Cu-10 25%25 7.09E+14 6%
24-S Cu-5 20 (Diameter) 2.66E+12 6%
24-S Cu-506 20x20 3.54E+12 6%
24-S Cu-9 25%x25 4.75E+12 6%

3 24" and "2.83" show the incident proton energy in GeV, and "L" or "S" mean long or short irradiation,
respectively.

Table 5 **Nb(n, 2n)**"Nb reaction rate measured using the niobium samples at the off-beam position.

Irradiation Code ®  Sample” Reaction Rate[/target nucleus/proton]
Experiment %Err Calculation ©
2.83-L Nb-10 3.24E-28 3.4% 3.2E-28
2.83-L Nb-148 2.93E-28 3.1%
2.83-L Nb-9 2.96E-28 3.4%
2.83-L Nb-8 2.72E-28 3.4%
2.83-S Nb-7 4.78E-28 13%
2.83-S Nb-9 4.33E-28 15%
2.83-S Nb-8 3.32E-28 17%
24-L Nb-16 1.62E-27 3.3% 1.3E-27
24-L Nb-4 1.33E-27 3.2%
24-L Nb-15 1.28E-27 3.5%
24-L Nb-14 1.24E-27 3.5%
24-S Nb-13 8.70E-27 ¢ 4.2%
24-S Nb-11 6.97E-27 ¥ 4.4%
3 "24" and "2.83" show the incident proton energy in GeV, and "L" or "S" mean long or short irradiation,
respectively.

» The size of the Nb-foil is 20 mm x 20 mm and 1 mm in thickness.

9 The values were obtained by multiplying the calculated neutron spectrum and the cross section curve.

9 The experimental value is larger than the calculated value by a factor of 5~6 possibly due to the placement of
the 24-S-Off samples at a wrong position.

Table 6 Specification of HPGe detectors.

Name Efficiency ® FWHM|[keV]?
JAERI-#1 55% 2.25
JAERI-#2 62% 2.30
KEK-#1 20% 1.84

® Relative to an efficiency of a 3-inch X 3-inch Nal(T1) detector.
®  Full width at half maximum for a 1332-keV y-ray peak of *Co.
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Table 7 Identified radioactive products and the associated decay data®.

Product Half-life Energy Intensity Product Half-life Energy Intensity
(«Parent)” [keV] per decay («Parent Nucleus) [keV] per decay
Be 53.29d 4776  10.52(6)% “%Nb 14.60 h 11292 92.7(5)%
2Na 26019y 12745 99.944(14)% %'mNb 60.86 d 104.6 0.54(3)%
*Na 149590h 1368.6 100.0% 2"Nb 10.15d 934.5 99.07(4)%
2K 12.360 h 1524.7 18.08(9) 9eNb 34975d 765.8 99.8(3)%
“K 223 h 617.5 79.2(6) («""Nb «*Zr)

Hmge 586h 271.1 86.8(3) SmNb 86.6 h 235.7 24.9(8)%
“eSc(«—*mSc) 3.927h 1157.0 99.9% 'BRu 39.26d 497.1 90.9(10)%
¢ 83.79d 889.3 99.9840(10)% fomp o 24979 d 657.8 94.0(5)%
By 15.9735d 983.5 99.98(28)% D 364d 2029 68.3(5)%
“Cr 21.56 h 308.3 100(2)% 1¥Ce 137.640d 165.9 79.8986(14)%
SICr 27.702d 320.8 9.86(5)% *Pm 265d 742.0 38.5(24)%
22Mn 5.591d 1434.1  100.0(6)% %pm 363d 696.5 99.49(20)%
*Mn 312.34d 834.8 99.9760(10)% " Eu('*Gd) 4.59d 747.2 98.33(6)%
**Mn 2.5785h 846.8 98.9(3)% YEy 24.1d 1973 26.5(11)%
Fe 8.275h 168.7 99.18(28)% HGd 48.27d 154.6 46.6(5)%
Fe 44.503d 1099.3 56.5(18)% 1728 u («'"?Hf) 6.70d 1093.7 62.5(28)%
%Co 1753 h 931.3 75(5)% Ly 137y 272.1 21.2(8)%
%Co 77.27d 846.8 99.935(25)% Yyt 187y 125.8 11.3(9)%
Co 271.79d 122.1 85.60(17)% SHf 70d 343.8 84(3)%
#eCo 70.82d 810.8 94.48(8)% 182mR e(«'#20s) 12.7h 1121.3 31.8(16)%
eCo 527114y 11732 99.9736(7)% '8Re 70.0d 162.3 23.3(1)%
Ni 6.077d 1584  98.8(10)% 18205 22.10h 180.2  33.5(17)%
SINi 271.79d 1377.6 81.7(24)% 18380 13.0h 381.8 89.6(18)%
¢Cu 2.58d 184.6 48.7(3)% 183m0yg 99h 11019 49.0(13)%
Zn 24426 d 11155 50.60(24)% 1805 936d 646.1 78(3)%
“Ga 3.2612d 184.6 21.2(3)% 188pg 10.2d 187.6 19.4(12)%
®Ge 1.63d 1107.0 36(4)% 1982 Au(«"""Au) 2.69517d 411.8° 9558(12)%
As 2.72d 175.0 82.020)% 198mAY 2.27d 214.8 77.0(10)%
“As 17.77d 595.8 59.4(35)% ' Au 3.139d 1584  40.0(7)%
®As 1.0788 d 657.0 6.2(H% 200m Ay 18.7h 367.9 73(8)%
Se 119.779d 264.7 58.5(9)% ImHg 23.8h 134.0 33.50(40)%
"¢By 16.2h 559.1 74(2)% Hg 46.612d 27929 81.46(13)%
&Br 2.38d 239.0 23.1(5)% 18T 53h 411.8°  82(10)%
82¢Br 1.47d 776.5 83.5(12)% 1997 7.42h 455.5 12.4(13)%
"8Kr 146d 261.4 12.7(4)% 200] 26.1h 3679 . 87.2(4)%
%Rb 86.2d 5204 45(3)% el | 72912 h 167.4 10.00(6)%
¥Rb 32.77d 881.6 69.1(16)% 227] 12.23d 4396 91.4(10)%
$2Rb 18.631d 1076.6 8.64()% 20pp, 21.5h 147.6 37.6(13)%
$eSr 1.35d 762.7 30(14)% 20ipp 9.33h 331.2 TN %
BESr 64.84d 514.0 96(4)% 203ph(2°Bi) 51.873h 279.2¢9  81(12)%
ey 3.33d 484.8  89.7(6)% 03 11.76 h 820.3  29.6(15)%
Imy 1337 h 380.8  78.05(8)% 4B 11.22h 899.2 99%

BY («*Zr) 106.65 d 1836.1  99.2(3)% 05Bj 1531d 7034  31.10(10)%
8Zr 16.5h 242.8 95.84(20)% 206Bj 6.243 d 803.1 98.90%
87r 8344d 3929 100.0% 07Bj 3155y 1063.79  74.5(2)%
87y 327d 909.0 99.871(3)% 206po 8.8d 1032.3 33(4)%
Zr 64.02d 756.8  54.46(10)% 9 The contribution of '**8T] was considered.

¥ Taken from Ref. (13). 9 The contribution of '**T] was considered.

€)

® A parent nucleus whose half-life is relatively long in
comparison with the daughter is shown in parenthesis.

g

The 279 keV y-ray peak are contributed by the decay of
Hg and *Pb. The long-lived component was
considered to be that of **Hg. The activity of **Pb
was deduced by subtracting the contribution of **Hg.

The yray of 675.9 keV (1,10.9+1.0%), which is not
emitted from '"2Au, were also processed.

The y-ray peak of 1063.7 keV was processed instead of
the most intense y-ray of 569.7 keV because the y-ray
peak of 569.7keV is a doublet at the cooling time of
~60 days.
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Table8 Estimated experimental errors in the radioactivity measurement.

Source of error Error
Statistics < 60%
Efficiency of the detectors 3%
Efficiency curve for a point source 3%
Correction
Cascade coincidence sum < 1%: for *"Au
Random coincidence sum < 1%: for 20% dead time
Source geometry < 0.5%: for samples with 3 mm thickness
Self-attenuation < 4%: for 122 keV gamma-ray
Decay Data
Gamma-ray Intensity < 13%: for 2*Po
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Table 9.1 Format of the digital radioactivity data.

<<Table format>>

a) On-beam samples b) Off-beam samples

Code?: HgO-2.83-L-On Code: HgO-2.83-L-Off
Incident proton energy: 2.83 GeV Incident proton energy: 2.83 GeV

N, (Total) V: 2.19E+15 N, (Total): 2.19E+15
Irradiation time: 0624"30 Irradiation time: 0624"30
Sample: HgO-2 Sample: HgO-6

Weight: 0.0059 g Weight: 0.0066 g

Size: 24 mmx24 mm © Size: 24 mmx24 mm
Position: On-beam Position: Off-beam

N, (Partial) *: 4.76E+14 Reac. Rate for **Nb(n,2n)™® :2.93~3.24E-28
Product: '®Ce, Half-life: 137.64 d Product: . '8Au,  Half-life: 2.69517 d
Cooling [d} Activity [Bq/g] %Error Cooling {d] Activity [Bq/g] %Error
5991 1.35E+02 39% 2.49 5.28E+02 10%
63.30 1.11E+02 31% 3.53 5.52E+02 13%
262.67 3.33E+01 32% 3.99 4.01E+02 7.7%

¥ The code is composed by symbols showing the

sample, incident proton energy, irradiation time
and sample position. The incident proton energy is
shown in GeV. The irradiation time is shown by
"L" and "S" that means "long" and "short",
respectively, and the sample position is shown by
"On" and "Off".

Total number of the incident protons bombarded
with the mercury target

The sample thickness is shown as "2 mm". The
diameter of the disk sample is shown as "20 mm®"
Number of the incident protons partially
bombarded with the sample, which is measured
with the activation of copper foils.

b)

c)

d

9 Reaction rate of the °>°Nb(n,2n)**"Nb reaction,
[/target nucleus/proton], at the sample position
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Table 9.2 Digital radioactivity data for the Boron-10 samples.

Code: B10-2.83-L-On Code: B10-24-L-On
Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV
N,(Total) : 2.19E+15 N,(Total) : 1.48E+15
Irradiation time: 0624"30 Irradiation time: 01'59"59
Sample: B10-1 Sample: B10-3

Weight: 0451¢ Weight: 0574 ¢

Size: 25 mmx25 mm Size: 25 mmx25 mm
Position: On-beam Position: On-beam

N, (Partial) : 4.76E+14 N, (Partial) : 7.09E+14

Product: "Be,

Half-life: 53.29d

Product: Be,

Half-life: 53.29d

Cooling [d] Activity [Bqg/g] Y%Error Cooling [d] Activity [Bqg/g] 90Error

1.50 5.2% 1.09 1.43E+04 5.3%

Code: B10-2.83-L-Off Code: B10-24-L-Off

Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV

N,(Total) : 2.19E+15 N,(Total) : 1.48E+15

Irradiation time: 06'24"30 Irradiation time: 01'59"59

Sample: B10-2 Sample: B10-4

Weight: 0.503 g Weight: 0.506g

Size: 25 mmx25 mm Size: 25 mmx25 mm

Position: Off-beam Position: On-beam

Reac. Rate for **Nb(n,2n)™ : 2.93~3.24E-28 Reac. Rate of *Nb(n,2n)™  1.33~1.62E-27

Product: Be, Half-life: 53.29d Product: 'Be, Half-life: 53.29 d

Cooling {d] Activity [Bg/g] 9oError Cooling [d] Activity [Bq/g] %FError

1.52 11% 1.20 6.10E+02 7.9%

472 6.3% 4.13 4.93E+02 5.8%
58.97 2.50E+02 5.3%
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Table 9.3 Digital radioactivity data for the Boron-11 samples.

Code: B11-2.83-L-On Code: B11-24-L-On
Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV

N, (Total) : 2.19E+15 N,(Total) : 1.48E+15
Irradiation time: 0624"30 Irradiation time: 01'59"59
Sample: B11-1 Sample: B11-3

Weight: 0.579 ¢ Weight: 0.615¢g

Size: 25 mmx25 mm Size: 25 mmx25 mm
Position: On-beam Position: On-beam

N, (Partial) : 4.76E+14 N, (Partial) : 7.09E+14

Product: 'Be,

Half-life: 53.29d

Product: 'Be,

Half-life: 53.29d

Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bg/g] %Error
1.55 5.3% 1.10 5.2%
Code: B11-2.83-L-Off Code: B11-24-L-Off
Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV

N,(Total) : 2.19E+15 N,(Total) : 1.48E+15
Irradiation time: 06'24"30 Irradiation time: 01'59"59

Sample: B11-2 Sample: Bl11-4

Weight: 0.559¢ Weight: 0.689¢g

Size: 25 mmx25 mm Size: 25 mmx25 mm
Position: Off-beam Position: Off-beam

Reac. Rate for Nb(n,2n)™ : 2.93~3.24E-28 Reac. Rate of °Nb(n,2n)™  1.28~1.33E-27
Product: 'Be, Half-life: 53.29 d Product: Be, Half-life: 53.29 d

Cooling [d] Activity [Bq/g] 9%Error Cooling [d] Activity [Bq/g] Y%oError
1.57 24% 0.96 6.0%
61.75 12%
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Table 94 Digital radioactivity data for the graphite samples.

Code: C-2.83-L-On Code: C-24-L-On

Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV

N,(Total) : 2.19E+15 N,(Total) : 1.48E+15

Irradiation time: 0624"30 Irradiation time: 01'59"59

Sample: C-2 Sample: C-4

Weight: 276 g Weight: 28lg

Size: 25 mmx25 mm, 2.5 mm' Size: 25 mmx25 mm, 2.5 mm'
Position: On-beam Position: On-beam

N,(Partial) : 4.76E+14 N,(Partial) : 7.09E+14

Product: "Be,

Half-life: 53.29d

Product: 'Be,

Half-life: 53.29 d

Cooling [d} Activity [Bqg/g] %Error Cooling [d] Activity [Bq/g] %Error

1.48 7.61E+03 5.1% 0.912 1.32E+04 5.1%
1.09 1.27E+04 5.1%

Code: C-2.83-S-On Code: C-24-L-Off

Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV

N, (Total) : 2.33E+13 Ny(Total) : 1.48E+15

Irradiation time: 00'07"31 Irradiation time: 01'59"59

Sample: C-1 Sample: C-3

Weight: 280¢g Weight: 2.78¢g

Size: 25 mmx25 mm, 2.5 mm' Size: 25 mmx25 mm, 2.5 mm'

Position: On-beam Position: Off-beam

N, (Partial) : 7.30E+12 Reac. Rate of ®Nb(n,2n)™:  1.33~1.62E-27

Product: Be,

Half-life: 53.29d

Product: 'Be,

Half-life: 53.29 d

Cooling [d]

Activity [Bqg/g]

%Error

Cooling [d]

Activity [Bg/g]

%Error

0.177

1.09E+02

13%

1.19 5.32E+02

5.5%
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Table 9.5 Digital radioactivity data for the aluminum samples.

Code: Al-2.83-L-On Code: Al-2.83-S-On

Incident proton energy: 2.83 GeV Incident proton energy: 2.83 GeV

N, (Total) : 2.19E+15 N,(Total) : 2.33E+13

Irradiation time: 0624"30 Irradiation time: 00'07"31

Sample: Al-171 Sample: Al-170

Weight: 107¢g Weight: 1.05¢

Size: 20 mmx20 mm, 1 mm' Size: 20 mmx20 mm, 1 mm'

Position: On-beam Position: On-beam

N,(Partial) : 2.25E+14 N,(Partial) : 6.22E+12

Product: Be, Half-life: 53.29 d Product: *Na, Half-life: 14.9590 h

Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] YoError

60.86 1.31E+03 5.1% 0.185 7.11E+03 5.1%
0.497 5.05E+03 5.1%

Product: *Na, Half-life: 14.9590 h

Cooling [d] Activity [Bq/g] oError

3.49 1.22E+04 5.0%

Code: AL-2.83-L-Off Code: Al-2.83-5-Off

Incident proton energy: 2.83 GeV Incident proton energy: 2.83 GeV

N,(Total) : 2.19E+15 Ny(TotaD) : 2.33E+13

Irradiation time: 0624"30 Iradiation time: 0007"31

Sample: Al-175 San'lple: Al-174

Weight: " 1.06¢g Welght: 1.06 g

Size: 20 mmx20 mm, 1 mm' Size: 20 mmx20 mm, 1 mm'

Position: Off-beam Position: 03 - Off-beam

Reac. Rate of SNb(n,2n)": 2.96-2.93E-28 Reac. Rate of ”Nb(n,2n)" : 4.33~4.78E-28

Product: Be, Half-life: 53.29 d Product: *Na, Half-life: 14.9590 h
Cooling {d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] 90Error
60.86 7 296E+00 16% 0.330 4.24E+02 5.5%
Product: **Na, Half-life: 14.9590 h

Cooling [d] Activity [Bg/g] %Error

1.48 1.00E+04 5.1%

4.54 3.06E+02 5.5%
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Table 9.5 Digital radioactivity data for the aluminum samples. (Continued)

Code: Al-24-L-On Code: Al-24-S-On

Incident proton energy: 24 GeV Incident proton energy: 24 GeV

N,(Total) : 1.48E+15 N, (Total) : 7.90E+12

Irradiation time: 01'59"59 Irradiation time: 00'00"45

Sample: Al-173 Sample: Al-172

Weight: 1.06 g Weight: 1.06 g

Size: 20 mmx20 mm, 1 mm' Size: 20 mmx20 mm, | mm'

Position: On-beam Position: On-beam

N, (Partial) : 5.37E+14 N (Partial) : 3.54E+12

Product: 'Be, Half-life: 53.29 d Product: *Na, Half-life: 14.9590 h

Cooling [d] Activity [Bg/g] %Error Cooling [d} Activity [Bg/g] Y%Error

4.07 4.72E+03 5.6% 0.105 8.65E+03 5.2%
0.723 4.58E+03 5.2%

Product: *Na, Half-life: 14.9590 h

Cooling [d] Activity [Bg/g] %Error

4.07 1.47E+04 5.0%

Code: Al-24-L-Off Code: Al-24-S-Off

Incident proton energy: 24 GeV Incident proton energy: 24 GeV

N,(Total) : 1.48E+15 Ny(Total) : - 7.90E+12

Irradiation time: 01'59"59 Irradiation time: 000045

Sample: AL177 Sample: Al-176

Weight: 1.06 g Weight: 106 g

Size: 20 mmx20 mm, 1 mm' Size: 20 mmx20 mm, | mm'

Position: Off-beam Position: Off-beam

Reac. Rate of “Nb(n2n)™: 1.28~133E-27 Reac. Rate of ®Nb(n,2n)" : 6.97~8.70E-27

Product: 'Be Half-life: 53.29 d Product: %*Na, Half-life: 14.9590 h
Cooling [d] Activity [Bg/g] YoError Cooling [d] Activity [Bg/g] JoError
807 G3E01 5% 0.152 1.01E+03 5.5%
Product: *Na, Half-life: 2.6019 y

Cooling [d] Activity [Bq/g] %Error

58.07 2.38E+01 5.7%
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Table 9.6 Digital radioactivity data for the iron samples.

Code: Fe-2.83-L-On Product: *Sc, Half-life: 3.3492 d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] %Error
Ny (Total) : 2.19E+15 3.49 3.30E+03 5.3%
Irradiation time: 0624"30 4.51 2.68E+03 5.3%
Sample: Fe-91 6.63 5.6%
Weight: 311g
Size: 20 mmx20 mm, | mm' Product: “Sc, Half-life: 43.67 h
Position: On-beam Cooling [d]  Activity [Ba/g] %Error
N, (Partial) : 2.25E+14 349 T 74E+02 3.4%

; . 4.51 4.94E+02 9.2%
Product: 'Be, Half-life: 53.29 d 6.63 2.00E+02 19%
Cooling [d] Activity [Bq/g] %Error
4.51 1.82E+03 15% Product: 5'Cr,  Half-life: 27.702 d
6.63 1.30E+03 21% Cooling [d]  Activity [Bq/g] Error
60.67 6.78E+02 5.1% 349 5.9%
263.50 4.85E+01 6.9% 451 5.8%

. _ 6.63 6.1%
Product: “"Na, Half-life: 2.6019 y 60.67 2.60E+03 5.0%
Cooling [d] Activity [Bqg/g] %Error 263.50 12%
263.50 1.77E+01 5.1%

Product: °*%Mn, Half-life: 5.591 d
Product: *Na, Half-life: 14.9590 h Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] %Error 3.49 51%
3.49 8.82E+02 6.9% 4.51 8.99E+03 5.1%
4.51 2.49E+02 11% 6.63 6.92E+03 5.2%
Product: *K, Half-life: 22.3 h Product: **Mn, Half-life: 312.3d
Cooling [d] Activity [Bg/g] JoError Cooling [d] Activity [Ba/g] %Error
349 6.77TE+02 8.7% 3.49 5.8%
4.51 3.74E+02 11% 4.51 5.5%
6.63 5.7%

Product: *™"Sc, Half-life: 58.6 h 60.67 5.0%
Cooling [d] Activity [Bg/g] %Error 263.50 9.89E+02 5.0%
3.49 7.59E+03 5.1%
4.51 5.57E+03 5.1%
6.63 3.06E+03 5.2%
Product: **Sc, Half-life: 3.927 h
Cooling [d] Activity [Bq/g] %Error
3.49 7.69E+03 8.7%
4.51 5.68E+03 11%
6.63 3.19E+03 5.3%
Product: “*%Sc, Half-life: 83.79 d
Cooling [d] Activity [Bg/g] YoError
3.49 7T.97E+02 8.0%
4.51 7.28E+02 7.3%
6.63 7.62E+02 7.5%
263.50 8.52E+01 5.0%
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Table 9.6 Digital radioactivity data for the iron samples. (Continued)

Code: Fe-2.83-L-Off Product: **Mn,  Half-life: 5.591 d

Incident proton energy: 2.83 GeV Cooling [d] Activity [Bg/g] YoError

N, (Total) : 2.19E+15 3.66 3.94E+02 5.1%

Irradiation time: 0624"30 4.57 3.47E+02 5.3%

Sample: Fe-95 6.67 2.68E+02 5.7%

Weight: 3.10¢g

Size: 20 mm>20 mm, 1 mm' Product: _*Mn, __ Half-life: 3123 d

gosm(;;l: o PNb(n2m™ gg:;,b;argnﬁg 28 Cooling [d] Activity [Bg/g] %Error
eac. Rate for "Nb(n,20)7: 2.93~2.96F- 3.6 1.28E+02 52%

 am o 4.57 1.22E+02 5.8%

Pdel:lCt. SC, .H‘alf-hfe. 58.6h 6.67 1.24E+02 6.5%

Cooling [d] Activity [Bqg/g] %Error 59.71 1.18E+02 5.0%

3.66 5.67E+01 5.8% 266.68 7.50E+01 5.0%

4.57 4.28E+01 7.0%

6.67 2.45E+01 11%

Product: **Sc, Half-life: 3.927 h

Cooling [d] Activity [Bqg/g] 9%Error
3.66 5.54E+01 6.0%
4.57 4.18E+01 8.5%
6.67 2.36E+01 14%

Product: “%:Sc, Half-life: 83.79 d

Cooling {d] Activity [Bg/g] %Error
3.66 1.15E+01 15%
4.57 1.07E+01 20%
6.67 1.26E+01 22%
266.68 1.25E+00 5.6%

Product: *'Sc, Half-life: 3.3492 d

Cooling {d] Activity [Bg/g] 90Error
3.66 5.23E+01 6.1%
4.57 4.04E+01 8.0%
6.67 2.81E+01 11%

Product: *®Sc, Half-life: 43.67 h

Cooling [d] Activity [Bg/g] JoError
3.66 8.86E+00 18%
4.57 1.28E+01 19%

Product: *'Cr, Half-life: 27.702 d

Cooling [d] Activity [Bqg/g] %Error
3.66 4.15E+02 6.0%
4.57 4.17E+02 7.1%
6.67 3.57E+02 10%
59.71 1.06E+02 5.3%
266.68 7.95E-01 29%
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Table 9.6 Digital radioactivity data for the iron samples. (Continued)

Code: Fe-2.83-S-On
Incident proton energy: 2.83 GeV

N,(Total) : 2.33E+13

Irradiation time: 00'07"31

Sample: Fe-17

Weight: 3.10g

Size: 20 mmx20 mm, 1mm'
Position: On-beam

N, (Partial) : 6.22E+12

Product: 2*Na, Half-life: 14.9590 h

Cooling [d] Activity [Bq/g] %Error
0.123 5.05E+02 5.8%
0.406 4.15E+02 5.3%
Product: “K, Half-life: 12.360 h
Cooling [d} Activity [Bqg/g] %Error
0.123 5.96E+02 11%
0.406 4.37E+02 7.6%

Product: *“K, Half-life: 22.3 h

Cooling {d] Activity [Bg/g] Y%Error
0.123 1.31E+02 14%
0.406 1.13E+02 8.3%

Product: **Sc, Half-life: 3.927 h

Cooling [d] Activity [Bq/g] %Error
0.123 2.64E+03 5.1%
0.406 1.02E+03 5.1%

Product: °Fe, Half-life: 8.275 h

Cooling [d] Activity [Bq/g] %Error
0.123 1.07E+02 13%
0.406 6.54E+01 9.8%
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Table 9.6 Digital radioactivity data for the iron samples. (Continued)

Code: Fe-24-L-On

Incident proton energy: 2.83 GeV

NP(Total) : 1.48E+15

Irradiation time: 01'59"59

Sample: Fe-93

Weight: 3ilg

Size: 20 mmx20 mm, 1 mm'
Position: On-beam

N, (Partial) : 5.37E+14

Product: Be, Half-life: 53.29 d

Cooling [d] Activity [Bqg/g] Y%Error
50.54 1.40E+03 5.2%
260.56 9.68E+01 6.0%
Product: *’Na, Half-life: 2.6019 y
Cooling [d] Activity [Bq/g] %Error
50.54 3.84E+01 5.7%
260.56 2.93E+01 5.1%
Product: “*Sc,  Half-life: 83.79d

Cooling [d} Activity [Bqg/g] %Error
50.54 9.76E+02 5.0%
260.56 1.60E+02 5.0%
Product: S'Cr, Half-life: 27.702 d
Cooling [d] Activity [Bg/g] %Error
55.54 6.23E+03 5.0%
260.56 4.33E+01 8.4%
Product: *‘Mn,  Half-life: 312.3d

Cooling [d] Activity [Bq/g] %Error
55.54 3.39E+03 5.0%
260.56 1.96E+03 5.0%




JAERI-Research 2003-034

Table 9.6 Digital radioactivity data for the iron samples. (Continued)

Code: Fe-24-L-Off

Incident proton energy: 24 GeV

Ny(Total) : 1.48E+15

Irradiation time: 01'59"59

Sample: Fe-100

Weight: 3.10 g

Size: 20 mmx20 mm, 1 mm'
Position: Off-beam

Reac. Rate for °Nb(n,2n)™ 1.28~1.33E-27

Product: *'Sc, Half-life: 3.3492 d
Cooling [d] Activity [Bq/g] %Error
1.15 3.13E+02 5.3%
2.22 2.49E+02 6.0%
3.83 1.87E+02 6.2%
Product: “!Sc, Half-life: 43.67 h

Cooling [d] Activity [Bg/g] %Error
1.15 1.02E+02 7.0%
222 8.23E+01 9.3%
3.83 5.60E+01 14%
Product: °'Cr, Half-life: 27.702 d
Cooling [d] Activity [Bg/g] %Error
1.15 1.62E+03 5.7%
2.22 1.50E+03 6.6%
3.83 1.46E+03 6.4%
56.56 4.02E+02 5.2%
Product: ®Mn, Half-life: 5.591 d

Cooling [d] Activity [Bg/g] %Error
1.15 1.95E+03 5.1%
222 1.64E+03 5.1%
3.83 1.32E+03 5.2%
56.56 2.11E+00 8.5%
Product: *‘Mn, Half life: 312.3 d

Cooling [d] Activity [Bq/g] %Error
1.15 4 47E+02 5.2%
2.22 4.35E+02 5.4%
3.83 4.49E+02 5.5%
56.56 4.16E+02 5.0%
263.6 2.56E+02 5.0%

Product: **Na, Half-life: 14.9590 h
Cooling [d] Activity [Bq/g] %Error
1.15 3.34E+01 10%
222 7.55E+00 55%
Product: “K, Half-life: 12.360 h
Cooling [d] Activity [Bq/g] %Error
1.15 2.33E+02 8.6%
222 5.12E+01 29%
Product: “K, Half-life: 22.3 h

Cooling [d] Activity [Bqg/g] %Error
1.15 1.18E+02 6.7%
222 5.13E+01 17%
Product: “K, Half-life: 22.3 h

Cooling [d] Activity [Bqg/g] 9Error
1.15 1.18E+02 6.7%
2.22 5.13E401 17%
Product: *"Sc, Half-life: 58.6 h

Cooling [d] Activity [Bq/g] JoError
1.15 4.32E+02 5.2%
222 3.09E+02 5.5%
3.83 2.08E+02 5.9%
Product: **%Sc, Half-life: 3.927 h

Cooling [d] Activity [Bqg/g] %Error
1.15 5.04E+02 5.2%
2.22 3.23E+02 5.8%
3.83 2.04E+02 6.8%
Product: *®Sc, Half-life: 83.79d

Cooling [d] Activity [Bg/g] 9oError
1.15 4.08E+01 13%
2.22 3.45E+01 21%
56.56 2.62E+01 5.2%
263.6 4.26E+00 6.0%
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Table 9.6  Digital radioactivity data for the iron samples. (Continued)

Code: Fe-24-S-On Product: *Sc, Half-life: 3.3492 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] YoError
N, (Total) : 7.90E+12 0.727 3.38E+01 20%
Irradiation time: 00'00"45 2.17 1.43E+01 15%
Sample: Fe-92 4.15 9.12E+00 32%
Weight: 309g
Size: 20 mmx20 mm, 1mm' Product: *'Cr, _ Half-life: 27.702d
Position: On-beam Cooling[d]  Activity [Bg/g] %Error
N, (Partial) : 3.54E+12 217 1356402 13%
4.15 1.48E+02 14%
Product: *Na, Half-life: 14.9590 h .
Cooling[d] _Activity [Bq/g] oError Product: *Mn,  Half-life: 5.591 d
0.099 3.67TE+02 13% Cooling [d]  Activity [Bg/g] %Error
0.727 1.85E+02 6.0% 0.099 7 41E+02 9%
2.17 3.98E+01 7.4%
415 2 68E+00 48% 0.73 2.20E+02 5.9%
2.17 1.41E+02 5.7%
. 4.15 1.13E+02 6.6%
Product: “K, Half-life: 12.360 h
Cooling[d] _ Activity [Bq/g] %Error Product: *‘Mn,  Half-life: 312.3d
0.727 2.03E+02 10% Cooling [d] Activity [Bg/g] YError
217 2.16E+01 24% 0.727 277E+01 16%
N , 2.17 2.99E+01 9.0%
Product: K, Half-life: 22.3 h 4.15 2.49E+01 12%
Cooling [d] Activity [Bq/g] %Error
0.727 6.39E+01 10% Product: Fe, Half-life: 8.275 h
2.17 2.18E+01 14% Cooling[d]  Activity [Bg/g] %Error
415 4.21E+00 60% 0.099 6.01E+01 53%
0.727 3.38E+01 15%

Product: **™Sc, Half-life: 58.6 h

Cooling {d} Activity [Bqg/g] %Error
0.727 1.64E+02 6.4%
2.17 1.01E+02 5.6%
4.15 6.16E+01 7.0%

Product: **%Sc, Half-life: 3.927 h

Cooling [d] Activity [Bq/g] %Error
0.099 1.81E+03 6.3%
0.727 3.16E+02 5.6%
2.17 1.08E+02 6.0%
4.15 5.42E+01 v 8.7%

Product: #'Sc, Half-life: 3.3492 d

Cooling [d] Activity [Bq/g] %Error
0.727 6.28E+01 12%
217 4.99E+01 6.9%
4.15 3.50E+01 8.6%
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Table 9.6 Digital radioactivity data for the iron samples. (Continued)

Code: Fe-24-S-Off

Incident proton energy: 24 GeV

N,(Total) : 7.90E+12

Irradiation time: 00'00"45

Sample: Fe-96

Weight: 308¢g

Size: 20 mmx20 mm, Imm'
Position: Off-beam

Reac. Rate for **Nb(n,2n)™ 6.97~8.70E-27

Product: *™Sc,  Half-life: 58.6 h
Cooling [d] Activity [Bg/g] %Error
0.658 3.69E+00 25%

Product: *Sc, Half-life: 3.927 h

Cooling [d] Activity [Bq/g] 90Error
0.126 4.02E+01 9.3%
0.658 7.06E+00 17%
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Table 9.7 Digital radioactivity data for the copper samples.

Code: Cu-2.83-L-On Product: *®Sc,  Half-life: 83.79 d

Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] YoError

N, (Total) : 2.19E+15 3.52 5.00E+02 9.6%

Irradiation time: 0624"30 4.51 4.96E+02 8.7%

Sample: Cu-508 6.64 4.22E+02 8.5%

Weight: 0.680 g 263.50 5.38E+01 5.3%

Size: 20 mmx20 mm, 0.2mm'

Position: On-beam Product: “'Sc,  Half-life: 3.3492 d

Ny(Partial) : 225E+14 Cooling[d]  Activity [Bq/g] %Error

. 0.44 4.39E+03 6.6%

Product: Be, Half-life: 53.29 d 352 2 17E+03 S 6%

Cooling [d]  Activity [Bg/g] %Error 4.51 1.85E+03 5.6%

4.51 1.23E+03 20% 6.64 1.19E+03 5.8%

6.64 1.29E+03 17%

60.52 6.10E+02 5.7% Product: *Sc, Half-life: 43.67 h

263.50 3.39E+01 16% Cooling [d] Activity [Bq/g] YoError

_ 0.44 1.99E+03 9.7%

Product: *Na, Half-life: 2.6019 y 3.52 S5 S6E+02 9.5%

Cooling [d] Activity [Bq/g] %oError 4.51 4.06E+02 9.3%

263.50 1.10E+01 6.7% 6.64 2.43E+02 12%

Product: *Na, Half-life: 14.9590 h Product: °'Cr, Half-life: 27.702 d

Cooling [d] Activity [Bq/g] JoError Cooling [d] Activity [Bg/g] %Error

0.44 1.81E+04 5.2% 3.52 3.80E+03 9.4%

3.52 5.06E+02 71.3% 4.51 3.70E+03 8.5%

4.51 1.63E+02 15% 6.64 3.45E+03 8.5%
60.52 8.85E+02 5.3%

Product: “K, Half-life: 12.360 h

Cooling [d] Activity [Bg/g] YoError Product: °®Mn,  Half-life: 5.591d

0.44 1.96E+04 6.6% Cooling [d] Activity [Bg/g] J%Error

3.52 3.73E+02 26% 3.52 4.20E+03 5.3%
4.51 3.75E+03 5.3%

Product: “K, Half-life: 12.360 h 6.64 2.94E+03 5.3%

Cooling [d] Activity [Bq/g] %Error

0.44 6.26E+03 6.3% Product: **Mn,  Half-life: 312.3d

3.52 6.42E+02 9.1% Cooling [d] Activity [Bq/g] 9oError

4.51 2.86E+02 13% 4.51 3.41E+02 9.9%
6.64 3 43E+02 9.9%

Product: “™Sc, Half-life: 58.6 h 60.52 3.00E+02 51%

Cooling [d] Activity [Bq/g] %Error 263.50 1.94E+02 5.1%

0.44 1.11E+04 5.3%

3.52 4.39E+03 529 Product: *Fe, Half-life: 44.503 d

451 3.29E+03 5.2% Cooling [d] Activity [Bg/g] 9oError

6.64 1.79E+03 5.4% 3.52 3.75E+02 16%
4.51 3.55E+02 20%

Product: **Sc, Half-life: 3.927 h 6.64 3.61E+02 16%

Cooling [d] Activity [Bq/g] %oError 263.50 5.31E+00 15%

0.44 2.61E+04 51%

3.52 4 40E+03 5.2%

4.51 3.25E+03 5.5%

6.64 1.86E+03 5.6%
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Table 9.7 Digital radioactivity data for the copper samples. (Continued)

Product: **Co, Half-life: 17.53 h

Cooling [d) Activity [Bg/g] oError
0.44 5.40E+03 8.3%
3.52 2.71E+02 20%
Product: *Co, Half-life: 77.27 d

Cooling {d] Activity {Bq/g] 9oError
60.52 3.19E+02 51%
263.50 S.16E+01 5.4%
Product: *'Co, Half-life: 271.79 d
Cooling [d] Activity [Bq/g] %Error
352 4.82E+02 7.4%
451 4.56E+02 7.7%
6.64 4.70E+02 7.1%
60.52 4.21E+02 5.0%
263.50 2.77E+02 5.0%
Product: %Co,  Half-life: 70.82 d

Cooling [d] Activity [Bq/g] YoError
0.44 2.27E+03 8.4%
3.52 2.66E+03 5.4%
4.51 2.67E+03 5.3%
6.64 2.62E+03 5.3%
60.52 1.55E+03 5.0%
263.50 2.18E+02 5.0%
Product: %Co, Half-life: 5271 y

Cooling [d] Activity [Bq/g] %Error
263.50 5.27E+01 5.3%
Product: *'Ni, Half-life: 35.60 h

Cooling [d] Activity [Bq/g] JoError
0.44 2.52E+03 8.9%
3.52 4.94E+02 8.4%
4.51 3.46E+02 9.2%
6.64 1.24E+02 17%
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Table 9.7 Digital radioactivity data for the copper samples. (Continued)

Code: Cu-2.83-S-On

Incident proton energy: 2.83 GeV

N, (Total) : 2.33E+13

Irradiation time: 00'07"31

Sample: Cu-1

Weight: 1.077 g

Size: 30 mmx19 mm, 0.2mm'
Position: On-beam

N, (Partial) : 6.41E+12

Product: *Na, Half-life: 14.9590 h

Cooling [d] Activity [Bg/g] %Error
0.219 "~ 3.04E+02 5.9%
0.504 2.40E+02 5.8%

Product: K, Half-life: 12.360 h

Cooling [d] Activity [Bq/g] %Error
0.219 3.92E+02 10%
0.504 2.55E+02 9.4%
Product: K, Half-life: 22.3 h

Cooling [d] Activity [Bg/g] YoError
0.219 1.02E+02 11%
0.504 8.34E+01 9.0%

Product: **"Sc, Half-life: 58.6 h

Cooling [d] Activity [Bqg/g] %Error
0.219 1.63E+02 10%
0.504 1.48E+02 8.4%

Product: *#Sc, Half-life: 3.927 h

Cooling [d} Activity [Bq/g] %Error
0.219 8.33E+02 5.4%
0.504 3.52E+02 5.7%
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Table 9.7 Digital radioactivity data for the copper samples. (Continued)

Code: Cu-24-L-On Product: >*Mn, Half-life: 312.3 d

Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error

N,(Total) : 1.48E+15 4,10 7.35E+02 6.9%

Irradiation time: 01'59"59 55.54 6.72E+02 5.1%

Sample: Cu-509 57.73 6.66E+02 5.1%

Weight: 0.690 g 260.56 4.15E+02 5.0%

Size: 20 mmx20 mm, 0.2mm'

Position: On-beam Product: ®Fe, _ Half-life: 44.503 d

Ny(Partial) : 3.37E+14 Cooling [d]  Activity [Bq/g] %Error
; . 4.10 8.03E+02 9.3%

Product: ‘Be, Half-life: 53.29 d 55.54 3 46E+02 6.3%

Cooling [d] Activity [Bg/g] %Error 57.73 3.39E+02 6.6%

4.10 3.08E+03 9.3% 260.56 1.68E+01 11%

55.54 1.60E+03 5.7%

57.73 1.48E+03 3.7% Product: *°Co,  Half-life: 77.27 d

260.56 1.07E+03 8.8% Cooling [d]  Activity [Bq/g] %Error
» _ 55.54 7.57E+02 5.1%

Product: “Na, Half-life: 2.6019 y 5773 7.36E+02 5.1%

Cooling [d} Activity [Bq/g] %Error 260.56 1.15E+02 5.2%

55.54 3.00E+01 8.7%

57.73 3.18E+01 8.8% Product: 'Co,  Half-life: 271.79d

260.56 2.20E401 6.1% Cooling [d]  Activity [Bg/g] %Error
" , 4.10 1.12E+03 5.6%

Product: “*Na, Half-life: 14.9590 h 55.54 1.04E+03 5.0%

Cooling [d] Activity [Bg/g] %Error 57.73 1.03E+03 5.0%

4.10 7.12E+02 6.4% 260.56 6.39E+02 5.0%

Product: *#Sc,  Half-life: 3.927 h Product: *#Co,  Half-life: 70.82 d

Cooling [d] Activity [Bg/g] JeError Cooling [d] Activity [Bq/g] %Error

4.10 6.89E+03 5.1% 4.10 6.37E+03 5.1%

55.54 4.02E+03 5.0%

Product: “**Sc, Half-life: 83.79 d 57.73 3.92E+03 5.0%

Cooling [d]  Activity [Bg/g] %Error 260.56 5.31E+02 5.0%

4.10 7.75E+02 6.6%

55.54 5.38E+02 5.1% Product: *Co, Half-life: 5.271 y

57.73 5.13E+02 5.1% Cooling [d] Activity [Bqg/g] %Error

260.56 9.81E+01 5.2% 55.54 1.31E+02 5.5%

57.73 1.27E+402 5.8%

Product: 3'Cr, Half-life: 27.702 d 260.56 1.24E+02 5.1%

Cooling [d] Activity [Bq/g] %Error

4.10 7.01E+03 6.5%

55.54 1.97E+03 5.4%

5773 1.92E+03 5.3%

Product: %Mn, Half-life: 5.591d

Cooling [d] Activity [Bqg/g] %Error

4.10 7.76E+03 5.1%

55.54 1.45E+01 14%

57.73 1.44E+01 14%
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Table 9.7 Digital radioactivity data for the copper samples. (Continued)

Code: Cu-24-S-On Product: **Mn,  Half-life: 5.591d
Incident proton energy: 24 GeV Cooling [d] Activity [Bg/g] %Error
N,(Total) : 7.90E+12 0.922 6.91E+01 8.3%
Irradiation time: 00'00"45 1.64 5.42E+01 7.5%
Sample: Cu-506 4.17 5.30E+01 13%
Weight: 0.685¢g
gizg:. 2)0 ntl)mx20 mm, 0.2mm'’ Product: *Co, Half-life: 17.53 h
osition: n-beam Cooling [d]  Activity [Bq/g] %Error
N, (Partial) : 3.54E+12 0922 237E+01 14%
‘ 1.64 2.00E+01 14%
Product: *Na, Half-life: 14.9590 h
Cooling[d] _ Activity [Bq/gl %Error Product: *Ni, _Half-life: 35.60 h
0.922 1.28E+02 6.2% Cooling [d]  Activity [Ba/g] %Error
1.64 4.98E+01 7.1% 0.922 3.02E+01 13%
" . 1.64 1.72E+01 11%
Product: “K, Half-life: 12.360 h
Cooling [d] Activity [Bq/g] Y0Error
0.922 1.47E+02 9.5%
1.64 3.85E+01 16%

Product: *“K, Half-life: 12.360 h

Cooling [d] Activity [Bq/g] 9%Error
0.922 4.64E+01 13%
1.64 2.48E+01 11%

Product: **"Sc, Half-life: 58.6 h

"Cooling [d] Activity [Bq/g] %Error
0.922 9.17E+01 8.1%
1.64 6.88E+01 6.5%
4.17 4.39E+01 10%

Product: **Sc, Half-life: 3.927 h

Cooling [d] Activity [Bq/g] YoError
0.922 1.34E+02 6.7%
1.64 7.39E+01 6.7%
4.17 3.59E+01 15%

Product: “'Sc, Half-life: 3.3492 d

Cooling [d] Activity [Bq/g] %Error
0.922 3.80E+01 19%
1.64 3.44E+01 9.5%
4.17 1.66E+01 23%

Product: “Sc, Half-life: 43.67 h

Cooling [d] Activity [Bq/g] %Error
0.922 1.74E+01 23%
1.64 1.18E+01 19%
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Table 9.8 Digital radioactivity data for the niobium samples.

Code: Nb-2.83-L-On Product: “'Sc, Half-life: 3.3492 d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] %Error
N,(Total) : 2.19E+15 3.51 1.09E+03 13%
Irradiation time: 0624"30 4.52 8.29E+02 13%
Sample: Nb-2 6.65 4 97E+02 15%
Weight: 0325¢

Size: 20mmx20 mm, 0.l mm' | product: ¥Sc,  Half-life: 43.67 h
;05310‘?21 ' g)g;bga;r; Cooling [d]  Activity [Ba/g] %Error

p(Partial) - 2B+ 351 2.90E+02 29%

; , 452 2.07E+02 31%
Product: 'Be, Half-life: 53.29d 6.65 1 49E+02 279
Cooling [d} Activity [Bg/g] %Error
3.51 3.06E+03 25% Product: “*V, Half-life: 15.9735 d
4.52 2.00E+03 30% Cooling [d] Activity [Bg/g] %Error
6.65 1.59E+03 28% 65 025203 Y
60.67 9.11E+02 7.2% . : o
60.67 9.37E+01 7.1%
63.30 8.56E+02 5.5% 6330 7 RSE401 5 50,
263.50 5.52E+01 24% - : 22
Product:  ®Na Half life: 2.6019 y Product: *'Cr, Half-life: 27.70 d
Cooling [d} Activity [Bq/g] %Error 6C(())(;1;ng [d] ;xcltgl,g:)(,) 2[Bq/g] ‘IFo;(E;ror
60.67 1.03E+01 32% £330 5 95400 7 0,;
63.30 6.61E+00 24% : : i
Product: %Na Half.life: 14.9590 h Product: *Mn,  Half-life: 5.591d
Cooling [d]  Activity [Bq/g] %Error g‘;‘;l“‘g [d] ?Z‘I‘E%Bq/ g] ;%f;’o’
3.51 3.25E+02 23% s . 491‘-::03 € 3
4.52 7.80E+01 37% 665 | 09E+03 7‘0(;
. . . 0
Product: *™Sc,  Half-life: 58.6 h Product:  *Mn Half-life: 3123 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] * Activity [Ba/g] ; FoError
22; };‘;g:gg g'jz’ 60.67 | 20E+02 6.9%
665 7 9E03 X 670 63.30 1.20E+02 5.3%

' : 2 263.50 7.04E+01 5.9%
Product: *%Sc, Half-life: 3.927 h Product:  *Co Half-life: 77.27 d
Cooling[d] _ Activity [Bq/g] JoError Cooling [d] __ Activity [Ba/g] %%Error
3.51 1.60E+03 77% 067 9 70E+01 3%
4.52 1.24E+03 7.2% 6330 9 40E40] 55

. B . (4]
6.65 7.06E+02 Lhail 263.50 1.74E+01 11%
Product: *Sc, _ Halflife: 83.79 d Product: "Co, _Half-life: 271.79d
Cooling[d] _Activity [Bg/g] %Error Cooling (4] __ Activity [Bq/g] %Error
6.65 2.37E+02 14% 60.67 2.54E+02 53%
60.67 1.36E+02 6.2% 6330 5 26E+00 s 1o
63.30 1.45E+02 5.2% : : o
263.50 3.01E+01 8.1% 263.50 1.20E+02 5.2%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Product: *Co, Half-life: 70.82 d Product: "As, Half-life: 17.77 d
Cooling [d] Activity [Bq/g] Y%Error Cooling [d] Activity [Bq/g] %Error
4.52 6.92E+02 12% 3.51 1.27E+03 18%
6.65 6.36E+02 9.3% 4.52 1.16E+03 13%
60.67 3.75E+02 5.2% 6.65 9.35E+02 13%
63.30 3.70E+02 5.0% 60.67 1.20E+02 11%
263.50 5.35E+01 6.0% 63.30 9.75E+01 8.4%
Product: ®®Co,  Half-life: 5.271y Product: "®As, Half-life: 1.0788 d
Cooling [d] Activity [Bg/g]} %Error Cooling [d] Activity [Bq/g] %Error
63.30 7.05E+00 21% 3.51 8.51E+03 21%
263.50 9.93E+00 17% 4.52 2.98E+03 43%
Product: *Cu, Half-life: 2.58 d Product: "Se, Half-life: 119.78 d
Cooling [d] Activity [Bqg/g] Y%Error Cooling [d] Activity [Bg/g] 9oError
3.51 4.00E+03 1.7% 3.51 8.39E+02 20%
4.52 3.32E+03 7.0% 4.52 8.54E+02 15%
6.65 2.13E+03 7.8% 6.65 7.76E+02 12%
60.67 6.25E+02 5.3%
Product: %Zn, Half-life: 244.26 d 63.30 6.14E+02 5.1%
Cooling [d]  Activity [Bg/g] %Error 263.50 1.94E+02 5.3%
351 3.23E+02 40%
4.52 2 94E+02 27% Product: "*Br, Half-life: 16.2 h
6.65 3.39E+02 16% Cooling [d] Activity [Bq/g] %oError
60.67 2.37E+02 6.4% 3.51 3.24E+03 7.7%
63.30 2.43E+02 5.2% 4.52 1.25E+03 10%
263.50 1.44E+02 5.9% 6.65 1.67E+02 34%
Product: *Ga, Half-life: 3.2612d Product: "Br,  Half-life: 2.38 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] JoError
3.51 9.20E+03 7.8% 3.51 1.20E+04 6.5%
4.52 7.64E+03 7.1% 4.52 8.77E+03 6.7%
6.65 4.89E+03 7.9% 6.65 5.18E+03 7.4%
Product: %Ge, Half-life: 1.63 d Product: ®*Br, Half-life: 2.38 d
Cooling [d} Activity [Bq/g] %oError Cooling [d] Activity [Bg/g] %Error
3.51 5.83E+03 13% 3.51 3.52E+03 7.6%
4.52 3.82E+03 13% 4.52 1.57E+03 9.2%
6.65 1.51E+03 14% 6.65 7.30E+02 13%
Product: "'As, Half-life: 2.72 d Product: °®Kr,  Half-life: 1.46d
Cooling {d] Activity [Bqg/g] YoError Cooling [d] Activity [Bq/g] %FError
3.51 8.68E+03 5.9% 3.51 1.03E+04 9.1%
4.52 6.55E+03 5.9% 4.52 6.76E+03 9.8%
6.65 3.91E+03 6.0% 6.65 2.43E+03 15%
Product: *Rb, Half-life: 86.2 d
Cooling [d] Activity [Bg/g] %Error
60.67 1.31E+03 8.9%
63.30 1.29E+03 8.9%
263.50 2.65E+02 9.1%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Product: %*Rb,

Half-life: 32.77 d

Product: %Zr,

Half-life: 83.4 d

Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] %Error

3.51 8.03E+02 18% 3.51 2.85E+03 6.3%

4.52 5.63E+02 17% 4.52 2.72E+03 5.8%

6.65 6.63E+02 12% 6.65 2.60E+03 5.5%

60.67 2.32E+02 6.4% 60.67 1.57E+03 5.0%

63.30 2.11E+02 5.7% 63.30 1.53E+03 5.0%
263.496 2.97E+02 5.1%

Product: °®*Rb,  Half-life: 18.631 d

Cooling [d] Activity [Bq/g] %Error Product: %%¢7r, Half-life: 3.27 d

63.30 6.08E+01 26% Cooling [d]  Activity [Bg/g] JoError
3.51 4 81E+04 5.0%

Product: %*Sr, Half-life: 1.35d 4.52 3.92E+04 5.0%

Cooling [d]  Activity [Bq/g] %Error 6.65 2.50E+04 5.0%

3.51 1.21E+04 48%

4.52 7.07E+03 47% Product: °°Nb, Half-life: 14.60 h

6.65 2.44E+03 48% Cooling [d] Activity [Bq/g] JoError
3.51 5.82E+03 5.7%

Product: %%Sr, Half-life: 64.84 d 4.52 2.06E+03 6.5%

Cooling [d]  Activity [Bq/g] FoError 6.65 L.75E+02 18%

6.65 3.05E+03 7.3%

60.67 1.62E+03 6.5% Product: °?™Nb, Half-life: 10.15d

63.30 1.58E+03 6.5% Cooling [d]  Activity [Bg/g] %Error

263.496 1.95E+02 6.7% 3.51 3.16E+04 5.1%
4.52 2 90E+04 5.0%

Product:  %"8Y, Half-life: 3.33 d 6.65 2.50E+04 5.0%

Cooling [d] Activity [Bg/g] %Error 60.67 6.14E+02 5.2%

351 YEYT) S 1% 63.30 5.13E+02 5.0%

4.52 3.59E+04 5.1%

6.65 2.31E+04 5.1%

Product: ¥™Y, Half-life: 13.37 h

Cooling [d] Activity [Bq/g] %Error

3.51 7.56E+03 5.6%

4.52 3.06E+03 6.4%

6.65 6.39E+02 12%

Product: *%Y, Half-life: 106.65 d

Cooling [d] Activity [Bq/g] %Error

3.51 1.08E+03 8.8%

4.52 9.56E+02 7.4%

6.65 1.05E+03 6.4%

60.67 1.32E+03 5.1%

63.30 1.32E+03 5.0%

263.496 8.36E+02 51%

Product: **Zr, Half-life: 16.5 h

Cooling [d] Activity [Bq/g] %Error

3.51 1.75E+03 7.4%

4.52 6.39E+02 12%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Code: Nb-2.83-L-Off
Incident proton energy: 2.83 GeV

N, (Total) : 2.19E+15

Irradiation time: 06'24"30

Sample: Nb-148

Weight: 356¢g

Size: 20 mmx20 mm, 1 mm'
Position: Off-beam

Reac. Rate for **Nb(n,2n)™ 2.93E-28

Product: “*%Sc, Half-life: 83.79 d

Cooling [d] Activity [Bqg/g] %Error
4.64 9.03E+00 11%
6.67 9.73E+00 21%
60.34 6.65E+00 6.1%
266.68 1.49E+00 7.0%
Product: *'Co, Half-life: 271.79 d
Cooling [d}] Activity [Bqg/g] %Error
266.68 1.42E-01 21%
Product: *®Co,  Half-life: 5271y

Cooling [d] Activity [Bq/g] 9oError
266.68 2.17E-01 25%
Product: "'As, Half-life: 2.72d

Cooling [d] Activity [Bg/g] 9%Error
1.64 3.58E+01 40%
4.64 1.09E+01 19%
6.67 8.78E+00 41%
Product: "*Se, Half-life: 119.779 d
Cooling [d] Activity [Bqg/g] %Error
4.64 7.01E+00 45%
6.67 4.05E+00 5.1%
60.34 3.15E+00 13%
266.68 1.00E+00 7.5%
Product: *Rb, Half-life: 86.2 d

Cooling [d] Activity [Bq/g] %Error
60.34 2.15E+01 9.2%
266.68 4.12E+00 9.3%
Product: *Rb, Half-life: 32.77d

Cooling [d] Activity [Bqg/g] %Error
4.64 1.84E+01 18%
6.67 1.84E+01 26%
60.34 4.59E+00 8.8%

Product: %*Sr, Half-life: 1.35d

Cooling [d] Activity [Bq/g] YError
1.64 3.71E+02 51%
4.64 1.13E+02 47%
6.67 5.85E+01 51%
Product:  5%Sr, Half-life: 64.84 d

Cooling [d] Activity [Bq/g] %Error
60.34 3.87E+01 6.6%
266.68 4.14E+00 6.7%
Product: ®®Y, Half-life: 3.33 d

Cooling [d] Activity [Bg/g] %Error
1.64 1.92E+03 5.3%
4.64 1.15E+03 5.1%
6.67 7.55E+02 5.2%
Product: ™Y, Half-life: 13.37 h

Cooling [d] Activity [Bqg/g] 9Error
1.64 1.60E+03 5.5%
4.64 6.02E+01 6.9%
6.67 8.51E+00 51%
Product: %Y, Half-life: 106.65 d
Cooling [d] Activity [Bqg/g] %Error
4.64 4.63E+01 6.2%
6.67 4.16E+01 8.4%
60.34 5.58E+01 5.1%
266.68 3.37E+01 5.0%
Product: *Zr, Half-life: 16.5 h

Cooling [d] Activity [Bq/g] %Error
1.64 1.78E+02 12%
4.64 1.02E+01 19%
Product: %Zr, Half-life: 83.4 d

Cooling [d] Activity [Bq/g] %Error
1.64 9.03E+01 20%
4.64 9.55E+01 5.4%
6.67 9.09E+01 6.3%
60.34 6.21E+01 5.0%
266.68 1.13E+01 5.0%
Product: %%Zr, Half-life: 3.27d

Cooling [d] Activity [Bq/g] YoError
1.64 3.61E+03 51%
4.64 1.98E+03 5.0%
6.67 1.31E+03 5.1%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Product: °%Nb,  Half-life: 14.60 h

Cooling [d] Activity [Bg/g] %Error
1.64 3.58E+03 5.2%
4.64 1.12E+02 5.4%
6.67 1.35E+01 15%

Product: °?*"Nb,  Half-life: 10.15d

Cooling [d] Activity [Bqg/g] %Error
1.64 2.82E+03 5.2%
4.64 2.30E+03 5.0%
6.67 2.05E+03 5.1%
60.34 5.42E+01 5.1%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Code: Nb-24-L-On Product: *’Co, Half-life: 271.79d
Incident proton energy: 24 GeV Cooling [d] Activity [Bg/g] %Error
N, (Total) : 1.48E+15 55.55 2.79E+02 5.1%
Irradiation time: 01'59"59 58.79 2.69E+02 5.0%
Sample: Nb-150 260.56 1.27E+02 5.0%
Weight: 356¢g
Size: 20 mmx20 mm, 1 mm' Product: *Co, _Half-life: 70.82 d
Position: On-beam Cooling [d] Activity [Bg/g] %Error
Ny(Partial) S37E+I4 55.55 4.85E+02 5.0%
; . 58.79 4.72E+02 5.0%
Product: 'Be, Half-life: 53.29d 260.56 6.60E+01 51%
Cooling [d} Activity [Bg/g] %Error
55.55 1.09E+03 5.5% Product: %Co, Half-life: 5.271 y
3267 26 ;-225*8? 2-31“;? Cooling [d]  Activity [Bq/g] %Error
. + 1%
: 55.55 7.97E+00 27%
. , 58.79 9.52E+00 16%
Product: “"Na, Half-life: 2.6019 y 260.56 8.43E+00 1%
Cooling [d] Activity [Bq/g] Y%Error
55.55 1.31E+01 18% Product: *Zn,  Half-life: 244.26 d
58.79 1.40E+01 14% Cooling [d]  Activity [Bq/g] %Error
260.56 1.17E+01 9.0% 55.55 3 06E+02 53%
o . 58.79 3.08E+02 5.2%
Product: Sc, Half-life: 83.79 d 260.56 1. 77E+02 51%
Cooling [d] Activity [Bg/g] %Error
33.55 2.14E+02 5.2% Product: "Se,  Half-life: 119.779d
;8‘79 20;?'8% Z;Zo Cooling [d] Activity [Bqg/g] JoError
60.56 A9EH 3% 55.55 8.64E+02 5.1%
N _ 58.79 8 49E+02 5.1%
Product: ™V, Half-life: 15.9735d 260.56 2 63E+02 51%
Cooling [d} Activity [Bq/g] %Error
35.55 1.52E+02 5.4% Product: **Rb,  Half-life: 86.2d
58.79 1.34E+02 3.3% Cooling [d]  Activity [Bq/g] %Error
. , 55.55 2.39E+03 8.9%
Product: Cr, Halif-life: 27.702 d 58.79 2 34E+03 8.9%
Cooling [d]  Activity [Bq/g] %Error 260.56 4.76E+02 8.9%
55.55 4.51E+02 7.3%
58.79 4.37E+02 6.4% Product: *#Rb,  Half-life: 32.77d
Cooling [d] Activity [Bqg/g] %Error
Product: *Mn, Half-life: 312.3d 55.55 5 12E+02 5.6%
Cooling [d] Activity [Bq/g}] %Error 58.79 4.70E+02 5.6%
55.55 1.69E+02 5.3% 260.56 7.27E+00 13%
58.79 1.64E+02 5.2%
260.56 8.82E+01 3.1% Product: **Rb,  Half-life: 18.631 d
Cooling [d] Activity [Bg/g] 9Y%Error
Product: **Co, Half-life: 77.27 d 5555 1266402 18%
Cooling [d) Activity [Bq/g] %Error 58.79 8.95E+01 19%
55.55 1.20E+02 5.6%
58.79 1.16E+02 5.3%
260.56 1.80E+01 6.4%




JAERI-Research  2003-034

Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Product: **%Sr, Half-life: 64.84 d

Cooling [d] Activity [Bqg/g] %Error
55.55 3.25E+03 6.5%
58.79 3.17E+03 6.5%
260.56 3.81E+02 6.5%

Product: %Y, Half-life: 106.65 d

Cooling [d} Activity [Bqg/g] Y%Error
55.55 2.84E+03 5.0%
58.79 2.84E+03 5.0%
260.56 1.79E+03 5.0%

Product: *%Zr, Half-life: 83.4 d

Cooling [d} Activity [Bqg/g] %Error
55.55 3.31E+03 5.0%
58.79 3.24E+03 5.0%
260.56 6.05E+02 5.0%

Product: °'"Nb,  Half-life: 60.86 d

Cooling {d] Activity [Bqg/g] YError
55.55 7.30E+02 31%
58.79 8.45E+02 30%

Product: **"Nb,  Half-life: 10.15 d

Cooling [d] Activity [Bq/g] %Error
55.55 1.59E+03 5.0%
58.79 1.27E+03 5.0%

— 49—



JAERI-Research  2003-034

Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Code: Nb-24-L-Off Product: *Y, Half-life: 106.65 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] oError
N,(Total) : 1.48E+15 2.21 1.51E+02 20%
Irradiation time: 01'59"59 3.82 1.54E+02 14%
Sample: Nb-4 56.56 1.87E+02 5.7%
Weight: 0341 g 263.78 1.12E+02 5.4%
Size: 20 mmx20 mm, 0.1 mm'
Position: Off-beam Product: *%Zr, Half-life: 16.5 h
Reac. Rate for *Nb(n,2n)™ 1.33E-27 Cooling [d] Activity [B/g] %Error
p a6 e 1.16 1.18E+03 7.4%
roduct: Sc, Half-life: 83.79d 221 5.10E+02 71%
Cooling [d]  Activity [Bg/g] %Error 3.82 9.57E+01 24%
56.56 2.99E+01 10%
263.78 6.32E+00 14% Product: *Zr,  Half-life: 83.4d
Cooling [d] Activity [Bq/g] YoError
Product: "!As, Half-life: 2.72 d 221 3 00E+02 8.8%
Cooling [d] Activity [Bqg/g] %Error 3.82 3.12E+02 8.1%
2.21 1.21E+02 24% 56.56 2.12E+02 5.2%
3.82 8.40E+01 31% 263.78 3.79E+01 5.7%
Product: "°Se, Half-life: 119.779 d Product: %%Zr, Half-life: 3.27 d
Cooling [d] Activity [Bq/g] JeError Cooling [d] Activity [Bg/g] %Error
56.56 1.10E+01 23% 1.16 1.45E+04 5.1%
263.78 4 43E+00 24% 2.21 1.11E+04 5.0%
3.82 7.84E+03 5.1%
Product: *Rb, Half-life: 86.2 d
Cooling [d] Activity [Bqg/g] %Error Product: °Nb, Half-life: 14.60 h
56.56 7.33E+01 11% Cooling [d] Activity [Bq/g] YoError
263.78 1.46E+01 14% 1.15 2.31E+04 5.1%
2.21 6.41E+03 5.1%
Product: *Rb, Half-life: 32.77 d 3.82 9.80E+02 6.1%
Cooling [d] Activity [Bq/g] %Error
56.56 2 37E+01 14% Product: °"Nb,  Half-life: 10.15d
Cooling [d] Activity [Bq/g] YoError
Product: **Sr, Half-life: 64.84 d 1.15 9.63E+03 5.1%
Cooling [d] Activity [Bq/g] %Error 221 8.83E+03 5.1%
56.56 1.32E+02 6.8% 3.82 7.87E+03 5.1%
263.78 1.20E+01 11% 56.56 2.33E+02 5.4%

Product: *78Y, Half-life: 3.33 d

Cooling [d] Activity [Bg/g] %Error
1.16 6.31E+03 5.3%
221 5.97E+03 51%
3.82 4.71E+03 5.2%

Product: ¥™Y, Half-life: 13.37 h

Cooling [d] Activity [Bqg/g] %Error
1.16 1.21E+04 51%
2.21 3.34E+03 5.3%
3.82 5.85E+02 8.8%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Code: Nb-24-S-On Product: "As, Half-life: 1.0778 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bg/g] %Error
Ny(Total) : 7.9E+12 0.719 1.40E+03 19%
Irradiation time: 00'00"45 2.16 3.69E+02 22%
Sample: N-149
Weight: 358¢g ‘ Product: "Br,  Half-life: 162 h
ISJ'Z‘?{ _ (2)0 ‘mezo mm, 1 mm Cooling [d] Activity [Bq/g] %Error
N";‘,“‘;‘;ﬂ) _ S sams 0.719 3.51E+01 8.7%
plrartia) - : 2.16 1.04E+02 8.5%
2 , 4.16 2.00E+01 20%
Product: Na, Half-life: 14.9590 h
Cooling [d] ACthlty [Bq/g] % Error Product: 77gBr’ Half-life: 2.38 d
g-;‘l); ?;Z’; Cooling [d]  Activity [Bq/g] %Error
216 20,; 0.719 3.37E+02 24%
: 2 2.16 1.38E+02 13%
“ , 4.16 1.17E+02 15%
Product: "Sc, Half-life: 58.6 h
Cooling [d] Activity [Bq/g] oError Product: °®Br, Half-life: 1.46 d
g'Zég §'§éﬁ*gi g;g" Cooling [d]  Activity [Bq/g] %Error
e el ot 0.719 2.38E+02 37%
: 2 2.16 1.81E+02 20%
“ , 4.16 6.83E+01 32%
Product: ESc, Half-life: 3.927 h
Cooling [d]  Activity [Bq/g] %Error Product: ®®Sr,  Half-life: 1.35 d
(2).121 115-70(;7" Cooling[d]  Activity [Bq/g] %Error
16 s ; 0.719 5.01E+02 48%
: ? 2.16 3.00E+02 47%
o , 4.16 1.15E+02 48%
Product: tMn, Half-life: 5.591 d
Cooling[d] __Activity [Bg/g] %Exror Product: *®Y,  Half-life: 3.33 d
g;’ég 2.07E+01 ; gg" Cooling [d} Activity [Bq/g] %Error
e | 6,; 0.719 5.99E+02 6.0%
: 2 2.16 7.24E+02 5.2%
o , 4.16 5.35E+02 5.2%
Product: Ge, Half-life: 1.63 d
Cooling [d] _ Activity [Bq/g] %oError Product: ™Y,  Half-life: 13.37 h
0.719 31% Cooling [d] Activity [Bq/g] YoError
2.16 7.66E+01 18%
"l 3 88E401 0% 0.72 2.69E+03 5.2%
: : 2 2.16 471E+02 5.4%
. _ 4.16 5.83E+01 9.5%
Product: As, Half-life: 2.72 d
Cooling[d] __Activity [Bq/g] %Error Product: *Zr,  Half life: 165 h
0.719 17% Cooling [d]  Activity [Bq/g] %Error
2.16 8.30E+01 11%
ile 5 11Es01 0 6% 0.72 2.96E+02 8.0%
: : 27 2.16 8.12E+01 7.7%
4.16 1.20E+01 22%
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Table 9.8 Digital radioactivity data for the niobium samples. (Continued)

Product: *®Zr, Half-life: 3.27 d

Cooling [d} Activity [Bqg/g] 90Error
0.101 7.80E+02 15%
0.719 1.27E+03 5.5%
2.16 9.53E+02 5.2%
4.16 6.25E+02 5.2%

Product: °®Nb, Half-life: 14.60 h

Cooling [d] Activity [Bg/g] 0Error
0.101 3.80E+03 6.9%
0.719 2.40E+03 5.2%
2.16 4.61E+02 5.4%
4.16 4.34E+01 9.2%

Product: **"Nb,  Half-life: 10.15d

Cooling [d] Activity [Bg/g] oError
0.719 5.17E+02 6.7%
2.16 5.00E+02 5.3%
4.16 4.08E+02 5.3%
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Table 9.9 Digital radioactivity data for the mercury-oxide samples.

Product: '®8.Qs,  Half-life: 13.0 h

Cooling [d] Activity [Bq/g] %Error
0.38 3.34E+04 5.8%
1.67 9.72E+03 6.2%
Product: '®™Q0s, Half-life: 9.9 h

Cooling {d] Activity [Bq/g] 90Error
0.38 2.81E+04 7%
1.67 3.38E+03 14%
Product: '®Qs, Half-life: 93.6 d

Cooling [d] Activity [Bqg/g] %Error
6.80 9.70E+02 21%
59.91 4.84E+02 15%
63.30 4.24E+02 10%
262.67 9.33E+01 16%
Product: '**:Au,  Half-life: 2.69517 d
Cooling [d] Activity [Bg/g] %Error
0.38 1.97E+04 6.6%
1.67 1.46E+04 5.3%
3.52 8.36E+03 5.4%
4.00 8.24E+03 5.2%
6.80 3.85E+03 7.8%
Product: 'Au,  Half-life: 3.139d

Cooling [d] Activity [Bq/g] %Error
1.67 1.29E+04 7.0%
352 7. 71E+03 6.2%
4.00 6.84E+03 6.5%
6.80 3.41E+03 14%
Product: '“""Hg, Half-life: 23.8 h

Cooling [d] Activity [Bg/g] %Error
0.38 1.13E+05 6.6%
1.67 4.59E+04 6.7%
3.52 1.20E+04 7.0%
4.00 8.25E+03 7.7%
6.80 1.27E+03 34%

Product: *“Hg,

Half-life: 46.612 h

Code: HgO-2.83-L-On
Incident proton energy: 2.83 GeV
N,(Total) : 2.19E+15
Irradiation time: 0624"30

Sample: HgO-2

Weight: 0.0059 g

Size: 24 mmx24 mm
Position: On-beam

N, (Partial) : 4.76E+14

Product: '®Ce,  Half-life: 137.64d
Cooling [d] Activity [Bg/g] %Error
59.91 1.35E+02 39%
63.30 1.11E+02 31%
262.67 3.33E+01 32%
Product: ‘**Eu, Half-life: 4.59 d

Cooling [d] Activity [Bq/g] %Error
1.67 1.30E+03 14%
3.52 1.03E+03 12%
4.00 9.15E+02 9.4%
6.80 9.36E+02 21%
5991 4.01E+02 16%
63.30 3.63E+02 19%
Product: 'YEu, Half-life: 24.1 d

Cooling [d]} Activity [Bg/g} 90Error
59.91 9.24E+02 20%
63.30 4.94E+02 21%
Product: '®Gd,  Half-life: 48.27 d

Cooling {d]} Activity [Bqg/g] % Error
59.91 5.31E+02 19%
63.30 3.30E+02 19%
Product: '"Hf,  Half-life: 70 d

Cooling [d] Activity [Bg/g] 9oError
59.91 3.06E+02 19%
63.30 3.89E+02 12%
262.67 5.22E+01 24%
Product: '®™Re, Half-life: 12.7 h

Cooling [d] Activity [Bqg/g] YoError
0.38 2.83E+04 10%
1.67 2.79E+04 7.5%
3.52 1.03E+04 8.4%
4.00 8.77E+03 8.0%
6.80 1.87E+03 27%

Cooling [d] Activity [Bg/g] YError
59.91 1.21E+03 8.3%
63.30 1.15E+03 6.5%
262.67 6.61E+01 22%




JAERI-Research 2003-034

Table 9.9 Digital radioactivity data for the mercury-oxide samples. (Continued)

Code: HgO-2.83-L-Off
Incident proton energy: 2.83 GeV
N,(Total): 2.19E+15
Irradiation time: 062430
Sample: HgO-6

Weight: 0.0066 g

Size: 24 mmx24 mm
Position: Off-beam

Reac. Rate for *Nb(n,2n)™ 2.93~3.24E-28

Product: '%Au,  Half-life: 2.69517 d

Cooling [d] Activity [Bq/g] %Error
2.49 5.28E+02 10%
353 5.52E+02 13%
3.99 4.01E+02 7.7%

Product: '®Au,  Half-life: 3.139 d

Cooling [d] Activity [Bq/g] %Error
2.49 5.90E+02 16%
3.99 4.03E+02 11%

Product: '"Hg, Half-life: 23.8 h

Cooling [d}] Activity [Bq/g] %FError
249 2.37E+03 8.5%
3.99 8.83E+02 9.6%

Product: *“Hg,  Half-life: 46.612 d

Cooling [d] Activity [Bq/g] %Error
61.75 1.93E+02 19%
65.49 2.61E+02 11%




JAERI-Research 2003-034

Table 9.9 Digital radioactivity data for the mercury-oxide samples. (Continued)

Code: HgO-24-L-On Product:  *Y, Half-life: 106.65 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] YoError
Ny(Total) : 1.48E+15 59.73 1.65E+02 12%
Irradiation time: 01'59"59 259.88 5.28E+01 16%
Sample: HgO-4

Weight: 0.0067 g

Size: 24 mmx24 mm

Position: On-beam

N, (Partial) : 7.09E+14

Product: “®Sc, Half-life: 83.79 d

Cooling [d] Activity [Bg/g] %Error
55.64 2.25E+02 24%
57.13 1.52E+02 16%
59.73 1.37E+02 16%
259.88 3.05E+01 23%

Product: **Mn, Half-life: 312.3 d

Cooling [d] Activity [Bq/g] %Error
57.13 4.72E+01 47%
259.88 3.34E+01 23%

Product: 3*Co, Half-life: 70.82 d

Cooling [d] Activity [Bq/g] 9Y0Error
57.13 1.41E+02 17%
59.73 1.47E+02 16%

Product: "’Se, Half-life: 119.779 d

Cooling [d] Activity [Bg/g] %Error
55.64 2.99E+02 34%
259.88 3.84E+01 33%

Product: *Rb, Half-life: 86.2 d

Cooling [d] Activity [Bq/g] 9oError
57.13 2.16E+02 25%
259.88 6.36E+01 27%

Product: *Rb, Half-life: 32.77 d

Cooling [d] Activity [Bg/g] %Error
57.13 1.04E+02 37%
59.73 1.79E+02 21%

Product: ®Sr, Half-life: 64.84 d

Cooling [d] Activity [Bqg/g] %Error
55.64 2.52E+02 22%
57.13 1.93E+02 15%
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Table 9.9 Digital radioactivity data for the mercury-oxide samples. (Continued)

Product: **Nb, Half-life: 34.975 d Product: 'Hf, Half-life: 70 d
Cooling [d] Activity [Bqg/g] 9%Error Cooling [d] Activity [Bq/g] %Error
59.73 8.99E+01 24% 55.64 7 40E+02 13%
57.13 6.75E+02 9.2%
Product: 'Ru,  Half-life: 39.26 d 59.73 6.56E+02 9.4%
Cooling [d]  Activity [Bq/g] %Error 259.88 8.93E+01 14%
57.13 9.95E+01 27%
Product: '®™Re, Half-life: 12.7 h
Product: '78Xe, Half-life: 36.4 d Cooling [d] Activity [Bq/g] %Error
Cooling [d]  Activity [Bg/g] %Error 0.92 6.83E+04 8.5%
55.64 1.54E+02 53% 2.10 3.97E+04 7.8%
57.13 1.43E402 24% 3.98 145E+04 9.9%
Product: '®Ce, _ Half-life: 137.64d Product: "Re, _ Half-life: 70.0d
Cooling [d] Activity [Bg/g] %Error Cooling [d] Activity [Bq/g] YoError
55.64 2 30E+02 30% 259.88 1.38E+02 20%
57.13 1.56E+02 19%
59.73 1.59E+02 24% Product: '®Qs, Half-life: 13.0 h
259.88 7.52E+01 15% Cooling [d] Activity [Bg/g] JoError
0.92 4.79E+04 6.0%
Product: '*Eu,  Half-life: 4.59d 2.10 1.25E+04 6.6%
Cooling [d] Activity [Bqg/g] YoError
2.10 1.04E+03 5% Product: '¥™Qs, Half-life: 9.9 h
3.98 1.33E+03 18% Cooling [d] Activity [Bq/g] %Error
55.64 2.40E+02 11% 0.92 3.06E+04 7.9%
57.13 1.63E+02 8.2% 2.10 3.60E+03 16%
59.73 1.63E+02 11% .
Product: '*Os, Half-life: 93.6 d
Product: 'YEu,  Half-life: 24.1d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] JoError 55.64 8.40E+02 12%
2.10 7.59E+03 16% 57.13 8.42E+02 7.5%
3.98 5.11E+03 20% 59.73 9.42E+02 7.4%
55.64 8.58E+02 28% 259.88 1.75E+02 9.4%
57.13 8.16E+02 16%
59.73 1.05E+03 14% Product: '"Au, Half-life: 2.69517 d
Cooling [d] Activity [Bg/g] %Error
Product: MﬁGd, Half-life: 48.27 d 0.92 3 66E+04 6.5%
Cooling [d] Activity [Bq/g] JoError 2.10 2.61E+04 5.2%
55.64 6.87E+02 23% 3.98 1.87E+04 5.5%
57.13 6.69E+02 13%
59.73 4.46E+02 17% Product: '*"Au, Half-life: 2.27 d
Cooling [d] Activity [Bg/g] YoError
Product: '™fLu, Half-life: 6.7 d 210 7 69E+03 8.7%
Cooling [d] Activity [Bq/g] %oError 3.98 4.30E+03 12%
259.88 6.38E+01 22%
Product: 'Lu,  Half-life: 1.37 y
Cooling [d] Activity [Bg/g]} %Error
259.88 1.17E+02 34%
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Table 9.9 Digital radioactivity data for the mercury-oxide samples. (Continued)

Product: 'Au,  Half-life: 3.139 d

Cooling [d] Activity [Bq/g] %Error
0.92 3.58E+04 13%
2.10 3.01E+04 6.0%
3.98 1.72E+04 6.6%

Product: '""Hg, Half-life: 23.8 h

Cooling [d] Activity [Bq/g] Y%Error
0.92 1.81E+05 6.8%
2.10 8.17E+04 6.6%
3.98 2.12E+04 7.4%

Product: *“Hg,  Half-life: 46.612 d

Cooling [d] Activity [Bq/g] %Error
55.64 2.67E+03 6.2%
57.13 2.59E+03 5.4%
59.73 2.59E+03 5.4%
259.88 1.57E+02 9.3%
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Table 9.9 Digital radioactivity data for the mercury-oxide samples. (Continued)

Code: HgO-24-L-Off
Incident proton energy: 24 GeV

N, (Total): 1.48E+15
Irradiation time: 01'59"59
Sample: HgO-8

Weight: 0.0073 g

Size: 24 mmx24 mm
Position: ‘ Off-beam
Reac. Rate for **Nb(n,2m)™ 1.33~1.62E-27

Product: '*®tAu,  Half-life: 2.69517 d

Cooling [d] Activity [Bg/g] %Error
1.09 2.71E+03 6.3%
223 1.80E+03 9.2%
4.04 1.46E+03 8.6%

Product: '®"Au, Half-life: 2.27 d

Cooling [d] Activity [Bq/g] %Error
1.09 3.54E+02 29%
223 2.40E+02 60%

Product: 'Au,  Half-life: 3.139d

Cooling [d] Activity [Bqg/g] %Error
1.09 2.31E+03 14%
223 2.26E+03 12%
4.04 1.61E+03 17%

Product: '™Hg, Half-life: 23.8 h

Cooling [d] Activity [Bqg/g} %Error
1.09 2.49E+04 6.7%
2.23 1.12E+04 7.4%
4.04 3.17E+03 11%

Product: *®Hg,  Half-life: 46.612d

Cooling [d] Activity [Bqg/g] %Error
56.55 9.54E+02 7.2%
57.13 9.35E+02 7.3%
61.88 8.49E+02 6.0%
263.89 7.51E+01 15%
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Table 9.10 Digital radioactivity data for the lead samples.

Code: Pb-2.83-L-On Product: *Se, Half-life: 119.779 d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total) : 2.19E+15 61.38 3.23E+01 7.9%
Irradiation time: 0624"30 63.30 3.31E+01 5.4%
Sample: Pb-2 266.39 1.01E+01 7.5%
Weight: 0916¢g
Size: 20 mmx20 mm, 0.2mm" | proguct: ®Rb,  Half-life: 86.2 d
Position: On-beam Cooling[d]  Activity [Bg/g] %Error
Ny(Partial) : 2.25E+14 6138 7.36E+01 9.6%
; . 63.30 7.66E+01 8.9%

Product: 'Be, Half-life: 53.29 d 266.39 1.37E+01 1%
Cooling [d] Activity [Bq/g] %Error ‘
266.39 2.10E+01 14% Product: *Rb,  Half-life: 32.77d

Cooling [d] Activity [Bq/g] YoError
Product: *Na, Half-life: 2.6019 y 6138 7 27E+01 T2%
Cooling [d] Activity [Bq/g] YError 63.30 7.37E+01 6.9%
63.30 1.27E+00 16%
266.39 1.24E+00 18% Product: *%Sr,  Half-life: 64.84 d

Cooling [d] Activity [Bq/g] oError
Product: “%Sc, Half-life: 83.79 d 6138 9.04E+01 6.3%
Cooling [d] Activity [Bq/g] YoError 6330 - 7.70E+01 6.6%
61.38 3.21E+01 5.9% 266.39 8.35E+00 42%
63.30 3.33E+01 5.1%
266.39 6.17E+00 7.7% Product: %Y, Half-life: 106.65 d

Cooling [d] Activity [Bq/g] %Error
Product: - “*V, Half-life: 15.9735d 6138 5 14E+01 54%
Cooling [d] Activity [Bq/g] 9%Error 63.30 5.26E+01 5.1%
61.38 5.01E+00 17% 266.39 2.56E+01 5.6%
63.30 3.65E+00 8.9%

Product: %%Zr, Half-life: 83.4 d
Product: °'Cr, Half-life: 27.702 d Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bq/g] %Error 61.38 7.16E+01 5.4%
63.30 4.80E+01 8.6% 63.30 6.78E+01 5.1%
Product: *Mn,  Half-life: 312.3d Product: **Zr, Half-life: 64.02 d
Cooling [d] Activity [Bq/g] 9oError Cooling [d] Activity [Bg/g] %Error
61.38 1.01E+01 9.6% 61.38 2.32E+01 . 8.8%
63.30 1.10E+01 5.7% 63.30 2 .27E+01 5.7%
266.39 6.95E+00 8.1%

Product: '“Ru,  Half-life: 39.26 d
Product:  *Co, Half-life: 77.27d Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bq/g] Y0Error 61.38 6.73E+01 7.0%
63.30 2.67E+00 14% 63.30 5.62E+01 6.6%
Product: *'Co, Half-life: 271.79 d Product: '¥®Xe, Half-life: 36.4 d
Cooling [d] Activity [Bq/g] JeError Cooling [d] Activity [Bq/g] %Error
266.39 4.41E+00 11% 61.38 1.49E+02 6.6%

63.30 1.44E+02 6.5%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Product: '®Ce,  Half-life: 137.64 d Product: 'Hf,.  Half-life: 70 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] 9oError
61.38 1.24E+02 5.2% 61.38 3.37E+02 7.4%
63.30 1.24E+02 5.0% 63.30 3.06E+02 7.3%
266.39 4.53E+01 5.1% 266.39 3.92E+01 6.3%
Product: '*Pm,  Half-life: 265 d Product: '*"Re, Half-life: 12.7h
Cooling [d] Activity [Bq/g] 9oError Cooling [d] Activity [Bq/g] YError
61.38 9.03E+01 8.7% 3.51 7.05E+03 8.0%
63.30 8.72E+01 8.1% 453 3.34E+03 8.8%
266.39 4.34E+01 8.4% 6.63 1.07E+03 11%
Product: !'**Pm, Half-life: 363 d Product: '®Re,  Half-life: 70.0d
Cooling {d] Activity [Bg/g] YoError Cooling [d] Activity [Bq/g] JoError
63.30 5.83E+00 7.2% 6.63 S44E+02 20%
266.39 4 47E+00 9.9% 61.38 3.32E+02 6.1%
63.30 3.24E+02 5.8%
Product: '®*Eu,  Half life: 4.59 d 266.39 3.64E+01 7.0%
Cooling [d] Activity [Bqg/g] %Error
3.51 8 19E+02 11% Product: '%0s, Half-life: 93.6 d
4.53 9.40E+02 8.6% Cooling [d] Activity [Bg/g] %eError
6.63 8.45E+02 7.0% 61.38 3.20E+02 6.4%
61.38 2.81E+02 5.1% 63.30 2.97E+02 6.4%
63.30 2.80E+02 5.1% 266.39 6.59E+01 7.0%
266.39 1.43E+01 5.9%
Product: '5%Py, Half-life: 10.2d
Product: 'YEu,  Half-life: 24.1d Cooling [d] Activity [Bqg/g] %Error
Cooling [d] Activity [Bq/g] JoError 61.38 5.47E+01 15%
61.38 6.44E+02 7.7% 63.30 4.05E+01 10%
63.30 6.00E+02 7.6%
Product: '*%Au,  Half-life: 2.69517 d
Product: '*Gd,  Half-life: 48.27 d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] JoError 3.51 9.54E+02 12%
61.38 3.03E+02 5.2% 4.53 6.86E+02 8.4%
63.30 2.92E+02 5.1% 6.63 4.54E+02 7.9%
Product: '"8Lu, Half-life: 6.70 d Product: '®Au,  Half-life: 3.139d
Cooling [d] Activity [Bqg/g] %Error Cooling [d] Activity [Bg/g] YoError
63.30 4.81E+01 6.8% 3.51 9.69E+02 16%
266.39 3.75E+01 7.0% 4.53 6.83E+02 17%
6.63 5.34E+02 15%
Product: '™Lu,  Half-life: 1.37y
Cooling [d] Activity [Bq/g] %Error Product: **TI, Half-life: 26.1 h
63.30 8.47E+01 6.7% Cooling [d] Activity [Bg/g] %Error
266.39 5.21E+01 7.1% 3.51 1.54E+04 5.1%
4.53 9.03E+03 51%
Product: '’Hf, Half-life: 1.87 y 6.63 3.03E+03 5.2%
Cooling [d] Activity [Bq/g] %Error
266.39 3.07E+01 14%




JAERI-Research 2003-034

Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Product: 'T, Half-life: 72.912 h

Cooling [d} Activity [Bqg/g] YoErTor
3.51 1.86E+04 6.2%
453 1.58E+04 6.2%
6.63 8.74E+03 6.2%

Product: 2*Tl, Half-life: 12.23 d

Cooling [d] Activity [Bg/g] %Error
3.51 3.39E+03 5.6%
453 3.28E+03 5.4%
6.63 3.05E+03 52%
61.38 1.65E+02 5.2%
63.30 1.37E+02 5.1%

Product: °Pb, Half-life: 51.873 h

Cooling [d] Activity [Bq/g] 9%Error
3.51 2.30E+04 5.1%
4.53 1.60E+04 5.1%
6.63 8.95E+03 5.1%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Code: Pb-2.83-L-Off Product: '“Ru,  Half-life: 39.26 d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total): 2.19E+15 60.33 6.89E-01 8.4.%
Irradiation time: 0624"30 65.49 7.13E-01 7.1%
Sample: Pb-6
Weight: 14.14 ¢ Product: '*Eu,  Half-life: 4.59d
ls)izej;_o é(;;ntr,n x 20 mm, 3 mm' Cooling [d] Activity [Bg/g] %Error
osition: “beam
Reac. Rate for Nb(n,2n)™ 2.93~3.24E-28 2(5)}3;3 g:gig:gg TZZZ
Product: “Na, _ Half-life: 2.6019 y Product: "'Eu, _ Half-life: 24.1d
Cooling {d] _ Activity [Bg/g] JoError Cooling [d] _ Activity [Ba/g] %Error
65.49 3.63E-02 32% 6033 738E-01 25%
Product: *Sc,  Half life: 83.79 d Product: '®Gd,  Half-life: 48.27d"
Cooling[d] _ Activity [Bg/g) JeError Cooling [d] _ Activity [Ba/g] %Error
6549 213E-01 8% 60.33 5.47E-01 29%
" . 65.19 3.85E-01 27%
Product: ™V, Half-life: 15.9735d
Cooling [d] Activity [Bqg/g] 9Y%oError Product: '™HI, Half-life: 70 d
65.49 1.96E-01 9.7% Cooling [d]  Activity [Bq/g] %Error
) 60.33 6.72E-01 10%
Product: *!Cr, Half-life: 27.702 d 65.49 6.77E-01 3 6%
Cooling [d] Activity [Bq/g] %Error 267.35 5.22E-02 299,
65.49 7.16E-01 25%
Product: '®*"Re, Half-life: 12.7 h
Product: **Mn, Half-life: 312.3 d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bg/g] YError 3.64 2 .66E+01 13%
65.49 4.01E-01 6.2% 4.66 1.46E+01 15%
Product: **Co, Half-life: 77.27 d Product: '®Re, Half-life: 70.0 d
Cooling [d] Activity [Bq/g] JoError Cooling [d] Activity [Bq/g] %Error
65.49 2.31E-01 9.4% 60.33 1.61E+00 20%
65.49 1.27E+00 18%
Product: _*Rb, Half-life: 32.77 d
Cooling [d] Activity [Bq/g] %Error Product: '®°Qs,  Half-life: 93.6d
60.33 3.24E-01 13% Cooling {d] Activity [Bq/g] YoError
65.49 3.27E-01 10% 60.33 1.85E+00 6.8%
65.49 1.97+00 6.6%
Product: *Y, Half-life: 106.65 d 267.35 4.31E-01 7.5%
Cooling [d} Activity [Bqg/g] 90Error
65.49 3.33E-01 6.3% Product: '®Pt, Half-life: 10.2 d
Cooling [d] Activity [Bg/g] %FError
Product: *Zr, Half-life: 83.4 d 60.33 1.78E+00 24%
Cooling [d] Activity [Bqg/g] %Error 65.49 1.46E+00 18%
65.49 2.17E-01 10%




JAERI-Research 2003-034

Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Product: '*®Au,  Half-life: 2.69517 d

Cooling [d] Activity [Bq/g] %Error
3.64 1.15E+01 31%
4.66 9.03E+00 9.4%
6.68 6.32E+00 13%

Product: *®Hg,  Half-life: 46.612 d

Cooling [d] Activity [Bg/g] %Error
60.33 3.55E+00 5.4%
65.49 3.52E+00 5.2%
267.35 1.80E-01 13%

Product: 2T, Half-life: 26.1 h

Cooling [d] Activity [Bg/g] JoError
3.64 1.11E+03 5.1%.
4.66 6.62E+02 5.1%
6.68 2.22E+02 5.2%

Product: 2°'T1, Half-life: 72.912 h

Cooling [d] Activity [Bg/g] YError
3.64 1.38E+03 5.8%
4.66 1.13E+03 5.7%
6.68 6.69E+02 7.0%

Product: 2°Tl, Half-life: 12.23 d

Cooling [d] Activity [Bq/g] %Error
3.64 1.99E+02 5.2%
4.66 1.87E+02 5.2%

" 6.68 1.69E+02 5.2%
60.33 8.56E+00 5.2%
65.49 7.00E+00 5.1%

Product: **Pb, Half-life: 51.873 h

Cooling [d] Activity [Bq/g] %Error
3.64 2.36E+03 5.0%
4.66 1.70E+03 5.0%
6.68 9.04E+02 5.1%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Code: Pb-24-L-On Product: *'Co, Half-life: 271.79 d
Incident proton energy: 24 GeV Cooling [d} Activity [Bq/g] YoError
N (Total) : 1.48E+15 259.76 1.41E+01 6.2%
Irradiation time: 01'59"59

Sample: Pb-4 Product: %*Co,  Half-life: 70.82d

Weight: 0.924 | Cooling[d] Activity [Bg/g] %Error
}S,;Z;;iom é(:lf"“;‘:rfo mm, 0.2 mm 55.64 1.02E+02 5.7%
N, (Partial) S37E+14 59.73 2-47E+01 5.1%

Product: ’Be,

Half-life: 53.29d

Product: *Co,

Half-life: 5.2714 y

; — .
Cooling [d] Activity [Bq/g] %Error g;)(:;ng [d) :;tll;lt}(’)(ng/g] IA;l:Z;ror
259.76 5.93E+01 77% s073 y 40E:00 2 4%
" , 259.76 4.86E+00 9.9%
Product: “°Na, Half-life: 2.6019 y
Cooling [d] _Activity [Bg/g] %Error Product: ®Zn,  Half-life: 244.26 d
35.64 8.55E+00 19% Cooling [d]  Activity [Bq/g] %Error
59.73 7.13E+00 7.6%
25076 S STEA00 .50 55.64 422E+01 9.1%
‘ : =22 59.73 4.33E+01 5.4%
y , 259.76 2.41E+01 6.6%
Product: **Sc, Half-life: 83.79 d
Cooling[d] _ Activity [Bq/g] %Error Product: Se, Half-life: 119.779 d
23-3‘3‘ :-‘1)(5)?83 g-?Z" Cooling [d]  Activity [Bq/g] %Error
. . + A%
59.73 8.49E+01 5.3%
25976 2.10E+01 3.3% 259.76 2.88E+01 5.9%
. 48 Yifar
Product: v, Half-life: 159735 d Product: “Rb.  Half-life: 86.2.d
Cooling[d]  Activity [Bq/g] %oError Cooling [d]  Activity [Bq/g] %Etror
55.64 2.51E+01 9.1%
59.73 2.06E+01 6.7% 23'2‘3‘ :'gzgigg z'gZZ
. . 259.76 3.40E+01 9.4%
Product: °'Cr, Half-life: 27.702 d
Cooling[d] _Activity [Bq/g] %Error Product: “Rb,  Half-life: 32.77 d
35.64 1.29E+02 17% Cooling [d]  Activity [Bg/g] %Error
59.73 1.22E+02 6.4% <564 SOEL02 T
. , 59.73 1.34E+02 6.9%
Product: “*Mn, Halif-life: 312.3d
Cooling [d] Activity [Bq/g] JoError Product: %*Sr, Half-life: 64.84 d
35.64 3.59E+01 7.0% Cooling [d]  Activity [Bg/g] %Error
59.73 3.70E+01 5.2% <564 SIE02 =
259.76 2.34E+01 5.5% 973 1 79E402 6 6;
. . R (7]
N _ 259.76 2.02E+01 42%
Product: *°Co, Half-life: 77.27 d
Cooling[d] _ Activity [Bq/g) %Error Product: Y Half-life: 106.65 d
23-3‘3‘ ;igg:g(l) ;%‘Z‘/’, Cooling [d]  Activity [Bq/g] %Error
' : g 55.64 1.07E+02 5.4%
259.76 1.97E+00 19% 2073 L 03Es00 1%
259.76 5.89E+01 5.2%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Product:  %Zr, Half-life: 83.4d Product: 'Eu,  Half-life: 24.1d
Cooling [d] Activity [Bq/g] YError Cooling [d] Activity [Bq/g] YoError
55.64 1.68E+02 5.4% 55.64 9.00E+02 7.7%
59.73 1.53E+02 5.0% 59.73 7.58E+02 7.6%
259.76 3.63E+01 4.2%

Product: '*Gd,  Half-life: 48.27 d
Product: %Zl‘, Half-life: 64.02 d C()o]ing [d] Activi[y [Bq/g] %Error
Cooling [d] Activity [Bq/g] %Error 55.64 4.47E+02 5.4%
55.64 5.37E+01 8.4% 59.73 3.80E+02 5.1%
59.73 4.79E+01 5.3%
259.76 5.10E+00 16% Product: '"®Lu, Half-life: 6.70 d

Cooling [d] Activity [Bq/g] JoError
Product: 95';Nb, Half-life: 34.975d 55.64 6.36E+01 8.1%
Cooling [d] Activity [Bg/g] JoError 59.73 6.72E+01 6.8%
55.64 1.09E+02 6.8% 259.76 5.24E+01 7.0%
59.73 9.92E+01 6.4%
259.76 1.34E+01 6.3% Product: '"Lu,  Half-life: 1.37'y

Cooling [d] Activity [Bq/g] Y%Error
Product: 103Rl.l, Half-life: 39.26 d 55.64 9.96E+01 12%
Cooling [d] Activity [Bq/g] JoError 59.73 9.54E+01 6.8%
55.64 1.28E+02 7.0% 259.76 7.44E+01 6.9%
59.73 1.07E+02 6.6%

Product: '?Hf, Half-life: 1.87 y
Product: '27gXe, Half-life: 36.4 d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bg/g] %Error 259.76 4.94E+01 13%
55.64 2.34E+02 6.6%
59.73 2.16E+02 6.7% Product: '"Hf,  Half-life: 70 d

Cooling [d] Activity [Bq/g] 9YoError
Product: '*Ce, Half-life: 137.64d 55.64 5.41E+02 7.4%
Cooling [d] Activity [Bg/g] %Error 59.73 4.70E+02 7.3%
55.64 1.56E+02 5.5% 259.76 6.15E+01 6.2%
59.73 1.55E+02 5.0%
259.76 5.73E+01 5.1% Product: '®Re, Half-life: 70.0 d

Cooling [d] Activity [Bq/g] %Error
Product: '“Pm, Half-life: 265 d 55.64 5 43E+02 6.2%
Cooling [d] Activity [Bg/g] JoError 59.73 5.58E+02 5.7%
259.88 5.40E+01 8.3% 259.76 6.54E+01 6.4%
Product: '“Pm,  Half-life: 363 d Product: '%Qs, Half-life: 93.6 d
Cooling [d] Activity [Bq/g] 9%FError Cooling [d] Activity [Bg/g] Y%Error
55.64 1.03E+01 18% 55.64 5.67E+02 6.5%
59.73 8.35E+00 7.9% 59.73 5.18E+02 6.4%
259.76 7.41E+00 7.8% 259.76 1.15E+02 6.4%
Product: 'Eu,  Half-life: 4.59d Product: '*pt, Half-life: 10.2 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] YoError
55.64 3.51E+02 5.1% 55.64 1.24E+02 13%
59.73 3.25E+02 5.0% 59.73 1.07E+02 9.3%
259.76 1.73E+01 5.7%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Product: 2°°Tl, Half-life: 12.23 d

Cooling [d] Activity [Bqg/g} %Error
55.64 5.90E+02 5.1%
59.73 4.40E+02 5.1%

Product: **Bi, Half-life: 15.31d

Cooling [d] Activity [Bg/g] %Error
55.64 4.12E+02 5.4%
59.73 3.38E+02 51%

Product: 2%Bi, Half-life: 6.243 d

Cooling [d] Activity [Bqg/g] %Error
55.64 1.93E+01 10%
59.73 1.01E+01 6.6%

Product: "B, Half-life: 31.55 y

Cooling [d] Activity [Bq/g] %Error
59.73 2.59E+00 16%
259.76 2.71E+00 14%
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Code: Pb-24-L-Off Product: '“Eu, Half-life: 4.59 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total): 1.48E+15 56.74 2.14E-01 19%
Irradiation time: 01'59"59 61.88 1.72E-01 13%
Sample: Pb-8
Weight: 1430 g : Product: '“Eu,  Half-life: 24.1d
Slze.:‘ 20mm x 20 mm, 3 mm Cooling [d] Activity [Bg/g] Y0Error
Position: Off-beam 56.74 3 436400 19%
93 m, - _ . .
Reac. Rate for "Nb(n,2n)™: 1.33~1.62E-27 61.88 1.68E+00 14%
. 83 1ifa
Product: _Rb, _ Halflife: 86.2d Product: '“Lu,  Half-life: 1.37y
Cooling [d] Activity [Bg/g] %eError Cooling [d] Activity [Bq/g] oError
56.74 9.54E-01 14% 56.74 311B-01 30%
61.88 7.33E-01 11% : — 2
.11 : Vifa-
Product: *Rb, Half-life: 32.77 d I(';ro‘:"‘“‘ - Hf, " 'H'alf ll;fe/. 70d —
Cooling[d]  Activity [Bq/g] %Error 52‘;:‘“ ] . ‘;‘9‘:3“{)(5 el 8"1;"'
56.74 1 45E+00 8.4% 5188 5 413:00 7 50
61.88 1.21E+00 7.4% 263.78 3.48E-01 25%
. 88 ifa
Product. 7Y, _ Half-life: 106.65d Product: '®Re,  Half-life: 70.0d
Cooling [d] Activity [Bg/g] %Error Cooling [d] Activity [Bq/g] %Error
56.74 4.45E01 9.6% a S TSET00 0
61.88 3.87E-01 6.6% 6188 S 7SE400 o 4;
263.78 1.09E-01 14% 2638 2 88E.01 8 %"
Product: *7r, Half-life: 83.4d Product:  'S0s Half-life: 93.6 d
Cooling[d] _ Activity [Bg/g] %eError Cooling [d]  Activity [Bg/g] %Error
61.88 6.68E-02 40% 674 S O6ES00 <
s _ 61.88 7.83E+00 6.4%
Product: ““Zr, Half-life: 64.02 d 263.78 1.71E+00 6.6%
Cooling [d] Activity [Bq/g] %Error
56.74 1.98E+00 6.7% Product: **Hg,  Half-life: 46.612 d
2&838 ;?gg*oolo ? 38(;7" Cooling [d] Activity [Bq/g] YoError
' e 2 56.74 1.52E+01 5.1%
g - 61.88 1.37E+01 5.1%
Product: Nb, Half-life: 34.975 d 263.78 7 36E-01 6.6%
Cooling [d] Activity [Bg/g] Y%oError
56.74 2.64E+00 6.9% Product: *“TI,  Half-life: 12.23d
géfgg i-fig*&o g-?Z’ Cooling [d]  Activity [Bg/g] %Error
' - == 3.82 6.86E+02 5.2%
s - 56.74 3.95E+01 5.1%
Product: Ru, Half-life: 39.26 d 61.88 3.00E+01 5.1%
Cooling [d] Activity [Bq/g] %Error
56.74 2.86E+00 7.1.%
61.88 2.54E+00 6.6%
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Table 9.10  Digital radioactivity data for the lead samples. (Continued)

Code: Pb-24-S-On Product: **TI, Half-life: 26.1 h
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N (Total) : 7.90E+12 0.73 9.49E+02 5.8%
Irradiation time: 00'00"45 2.16 5.89E+02 5.4%
Sample: Pb-3 4.16 2.24E+02 6.6%
Weight: 0911 ¢
Size: 20 mmx20 mm, 0.2 mm" | product: 2°TI,  Half-life: 72.912 h
Positioq: On-beam Cooling [d] Activity [Bq/g] %Error
N, (Partial) : 3.54E+12 073 5 536402 7%
g2 . 2.16 3.68E+02 19%
Product: Re, Half-life: 12.7h 4.16 3.01E+02 16%
Cooling [d] Activity [Bq/g] JoError
2.16 1.70E+02 13% Product: 2®Pb,  Half-life: 21.5h
4.16 71.52E+01 19% Cooling [d] Activity [Bq/g] oError
. . 0.73 6.27E+02 12%
Product: ¢0s,  Half-life: 13.0h 2.16 2 23E+02 12%
Cooling [d] Activity [Bg/g] YError 4.16 2.29E+01 78%
0.73 2.45E+02 9.0%
2.16 4.42E+01 13% Product: 'Pb,  Half-life: 9.33 h
Cooling [d] Activity [Bq/g] YoError
Product: ""*Au,  Half-life: 2.69517 d 0.10 2 195403 5%
Cooling [d] Activity [Bg/g] %Error 0.73 1.07E+03 10%
0.73 7.27E+01 29% 2.15 5.67E+01 17%
2.16 1.48E+01 34%
4.16 2.13E+01 24% Product: 2®Pb,  Half-life: 51.873 h
Cooling [d] Activity [Bg/g] YoError
Product: '**™Au, Half-life: 2.27 d 073 1.03E+03 55%
Cooling [d] Activity [Bg/g] 9oError 216 6.52E+02 5.3%
2.16 2.86E+01 25% 4.16 3.40E+02 5.9%
4.16 2.73E+01 36%
Product: **Bi, Half-life: 11.22 h
Product: '®Au, Half-life: 3.139d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] Y0Error 0.73 2 79E+02 13%
2.16 5.14E+01 30% 2.16 3.02E+01 21%
4.16 1.94E+01 50%
Product: ?*Bi, Half-life: 6.243 d
Product: '*¥T1, Half-life: 5.3 d Cooling [d] Activity [Bq/g] 9%Error
Cooling [d} Activity [Bq/g] %Error 0.73 4.68E+01 30%
0.10 4.65E+02 14% 2.16 3.60E+01 18%
4.16 3.30E+01 16%
Product: '®Tl, Half-life: 7.42 h
Cooling [d] Activity [Bqg/g] 9Error
0.10 1.52E+04 23%
0.73 3.74E+03 16%
2.16 2.41E+02 63%
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Table 9.10 Digital radioactivity data for the lead samples. (Continued)

Code:

Incident proton energy:

N, (Total):

Irradiation time:

Sample:

Weight:

Size:

Position:

Reac. Rate for *Nb(n,2n)™:

Pb-24-S-Off

24 GeV

7.90E+12

00'00"45

Pb-7

14.09 g

20mm % 20 mm, 3 mm'
Off-beam '
6.97~8.70E-27

Product: **Pb, Half-life: 51.873 h
Cooling [d] Activity [Bq/g] %Error
0.13 1.53E+02 6.0%
0.69 1.27E+02 5.2%
241 6.97E+01 5.1%
420 4.01E+01 5.7%

Product: '®*Qs,

Half-life: 13.0h

Cooling [d] Activity [Bq/g] %Error
0.69 2.78E+00 25%
2.41 4.52E-01 25%

Product: '8Au,

Half-life: 2.69517 d

" Cooling {d] Activity [Bq/g] %Error
241 3.16E-01 31%
Product: '*¢TI,  Half-life: 5.3 h
Cooling {d] Activity [Bq/g] %Error
0.13 2.17E+02 14%
Product: '"*T, Half-life: 7.42 h
Cooling [d] Activity [Bqg/g] YoError
0.13 1.83E+02 16%
0.69 8.40E+01 14%
Product: *TI, Half-life: 26.1 h
Cooling [d] Activity [Bqg/g] YoError
0.69 6.01E+01 5.4%
241 3.63E+01 5.1%
4.20 1.61E+01 6.5%
Product: *'TI, Half-life: 72.912 h
Cooling [d] Activity [Bqg/g] %Error
241 3.51E+01 10%
4.20 2.46E+01 32%
Product: 2™Pb, Half-life: 21.5 h
Cooling [d] Activity [Bg/g] %Error
0.69 5.86E+01 14%
241 1.45E+01 11%
Product: **'Pb, Half-life: 9.33 h
Cooling [d] Activity [Bg/g] Y0Error
0.13 3.05E+02 10%
0.69 1.16E+02 10%
241 5.18E+00 11%
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Table 9.11 Digital radioactivity data for the bismuth samples.

Code: Bi-2.83-L-Off Product: *'Tl, Half-life: 72.912 h
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] %Error
N,(Total): 2.19E+15 3.65 7.94E+02 13%
Irradiation time: 0624"30 4.56 6.05E+02 13%
Sample: Bi-53 6.66 5.30E+02 16%
Weight: 59¢
Size: 20 mm®, 2 mm' Product: T, Half-life: 1223 d
Position: Off-beam Cooling [d] Activity [Bg/g] %Error
Reac. Rate for *Nb(n,2n)™  2.72~2.96E-28 365 4 32E+01 4%

4.56 3.98E+01 11%
Product: %Y, Half-life: 106.65 d 6.66 3 86E401 13%
Cooling {d] Activity [Bq/g] PoError 60.33 1.85E+00 10%
65.49 1.27E-01 28% 65.49 1.31E+00 8.1%
267.35 4.01E-02 50%

Product: **Pb,  Half-life: 21.5h
Product: **Zr, Half-life: 64.02 d Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bg/g] %Error 3.65 1.85E+02 16%
65.49 8.49E-01 13% 4.56 1.07E+02 19%
Product: *®Nb,  Half-life: 34.975d Product: 2°'Pb, Half-life: 9.33 h
Cooling [d] Activity [Bq/g] JoError Cooling [d] Activity [Bg/g] %Error
60.33 1.45E+00 16% 3.65 1.88E+01 30%
65.49 1.25E+00 8.4%

Product: 2®Pb, Half-life: 51.873 h
Product: '®Ru,  Half-life: 39.26 d Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bq/g] YoError 3.65 1.65E+03 51%
60.33 1.75E+00 15% 4.56 1.25E+03 5.1%
65.49 1.83E+00 1.7% 6.66 6.36E+02 5.2%
Product: '"Hf,  Half-life: 70d Product: 2*Bi,  Half-life: 11.76 h
Cooling [d} Activity [Bg/g] JoError Cooling [d] Activity [Bg/g] %Error
60.33 1.42E+00 16% 3.65 8.12E+01 17%
65.49 1.16E+00 7.7%

Product: 2B, Half-life: 11.22 h
Product: '®Re, Half-life: 70.0 d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bqg/g] %Error 3.65 8.09E+01 12%
60.33 7.08E-01 56% 4.56 2.79E+01 17%
Product: '®0s,  Half-life: 93.6 d Product: 2*Bi, Half-life: 15.31d
Cooling [d] Activity [Bg/g] JoError Cooling [d] Activity [Bg/g] %Error
267.35 2.31E-01 14% 3.65 8.98E+02 5.6%

4.56 8.40E+02 5.4%
Product: **TI, Half-life: 26.1 h 6.66 7.52E+02 5.5%
Cooling [d] Activity [Bg/g] %Error 60.33 6.41E+01 3.3%
3.65 6.85E+02 5.2% 65.49 5.11E+01 5.1%
4.56 4.36E+02 5.2%
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Table 9.11  Digital radioactivity data for the bismuth samples. (Continued)

Product: 2%Bi, Half-life: 6.243 d

Cooling [d] Activity [Bg/g] %Error
3.65 ' 2.22E+03 51%
4.56 2.03E+03 5.0%
6.66 1.62E+03 51%
60.33 4.93E+00 7.1%
65.49 3.12E+00 6.2%

Product: *”Bi, Half-life: 31.55y

Cooling [d] Activity [Bq/g] %Error
60.33 3.26E+00 10%
65.49 3.20E+00 6.5%
267.35 3.07E+00 5.2%
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Table 9.11  Digital radioactivity data for the bismuth samples. (Continued)

Code: : Bi-2.83-S-Off
Incident proton energy: 2.83 GeV
Np(Total): 2.33E+13
Irradiation time: 00'07"31
Sample: Bi-52

Weight: 6.37g

Size: 20 mm®, 2 mm'
Position: Off-beam
Reac. Rate for *Nb(n,2n)™  3.32~4.33E-28

Product: '*:T1, Half-life: 5.3 h
Cooling [d] Activity [Bg/g] %Error
0.28 5.68E+01 31%

Product: '®T1, Half-life: 7.42 h
Cooling [d] Activity [Bqg/g] %Error

0.28 5.32E+01 23%

Product: **Pb, Half-life: 21.5h
Cooling [d] Activity [Bq/g} %Error
0.28 3.06E+01 28%.

Product: °'Pb, Half-life: 9.33 h
Cooling [d] Activity [Bqg/g] %Error
0.28 8.03E+01 11%

Product: *®Pb, Half-life: 51.873 h
Cooling [d] Activity [Bq/g] %Error
0.28 1.68E+01 15%

Product: *“Bi, Half-life: 11.76 h
Cooling [d] Activity [Bq/g] Y0Error
0.28 8.70E+01 9.8%

Product: **Bi, Half-life: 11.22 h
Cooling [d] Activity [Bqg/g] 9oError
0.28 1.53E+02 10%

Product: *®Bi, Half-life: 6.243 d
Cooling {d] Activity [Bqg/g] YoError
0.28 3.32E+01 7.2%
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Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Code: Bi-24-L-On
Incident proton energy: 24 GeV

N, (Total) : 1.48E+15
Irradiation time: 01'59"59
Sample: Bi-51

Weight: 603 g

Size: 20 mm?®, 2 mm'
Position: On-beam

N, (Partial) : 4.10E+14

Product: Be,

Half-life: 53.29d

Cooling [d] Activity [Bqg/g] %Error
259.88 5.01E+01 6.4%
Product: *Na, Half-life: 2.6019 y
Cooling [d} Activity [Bq/g] %Error
59.73 7.66E+00 5.1%
259.88 6.35E+00 5.8%
Product: “*Sc, Half-life: 83.79d °
Cooling [d] Activity [Bg/g] %Error
55.64 1.29E+02 5.2%
59.73 1.28E+02 5.0%
259.88 2.30E+01 5.1%

Product: “®V,

Half-life: 15.9735d

Product: *Co, Half-life: 70.82 d

Cooling [d] Activity [Bqg/g] %oError -
55.64 1.12E+02 5.2%
59.73 1.06E+02 5.0%
Product: “Co, Half-life: 5.2714 y
Cooling [d] Activity [Bq/g] 9oError
259.88 S5.17E+00 6.6%
Product: %Zn, Half-life: 244.26 d
Cooling [d] Activity [Bq/g] %Error
55.64 5.44E+01 7.4%
59.73 5.18E+01 53%
259.88 2.83E+01 5.3%
Product: °Se, Half-life: 119.779 d
Cooling [d] Activity [Bq/g] Y%FError
55.64 1.23E+02 5.7%
59.73 1.12E+02 5.2%
259.88 3.41E+01 5.4%
Product: *Rb, Half-life: 86.2 d

Cooling [d] Activity [Bq/g] YoError
55.64 2.01E+02 9.0%
59.73 1.98E+02 8.9%
259.88 3.83E+01 9.0%
Product: %%Sr, Half-life: 64.84 d

Cooling [d] Activity [Bq/g] YoError
55.64 2.18E+02 6.6%
59.73 2.12E+02 6.5%
259.88 1.96E+01 42%

Product: ssY;

Half-life: 106.65 d

Cooling [d] Activity [Bq/g] Y Error
55.64 3.99E+01 8.1%
59.73 3.00E+01 6.7%
Product: 5'Cr, Half-life: 27.702 d
Cooling [d] Activity [Bg/g] %Error
55.64 1.79E+02 9.5%
59.73 1.62E+02 5.9%
Product: **Mn, Half-life: 312.3 d

Cooling [d] Activity [Bq/g] Y0Error
55.64 4.25E+01 6.0%
59.73 4.29E+01 6.0%
259.88 2.48E+01 51%
Product:  *Co, Half-life: 77.27 d

Cooling [d] Activity [Bg/g] %Error
55.64 1.06E+01 13%
59.73 1.04E+01 6.6%
259.88 1.65E+00 13%
Product: 3'Co, Half-life: 271.79 d
Cooling [d] Activity [Bq/g] %Error
259.88 1.58E+01 8.1%

Cooling [d] Activity [Bq/g] %Error
55.64 1.25E+02 5.2%
59.73 1.23E+02 5.1%
259.88 6.78E+01 5.1%
Product: %%Zr, Half-life: 83.4 d

Cooling [d] Activity {Bg/g] YoError
55.64 1.94E+02 5.1%
59.73 1.86E+02 5.0%
259.88 4.22E+01 5.1%
Product: **Zr, Half-life: 64.02 d

Cooling [d] Activity {Bq/g] 90Error
55.64 7.67E+01 6.3%
59.73 7.70E+01 5.1%
259.88 7.74E+00 7.0%
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Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Product: °*Nb,  Half-life: 34.975d Product: '"2Lu,  Half-life: 6.70 d
Cooling [d] Activity [Bqg/g] %Error Cooling [d} Activity [Bqg/g] %Error
55.64 1.57E+02 6.4% 55.64 6.28E+01 7.5%
59.73 1.48E+02 6.5% 59.73 6.40E+01 6.8%
259.88 2.03E+01 5.2% 259.88 4.77E+01 6.8%
Product: '®Ru, Half-life: 39.26 d Product: '"Lu, Half-life: 1.37 y
Cooling [d] Activity [Bg/g] 9%Error Cooling [d] Activity [Bq/g] YoError
55.64 2.37E+02 6.6% 55.64 1.03E+02 9.1%
59.73 2.10E+02 6.6% 59.73 1.03E+02 6.7%

259.88 7.15E+01 6.6%
Product: '7#Xe, Half-life: 36.4d
Cooling [d] Activity [Bq/g] %Error Product: '’Hf, Half-life: 1.87 y
55.64 2.77E+02 6.6% Cooling [d] Activity [Bg/g] JoError
59.73 2.58E+02 6.5% 259.88 3.34E+01 18%
Product: "“°Ce, Half-life: 137.64 d Product: '"°Hf, Half-life: 70 d
Cooling [d] Activity [Bq/g] 9%Error Cooling [d] Activity [Bg/g] %Error
55.64 1.63E+02 5.2% 259.76 5.85E+01 6.2%
59.73 1.59E+02 5.0%
259.88 5.40E+01 5.1% Product: '®Re, Half-life: 70.0 d

Cooling [d] Activity [Bq/g] 9YoError
Product: '*Pm, Half-life: 265 d 55.64 4.73E+02 7.2%
Cooling [d] Activity [Bg/g] JoError 59.73 4.55E+02 7.0%
259.88 5.44E+01 8.1% 259.88 4.82E+01 8.1%
Product: '“Pm,  Half-life: 363 d Product: '®0s,  Half-life: 93.6 d
Cooling [d] Activity [Bqg/g] %Error Cooling [d] Activity [Bq/g] 90Error
55.64 8.88E+00 16% 55.64 4.60E+02 6.4%
59.73 8.61E+00 7.0% 59.73 441E+02 6.4%
259.88 6.89E+00 6.6% 259.88 9.28E+01 6.3%
Product: '“Eu, Half-life: 4.59 d Product: '**Pt, Half-life: 10.2 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] YoError
55.64 3.94E+02 5.1% 55.64 1.28E+02 11%
59.73 3.82E+02 5.0% 59.73 1.11E+02 9%
259.88 1.80E+01 5.2%

Product: 2’T1, Half-life: 12.23 d
Product: 'YEu,  Half-life: 24.1d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bg/g] %Error 55.64 2.33E+02 5.2%
55.64 9.63E+02 7.6% 59.73 1.83E+02 5.1%
59.73 9.26E+02 7.6%

] Product: %Bi, Half-life: 15.31d

Product: '®Gd,  Half-life: 48.27 d Cooling [d] Activity [Bq/g) %Error
Cooling {d] Activity [Bq/g] %Error 55.64 2.02E+03 5.0%
55.64 4.14E+02 5.3% 59.73 1.68E+03 5.0%
59.73 3.72E+02 51%
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Table 9.11  Digital radioactivity data for the bismuth samples. (Continued)

Product: 2Bi, Half-life: 6.243 d

Cooling [d] Activity [Bq/g] 90Error
55.64 4.06E+02 5.0%
59.73 2.80E+02 5.0%

Product: *Bi, Half-life: 31.55y

Cooling [d] Activity [Bq/g] 9oError
55.64 7.31E+01 5.6%
59.73 7.18E+01 5.1%
259.88 6.63E+01 5.1%

Product: ?®Po, Half-life: 8.8 d

Cooling [d] Activity [Bq/g] %Error
55.64 9.92E+01 16%
59.73 6.95E+01 15%
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Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Code: Bi-24-L-Off Product: '"Hf,  Half-life: 70 d
Incident proton energy: 24 GeV Cooling {d] Activity [Bq/g] 9oError
N,(Total): 1.48E+15 263.78 2.59E-01 25%
Irradiation time: 01'59"59
Sample: Bi-55 Product: '®Re,  Half-life: 70.0d
;’Yelght: ;099 g A Cooling [d] Activity [Bq/g] %Error
PI)Z;&OH_ o ff“;’:a;n mm 56.74 3.77E+00 24%
) ) . 4.
Reac. Rate for *Nb(n,2n)™  1.24~1.28E-27 6188 OIE+00 21%
. 185 Tifa:
Product: "Se,  Half-life: 119.779 d 2’0‘11?"[‘ 5 Os, - t,H,flf[;;fe/‘ ?3'6 d v
Cooling [d] Activity [Bg/g] %Error ooing vty 1°9e oorTor
56.74 4,99E+00 7.6%
56.74 2.45E+00 13% 61.88 5 19E+00 7.2%
61.88 2.09E+00 11% . - .
.20 ifa-
Product: %Y,  Half-life: 106.65 d z“":‘,‘c" y 1, - t,&:‘lf[]};fe/' ;2‘23 d o5
Cooling[d]  Activity [Bq/g] %Error ooling [d] civity LBq’e ooITor
56.74 8.00E+00 5.8%
56.74 6.56E-01 13% 61.88 6.39E+00 5.7%
61.88 6.47E-01 12% - - -
. 205R: ifa
Product: Zr,  Half-life: 64.02d z“’dl‘.’c“ - B, ~ tﬂflf[;fe/‘ ;5 31d P~
Cooling [d] Activity [Bq/g] 9Error 5;)(’)1:@ [d) > Z(I)E )(,)2 4e SOI;ror
56.74 3.62E+00 10% A 1'97E102 1
61.88 4.04E+00 9.1% : 2 e
263.78 2.18E-01 54% 2066 .
Product: Bi, Half-life: 6.243 d
Product: °®Nb,  Half-life: 34.975d Cooling [d] __ Activity [Bq/g] JeError
Cooling [d]  Activity [Bq/g] %Error 2?-;‘; f-‘;g*gi g-:Z’
56.74 4.15E+00 7.4% ' DLtt L
61.88 4.55E+00 7.1% . _
263.78 6.08E-01 13% Product: Bi, Half-life: 31.55y
Cooling [d] Activity [Bg/g] %Error
Product: '®Ru,  Half-life: 39.26 d 61.88 1.07E+01 3.6%
Cooling {d} Activity {Bq/g] 9oError 263.78 1.03E+01 52%
56.74 8.18E+00 6.9.%
61.88 6.76E+00 6.8%
Product: '*Eu,  Half-life: 4.59 d
Cooling [d] Activity [Bqg/g] 9oError
56.74 1.24E+00 14%
Product: 'YEu, Half-life: 24.1 d
Cooling {d] Activity [Bg/g] 9oError
56.74 1.20E+00 58%
61.88 9.95E-01 45%
Product: ®*Gd,  Half-life: 48.27 d
Cooling [d] Activity [Bqg/g] %Error
56.74 1.86E+00 26%
61.88 1.18E+00 28%




JAERI-Research 2003-034

Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Code: Bi-24-S-On Product: '™T1,  Half-life: 5.3d

Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N(Total) : 7.90E+12 0.74 6.50E+02 14%
Irradiation time: 00'00"45 1.86 1.98E+01 25%
Sample: ' Bi-50 2.15 8.00E+00 47%
Weight: 6.03¢g

Size: 20 mm®, 2 mm' Product: 'TI,  Half-life: 7.42d

Position: On-beam Cooling [d]  Activity [Bg/g] %Error
N,(Partial) : 2.66E+12 074 8 80E+02 17%

- . 1.86 8.62E+01 20%
Product: "Re, Half-life: 12.7h

Cooling [d] __ Activity [Bg/g] JError Product: *®Tl, _ Half-life: 26.1 h
0.74 1.57E+02 22% Cooling [d]  Activity [Bg/g] %Error
1.86 1.45E+02 8.2% 074 6.34E+02 6.1%
2.15 1.20E+02 9.8% 1 86 5 SOE+02 5 1%
4.15 3.75E+01 22% 218 S 0SE+02 s1%
. . 4.15 2.23E+02 | 5.5%
Product: ®0s,  Half-life: 13.0 h
Cooling[d] _ Activity {Bq/g] %Error Product: 'TI, _ Half-life: 72.912 h
0.74 1.94E+02 9.1% Cooling [d] Activity [Bq/g] YError
1.86 6.22E+01 6.7% 186 4 18E+02 9.8%
2.15 435E+01 9.6% 2 ls 3 06E+02 7%
8 . 4.15 2.07E+02 25%
Product: "Os, Half-life: 9.9 h
Cooling [d] Activity [Bq/g] %Error Product: **Pb,  Half-life: 21.5 h
0.74 9.78E+01 20% Cooling [d]  Activity [Bg/g] %Error
1.86 1.94E+01 17% 074 6.06E+02 16%
- . 1.86 2.29E+02 8.3%
Product: Pt, Half-life: 10.2 d 2.15 1.87E+02 13%
Cooling [d] Activity [Bq/g] %Error 4.15 4.10E+02 37%
1.86 9.95E+01 15%
2.15 1.01E+02 22% Product: 'Pb, _ Half-life: 9.33 h
Cooling [d] Activity [Bq/g] %Error
Product: mgAu, Half-life: 2.69517 d 0.74 1.18E+03 10%
Cooling [d] Activity [Bg/g] %Error 1.86 1.49E+02 10%
1.86 1.92E+01 16% 2.15 9.08E+01 11%
2.15 2.01E+01 16%
4.15 9.95E+00 29% Product: **Pb,  Half-life: 51.873 h
Cooling [d] Activity [Bg/g] YoError
Product: 198"‘Au, Half-life: 2.27 d 0.74 5.92E+02 6.4%
Cooling [d] Activity [Bq/g] Y0 Error 1.86 6.08E+02 5.1%
1.86 2.61E+01 16% 2.15 5.76E+02 5.1%
2.15 2.81E+01 18% 4.15 3.30E+02 5.4%
4.15 1.84E+01 26%
Product: 2Bi, Half-life: 11.76 h
Product: '®Au,  Half-life: 3.139d Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] %Error 0.74 5.89E+02 1%
1.86 5.97E+01 14% 1.86 1.42E+02 8.3%
2.15 5.13E+01 21% 2.15 8.60E+01 13%
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Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Product: 2*Bi, Half-life: 11.22 h

Cooling [d] Activity [Bq/g] %Error
0.74 1.17E+03 10%
1.86 2.18E+02 9.9%
2.15 1.43E+02 10%
4.15 8.40E+00 25%

Product: **Bi, Half-life: 15.31d

Cooling [d] Activity [Bq/g] %Error
1.86 1.84E+02 6.6%
2.15 1.85E+02 7.9%
4.15 1.38E+02 8.3%

Product: *®Bi, Half-life: 6.243 d

Cooling [d] Activity [Bg/g] %Error
0.74 3.72E+02 6.6%
1.86 3.64E+02 5.1%
2.15 3.53E+02 5.1%
4.15 2.98E+02 5.2%
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Table 9.11 Digital radioactivity data for the bismuth samples. (Continued)

Code: Bi-24-S-Off Product: **Bi, _ Half-life: 11.22 h

Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] YoError

Np(Total): 7.90E+12 0.16 4.14E+02 9.8%

Irradiation time: 00'00"45 0.67 1.45E+02 10%

Sample: Bi-54 2.39 1.11E+01 11%

Weight: 6.03 g

Size: 20 mm®, 2 mm' Product: 2Bi, _ Half-life: 1531d

Position: =~ _ Off-beam Cooling [d] _ Activity [Bg/g] %Error

Reac. Rate for "Nb(n,2n)™ 6.97~8.70E-27 239 1 74aE+01 10%
4.19 1.95E+01 15%

Product: '*%2T1,  Half-life: 5.3 h

Cooling [d] __Activity [Bq/g] %Error Product: ?®Bi,  Half-life: 6.243d

0.16 1.14E+02 21% Cooling [d]  Activity [Bq/g] %Error
190 , 0.16 7.02E+01 6.6%

Product: Tl, Half-life: 7.42 h 0.67 6.31E+01 6.3%

Cooling [d] Activity [Bq/g] JoError 2.39 4.97E+01 5.2%

0.16 1.13E+02 19% 4.19 4.37E+01 6.2%

0.67 5.21E+01 27%

Product: 2°Til, Half-life: 26.1 h

Cooling [d] Activity [Bq/g] %Error
0.67 2.87E+01 10%
2.39 2.41E+01 5.9%
4.19 . 1.18E+01 11%

Product: *'TI, Half-life: 72.912 h

Cooling [d] Activity [Bg/g] 9 Error
0.16 9.36E+01 44%
2.39 2.45E+01 27%

Product: %°'Pb, Half-life: 9.33 h

Cooling [d] Activity [Bq/g] %Error
0.16 1.85E+02 10%
0.67 9.05E+01 11%
2.39 4.04E+00 17%

Product: ®°Pb, Half-life: 51.873 h

Cooling [d] Activity [Bq/g] %Error
0.16 2.85E+01 13%
0.67 5.39E+01 7.9%
2.39 4.83E+01 5.4%
4.19 2.75E+01 7.4%

Product: _**Bi, Half-life: 11.76 h

Cooling [d] Activity [Bg/g] %Error
0.16 1.93E+02 8.5%
0.67 1.04E+02 9.9%
2.39 6.09E+00 24%
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Table 9.12 Digital radioactivity data for the acrylic resin samples.

Code: Ac-2.83-L-On Code: Ac-24-L-On
Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV
N (Total) : 2.19E+12 N,(Total) : 1.48E+15
Irradiation time: 0624"30 Irradiation time: 01'59"59
Sample: AC-2 Sample: AC-4
Weight: 221g Weight: 227¢g
Size: 25 mmx25 mm, 3 mm' Size: 25 mmx25 mm, 3 mm'
Position: On-beam Position: On-beam
N, (Partial) : 4.76E+14 N, (Partial) : 7.09E+14
Product: 'Be, Half-life: 53.29 d Product: 'Be, Half-life: 53.29 d
Cooling [d] Activity {Bq/g] 9oError Cooling [d] Activity [Bq/g] YoError
1.49 6.38E+03 5.1% 0.90 1.11E+04 5.1%

‘ 1.08 1.08E+04 5.2%
Code: Ac-2.83-S-On Code: Ac-24-L-Off
Incident proton energy: 2.83 GeV Incident proton energy: 24 GeV
N,(Total) : 2.33E+13 N,(Total) : 1.48E+15
Irradiation time: 00'07"31 Irradiation time: 01'59"59
Sample: AC-1 Sample: AC-4
Weight: 222¢g Weight: 2.23g
Size: 25 mmx25 mm, 3 mm' Size: 25 mmx25 mm, 3 mm'
Position: On-beam Position: Off-beam
N,(Partial) : 7.30E+12 Reac. Rate of >Nb(n,2n)™  1.33~1.62E-27
Product: 'Be, Half-life: 53.29 d Product: 'Be, Half-life: 53.29 d
Cooling [d} Activity [Bqg/g] YError Cooling [d] Activity [Bq/g] 90Error
0.191 9.79E+01 13% 1.17 4.51E+02 5.7%
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Table 9.13  Digital radioactivity data for the SS-316 samples.

Code: $S316-2.83-L-On Product: “’Sc, Half-life: 3.3492 d
Incident proton energy: 2.83 GeV Cooling (d] Activity [Bqg/g] %Error
N, (Total): 2.19E+15 3.50 3.39E+03 5.3%
Irradiation time: 0624"30 453 2.70E+03 5.29%
Sample: $8316-2 6.64 1.88E+03 5.7%
Weight: 1.30 g
Size: 20 mm®, 0.5 mm' Product: *Sc,  Half-life: 43.67 h
P OSitiOI’.I: On-beam Cooling [d] Activity [Bq/g] %Error
N, (Partial) : 1.49E+14 3.50 6.70E+02 8.6%
; ) 453 5.07E+02 7.2%
Product: ‘Be, Half-life: 53.29 d 6.64 2.50E+02 17%
Cooling [d] Activity [Bq/g] YError
61.38 6.11E+02 5.3% Product: “*Cr,  Half-life: 21.56 h
266.39 4A4TE+01 9.4% Cooling [d] Activity [Bg/g] 9Error
2 . 3.50 2.96E+02 11%
Product: ““Na, Half-life: 2.6019 y 453 1.64E+02 12%
Cooling [d] Activity [Bg/g] %Error
266.39 1.64E+01 5.3% Product: S'Cr,  Half-life: 27.702 d
Cooling [d] Activity [Bq/g] %Error
Product: *Na, Half-life: 14.9590 h 350 1.07E+04 6.0%
Cooling [d} Activity [Bq/g] %Error 453 1.03E+04 5.4%
3.50 7.08E+02 6.7% 6.64 1.02E+04 6.3%
4.53 2.28E+02 8.8% 61.38 2.60E+03 5.1%
266.39 1.53E+01 18%
Product: “K, Half-life: 22.3 h
Cooling [d] Activity [Bq/g] %Error Product: ®Mn,  Half-life: 5.591d
3.50 6.25E+02 8.9% Cooling {d] Activity [Bq/g] YError
4.53 2.93E+02 9.7% 3.50 6.35E+03 5.2%
4.53 5.56E+03 5.1%
Product: *mSc, Half-life: 58.6 h 6.64 4.46E+03 5.3%
Cooling [d] Activity [Bq/g] %Error
3.50 6.00E+03 51% Product: >*Mn, Half-life: 312.3d
4.53 4.47E+03 5.1% Cooling [d] Activity [Bq/g] %Error
6.64 2.52E+03 5.3% 3.50 1.12E+03 6.1%
v 4.53 1.09E+03 5.5%
Product: **Sc, Half-life: 3.927 h 6.64 1.06E+03 6.6%
Cooling [d] Activity [Bq/g] %Error 61.38 9.22E+02 5.0%
3.50 6.13E+03 51% 266.39 5.83E+02 5.0%
4.53 4 48E+03 5.1%
6.64 2.45E+03 5.6% Product: *Co, Half-life: 77.27 d
Cooling [d] Activity [Bq/g] 9%Error
Product: “*Sc, Half-life: 83.79 d 61.38 3.09E+02 5.0%
Cooling [d] Activity [Bq/g] %Error 266.39 4.88E+01 5.1%
3.50 6.50E+02 8.0%
4.53 6.23E+02 6.3%
6.64 6.90E+02 8.8%
266.39 7.41E+01 5.1%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Product: *'Co,

Half-life: 271.79d

Cooling [d] Activity [Bq/g] %Error
3.50 3.38E+02 T9.2%
4.53 3.60E+02 6.9%
6.64 3.87E+02 8.7%
61.38 3.24E+02 5.0%
266.39 2.10E+02 5.0%

Product: **Co,

Half-life: 70.82 d

Cooling [d] Activity [Bqg/g] %Error
3.50 2.38E+03 5.5%
453 2.20E+03 52%
6.64 2.23E+03 5.5%
61.38 1.22E+03 5.0%
266.39 1.64E+02 5.0%

Product: ®Nj,

Half-life: 6.077 d

Cooling [d] Activity [Bqg/g] %Error
3.50 2.51E+03 5.3%
4.53 2.00E+03 5.2%
6.64 1.40E+03 5.7%

Product: 'Ni,

Half-life: 35.60 h

Cooling [d] Activity [Bqg/g] YError
3.50 2.66E+03 6.1%
4.53 1.63E+03 6.0%
6.64 6.88E+02 8.0%

Product: "Se,

Half-life: 119.779d

Cooling [d] Activity [Bq/g] YError
61.38 8.49E+00 15%
266.39 2.36E+00 24%

Product: *%Y,

Half-life: 106.65 d

Cooling {d}

Activity [Bg/g] 9Error

266.39

1.02E+01 5.8%

Product: *Zr,

Half-life: 83.4d

Cooling [d] Activity [Bq/g] 90Error
61.38 1.84E+01 6.8%
266.39 3.96E+00 9.8%

Product: *%7r,

Half-life: 83.4d

Cooling [d] Activity [Bqg/g] %Error
3.50 5.47E+02 8.7%
4.53 4.77TE+02 7.4%
6.64 2.82E+02 13%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Code: $8316-2.83-L-Off Product: *Mn, Half-life: 312.3d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] YoError
N, (Total): 2.19E+15 3.68 9.19E+01 5.1%
Irradiation time: 0624"30 4.62 9.61E+01 6.4%
Sample: $8316-6 6.68 9.77E+01 8.0%
Weight: 130 g 60.67 8.61E+01 5.1%
Size: 20 mm?, 0.5 mm'
Position: Off-beam Product: 3%Co,  Half-life: 271.79d
Reac. Rate for *°Nb(n,2n)™  2.72~2.96E-28 Cooling [d] Activity [Bq/g] %Error
s . 3.68 2.56E+02 5.0%

Product: “"™Sc, Half-life: 58.6 h 4.62 2.56E+02 559
Cooling {d] Activity [Bq/g] %Error 6.68 2 68E+02 6.1%
3.68 6.45E+01 5.3% 60.67 1.57E+02 5.1%
4.62 4.75E+01 7.5%
6.68 2.25E+01 21% Product: *Ni,  Half-life: 6.077d

Cooling [d] Activity [Bqg/g] %Error
Product: **#Sc, Half-life: 3.927 h 3.68 6.71E+01 5 2%
Cooling [d] ~ Activity [Bg/g] %Error 4.62 6.27E+01 6.8%
3.68 8.72E+01 5.3% 6.68 3.76E+01 12%
4.62 5.33E+01 8.0%
6.68 2.57TE+01 22% Product: ¥Ni,  Half-life: 35.60 h

Cooling [d] Activity [Bq/g] %Error
Product: *'Sc, Half-life: 3.3492 d 368 L 18E+02 5 9%
Cooling [d] Activity [Bqg/g] 90Error 4.62 7.85E+01 7.6%
3.68 9.16E+01 5.2% 6.68 3.35E+01 13%
4.62 8.49E+01 6.8%
6.68 5.08E+01 12% Product: **Zr, Half-life: 3.27 d

Cooling [d] Activity [Bq/g] Y%Error
Product: **Sc, Half-life: 43.67 h 3.68 2 65E+01 59%
Cooling [d] Activity [Bg/g] %Error 4.62 2 42E+01 13%
3.68 2.46E+01 6.1% 6.68 2 14E+01 23%
4.62 2.26E+01 15%
6.68 8.12E+00 54% Product: °Nb,  Half-life: 14.60 h

Cooling [d] Activity [Bq/g] 9oError
Product: *!'Cr, Half-life: 27.702 d 3.68 4.58E+00 7%
Cooling [d] Activity [Bq/g] 9YError
3.68 7.97E+02 5.1%
4.62 7.87E+02 6.4%
6.68 8.15E+02 8.2%
60.67 2.05E+02 6.0%

Product: 3%Mn, Half-life: 5.591d

Cooling [d] Activity [Bqg/g] %Error
3.68 3.00E+02 5.1%
4.62 2.65E+02 5.5%
6.68 - 2.25E+02 6.6%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Code: §S316-24-L-On Product: **%Co,  Half-life: 70.82 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] 9oError
N, (Total): 2.19E+15 55.75 2.24E+03 5.0%
Irradiation time: 01'59"59 259.76 3.02E+02 5.0%
Sample: SS316-4
Weight: 1.30g [ Product: *Se, Half-life: 119.779 d
IS)‘Z‘?:_ ' 3)0 ‘E‘“ - 0.5 mm Cooling [d]  Activity [Bq/g] %Error
Nozgg‘r’t'?' b o 55.75 7.75E+00 38%
prata) : : 259.76 4.48E+00 21%
.1 P
2’0‘1‘_’“' - Be, - _Ha]f'll;fe/' 33.29d o Product: Y, Half-life: 106.65 d
ooling [d] cuvity [Bq/g] ki Cooling [d] Activity [Bqg/g] oError
55.75 1.60E+03 5.5% 5575 2 89E401 6.9%
259.76 1.23E+02 8.8% 55976 5 11E+0] 6'2(72
.2 - Yifa-
Product: ~Na, _ Half-life: 2.6019 y Product: ®Zr,  Half-life: 83.4d
Cooling[d]  Activity [Bq/g] %Etror Cooling [d]  Activity [Bq/g] %Error
3397 3 . ‘;'gggig} g'zz’ 55.75 4.34E+01 8.0%
: : =22 259.76 7.59E+00 11%
Product: **Sc, Half-life: 83.79 d
Cooling [d] Activity [Bq/g] %Error
55.75 8.59E+02 5.0%
259.76 1.61E+02 5.1%
Product: 3'Cr, Half-life: 27.702 d
Cooling [d} Activity [Bg/g] 90Error
55.75 6.48E+03 5.1%
259.76 6.31E+01 13%
Product: **Mn, Half-life: 312.3d
Cooling [d] Activity [Bq/g] 90Error
55.75 1.95E+03 5.0%
259.76 1.24E+03 5.0%
Product: °Co, Half-life: 77.27 d
Cooling [d] Activity [Bq/g] %Error
55.75 7.29E+02 5.0%
259.76 1.15E+02 5.1%
Product: *"Co, Half-life: 271.79d
Cooling [d] Activity [Bqg/g] 90Error
55.75 6.95E+02 . 5.0%
259.76 4.40E+02 5.0%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Code: $S316-24-L-Off Product:  “*Cr, Half-life: 21.56 h
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total): 1.48E+15 1.16 1.25E+02 8.1%
Irradiation time: 01'59"59 2.20 4.79E+01 14%
Sample: SS316-8
Weight: 1.30 g Product: S'Cr, Half-life: 27.702 d
Size: 20 mm®, 0.5 mm' Cooling [d] _ Activity [B/g] %Error
. Off-beam 1.16 2.62E+03 5.8%
Reac. Rate for *Nb(n,2n)™:  1.24~1.28E-27 220 2 TAE+03 5.9%

" _ 3.84 2.77E+03 6.5%
Product: “'Na, Half-life: 14.9590 h 56.74 7 46E+02 5.20
Cooling [d] Activity [Bq/g] %Error
1.16 6.91E+01 11% Product: ’%Mn,  Half-life: 5.591 d
220 2.53E+01 20% Cooling [d]  Activity [Bq/g] %Error

“ . 1.16 1.43E+03 52%
Product: K, Half-life: 12.360 h 2.20 1.20E+03 5.20
Cooling [d]  Activity [Bg/g] %Error 3.84 9.81E+02 5.5%
1.16 2.93E+02 12% 56.74 2.02E+00 31%
2.20 7.71E+01 32%

Product: *Mn, Half-life: 312.3d

Product: *“"Sc,  Half-life: 58.6 h Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] %Error 1.16 3.06E+02 5.8%
1.16 4.81E+02 5.4% 2.20 3.00E+02 5.7%
2.20 3.56E+02 5.6% 3.84 2.98E+02 6.9%
3.84 2.44E+02 6.9% 56.74 2.79E+02 51%
Product: “®Sc,  Half-life: 3.927 h Product: *Co, Half-life: 17.53 h
Cooling [d] Activity [Bq/g] JeError Cooling [d] Activity [Bg/g] %Error
1.16 5.01E+02 5.7% 1.16 4.68E+02 7.8%
2.20 3.69E+02 6.0% 2.20 1.80E+02 9.1%
3.84 2.38E+02 8.4% 3.84 3.29E+01 22%
Product: **Sc, Half-life: 83.79 d Product: **Co, Half-life: 77.27 d
Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] %Error
1.16 5.66E+01 14% 56.74 6.08E+01 5.4%
2.20 5.18E+01 19%
3.84 4.76E+01 27% Product: Co,  Half-life: 271.79d
56.74 3.65E+01 6.0% Cooling [d] Activity [Bq/g] YoError

o ) 1.16 1.17E+02 7.7%
Product: Sc, Half-life: 3.3492 d 220 1.OOE+02 8.0%
Cooling [d] Activity [Bg/g] YError 3.84 1.27E+02 8.6%
1.16 5.57E+02 5.4% 56.74 1.01E+02 5.1%
2.20 4.48E+02 5.6% ;
3.84 3.26E+02 6.2% Product: *Co,  Half-life: 70.82 d

Cooling [d] Activity [Bqg/g] Y%Error

Product: “Sc, Half-life: 43.67 h ‘116 8 10E+02 5.3%
Cooling [d] Activity [Bq/g] YoError 2.20 8.28E+02 5.2%
1.16 2.07E+02 7.0% 3.84 8.22E+02 5.4%
220 1.43E+02 8.5% 56.74 5.12E+02 5.0%
3.84 8.15E+01 17%
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Table 9.13 Digital radioactivity data for the SS-316 samples. (Continued)

Product: ®Ni, Half-life: 6.077 d

Cooling [d] Activity [Bq/g] %Error
1.16 4.12E+02 5.5%
2.20 3.31E+02 5.6%
3.84 2.41E+02 6.3%

Product: *'Ni, Half-life: 35.60 h

Cooling [d] Activity [Bq/g] %Error
1.16 1.26E+03 5.9%
2.20 7.82E+02 6.0%
3.84 3.74E+02 7.3%

Product: *Y, Half-life: 106.65 d
Cooling [d] Activity [Bg/g] %Error
56.74 1.52E+00 31%

Product: **Zr, Half-life: 83.4 d
Cooling [d] Activity [Bq/g] 9%Error
56.74 3.46E+00 20%

Product: ¥¥Zr, Half-life: 3.27 d

Cooling {d] Activity [Bq/g] YError
1.16 1.50E+02 7.5%
2.20 1.19E+02 7.8%
3.84 9.27E+01 13%

Product: *%Nb, Half-life: 14.60 h

Cooling [d] Activity [Bg/g] %Error
1.16 3.11E+02 6.3%
220 9.76E+01 11%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Code: $S316-24-S-On Product: *Sc, Half-life: 43.67 h
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N,(Total): 7.90E+12 0.746 2.56E+01 19%
Irradiation time: 00'00"45 2.12 1.68E+01 17%
Sample: SS316-3
Weight: 1.30g ‘ Product: “*Cr, _Half-life: 21.56 h
IS)‘Z";{ ' (230 ‘Em » 0.5 mm Cooling[d]  Activity [Bq/g] %Error
NO?;,‘;‘:?;]) , > b 0.746 4.02E+01 15%

plrartidy) - ' 2.12 9.78E+00 19%

. 24 ife-

2‘0‘:‘_“’" T e 200N - Product: **Mn, __Half-life: 5.591 d

ooling [d) ctivity [Bq/g oerTor Cooling[d]  Activity [Bq/g] %Error
0.090 3.84E+02 6.7%

2.12 9.26E+01 6.4%

0.746 1.86E+02 6.3% i 1s 6 61E40] 0%
2.12 3.77E+01 8.4% : : 2
4.14 5.48E+00 26%

Product: **Mn,

Half-life: 2.5785 h

Product: K,  Half-life: 12.360 h Cooling [d] _ Activity [Bq/g] %oError
Cooling [d] Activity [Bq/g] %Error 0.090 6.65E+03 5.1%
0.090 4.00E+02 13% 0.746 1.16E+02 7.7%
0.746 2.31E+02 9.2% s )
2.12 339E+01 20% PrOdl.lC[: CO, Half—llfe: 17.53 h
Cooling [d] Activity [Bq/g] 9oError
Product: “K, Half-life: 22.3 h 0.090 L4TE+02 16%
Cooling [d]  Activity [Bqg/g] %Error 0.746 9.46E+01 11%
0,090 LO7TE+02 19% 2.12 2.33E+01 14%
0.746 5.66E+01 14% 58 )
2.12 2. 15E+401 15% Product: gCO, Half-life: 70.82 d
Cooling [d] Activity [Bq/g] YoError
Product: “"Sc,  Half-life: 58.6 h 0.746 2.95E+01 17%
Cooling [d} Activity [Bg/g] 9%Error 212 3.03E+01 9.9%
0.090 1. 84E+02 3% 4.14 3.24E+01 12%
0.746 1.43E+02 6.8% s ,
212 8.82E+01 6.1% Product: N Nl, Half'llfe: 6077 d
4.14 4.76E+01 10% Cooling [d] Activity [Bq/g] %Error
0.746 5.43E+01 11%
Product: “*#Sc, Half-life: 3.927 h 2.12 3.75E+01 1.4%
Cooling [d] Activity [Bq/g] %Error 4.14 3.21E+01 10%
0.090 1.83E+03 5.2% _ ]
0.746 2.61E+02 6.0% Product: Nl, Half-life: 35.60 h
2.12 9.66E+01 6.6% Cooling [d] Activity [Bq/g] YoError
4.14 5.60E+01 9.9% 0.090 1.96E+02 10%
0.746 1.15E+02 8.4%
Product: *'Sc,  Half-life: 3.3492 h 2.12 6.35E+01 7.8%
Cooling [d]  Activity [Bq/g] %Error 4.14 2.76E+01 14%
0.746 7.55E+01 11% o .
212 5.08E+01 7 4% Product: %%¢Zr, Half-life: 3.27 d
4.14 4.34E+01 10% Cooling [d] Activity [Bq/g} JoError
0.746 1.26E+01 33%
2.12 1.38E+01 17%
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Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Product: °%®Nb,  Half-life: 14.60 h

Cooling {d} Activity [Bqg/g] e Error
0.090 4.67E+01 30%
0.746 2.22E+01 26%
2.12 7.64E+00 25%




JAERI-Research 2003-034

Table 9.13  Digital radioactivity data for the SS-316 samples. (Continued)

Code: S$S316-24-S-Off
Incident proton energy: 24 GeV
N,(Total): 7.90E+12
Irradiation time: 00'00"45
Sample: §S8316-7

Weight: 130g

Size: 20 mm®, 0.5 mm'
Position: Off-beam

Reac. Rate for Nb(n,2n)™  6.97~8.70E-27

Product: **%Sc, Half-life: 3.927 h

Cooling [d] Activity [Bq/g] YoError
0.118 5.50E+01 13%
0.681 8.48E+00 22%

Product: **Mn, Half-life: 2.5785 h

Cooling [d] Activity [Bq/g] %Error
0.118 2.00E+03 5.1%
0.681 5.57E+01 7.6%

Product: *'Ni, Half-life: 35.60 h

Cooling [d} Activity [Bg/g] %Error
0.118 1.98E+01 36%
0.681 1.30E+01 15%

Product: °®Nb,  Half-life: 14.60 h.
Cooling [d]} Activity [Bq/g] 9%Error
0.681 3.39E+00 43%
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Table 9.14  Digital radioactivity data for the Inconel-625 samples.

Code: 1C625-2.83-L-On Product: *'Sc, Half-life: 83.79d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bg/g] %Error
Ny(Total): 2.19E+15 3.50 4.6TE+03 5.6%
Irradiation time: 06'24"30 4.52 3.67E+03 5.8%
Sample: Inc625-2 6.64 2.66E+03 6.0%
Weight: 0.377g
Size: 20% 20 mm, 0.1 mm' Product: “*Sc,  Half-life: 43.67 h
Position: On-beam Cooling [d]  Activity [Bq/g] %Error
N, (Partial) : 2.25E+14 350 L13E+03 2%
. 4.52 7.63E+02 13%
Product: 'Be, Half-life: 53.29 d 6.64 5 9SE402 13%
Cooling [d] Activity [Bg/g] 9YoError
61.38 9.61E+02 7.6% Product: *Cr, Half-life: 21.56 h
Cooling [d] Activity [Bg/g] %Error
Product: *Na, Half-life: 2.6019 y 350 5 236402 15%
Cooling [d] Activity [Bg/g] %Error 4.52 2.52E+02 21%
61.38 2.91E+01 13%
Product: °'Cr, Half-life: 27.702 d
Product: *Na, Half-life: 14.9590 h Cooling [d] Activity [Bg/g] %Error
Cooling [d] ACtiVin [Bq/g] 90Error 3.50 1.13E+04 . 8.7%
3.50 8.67E+02 9.8% 4.52 1.25E+04 8.0%
4.52 3.10E+02 17% 6.64 1.21E+04 6.85
61.38 3.02E+03 5.3%
Product: *K, Half-life: 22.3 h
Cooling [d] Activity {Bg/g] %Error Product: *%®Mn, Half-life: 5.591d
3.50 5.65E+02 16% Cooling [d] Activity [Bq/g] %Error
4.52 3.29E+02 27% 3.50 7.83E+03 5.3%
4.52 6.62E+03 5.4%
Product: *™Sc, Half-life: 58.6 h 6.64 5.44E+03 5.3%
Cooling [d} Activity [Bqg/g] %Error
3.50 7.04E+03 5.3% Product: **Mn, Half-life: 312.3 d
4.52 5.17E+03 5.4% Cooling [d] Activity {Bq/g] YoError
6.64 3.03E+03 5.6% 3.50 1.02E+03 10%
4.52 7.74E+02 14%
Product: **Sc, Half-life: 3.927 h 6.64 5.11E+02 11%
Cooling [d] Activity [Bq/g] %Error 61.38 3.46E+02 54%
3.50 6.19E+03 5.5%
4.52 4.75E+03 57% Product: *°Co, Half-life: 17.53 h
6.64 2.98E+03 5.8% Cooling {d] Activity [Bq/g] %Error
3.50 2.15E+03 9.4%
Product; *%®Sc, Half-life: 83.79 d 4.52 9.49E+02 16%
Cooling [d] Activity [Bq/g} %Error
3.50 5 96E-+02 15% Product: %%Co, Half-life: 77.27 d
4.52 5.85E+02 14% Cooling [d] Activity [Bq/g] %Error
6.64 5.64E+02 1% 3.50 2.46E+03 6.1%
61.38 3.81E+02 5.2% 4.52 2.69E+03 6.7%
6.64 2.73E+03 6.0%
61.38 1.62E+03 5.0%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Continued)

Product: *'Co,

Half-life: 271.79 d

Product: %%Zr,

Half-life: 83.4 d

Cooling [d] Activity [Bg/g} 9oError Cooling (d] Activity [Bq/g] %Error
3.50 2.19E+03 6.2% 3.50 1.53E+02 38%
4.52 2.29E+03 6.0% 4.52 2.53E+02 19%
6.64 2.42E+03 5.7% 6.64 1.81E+02 21%
61.38 2.16E+03 5.0% 61.38 1.50E+02 5.9%
Product: **®Co,  Half-life: 70.82 d Product: %%Zr, Half-life: 35.60 h
Cooling [d] Activity [Bqg/g] %Error Cooling [d] Activity [Bqg/g] YoError
3.50 1.40E+04 5.1% 3.50 4.13E+03 5.7%
4.52 1.38E+04 51% 4.52 3.36E+03 5.8%
6.64 1.36E+04 51% 6.64 2.24E+03 6.1%
61.38 7.75E+03 5.0%

Product: °%Nb, Half-life: 14.60 h
Product: “®Co,  Half-life: 5.271y Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bg/g] JoError 3.50 6.28E+02 14%
3.50 3.99E+02 15%
4.52 2.93E+02 23% Product: °*"Nb,  Half-life: 10.15d
6.64 2.89E+02 17% Cooling [d] Activity [Bq/g] %Error
61.38 2.58E+01 12% 61.38 4.28E+01 13%
Product: *Ni, Half-life: 6.077 d
Cooling {d] Activity [Bq/g] YoError
3.50 3.46E+03 5.6%
4.52 2.71E+03 5.9%
6.64 1.96E+03 6.0%
Product: %N, Half-life: 35.60 h
Cooling [d} Activity [Bg/g] 9Error
3.50 1.63E+04 5.9%
4.52 9.86E+03 6.0%
6.64 3.74E+03 6.3%
Product: Zn, Half-life: 244.26 d
Cooling [d] Activity [Bq/g] %Error
61.38 3.60E+01 19%
Product: "’Se, Half-life: 119.779 d
Cooling [d] Activity [Bq/g] 9%Error
61.38 5.29E+01 12%
Product: %Y, Half-life: 106.65 d
Cooling [d] Activity [Bq/g] %Error
6.64 9.36E+01 23%
61.38 1.08E+02 6.7%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Continud)

Code: 1C625-2.83-L-Off
Incident proton energy: 2.83 GeV

N,(Total): 2.19E+15

Irradiation time: 06'24"30

Sample: Inc625-6

Weight: 0370¢g

Size: 20x 20 mm, 0.1 mm'
Position: Off-beam

Reac. Rate for ®Nb(n,2n)™  2.96~2.93E-28

Product: *Mn, Half-life: 312.3d

Cooling [d] Activity [Bg/g] YoError
1.66 3.99E+01 34%
4.58 2.43E+01 14%
6.67 3.03E+01 28%
60.52 2.10E+01 10%
61.58 1.88E+01 7.5%
Product: *Co, Half-life: 17.53 h

Cooling [d] Activity [Bg/g] %Error

Product: “™Sc,  Half-life: 58.6 h 166 4556402 87%
Cooling [d] ACtiVity [Bg/gl %Error 4.58 2 .56E+01 17%
1.66 1.45E+02 14%
4.58 4.91E+01 11% Product: *Co,  Half-life: 77.27 d
6.67 4.30E+01 29% Cooling [d] Activity [Bq/g] 9oError

. g . 1.66 1.69E+02 11%
Product: Sc, Half-life: 3.927 h 4.58 1.43E+02 6.1%
Cooling [d] Activity [Bq/g] YoError 6.67 1.67E+02 10%
1.66 8.73E+01 21% 60.52 8.94E+01 5.6%
4.58 4.87E+01 11% 61.58 8.40E+01 5.4%
6.67 2.60E+01 39%

Product: “8Sc,

Half-life: 3.927 h

Product: *'Co,

Half-life: 271.79 d

Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bqg/g] 90Error 1.66 2.27E+02 8.8%
60.52 1.82E+01 11% 4.58 1.81E+02 5.4%
61.58 1.67E+01 8.9% 6.67 1.93E+02 8.29%

60.52 1.69E+02 5.4%
Product: “’Sc, Half-life: 3.3492 d 61.58 1.55E+02 5.1%

Cooling [d} Activity [Bqg/g] YoError

1.66 1.42E+02 14% Product: *%Co, Half-life: 70.82 d

4.58 1.05E+02 7.1% Cooling [d] Activity [Bg/g] %Error

6.67 7.48E+01 19% 1.66 1.47E+03 5.3%
4.58 1.34E+03 5.1%

Product: “Sc, Half-life: 3.3492 d 6.67 1.30E+03 5.7%

Cooling [d] Activity [Bq/g] %Error 60.52 8.29E+02 5.0%

4.58 3.35E+01 14% 61.58 7.64E+02 5.0%

Product: 3'Cr,

Half-life: 27.702 d

Product: *°Nij,

Half-life: 6.077 d

Cooling [d] Activity [Bq/g] %Error Cooling [d] Activity [Bq/g] %Error
1.66 7 53E+02 18% 1.66 1.02E+02 14%
4.58 7.11E+02 7.2% 4.58 7.7AE+01 7.1%
6.67 7.91E+02 14% 6.67 5.53E+01 19%
60.52 1.88E+02 12%

61.58 1.83E+02 8.1% Product: ¥'Ni, Half-life: 35.60 h

Cooling {d] Activity [Bg/g] 90Error
Product: °®Mn,  Half-life: 5.591d 1.66 1.69E+03 6.1%
Cooling [d] Activity [Bq/g] %Error 4.58 4.19E+02 6.1%
1.66 3.23E+02 6.6% 6.67 1.55E+02 12%
4.58 2.03E+02 5.8%
6.67 1.48E+02 14%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Continued)

Product: **Zr, Half-life: 83.4 d

Cooling [d] Activity [Bg/g] %Error
60.52 5.63E+00 24%
61.58 6.56E+00 16%

Product: **Zr, Half-life: 3.27 d

Cooling [d] Activity [Bqg/g] Y0Error
1.66 3.16E+02 7.0%
4.58 1.59E+02 6.0%
6.67 9.99E+01 15%

Product: °Nb,  Half-life: 14.60 h
Cooling [d] Activity [Bg/g] %Error
1.66 3.22E+02 8.1%

Product: °*"Nb,  Half-life: 10.15d
Cooling [d] Activity [Bq/g] 9oError
60.52 5.01E+00 28%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Contined)

Code: 1C625-24-L-On Product: *®Co,  Half-life: 70.82 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] YError
N,(Total): 1.48E+15 4.08 2.37E+04 5.1%
Irradiation time: 01'59"59 55.75 1.35E+04 5.0%
Sample: Inc625-4
Weight: 0373 g Product: ®®Co,  Half-life: 5.271y
Is)i)lsiion. é?]xbi‘;;“m’ 0.1 mm' Cooling [d]  Activity [Ba/g] %Error
N, (Prtical): 5 37E+14 55.75 6.56E+01 9.3%

. 65 fas
Product: 'Be,  Half-life: 53.29 d E‘;’;‘i‘:"[d] Zn, Acﬁilii"f'[gfe/' ?44'26 d pr—
Cooling [d]  Activity [Bq/g) 9%Error oS g : 57E+%1 e —
55.75 2.05E+03 6.2% . -

Product: **Na,

Product: "*Se, Half-life: 119.779 d

Half-life: 2.6019 y

Cooling [d]  Activity [Bq/g) %Error g;";ls’"g [d] ;";‘2‘;‘% I[Bq/ gl (ﬁ?;mr

. . (9
55.75 4.00E+01 1%
Product: **Sc Half-life: 83.79 d Product: 7Y, Half-life: 106.65 d
Cooling [d]  Activity [Ba/g] %Error Cooling[d] _ Activity [Bq/g] %Error
08 OE03 o 55.75 2.273E+02 5.7%
55.75 7.84E+02 5.1%

2 Product: %*Zr, Half-life: 83.4 d
Product: *'Cr,  Half-life: 27.702 d Cooling [d] _ Activity [Bq/g] %Error
Cooling [d] Activity [Bqg/g] Y%Error 4.08 5.91E+02 13%
08 OB L0t 4% 55.75 3.10E+02 5.5%
55.75 6.67E+03 5.2% N ,
Product: “Nb, Half-life: 10.15d

Product: *Mn,  Half-life: 5.591d Cooling [d] __ Activity [Bq/g] JoError
Cooling [d] Activity [Bq/g] %Error 55.75 LO6E+02 8.0%
4.08 1 45E+04 52%
55.75 2.59E+01 22%

Product: **Mn,

Half-life: 312.3d

Cooling [d] Activity [Bqg/g] %Error
4.08 1.72E+03 9.9%
55.75 7.22E+02 5.1%

Product: *Co,

Half-life: 77.27 d

Cooling [d] Activity [Bqg/g] %Error
4.08 6.21E+03 5.6%
55.75 3.45E+03 5.0%

Product: ¥'Co,

Half-life: 271.79d

Cooling [d] Activity [Bq/g] %Error
4.08 4.44E+03 5.4%
55.75 4.02E+03 5.0%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Continued)

Code: 1C625-24-L-Off Product: *®Mn,  Half-life: 5.591 d
Incident proton energy: 24 GeV Cooling [d] Activity [Bg/g] YoError
N,(Total): 1.48E+15 1.13 1.16E+03 5.7%
Irradiation time: 01'59"59 2.23 9.18E+02 6.3%
Sample: Inc625-8 3.94 7.49E+02 7.2%
Weight: 0.363¢g
Size: 20x 20 mm, 0.1 mm' Product: *Mn, _Half-life: 312.3d -
Position: Off-beam Cooling [d]  Activity [Bq/g] %Error
Reac. Rate for ’Nb(n,2n)™  1.28~1.33E-27 56.92 6 .54E+01 5 0%
Product: *"Sc,  Half-life: 58.6 h Product: **Co Half-life: 17.53 h
Cooling [d] Activity [Bg/g] %Error Cooling [d] Activity [Bqg/g] %Error
1.13 5.04E+02 7.6% L3 2.27E+03 75%
2.23 3.62E+02 11% 223 7 90E+02 8.6%
3.94 1.80E+02 15% 3.94 2.14E+02 17%
. d4g _life-
Product: _—Sc, _ Half life: 3.927 h Product: *Co, _Half-life: 77.27
Cooling [d] Activity [Bg/gl %eError Cooling [d] Activity [Bg/g] 9eError
1.13 4.65E+02 7.3% 'RE 4.90E+03 6.9%
2.23 2.00E+02 22% " 4 CAE+02 1%
3.94 1.68E+02 17% 2o 4 04E402 1%
16 . 56.92 3.03E+02 5.1%
Product: “*Sc, Half-life: 83.79d
Cooling[d] __ Activity [Bq/g] %eError Product: 'Co, Half-life: 271.79 d
5692 4.19E+01 6.9% Cooling [d] Activity [Bq/g] 90Error
. ) 1.13 5.99E+02 6.4%

Product: SC, Half-life: 3.3492 d 2.23 6.08E+02 71%
Cooling [d]  Activity [Bg/g] %Error 3.94 5.87E+02 7.2%
1.13 6.65E+02 6.7% 56.92 5.62E+02 5.1%
2.23 6.06E+02 7.7%
3.94 3.99E+02 10% Product: *¥Co,  Half-life: 70.82 d

Cooling [d] Activity [Bq/g] %Error
Product: *%Sc, Half-life: 43.67 h 13 2506403 51%
Cooling [d] Activity [Bg/g] %oError 2.23 4.56E+03 5.1%
1.13 2.76E+02 10% 3.94 4.54E+03 5.2%
2.23 1.83E+02 16% 56.92 2.82E+03 5.0%
3.94 1.18E+02 26%

Product: %%®Co,  Half-life: 5271y

. 48 far

Product: *°Cr, Half-life: 21.56 h Cooling [d] Activity [Bq/g] %Error
Cooling [d] Activity [Bq/g] %Error 56.92 1.61E+01 9.1%
1.13 1.61E+02 15%
2.23 7.06E+01 28% Product: **Ni,  Half-life: 6.077 d

Cooling [d] Activity [Bg/g] %Error
Product: SICI', Half-life: 27.702 d 1.13 4.91E+02 6.7%
Cooling [d] Activity [Bg/g] %Error 2.23 4.48E+02 7.7%
1.13 2.80E+03 8.6% 3.94 2.95E+02 10%
2.23 2.68E+03 11%
3.94 2.77E+03 11%
56.92 7.35E+02 6.1%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Contined)

Product: *'Ni, Half-life: 35.60 h

Cooling [d] Activity [Bq/g] %Error
1.13 6.96E+03 5.8%
2.23 4.12E+03 6.0%
3.94 2.09E+03 6.6%
Product: %Y, Half-life: 106.65 d
Cooling [d] Activity [Bg/g] %Error
56.92 1.34E+01 9.8%

Product: *7Zr, Half-life: 83.4 d
Cooling {d] Activity [Bg/g] %Error
56.92 2.09E+01 11%

Product: **Zr, Half-life: 3.27 d

Cooling [d] Activity [Bq/g] YError
1.13 1.17E+03 5.6%
2.23 9.41E+02 6.2%
3.84 5.84E+02 8.0%

Product: **Nb, Half-life: 14.60 h

Cooling [d] Activity [Bq/g] %Error
1.13 2.06E+03 5.5%
223 6.17E+02 7.2%
3.84 8.79E+01 38%

Product: °%Nb,  Half-life: 10.15d
Cooling {d] Activity [Bg/g] %Error
56.92 1.68E+01 11%
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Table 9.14 Digital radioactivity data for the Inconel-625 samples. (Contined)

Code: 1C625-24-S-On Product: 3Co, Half-life: 17.53 h
Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total): 7.90E+12 0.083 8.64E+02 9.7%
Irradiation time: 00'00"45 0.71 4.38E+02 9.2%
Sample: Inc625-3 231 9.69E+01 9.7%
Weight: 0376 g
Size: 20% 20 mm, 0.1 mm' Product: *Ni, _ Half-life: 6.077d
Positiqn: On-beam Cooling [d] Activity [Bqg/g] YoError
N (Prtical): 3.54E+12 071 3.04E+01 3%
2 . 2.31 5.66E+01 9.4%
Product: Na, Half-life: 14.9590 h 4.15 5.16E+01 18%
Cooling [d] Activity [Bqg/g] %Error
0.083 3.29E+02 11% Product: ¥Ni,  Half-life: 35.60 h
(2):73: ;'3(2)?'02 9.3% Cooling [d] Activity [Bq/g] %Error
: 20E+01 13% 0.083 L11E+03 7.4%
5 . 0.71 8.85E+02 6.6%
Product: K, Half-life: 12.360 h 231 3.90E+02 6.3%
Cooling [d] Activity [Bg/g] %oError 4.15 1.71E+02 11%
0.083 3.85E+02 42%
0.71 2.00E+02 26% Product: ®%Zr,  Half-life: 3.27d
Cooling [d] Activity [Bg/g] YError
Product: *“"Sc, Half-life: 58.6 h 0.71 1.19E+02 14%
Cooling [d] ACtiVity [Bg/g] %FError 2.31 8. 44E+01 8.1%
0.71 1.48E+02 13% 4.15 5.36E+01 19%
2.31 1.08E+02 7.4%
4.15 4.92E+01 20% Product: *®Nb,  Half-life: 14.60 h
Cooling [d] Activity [Bq/g] 9Error
Product: *Sc, Half-life: 83.79 h 071 6.02E+02 10%
Cooling [d]  Activity [Bq/g] %Error 2.31 2.50E+02 9.1%
0.083 2.11E+03 5.9% 4.15 4.04E+01 16%
0.71 2.83E+02 8.8%
2.31 9.46E+01 7.7%
4.15 5.51E+01 19%

Product: *'Sc,

Half-life: 3.3492 d

Cooling [d] Activity [Bq/g] Y0Error
0.71 1.12E+02 18%
2.31 7.66E+01 9.4%
4.15 6.98E+01 18%

Product: “Cr,

Half-life: 21.56 h

Cooling [d] Activity [Bqg/g] %Error
0.71 6.45E+01 26%
2.31 1.51E+01 24%

Product: >%Mn,

Half-life: 5.591 d

Cooling [d] Activity [Bq/g] %Error
0.71 1.83E+02 10%
2.31 1.23E+02 7.0%
4.15 9.35E+01 13%
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Table 9.15 Digital radioactivity data for the Inconel-718 samples.

Code: 1C718-2.83-S-On Product: *Co, Half-life: 77.27d
Incident proton energy: 2.83 GeV Cooling [d] Activity [Bq/g] YError
N,(Total): 2.33E+13 7.06 2.56E+01 10%
Irradiation time: 0007"31 61.98 1.61E+01 5.6%
Sample: Inc718-1
Weight: 227¢ Product: ¥'Co,  Half-life: 271.79d
Size: 30x 19 mm, 0.5 mm' Cooling [d]  Activity [Bg/g] %Error
Position: On-beam 0.46 2.88E+01 17%
Ny(Prtical) 6.41E+12 7.06 2.23E+01 8.4%
61.98 2.08E+01 5.5%
Product: 'Be, Half-life: 53.29d
Cooling [d] __ Activity [Bq/g] JoError Product: ®Co,  Half-life: 70.82 d
61.98 6.05E+00 43% Cooling [d]  Activity [Bq/g] %Error
. 0.15 1.24E+02 11%
Product: **Na, Half-life: 14.9590 h 0.46 1 30E+02 71%
Cooling [d] Activity [Bq/g] 9YError 7.06 1.31E+02 5.6%
0.150 4.01E+02 5.9% 61.98 7.76E+01 5.1%
0.464 3.07E+02 5.5%
Product: ¥'Ni, Half-life: 35.60 h
Product: *K, Half-life: 12.360 h Cooling [d] Activity [Bg/g] %Error
Cooling [d] Activity [Bg/g] Y%Error 0.15 8.51E+02 6.2%
0.150 4.39E+02 13% 0.46 7 49E+02 5.9%
0.464 3.10E+02 9.8% 7.06 3.22E+01 9.5%
Product: *™Sc,  Half-life: 58.6 h Product: ®7Zr, Half-life: 3.27 d
Cooling [d] Activity [Bq/g] JoError Cooling [d] Activity [Bq/g] %Error
0.150 2.30E+02 9.0% 0.15 5.59E+01 19%
0.464 2.15E+02 6.4% 0.46 7.62E+01 9.39%
7.06 3.05E+01 8.8% 7.06 1.70E+01 14%
Product: **Sc, Half-life: 3.927 h
Cooling [d] Activity [Bqg/g] %Error
0.150 1.75E+03 5.2%
0.464 6.48E+02 5.3%
7.06 2.97E+01 9.5%
Product: “**Sc, Half-life: 3.927 h
Cooling [d] Activity [Bq/g] %Error
7.06 7.45E+00 21%
61.98 6.50E+00 7.1%
Product: 3'Cr, Half-life: 27.702 d
Cooling [d} Activity [Bqg/g] %Error
7.06 1.39E+02 14%
61.98 3.68E+01 9.5%
Product: **Mn, Half-life: 312.3d
Cooling [d] Activity [Bqg/g] Y%Error
7.06 8.93E+00 19%
61.98 6.24E+00 71%
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Table 9.15 Digital radioactivity data for the Inconel-718 samples. (Continued)

Code: 1C718-24-L-On Product: *7Zr, Half-life: 83.4 d

Incident proton energy: 24 GeV Cooling [d] Activity [Bq/g] %Error
N, (Total): 1.48E+15 55.75 2.16E+02 5.3%
Irradiation time: 01'59"59

Sample: Inc718-2 Product: **"Nb,  Half-life: 10.15 d

Weight: 238¢ . Cooling {d] Activity [Bq/g] %Error
Size: 30x19 mm, 0.5 mm 55.75 1.11E+02 6.5%
Position: On-beam

N,(Prtical): 7.03E+14

Product: Be, Half-life: 53.29 d
Cooling [d} Activity [Bg/g] %Error
55.75 1.45E+03 5.8%

Product: *Na, Half-life: 2.6019 y
Cooling {d] Activity [Bq/g] %Error
55.75 3.64E+01 9.5%

Product: **Sc, Half-life: 83.79 d
Cooling [d] Activity [Bg/g] YError
55.75 7.80E+02 . 5.1%

Product: >'Cr, Half-life: 27.702 d
Cooling [d] Activity [Bg/g] 9Error
55.75 6.51E+03 51%

Product: *Mn, Half-life: 312.3d
Cooling [d] Activity [Bq/g] %Error
55.75 1.08E+03 5.0%

Product: **Co, Half-life: 77.27 d
Cooling [d} Activity [Bqg/g] % Error
55.75 2.96E+03 5.0%

Product: *Co, Half-life: 271.79 d
Cooling [d] Activity [Bg/g] %Error
55.75 3.50E+03 5.0%

Product: °%®Co,  Half-life: 70.82 d

Cooling [d] Activity [Bg/g] %Error
55.75 1.23E+04 5.0%

Product: °Se, Half-life: 119.779 d

Cooling [d] Activity [Bqg/g] %Error
55.75 6.23E+01 8.8%
Product: %Y, Half-life: 106.65 d
Cooling [d] Activity [Bqg/g] 90Error
55.75 1.63E+02 5.6%
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Side, top and front view of the mercury target. The target container was made of stainless steel with
2.5 mm in thickness. The acrylic bar was used to set the activation detectors for measurement of
neutronics performance of the mercury target. The xy-axes in the front view are used to show the
shift of the proton beam center and the FWHM in Table 3. The origin of the coordinate axes was set
at the center of the circles with 200 mm in diameter.
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The total thickness of each bunch is 1~2cm. The

Arrangement of the samples in each bunch.
irradiation code like "24-L-On" means incident proton energy, irradiation time-length and sample

Fig. 4

The symbols of "L" or "S" show long or

The incident proton energy is shown in GeV.
short-irradiation, respectively. (The parameter for each irradiation are tabulated in Table 2.)

position.

llonll

The sample code like Bi-51(2") shows

abbreviation of material name, ID number and the thickness in mm. The size of each sample is

and "Off" show the on- and off-beam position, respectively.
shown like "20x20" and "20*", where "20®" means 20 mm diameter.
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Fig.5 - Configuration of the proton beam monitors. The size of the copper and aluminum foil was 220 mm
%X 200 mm, and 0.2 mm and 25 pum in thickness, respectively. "SWIC" and "CHIDORI" are beam-

profile monitors '?.
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Fig. 6 Experimental cross section data for the "'Cu(p, x)*Na reaction. The line shows the eye-guided curve.
The cross sections were evaluated to be 3.5 £ 0.5 and 3.5 £ 0.2 mb at 2.83 and 24 GeV, respectively.
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Fig. 10  Variation of counting rates of 411.8 keV gamma-ray for the bismuth sample irradiated at on-beam

position (E;=24 GeV) as a function of cooling time. The solid line shows the decay curve fitted to
the experimental data, and the two dotted lines show the components of '**T1 and '**#Au.

10% ——————————

Bi-2.83-L-On
o 279.2 keV 1

—
(=)
w
..

Counting Rate
2

10' L

10°

10-‘-....
0 20 40 60 80 100

Cooling Time [d]
Fig. 11  Varation of counting rates of 279.2keV for the bismuth sample irradiated at on-beam position

(E,=2.83 GeV) as a function of cooling time. The solid line shows the decay curve fitted to the
experimental data, and the two dotted lines show the components of **Pb and **Hg.
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Full-energy-peak efficiency curves of the HPGe detectors of JAERI #1 and #2. The closed circles
show the experimental results measured with standard sources, and the lines show the fitting curves.
The Eq. (2.2) was used for the fitting function. The fitting parameters are also tabulated in the
figures.
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Variation of the counting rate of 1369-keV y-rays of *Na as a function of a dead time for the detector
of JAERI #2. The shaping time constant of the spectroscopy amplifier was 3 psec. In this
measurement, other standard sources, '*Ba, '2Eu, etc., were used to increase the dead time. The data
were normalized to the values extrapolated to D = 0%. The line shows the fitting curve; the fitting
function and parameters are shown in the figure.
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Fig. 14.1 Radioactivity of the iron samples for the long irradiation at the on- and off-beam positions with

the incident proton energy of 2.83 GeV. The experimental data for the major products are shown
with the fitting curves.
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Fig. 14.2 Radioactivity of the iron sample for the short irradiation at the on-beam position and that for the
long irradiation at the off-beam position with the incident proton energy of 24 GeV. The
experimental data for the major products are shown with the fitting curves.
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Fig. 15 Radioactivity of the copper samples for the long irradiation at the on-beam position with the

incident proton energy of 2.83 and 24 GeV. The experimental data for the major products are
shown with the fitting curves.
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Radioactivity of the niobium samples for the long irradiation at the on- and off-beam positions
with the incident proton energy of 2.83 GeV. The experimental data for the major products are
shown with the fitting curves.
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Fig. 16.2
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experimental data for the major products are shown with the fitting curves.
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Fig. 17.1 Radioactivity of the mercury-oxide samples for the long irradiation at the on- and off-beam
positions with the incident proton energy of 2.83 GeV. The experimental data for the major

products are shown with the fitting curves.
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Fig. 17.2 Radioactivity of the mercury-oxide samples for the long irradiation at the on- and off-beam

positions with the incident proton energy of 24 GeV. The experimental data for the major
products are shown with the fitting curves.
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Fig. 18.1 Radioactivity of the lead samples for the long irradiation at the on- and off-beam positions with

the incident proton energy of 2.83 GeV. The experimental data for the major products are shown
with the fitting curves.
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Fig. 18.2 Radioactivity of the lead samples for the long irradiation at the on- and off-beam positions with

the incident proton energy of 24 GeV. The experimental data for the major products are shown
with the fitting curves.
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Fig. 183 Radioactivity of the lead samples for the short irradiation at the on- and off-beam positions with

the incident proton energy of 24 GeV. The experimental data for the major products are shown
with the fitting curves.
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Fig. 19.1 Radioactivity of the bismuth samples for the long and short irradiation at the off-beam positions

with the incident proton energy of 2.83 GeV. The experimental data for the major products are
shown with the fitting curves.
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Fig. 19.2 Radioactivity of the bismuth samples for the long irradiation at the on--and off-beam positions
with the incident proton energy of 24 GeV. The experimental data for the major products are

shown with the fitting curves.
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Fig. 19.3 Radioactivity of the bismuth samples for the short irradiation at the on- and off-beam positions

with the incident proton energy of 24 GeV. The experimental data for the major products are
shown with the fitting curves.

—115—



This is a blank page.




E R R (SI) &R«

*1 SIHEARHULE K ORI b2 F2 SILHFHI NS HNL %5 SIHUHE
it % % i B %W ® B fm | s | B %
R’ XA - b0 m 4r, B, H | min, h, d 10| x 7 ¥ E
" FEER-I AN kg N N - 2 00| <~ % P
[ ] P s vy b |l L 10% | 7 7 T
4 w7 v R 7 A N vt 10| ¥ 4 G
BAHERE (Y v ¥ v K BEFELEL | eV 10°¢ A H M
M O Rix )12 mol PR | u 10° | * o] k
x glh v F 7 cd 102 | ~ 27 b h
TE T mls 5 o raa 1 eV=160218x10 ") 10| ¥ # da
v Ok f|RFIVTY ST 1 u=166054x10 kg w7 d
1072 £ v # c
10 %] = D} m
£3 WHOBRFRE L HOSIE B 105 =420 1
rea | MO STHLE x4 SIEHICHENIC 107 ¥ /7 n
& R ATy T HEFF & 25 B 10 v = p
] ¥ B~ A Y| Hz| s H B i g 107 7= 4k f
H = a2a—=}F N m.kg/sz Ay FAra—A A 1078 7 k a
£ H . W h|t A A | Pa N/m?* » - > b N
TEA¥—ftd M|y 2 — 4| J | Nem s — | bar (%)
7]‘_ ;g, m g;j * 7 W |. W .I/S ﬁ v Gal 1. 221 - 5 ‘i r@%ﬁ&;fﬂ %5’&, EI%
AR ,EM| 7 — v v C As ¥ 2 0y - Ci ERES 1985FETHc L 3, #7L,1eV
&y, I, REH|X AL PV W/A L v b R BXU] uDffIZCODATANDIIB6F H#EE
W 4 & ®|7 7 7 F| F C/v 3 F rad fEic k-7,
3 [. —
LA AL Qg VA 2 4| rem 2. RAWCHBY, /v b, T—A, ~IF
avy oYy R|T=-ALA| S AN A bAENTYDAAROME DTS
"3 Hwlw = — N Wb Vs 1 A=0.Inm=10""m ! T AR ORELZNT
W OR #® K|y A 7| T | Wbm® 1 b=100fm*=10 **m? S THARL T,
vy 2 vy al~v = QH Wb/A | bar=0.1MPa=10°Pa 3. bar i, JISTRAEEDENEZEDTH
e ARE|RAVVTIAK] C B s Az 2 AIPEYF2DHTFITY) —icBEhTe
" gln — 2 o m cdesr 1 Gal=lcm/s*=10""m/s 3
fod gl 2 2| x| myme 1Ci=3.7x10"Bq :
t ] m/m N 4. ECHBETLE4 T} bar, barnE &
i &t | 7 L | Bg s 1 R=2.58x10""C/kg an 7
, U TUED ) mmHg#R2DAHFIY
m W ® R|7 L 4| Gy | Jke I rad=1cGy=10""Gy —ARTVE
g ' T Bly—<AF]| S J/kg 1 rem=1cSv=10"%Sv °
¥ " 3
51| N(=10°dyn) kgf Ibf £ | MPa(=10bar)| kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 101972 9.86923 7.50062 % 10? 145.038
9.80665 1 2.20462 N1l 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m?*)=10P (7 X)(g/(cm-s)) 1.33322%10"* [ 1.35951x10 # | 1.31579%107* 1 1.93368x1072
BRE  1m?/s=107St(A b — 2 2)(cm?/s) 6.89476 x107%7.03070x1072 | 6.80460%10 * 51.7149 1
; J(=107 erg) kgf-m kW-h cal(it# ) Btu ft-1bf eV 1 cal= 4.18605J (it&i%)
o ] 0101972 | 2.77778x10°7| 0.238889 | 9.47813x10 *| 0.737562 | 6.24150x10" = 4.184) (L)
] 9.80665 1 2.72407x10°%|  2.34270 0,29487x107*| 7.23301 6.12082 x10'° - 4.1855] (15C)
# 3.6x10° 3.67098 X 10° 1 8.59999 x 10° 341213 2.65522x10° | 2.24694 x10% = 4.1868]) (HEZELRHX)
% )
. 4.18605 0.426858 | L16279%10 ¢ 1 3.96759x107%|  3.08747 2.61272x10" gy | PS(ILEH)
M -
B 1055.06 107.586 | 2.93072x10~*| 252.042 1 778172 6.58515 x10? - 75 kaf-m/s
1.35582 0138255 | 3.76616x107{ 0.323890 | 1.28506x10°* 1 8.46233x10® _ 735.499W
160218 x10 ¥ | 1.63377 x1072| 4.45050x107%| 3.82743x10-%°| 1.51857 X102 | 118171x10" " 1
4 Bq Ci % Gy rad %ﬂj C/kg R @ Sv rem
g 1 2.70270x10"" ;é 1 100 & 1 3876 § 1 100
3.7x10" 1 0.01 1 2.58x107* 1 0.01 1

(86412 H 26 O BTE)




Measurement of Radioactivity Induced by GeV-Protons and _m_uw__wzo: Neutrons Using AGS Accelerator
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