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ExMeV)| Ao(Xx1079) b, b, b, c2(xX1079) d,

98 | 0.874 *£0.130 0.763 +0.208 0.132 =0.190 —0.285 %0.194 —0.259 £0.057 —0.077 %0.070
29 | 0.434 £0.059 0.630 +0.252 0.479 £0.237 —0.176 *0.249 0.894 +0.347 0.108 %0.075
30 | 0.410 £0.041 0.441 +0.163 —0.187 +0.110 —0.215 +0.166 1.091 +0.292 0.293 *+0.059
31 | 0.703 £0.045 0.552 £0.096 0.183 +0.082 0.100 +0.077 —0.081 +0.070 0.146 +0.035
32 | 0.860 £0.052 0.704 +0.090 0.336 £0.082 0.126 =0.067 —0.313 *0.048 —0.005 *0.033
33 | 0.417 £0.041 0.729 £0.172 0.145 +0.134 —0.413 +0.166 0.577 +0.238 0.177 =£0.057
34 | 0.500 =0.058 1.895 *+0.274 10.406 *0.282 —0.570 0.210 —0.239 #0.189 —0.359 *0.086
35 | 0.695 £0.092 1.104 +0.240 0.1712 #£0.183 —0.774 +0.233 0.243 +0.184 0.044 *0.080
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7oA, EANET S B8, D (e, e'n) »ERDI A, ZENT, AIEIDO (e, e'n)
DOREBEAEMA, Kellie® 50 (7, n) »o5RHz AgZHA, Murakami 5@ (7, n) »
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{-oTwidbnEEbn 3,

272, IVGQR MBEMET 5 EE X 5N TV 532MeV (L OB D LA > T 525,
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§4. £ & B
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BHSNIANEIE ¢ FEICKE R E =7, Mg HENS/NS 18— 7 22 IEXFRE & D
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v LTELNFNT A -4 —TR, EI-E2F¥ERT b, byH 0 THEWEEZLD EI-E20
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ALTWEbDEEZ LN,
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Diffusion of Magnesium in Al-Zn-Mg Alloys
S.-1. Fujikawa

Department of Materials Science, Faculty of Engineering,

Tohoku Unwersity, Sendai 980-8579, Japan

The tracer diffusion coefficients of Mg at 743 K in the region of a-solid solution of the
pseudo-binary Al-MgZn, alloys were determined using the residual activity method.
Carrier-free radioactive tracer *Mg was prepared by using the photonuclear reaction, *Si
(7, 2p) ®Mg. The dependence of the diffusion coefficients on MgZn; concentration in the

Al-MgZn: alloys was determined.

§1. Introduction

Al-Zn-Mg alloys are practically very important precipitation-hardening alloys. The dif-
fusion data of Mg and Zn in the alloys are indispensable to analyze the fundamental behav-
ior of the alloying elements in the alloys and to control the various heat treatments such
as homogenization, quenching and to aging treatments of the alloys. The diffusion data
for Zn in an Al-Zn-Mg alloys have been already reported’’. However, no diffusion data of
Mg in the alloys have been yet reported because of generally unavailable radioactive tracer
®Mg with very short life-time (t!'7?=7.54x10*s). Recently, the diffusion coefficients of
®Mg in Al-Mg-Si alloys have been measured”. As shown in Fig. 1, the Al-Zn-Mg system
forms the pseudo-binary Al-MgZn: alloys®. In the present work, the tracer diffusion coef-
ficients of Mg in the pseudo-binary alloys were determined as preliminary studies at 743 K

using the tracer ®Mg prepared by myself.

§ 2. Experimental Procedure
2.1 Preparation of carrier-free Mg
The details of the preparation of *Mg have been already described in elsewhere®’. The

99.999 mass% purity silicon wafers for semiconductor industry was used as the target and
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Fig. 1 Al-rich side phase diagram of
pseudo-binary Al-MgZn: system.

was sealed in quartz tube of 10 mm in diame-
ter. Bremsstrahlung irradiation was carried

out at an electron energy of 60 MeV for 8.64x

[ Irradiated natural Si |
}
i Dissolve with conc. Hf-HNO,
in Teflon beaker

l
10* s by 300 MeV linear electron accelerator of
|
Tohoku University. The sample tube was placed Add conc. HCI
. . . !
horizontally on the axis of the electron beam in [ :Dry up:
) |
close contact with the back of a Pt converter T Add0IN HCL 4ml |
and cooled by running tap water. The chemical , !
Cation exchange
separation procedure for carrier-free *Mg is Dowex 50W(x8), 10mm ¢ x 80mm
50~100mesh, 0.1N HCI
shown in Fig. 2. The radiochemical purity of |
Mg was ascertained by measuring the 7 -ray Vs N
. . . Add 1N HCI Add 3N HCl or
spectrum with Ge (Li) detector connected with (*Na) 1.5M CH,COONH,
28
multichannel pulse-height analyzer. The result — (*Me)

is shown in Fig. 3. It shows that the separation
of carrier-free ®Mg and *Na is satisfactory.

2.2 Diffusion experiment

Fig. 2 Flow chart of production

process of carrier-free *Mg
from irradiated Si.

The Al-Zn-Mg alloys prepared 99.99 mass% Al, 99.999 mass% Zn and 99.9 mass% Mg

using a high-frequency induction furnace and cast into an iron mold. The ingots were finally
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Fig. 3 rray spectrum of Mg obtained in the present work.

machined into cylinder type specimens with 13 mm in diameter and 13 mm in height. The
chemical composition and density are in Table 1.

Table 1 Chemical composition and density of pseudo-binary Al-MgZn, alloys.

MgZn, Zn Mg density
mass?%  mass%(at.%)  mass%(at.%)  kgm®
2 1.89 (0.79) 0.23 (0.26) 2706
4 3.28 (1.38) 0.51 (0.58) 2728
6 5.21 (2.22) 0.80 (0.92) 2754
8 6.50 (2.79) 1.20 (1.38) 2775
10 8.10 (3.50) 1.49 (1.73) 2793
12 10.2 (4.47) 1.87 (2.20) 2828
14 11.4 (5.03) 2.06 (2.45) 2854
16 13.0 (56.79) 2.42 (2.90) 2880
18 14.7 (6.63) 2.65 (3.21) 2907
20 16.6 (7.56) 3.08 (3.73) 2932

The density were determined by measuring the weight and volume. The specimens were
annealed at 773 K for 1.3x10° s in order to homogenize the composition and make grain
growth. The resultant grain size of the specimens was about 2 mm. One face of each speci-

men was ground carefully with Si carbide paper. To remove the Al oxide layer, the
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specimens were electropolished in a solution of ethyl alcohol and perchloric acid. *Mg in the
form of chloride was dried on the flat surface of the specimens. The metallic tracer was
produced by the reaction of the chloride with aluminum in the very early stage of diffusion
annealing. The specimens were then annealed in quartz tube containing about 27 kPa of
high purity He gas at 293 K and a small amount of Mg tips to avoid evaporation of *Mg.
The diffusion annealing was carried out at « -phase region, according to the phase diagram
in Fig. 1. After the diffusion anneal, the cylindrical surface and the bottom of the speci-
mens were reduced by a depth of about 1 mm using a precision lathe. This procedure elimi-
nated the possible effects of surface diffusion and evaporation of *Mg from the deposited
layer. Each specimen was analyzed by the residual activity technique whereby thin layers
from the specimen surface were removed successively by grinding parallel to the flat sur-
face with Si carbide paper. To count the total residual-activity of the bulk of the specimens
after each grinding, a well-type Nal (T1) scintillation counter and multi-channel pulse-
height analyzer were used. The channel width of the latter was adjusted to count the 7 -
radiation of 0.942 and 1.34 MeV energies. The thickness of each section removed was

measured by the weight-loss method using a microbalance.

§ 3. Results and Discussion
The solution of Fick’s second equation for a very thin radioactive layer at the end of a
sufficiently long rod, analyzed by the residual-activity technique is given by
wl—dl/dX, = k,-C (X,)
= k,-exp (—X?2/4Dt) 1
where y is the linear absorption coefficient of the 7 -radiation of *Mg in Al-Mg-Si alloys in
m~ !, I is the bulk activity in counts per unit time after a layer of thickness X. is removed,
ki and k. are constants. C (X.) is the radioactive concentration at a distance X. from the
original surface. D is the diffusivity in m*s™" and ¢ is the diffusion time in seconds. The
value of u for the energy of the 7 -radiation used in the present work was calculated using
the values of ¢ for pure metals® and the composition of the Al-Zn-Mg alloys. It is found
that the term of ul, in the present work is negligibly small, in comparison with the term of

(—dI/dX,) . Consequently, the diffusion coefficients were determined from the plots of
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Log (—dlI,/dX,) vs. X.by Eq. 1. Fig. 4 shows the typical plots of I, vs. X, for each com-
position. Fig. 5 shows the typical plots of C (X,) vs. X for each composition. Fig. 6
shows the dependence of the tracer diffusion coefficients on MgZn. concentration in the
pseudo-binary Al-MgZn, alloys, in comparison with self-diffusion coefficients of aluminum®
and the impurity diffusion coefficients of Mg in aluminum’~*’. The tracer diffusion coeffi-

cients of *Mg in the pseudo-binary Al-MgZn: alloys increase with MgZn; concentration.

60000 T T T T T T
743K
50000 |- -
12%Man2
(7]
£ 20000 & 2.34x10°s B
3
o
&
~ 30000 16/»Man2 B
4.60x10%s
20000 |- -
2.16x10°s 6%MgZn,
10000 | | | | |

0 50 100 150 200 250 300 350
X /10°m

Fig. 4 Typical I, vs. X} plots for diffusion of Mg in Al- MgZn, alloys.

§ 4. Conclusions

The tracer diffusion coefficients of Mg in the region of @ -solid solution of the pseudo-
binary Al-MgZn; alloys were determined using the residual activity method. The depend-
ence of the tracer diffusion coefficients of Mg on MgZn, concentration was clearly

observed in the pseudo-binary Al-MgZn: alloys.
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Fig. 5 Typical C (X,) vs. X plots for diffusion of *Mg in Al-MgZn; alloys.
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Fig. 6 Concentration dependence of tracer diffusivity of *Mg in Al-MgZn: alloys, in com-
parison with those for impurity diffusion of Mg and self-diffusion in aluminum.
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1. HiEsH s

AEHERETFER
BEEET « TFRA

§1. F

B BT 2RAEHYO WL SHh OISO VWTIR, 15 OERICHE DL RE BT
ZIEBHONTWVWS, LAL, TEEEDIL AN I LPZTNOBRINITRDOEAT
OHBENTIZEAEHSLITEN TV, Fh, EBIAERL TV 22 EOKEHY) & FIERIC
TEEERT 2EESH L E DL REKEVETH 5, & 51, HKPOMBTRENTS
BRI, £ ONHTEEICE > T2 ks TH % Na, Mg, ClAEMEFICL D, HIYTHE
O EREEICT 5, 51T, MBEOREEEIWI RAET 5L, mEOEETOHEEYPILE
BEEEELEKRER S, UL, BlEVAEs, KE ORI BRI EEBETIRE WV,
& BEORKEIPOTREBEN TN S OEBFREAREL TV EOTHNR, DL 5 HHE
HOWKSMEBBEOIEEICHWA I ENTES, 22T, HAEDEIABLEALTRREEY
BohTORVEBEOREKEMIZOWVWT, SHEFERFILSTTETHE TR EEREL 7
SEIREGORELM KL T3 EEbn 3 FRHIcE TN 2 uR 2T LI SR,
EREHEREO Y » 2, MERBELELEON Y, MHEA T, /I FYAFITD
b, TNOOHA, =5, B, BHEICSENDITREERLI,

§2. £R

2.1 =¥

AHEL, 7aFYHFHFIFA— b7 L—TTIUSC, 105HLEL 7D HIcE—HHNE O
B, TI35H -1, ¥ 2 ERERT LAOBICHEEREEHHER >/ 12T EIZDW
TEBERT LB ICHEE « 5 & 2PN OREITMCHREL, WO &30k
Lo ZNOREIZBRETRL, Y v 30WHWHEM T DT 53T D F AR L7,
%ﬂﬁﬂ@ﬁ@mowfﬁ,iw?%*ﬂbt@%%%mm@xfVVX@&%MT&%M
Nt AE, HARER EFEELEEREOLEE 1 RITRT,
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F1k africHVEE,

HRAL YR AR AFHEER (g) RERERER
35 A3 4 11~19 0.11£0.01
J A F YA 4 12~15 0.11£0.01
= 3 2.4~3.9 0.08%£0.01
FEVET i HH 3 7 5~19 0.18%£0.01
JaF Y A3 4 23~32 0.19%£0.01
I B Yy 3 5 4~10 0.34£0.05
{1t 3 0.20£0.03
SAMET Yy 3 4 0.5~0.8 0.29£0.07
gt {2t 3 26~42 0.20£0.02
2.2 REHE#H

2. 1 DRNIERL L fooobraliel & LhBAZ #EE0RH00~300mg 2 EFE 7 v 3 = v AHICa A,
EEI0mm/EX 2~4mm D7 ¢+ A7 RICEH L1, Th o 0B 2 BHBAEE CHL
AT, HERHIREEER R E L Tk NIST SRM —1566a Oyster Tissue & NRCC TORT — 1
Lobster @ 2 FE¥H% W 72,

2.3 BHSIUHSFHRAE

B R BRI R P E IR R R B A P S S D BB FHRAUILEZS % Fl V€ 3 BERIT 78 - 720 BBSY
BOFHEZHF LTV =9 AHETEASLB L, BYISHHERR IS SN & Skt s
==y MR Ty BMEBRIE L7, ERICHWI Y 8EH 2 R ITRT,

§3. BREER

3.1 SirEM

AR DOEERTDOANTEEHERICRET 2EAE 1 RITR L, Th&D, REPLOEIRESRE
BESOLOVHER, SEHOEYRED L 51250 T0.08~0.11, BRI WVWTIEY + 3%
< SEHHOEYREIZ DWW T0.18~0.20& ZIF—EHICH - oo SO XD HEIZ, TWVWAEY
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BeHMAEICTth L, BEHEIUTVWAIEARLTVWAEELN S, 0V v IO
HOWIRER (BEEOMHE0.MSMOEYTEE K B 55800, HRMBOBHSEV
B E N B,

B2k TROERICHV IR,

Element Product Nuclide Half Life Gamma-ray used(keV)
As As—T4 17.78d 595.9, 634.8
Ca K—43 22.3h 617.8
Cr Cr—51 27.704d 320.1
Cu Cu—61 3.41h 656
Fe Mn—56 2.579%h 846.8
I [—126 13.0d 388.6, 666.3
Mg Na—24 15.02h 1368.6
Mn Mn—54 312.2d 834.8
Mo Mo—99 66h 140.5
Na Na—22 2.602y 1274.6
Ni Ni—57 36h 1377.6
Pb Pb—203 2.169d 279.3
Rb Rb—84 32.9d 881.6
Sr Sr—8Tm 2.8h 388.4
Zn Cu—67 2.58d 184.6

3.2 HEBEEAROIH

H e RN O 72 2 OAEHEY IO W T, VIl LR E 2 h o ORTEE
EEBITEIRITRT, ANEMEB X UBEMEALRER AT 5 &, NIST SRM — 1566a
Opyster Tissue @ Cr, Mn, Zn, NRCC TORT— 1 Lobster ® Mn DA DfEIZ & { —5 L, &
SIZNLDOAREAD DI >V TR TFHICLVWEETE N, £, ATEMBLUBEME
OB 5N TV NIST SRM — 1566a Oyster Tissue ® Mo, NRCC TORT — 1 Lobster @ I
ERbIZDVTONHEREZ I EMNTE, 61T, KOMELBY 3ERTRE Ny 7 7
S vYFD3oEH5ABRE (ng/g) TRLTH %,



FIR HWBERESHONE (1g/g D.W.)o

NIST SRM—1566a Oyster Tissue NRCC TORT— 1 Lobster Detection Limits

Certified Value ~ This Work n Certified Value  This Work n (ug/g)
As 14.0%£1.2 12.8*+1.4 16 24.612.2 27.0£3.5 16 1.6
Ca  1960%190 2110£150 16 8950580 8500480 12 o1
Cr 1.43%£0.46 0.7+1.0 8 2.4%0.6 2.4%2.0 4 4.1
Cu  66.3+4.3 70.56+46.8 12 439+£22 43054 4 47
Fe 53915 47649 12 18611 214+34 12 57

I 4.46%0.42 23.9%1.6 12 0.6

Mg 1180%170 110020 12 2550£250 275070 12 5.8
Mn 12.3%15 17.3+3.5 12 23.4%£1.0 16.0+2.2 8 2.6
Mo 1.3£1.7 4 1.56+0.3
Na  4170%£130 4240£180 12 367002000 34400%E8600 16 85
Ni 2.25%0.44 2.3+0.3 1.8+1.4 12 3.3
Pb 0.371£0.014 10.4£2.0 4.0
RDb 3" 3.3£1.8 16 0.9
Sr 11.1£1.0 12.2+1.1 12 113+5 109+20 16 0.6
Zn 830£57 749149 8 17710 199£18 12 31

* noncertified concentration

3.3 HABOH—MHLIHNEFILLIER

SRl E b o B i, HEHARKE200mesh 33 WTHBI Lk, £ TH
BH3200mesh DA/NTIERBEEICERNS 20 E5 28R VT L SE~Kk, Z0—fF
LLTAFIDZ IOV TELNIHERASE 4 RITRT, F—lE» 584 3Rk oHitic
&0, TREERIZREEEELZREICL T3, 3HIZ >V TOILRIER OFMELER%10%
YO REEICT 5 &, <200mesh B & '200mesh<IcDWT As, Cu, Pb, Rb, Zn 33
BN TR —Th 2 L3, iotRkicov TR E—HRIEFICE L, 7272 L, BRETHRE
PFOBETH > CrBLUNI 2K, LhL, A—0THEIC>\WTOHGEEREL D
RIEAVNS W200mesh <D 3 5 g—HnkwWeElbh s, 22T, EBEOHH Ti3200mesh
LD/NSVREOMREH VS &L,

F 7o, TREBEEEREINCH 125G, 54 KD Comenc/Cammen (T75H 5, FE200mesh LI
L OITRIRENME, R EE200mesh LI O CRIBEAME) £30.5~ 2 O#EFHNICE WV 580
bORBEDOERNHLETEHLE, Ca, Cu Fe SrDASLESHMERERT T &I 5B,
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Cad SridfiRORZVESIKEEETEAET AL, = 50REARNBEEKITRETH S C
NOTLRRBNIHRICBDESBRVIEARLTVE EEDLNS, TO& I THNEBIORE
ERERTILHRR, PRI L > TH R - 1,

FAR AFI0xsoNBIMRICEETNELREE (1g/g DWW,

<200mesh (n=3) 200mesh< (n=3)

Blement = ¥sD  RSD(%) Ave£SD  RSD(%) Comrere/ O
As  111£15 13.5 17.8+2.1 11.8 1.60
Ca  63700%1000 16 14300300 2.1 0.22
Cr ND 3.3+3.2 97.0
Cu  96.8%51.2 52.9 362132 36.5 3.74
Fe  1700£110 6.5 3790 %190 5.0 9.93
I 88.6%1.8 2.0 119+3 25 1.34
Mg 13200%100 0.8 9060110 1.2 0.69
Mn  66.1+10.8 16.3 78.99.7 3.4 1.19
Na 523002100 4.0 92700900 1.0 1.77
Ni ND* 12404 33.3
Pb  75.6%11.2 14.8 50.4+5.8 11.5 0.67
Rb 3.349.4 72.7 6.0£1.2 20.0 1.82
Sr 134010 0.7 27949 3.3 0.20
In 92.8+159.8 172.2 12437 29.8 1.34

* ND : not detected

3.4 HEHORBREOTREE

HHFI, Y3, AT lE, JAFUAFIOLT, BN, ERECEEZCSEINETRE
BAESRITRT, BELTCRETRUTOELED TH 5, REFFEEOATHD, &
BEBAREICLTVS, £/, FHEROEDI L, 5 LHRCEZNILREBEE S5 7
KEDLEOPEINEE 2K TH S, SO EDTTREES Itz EEFICLTHES
Kichobd, FoEkLD, A1z 5, BN, BERTITIEO2VT, As OEEMNNI
DEV, COBEASHOHIE IS NI LT EICOVWTEAHLNEDH, THhA LI ED
FHRUSE WEEASEIRIIC As 2 BT 2ERNH 2 D %2 S SICKRET Lz,

FE1IXKED, As, Fe, Mn, Pb D 4 nRLIAEYREIC K 2 2R ITED SNE V0, F/cFe

Mn, PbD3xHZR@FHF Iz icHEETRESH, it/ EDT S DFe, Mn g (T
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- z 7 i A NI BE (9RO
i HHEL (n=4) 4€I€ (=3 /IEVHFL =) v3 (=5) HFI (=1 1€zt @=) /IHIFF =) v+3 (=) A€t @=))
As 224 108 8.8 39 29.1 173 14.8 22.8 149
Ca 13300 10100 20700 2110 10100 2380 7830 51000 9060
Cr 8.2 5.9 3.6 1.4
Cu 398 353 575 101 16.2 103 231 234
Fe 4630 39.1 2070 40.2 315 1.7 26.2 1020 16.1
I 125 81.8 44 1.8 26.8 2.4 0.7 15.4 7.2
Mg 8560 5530 5850 1720 2970 2480 2850 5070 3530
Mn 84.1 0.6 85.7 2.8 14.9 1.3 4.3 79.1 1.1
Mo 9.9
Na 81900 43400 39600 11800 35300 14000 25500 29700 24400
Ni 0.3 0.6 2 8 0.5 0.9 1.5 0.6
Pb  53.4 8.9 7 19.7 0.9 1.1
Rb 5.9 4.8 3.2 2.7 4 45 4 3.6 4.3
Sr 255 161 381 27.5 109 33 1 830 135
Zn 160 193 380 139 102 71.8 315 332 230
100000
10000
~ 1000
=
a
BAY=
\g” 100 O4€xkE
& W/ aFUHYS
1 10
1
0.1
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F1 WAEEYHRBO T 7 IcEEN 0RIRE (ug/g D.W.),
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e DEME AN TH B EVEER L, ChpEBIC & 222500, RIS OER
K260 RBEKEVRTH S, F2MLD, HNhOITREEE Ca, Mg, Na, Rb, Sr
DOHILRICDVTRSE D EREBD SNV, TOELOILHKEEREYREICL > THE
DERIZ-TVDS, 72, HRIKEL TS T EIZD W Tk Fe, Mn D&% 59 Cu, Pb &R
bMMOEYREL D DR DEVEIZE>TVWE, ThERITTREETH 5,

FIXELD, As, Mg, Mn, Na, Ni, Rb DA DITHRIZOWVT, #AL T EICERE D E WA
HEDENT, BICHRICD W TIRITRERE MO X b EWV,

PEDZ & &b, SBFHESHATE T ABEORAEBMFRED T 5, B, Tk
WICEENDIONRECERT 5 ENTE I, MALITK>T, EHAEYREICL > TIREED
ERPED SNt SBIERE B TRNE W FBEOAYPEOEYIc>VT, S5
SEE S EDTOLFETH 3,

RETBEMEITIC S0, RILKFEYRIEFAIREH R R o KMEE L, 1ovi=<
VY ITN=TDh 4k, BEOHACBHERICTD, BE LI, 72, HEROEIUCEIL
TREBEKEI R« v 7 — OFEFELRE S X UABEERFEOERBUHERIZIC IV
NABMEEICE D, WCE#H O LE T, AVRO—HRMEEA =EMH OB
Lo TiThbhFE L1,
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W R KR, BROIBEILET
BUFALS BT ik D RS

NTT ¥z L7 b o= 2
KEK ftitgflge v 5 —*

K EER
FEEFEL T - DREIERR - #tARnE ™
K

B ORE, EROEBELBRTHIHEAREORN £To1, 31805, “C(r, n)"'C
KISH £ T N (7, n) "N RIS 205EREUG, < b v 7 20 5 OfiERGHEE Kb
5 OERM IFEE E AR L, £ OfR, HIBIBMEHRORH © X L F - 230MeV LI T ICT
% ECIFEMRIEEERATE 522 &, SIERD 5 PAl HERT 5 2 RS20 ~30min I
EABIAT BT & THUNKEFEA BT 5 h 3 T &, 51T, N U AN RAERTRED 5D
PAMIZ B EMTEBIEEMLMIC LT, 757 74 bBIUE LAy REREAR L L
T, Bty 4 EEB X OE(Lr A B oRE, EREERLER BEhoRELLTIN
FN37.03%1.28 g /cm? BEUB2.97E2.9T ug /cm? B8 7,70 %, AEOERRAME BRKHK
T03ug, EET3ugThot, Fh, BENMEAEL, hoEBEEEEEN T
LR OB RS E L THEATE S L 2B LT,

§1. [FULBHIC

AR O S EBZEME ORI R 5N 5 & 5 KB OB LSS, ERIFRHER
OEEP, {EEShEEDE S It ORHOBRITHELESSETROF + 575 ) ¥V a
v OEEWMBAL TS,

TR THEHMEA T E RSV 7 hOB TR ICRETH 5% LoL, KEd D\ IFEE
OFTIC R, BEBROXREHERRESEREETH B &, T, EEEL LCERTE 3BT
HREREDRE VW S ChE CHES NS - 12, I, Fifl, BROBLREITEHN
LU BB TIEHME SR OB DED S TVWE, §8b5, REHRICOVTRERKum
DALFET & F v 7 HEORFRPLBFHERSS O CICMKIEOEIRIC X D TOYEEMA 5 &8
TREE 18 > TRV, —F, BrEEEEEIC O LTI L L TdH 5 VI IEHESENE
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BIEDBIERFRE L TRAIRTH 2% thkFRIF v MATTEE CTREZIVE L 1o+ v iK%
HERE S LR, RN TREHEOITIc & 2 K H, #BEOF v ROEELTONL, L
mLIEA 6, &FK (O, R (N), BK (O) KoL Lt cs s @ERECh
FTEREShTOED - 1,

AW TR, WEN BRI Ic AV 2 MERERXN 2 FRT 5 L 2HME LT, Si
B sk L eikibr 4 58 (SI0) B8, ={kr 43 (SiN,) Eho C, N o LaE T
BT EORS 21778 - 7, & 51, BRSO 723 ORREERR & L C OB % 3 L
1o

§2. £ 5

2.1 H#

SFric W 7SN FZ-Si B (100¢x 1mmE) hic< /% bo v 2oy ¥ TS
L7 SICBXU SN, T, BERN.6um THE, Thi, HIKCRLEZEIICY =/~ —

e

~—1 ™~
1308 1307 |1306 1305
/ O o) \
1316 1301 | 1302 1309
& g »
1315 1303 1304 1
\ al @ 1310 /
\ @16 ]
1314 1313 1312 1311 /

1708 1707 1706 1705

ya [ON IO A\

1716 1701 | 1702 1079
& 8
b)

1715 1703 | 1704 1710

\ 1714 1713 1712 1711

] HIEHARESA
HEES /

ﬂ““ﬁ e R

%1 o3 ER O ERENAINALE
a) SiC, b) SizN,
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chae i & 0 U L Coiralkl (5x5mm) & L7, fradkhis, H,S0,-H,O, R&|K, #
K, TFNTII - VONEICERIBE RS Lo C OIBAEERENT 3 5 x 5 mm (2 YJHT
LAEX05mm D7 57 74 MRE, N OBEEEREICIE, 5x 5 mmicYjli L2Ex0.5
mm O Si;N, HEkEA B L OE{bA vk BN) BEEA 72 ASEHIBE L 5 x5 mm iUl L 7-
NH,NO, @ 3 iz,

22 Bat

SRR O MOBERAERTES S um DTV =y AFICAARFRAR & Lic, 20
TN =0 AETEAR EREERE 2 Tke, SoTVI=y aBHCAS, ARE
(A R10¢, WEI ¢gmm) ITHA L, AEENEEZEICL, ~Y v LT XTERYT 5 H(F
2H0RLUICE, HALK,

B TR RS SR LA R A B R T AR B S O BRI K b, R %
IV F —25~30MeV T10min {7 = 72,

2.3 RSTRERITE

FIBBUR IR LS R 7 vt = v 2EEIROBRE, Ge (L) Mg —4096¢ch # i 20 Hr
B T & 0 FTE QR IRIRE TR 0 K LU RERIE 21TV, 511keV v $R O IREMIFRZ K ¥ 120
B, UCEBLU ON OERBERER, £ ER/N IR L B EEIIBETIC L D HIE L TRD
7o

24 BEXRBEEOEL
BOrRIEE (Co;g/em®) BROLOEH L
C.=(A/A) (W/9) (1)

TTT, A, FEEEHEOFEIRIT IS £ 0 RW 7 IC 7013 BN OERRGTRE,  As L
AL O A ERTRE, W R HBES R TR ER, & 51T, SREFFNICRD oA
BofETsd 5,

5B, HfrakomE (S BLIFoX S L THIEL 7.

THbb, HNEABOEEREEEHICI VLRI E—L, ThEOlY, KhoESE%E
BIE L ERIC5x5mm ONEAF UERTIRaE—L, Ui, FEL, S oK
FEBEMET A EICEVAEREER L, 5x5mm OMEEILK 2 ¥ — L2148 D
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§3. BRLEE
3.1 PHERRIGORS
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SRS & KK, EROIEBIENTTUIE & 72 2 SR, ERRIE, &
MHEEHE 1 RIORT, LD, REMTTR, EFK BELOSARTSCOHENEL S
Nz, ERX,PS5D "N (7, p2n) "CRIED Q fE13-31.2MeV TH % ke D BH = 2 L F — %30
MeVUITICT 2 ETHEERBT 5 ENTE S, 72, BELPSOERRLY T IIRIE
ERDZHPMOMBETIEHTEZEENSVWEEZONEY, —F, BEENTTRIEEH» S
DO (7, p2 ) NRIGIC X 2 ESTFREINE A, TORIED Q li45-33.5MeV TH % 72
DR T AVF—Z30MeVLINICT 2 ETYEERMIT 2L AREEL 8D, T/, K&
0, "C, "NRWIFNLEEFHEKE B0 SRS, ETIBAEVICIELS

F1ER KRR EBROBREL L CHEKKIG,

Nuclear reaction Half-life Decay By, % Q-value

(min) mode (keV) (MeV)

2C(ry,mC 20.38 B 511, 200 —18.7

“N(r,p2n)!C 20.38 B" 511, 200 —31.2

00, emiC 2088 B’ 511, 200 —25.9
“N (7, n)"N 9.96 B 511, 200 —106

o OCr,p2mEN 996 .. B: 511, 200 —33.5
551y, p)#Al 66 s w1 Cis

10 77T

E H
o
) J
Q 3
<
)
‘g‘ =
5] B.G. E
@]
L 1 L L
0 50 100 150 200

Time (min)

#2 SiEM A 515 S ic511keV v FR O HIAR,
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B, HEREROEEIIET D O ARG REE BT 2L EN B 5, I 51T, ThY IR
DSiMbid PAIDAER L, BEHEREOEL L VESL I EMHESNL, TIT, BHRD
HAUZH W7 FZ-Si 285 L, 511keV 7 SROBHEEILZAEL, =) v 7 A0S OYFD
R, AEEHAOANY 9 LA ZBBOMBERE Uic, 52 KICH B BREES L/ S
5 D511keV v #ROBEMERE /R o BIERRHBERTITS LIREL, RERTERIK
SHREREAARZ VDRSS SBEL, BUEEOREICHIE L TRIHEGBICESUTRIEL, #
N ARIE L CHEMRE RO 72, K&, 5llkeV v #RITHHI6.6min THET 5 2 &8
ik THEARY FVTIR PALD 5 D1273keV v KRITHNA, T50keV LI & v FRSHIE &
Nie THIR, 1273keVr O Y Y SNy —FE =2 EEFEZ o0, Likh-1T, D51l
keV 7 B OBEHFRPAl p OB a N r OB FHERICLZ T EMNPESh LT -T2, K
KRB EZED7D PN OREHE S TR LU, UEOERE»S, #FRBERICK DR DR
%, EHROFEROPFSENTEEIE, SIERPORMYIKR, ERHoOIFREMRT
X322 &, T, PAlD S OUFEMEE T X 520~30min BICAIEZBE L& W &

Sr ot o . . [
.l
3.2 ERNEEERHEOER z ool
NH,NO, 14, 169.6°C TRl L, g ol
FI210°CTHIRT 501, AHEE § 107 1
HAOEOIEIC L b, —EHR, o' -
SIRL, SRR 5 T L8 o

Time (min)

oM &1, 22T, BEDS

10° T —
WERILAE LT SigN, Btk & §
10°
BN Bkt %847 L, I i % i
g o0
Lt HEEEIMIORT, K& 0
D, SizN, OEEHHR T NIz, E
R 2 ~ 3 BRI ORI 7S wl QEESE S
BIE S, YBANT b E M
0 100 200 300 400 500 600 700
D, ®Mn (B, HEHA2.58hr) 2 Time (min)

Rt 3 T EMnSmnD B Mn H 5 E3X %?%@ﬁﬂb)%?%Bﬂf:f)llke\/?’ﬁ@ﬁ
' HHfi#Ro

RSN B v $ROE TR & a) SizN,, b) BN



D EHEAL 720 SigNyITIIHEERIM & L T8pFImENTHEY, “Fe (7, p) K&k » *Mn
DBHEBLIEEL SN D, —F, BN LB SN EEHEE N OXFH0A %2R L, HE
DBV EHBGD T, 7z, SiyN,, BN OWFNOSHERICHT 5 UN k@ id—B L 7255,
H#RE SR 13 Mn OIFED WV BN 2{EHT 2 & & L,

10 E T T

33 BEYORER EROT=E

5 4 N HIEN R IEST L 72 SiC
B, SN, 518 5t 511keV
T BROREFRE R T, PAl DAL
HRREDS K E W DAIE IR T
25~50min BIZKR I EH 5 5 em 2
EREN 7 ALE TIT- 720 K& D, SiC
IR D AR O FRH I M C s —%
L, %7z, SN, ROBEHHR O
BT PN IC—HT 2 2 Eh0h >
foo i, MhOREIIRSY DERK
D oniah-t,

B2 RICSICHE, Si;N,EhomR
#, EROEEERERT, KLY, o w s
WA 18~25 ug TH D, e

FAX EED» 51350 cb11keV 7 BROIHE B
NS & 72 O JRALIIFH537.03+ a) SiCHE, b) SisN,

Count rate (cpm)

200

Count rate (cpm)

B2k SICEBLUSHN,EHORE, EHROERKER,

Sample Analytical result Area Concentration Average value
(ug) (cm?®) (ug/cm?) (ug/cm?®)

SiC-1 19.5 0.531 36.7=0.6*

SiC- 2 24.5 0.688 35.6£0.5

SiC- 3 20.9 0.541 38.7£0.5

SiC- 4 18.2 0.589 37.1%£0.3 37.03%=1.28

Si3N,-2 27.8 0.554 50.2%£3.5

Si3Ng-3 28.1 0.501 56.1£0.7

Si3N,-4 21.6 0.411 52.6x1.6 52.97+2.97

IR T R
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1.28 ug Jem?, FIRHRE3 5% TH 5 T LN -t — 1, EROHER2~28ug THY,
SR I352.97+2.97 ug /em?®, FHHRZES.6%TH - 2o

53, BEHKT0min BICHIEZEIAT 2 & L CHAHBOBRERED 3 HEZRHEIRA LT
3 EAREOFERBRRI, KET0.3ug, EXT3 ug TH-Tl,

3.4 EEXHAOBRAME

R OBE A 2 HIE L, AT 5 2 &, HEREHERE L LTHERT 255
WCEERRETH D, 22T, R—LHETHERLUK SICH, SisN,EORE %R &5 THl
ELTe H5RICHIEREA TS, K&, SiCHEB LU Si;N, EOFHEEIZZH2h0.631
+0.082 #m &0.657£0.044 um TH b, HHRERFZNZNDI3% L6.7%TH -7, £ T H
<, REMESFHIC K BBEEOHNAMEMN, FE—&ETERL cBEo—e{tFEx vy F v 7
BETHREL TS 20, RROBAHRATETS VFHliEs LTELTWS L3 EbAE
Vo ThcK L, FEEEENCHEBR TR L, BRI E KT 2 C & TREOENS %
FEWETIHMTE B, T/ OHER, HHETEER, HHEzRVELAATE 2D, F1HE
SRR oMk EE s Bbh b, F6XKIE, Si;NJEicazRBHL, *N(a, n) *FX
SRTHERR L 72 BF AR B ORENNHEER LD TH b, ai FRERINTITOH A 70t
VERWTIT> 1o KB LIRS AL 5 — skl 285 L, BEE (<10*torr) HTI6MeV @
aXiFA0.54A, 5min B Lo BEHFERIE 3—%fD BiyGes O (BGO) Wit A 575 5 ([
Bt BB I X DT 570 6L D, “FAEREIZI.2cps/uA~12.0cps /A TH b, Fij
R ET BE1210.7+0.6cps / LA TH - 1o HMEHERZEI5.6%THD, BSXTRLE
Si N, BEOEERE L 1FIF—KT B L8000, WINOEEFHEETbEREORE T
HIETZBIEMHS L EL T,

PLo#ER» S, ThoOMEE HEREEICHV A, KR ERRTLETREEIZNS
ST T BTHWTAIRETH 5 L FIEE NI,

LIAT, BENTHONALFHEEEZAENOHEE ' (3.2g/cm’, 3.185g /cm®)
POBEHLULAREBLIUVERBEERZENEFN6650g/cm? 83.Tpug/cm? THY, WIFhd
FORIORLAEEBERELIOKRZIVWI EDS T, Thid, BEOBEMNELLTVED
LEbh, BEEE SV HEOBEED SBUTRBER AU TERLVILERTSDTH L, L
FodS 5 T, BEHMEAHT TEEEE 2 5 2 U a0 2 e B I 4 5 C L I3EE L E X
5N 5,
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6182

5777

5296

a)

a) SiC

F5IX SiCHE, SisN, EOREHMNIh,

KA ESESE ¢ 0.622£0.076 um
HEHAEEME - 0.641£0.083 um

B3 6691 6734 6651 6292

5983 6470 6619 6671 67|
® 6661

® 6614

P 6399

P 5064

b)

b) Si,N, &
B EEEE - 0.65420.039 um
REHEISEEME - 0.66110.083 um

MmN :0.631%£0.082 um iR Paxisl :0.63120.044 ym
rf__\“\
1708 | | 1707 | 1706 1705
108 108 | 109 102
/ 1\
1716 1701 | 1702 1709
111 105 | 106 11.0
1715 1703 | 1704 1710
107 102 | 112 10.9
\_ 7]
1714 1713 | 1712 1711 /
12.0 104 | 107 9.2 /
%6 BN (a, n) ®F RIS THER L 7z ®F £k E 5.
XXXX <« HEHF=
YYY BFERE (cps/uA)

SEH{E10.720.6 (cps/1A)
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§4. £ & &

TR RO LT F OB T R AR RL 2 (Rl 5 HIW T, FZ-Si B EicfFRL 7 SiC
BB &0 SisN, EhORE, EROEWENE TS LOTTE LR L, LIFORRZERI,

1) 2C(y,n) "C (8%, H#Hil20.38min) RIGEB LT “N (7, n) ®N (87, 9.96min)
KIS BFERIRIGARE L, BE T 2V F—230MeV IFThhdEFTRP S O
15 R VERONR TR AT A TRES 2 2o i L, Eh, UC, PNiEvwdn
LEETHEEECH D, BEVICKHERTEOE L 50, BEIREZREL, FEl
FERT > O IEHE S A U RE A JIE L 7T MIZ I 5780 T &M » 7o

2) T b Yy RO Sih SO EERST L, PAIDPAERT 2RO & 5 T L b5
Motee T, HIEHEHRIBS Lz FZ-Si A 5 D511keV 7 SR O IREEHIAR % 5k o, S EUH#
U7 3, EE2%6.6min THEL, PAlOBTWERICL &80 h o, T, 4
TR ORAKL B> T~NY 9 LA RBEIT S EITX D, RRAPOKE, EROUEEENR
TELEBDD T,

3) EFEOHBHEESENC SigN,, BN Z:#R L, HIEHGHRBH 2TV, B> 5t
BAEHESLR O A REME 2 RE Lo, 2 OFR, LWFNbAFEERICT 2 NAKE R —H L
25, SisN, TREHEDM & LTaEN S Fe > 5AMKT 556Mn (B, FiEl2.58hr) OUjFE
DH ot £2T, BNAEREEAR E LTI 5L & LT,

4) 75774+, BN ZE#ERRNC, SiICHE, SLN,EOKRE, E2ROEEET- 7, SIiC
B, Si,N, b 518 5n7511keV v SR OFREHR (& FRIHL £ 1 2 420.38min &£9.96min %
&L, UC, BNoasEES N, 4R B RFEOHITERI8~26ug TH D, B
Bhlo 0 OEEIIEEI7.03+1.28ug / cm? TH » 12o—F, 3REHIH T 2 ERNITEIR22~
WBug THO, EEIR52.97E2.97ug/cm® TH -1,

5) AROMTEEIC BT 2 ERER I, B T30min RICEIE LGS 2 & L TAKTROE
RO 3EERHRA &35 LK T03ug, ERTI ug TH-70

6) BLEEELER L LEFEOBEEREA~OEMEL S22 2 HNTREDE %
HISE Lo RIS TRIE L2 BEE OmEANAE & SICHKT0.631 £m (£13%), SisN, KT
0.65Tum (£6.7%) TH-7o T, SisNJRITOWVTIRI6MeV O a BEZITV, "N » 5
RT3 BF OEREE B L, 7 0FR, 1636 OFEEIX10.Tcps / A (£5.6%) TH
D, MHEEREGEEOEA L BE—H L1z, Lad-T, COREEEELLISE, 2
PR IRIRFETL3%, ERTTRRE L FHINIS,
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7) REMSFTHE LABEE vy OFBED SEPOBSTRIRE A HIN LR, KR
EHREOEBMED ORZVIEDBHL M EL 5, ThiE, EEEEN VS ERED/NS
Wi EHEEEh, BEL LV EABOBE, SBIRBEEER T L 3RNETH B L
oMM E LT,

AR AEED B ICHD, HEOMEHE X VBEEORIEE L TWicZwic NTT-AT #¥H5H
&N v ¥ FEMBERBT P AERCBILEL LW E T,
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Formation of Radioactive Hetero-Fullerenes

T. Ohtsuki, K. Masumoto', K. Sueki' K. Shikano?®, T. Shigematsu®
Laboratory of Nuclear Science, Tohoku Uniwversity, Mikamine,
Taithaku, Sendai 982, Japan
' Radiation Science Center, KEK, Tanashi, Tokyo 188, Japan
! Department of Chemistry, Tokyo Metropolitan University,
Minami-Osawa, Hachioji, Tokyo 192-03, Japan
SNTT Opto-electronics Laboratories, Tokai, Ibaraki, 319-11, Japan

Fullerenes, Co and Cu, were irradiated by 8 and 10 MeV deuterons. The irradiated sam-
ples were dissolved in CS; and filtered to remove insoluble by-products. Finally, radioactive
fullerenes and products, such as fullerene dimers, trimers labeled with ®N, were isolated and
detected in the liquid phase by radiochromatography. This suggests that the energy rich
BN atoms successfully incorporated into the fullerene cages and that the disrupted cages re-

acted with neighboring cages.

§1. Introduction

Since the discovery of fullerene? and by the development of methods to produce large
amount of fullerenes?”*, many workers have been attracted to fullerenes and fullerene de-
rivatives, because of their interesting physical and chemical properties such as

57 fyllerene molecules™?superconductivity”®, medicine’. Recently, it

metallofullerenes
has become noteworthy and important to study the properties or the behavior of fullerenes
by applying radiochemical techniques® ™, since radioactive labeling of fullerenes and their
derivatives is of considerable use in following the location and metabolism of these sub-
stances in living organisms. Previously radioactively labeled endohedral metallofullerenes
were produced by neutron irradiation® ™. However, a convenient means for labeling empty
cage fullerenes is very desirable as they are much easier to synthesize and to handle. In our

previous studies® ®, Radioactive fullerenes such as *CCs, "CCs and dimers were produced

by nuclear reactions because the initial recoil energy of the activated atoms was much



higher than the intramolecular bonding energy level in the fullerenes.
In this paper, we demonstrate the production of radioactive hetero-fullerenes labeled with

“N by the recoil process following nuclear reactions.

§ 2. Experimental Procedures and Data Analysis

Samples of 99.5% purified Cx or Cn fullerenes were wrapped in thin aluminum foil and
irradiated with 8 or 10 MeV deuterons at the Cyclotron Radio Isotope Center (CYRIC),
Tohoku University and the NTT Opto-electronics Laboratories. The beam current was typi-
cally 3 ¢ A and the irradiation time was set to 10 min. The samples were dissolved in car-
bon disulfide (CS.) and filtrated through a millipore filter (pore size=0.45 ¢ m) to remove
insoluble materials. After evaporating the CS;, solvent, the soluble fraction was dissolved
again in solvent and injected into a HPLC (High Pressure Liquid Chromatography). A com-
bination of equipped column and solvent was as follows, Buckyprep and toluene at a flow
rate 1.5 ml/min, 5PBB and CS: at a flow rate 0.75ml/min, Buckyclutcher® and toluene-
hexane (7 : 3) with flow rate 3.0 ml/min, respectively. To detect fullerene derivatives, a
UV detector was installed with the wave length of 285 nm for toluene and toluene-hexane
(7 : 3) solution, and 380 nm for CS; solution, respectively. Downstream of the UV detec-
tor, two 7 -ray detectors consisting of a bismuth germanate photomultiplier (BGO PM)
were also installed in order to count the 511 keV annihilation 7 -rays in coincidence emanat-
ing from *N with a half-life of 9.97 min®. The schematic view of the radiochromatography
system is shown in Fig. 1 . Data about the radiochromatogram were accumulated by means
of a multi-channel scaler system (MCS), using a personal computer. The eluent fraction
was collected in 30 sec intervals, and the 7 -ray activities of each fraction were measured

with a Ge detector to confirm the 511 keV radioactive decay and the half-life of “N.
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Fig. 1. Schematic view of the radiochromatograph system. To measure the 511
keV annihilation 7 -rays from ®N with a high statistics, a capillary loop
was set between the two BGO-detectors. A geometrical efficiency for count-
ing the 7 -rays in coincidence was estimated to be about 30%.

§ 3. Results and Discussions

Panels (a), (b) and (c) of Fig. 2 show the radiochromatogram obtained by means of the
Buckyprep column and toluene solvent, (&) for the irradiated Cw sample, (b) for the Cn, (C) for
the mixed sample of Cw and Cp (1 : 1), respectively. The horizontal axis indicates the re-
tention time after injection into the HPLC and the vertical one the counting rate of the *N
radioactivity corrected for the decay of ®N.The first peak (A) of (a) and the peak (C) of (b) in
Figs. 2 can be assigned to “NCs and “NCe since the each peak corresponds to the Cw and
Cw absorption peak of the UV chromatogram, respectively. The peak (C) was also observed
at retention time of 10-11 min in Fig. 2 (a), though no peak appeared after peak (C) in Fig.
2 (b). Five peaks appeared in the chromatogram in Fig. 2 (). The peaks (A, B) are also at-
tributed to ®NCs and “NCew, respectively. Furthermore, the peaks (D, E) were observed at
14-18 min.

In order to confirm the peaks, an irradiation with bremssstrahlung of En..=30 MeV was
applied to produce the radioactive fullerenes labeled with "C, which is produced by the *C

(v ,n) “C reaction. Here, the Buckyprep column with a flow rate of 1.5 ml/min was used.
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Fig. 2. HPLC elution curves of the soluble portion of the crude extracted with
Buckyprep and toluene from the deuteron-irradiated fullerenes. Horizontal
axis indicates retention time and the vertical axis is the counting rate of the
511 keV annihilation radiation measured with two BGO detectors in coinci-
dence. (a) ; Radiochromatogram of the irradiated Cw sample. Peaks (A, C)
indicate “NCs and its dimer, respectively. Peak (B) represents unknown by-
products. (b); Same as (a) but for the irradiated Co sample. Peak (C) indicates
“NCw. Peaks (A, B) shows unknown byproducts. (¢); Same as (a) but for the
mixed sample of Cw and Co(1 : 1). Peaks (A, B) indicate "NCs and *NC,
respectively. Peaks (C, D, E) seem to be dimers coalesced with *NCs, Cw or
“NCs or Cn, Ca ®NCe, respectively.
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The detailed procedure is described in previous papers® ® here, only the result is shown in
Fig. 3. Only one strong absorption peak was observed in the elution curve which was meas-
ured by the UV detector, but two peaks appeared in the curve measured by the BGO detector
(dashed line). According to the figure, the first peak corresponds to the Cw absorption peak
of UV. This peak can be assigned to “CCs, which is produced in the irradiation of Cw
fullerene by a “C( 7 ,n) “C reaction. The giant second peak was observed at a retention time
at 9-11 min. This peak can be attributed to a larger radioactive molecule than Ce. As
shown by a dotted line in the same figure, two peaks around 7 and 25 min were also ob-
served in the elution curve when Cn sample was irradiated. The elution curve of the irradi-
ated mixture (Co : Co=3 : 7) is also shown in the same figure by a solid line. Five peaks
appeared in the chromatogram, the first and second one can be assigned to "CCs and "CCa,
respectively, as confirmed by the UV detector. The peaks at the retention time of around 10
and 25 min correspond to the elution peaks of the irradiated Co (dashed curve) and Cu (dot-
ted curve), respectively, though the new peak at 14-17 min appeared only in the curve of the
irradiated sample of the fullerene mixture (solid curve). Therefore, this peak is considered
to be due to the product of the coalescence reaction between the Cw and Cu cages. These re-
sults indicate that the last three peaks on the solid line are due to dimerized fullerenes ;

namely CCa-Cw, “CCs-Cuor “CCes-Cx, "CCu-Cn, respectively” ™
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Fig. 3. HPLC elution curves of the soluble portion of the crude extracted with
Buckyprep and toluene from the v -ray irradiated fullerenes. Dashed line for
the irradiated Cw, dotted line for the Cu, and solid line for the mixed of Cw
and Cn (the weight ratio of Cx and Cn is 3/7) monitored with two BGO de-
tectors in coincidence, respectively.
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On the basis of these conjectures, each peak (C) in Figs. 2 (a) and 2(c) can be assigned to
a radioactive fullerene dimer of hetero-fullerene, “NCy-Cw, with the N on the cage, since
the retention time was almost coincided with the first and second peak in Fig. 3. It also
seems that the two peaks at around 14-18 min also due to ®*NCs-Cwn or ®NCe-Cw, since the
retention time of the peaks almost correspond to "CCs-Cw or "CCa-Cw. Two peaks of Fig.
2 (¢) may indicate that the products generated from two molecules of Cy and Cy by irradia-
tion have several geometric isomers. The produced amount of dimers labeled with “N was
much lower than that labeled with "C, probably due to the solubility of the irradiation

products. This fact suggests that the dimer was not observed in Fig. 2 (b) when "C was irra-

diated.
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Fig. 4. HPLC elution curves of the soluble portion of the crude extracted with
9PBB and CS: solvent in the deuteron irradiated fullerenes. Horizontal and
vertical axes are same as Figs. 2. (a); Radiochromatogram of the irradiated
Cw sample. The components (A,B,C,D) indicate the radioactive monomer,
dimer, trimer, tetramer, respectively. (b) Same as (@) but for the irradiated
Cw sample. The peaks (A,B,C) indicate the radioactive monomer, dimer,
trimer, respectively.

Figs. 4 (@) and 4 (b) show the radiochromatogram of the irradiated Ceo and Cy obtained by
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means of a 5PBB column and CS: as solvent. In Fig. 4 (a), mainly four components appear
in the chromatogram. The first component (A) coincides with the UV peak, so that this com-
ponent suggests the existence of "NCs. The following components (B, C, D) are regarded as
the dimer, trimer and tetramer including “N on their cages. Three peaks in Fig. 4 (b) are
also attributed to polymers such as *NCew, “NCe-Cn, “NCe-Crn-Cn, respectively. In this case,
it is found that the solubility of these materials in CS: is much higher than that in toluene.

Two chromatograms with the Buckyclutcher column and toluene-hexane (7 : 3) solu-
tion are also shown in Figs. 5 (a) and 5 (b) for the irradiated Cw and Cn samples. Two peaks
(A and B) in Fig. 5 (a) also indicate the *NCs and “NCs-Cw molecules. In Fig. 5 (b), no ap-
parent compounds were identified except the peak (B), for ®NCa, since the solubility of the

dimers in the toluene-hexane (7 : 3) solvent might be extremely low.
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Fig. 5. HPLC elution curves of the soluble portion of the crude extracted with
Buckyclutcher and toluene-hexane(7 : 3) in the deuteron irradiated
fullerenes. Horizontal and vertical axes are same as Figs. 2. (a);
Radiochromatogram of the irradiated Cw sample. The peaks (A,B) indicate
the radioactive monomer, dimer, respectively. (b) Same as (a) but for the ir-
radiated Crn sample. The peak (B) indicates the radioactive monomer. The
peaks (A, C) are unknown byproducts.
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For the labeling process, the following scenarios can be taken in account. The ®*N atoms
are produced by a *C (d, n) ®N reaction and remove from their own place on the cage. The
energy rich ®N nuclides destroy or ionize the non-affected fullerene cages, because their ki-
netic energies are estimated to be of a quite different order of magnitude, reaching a few
hundred keV, as compared to the energy of molecular bonding. Therefore, this kinetic en-
ergy is released to the sample at a magnitude of the appropriate energy level. Finally an im-
plantation process occurs ; the attack by ®N induces the fullerene network to open up, and
the open end of the carbon cage recombines by taking in “N and/or by getting bonded with
the neighboring fullerene cage. The produced materials; nomoners, dimers, etc., contain the
¥N radio nuclide.

The solvent dissolved final fraction consists of unreacted fullerene and of its derivative
products which originated from the coalesced fullerene molecules. The derivatives seem to
be in a chemically stable state in comparison with the fullerene dimers and trimers which
were detected by mass-spectrometry™?, since unstable molecules, such as the incompletely
networked or coalesced material, can be easily broken up by an interaction between the sol-
vent and the fullerene cage. Currently, we are trying to analyze the coalesced products by

mass spectrometry.

§4. Conclusion

Fullerenes, Co and Cn, were irradiated by 8 and 10 MeV deuterons. The irradiated sam-
ples were first dissolved in CS. and filtrated to remove insoluble products. From the sepa-
ration process with a HPLC in a combination with columns and solvents, Buckyprep and
toluene, 5 PBB and CS:, Buckyclutcher and toluene-hexane (7 : 3), it was found that the
solubility of the polymers formed were quite different in each soluvent, and that 5 PBB and
CS: were rather useful as a tool to distinguish the several polymers of “N hetero-fullerenes.
Using a 5 PBB column, radioactive fullerenes fullerene dimers, trimers labeled with *N,
were isolated and detected in the liquid phase. It was also found that the energy rich N nu-
clide was successfully recombined with the fullerene cages to include the “N. Further, there

is a high probability for the disrupted cages react with neighboring cages.
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D, +HRREEELTH 5,

3.2 ERNEHBAHAOREL

EZE RN BROEAIAE £ 2E{bd 2RI %, < I Tk PLL (Phase Lock Loop) [ EE -
TW3, PLLEIKIZE 7 4 — F/¥y ZHINC K BEIFIHZITE > TV 5,

PLL Bl 3 SEEES L ORME L 5 EHNERNTH 355, AMBEELSSHELELE
WOTY 54 A+ v HITERBMEOLESEBEMEHN L 125,

I9k, AMBEEESAHAT 2B RARBTHIET 2FB0TE 5, AMBEEESEEHT
B E, PIZIZASIEBCHEDL) v 7 EEME L ZHATD %,
SERASEESEZHOTEYAE L 2F2EE L PLLEKESOREEDOHLEZAE L 12.
ZOH%ZE R, ARG FEREB, Y FETHZ, ChoDBEREV- TEEZAET 5
Fickbko s,

BEEfEZ Y v Fig5 kHz, FUSRHE10dB, AHEARKI0°E Lic, Y FlgRRY v 7o bho v
WREE (55.5kHz) & 0 bHMEVEBET, FIBERE, HEKBBELTRI+aREO5 5
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& LTEEL R,

BIE L7AER, N v FIE : 9 4kHz, FIBRGHI0dB, (AR - £925° 150, +018%K
EEDE SN,

FIEOATLICH L T HARECEIEL TV B, i, FERAMEEEESE2ERL THLE
KEIET 2 &% X 5,

3.3 IEERFAEEEHOREL

IRz o B k2 e LS B ElK%E, T TRFa—F PLLERKES >TWE, Fa—
F PLL A EE 7 « — F/Yvy ZHfIC X D HERIEZITS > TV %,

STBY Y7/ TRATT 4L+ Fa—=VI/EERHLTVEDT, B=F 47«7V
SurkEalcdifilid s, I, 75 4R o vENERNCT EZHETHD, NEZERE L
BRI 2 F 2 BT 5,

I ZE RIS R RSN EIKIRZA L, TR REHRR S SIc K v B LT 5, o, E—af]
TWELE LIS F a—=v 7« 7V I UVELERE LS TRIES 0,

VI EDED» SHE—OHMRGEIVKEBEOEL]E & £ — 28I BEFR LR WILIEE K EEL 25
BT 2D Thb, TNODEALDOPTREBEELBZ 5 bONBEIKEEILTH S, £
T, EROBEIKEZL (1°C/minBE ) K +28RB%% X T0.2°C/sec (12°C/ min) @
BEZELIC X 2 HBFRHOELEMET 2 E2EEBLE L, CoER, (MAMERTED
9 &£5.5°/sec TH b,

FEZOBNTHEFa—=v s« 7 v I VBT 2REEIE, HREE—ETIET 55
ikt LT, Z=RERE211kV, E— AEFH300mA DR, 0.7°/sec TH 5,

B> T, EREE—ETIET 255103, BEKEEICHT 2HiENTERITATSH
BZHRWBH B

F 2 —FIC & BREEEEE A RIE LR (£2°)/sec &7 o7z, HEEDS.5°/sec IT
HE~FEFEIC R EREICIE » foo AERARDN SZ X 5 LIBHIKIRZL230.8°C/ sec F THEIKIE
ALK 2 LB OBMENSTEELEZ 5,

3.4 BEEFHFRICRFULE & EH
4 vy —oy s ERFEERERES

=] RF 32~0 RF &% EW 4 208 TH 5,
;LT@E%&i HD@']:E/'—]@g g %

Lo&eHED» S REZ SN VWERES AN
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SN ETH B,

EENRFRICBFRT 214 vy —nyy (RE) E520WET570y 7% RFA V5 —0y
2 EFHATVS, TOLIWEEELTCRFENRE ST — 7 MERESSH 5,

RFEHNER LEEENRF R THMETRZBAONBOABNSEHSN2EELE L, K
BHRFROECHTRESTEL, ZOFENSEN RF RICEb - LIBAP, EERF
REFIFShOREVRE L BEICHET 5, COX D RKENHPRIERF & RO%EE
AWET 2 AR H 5, = C TEBNI RFROFELISICB VT RFENEZBAIL, BE
BHL D RS BENMSBRM S NBIC I RF O ZW 5, RFICE2HKER CEMBE
LB, BEREITIES DR, 774X ba v, By TIANBLTS I —o-FANES
F2 3 TH B, 754 A b0 YIHJOBHETIREFRRERICED 7 54 2 b o v KiED
HITER SRS 2 FEDI <o B v TIANTREEBASBEIC LD 11 v 75 5BIET 2 F 4
Qo FI—a— FANTRARESHEDEN =BAIBVWEL, §FI—o— FEfESHr0EH
KEOBBELRIC S Y — 0= FhAOORFHEPFRET 2FEEERL 7 54 X b o VRIESHE
BT 2FEE <,

T — 7 ERERY —F 2 L — 5 OEFEFEEICHO NI STV ERIBERTITE > T3,
7 — 7 MENERREC & RF B/RY LRICROEB 2 IHET 2 A fEE b 5, T0/®
I RF OB AW 7 — 7 IGEIC X 2FHE CELBLEICK B,

BREBRUA DA v s —ny VEFENET ST 0y 745 ) —< e A v i~y 7 LIT
ATWS, LIchi=C, MEERAKOEER LS I —o— FIEORERT QS SIREELL

BT CIBENIICWESE/ —< e A vy —0oy 2 TEHT 2,

IREFRAE DO BZEEIE(T 2 EEFHNTRER EVBRET 2L 5, £ 2T,
ILEZERAAE EHEL 79 LEBORICA A v R Y FRRBEENTVWE, TOLF V£V TT
DEZEEAGH LUNELS CEPVLETH S, £, FI—-o— FORESEFTICHVIEAIC
35 —o— KRBT 2aREE RS 2, £2C, FI—o—- FOREEZEMRTIHEILD Y
I - — FOBEEZ CHEDD 5,

SROFE
ZEREE—ETIET 2 HETINET 2FL2HE L RFREMEL . TORKRE, EF X
EL RF REMET 2EN TSI,
BRI, Indo0BEERET L TE <,
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FcEREE—E TIMEEZTORSTALEL TV EFL2HRT ZLEDSD B,
KR TR ERNEE—E TINEST 2 5% E L T RF R0HGHB X UHAEET- R, &
JE L7 RFREMEST 2ENTE 2, BEDATICH L TR TDCEEIHIEL TS, Ll
BH5, ©— A FOAFICOVWTREBICE — AHEATR > THBF T DD S VE
RBVLOPE - TV B, FHCMEET I L A ELRIERICTHEIT 2 E0IEE ICHEETH 5, 5%,
M oPDHETE - bBERZITE > TOERAFTD/ 4 X EDATELEFHL TN Fig%:
EHT 510 EREROFHEEITIE S LEDD B,
BELICEREBEEERLSETNHETE 5 & 51 RF 22K, &RT 5,
KPR TREREE—ETINET 22 E L TRF ROBBLUOHERETL -1, 20
B, ¥ TOMEERTIESTEHHBEESRTH 2L REE—E CET 2 HEICED
IMETE B2HEWET 2UENS LR/ TH S, Lkdi>T, ZREE—E TLEICIENSITA
LW S HRICBAFHDERORY, EREEEE(LSEZ2HEICTIHNEND B, LrL
B0, EWEEEZZLS 2 HETIMEEITIE S BT 3R R LIS 0TS 5 78 ORED
BRanTuws, LT, HEBEATTRITEZLTO 2 >RSI TRIBICHIAT 5,
1. EHHECBE S 2
COREREREEEZSE5DICELLRETH 5, EREEE(LEZ 714
o VEINCHET 2 LH9100W 2 SHI30kW BRE F TS BRI N R 5BV, &
N IE RF 2258925dB OZ/LISHETE B h E VWS HETH 54, BEDRIKR TIN5
dB DZEALICHIE T 2FEHE LW EEZL S, TIT, eV ERREEBEAEATLIC
U CLEREET 2 FE2ERT 5, LT 2EFHLH L VEHBAREEY 2 — VK25
dB R DA R > TV VWATH 5,
2. Fa—F ORABREEE ICBIY 5 3
EREEZZALSETNET 256, Fa—=v s« TV IUBKELENT S, C
DEICHAED T 2 —F —BERETCEERTERLY, TIT, Fa—F B3Ny 73
DEFEEZEDIRFAPLETH 5,
B EHEE 2RSS TMEZITORSTALE L TV 3 E 2 RS 5,
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e % X [
1) WHEA : Brwm HIERFE 199,
2) EBILHBA, /NMUHIESE, EER, ERES, (LIED  REVPERE 30 (1997) 81.
3) K. Batchelor and Y. Kamiyama : R. F. Cavity Design for the Photon Factory KEK
79-25 (1979).
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§1. F

AblLyFe—T=25Y) vy (STB) DEEREZXT 5 LT, BREFLAELEHLZ
DEB/R U N FE TORBERKIICOVWTIRNE, B, BEERIRIBHALOHE =3
m, I *NVF¥—12GeV, EHHEBHI0mMA (3 7 — v AGF) OIS X 2 %E (F 25
=) ZMELEET L,

§ 2. EEROEREE

21 STB YU VI DELIRIEE

1) 7—=R5&Eix%i7 556, RAE#O O EFRIZ500A/0.4sec (0.3T —>1.35T, &R
ZE 1100V, 1170A, ~v 2 E#E : 230A~1040A, REERMA 8 & OBEFHEN0.147Q,
AV 5 5 v R0456H) TERE LTS EILENSD, RAES 7 b OMELEZDORES
L& BIRBEROLNRPFE L85,

2) RRS 7 PORRAAE R, =3m, ES=H3mMENE->TWVW3, TOFJ FMZAHT S
A D ABUI1.2GeV, 300mA THE LK, #1.3kW/m &3, ZOABIIKT 3
77+ OFEEIE,

3) ABHES 7 b OISV T, [ 7 MidREAE#RA (BM7) ORI A VvihsE5,
ZD1HITARE— A RBIRNEEOEEL 2T 5,

4) FTFEERARR S 2 b (Tagging EEA) fHT % TiEEOMBIEEII >V T,

5) HZEHHOBHAMOBERHAREEZEOMER CEZ Y — VM O,

6) €339 757 bOREI—T 4 v IRES KISV,

7) E— A ROBEZEFS) & EREEMICK2HOZEESEL %,

8) BEZEME OFBEHUHAERRL,

9) R&BBHHIC>WVWT,

PIE OS> W TRET 21T - 720
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2.2 HItOEKXAEH

STBY v 7 RERY v/ &8sy, AT 2 - L EIEbSHIicsy 7 P OWE (120
mm IEX40mm Z &) MEL KD, £, )Y 7 OEFHO 3HEFICE — 2 DBEEZEZ 5 H
ZEHREDBHIA & BlBE AN AR EEEEEE L, JORMEEME) S OH ZHEZE
W A2ERELL, BANICENREL D5, i, BHXICE 557 b OFEBEIZ 57201,
WA BE SN BT SUS E CuDEE Y 5 v FIR (75 MO ZFALK, Thod
EEERLT, RO HE %12 Th,

1) 7+ OFRE IR G E 5720,

2) STBAKRD<—+ v 7 JiTbd, RMDEICHABLFRBREBLEITED, X—F v
ThET B, WEREOD Y 7 b IIEMEERER S AL, I TR RKBHIRR 2
BN < T 5, ‘

3) STB DAL THTE T LI EFh SR HES KT 5,

4) BZEHAEEBRA & EBRAE AN S KREZEEOHEZE Y — VM RB~Y 37 Ly 7 RERHT
%, Lipl, SIAREECRIERACEROFARSSLELL DT, HFUIT L Oring
MY %,

5) BEZEREMAO (AHSHE 75 28HA : SMI X 2, SME) &EMH (FEL7 5L
SEE) 3k L, N—F v /B TEBVDOT, AL TEIC I EFEREETT S,

6) EiMYI A EZE L OEMAA, BRS8N AHEEARE L, TP (1604/s) X
1 BIcL 3 EZERH R TH 2FE» S HEEREEE (TMP @ 300 4/s) MY %,

7) STB Y v 7 OKRKBIKE IEMERERI A E 74 vy — (HEKDDBRE) 2@
LTAN B,

8) STB Y v /' AKDEZEMEHIHBEH L OBIHRS 5 SUSSI6L &4 525, ) =7 v 7 #iik
% & STB ASHBKR U E — Ak R S EEMB OBEHE & AT B OBE D A1 7 v 3
=y AGeBET B, 2L, BAOMS, SN0 — XE SUS3IEL & L7,

9) B Y 713 STBAK, AGHE, b — s#kRILic1s04/s #EHT 5, (AFLOEG
W)

P bEolERICY v 72RO E v 7 ERRER Y 7 ORI EREFRE LENOET
PIEIE, —REICIE B K D IEET Lo STB Y v /R0 ISR HNAH 1 KicRd ., &%
DHESURE 12 STB &K 434,350 £/s (IP150 ¢/s X 194, HBESR TMP300 ¢/s X 2 /), ST
B ASER12750 £/s (IP150 £/s X 3 &, HABEXR TMP300£/s X 1 &), t — &#ik%i31,800
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Tpic2T

TAv2T
TI6P2T

<Beam transport line>

"W_N (LOM)

T.PIGIT

TavIT
TiGPIT

Toco1T

TAVI

TIGP1

[+

TPz

HHIIE

<Stretcher-Booster Ring>

AIGPIT

<Injection fine>

X,

¥
]

# 1K STBY v/ & E— AlakRo0BETHSRE
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2/s (IP150 ¢/s X 8 &, HHESKFHR TMP300 £/s X 2 ) & L7,

§3. RhLyF+— -+ T—RF YT DHRR

3.1 HEOHRHmEE

RS 7 AEBUEEEMED O O # ABHHER A 25 EREBEFHRBGEY CRIE L 72 #l
EEAEH O, COHEBRIER» SHVWONT X RERBEDOEIE/ XL b 1HULES
KEBEERLTVWS, LrL, COFAMHERY) v/ EiRoiiE (7 2ktE oK
bIEWMEARLCEY, Ry 7ORIEKEEHITT 5 LCFICERTH S, &1, RMERE
BAFE ENFELERIICHET 2EMNTE 2O THE OB (AE0E) 25Hiid 2 ETH
NTHBo

311 AAVRYT (IP) OERTHIZEE

IP OBESGEE 12100 £/s (SZBRICI3150 £/s), HERUIEK1004 (976¢) LTI v 5T s
vz C

C=121x (D*/L) (m®/s) (1)

B oKRY, Ky TOETHIEEEZ KD, CORE, BHEORS L =3000 R OEITHXH
B Se 133979 £/s, L =2000 B DEITHEREREE Se 135985 £/s THEXUEBICKZE RSV T DT
BOEENLL XY THEOESEREROS 7 F MBS 2EE L (AEEIcRSEHEL
7o

312 UVITRADENSH

&y v BICa Vs s v REHBL, TOETHKEEN S ) v 7 RNOEI %KD
too BEVEIZ S 2 b2 5O A RIFHEEBFARBIETRIE L 72848 (SUS316L, OFHC,
Cu, AL) OFEEAHEIC L, STB AL SUSSI6L & OFHC @4 2 & 2 Nk L T % O
Bl Q =6.0X10 *Torr * £/s » m* > H3RD I, HEDOESIZ

1) & v 7OETHEREE,

2) BY I v DAV I v ADFHE,

3) &4 F OXRARED b H AR EFE,
AN CHE LK, COFERE, OGRS 7 F Ofilic® v 7ERE LK, 57 bl
HMOFES %KD STB RAADENDNHB—FEICE S IRy T2 RE LI, STBOS 2 + D
WK BRIAE A 7 2 b EIBRERA R OB S 7 P IICHE=120mm, & =40
mmoOL—2Z b+ y 7 RERHA LI, 857 bEOWRIEK» a5 7 4 v 2R%ZFRL



Vdp/dt = PS— @ (2)
) P=@q/s (3)
&> TREDIES 2K 7, TMP OEFTHERIEREE Se 1359140 £/s, TP O EITHESEE Se
13#963.16 £/s BB 5N 5, HAMHBRBEDLIC X 2EBRR RS ZDHEE T XV F —
E #31.2GeV, HEEM300mA, Y v /7 HEL%50m & LT, v—22ERBLLBE0BA %
DFHN, (sec) 25tHT 5 &
N, =4.84x10" (E/L)N*D, {1 —(A./x D)"Y )

&
&
e

n o 1EOEFTHRIBE N 2 EFH
D : 1OBFTHRIIS 25 TH
D, : 2.5x10°°
Ao HEHBER
Ao EBEFREOL S W HEOHE 1200 A
Thb, CORPOL) VIOPH ZE Q.. 13
Quor =2.66X10° Torr * #/sec
eEELT ® =2.82X107°Torr * £/sec
WRAEN D, K57 L OWATRIKERES L ORD LI v 527 ¥ v 2 EETHSHER O ET
T 5 STB 2RO ES 2K 5 & 2 OGIES Pl
P=2x10"Torr
A
313 MHERKICLBZY Y FORBICDONT
70 MIC AT B HEED ABUE1.2GeV, 300mA THEL 7-F, W1.3kW/m &7 3, 2
7y FIROES% 5mm (SUS3mm + Cu2mm) & L, %D4AIZBEIK (20, 30, 40°C)
WRERNTV BRI, 57~ ORESBOPITICE U B R % BB H R TR L 72,

ocoh =k ZZ +%) Q 5)
o7

0 : density

C : LhE

ko HEEVZER
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Thb, TTT, ¥V +% meshicl-> Tk 3,

HL, Qi
Qi 1 AEN
Q= {k: ki k (T-Twater) : BAZIERH
ea T : 76 T' = Q13+ 1)*
L LT, mesh DBEICHLERL QARELTRD B, 57 b ORENSFITICEEETHRYELAT
BT %,
ATEEMHE
A EIKIREE 20, 30, 40 C
EMmERE h=1.0, 0.7 (0.855%10*kcal/hr » m?« °C)
SUS #hfziEsR 0.164J/s * cm®+ °C
Cu BfrE =R 3.95J/s* cm?’+ C
e : BEHTR 0.3
DX HIE - T,

HEOREE, 57 bEHREORE RBEHVKE & RRICKE REL, SUSHEE (KiR307C,
BEEE#262°C) X0 b7 55 FI (SUSSmm + Cu2mm) OREARIELH ELDEH
MTH B

O RBEUKDELIIREEE L TR, 1, E— 494 Xid 1mme &L,

5y b OFRBEEH R HEER/NRICHIZ 2 AICI00CIT &85 L 51, WEDKE, HE
(60.52/s), W#E(1m/s) ZRE Lo LL, ftHOERRE O TKRCOR, &
BEEZI2TCHEAZN, CulioESZ 1mm, E%10mm & LTHBIHRI A TH2H
Difi - 7o k

314 YUITRADENEE—LFEH

FEE F OB 31.2GeV, 300mA TOE—sH@MmAElhr ELTHBD, VY I RHNOEN
(on beam B) % P=4.9%10 *Torr LIFIZ T B MENH B, LHL, FAHTOFHENE
P=2x10"Torr BEAE N2, BIEAETRF vy A—<7 % v b (KM) OIL5 F D EHA
BEHEL D bEL, EREERIBHED 1 /100 & E WAIENREVIREBICS 5, 51,
EREROBENKE - B BRNOEN EASEES N Z, L L, EklFHAREL
BaEtcHETAE—AEBRICEE VT2 ) —= VY IHERICK > TS 7 b 5D H IR
BREVT 2, COR, t—sH0E Lhr KEBTERIIRETHH S, £/, 15 —7F
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WY =y FERIIE - AHGHI0min BEALEE T (BRPIKRELE-TH) HER
7500,

3.1.5 HBREZBOENSH

98EQH9EEBIE, A ML v F v —E— FIIAS T 2V F —5198MeV, FHAR - £4FE
BRI 8mA £ ->TWd, X, 7—RA¥E— FREBMEL 3 V¥ —131.2GeV, EREFR
REHEFE DCCT THIE T % 5 RERABRKYImA 2HEL TV, TN oEERO P
OFENBALAE 2RISR T, F2XRIA MLy F v —Elx (MhB, AH <% VF—-198MeV,
ARERK AmA), 7— 2 7 EEHOINE T % L F —903MeV i< iAWV THEEERBHRFI600
g A (Kb Q) & EHERERA0 A (Kh D), STBE#E LS (WP A) 412> T
WLtz BB, 7— R 5 EEEONRF D 1 STB @ Qronss Qe toms BHEA D EBHE T 2 — v lll
EOBIELZTED, AR —-s0@uEs (XL €, EEEBROBEPEALIKOT -5 —

10°° ————

Pressure ( Torr )

0 5 10 15 20

1) IP18 stop
Ion Pumps No. 2) TMP2 (SMI), TMP5(SME)= on

3) RF Cavity G.V 6,7 open

o HEBREEDO STB Y v 7RO FE 54,
X A 2EsE FhoFE S, BBRA Ly F+—€— Flllg, [6C
27 —2% €~ FTOEEROLEN, BDR7—-X5E=FTSTBY ¥
FOF 2 — VHEIERAEEL TOABICE — Ao AHBKELENNFN,
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T, VY I HNOBEZEENMSE B LR R LT, 1, 3 rHTORBEEMEOHEZE Y — i
{374 Oring ZHHL TV S,

§ 4. RAY Y FOHMELREBHABS\NDXE

ZARVyFr—eT—25Y V713210 1) KHESVWTSUSSIEL 2®EE L, 72, 2.1
D3) ODABAEERELTREMS 2 bRSUS + Cud”7 5 v FIREBSHEA Y 28 GHll%
KEED AL, LaL, BEDEEEELTZ 5y FREFER LT ICED, CulRoE
B ClREERA OB ICENPE %

41 BEIS v FIROEZERMN

BB (Cu + SUS) ZHMEDEAZSEE L THAL2EA, CulinoBEsE LoREIcd
NEPZRFL, £OMTHE BE) EkEHERCEE/EIOWTHIRE L, #Hd
ZHEE 7 5 v FIIESUS & Cu OE A 10mm LI EIc LTEE L, BRI ITHEMINT L7,
& 5z, ABEHEORE 2B OBES £ EM LT SUSRES 3mm, Culiid EFMEL0
mm, E& 1 mm ITERINT Lo MRIOBRE D T Ak RERE L —F - L Tk L NC
754 A VEWEL % TIG X BETE—aiE#E L, 7 7 v FIREIREA COXE
12 —196°CH> 5 +80°CA100[E], 350°CT 1hr ZEDEES A 7 VRNV T A H R Y — 7 AR
AfTotce CORER, 1 X104 Torre &/secITDOY -2 BTH 5 LA2HAL Y EHRA
L7

42 HEE~\DOEE

IRAIEHA O/ GEEHE) 130.3T » 51.35T % T0.4sec TILH LIFHMRIOFEHEES, %20
%, %7:0.4sec TO0.3T F CREEN T H %, COLRMFTOMBIIC X 5 FEE FITRIE~ D
BEIZ S WTHRETL 72,

421 BERICKLDIRE

SUSOEXx%:Ea— FOBGE» S, 57 bOTH:R100x40, IKOEE 2 mm, HhHEHER
© =4000, ESUZEHR1.39X10° (Qm) ' & LTEHH L1, HL, EFERME SUS304% H
Wi,

FEE dP= (1/0) x J*dv (6)
TitHans, 2T

o : BRURER
dv : MUIMERE
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Thb, BIREROL, 10 2AHLHOREELKDE L
Q=51 (J/m)

TY v /LR TIII19.23W 275 B 4%, HEMREFCHERIS L, Lerl, MERICE->TS
7 NCBESERINIAIKFER Y7 Mot d 3y 2 ) v EEELY v 72 KCERS
BRRORICLTH B, 1oL, DY) Y /oGy s — b a v F Yy —RBAN TV,
422 BEROBRIZONT

HERREAY 7 PO SUSHES Smm & 4mm & LT, KEEHEEO SUSHIZ 5 mm @ Cu
AT 72 & KB ERIZ30mm D Cu 7o v 7 2B WO OEN ZETE L, T Ok
BAEINITRT, TINBOMIBR Y7 P 2FHAT 5 320G B 83, 7, 7 b Cu
7Tay 7KAE GimmEX) 2MTEAICRBSOINS RIS B YRHATERVWENRS,
KA BOERH» S Cu DES 3L, Ao, BEPEREETFTEE4EL ImmEE & L,

|
&!ﬁi ﬂ 7 / 7
N [ S e e
Hi ® ‘ -
( \ (| \
( Gauss )
1.5 10 S ,
EmEEm
1.4 10 e T
IR e S
Fo i L \
4 e P\
1.3 10 B : — i \‘
1.210" |-
[ \
1.1 10* " \
| \
’i ‘ : 1
1 10* C= i N A A o
-15 -10 -5 0 5 10 15

Width (cm )

$FIN REEHAOHIEE 57 ML BIRERDR,
57+ OME LIRS BREMIES IS A 5 EBETR T,
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§ 5. ABHHE—ANDRENHISDEE

5.1 ASHEY U bORAK

ASHE— A2 STB AMET 5 £ — & LA—OPBETRXT 5, 057 b OBIKKESE 4
MicRde E— 4 RIREAY 7 b OhLEuEIcs L T4 OFETART 5, CORMS 7 it
AEE— A5 F EPOBERAHE S 7 AT 57 5 v VI S iSRRG
CHEWERSEE A T EAIEEICH L WEKRE LTV 3, &510, EHTERELTVARICT S
v R O BUEFHEABSH R SEL D 1T < Vo

L L, BEESTRERLTOSEHBESTGOZIEEIIFEE L TWEL,

KM BOHLHF & —
BT : RAEWMA

STC : RFT7 Y7 aAnw
SCM : RV —VE=F —
1Q : QEWA

WM : 74 ¥—€=%—
BIM: KXy vE=F—
SEE :#Ex 75 LEMm
RH : NEBEWAO

GV ¥ —bw7

CM :a3a7&=%—

AR ABEE— 54 VAT ORI,

5.2 RiBHISEOEE

A7 REABHG DA VD, EOMEZERT 50 & > TREBIEREP A (R
85,

ety EHE BRI ORGSO X V¥ —1.2GeV DR ORI 1.4T, AHET £ -
LD T FILE—%230MeV E300MeV &fRGE L, Z ORHEMIEOEEERD foo RIS R
BB ORAES 2 5> SEEHE) € — At TOMEEE, 95mm &130mm & LTK
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Wi, TOREER, RIAEBEA DS 595mm ORFRA T300MeV OBHZHI360G, 230MeV
DEFICHI210G DIRIBIEDF AT 2, 72, a4 Vb0 57 FOES (REMET %883
% v — AMHEE) £200mm & LTE— A0 ERD I, Ll, KB E— & AFEIRER
EHA DOWI51E33756G (300MeV OFf) I{EFLTW3 0T, EEWGEE Eido1/4ELT
S fERD I, COME» S T 2 VF— T LT, ROBEEHID ABEL 3,

300MeV 230MeV
95mm 0.73mm 0.94mm
130mm 0.413mm 0.5mm

Z D%, FFTPECIONTAFE— 457 + OBRT, Wb S OEEEE50mm £ TIET T
ZEMcEE O, CORTOMFAE RO REALELRY 2 &, $93.2kG OB
BTASE— £230MeV ORFICHI2. Imm HEHBED ZEBH > Tco TOREE LTAHS S
7#K5mm®%(&%M%E~AK§OTEM)%NU,A%E—Af7bmtf7F§Y‘
WFRs 7 MiliczhZTh25FT7 ) v 7 a4 (STC) 2FREBEL T —2HEEEET 2 &
iZLli, 20K, E— 2RO RIZEEICS £ — 2 ic BB SV, L L, WEH
BOEEBIRE AT E-LDH 4 XS], NS THRICHELTTNEE S0,

§ 6. Tagging XERAREMAS 7 b (BM4) DLk
B35 BM 4 B A OERIKEHIKD Yy~ > b (C, 7T um¢, EX20mm) %t —
LEEIC S BB IEFAL, 7 8% BM4 57 b OEHRICED Hid+ £ — + EEBETFH

BFHRIOELE

#6X Tag. EERHIRMS 7 b OfEER,
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(#1400MeV 7 51.2GeV) #EHIT 22124 27 » OWANCT 5EZE L E 4 5 1H600mm X & &
20mm O TIBEWMO I HMEDS 7 b &L, 57 ORI AR 5 XIcR"d, i, BM
4 47 MITIF15° AENC SOR ZHUY 729 K — b IS TV B,

6.1 BEDESELHME

ZOFIR % 600mm 18X 20mm S SiIc LiiEs, EOMEELEIS IR VTR L, E— 4
MBI AL T B AR I345° ~30° &80, effective BMESRBDOE S D 245L78 %, EiT,
#50mm 72 P ES AT LTRSS KA B, T OE&MAHE800 um T1MeV O x RV F —

MBREICHEY T B, E— LA DHEA D 2500keV ICHIZ BEEICERET L oo BIE 13400 um DA

hE&Liw,
6.1.1 Bo#HE
BME DR Z 7R
X 2/X, (effective)
Ti 3.56cm 2.8x107* (50 um), 5.6x107* (100 «m)
Al 8.9cm 2.25x107% (100 #m), 4.49x107° (200 £m)
Fe (SUS) 1.76cm 2.8x107* (25 4m), 5.7x107* (50 um)

Z DfEAFIC LT, Multiple scattering D/AZ
6, = (14.1MeV/Bcp) Zyz/X, - (1+1/9n(z/X,)) (7

AYL=1//3 - z- 6, GHENTOE DY)
AY?2 = 6,X50mm (50mm T L THRIHZICA B EEDOAIEILA D)
p =AHEFOEH=
/X, =EATIYEE S 2iEHETRLLLD
TE—LDIENY ERD D, TOWN, HFEICEET SICRAY2TH %,
Bl LT, TS0 um OEEDAY2 %2518 T 5, e~ OEBREA100MeV &F 5,

0, = (14.1MeV/Bcp) Zyz/ X, - (1+1/9In(x/X,))
= 14.1/(0.997 - 100)Zxy2.8X10 ° X [1+0.038In(2.8X10 )]
= 5.6mrad

AY2 =0, %X50mm =280 um

AY1=1/3X50um X5.6mrad =0.2 um TEETZ %,
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ZOEDMS
Ti 75 pm
Ag 150 um
Fe 30 um

BESEORESORALEL S, L, EOMELLTALN0um 2FHA LB, 0,=7.26
mrad, AY2=363um &80, TIBID bW BKEL KB,
VLOFHREREKIC L TEOME, B, RHEBEOHFHEAEELZTNREE STV, B
KESRELE LT, RIS OMREIZZEMSHRE 1 mm, BT T % V¥ — BE TEH600keV 12
ERTFRSh 5,
6.1.2 WY LUEOBENEE
Tag. FAfRIAIS 7 b3y IO H L F—+, SOREUOH LA — b, BFHENO HLEE G
TGS > TV B RIC, §7 FORE Amm TR 7 ORI TOERMBAAREL 5,
ZUOTHERT TR OBRBENBEAHE LER, C-2BRICEEBLAVEKER— D
HOH UM 5mme OXHFEERE T, o, BTHROHLED 7 L — AE X %10mm i
L COEMEN 5810 3402.9mm FBOFE M - 7o, ZU HHE % 200mm FERE < 2 BFTIc
DA 7B E, KREMER0Imm &85, COMRPOBICEHABTEIHICLLLED
7 V= AEE EHEORBICHEARTERIRA A U SRR & 75 - 7o,
6.1.3 EFRUYKELEOXHDOTE
BOFHEE%10mm & 20mm 2 L 7B BIEAR T EE/S SRIIC o W TR L 72,
1. &
E, =1.2GeV
E, =11~0.8GeV
FTHOKXE 5 X10mm & 5 X20mm
kL, E— ot RS 3IBEEEEST %,
2. R
LEOHES S ERICAIE T SR

HITE A RERRIER
10MeV (10mm DH5E) 1.045~1.033GeV
20MeV (20mm DEHA) 1.0456~1.022GeV

DEPHAREARETRIK & 5 5,
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T, THICAET 2XHE

RIFEARERRSL
20MeV (10mm D¥55) 0.918~0.897GeV
40MeV (20mm DHE) 0.918~0.877GeV

AW, HIEARRERREA A U BHITE 5,
3. fEam

DI EosER D 5 BIE TS &P T H 5 300MeV O, XH O & 72 2 HIE AR 13 30
DOIEA10mm TH10%, 20mm THI2N0% &5, & -T, Filllid40MeV (20MeV) % THl
ERKEICE BED 5, E, A250MeV 20 F T 2 0END 5, BT OkR, BOLLME = E
LCIE5 mm OXHAZED 2 EHNcHl Y fiF 7o TDF 7 b OXHIT X 3 BIEAFEEHOE
EREE 6 XIRT,

3.00

2.95

2.90

electron window

2.85

2.80

Y (m)

2.75
Magnet edge

IlIIIIIlIHIIIIIIIIHIIIIIIIIHI

2.70
/ 0.85 GeV 1.05 GeV

2.65580(}9,\////‘ /
2.60K 1998V oo b das Lo b
0.8

07 06 05 04 03 02 01 0
X (m)

FH6X BIHREY H LE DR & HIEANFEEH,
BT © — 2 ABAIE A S OFREEIC G L TR B — A1
FE SR OE#E RS,
Kth o PUMAEER AT T C &IPS RIEARGEE 72 5,

6.1.4 TiBOEZEL—IVH

Ti R ORES RERICEBBND 7L — VRS B 1DIBUN) — 7 BRI DT, B
WHBTENEICH B, TOBICEEY - VM ETIRICEEESR VY ZE S P X3 TIRIZEY
At B, 4720V 75vY) ARERATME NS E, LipL, BETHRDEZLED
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MEELL TR A VF-EHREWNS L, EXERFENBRIFTHY, A, Wakiciticgn
THBEPEREIND, #EFR, CORUIPOTIHEBEOMBEEL L TEE LI, TIHOEEY —
WERREARR LR BOov— e L Th#(lmme) 2HAT2I &L,
6.1.5 EHEHRER

In#R(1mmg¢) ZEHLIGEORMDMN T L E) -8

fEDOF b vy (kg » cm) IR/l
30 2 X108 Torr * 1/sec LI'F
40 T7.7%107* Torr * 1/sec LI'F

ULofER®S, BOEEY - ViZIn#Ea TilRIC7 5 v O TRD DT BEEE L,

§ 7. EEOAHKEHARVEBAREETEOREELET Y — IV O®KRS
BELTY 2<%y b (SEE) KU+ 75 LEHA (A : SMI, BD# L : SME, »%u
2 :SMP) O&< 7 % v HEZEEIFEE W1~2mx06mx1m) &Lk, BHEY— L
M # 2 EOD 1 ISR Ic B, Bfich 2B0ERS NG, ThE TOERE»S
@8 Oring XIFBMRIT OV THRE Lico ¥, ThETOERBIOLEZEMEE LT E
Ate BBRT NI =9 AGLEARETHICERAtshTH Y, FEAETRE, EiETh 25
ZEZEE L BEENORSEINEDL T, BRSNS OAXLE L2887, —F, £/8O-ring
BEl (R TRATH/ 1 AR, HoRHOEPH 3 VEICIE EZY — s ARELPT
WRRPBH D, TOWMOFVICBEEET 5, £, 75 v VHBONMTHEE G2sLIFORS)
LoD D bvs (250~300kN/m) BEEASERENZ, L L, WEHHOMZE TS
J& O-ring & H ORIEIR L 72,

§8. E3IvwI5 0 VOREAI—FT4 T

TikEI 39787 P EKMARERESN S, NEHI -7« ¥ 7R F + v/ — NEOBEE
TSR 58— TN B BICEEBM 2 > 72 Ti N B2 B EECRIE L, BB 13 KM &
B DAL EF 0 BRI O 1S, TS £ B RIS OB E A 2SI RIEEICEN T —F 4
TETINENDB, LhL, E—sE2FEHELTVWEE- FTRA # — IBFRICK B3RBDUE
U3, ARk, BEEMBZILL TV AEAICIIEERICL 2RENB T 5,

8.1 &Y +nEE

ERIC & BHit5 B OZLRKRORXTEME N B,
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AB/B=2a+d/ (m+ 6% X(1—b/a*tan"'/b) (8)
ZCT
: 70 Mg
A7 NOT =R
R
P RAFVTFY TR
AR, WSS RICERIMNICET 255113013

6=((AB/B)xaxu/2)™V? 9

o & O 8

I}

THEhB, TIT

o 7' HAER (TiN @ 2.2%x1077 Qm)

no o BHER
ZRL, R oEEAMET 2 & KM ORESO R RS 5 4946nm SHEES NS, Lo
L, BWERFEMEOREDS D 28IC—EITIFENHE LV, 51T, 57 POERBL -2
Fo oy o BITHBAICEINE RETREOEES D3 um~16pm LES52EMNEL B, &
7o, BESORIERRIZ0.05 mBETH -, REETE, A0, (99% AL, O, HLFE3.8)
Ble 53y Fr = (IM100mm, FHE40mm, KE300mm DL —2+35 v 78 ORWIH
I TIN BB A 1 ~ 3 um &8 Lo * — 7 —OBERNC L NIZRERMZ 5 WREEIC L KBS,
AR EAES

R =360Q

L oTWB, TDI—F 4 v 7 EEOEIIEA » — VERICHEL 57 P ORELL S, HA,
HBRET-o R BoOESX0SEMErLSI—FT 4+ Y/ ORIZRET S &L, Y
YHBRAAE S 7~ OIEPUEIZR 1k QBB SN,

§ 9. E—LEHERDEE

BER (J50m) X STBHA S HE&hAE—AxL Iy ¥ Y 2% I mm e« mrad &V THEFT
ENTVB, BIXERIISTBY v/ h5EoN3E T xLF—300MeV, FHEBEHEIH 3 uA OE
F bt — 2% LDM KU Tagging B GE—FERE) KX 5b, £/, a2k — L v bEAOLE
BREDBAICIR/ VAL — A% Y — AMRRIFICERE, IO 1 LAJRESHEKE L, BEROMH
RRIRABESUAE1,800 ¢/s (IP =150 4/s X 8 15, TMP =300 £/s X 2 5) I KRB S
B N 7 2 A R A SHEERRIR O 2 BT Lo 52 b ORI X R & BB K
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SHREREE OB, VS S OED» S AB063DT | k& A TEMBM LI, X, E-454Vid
E— LMY BB L TROEHA TM1 £ T%260¢, TMADSEFHE A7 bax—2%
LDM £ T%80¢p & L, L2L, RABHMADOE-—LVE—-2DF v v FREBEFEFEORFZED
530mm &5k, HBRELTRRES 2 F ONEE24mm LR X2 2B -7, 5,
ERTRETE Ny 7759 Y FOBRERERT T 208N D 5, £72, Tagging EERHE L
TREE#RA TM1 & TM2RlIcR ) » bZEFEL, CORY v PRIBVRTHEHL TV
T E — AEBRASHKI00nA 22 25A8IC3REANKE B KBHZLE &4 2059
EHNTHRIS O, 1, WXRY 7 OB 5 v Y RREE S A EE L CICFI52% A L
too LU, &7 bHVZ®IC, IPHROTOa Y 92 4 v 2 REFKEE ORI E S ITE R
T3, KK, Rr7oHKHEERS 7 DIV S s RHOSROERETH S, BYOH
BTHEIESHSEE D X v 7A@ E KT STB Ak L FREOKE (1502/s) #A Lk, X,
F—HBREANOHV RO — AHERGOm, MHE AB063) & OHEHLITET LTHD, fRiFH
¥ 7760 £/sIP 4 5 S HIHERIEEE250 £/sTMP 2 B TP = 2 X10 *TortATOE IR E N T
VW3,

§10. ¥ &
BE, AbL oy Fr— T=25 )V IVORBEEEFKEOEL TV S, L L, EHEEHE
dF v —BHEADINDE T ORKHBEEL D RS, 3/ —vA vV va vBNTETE
TEERELTEENTERV, T, Mz 2 V¥ — REEERAGOBROFHEICTRIED
903MeV £ TLAEEE LTV RV, B2 RLABICERBSRE I A VE-BEVEDIC
FHNOHET Y 2 X10 * Torr LF AR LTV 3,
PUFig, IngcodiFiiconwcken s,
1) EEAREMAROCERHOARRMEEEOE P & TMP 2L TS 1 X107
Torr BT, MIOBEEZRLD b 1HLILERZ VG, £/, TS 3EFICHBE LT — VK
A= B =Y OFESIHNLERBRERE T 1 ~ 3 X 10 " Torr & O\ E 1 Z58) % &Ml L
TVWERZORREBEE LD ShTHEN,
2) ABHE— 4 BRI — a0ZXT 5 A CTOEAZL (P ERHE) REAlshATH
730,
3) BEAZAETHE LR, M Foh—RrvROE— 7 HEL, HRERENAD
bN%, A%, HEL7 5 LEMR (BEHROFHC) HoBEMBAIH, MEFEOETFI
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SEM 2.5

o
o

0.9

0.9

0.5

3}.27

A

i

MPT4;

X

S

M (uSv/hr),



HETI2HEND B,

4) T2y ABLEY s P EFHLTO S ASTE RO E — AERE A R RHEMMEL,
STBAKDEN LD & 1 HHEL, T2 X100 Torr B2 FFEL TV 3, —F, ERESE
M 2 MLl EDERZE (EBEEERI0 "Torr ) BAELCTHY, 4%, EZHHEIREE
B LTI S0,

5) FARABBLTHOM5 » Bicis b, SUSAEMEA L7 STB AKOERB S ERE 13
B LR LTETVE, 5%, =9 —ROBMHAERELEN LY, HKET 2EMNRE
DIV, BIEOKRBEREEZSE THICRT, HIE AR T D100 HEIC 7 -Survey
Meter (Aloka #t, TCS151%!) T4 7 + oFEHEE (1Sv/hr) ZHIE L 7.

6) HERPORGIC & 2 EERE ) OELERIE LR, W1IHEREOEN EFERLT
Wk, Fiz, FEBUCX ZMEDLBIAIE (77 28D OBHEOBERESH L, T OXKER
WTW3,

SR SEEFIBENHEE SN B, 7, FAREMIcHD, HHHE S v oVERELH
EE0EYHMTE2DICIEdHD URREEZ T BTN S0,

= % X K
1) O. Konno and T. Ohoi : JVST A, 9 (1991) 3134 ;
T. Ohoi and O. Konno : JVST A, 12 (19914) 3186.
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2Ny Fo—eT—RFY VI DE—LEZY—F

X ERRT
S #&IE

§1. FILOHIC

AbbyFreT=RyY vy (STBY V) OE—2E=% i, HEHEBNBLCHEH
Bk, WEOE=sEHALTVE, VY I NOARIA Y BLUMD L — 40
SAVIRBRZ ) —VEZSERE LI, T, ARE—2& Vv IO~y F v rEEHIcT
LIHEBIIBIC L 22MAETAS LK LTVS, VY IHNOE=Y — & L TRAFERD
¥y — v oMEEEMIC, NMEEE(LTEER7)-—VYE=SL, T4V RF+FE=SEH
W3, AIZEHBIRY v S OBEZES 7 PHNEDOI0mmASBETH B, E— AERBOMERE
KRR v E= S EEHT 5, MEORHE SRS L &S HEE 12 +20mme L,
ThZho =y OEEZEE 1K, BEELTICRT Y,

@ AZV—E=H (SCM,MPT,MPR)
¥ UAvAXT =L (WM) Wst
B &z e=%BTM SE“—E—T‘
& EHE=#(DCCT,CM)

X:X SORE=# (SORM) BTMS8

BTM7
WM2 \

BM5
BTM5 BTM6

F1X STBY v Y « E—AE=¥ OB,
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§2. =%

2.1 RUU—vEZH

A7 Y —VE=FIE, BFE—aDBEITIv 7R BNV ) avs, w02V 7% OF
WIRZEET 5 E XICTA AT A LIV ZDOMNBEERESA2E=ITEHDTH 5,
fEHICH CEHERATE 20 IELFIAEN TV S, 72720, HulizEsHERKY v 70
TS ELTRAEYTH B, STBY v 7/ TRAS, BUH S A v OBUERBERT ) ¥ FHIC A
Fantce— 2RI HERL TV,
Z2)—vE=SORBKELTR, 7—% v FEEnE LT T 570 OBEHK, CCD
H A5, EGYIEEE, EBEAR-FZ LT =Y F NIV Ea—I 5 >TWVWBE, CCD
HASICEOBMBILEINIEBR -V F VI v a— 5 KO ZBEBIGAT - Fizk D
FUHILREN, IVEa—F  ky bT— 2 EZBLUTHEZEORIEH I vV —AV~FRT 3,

2.2 949¥PXRF+FEZS

BFE—LDBI VY IRATYDTA4 PICE > RIS N 22REFEZBIET 251 7D E
=9T, 94YE2E—-sulEfEYU L LS ICBH S RE LRI 25T 2, D51 TD
EZHWRFAZ ) —VvE=SRBEOE—L R EEL LI EREL, FREFTUEOTRIZLY
KO E AL E BT 2 C EDTRETH b, 7272, 74 YOMEEEHMIICBHSE 3
T D RITE KR A2 5 DISRETH B0 SERER, 2T — YOBEIREIC X 5 08&AKTO0.1
mm%f55 I ENTES, =5 DESLAE L MEDHIZH 2 KITRT,

2.3 RIVEZY

VY IEERE-FCHEMTAROMEE= L LTRE LICE—202%24E05K9 7%
Y4 TDE=FEFHT LI EETER Y, KYVvE=FIE, E—L57 PABICHEESNL
MEOERIc, BEFE—LAPHEETEEZICECIFEERZEE LICIDNELRIET S
bDTHB, E—2HEZESL I EBSEERIMEEZE=FTESEID, LY v /o7 -
2y =Y vIrRnEiRHIh TV S,
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[2000. 0
B0000. 0

21500, 0
25000, 0
22500.0
b000o. 0
7500, 0

5000, 0 [
2500.0 \
0000. 0
7500. 0
5000. 0
2500,0

0.0 .
0. (‘JE"O 10. 0E-6 20. 0E-6 30.0E-6 40. 0E-6 50. IOE‘

200000. 0
100000. 0
0.0

-100000. 0 \ /
-200000. 0 \
-300000. 0
~400000. 0
=500000. 0
-600000. 0
-1700000. 0
~B800000. 0

"

I -

-900000. 0

F1000060. 0 )
-15.0 -50.0 -25.0 0.0 25.0 50.¢ 15.0

IR IAYEZIDER, L0573 74 v oELNEREE (X#EME),
FTosrs 7374 %¥%22F+ v Lo xHRIOE R 75 A (xBIEA MM, 0.0
mmASFETL, BEOHEN Y ¥ ),

2.4 BRE=%

BT v - LOBREARAET S0, aT7E=4 &, FHEKE=4 (DCCT) 2MHHL T
W3, ITE=ZS, 7254 FDOF—FVROITIIE TS - vOBREEZVLLOT, LT
BB OEBROEBHRAE=7 T2 ENTELRYD, BEFIAF 9705 Y INART 2
SNVRAE—LOBRE=SELTHVCV S, BEFO VAT VICHEHLTVSITE
=5l BEEDZVRIEFICRBVEHEKOBRERTT I ERBTERN, TOIH ) v 7
WicERs N BEEE=59 5751 DCCT 2 L7, #381d DC 2 5% KHz, #IEH
BEBHRMEIR 100 A DS E5 A, DREENIOLA TH 5,

2.5 SOREZ=?%
BT — 20X 0 Sk ZIELB%%E TV A 2 5 2HVCHR LIRS B
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EE=5T 5, HKRADBWERTHERITX 390K IBEYTH 5, LoL, E
HERPRKELBRICLAPORET ZOMENEL, BHE, 7405 —b50id15—
RENOHEBPREL LS, TO®, XEMOHT A vET KT ENENE 3,

§ 3. Sl
PESEEOE=5DEM, YYFL—9%2Y) VYJ/EES 7 bORBICO Iz E =
FELTHRLI, £k, TA¥RF +FE=SEVVFL—IRUOBEHNE=SE T4 + <
NWEHMABEDORF a—VvERHE L, Fa—vid, YYFL—9RUE7 4+ b2 VOHH% FFT
MELE SN AR AEBI T2 LICEVAIETE 3, HEEPIMICRT,

1.5
1.4 D
8%
/
13 QF |
Y . OOOO
1.2 g~ o o
81.
88.98
1.1
1.0

3.0 3.1 3.2 3.3 3.4 3.5
VX

%3 BIELIF 2— v, I3, QFOE#A89.22A ICEE L, QD %88.68A » 591.08A F
TEbsEEE, Old, QD DOfE#89.68A ICEFE L, QF %80.02A A 581.22A £ T
Elexgic L &,

sz B X #
1) ERILEBAfth: BRI ZEERE 30 (1997) 81.
2) Y.Shibasaki et al.: Proc. 22nd Liniar Acc. Meeting in Japan, Sendai, 1997,p.338.
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AbLyFr—roT—=27) 7 OHIH%

AR
KBRS - CRAL - SRiE&E

§1. #IE

STB #IHIR DHEHEL Y 13, STBEEMIAZE HIFE (19944) WAL 7c, DV FHRLE
WDHOABTA—F, V7 92 TARBFESTLEILICIE-12DT, DIBOELWEELRD,
Y 27 AOHEY ZFELDENLD, E—AF7 A MIRAEDLEICALE LI ENTE
Foo UL, REHERTWEWT OS5 L0560, BPIOHEE LTWHIlY 27 4 DK
i3 5D LIERIANETH 5, STBIR10A & v —EERERFIAER b 205, B O/
ey v 2974 bITLTHRIFONETFTETH S, TIT, SEEINETORPRESL,
BERERBARDTB LI FETL 5,

§ 2. HEtEE
Iy 2 F 2 EBEHT 204D, DTFoL > BEES, Tho2EBRT 272008 %RY
7o
(1) EFHEEEL, BB a2 F2ECIS A vy AT AOFES
HERER EASE L W=y FravEa—5 (PC) &, EEOHFTEIfEbONATVS
PLC (Programmable Logical Controller) %9 %,
(2) PBAZE, BRFORMBAERS LIty 27 L0FEH
A7V MERY 7 by = TENORAE, TIROBEREY -V T TN v a v
V7 by =7 AERL CHREHOBEILEX 2,
(3) FWRMERIRMEDOS VY 27 4 DFEH
F— s N—2&FHL, ThEHIEO DR TESHERCHIEREOZ I LT
AFICHIRTE B L DHICT B,
AVEa—FVRTFAITE, YN 2 54TV MERERRAL, QEOSHLEX S,
(4) IESEEE O EH AR § 5 2D ICBFHOR L v 2 57 A0 FES]
a vy — VA ® GUI (Graphical User Interface) ¥HE%5ILd %,
E—AE= 7 OBEEEGLIEL, ©—20fF#MEME L TERT 2,
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E— ABUEAEMIT Y3 aLb—va v LEMSLHEHBLRS L 51T 3,
HARFIEE <2 ofb LT, BEREEOENEEX 3,
AVIAY e =aT VRNV TIEER, MK ELZZHHL, DP9 BB
I3 %,
(5) M OZUERESIT X > THIBL LV Y 257 £ DEEB]
BAEGRHEZLZFELBVESIICL, WOTLEFOLD ERMERSE L HITT B,

§ 3. N—FDzT7HmK
TEBREETREM I v a2 -2 E LTV -2 XF—v 3 v (UNIX) #, F4/54 23V
bo—35&LTCAMAC, VME WAL b T&/, L L, &ED PC OHREIGTREENIC
HEL, £ OIHASETCPCAOBITHILAED, 7—7 RAF—¥ 3 YOENBENTETV S,
I PC O GUIBREDRE L, * €Y, ¥4 27 BREOSGHEEL, + 7Y =7 MEEHITHIEL
TEE YL B Y 7 Y I THRBEORE, EEEOSVALTF I X IEDA <L —
T4V IYAT A (0S) BN EREICLD, bRIPINHEEHBE~PCERIHT 2 i
BIL Tl SRR ISV F /e, IIilids ORFEH ORI LR T, PC O &ML PC D&
HEZsiciikse s b b, PLCIEFA (Factory Automation) DO4yEZhiic, B
ERZBOFE TR Ebh TV, 3 v Ea—sEo#ES %2 KB LT, PLC ofgERmE E
L, V7 OBRBEELEFICE > THY, @EtoERsn 0>, 2R - 552 % 5t
FHERFE, IEEFERTRE  OBBHFENCHSEETH 5, A¥ 27 AT PLC i,
M E TV Ea— 9 Y RFARDA VI =T 2= ZARVTF 4 N4 AN AE LTHREL T
W5,

3.1 PCYRFLA

FAKICHBEY X7 2 O ERT, VA7 AR10680 PC THEREh, ThoR3HEHD
Fast Ethernet (100Base-TX/FX) THIIN TV 3, PCiRENFN—oD OHFEEIHL, 20D
HEN,
(1) HHHOPIRBEREE L THIC 7 — 7 X =2 « =3,
2 7374y r¥EERILLIcA XLV —Y gy e avy —),

—

38) PLC &Y —Neav¥a—F0aIa=r—vavyoREisd sy -z,
4 E—=2 22 V=—vOMBEF VI IMELTI VY —MZHESTD, T4V — 2%
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Bk s %, [Memory Control Module), [Memory Module] Z\ 3N & CAMACY £ 7D
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Basic) w7 02wy F& ODBC &EWoiey —VICiEAZ STV AILIEKIEDIERAT, -2
NR—ReH—nNEalaz=r—vavPRohTW3,
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Ry FVITHBNBTEDL 1T TH 5B, MUABRKDO < v F v 7 30ULEBET VSWR 131.05
UTFictcEi,

LD LEIHONERETNCEEB L ABEBERHAODOT 54 » v M BIEBICTE R h 7o & &,
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Data Acquisition System using Windows NT™
Workstation

M. Kawabata and M. Mutoh
Laboratory of Nuclear Science, Tohoku University, Sendal

982-0826, Japan

A data acquisition system, where the Windows NT™ was used for an operating system
on the data taking computer, has been developed for the first time. This system showed
sufficient performance in the data acquisition with standard CAMAC modules, and up to

410 KB/sec of data, for the present, were taken without any dead time.

§1. Introduction

Requirements for an operating system (OS) on the computer used in the data
acquisition (DAQ) system may be a real-time response to an interrupt from peripheral
devices, and a reliability on its tasks. The VAX/VMS system, which is a real-time
system, has been traditionally used in the DAQ purpose in nuclear and high energy physics
experiments, due to these requirements. Recently, the Linux OS, which is not a real-time
08, has been widely used as the OS for DAQ systems on high-performance and low-cost
personal computers, due to its fast real-time response’** and its portability. Is it possible,
then, that the Windows NT™, which is not a real-time OS, neither, be used in the DAQ
purpose? This OS is a multitask OS with a graphical user interface (GUD), and is widely
used on personal computers. The GUI is an attractive characteristic of this OS, since this
would reduce mistakes in DAQ operations.

In this paper, we report on the development of the DAQ system using Windows NT,
named “NewKoala” , and show its performance in the DAQ tasks with standard CAMAC

modules.

82. Overview of the NewKoala

Figure 1 shows a schematic layout of the DAQ system, “NewKoala”, which is supposed
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Fig. 1. Schematic layout of the DAQ system, “NewKoala”. This system consists of
CAMAC modules, a Front-End and several number of Back-End computers.
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Fig. 2. Schematic figure to show how a user application interacts with a peripheral device,
Kinetic 2927 Interface card.
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to be used in (e,ep) or (e,en) measurement at Laboratory of Nuclear Science, Tohoku
University. This system consists of three parts, CAMAC modules with a Kinetic 3922
Crate Controller and a Kinetic 3982 List Sequencer (L.S.), a Front-End computer for the
data acquisition (Gateway2000 GP6-333) with the OS, Windows NT™ Workstation Ver.
4.0, and several number of Back-End computers for an online data analysis. The Front-End
computer has a Kinetic 2927 Interface card to interact with CAMAC modules. The Front-
End computer and the Back-End computer are connected through Ethernet. Any kind of the
08 is allowed for the Back-End computer, as long as a C-socket programming is available
on it. For the present, UNIX (or Linux), OpenVMS, or Windows NT is supposed for the
OS of the Back-End computer.

With an event trigger from some experimental apparatus, the L.S. initiates list
sequencing to read data in CAMAC modules, for example, an Input Register, ADC'’s,
TDC’s, and a LeCroy 4299 Databus Interface, according to the CAMAC command list which
is preloaded in a 16 KB Random Access Memory (RAM) of the L.S. These data are
accumulated in the 8 KB FIFO memory of the L.S. When one-half of the FIFO memory
is full, the L.S. generates a Look at Me (LAM). On this LAM, the Front-End computer
is interrupted and reads data in the FIFO memory by DMA data transfer through the
Kinetic 2927 Interface card. On the Front-End computer, the data, transferred from the
L.S., are rearranged in the “NewKoala” data format with 16 KB length, and all the data
buffers are recorded on a hard disk. Scaler data are accumulated separately, when the 16
KB data buffer is full. Some of the data buffers are transferred through Ethernet to the

Back-End computer for the online data analysis

2.1 Device Driver for Kinetic 2927

On the Windows NT, a user application can interact with peripheral devices only through
device drivers, which run in Kernel mode of the OS. The device driver for the Kinetic 2927
Interface card was constructed using Microsoft Windows NT™ Device Driver Kit (DDK)
and WinDK™ DDK Class Library, BlueWaterSystems, Inc.

As shown in Fig. 2, the device driver for the Kinetic 2927 consists of a Driver Entry

routine, a Dispatch routine, and an Interrupt Service routine (ISR). The Driver Entry
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routinene is called from a “Control Panel” of the Windows NT. This routine loads the
Dispatch routine and the ISR into the OS, and initializes the Kinetic 2927. The Dispatch
routine sets up for the Kinetic 2927, according to the kind of CAMAC commands from a
user application, like as a 16-bit programmed [/O (PIO), a 24-bit PIO, a 16-bit DMA
transfer, and waiting for a Request for Service (RFS) interrupt. All the data transfers
are terminated with DONE interrupts. The ISR is called with a DONE or RFS interrupt
from the Kinetic 2927. This routine hands transferred data to the user application and

resets the Kinetic 2927.

Fig. 3. A main dialog for the user interface of the “NewKoala”.

2.2 DAQ application with GUI

The DAQ application on the Front-End computer consists of several thread routines for
the GUI and DAQ tasks. It is true that the GUI has advantage to reduce mistakes in DAQ
operations, but the GUI may prevent DAQ tasks, because it takes much time to redraw a
graphical display. It is necessary, therefore, that the GUI and other DAQ tasks should be
separated each other, by using a multithread programming.

A main thread manages the GUI and the status of other threads. The DAQ tasks in the
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application are 1) data acquisition from CAMAC modules (Collector), 2) recording data
buffers on a hard disk (Recorder), and 3 ) sending some of data buffers to the Back-End
computers (Router and Server). These tasks are performed in different threads. Since there
exists more than two threads which handle data buffers, a buffer manager thread is also
necessary to deliver data buffers to these threads in correct order and with appropriate
priorities.

All source codes were written in C++ Language, and the Microsoft Visual C++ Ver. 5.0

compiler was used.

2.2.1 Main thread

The GUI receives user commands, like as a setup for the DAQ and start/stop of RUN,
and displays informations from other threads.

Figure 3 shows a main dialog for the user interface of the “NewKoala”. Users of the
“NewKoala” should prepare a definition file, which lists the kinds of CAMAC modules to
be used. With [DAQ] - [Setup] menus clicked, users set up a filename of the definition file
and a path where the raw data are to be recorded. These setups can be changed whenever
RUN does not start. The router thread starts with this setup, and up to three Back-End
computers can connect to the Front-End computer at any time. When a Back-End computer
is connected, the host-name of the Back-End computer is indicated on the main dialog.

When a [Start] button is clicked by users and a start comment is inputted, the next
RUN starts, and the collector and the recorder threads start execution. The collector thread
initializes CAMAC modules, according to the definition file, and begins to wait for a LAM
from the L.S. Total number of data buffers, which are recorded on a hard disk, is indicated
on the main dialog. When any Back-End computer is connected, number of data blocks,
which is sent to it, is also indicated. These numbers are updated once per second.

To stop RUN, a [Stop] button is clicked and a RUN stop comment is inputted. The
collector thread reads last data from the L.S. and disables CAMAC modules. The recorder
thread terminates when all the data are recorded on a hard disk.

The DAQ application is terminated with [File] - [End] menus clicked. The main thread,

then, terminates the server and the router threads, with any existing C-socket closed.
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Fig. 4. Event data format in the “NewKoala”.

2.2.2 Collector

The collector thread is created when a user starts RUN. Functions of this thread are 1)
to wait for a RFS interrupt from the Kinetic 2927, which corresponds to a LAM from the
L.S., 2) to receive one-half of the L.S. FIFO memory, by 16-bit DMA transfer through
the Kinetic 2927, 3) to convert these data in a prescribed data format, to be described
below, 4) to read scaler’s data separately by 24-bit PIO, just before the data buffer becomes
16 KB length, and 5) to rewrite the content of the data buffer, while the buffer manager
allows to have it.

While it reads scaler’s data and it requires the buffer manager to have access to the
data buffer, the collector disables a Marker Module (M.M.), as to be described below, and
the data taking task is suspended. When the L.S. happens to cease list sequencing due to
the overflow of the FIFO memory, the data aquisition is also suspended and the CAMAC
modules are reset.

Figure 4 shows a data format for an event block, prescribed in the “NewKoala”. Every

data block, including comment blocks, has a 16 KB length. Each block has a block header
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Table 1. Definition of the region numbers.

Region # CAMAC module

0x1 VDC’s (LeCroy 4299)

0x2 Input Register

0x3 ADC’s (LDM Spectrometer)
0x4 TDC’s (LDM-SSD’s)

0xa ADC’s (SSD’s)

0Xb ADC’s (Neutron detector)
0xf Scaler’s

Buffer # nFlag

Pointer Request 0-th 0
nTopO0 - nTopl <9
—> Hand Pointer 1-th 1 |«—— Recorder
Otherwise nTopl =1
—» Queuing 2-th 1 - ~
Pointer Request
Collector — 3-th 0 nFlag =1
nTop0 =3 —> Hand Pointer
Otherwise
— Queuing
. _J
Return Pointer (Return Pointer h
Increment 8-th 0 Increment
nFlag & nTop0 nFlag & nTopl
Treat Queued Req. 9-th 0 L Treat Queued Req.J

Fig.5. Schematic figure to show how the buffer manager delivers the data buffers.

with 6 words, and a block trailer with 2 words. The block header includes informations
of a block number, a data length, and the number of events in this block. Each event data,
in the event block, consists of an event header and actual data of ADC’s, TDC’s, LeCroy
4299, and Scaler’s. The event header indicates a event number, a event length, and the
number of region headers, as described below. The actual data are sorted according to kinds
of CAMAC modules. Each of the sorted data has a region header, which indicate the kind
of CAMAC modules, as listed in Table 1 and the number of words for the data. Upper 4-
bits of each data word for ADC’s and TDC’s are used to express a subaddress of the
corresponding module, to enable to compress the data. Data format for VDC’s is the same

as those from LeCroy 4298 TDC Controller, including a delineating word.
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These headers would help us to construct analyzer programs in flexible ways. This data

format is constructed on the analogy of those used in Tamii-system * and Ichihara-system.

2.2.3 Buffer Manager

The buffer manager, used in the “NewKoala”, works in a simple logic (Fig.5). Ten
data buffers with 16 KB length are prepared in the main thread. All threads, the collector,
the recorder and the server, commonly have pointers to these data buffers. They can read
or rewrite the contents of the data buffers, only when the buffer manager allows them to
have access. The buffer manager delivers the data buffers so that each of the data buffers
is rewritten or read by only one thread at a time. They have to take following proceedings
to have access to a data buffer. First, they ask permission of the buffer manager to have
access to one of the data buffers, and wait for the permission. With the reply from the
buffer manager, they have access to one of the data buffers. They have to inform the
buffer manager as soon as they complete the access, to enable other threads to have access
the data buffer.

Each data buffer has a flag, “nFlag”, to express whether this data buffer is rewritten
by the collector (nFlag= 1), or is already recorded on a hard disk by the recorder (nFlag=
0). A data buffer with a number “nTop0” is the last one which the collector has
rewritten, while a data buffer with a number “nTopl” is the next one which the recorder
is to record on a hard disk.

When the collector thread requires to have access to a data buffer pointer, the buffer
manager checks the following conditions, 1) the flag nFlag of the data buffer with nTop0
is 0, 2) the difference between nTop0 and nTopl is less than nine. The buffer manager
allows the collector to have access to the data buffer pointer with nTop0 only if these
conditions are satisfied. If they are not satisfied, this request is queued.

When the recorder thread requests to have access to a data buffer pointer, the buffer
manager allows it to have access to a data buffer whenever there is a data buffer with
nFlag= 1. This confirms that the recorder thread has a top-priority. If there is no data
buffer with nFlag=1, this request is queued.

When the server threads request to have access to a data buffer pointer, the buffer
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manager allows them to have access to it only if the following conditions are satisfied,
1) the data buffer with (nTop0— 1) has not yet sent to the server thread, 2) the difference
between nTop0 and nTopl is less than three. Otherwise, this request is queued. As a result,
the server thread always receives the newest data buffer, but has less priority.

When these threads return the data buffer pointer, the buffer manager increments
nTop0, nTopl, and nFlag’s, and treats queued requests.

Communications between the buffer manager thread and other threads are performed

using “Event” without unnecessary CPU workload.

2.2.4 Recorder

The recorder thread is created when a user starts RUN. This thread records all the data
buffers, taken by the collector thread, on a hard disk. It takes about 3 ms to record 16
KB of data buffer on a hard disk. The buffer manager hands data buffer pointers to the

recorder thread with a top-priority, as described above.

2.2.5 Router and Server

The router thread is created when the user application is invoked. This thread creates a
server thread, when the Back-End computer requests to connect. Up to three Back-End
computers can connect to the Front-End computer.

The server thread receives a data buffer pointer from the buffer manager thread, and
sends 16 KB of data buffer to Back-End computers, for the online data analysis. The data
buffer is transferred in a TCP/IP protocol, by using a C-socket programming technic, which

is supported in any OS, like as UNIX (Linux), OpenVMS, and so on.

§3. Performance test
The performance of the DAQ system, “NewKoala”, was investigated in two steps. The
first one is to investigate the device driver performance itself, namely a real-time response.

The second one is to investigate the overall performance with the GUI and other threads

running.
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Teble 2. Results of the measurement of the real-time response for the Kinetic 2927 device
driver.

Interrupt latency =1bus
without ISR with ISR

16-bit Programmed 17O 30 s 16-bits 43 £s,/16-bits
24-bit Programmed 170 32 s,/ 24-bits 47 s/ 24-bits
16-bit DMA transfer - 3 us,/16-bits

MM. LS. CC

Event 1
trigger LeCroy NIM trig. in —
"[365AL [~ | /TIL & =
W > 200 ns trig. out@) tr g@ %
gate qui_, | grapLin req
ADC gate O 257 ®
" TDC start rang in
VDC exp. com g_éj

Event Req. ——Visual ' grantgul

Event Acc. — Scaler

Fig. 6. Trigger circuit used to measure a live time of the DAQ system, “NewKoala”.

3.1 Real-time response of the Kinetic 2927 device driver

A real-time response of the Kinetic 2927 device driver was investigated using a simple
single-thread program, where a 16-bit PIO, for example, was repeated 10 thousand times
without waiting for RFS interrupts nor Q-responses, and the interval time was measured
in the program. For the 16-bit DMA data transfer, a data transfer of 1 KB data was
repeated in the test program. Table 2 lists the results for the 16-bit PIO, the 24-bit PIO
and the 16-bit DMA data transfer.

All the data transfer include the DONE interrupt latency from the Kinetic 2927. To
investigate the interrupt latency itself, two tests were performed for device drivers with

and without the ISR were prepared.
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" Table3. Results of the perfomance test for “NewKoala”. The item, “Trigger”, indicates
the interval time among event triggers.

Trigger Data Live Time

[/sec] Recorder no Scaler with Scaler
400 u sec 300KB without 99.9% 98.4%
with 97.1% 96.0%
300 u sec 410KB without 99.9% 97.7%
with 93.6% 93.4%
280 u sec 440KB without 96.2% 85.8%
with 84.3% 74.9%

3.2 OQwverall performance of the “New Koala”

The overall performance of the DAQ system was investigated by measuring the live
time during the data acquisition with several trigger rates. Event size in this measurement
was 63 words, including 6 words of the event header. The collector thread read the L.S.
FIFO memory with the RFS interrupt from the Kinetic 2927. Some of the data buffers
were transferred from the server thread to one Back-End computer, where any data
analysis was not performed. An online analyzer program QPAW * was used on OpenVMS
system (DEC3000 model 600 AXP/OpenVMS Ver. 6. 1). Less than four data buffers were
transferred at any event rate, which is due to the transfer speed of the Ethernet. The router
thread did not affect the live time, and this effect was confirmed to be less than 0.3%.

Effects of recording data buffers on the live time were measured with and without the
recorder thread invoked. Since the collector thread reads scaler’s data block by block,
reading scaler’s would affect the live time. This effect was also measured by reading and
not reading 24 channels of scaler’s.

Figure 6 shows a trigger circuit, used in the measurement. A pulse generator with rates
from 1 KHz to 10 KHz is used to generate an event trigger. The event trigger is delayed
by 200 wusec, which corresponds to the conversion time of CAMAC modules, and is
introduced into the L.S. through a Marker Module (M.M.).The M.M. intercepts the next
event trigger before the L.S., while the L.S. reads data of CAMAC modules with the
previous event trigger. An output signal from “gate-out” of the M.M. is the same as that

from “trig-out” output. The live time was measured by counting request and accept counts
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with a visual scaler. It should be noticed here that the live time, measured in this way, is
reduced by reading scalers, block by block.

Table 3 lists results of the measurement. When the recorder thread is not invoked and
the collecor does not read scaler’s data, up to 410 KB/sec of data can be taken without any
dead time. The effect of reading scaler’s depends on the event rate, and is less than 3 %
up to 410 KB/sec. It increases rapidly, however, up to 15% at 440 KB/sec. At the same
time, the effect of the recorder thread increases at 440 KB/sec. These are because the L.S.
FIFO data memory becomes full and the L.S. ceases list sequencing, during the collector
thread changes a data buffer format and hands data buffets to the buffer manager. Some

improvement, therefore, may be necessary in the collector thread.

84. Conclusion

We have developed a new DAQ system, where the Windows NT™ is used for the OS of
a DAQ computer. This DAQ system showed enough performance in the data acquisition
with standard CAMAC modules, and up to 410 KB/sec data can be taken without any dead
time. Some revision is necessary in the collector thread routine, however, to take more
than =410 KB/sec data.

For the future, an online data analyzer system can be constructed also on the Windows

NT using PAW, since the CERN Library is formally supported.
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