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Function kick(r02 As Double, sigma02 As Double, k As Double, Tspill As Double, t As Double) As Double
Dim r0 As Double, ntot As Double, ex As Double, ex! As Double
10 = Sqr(r02)
atot = 1653000 * Tspill * 1.05
ex = Exp(-102 / sigma02)
exl=1#-ex
kick = Sqr((r02 / k) * ((Log(t * 1653000 * ex1 / ntot + ex)) ~ -2) * ex] / (¢ * 1653000 * ex1 + ntot * ex))

End Function
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HFdiy—a NBRFEBRREDOHRRE
~Darmatophytes (B i 4R 8)
-Hantavirus (REIRIE H MO (L R)
-Lymphocytic choriomengitis virus (1) /SERIEIRMBEIE 8D 1L R)
- Salmonella spp. (Y IERT)

HFDY—B: ERAMBEPEBFES IO TEIREY
« Citrobacter rodentium (SRIRTE XM E)
+Ectromelia virus (TYORAYF AN R)
=Mouse hepatitis virus (Y RAFF# 24 LR)
« Mycoplasma pulmonis ({43 73X)
« Pnsumocystis carinii (=19 EAFA AUZ)
-Sendai virus (V& 42 A ILR)

HFT—C BREBRFEI A LBLVHKBROTEESASVEBBRETLEES
« Bordetslla bronchiseptica (.8 X B M1 F )
-Cilia—associated respiratory bacillus (1—/3FJLR)
« Clostridium piriforme (744 —8)
~ Corynebacterium kutscheri (R XZ YA H)




hFdy—Cco>T%
*H-1 virus (H-1 94 JLR)
« Helicobacter hepaticus (N')21898— ANISFAHR)
» Helicobater bilis (N9 83— EYR)
«Kilham rat virus (FJLNLTFYRIAILR)

HFTY—E: @R EHREEREGL, STFRRONEDHHOBRLLINED
S ERB & (T = (Myobia sp, Chirodiscoides cavias) F XZL5F)
885 (Aspiculuris tetraptera (A XS KM$BR) . Syphacia spp (HHREAR))

f

«Lactic dehydrogenase elevating virus (FLERBIK EREFE LR YAILK) = SHIL'® N IR R ( Giardia muris, Spir Jous muris, Trit muris,
«Minute virus of mice (X ABNTIAILR) Octomitus pulcher, 1022204 (Coccidiasis))
*Mouse adenovirus (RIAT 7/ 24 ILR)
*Mouse cytomegalovirus (IR YA bAH DA R)
-Mouse encephalomyelitis virus (¥ 2RI LILR)
*Mouse rotavirus (Y2 RAE7 A JLR)
- Pasteurella pneumotropica (i XY L3)
* Pneumonia virus of mice (X VARI# /L)
*Reovirus Type 3 (LA-3DJLX)
* Sialodacryoadenitis virus (S RERIREIRE T AILR)
« Streptococcus pneumoniae (Jfi J¢3R1E)
AFTY—D  BETHMLELEREETHH. RBLBSE CRBBAICHVRER
(BRRBRE)
* Psoudomonas ssruginosa (2B H)
+ Staphylococcus aursus (TR IIRE)
<RYABPEBHBROMERE=RY VB> 2000~20024F <YVAHMRBRBEROMEYE-KU Y HHi> 20045
BEAE SIS KB f %E B EE - X2 B RK
Mycoplasama pulmonis 0/510% 10/1564 (0.6%)
Pasteurella pnoumotropica 40/499% ( 8.0%) 275/1757 (15.7%) Helicobacter hepaticus 3/85 (3.5%) 18/302 (6.0%)
KVfo:li-sma r:‘ulmonis /178 (1409 13‘3 ;?35 (’Tg-‘;g Pasterurelia pneumotropica  10/180  (5.6%) 166/1,198 (13.9%)
slicobacter hepaticus : {18, .
Pseudomonas aerginosa 27/298 ( 9.1%) 160/1039 (15.4%) Pseudomonas acruginosa 2/54 @.7%) 43/1.802  (31%)
Staphylocossus aureus 14/42  (33.3%) 50/206 {24.3%) Staphylocosous aureus 5/28  (172.9%) 28/130 (21.5%)
Mouse hepatitis virus 5/510 (1.0%) 51/1.564 (3.3%)
Mousa' h?patiﬁs virus 9/950 (0.9%) 211/2444 ( 8.6%) Sendai virus 0/510 0/1564
Sendai virus 11/2444 (05%) Preumocystis carini 11z @3% 11583 (1189
ik 18/395 ( 4.6%) 172/1464 (11.8%) Syphacia obverata 1/168  (D6%) 30/1,066 (2.8%)
LSS 26/395 ( 6.6%) 332/1464 (22.7%) Aspiculuris tetraptera 2/168 (1.2%) 53/1,066 (5.0%)
SEEER 3/397 (0.8% 12/1464 ( 0.8%) HELEARS 8/168  (4.8%) 182/1,066 (17.1%)
Prsumosystis carini 18/75  {17.3%) NEEER 3/168  (1.8%) 6/1.066  (0.6%)
) TCLASE= R B - RS *BAERERN, T ICLAS E=8UL T £ 8~ DRETF—H LY
* R B RO A T

<SytBHRBEROMEDE=SYL T RET> 2000~20024

[ Judgs R KREE-FFRFH
Pasteurella pneumotropica 3/256% ( 1.2%) 7/165 (4.2%)
Mycoplasma pulmonis 17/196 (8.7%)
CAR bacillus 1/40  ( 2.5% 4/35 (11.4%
Clostridium piliforme 8/869 ( 0.9%) 11/308 (3.6%)
Pssudomonas aerginosa 107191 ( 5.2%) 17/108 {15.0%
Staphylococcus auraus 14/22  (63.6%) 5/11  {45.5%)
Sendai virus 4/308 ( 1.3%)
Sialodacryoadenitis virus 8/308 (2.6%)
MR 22/122 (18.0%)
SHIEERR S 4/181 (2.2% 13/122 (107%
Presumocystis carini 2/12 (18.7%)

; W [CLASE=4)7 bV 3-DRET —4
+ RRICHRS SR RN T 1T Y
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<SyMHMRBEBRORMEPE=SUL T BE> 20044

[ERE =] HE s X F - R
Pasteursila praumotropica 9/109% (8.3%) 21/97 (218%
Mycoplasama pulmonis 2/288  (0.7%) 4/139  (2.9%)
Clostridium piliforme 7/288 (2.4%) 117138 (7.9%)
Pssudomonas aeruginosa 4/33  {(12.1%) 4/22  {182%)
Staphylecocous aureus 10/12  (83.3%) 4/4  (100%)
Sendai virus 0/139 17139 (0.7%)
Syphacia muris 1715 (1.3%) 8/54 (11.1%)
HIEERRR 3/15  (4.0% 2/54  (3.7%)
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HIM AC Development of compact ECR ion sources for high-energy carbon-ion therapy

M, Muramatsue, A, Kitagawa, S. Sato?, Y. Sato?, Y. Sakamoto?, Hirotsugu Ogawa?, S. Yamada2,
S. Shibuya®, Hiroyuki Ogawa®, S. Biric Y. Yoshida? and A. G. Drentje*

a) National Institute of Radiological Sciences, Japan

b) Accelerator Engineering Corporation, Ltd., Japan

c) Institute of Nuclear Research (ATOMKI), Hungary

d) Department of Mechanical Engineering, Toyo University, Japan
e) KVI, University of Groningen, The Netherlands

Abstract

A compact ECR ion source with all permanent magnets has been developed for a new carbon therapy facility at NIRS. First, we developed 2.45 GHZ compact ECR ion source.
But this source was not reached requirement values. Second, a prototype of compact ECR ion source (Kei source) was designed to study its performance in producing C4+. The
fixed magnetic field profile of the Kei source was copied from that of the 10 GHz NIRS-ECR source in HIMAC, which has already proven to be reliable and stabte for the production
of C4+. The Kei source has satisfied the basic requirements of medical application. Based on results of the Kei source, we have developed a new compact ECR ion source (Kei2
source), in which the magnetic field and the extraction system are modified for improving beam intensity. Initial tests with the Kei2 source have given maximum intensity of 530
epA for C4+ at extraction voltage of 40 kV, and beam stability of better than 10% during 20 hours at 380 microAe at 30 kV.

2.45 GHz compact ECR ion souce

2.45 GHz ECR source was developed in 1995.

Most important point of the design for this source,
1} {ow €05t
2} prudhy

Kei2-source

Most important point of the des;gn for this source,
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Prototype ion source (Kei- source)

- Kei-source was developed in 2000.

[Festa) Calc. NIRS Shin-Etsu
Most important point of the design for this source, Upstream  0.87 0.84 0.84
4 Sirror fold Downstream 0.55 0.55 0.57
s 1y M tedd wa > Minimum B 0.25 0.256 0.26

woduction |

position [cm]
v

o
9:“3‘: =

i, L

Beam performance of KeiZ-source

i+ 24+ 3+ 4+ S+ b+ 7+ 8+ 9+ 10+ 11+
H  >1000
H2 550
He 1055 540
C 335 550 764 60
3 0 800 815 580 385 210 77.5
Beam performance of Kei-source e M BT e m w 25

1+ 2+ 34+ 4+ 5+ b+ 7+ 8+ 9+ 10 11+
He 1055 310 Beam stability test at C4+

[epA]

[4 155 290 343 46 The stability was better than 10% during 20 hour
o] 82 125 217 242 122 6.5 ithout dijustment of th t
s e a1 1 117 146 65 . without any adjustment of the source parameters.

Bold number: the ECRIS was tuned for these peaks [epA]

7
e £
Beam stability test at C4+ g
The stability was better than €% during 20 hour z
without any adjustment of the source parameters. é
500 &
< 6% {good stability)
§
€ T T T T e
2 55 " time fhour]
E A
5 10% (not so bad)
RN + " " Gas mixing
ion source tarn on 12 hour befor Time fhour} In order to increase the intensity of C4+, we employed gas mixing technique. Usually, carben molecular gases
{warm up) . are used for production of the carbon ions. In our case, CH4 gas was used for production of C4+, If CO2 gas is
SPeCiﬁCation Of the sources H used, highly charged ion of carbon become reduce as compared with CH4 gas. This phenomenon is gas mixing
Jon source 2.45 source Kei-source Keiz-source effect. This means that oxygen is not a good mixing gas for highly charged carbon. The CH4, CD4, C4H10 and
Diameter 150 mm 3t0mm 300 mm | C4D10 gases were tested in Kei2-source. (D4 and C4D10 gases are isotopic gas of methane and butane. Detail of
L;:‘;‘i‘t tage (maximum) §g‘w““ gg‘w‘”‘ zgok:,""‘ these experiments was reported in A.G.Drentje et al. With C4H10 gas, beam intensity of 610 microAe for C4+ was
10N YO e {maximum), H . . - . . ;.
Mirror magnets : obtained under the extraction voitage of 30 kV using C4H10 gas. Maximum intensity of C4+ reached to 760
Material NdFeB NdFeB NdFeB : microAe at extraction voltage of 45 kV.
Naximum field strength (extractionside) ~ 0.18 T 0.51T 0.57 T e I,
Maximum field strength (gas injection side) 0.22T Q75T 0.84T §
Minimum B strength 0.02T 0.25T 0.26T 1
Hexapole magnet i
Material NdFeB NdFeB NdFeB H
Maximum field strength on the surface 0.46 T 11T 147 1
Length 107 mem 105 mm 105 mm i
Inner diameter 56 mm 60 mm 58 mm g
Microwave i
Amplifier Mgnetron TWTamp. TWTamp. E
Frequency (amplifier) 2.45 GHz 9-18 GHz 9-10 GHz i
Frequency (closed ECR zone) 8-11 GHz 8-11 GHz H
Maximum power 1300W 270W 300W

Operation mode pulse/CW pulse/CW pulse/CW
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CR-39(Baryotrack)
Etching time:2.5hr
(7M NaOH,70degree)

504 m

3.4MeV/0.3pA
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