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Optimization of FACS Aria for Side Population cells analysis using the 405 nm Violet
semiconductor laser
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Abstract

Side population (SP) analysis has become an important method for defining the stem cell-related
studies. Particularly, this method has a unique advantage in the detection of stem cells and in their
physical isolation by fluorescence-activated cell sorting (FACS). SP cells are generally detected using
ultraviolet excitation based on the fluorescence of Hoechst 33342. However, the protocol is difficult for
most investigators to perform because the steps for setting the right experimental and acquisition
conditions are complex and multiple and extensive expertise is required in flow cytometry for the
accurate detection of SP events.

In this study, we described a technical parameter for the detection of SP cells using FACS Aria, which
is a Joint Use facility and an equipment of NIRS. This FACS Aria is not equipped with a UV laser unit,
instead a semiconductor violet laser unit is available for Hoechst 33342 and other fluorescence used for
live cell staining. Details regarding optimization of parameter setting and analysis are shown.

Keywords: FACS, 7 &z—%#-7 ;X ;Y —, SP, Side Population Cells, MK, 2 —F 1>
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PI (Propidium Iodide) : Molecular Probes
Hoechst33342 : Moleculer Probes
Hoechst33258 : Dojindo
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+ FSC ND Filter Assembly : 2.0
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Survival ratio by Nozzle , Pressure and Flow Rate
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MR BT DHERBOEIRNC T 5 C57BL/6J BFF DK « BARED LB

Comparison of Developmental Competence of In Vitro Fertilized Embryos Obtained from
Prepubertal to Pubertal C57BL/6J mice of Various Ages

SRR R YL OKH AR RIH RS Ok SRR
MOESEL RE N BOK B

LAFFERAR o 7 — WFTERARETER M TEHEERR, 29 A = X - —E'R

®HE

Prepubertal females have often been preferred for procuring oocytes in laboratory and domestic animals.
However, oocytes from prepubertal animals are less competent to develop into fetuses than those from
mature animals. In this study, we compared the developmental competence of oocytes from animals of
various ages (3-6, 8, and 10 weeks old) to examine the efficiency of using prepubertal animals as oocyte
donors for in vitro animal production, and to elucidate the age at which animals acquire full developmental
competence. Oocytes from superovulated C57BL/6J females at various ages were collected and fertilized
in vitro, and subsequent development was examined by in vitro culture and embryo transfer. Total numbers
of ovulated oocytes reduced with age and a significantly higher percentage of morphologically normal
oocytes were obtained from 3-week-olds animals (99%) than from animals of other ages (<86%, P < 0.05).
No significant differences were observed in percentages of fertilization (=97%). Development to 2-cell
and blastocyst stages in vitro, nuclear numbers in blastocysts and fetus development after embryo transfer
on day 19 of gestation were lowest in embryos from 3-week-old animals than those from older animals.
These results indicate that the quality of oocytes from juvenile mice was different and that oocytes
acquired full developmental competence from 4-week-old or later.
Keywords: Juvenile mice, in vitro fertilization, in vitro development, fetus development
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Figure 1. Representative pictures of normal ova (A), small blastomere (B) and fragmented ova (C).

-

Note the larger peri-vitelline spaces (arrows) in ova in (B) than those of in (A).

Table 1. The numbers of ovulated ova from various ages of C57BL/6J mice and their morophological

classification?.

Age No. ov[:llg'ted Total no. ova Noﬁé:/riail)\\/l/: o Fr;zz]ggt?gsva Small size
(weeks)  females females (Mean + MSE) at 6 h Pl Total (%) %)
3 15 12 358 (30% + 6) 353 (999 + 1) 5 1 (20) 3 (60)
4 15 13 403 (319 + 3) 324 (82¢ +5) 79 63 (80) 16 (20)
5 15 13 285 (22°7 + 2) 207 (76°7 £ 5) 78 55 (71) 23 (29)
6 15 15 301 (20f £ 2) 207 (72 + 4) 94 45 (51) 38 (40)
8 15 15 317 (21°'+ 2) 221 (70" + 4) 97 77 (79) 20 (21)
10 15 14 337 (24%" + 3) 292 (86° + 2) 45 14 (31) 31 (69)

& Mice were injected with 5 iu PMSG and hCG 48h apart.

b Percentages of total ova ovulated. Percentage data were transformed by arcsin transformation and analyzed by

ANOVA.
¢ Percentages of total abnormal ova.
49 Significantly different in the same column (P < 0.05).
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Table 2. Fertilization and first cleavage division of ova from various ages of C57BL/6J mice®.

Age (weeks) Total no. of normal ova at

No. (%" + MSE) ova with

No. (%" + MSE) 2-cell at

6 h Pl pronuclei at 6 h Pl 24 h Pl
3 353 346 (97 £ 2) 323 (92°+2)
4 324 315 (98 + 1) 312 (979 + 1)
5 207 201 (98 +1) 192 (92¢ £ 3)
6 207 206 (99 +1) 206 (99¢ + 1)
8 221 215 (97 +2) 213 (99% + 1)
10 292 289 (99 +1) 288 (999 + 1)

& At 6 h post-insemination (PI), ova with normal morphology were removed of cumulus cells and examined for
pronuclear formation under dissecting microscope and cultured in KSOM with amino acids under 5% CO3, 5% O;

and 90% N..

b Percentages of normal ova at 6h post-insemination.
and analyzed by ANOVA.

¢d Significantly different in the same column (P < 0.05).

Percentage data were transformed by arcsin transformation

Table 3. In vitro development of IVF 2-cell embryos from various ages of C57BL/6J mice at 96 h P12,

No. (%P + MSE) of embryos at 96 h Pl

No. 2-cell
Age (weeks) cultured Morulae and | Expanded Hatching
blastocysts Blastocysts blastocysts blastocysts

3 94 75 65 60 58
(81° £ 3) (69° £ 3) (64°+ 4) (62°+1)

4 96 92 89 88 88
969+ 2) (939+1) (929 + 1) 929+ 1)

5 36 35 35 34 34
979+ 3) 979+ 3) (959 + 5) (959 + 5)

6 36 36 35 35 35
(1009 + 0) 979+ 3) 979+ 3) 979+ 3)

8 107 103 103 103 101
979+ 3) (969 + 1) (969 + 1) (949 + 2)

122 121 121 121
10 125 (989 + 1) (989 + 1) (979 + 1) (979 + 1)

2 IVF embryos were cultured in KSOM with amino acids for 96h in KSOM with amino acids under 5% CQO,, 5% O,

and 90% No.

b Percentage data were transformed by arcsin transformation and analyzed by ANOVA.
o Different superscripts indicate significant differences in the same column (P < 0.05).
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Table 4. The numbers of nuclei (mean + MSE) of blastocyst at 96hr PI?

Age (weeks) No. of nuclei® (n)
3 58.2°+3.1(27)
4 62.1 + 3.7 (15)
5 63.5¢ 5.0 (11)
6 64.2% + 4.0 (13)
8 66.7¢ + 1.7 (40)

10 65.19 £ 1.5 (60)

2 Blastocyst were fixed and stained by Hoechst 33542 for counting nuclei.
b Data were analyzed by ANOVA.
°d Different superscripts indicate significant differences in the same column (P < 0.05).

Table 5. Development to fetus after ET of IVF embryos from various ages of C57BL/6J mice?.

b
Age (weeks) No. recipient  No. pregnant ’\:fénesrpe?:zgs Implanta':I:r; (s(:/:e + MSE) —
3 6 6 9 71 (74°+7) 45 (47°+ 9)
4 6 6 87 80 (907 + 5) 61 (68" + 8)
5 6 5 62 56 (907 + 5) 42 (68% + 4)
6 6 5 64 61 (96" + 3) 46 (759 + 7)
8 6 6 84 74 (89 + 5) 64 (779 + 6)
10 6 6 88 81 (92¢+2) 65 (74 + 6)

a 2-cell embryos at 24 h Pl were transferred into the oviducts of Day 1 (the day of copulation plug formation) of
pseudopregnancy. All recipient mice were Jcl:ICR(MCH). On day 19 of gestation implantation and fetus
development were examined.

b Percentage data were transformed by arcsin transformation and analyzed by ANOVA.

° Different superscripts indicate significant differences in the same column (P < 0.05).

Table 6. Efficiency of fetus production from ova of various ages of female mice. ?

Age (week) Estimate no. fetus obtained from Estima‘ge no. fetus ok_)tained
100 ovulated oocytes from individual animals
3 42.8 10.1
4 54.1 14.1
5 475 8.7
6 535 10.3
8 53.4 11.2
10 63.0 15.1

& Numbers are calculated from the average number of normal ova ovulated from each animal (Table 1) x % of
2-cell embryos (Table 2) x % of fetus developed after embryo transfer (Table 5).

18



KA, #5- I s SR ORI R 2 MR I 3
T % B Rl DR RE L OB AR D IRt
FEIZOWTHR, 2O REZZNZFN Table 7
BROBITR LT, Rlflis DOEFRITONTIE

IRDEARFE AL RE SRS L TN 2RV HTRERR oD {1

PRI ESR X0 AR - T, WD ik T
1 3 B R Sk O BRFEIRAS, 16% DR {F-56 8 2R
ElBIRLS . TR o BRI L » HEIC

WSS A BT R S o T, BlER DR
IOV TR, 10 T8 fnik F SRR LIS C Bifs

&Ko7,

Table 7. Survival of frozen-thawed I'VF 2-cell embryos from various ages of C57BL/6J mice®.

Total no. of frozen

No. embryos with normal morphology

Age (weeks) embryos (n) Recovered after thawing (% + MSE)
3 318 (12) 317 288 (92 +3)
4 279 (10) 275 268 (96 £ 1)
5 131 (9) 129 126 (96 £ 2)
6 71 (4) 69 63 (88 £ 5)
8 113 (6) 110 108 (95 + 2)
10 166 (9) 165 160 (97 £ 2)

2 Embryo were vitrified by EFS method approximately 24 h post-insemination at 2-cell stage.

Table 8. Development to fetus after ET of frozen-thawed IVF embryos from various ages of C57BL/6J

mice.
Age No. pregnant No. embryos No. (%" + MSE)
(weeks) Treatment females transferred Implantation site Fetus
Unfrozen 5 78 55 (71°+9) 27 (35°+ 10)
’ Frozen 16 288 197 (69° + 4) 46 (16*° £ 2)
Unfrozen 5 70 67 (949 £ 5) 54 (749 7)
’ Frozen 13 249 218 (87 + 3) 122 (49*9 + 4)
Unfrozen 3 32 29 (93¢+7) 23 (76% + 14)
° Frozen 9 126 111 (88% + 4) 63 (50% + 7)
Unfrozen 3 36 34 (949 £ 3) 30(83+5)
° Frozen 5 76 64 (83% + 4) 42 (54*9 + 6)
Unfrozen 5 60 56 (93 + 4) 50 (839 £ 6)
° Frozen 6 98 77 (75%%+ 9) 46 (479 + 4)
Unfrozen 5 72 64 (89 + 3) 51 (719+ 4)
1 Frozen 9 160 133 (849 + 5) 89 (559 + 4)

& Embryo were vitrified by EFS method approximately 24 h post-insemination at 2-cell stage.
were transferred to ICR (MCH) recipient mice on day 1 of pseudopregnancy. On day 19 of gestation implantation

and fetus development were examined.

b Percentage data were transformed by arcsin transformation and analyzed by ANOVA.
o percentages with different superscript among the same treatment (frozen and unfrozen) were significantly different

(P<0.05).

* Significantly different from unfrozen control in the same age group (P<0.05)
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Preparation of cell dishes for studies using a Single-Particle Irradiation system to
CElIs(SPICE).

ARCHECRIED TR IR A Y DR RSt U — L 22 /N BERE

=

T Z et SRR I

) WFFEEAR
) WFGEHAR T o 7 — PSR AR BN F

o

ARG E AT BA FE R

BE

The micro-beam irradiation technique has become a powerful method in radiation biological studies.
In brief, the SPICE-NIRS microbeam can target cell nuclei, cytoplasm, or both automatically with a

defined number of protons. For example, a cell sample with 3000 cells per dish can be irradiated
within 15 minutes including all the necessary procedures such as image capturing and cell recognition
analysis. However, there are several limitations in both machinery components such as microscopes,
beam lines, sample stages, biological aspects, cell lines, and cell dishes and in fluorescence staining,
which is necessary for targeting; these limitations needs to be overcome for accomplishing this
performance.

In this study, we present a protocol for constructing the cell dish that was specially designed for the

SPICE-NIRS microbeam. The dish consists of four components as follows: (1) ring, (2) base (both
assists to sandwich thin film and screws), (3) thin film (for attachment of the cells), and (4) screws (for
fixing the other components). The dishes are not disposable and may be sterilized and reused for each
beam time by researchers. This protocol is written in both Japanese and English for domestic and foreign
researchers.

Keywords: Microbeam, Low dose radiation, Radiation biology

*Corresponding Author:
Ik d#EFFS (Alisa Kobayashi)
e-mail: a_koba@nirs.go.jp
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2. SPICE FR& FIMlIfE M 44K~ The specification of SPICE dish

SPICE MRS AL D BALIAER Sy (Vv 7« N—=2 « ) &, Tkl - Mm((X 1)<
HEFENTELOEFEH LTV,

The frame parts (ring, base and screws) of the SPICE dish are designed according to the specifications
below.

[ 114 The specifications]
OMEHIA T » L AT & % 4, The material should be stainless steel.
@~HEIX. 50 mm x50 mm X5.6 mm,”Dimensions : 50 mm x50 mm 5.6 mm
@TFTHEHIIH T AL =TT A ML & 4%,/
The under surface should be treated with bead blasting.
DR L ) TR b D3 VITIE. NAF Y v TRV e HnsE/
The hexagonal screws should be used for tightening up the ring and base.

50

e Y2

| N
(@]

1. SPICE RSt iMoo [X i Diagram of SPICE dish. (All lengths in mm)
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3. MOBEIZHERE B/ Tools needed to make the dish

H RIZFLUT LT L— NME(~A T
—M{EZ, Chemplex, 100)

HL<IE

% R 7a B L U EE(Chemplex, 425)

Blue: Polyethylene terephthalate film (Mylar®
film)

or

Violet: Polypropylene film

SpectroCertified” Thin-Film Sample Supports
POLYPROPYLENE FILM

CAT. NO: 425

Gauge: 0.00024", 0 wry, 024 i, 60,960 A
Typeal tmpurden, PPM. G, P, Fe, 20 Co, 21 TL A

Chemplox® INDUSTRIES, INC.
2820 SW AZ™ Avene, Puim City, F1L 34005673, LISA

RS/
VS
Rz

R UMD LTS LT 6 &)

+ Ring
- Base
+ Screws ( 6 screws for 1 dish)
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c A7 Y 2a— RT7 A — K44, 2.5 mm)
- TA7
cBoEvY Yy 7R

+ Screwdriver (Type : Hexagonal, 2.5 mm)
« Utility knife
* Black oily felt pen

« A7 A KHZ A (75 mm x 25 mm)

MICRO "
SLIDE GLASS

Trickness 10-12m

Pre-Cleaned ToX 2bm
100 Pes

AR .2
s-m2

+ Glass slide (75 mm x 25 mm)

N
(A>T 4 > 77 —7™ 3M, 12 mm X 50 m)

- Tape (Mending tape®)

28




4. SPICE FHffa I DAL T J5 /How to assemble the SPICE dish

Uo7, R—A 3SR LN O Rl B I8 20 0 &8 Tl LT3 < (140°C/20 47).

The ring, the base and the screws should be sterilized (140°C/20 minutes) in a dry heat sterilizer from

the day before.

1

MSAEEIZTRTI Y= R F O TIT S
HHERHATO%—Y ) — L% ) 7 R—=Z XVIIR
ENTFA—F =TI H 5D,

W% N — 2 ORI 072 )% iz L, RE
—AREKRBNBEONDL L IIZDOED |

Upper side (%) | Bottom side (3£)

The Procedure must be done on a clean bench

Spray 70 % ethanol on the base, the ring, and the screws
and them apply heat from a burner to evaporate the
ethanol. After it has dried, place the base on the bench
with the upper side face up. Then, cover the base with
film.

Smooth Rough
surface surface

MO EF « ERICAVYT 4 T T7—T%
HED . BERENED L 92T 5,

Fix the film with the tape. First, tape the upper edge of
the film.

2" pull the opposite edge and tape it to keep it tight.
Then, tape the left and right sides.

R—=2D LI T HFEDH, ZDOLE, FTNETH
DRI ROMNEEEDED,

Put the ring on the base and line up the screw holes.
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FPENICAIN, VT 2T,
—EM L7 BB 220,

Put the screws into the holes, but do not turn the screws yet.
Push down on the ring hard without pressing directly on the
SCrews.

RARI R T ERED D, TIZEOFDT, AT
fEd T <,

Now tighten the screws. Firstly, tighten each screw
gradually until there is a firm contact. Do this with all 6
screws. Then tighten strongly. Best results are achieved by
tightening the screws in the order shown below.

REYDIEZ U v 7 DRI - TE 0 B,

Cut off the rest of the film along the edge of the ring using a
knife.
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FHNZ Ry b~ TT70 %= / —/1(87261,7 HH
Y& 1ml Nz, R L W0z iEas L7-%IC
By b THRERS,

Pour 1 ml of 70 % ethanol into the well of the dish and
check for leaks. Then remove the ethanol with a pipette.

UVIA RNEEITEZ Y —2R_ROFNT 1645 sz S
w5,
(ERME L LIENHLT 50 THE)

The remaining 70 % ethanol should evaporate in about
15minutes.While waiting for the ethanol to evaporate,
sterilize the dish using UV light.

Attention!

Do not to use UV for more than 15 minutes as the film will
be damaged.
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5 BEXDEXFH How todraw the line

1 | AFX

MAEEIZRL, *EHKICATA FHT A
EHDED, 20L& T EENMBEIZR TN
boHZeufR L, MOE5I<, W%
AT ED LERT D O THE)
ERE L%

Right handed :

Put the dish on the bench with the base
facing up. Draw the targeting lines on the

Right handed

film using the slide glass and a black magic
marker. Place the slide glass on the *left
side of the dish and draw a vertical line
from the upper screw to the lower screw.
(Do not break the film.)

Left handed : *right

2 | BOEICEDILE OCRIHEDE [|
BIL, SICATA K7 A% Abt, | | B oo
@%3I<.

Rotate the dish 90°C, anticlockwise. Now
draw the second line to divide the aperture

into 4 sections.

3 | 7k

Finish.
The dish should be in this position when
operating the SPICE.
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BEPFCEA SN 7 B LD 30 EFORET —F 12O\ T

— ¥ - MFEAFET —F 2N —

Quarantine inspection Data of Macaque monkeys introduced for over 30 years in
NIRS
-Blood and Serum Chemistry Data-

HH AME Y AR EED RT 152

OiF7e et o 2 — WFGEHAEEANER AMF e HEHERR
DNMEBERE 7 — =

Abstract

Non-human primates (macaque monkeys and common marmosets) have been used for studies on the
genetic risks of radiation and brain function, since crab-eating macaques were first introduced in National
Institute of Radiological Sciences (NIRS) in 1972. In order to control the hygiene and health conditions
of non-human primates, we developed a primate health database system in 2006. \We then developed a
new database system with enhanced functions for animal searches and extraction to support both animal
health management and legal document preparation in 2011. Using this database system, we analyzed
blood and serum biochemical values from the results of quarantine inspection of 173 macagque monkeys
introduced in NIRS since 1979.

Keywords - laboratory animals, non-human primates, quarantine, blood test

*Corresponding Author:
HF 4% (Hironori Shigekane)
e-mail: h_shige@nirs.go.jp
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Present status of the neutron exposure accelerator system for biological effect experiments
at NIRS 2013
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The neutron exposure accelerator system for biological effect experiments (NASBEE)[1] installed in
the low dose radiation effects research building of the National Institute of Radiological Sciences (NIRS)
in Japan generates neutrons from a beryllium target by deuterium beam irradiation from a predominantly
2 MV tandem accelerator. There are two separate irradiation rooms, one being a conventional room for
studies in biology and physics, another for the irradiation of mice, rats, etc., in a Specific Pathogen Free
(SPF) environment. Since the open for research use in 2003, the system has been used by many
researchers both from within and outside of the institute. The ion source is a multicusp ion source, using
deuterium and hydrogen gas, it can output 500 pA deuteron beams and 1mA proton beams respectively
from the ion source outlet. In this report, we introduce the features of this equipment, as well as explain
some of the troubles that have occurred around the ion source.

Keywords: NASBEE; £ 4R IEG ; KB It : BB, ~ /b FH X 7

*Corresponding Author:
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e-mail: nsuya@nirs.go.jp

43



LIiXC®IZ

FEEEMFIZ 2003 F2HEA I 7o, HPETR
W B 4 & (NASBEE Neutron exposure
Accelerator System for Biological Effect
Experiments) (X 1) X 1 ADOKHE & EHAKFE
DINFAATA T PWEHA, 22737 B
7215 T~ 7%y RTRDDHE— L% 2MV
D& T DEENEEHIE T Z & N HK D,
AF P T oy 72l 1 Klls DX —RELF
2T =R TNHY, B =430 KV TH &
HEN5, IEEHEIA T4 XA 71T
HAE O IR IS ER AR 15
NTCW5D, JERANE T FRIONESIR T H
STl MEasZ BT D BRICRG IR AR—
Ak b oTW, £V TA AT TE, M
HWRAKE T A0, /£ Y =7 X —F
YERY NTEFRNISIWTHITSZ &Ik
ST, HRET B R_RERAL— 2PN T
£ 927> Tn%, AL, NASBEE ¥ 27
LM L . S ETICA A VRN TR -
N7 T NVEG] & ORERITIEIZ DWW THE T

Do

2. B ORI

2-1.NASBEE ® 2~y 7

A TA L T NEREIESR
BRI ETE 2 MV

A F PR < /vF A A7 Model SO-120
E— A 0 1mA

X —77 KB — AT H 800 pA, D 500 pA
X —3FNVEEY v 7 (2MV) 385V
E—AT A 24K (120%SPF)

BEHZ =7y b : XYY A UF UL

RY Yy ALEKFEEOR  4Be + 4D
(4MeV) — %B + Lin (392 MeV)
VFULEKREEDOR :BLI + 4p (4

MeV) “Be + n  ($2Mev) %
FEHLY =7y he A AL FEEE2HZ LI
KT E2REIETWD,

—

Terminal Voltage
7
L 15900 +2MV
Accelerator
i
]
Be,Li Target
'\ ‘-.!
£ ~| Shield
e L ST -
SPF . -
Irradiation Con\"en‘uona.l Seutaon
chamber I:“d‘;:"“ irradiation
chamber HVEE.B.V.: High current 2MV Accelerator
Model B5812
1. NASBEE DOik

44



2-2. A A PR

A A PRIE Model SO-120Multicusp = 4 7
TAF PR T D, FEXEX 21277, 4
BUIK 3ITRT, A A P PHEEZ TR LmA O
Hé DE—LZg| ST Z ENHRD, A4
VIRORERIZ 2 KD B TAT T 4 T A
N 7T X<EM, =7 ANT T3 VB,
IHEM, TAA Ly Maefiz, 7T X~
7B CIAW DI % TO RS % 2 D K ARGAT 73
V= AREETDY BT L OIS TW D,
A FUPROBENTIL 5 KW OV HIGES) A 43
Thod, Mr>A4F U PIL30KY OF[EH L
B EICd D720 mAVKITREKRIEESR 10 uS
DA X K EFT 5, A A PHEHO
T 7 — (MAKMERIEE) %4 beb\%b A
U PRINTHERS S D KB ST EIKRSE T ATE,
eV =7 LT CHESNTH AL
Ly b A F U EA~NEASND, =L
U—27 V7 DY) 82 T H ADOFERE % 3R
Hk2, 150t~ 273y FORICH DA A
BFHODOL U XRIZ0OKY OT A Y )b b
VR, BHMARXOATT Z—0nbHbH, LT
IEZEA Y [1Z21X HVEE #2453 @ Qsnout L >
A0 B — AEINHEEEIEE) L CUUR
HR D VAT KT/ > T b,

Extraction
ratiol Electrode

Plasma

=1

Magnet

Gas feed

—Fn O
Extraction Extraction Anode Filament
ZZLVJ Supply ilgct;ogs - Power Supply Power Supply
wer Supply
° N Y
2. ~</VF AT A F U PFERX

45

Gas feed

30KVET—RRHE
DiEEHM

¥ 3. vw%ﬁX74ﬁ/ﬁ

-3, EERIR L

2012 4 O EERRR A 25 7 L LT
[ 4 13, KREEERRRT 2008 BERD | I AE
HARFE 13 840 Ef] CTh o7z, =2 — W —RIITlE
W —#—35 H, sMf=—%—70 H T, 4
EOMFIEAERE ., REIPEEOFIHEZE OB 2 £%
Lo T, BEITHEHEEDAHE L, KRN0 72
BB 72 o m 7= b, (EF% ORI A 5 55 H
DO HENETE ST, IEHFIHBERE LT
X, EBIZv TR - Ty hERME o TR EL SR
HEDNIZE BNCT O MRS HI 2B 2058
FIfEDbILTWS,

Periodical
survey 4days

(X 4. JLEZFH B B9 00 3B R ]

3AFTVRBAD v T TN EBRAFBEIZONT

3-1. #—7%7 v hDBE%E
FHAKFERY VLT —0y MTIRES L,
Be(d,n)SUs 2 F M L TR &8 S8 T
WD D, AR RN R R O ST 24T 5



ERmMHBENEEZ D, T2, BHIMO%L
ERG & RN X =D IMBEDT DX —7
FOWR AT o7z, WRAN 2 D810 i)k
TR ZENED HRIZ -T2, KIEDOWEAILN T
VLT ER D E D B 20 FERNR
U U T AOHBERIRIL DA SN, F2,
WHIKEDNE L 1O RV X — 510125
BN ST, AT EE =7y MERERIZE
BHIETHEAITHHRUCEFE L, HHEKED
JEH % 25 mm /D 5mmICE 35 2 & Tt
HWARL RV BAERM L Lz, £ L TH
PEF DTN —MNRUE LT, TOHR
A B%EOX —7 > M &K 5ITRT,

WRAT

X —77y MEHEX

X 5.

324 AT 4T A FBEAE—DEE

M 6 12T LT, ALY E—L%
ML Ty ARSEE— 2R 72D, A
FARND T 4 T A FIRAVE—=INRT D &
WO FEBINE X TV, 74 T A2 MIk®
D7 4 — RANV—=IZEEINTWNWD, TV
FTEE AT U L 2ADOE RO USZIT TH
KTHEBY, E—2BHTWHRFEHELTWND
IRF DR EE 7212 K 5 BV iR O3 TR T %
ATELEbDOEEZLND, £T, KB7 4
— RZ2 =% WA Fnbiks, 74T A
K ZEROR T 2 BET LT HEIC L, L
MLT7 47 Ay Mk my JIIZTED
BRIENC & 2 BMRE O UGE D T2 O IStk 2 ede
FiEwRH USRIV & — R % HHH
BT, 22T, KIEZEIZEALEHTE T TIE
L, 747 A MWt A Kbkl o
LiAte Z SIC X D& Lz, 2Tk
0. RVE—=NETDHZ e leoTz,

46

3-3.7 4 7 A MERIZ X PO LE)
7R TEB, AAFVHT T A b
DR A OEPUEN B Lz, 77
1L 9 RKDT 4T AL N OEPUE DL & £
LTW5, 1 KHDORBBIZET L TWDRETILY
4 TA L IDNEINTZRETHY, BELZETOH%E
WEDLERADE S TH D, EF., BEER
THRPUEZ R L2 B %50 A 2 B AL
WAL TV D,

T4 AV MERICEDERMO LR

(1L/A) 78 % Ul ad

7. 747k hOEGUEDLEH)

3-4.4 F PR EIKIEEREE E O R BA

E— AT 4 = R[2]8 e B 5 e — A
DR Z @ D7 Ipo Tz, JRIKZR~RD &
TIANT I aryAly hETE CHEA
=2 XU —NEL RV TE LTy v
2 =RV DT 7T7F =1 RPN
Mo T,

E— AT 4 P REjE, KEE — A%
B A=V EEZ72 0L ) I —AHuE %
ary =I5 THDL, BIRRITIES
IRT A= —ZHREEEDO Y I v hEFEEL T
v — ABLE Z R D T AT Al o T



bHe T ATV aER, ¥—IFIIVE
JE. B, =7 A NIV a UEERRICHRA
SN —LNRT—EIHENDRRD, HD
BEMEBZ DL E— AT o P— RERAEX
HDH, EORE/NT A —H — D BLE i %
2HE BHIZA P2 B—DT 7 FT—
Ny TWHEDL LS IZR-oTND, SEO b
FITNME, =Ly v —RbVD7 77
T—h T NHESTWVWAIREETEEIZY T v
H =52 D=L —[HTHo7272D
T 7 T = TN WESR N X T,
T ANT v a rERNBEL L HREE
FRTN & A FPHEERAIL TV Dtk
DERIRERMEL 725 TND T ERG0o
oo AFVPRITITHEHAOTF 7 =000, £0
U T ISRIAZINED A A ARG D3 T
W5, TOFEFITTHD ERIEALT,
CREZ R L CWRWE D ICR A T2, ED/)
BDOA A B Z R ITT L, vz
ST DO RELD A A 254 kstlE & KA 7
A NZ— (K8) WY T 5 &, MEIKDHE
N mE 7eolz, fRELTZIRANT 7V
g VERMEL Y EFICE—A T 0 P —
RM#< Ko lz7e o7z,

2 8. AA g ()

354ﬁyﬁ%?—@ﬁﬁ
AFPHF T —IZiE, a7y =R
720N 1RO éﬂmfzﬁw DI EIK % AL

IS THRT A T DAy eEETH

47

DM, W OBVE RN T X THIAER CIREHIC &
D =D R BEEICKFENZEZ LT
W, HOITRT LD IR g A T 7 —D
SMCH L Cax s ¥ —%& BRI LT,
Lo LK IEE 7208, AT F v A
MIEF N2, BAMOT T —|ZHH L

k(Im)%ﬁ/@@ﬁh%km®%%?y
FTHEH L, LETL W AEREORE 2 LIz
71:_.&)\

LELTHELTVD,

B K AE Bt [ D BT A gs

10. A AP OHT L HIZK A BR 2 E

3-6.1 A A% b T v A DilE

AF PRI AA T T 2 RIZkL 30KV (2
FOTWn D, %@tb A A PR EE DAL E
WZENEMHET 57291213 30 KV i 2 B4
BitxIERE 2 Ff o 72 l\ TUADBDMETH D,
Bl DOEIITAF U PFRFFERY MBI
Toffakx b7 v AT Xk o TEIED AC230 V iEA
F PRI~ E E RS TWD, A A R
¥y bExry MREHAINEERECHY, 20



RS & @ o 272Dk b 7 v 2D
HCESAMICY a— N LTEERN NS /2L
Tpode, A= —|ZEXT D EMBAN 6 » A
BREHND DT, HLNIREHD N T A
LG LT haaticth—4— L7, X12
WL, AVVFALD R T ALY E
EORELS, LVMEOREV (A0KV LLE) T
eI L7z,

R =

X 11.

SHART ORfER & T > A

3-7. 0 AR o _D KA,

A A PDOEKFEDD DFNTZ DR
Z04LDD 4L ~EEAHO L, AR
NE—ZEER L (X 13), B AIER L7, 30
KV IZIEFEWTWB T2 7T > RICHER L7220
EOFEEE -T2, ZORER, 4 B ULVERTE
KIRo T T AN 10 FEUL EFFD K 9 I o7z,

=

HARRENVE— DR T
ARV~ 4T L AR RPN 2 KNS,
RV E — 1T STV 5,

13.

387 hr— K7L — K& E—AERD

FR A

A0 A LI LD E—2% 6 » AL BV L
FIRICA A RERIT CADE, K14 DX
INZEH Y R Y ha— KO LRV M2
ARy Z—EN TRV FOFENET TV
(X 15) , BUR TITRRIFZA S22 & 70> T
WA, B AR RETICIEE STV D720
ThdEMREIND, B Ry ha—
Fo5& H LERA 400 pALLED B — L% H
Licdx, RKEZEB L LaFREICRD L
[FRFZ, B — L@ S L B 72 5,

ZDOBG L OREBHRICOWCTEBRRGET S
TETHD,



M14. EH Rz 7 bp—R7L—F|

X15. EhH R L 27 ha— KRR L
7=V b

4. %L

NASBEE (X~ /VF N AT A F U JHTHRAS
72 400 pA/4 MeV L _E D KEFROKFE K OVE
IKFE B — b2 AT HMEF 2 f S Dk 2 30
ROERFENNER iR Td 5, 2004 D4 (EE
ANLLRA A ARERDIICBIT 5N DD kT
TR L CE e, FIBRMED T 7 i
fRYE S, BUEILE R AIEE T 2 2 EH
WA T&E, ZOWEDRERFHEE LT
X, B =AU = K &9 K& & Hil 5
L1007 T T AN DLH, ZOE—LT 4
P— FOLRERBOBNT TLZEL TE—2A
X =7y NETHETE 2F) 9 FHoE
IR CREI S L7z, SN HMER & LT,

49

=) T VAT AOEERDITTOND, 7
— U T OREEITA A PRITE > THEA
M THY | LENRIER L BEEL H I
LTIl b A%, WREZMA THNET,

5. Z2MCHR

[1]Mitsuru Suda, Takuya Hagihara,Noriyoshi
Suya, Tsuyoshi Hamano,Masashi Takada, Teruaki
Konishi, et.al.Radiation Physics and Chemistry.
78 (2009) 1216-1219

[2] M.GKIein,A.Gottdang,R.G.Haitsma,
D.J.W.Mous,Application of Accelerations in
Research and Industry20th,31-34(2008)


http://www.sciencedirect.com/science/journal/0969806X/78/12

HEES B ATRR P
ﬁﬁ%ﬁ?ﬁﬁé’%%ﬁ%?ﬁ | /EIIQS NIRS Technology

WWW.NIrs.go.jp

NIRS Technology, vol. / (2013) 50 — 54.

SERR 24 R BEMEZEIR (PASTA&SPICE) OBLREE

Progress report of NIRS electrostatic accelerator facility (PASTA & SPICE) at FY2012
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The electrostatic accelerator facility (PASTA & SPICE) of the National Institute of Radiological
Sciences (NIRS), Japan, has been working and operating smoothly for 13 years, since the introduction
of an HVEE Tandetron (Model4117MC+) in March of 1998. However, the 2011 earthquake off the
Pacific coast of Tohoku caused damage to various apparatuses, and displacement of the beam line and
bending magnet. This made the stable operation and provision of machine time difficult. All machine
time was halted in 2011. Restoration and repair work was conducted, and starting in 2012, we reached
a point where machine time could be provided as normal. In this paper, we report on the state of use
and the stage of technological development of the electrostatic accelerator facility (PASTA & SPICE)
for the year 2012.

Keywords PASTA; SPICE; Tandetron accelerator; lon beam analysis; Microbeam; PIXE
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