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Abstract

A research and development study is in progress on continuous uniform irradiation techniques of high-energy heavy-
ion beams toward the mass production of track-etched polymer membranes at the TIARA cyclotron of QST. Up to now,
we have developed the basic techniques suitable for irradiation of long polymer films as follows; the formation of a
horizontally-wide beam with a uniform intensity distribution by nonlinear focusing of an octupole magnet, and continuous
roll-to-roll (RtoR) transfer of thin-film samples. It has been experimentally confirmed that long polyethylene terephthalate
films can be continuously irradiated using the RtoR transfer system and track-etched membranes can be produced under
various conditions of ion species and samples. We could get a good prospect toward the mass production of track-etched

membranes at the TIARA cyclotron.

1. [EC®HIZ

FHEE D TIRE B =RV —DEA A B — L%
R4 DL, A4 D RFTENCE WX — (507
B ZOTRBMZI - T E OB (8 4 - 8o Y)W
O R) D, A ZIT - ETT Aoy TF s
ICRABEZZITR0T W Wty F o 7 RLERIC
XUl &~ OB Z LD ZE Ao T-7e gL LT
THAZENTED, ZOIHNTL TE A REZ FfE Ik D
BHAESLEAE THHL, A4 FAUIEEEE D[],

BB HT A S B S A v IR B 7 IS A E SR T
(EAFHSAE B IRE ) DA A BRERFFE M ER TIARA[2] T
I, AA LR RS REER B e L CRET D LA H
8L, AVF S A7ubar 2R A LA A e — L)
— PR OB R A D TS, B RO E ST 74V A
WL TR RICEAL L E— 2 BETA7-D12,
m—/b to 7—/b (RtoR) J7 T LD FEN D H fee ok &
B — A0 — B E MG EDIEE LT, ¥ — RS
OFFEELTIE, i THREY) 92 MR & A &= V2
E—AEEN KRB THIN, ZOEE ., BRI —IC
PRI 9 2121d, BB OIRDSEHE J0H + 0 12l E — A
ZEBELRTNIE LR, 37205 mWEKT
B AER D AR R 7 BB R A DAL EE R DB,
PR DB OFTHIEE T A= N2 D,

ZIZT, Fox 13RS THDH L EMBRLA DIERIE
ERICKDE — 2R E A —L[3)ZF LT, AT
ETIE, B =D ARy ML E N E E S, JREA) R 5
D) —VEITFE O AR L7220 | s i
FTIZEL TR, EE T KOOIV REFBENR AT IZNE
EZOND, BUEETIC, H#BOEAAFET, £, B
22 DRI D REERE 2R\ T K ST SRR TH)
—IRRE A T A — LB L, #EE LT RtoR

# yuri.yosuke@gst.go.jp

F RO BHR L B2 W TE S 17 4/ LD E g R
FHeFOBRAALERBRIICERMR LT, AR Tk, F&L
THIEES - B — A2 8L S0 6 . ZIVE T OB F
FESCHRERBE RO —MEEL DD,

2. E—LSAVEIVI—TIEDERK
TIARA DY A7 vha > &5 s% O 7Y X%
Figure 1 [Z7R8, 100pum F2EDEXD & 517 AV L%
BBELTHEALTESDLS, AVF A/ 7mbmy (K EiT
110MeV, BAEIZAA L AANDREE DT | ERED
60% CiEERH [4]) (L nE# sz, EFdHT-v=rL

Multipole 1
magnets

Figure 1: Schematic view of the TTARA AVF cyclotron
facility [2]. There are four ECR ion sources, which can
generate various ions from proton to osmium. Multipole
(sextupole and octupole) magnets have been installed in
one of the beam lines for the formation of a 2D large-
area or horizontally-wide uniform beam.
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Figure 2: (a) Calculation example of the beam envelope
for the uniform beam formation. An rms emittance of
10r mm'mrad has been assumed in both transverse
directions. (b) Photograph of the beam line and target
vacuum chamber, equipped with multipole magnets and
a roll-to-roll transfer system, respectively.
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Figure 3: 2D relative intensity distribution of a wide
uniform beam formed wusing octupole nonlinear
focusing. A Gafchromic film HD-810 was irradiated
with 3.7-MeV/n Ar ion beam of 170 nA for 10 ms. The
scaled intensity distribution was obtained from the
optical density of the film. The bottom graph shows the
1D profile in the horizontal direction.
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Figure 4: Temporal change in the relative ion-beam
current measured at the beam dump behind target
sample and the position dependence of the pore density
determined from SEM images of the track-etched PET
film.
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Figure 5: Horizontal relative intensity distributions of
the beam measured using Gafchromic films before and
after the RtoR irradiation, and the pore density
distributions in the width direction right after the
irradiation start (at 0.5 m) and before the irradiation end
(at21.5 m).

Figure 6: SEM image of a track-etched PET film (25
um in thickness) irradiated with 3.6-MeV/n Xe ion
beam. The film was chemically etched using a 1.0-
mol/L NaOH solution at 60 °C for 30 min. The diameter
of resultant pores was estimated to be about 1 pm from
the image. The pore density was 3x107 cm™, which was
slightly lower than the estimated fluence of the ion
beam.
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Figure 7: Pore density in both sides of stacked PET
films (t25umx4 layers) irradiated with the Ar ion beam
at 100 Pa and LET calculated using the SRIM program
as a function of the thickness of stacked PET films. The
kinetic energy of the Ar beam was 9.3 MeV/n before the
Ti foil window.

S

ITEZEEIS U TET 5, IKEZEHIZI51T5 RtoR FR
DD DO TP FEREL T, ZOIH B EREE Tt
BHIBITAE —LDOTEFEE PET 74V 2D ZFANIZED
e b=,

U PET 74V A B E R AR 2 IR L, =T
VI LT T ANV LD HIZOWT LD A EE SEM
BEUC LV, 9.3MeV/n D Ar A4 — L% 100Pa
DAREZE D U TR L7256 OfE R % Figure 7
IR T, BRREIORESZHhE L CHEILEEL Y
my L7z, D72 SRIM[14)% W CEFE L 7= 6
TR —fF 5 (LET) b0 C7 ey Lz, JES 25um
D PET 74V L% 4 FLERQTZEZ A, 4 KA DF i GRIE
E75um) T, REZ /LT A (1.8x10%em) (TIEIE—EL
LT-BE CHRANDE RSN, RO EOREE B
2% 4 £ HOEE (RES 100pm) [ZIZZEFL RS2
Mote, ZOEE B —ADTRFEL 75~100um O TH
LHERFBHIL, SRIM OFFHRLAE SR (FRFE 86pum) &4 JEL
RN EDHED O DAV, [RIERIZ, WO D IR HEZE
JETRIEL, MELIREZBAREICBW T, +5
TRTRFENE FE CAA U IR DM T 2B EM 3 oT2,

E— AR 7R EEO Ti G55 TELMEMENS,
FIHTEAAA L FIT IR =R LT — D E Ar (R
LNDEHEDOD, 10'~10*Pa DIXEZZEREE (R 22K -
ITEHZFHR) T BEZEOBRALFEMIC, ER7 0V
L0 RtoR W N ATRE T o7, 728 LTy F L 7 hlL
PIL, ZALIEO EPEM 25 B LT LB LS (3
WRET AN LD IR R ALE) CiThhizi=o,
RS- LD EZE FE BT RO TUOR LY,

ZOREZE R RE ORERIT, F o NN EZEE
EEZDHIERT I —H AT HIELIY, BGIC
E— AT RNV —NEZONDHIEERLTND, T8
b, EE 3 REMREEE 5 A /abar O — 2540
ERINZFHDZ L7 BB (Ak, B, BEE) 12
LT E—ADT Ty — B NREML B IC—3
THIHDT RN =R THETED, ZhIZED, Xe
A BRETZ LT LET D&V Ar A4 BT LET
EEDDLIENTE, BHALDT=D DT T S %
BRI AZENTED,

PASJ2017 TUP125

4. FEH

B SIGHF D TIARA YA 27abha A28 T, 8
R EERGAT DIERIEE R IV LT8R ) — B — A
ZHAWT, ERED 74V LD RtoR HEEIC LD K:
WA R LT, MERIESN =S LD 22 LB 1T, 3R
BloRFHMBIOME T HEHIC, B —LERBL O
FEO A DAL DB TN LL — BT B EBHEND LT,
B Bk RS RIS ORE 2 ek T T, i
TR A A B LR E R A R 9D LN TE T, FEIT,
B R AR (B EZE I EZE) OFNIO VT,
ZOR| S EN MRS NI, TIARA YA Zubm iz
BT DA R F B (B REME 2 FLIR A B E 375
T2 DDA RRE) 12 CT—ED B LRSS,

S5 3

[1] 72&20E, BB EFOT3O . HARBURBILFER

[2] S. Kurashima, T. Satoh, Y. Saito, and W. Yokota, Quantum
Beam Sci. 1 (2017) 2;
http://dx.doi.org/10.3390/qubs1010002

[31Y. Yuri, T. Ishizaka, T. Yuyama, . Ishibori, S. Okumura and
K. Yoshida, Nucl. Instrum. Methods Phys. Res., Sect. A 642
(2011) 10; https://doi.org/10.1016/j.nima.2011.03.055

[4] N. Miyawaki S. Kurashima, A. Chiba, K. Yoshida, T. Yuyama,
T. Ishizaka, K. Yamada, A. Yokoyama, Y. Hirano, T. Satoh,
H. Kashiwagi, Y. Yuri, T. Ohkubo, 1. Ishibori, S. Okumura,
and T. Nara, in these proceedings, FSP031.

[51Y. Yuri, N. Miyawaki, T. Kamiya, W. Yokota, K. Arakawa,
and M. Fukuda, Phys. Rev. ST Accel. Beams 10 (2007)
104001; https://doi.org/10.1103/PhysRevSTAB.10.104001

[6]Y. Yuri, T. Yuyama, T. Ishizaka, I. Ishibori, and S. Okumura,
J. Phys. Soc. Jpn. 81 (2012) 064501;
http://dx.doi.org/10.1143/JPSJ.81.064501

[71Y. Yuri, T. Yuyama, T. Ishizaka, I. Ishibori, and S. Okumura,
Proceedings of the 11th Annual Meeting of Particle

Accelerator  Society of Japan, 2014, p. 862;
http://www.pasj.jp/web_publish/pasj2014/proceedings/PDF
/SAP1/SAP119.pdf

[8] T. Yuyama, Y. Yuri, T. Ishizaka, I. Ishibori and S. Okumura,
Proceedings of the 1st International Beam Instrumentation
Conference, 2012, p- 246;
http://accelconf.web.cern.ch/AccelConf/IBIC2012/papers/m
opb75.pdf

[91Y. Yuri, T. Yuyama, T. Ishizaka, M. Koka, and N. Yamada,
Proceedings of the 12th Annual Meeting of Particle
Accelerator  Society of Japan, 2015, p. 420;
http://www.pasj.jp/web_publish/pasj2015/proceedings/PDF
/WEPO/WEPO11.pdf

[10] A. Niroomand-Rad, C. R. Blackwell, B. M. Coursey, K. P.
Gall, J. M. Galvin, W. L. McLaughlin, A. S. Meigooni, R.
Nath, J. E. Rodgers, and C. G. Soares, Med. Phys. 25 (1998)
2093; https://doi.org/10.1118/1.598407

[11]Y. Yuri, T. Ishizaka, T. Yuyama, I. Ishibori, and S. Okumura,
Nucl. Instrum. Methods Phys. Res. Sect. A 727 (2013) 40;
https://doi.org/10.1016/j.nima.2013.05.160

[12] ASEA, BRI, LR, SilEw, HikE—, Bk
i , Radioisotopes 66 (2017) 251;
http://doi.org/10.3769/radioisotopes.66.251

[13]Y. Yuri, T. Ishizaka, T. Agematsu, T. Yuyama, H. Seito, and
S. Okumura, Nucl. Instrum. Methods Phys. Res. Sect. B 406
(2017) 221; http://dx.doi.org/10.1016/j.nimb.2017.02.047

[14] http://www.srim.org

- 723 -



