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RELRFRNE D IR ETHE [ E A~ H
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1. $AHE

fCHEI%) (surrogate constraints) &\ 9 F 2 i, Glover [1] 12X, ¥ THEIER M
HEOSFICH) ARLS L7z, RERIFIE L, R (surrogate multiplier) 2 W THZ 5
W fE () M8 (surrogate problem) YW1 XuMEICEEXE T, ot
B R 00 i R L3 T P D H (B> IRAE % 52 5 AL BB T (surrogate dual problem)
13, 2 EREZ BN T 5 & O R REOBa#ELEE & L CERILS 115, Luenberger|[ 2 |
(3, JEREAHEN 2 IR AT T H U, REERER % o b3 4T, BB FEO MR (2
BHE Rl —T 52 xRz,

oz 13, GRS & ARl b T H 2 ZKICIHEMEF v 7' » 7 E~EH T 5 2
kA5, IR Z Aol LIEEH T 5 & 2 DBAREX v v TOFET 5
Z DX XCEN A BFEOMRITFATWRERE & 7 b 70\ 22T, W IR FE D i A3 5 AT
AREMR & 7 & e WAy, Bl b S 7B R b DB RIE O FAT W RERIR & AT AT REMR DY
RBon b TIEKM/NT 2 HEICE), FITRELEURER I 2 —) AT 1 v 7EEH
g7z [7] [8], AKEEICLY, WEORVLERfEE, MEORWTRIEEZ 52 5Lz
BB ENTED,

1 HI# 0 IEAFHZ RIS, RO E T2 HERL LIRS 7y 7 FEANE]R T 5 2
iz k0, JERVERTEREO HBEEDIEM T A RETH > ThH, ST v 7y 7
MHZ BT 2 X & ) BRI LIS AR ) BREN TRl 2 KD 5 2 LT E 5 2 Lol
HINTWB[6 ], EHEOHIKZ L DIERUEZEHEHE £ BERUL L TR S L7z Z2RI0ERE T
y Ty 2 R RIS S 32 DL WY, ZoREIHREO®E, b L<idta—
N RT 4y 2 12RD 72 FAT AR AR T I L, TR IE O KIS i i D A5 | AFAE T
BEHZ LMD, WIT N DREOMFICHRRE 2 MU, MOREZ BT S L AR
Thbdo

AFFIT LD, JFEME N IEEERE T Y, KR RER R E 2K TE L 2 &
%, AHEBERICL S THEIOS,

2. FEMRFETEIRE & ¢ DREBERXRIE
LB BETREZ IR R EIIIE  [NLP] (3R> &5 iwg LS s,
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[NLP]

maximize f(z) = Z fr(@n), (1)

neN
subject to  gm(z) = Z Gmn(Tr) <bm (M=1,2,... M), (2)
e T, € An, ®3)

2T N={12,....n,...,N} 3% ¥k =z DIxFEA, A. CR, m (TR DTS, by 13 HIH
KickT 2 HPHERTH B, |
PHEE [NLP] ok 2 fCEAUGE [SD] AR TERILEN D,

minmize opt[S(u)], (4)
uwelU, (5)

{BL, optlP/] (I [P'] ofosifh,
u:(ul,uz,...,'u.M_l)TGRM"I, (6)
U:{ueRM'lezﬂumSI,uzﬂ}, (7)

E¥ 5%, CITEHASIN ﬁiﬁfiﬁ%g(:tl PpEAL, F72 [S(uw)] (FACERE L PRI TRAT
HGzeohd, [Sw)

maximize f(z), (8)
subject to ¢ (u, z) < B(u), 9)
T € A, (10)
HL, M-
e, z) = D un{gm(@) — gu(@)} + gm(), (11)
T M
A:xlx.AQx---x.AN, (13)

£ 5,

Luenberger [ 2] 13, MRE [NLP] Z#WETHILL, v ZRolfbT o2 xicky,
KUk I D i 2SI [NLP] oFailiffic—83 5 2 L 2R L7, M K] »HEnRRET
7e ARHRUA FE D R ATHIE NLP] Offic—8|Lawe &, {EX v v 7PHEET L L0
Yo ZIT, A AT A ={Gn1,8nzy - 5 Cnky - Guie, } D L) ITEERALS N2RTEIZ, 2
KICHEGEF » 7y 2B K] LW, @GR 2RO ZERING » 7y 7 B L5
filiZe i & 7 %

3. REHKEDSRITIEREF v 7V v 7RE~DEH

ZRICIEF o 7y 2 K] o &9 ZlEscos LRI EBRE 288 L7254,
EX © v 7HFEE L CREDH I [SD] of»shiliE (K] DFATAREM & % 2 L 3R 6 7%
Vv, Lo L, M K ©oFEITTRBOEAZ XK REME [S)] DFEITTREDES T &5
(w) ¥ hUZ,

X5 C X5(u) (14)
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DI 20T, (REE (S(w)] olgERe® € X5 (wiIME (K] o LR f(2°) 252
5. 8%, ®V27T7 78 —F(MA)[ 4, 5 I2E > TREREZ % 12fEE, C O P (Cutting-off
Polyhedron) 7/ T X4 [3] 12X > CZDMRNE-2 2 EREZ HANICT 2 £ 9 1 w % Faill
b3 %, BN S WA OFHRICHEHATIUL, 27 ) OB T LIRMA & B 25—
BT HIEDIRINTWE[T7], L2L, ZOMRIIFEITRETH S LIRS LWDT, LITFD
T CREERE O EAT W RS 2 #d U, FEATREME 2 3R T 5,

g=(z) b

X1 [ (K] %7 e gk £
CHERE [S(uSP)] o347 TRERE F5P
T O/ & 72 R o) AT Wl RE RIS £S5

2 WD A, K LIRY & 512, JERE K] OETREERE FK, Hiliz u 2 u’P, uP
2 AR S LB RBRE  [S(uSP)] DFEATHRERIR 2 F58, X DMEMRE 5P L5, DL,
o3P JE FE TEAT AR S I EKRK ALY 5,

z°P ¢ F¥ and 2P ¢ F5P (15)
Z 2T, M .
A= w1y gum@®) = Y 0@} + Y gan(@SP), (16)
m=1 neN neN neN

EFIUL, O S BP) L% BT, Hih S NI FAT W eI A b ORI [S(w)] & AK
THIENTE S,
[S"(wP)]

maximize  f(x) (17)

pwPz)< @, zcA (18)
MRDEEMRZ o/ &, BWRIEFHHIRNICHESZ2EALTWLWD T # 259§ RALL,
o DYz 5 BINBIEAEIL 250 D 5-2 5 HINBIEAEICE L /&% 5, 22T, 100 a0 %
o Tl &1 L CTET A RERIR 2 KN 582, EITWREIROLNL I THIKRT Z &
L) FATAREZLIEUR AR5 2 LT &E B, ZOFHEL, o L S QBB D 4T ]
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BEAEIRDIER L ORNICEIEDBERRIEIC X 2 X v v THHAEL, TOFX v v 7 E2HAMEE L THE
ITRTRERENE N LT 72, 27 ) SIS B WL UUE (B X ONEL#ED 52 5 TIRME) #
BB DI TE L, FrlE, FHEMERIC L - TREBOIE 2 R TR S5 BIRME &
SEARD G 72 2 FRME E £ L, ATHEICL > TREDBWIEUBIF LN L 2k
2L Twd [8],

4, BEEME & M-FECFERRTETERE A~ DER

T 7 GRS S A % BERAL L C A R AL 2 RGEIR v 7 2 B, 2 oft
Uk BIRE R 25 F AT FTAE & 70 1), BRSO 0 3 19 O S 5082 7 I T > Kt sl R 1= — BT %,
S 7 A £ BERAL L TR R 417 2 KOCIEIE T o~ 7 2 I (B
BT LA, IR e o T AL L, IR RSO AT T HE & % b Sk
B, LI LAdih, Aba—) ZF 4 v 2HEEIT) 2 X1 & ) FAT TR SRR
N2, 2 oHa, REAIEZRATELALREE2— ) 25 4 v ZROVT I3k
S 2 HE O K R AR SE 1 AE T B0 BESALOWELIA TR B — 7 & B0 Kl
TR 2 — ) 257 4 v 2 HRETHER & U WIS e LT, FAT W AR I R AR 7
HIOME D E— 27 & #5852 3B KR EIEGEIE 2 1370\ 7 — 2 2 b b, 20k
35— 2 ERC 3D T ENTH D LB b b, BEITI RIS % #f TR 6
PR E b o ) 2T 4 v 7 MR\ SR 2 N AT, JEAE R 00 i)
DREE R [1F 22 LHTE B,

5. EtEMREER

(3 LIz, HE 7 R AT 05 & L C Rosen-Suzuki O & BERL L, fABLHIFIEIC
Lo TRz, SO, BEIMENTH 20 TRIITHBEOMRITEAT TR S 4 ), BEIL
DIEDFEH T IR ME Ol R 12 —30T 5 2 & ZRER L 72,

FEM 7 IERERTERTE » L CROMEZ % 2 5,

maximize  f(z) = 2Z.sin*z, + z,sin’ z,, (19)
. :c'z m2 \
subject to g, (z) = = + f <1, (20)
a
0<z, <10. (21)

MO B2 100578, T4 bbLERLOmE%20.18 L7z, $RQIZHEWT, a, b 242 T
FEAT T REGEIN 2 AL Z - TRD 3 DEAITOWTERZIT - 72,

A) fCBX v v THHEE L WS

B) BoifRhsFEAT Al REFER O NI B 555

C) Holif#H FEAT A REEIOBER LICH 255
A) D4, Rosen-Suzuki o I &[R4k 1A HE Bkt T o) i 73 T R 8 o0 K3 i) sl i ) Sl 495 12
HFET 5, B) C) DAL OV EREZAZAM2, KI3ITRT, 22T, @Dk

4
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S RKHFIRT HIBE I 2R L, 2P, o* 32N 2B EOR, t2— )X T4 v 7
LfRERT, 72, B), O) Y607y —RiZ% > T b PIEHHFERELZ LD H0HEWR
22LTWER»THIR T4 E27TE S, C) DEHAIZONWT, o* DILfE KD E T & i)
L, [FEARICI005 %) L TRV 72RERZ X 4 1R, Zo%a, REX v v 729 Ee§, NER
xof R DRI FAT TRELATL D R WRIC e > T %,

HeREE R

0 5 10 15 20 25

2 BRI FEATATREBIRONERIC B B R 3 Il AT MTREFIR DB IZ H S5 E

4 3DEBCERE o DILAF ITHE N L72h

6. TTUV

e RTEIRE 2 BERL L TR S MBI S v 7y 7R &, @ DR F v 7
vy 7R E 2 Y 2 &, R TIE TROEFES &) BEES AL LRSIl if o L5 12 &
BOEFILZHMNTE L0, BATRMDOESG LI MEPFAEL LN EZLPRELENT
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Hbo

IERIZ ST R R % EBRAL L, BERRSOB LI & L TR TR FTRE O (o vl REPE D IRE
OB DT, RAFFEIIFEREEET B - 72 b i RRE o KR 508 fif O 3 15 D BRI 1A %
ThdEHEZLND,

SE B

[1] F. Glover : “Surrogate constraints”, Oper. Res. 16, pp.741-749 (1968)

[2] D. G. Luenberger : “Quasi-convex programming”, SIAM J. of Applied Math-
ematics, 16, No.5, pp.1090-1095 (1968).

(3] T, EHYeH, 6L “REIIHEZ R 2o T T ) XA7, 555 (A)
J67-A, No.l, pp.53-59 (1984).

(4] #hNl 3= 0 “BEBREOBELMHE O 720 O FRE", 5% (A)J73-A, No.3, pp.550-
556 (1990).

[5] B, ERDEE, AiFRi  “ZERIRF v 7 7 MEO @@ SRR, 55
(A)J75-A, No.ll, pp.1752-1754 (1992).

[ 6] EHNAL, AW, fH " “T Yo E0RGEEE~OBMH", E55m(A)
J76-A, No.1, pp.64-67 (1993).

[7] #uiph, KESEM— MIBT, & T, BAEZ 1 “REHFIED 2 K3k
F o Ty 7 B, (5% (A)J78-A, No.8, pp.1065-1068 (1995).

[8] i, KHIEM—, HZFEE, MBI, WAL “ZRUTHEHEE ;v 7Yy 7
MO 2 — ) RF 4 v ZHE", HARE T2 PR 7T EERFHRR2TRE, pp.
204-205 (1995).
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Java I X 2> TN T aEHDERY AT L2DVEK

L2 > 5 — X L &/ A
TR oA MO M o
AR Lo xR E

1. FLHIC

BETRA Y7 —% Y PCOWTE LI LB TOMHDODERIFHE>TEBY), TNICER
283 EFARAPITONL T 2052 TH - EAFHEDE A > F—2 v POFAIEE
TH 5 WWW (World Wide Web) 12D TIZ, FIHEAZBkHEZ & LA TE %\ Web )
—oTIIEL, SFEINRERBI LRI ILHTE, EHICZNEINET LI BA VST
P4 T Web R—SpFEHENT WS, ZDX I % Web R—PDEREN B & LTI,
RAATATRPE L LV DT oND, HICHEOHIIBWTZL, S LPIM2RMTT S
BEFBHY, WWW 2H V2 HREEMGOHED—D2 L L THIRFH L EHEZ LTS, Z
DEIRA VI T T4 THRHE WWW ETEZ %) HELLTULBEDELE TS CGLICK
2HEBE Y Java B2 H W 2 HiEVH 5,

ARTRIA LI TI7TAT% Web =P D—BIE LT, ey TNT7ToBhDORREBI%)
AT ADERE XA, 2 TNTaERRT T IINDOE L L TSN, ZDOWEEZFN
7D, ERERDOINT X —F 2EEERY, AP EIEREITI S EEL
b, Lo T, Web —ZIZBWTIE—2DXTF XA—FRKDATH L, T—F—p7&F
KFIINT A= 2L EE, TOMPEADLIENTEDIUEIF DD, ZD LX) HERITH
R %7280, ARTIE Java S HO TS AT A %RMER L2, 72, WWW _ETOFIHZIX %
=8, EIFEELLTRT 7V bEHWL,

2. 77y F DB

2 FrTaBEADERY AT LB O2DLDP LN T WEH, TITREDOY >
TN E L THBRaDERY AT L 2O DV AT LATERT LI LN TESI/NNTIA—FH
JUEXEE2ELIIRT, SHDL AT ATEINGD I B, X1DHMDOIHDOEEL B %
S ZENTEDZIDRERT B LI Lz, HTLEFIERICOVTIE, T ATXDHH%Z
TRET BRI TR TEDRLIICTEIERHEE L,

TER L 72T 7V MERD 7 T A0 bR EN T 5,

—_T
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#£1 WkgO~r TV TaEARRI AT LATERTELERL
AEER L7V AT ATEETE BER,

EHETELNE Xk D> AT L A laMER L2y 2T 4
2 TV aBEADEIR O O
Val) TEADIRN O X
FERB D XT A= O O
AL D e KA O O
I 1/ NI (AN O O
FROT N TY) XL O X
BT DNy b O X

® MandelDisp.class** 2 f > 70 77 A

® Coloring.class*== > 7N 7 0 EADEFIT D/ v FDEFR

® ColorPoint.class {1 & s DIRME % K-> 7 FADE R

® complex.class* i FE I & £ DIWHHEDER

® drawCanvas.class***’Ny 7 77 7 ¥ FAER L ZHH 2 XN T 5 72HDAV » F

® MandelDraw.class**= > TV 7 0B ADMBD AV v ¥ (Xy 7 757 > F T
® Mandel Map.class**== > 77 0B DERB B DG

® Scaling.class - ZB7 ¥ K « /D IdD A —1) ¥ T DER

DEDr 20 —27a 7558 X UHEHEICOWTIIERT 5,

3. 77y FOFRAE

1ICATEHER L 727 7V b % Microsoft Internet Explorer version3.0 TR L 724 R %2R
¥

77V v MOEMIBEETICZ > TB ), ERBEKO/T A—F, XERK, Rz
ANT DI EHTE L, EMOFRERICONTE, HE ETeTADERS Y27 ) v 7T
22, 7V w7 LEEOEESIERENDHMAICE > TV D, EaiERIcOWTE, kL
VAT A TRy 7L, A TApply, R %27 ) v 752 TEI%) LN
TEB LI H>TND, HHDIRIEICR T 7291213 Set Default; R¥ > % 7 1) » 27 LT Apply,
Ry 7)y7IREI N,

4, BbYIC
AV 85 7F4 T Web r—UD—fil & LT, Java Eiiz H =y P T abhDERRY

—8—



] LA R RILE £ o & —WF el 18 %5, 7~ 9 (1997)

K 1. ABER L7 25 LD ETH

AT LB L 720 HRIDT AT LT, FREGARFITONT =Y DEARLT VT ZLDHHE
b, %7 Julia BADEROEF BIERL T v, A% ZDIFITOCTEMT 2 TETDH
2.% 7, AWER L 727 7V v b i3 URL http://www.sp.ous.ac.jp/ ~ ohe/zemi/Mande/Disp.htm/
WCBWT, 72— A 3a— FIZDOWT http://www.sp.ous.ac.jp/ ~ ohe/zemi/ ICB TR 5T
ETH 5,

SE

[1] EXKrol, (FFHHER) : £ ¥ F—% v b2—H =74 F&ETR (1995) 4 ¥ 5 —F
EL N WAV ERAVA S AL A 24 b

[2] HAYY - =4 270 AT LXK JAVA 707 F 3 v 7 (1996) 7 A X —HkR.

[ 3] D.Flanagan : Java in a Nutshell (1996) O’Reilly and Associates.

[4] H.J. Korch, and H.-J. Jodl : Chaos, A Program Collection for the PC (1994) Sprinter-
Verlag.
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DV-Xa FHIZX 5 X #E 1 A~7 MIVEE
b I e v 3 WA 5% K

1. ELHIC

X B2 RIS V- 26 10 ki XPS (X-ray photoelectron spectroscopy) Tl3, #k
X HR (B2 ITFRE X T H 5 MgKa =1253.6eV 7% ¥) PWEHNDONBRETF 24+ 4T 20
RO EZANE =2 L > Tnd72D), ROBLEEETOZANLF 20T L2k
WEDWBREFDIEAEZANTF—%MD I ENTE D, Siegbahn & 25BA%[1] L 72 2 0 4r#ik:
&, NBEETOMATANX—DILEL 7 b (EETAETEOHMOEFIKEIC L 2241
¥F—DF) 26, LERAD L) THMETTE 5729, ESCA (Electron Spectroscopy for
Chemical Analysis) & LRI TW5([2],
ISR AR £~ 7 — ITRGE L T 2 i ESCAS50 TIbay ([ Rk 12 MgKa @
X HRE G L OB F AR PVERUET 2 &, (ALAMTTOPIRETORKET AL X — %5
HILWFTE L, b LELFERHICEL 2RME (BILRTE, 9 TOREE, KBToMELY) 2
AT DR—ILEIHFEL TOREGE, ZNENELIMEICE—- 21BN TL 5, DLk %
WBHEL D E— 713, FLERZ2ETZ L DbAMEIE L TAERZRBRD 5 L% 7 b
ZimL A ENTELN, HEROE—IHWREI5>T WD L) LML Z~<7 PLOBEA, 20
B2 1E L < BEfR S 2 72O I I BRI Ze R DS AT R & 720 5 T L B,

— R E TR AED X BREE T AR7 i, M08 TR FIEICIRBTE %
WEHLEE R T 5, SHIMEEFROE RS (O TiE) 2L TW2DTH-T, W
BRI ZMEE 2 5] - T B4l 1 ORIE 2 EERIICHIE L Tw b 2 & i2flize & 7w,

filiss ¥4 (valence band) DXETF A7 OS2 BHiE L TIN5 FiuEEE
CNDO iEZn*flib iz, SHOFRIFFHIZZ < DI Z & A T B 72 IS IR 15 VIR TREE
ZAT) SEWTELD, TLMHLAEMS TLUIMIEH F ) BWRRZ RS L 72, ZhIC
LT ab-initio IR IZIFERNERIZ L CRIE SN T 5 72012 2 DR R HIERI B WY, &8
EEUYE TIIRIERE 2SR ISR S TERMTIE 2w, TSI LT ab-initio L R L <
IAEBRIN 2 HETH 5705, WEE D2 5 584K T > 3 v W ROFHE 2 WBRi 7 Bk 2 5 5 2
L K RALT 274 77 (BT HEEDL/3RICILHFI L 72 4 THEL$ %) AF Slater 12k - T
RIES I, Xa LI TV 5, T Y Discrete Variational(DV)-Xa i3 & 9:(E 4 5 %3]
WECFHINTE Y, @ALFFHRERTHLN AN T —fHIFFEREBL—HE2RLTW
%
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DV-Xa T, kEHFBERITBIT2EL VEGSONIN =T v OINEREHET 012
BERD L O LTI HFIC L S nT, ERNICT Y AIEL FWY TV RIZBTS
EICFDEDEAEPTFRLOOME LTRDOTEY, SIEREKE LT A M5 Z F iR %
RS EHTES, ZORKEEKE LT, EMBAPEZEESN V72V ATV MG
RF vy eV EEBEFOR D ICEHRSFRICHREIRT, 2 LTI NETHuELZ W2
DT, BEFIEICHLT12FTO0MEE 52 272 THFEICEDR KK ZES 2 &
DTE D, FTEICUEAFRIIEANCIIFET 2LAMDOREFEREDATH Y [4], BE 1%
WL OLEOGHETLIED XY a3 v % 5+ PRETH b,

A ARFE R Y > ¥ —D T — 7 2T — 3 3 >~ IBMS9H % v, DV-Xa IETW < D»
DEBY T 25 —EERDMIE T X $EE T 27 FIVERIE L7k R % FBRE & el L
72D THET 5,

2. MARE=KE)TTo5R5—##K[Mo;S,(H,0),]1(CH;CH,SO;), * 3H,0

2. 1 EBR

HEAREARTAEF 2NV HMELVT TV 7 7 R —§5K [Mo,S, (H;0) ] (CH;CsH,S0s) 4 + 9H.O
BABL, AREBAHELY 2 —DBH ESCAS50 (MgKa) T Cls=285.0eV % H:#E | fifiE T
MAFIEO~30eV ) X BT 227 bV 2 RE L7z MIEIZT00EHE D K L TIT W, 2 DR 2
FEE L 72,

2. 2 HHHE

X FERE AT IC & ) RO MBS L X 2 NV B ) 77 7 5 28—k [Mo,S, (H,
0)] (CH(CsH,(S0s) , + 9,0 05 B - faFsh & 854 A~ 85 [MoyS, (H,0)s]* 0 xf
G % Co ITE L THERE 2 kD72, DV-Xa #H 5 TH > 7V 5132000055 2 iV, HIFEDEAT &
Mulliken Population Analysis[5]i2 & ) & 728 & D2XEH50.0038 FLUTFIC7% 5 £ THPHA
R 0R L7z, 155 N RERIED 4y THLE IS, YA & ALIFmiAE 6] 2 F L, 802 7 FAEE
(0.5eV) # % 724 T Gaussian MR & #iv> 72, o FHUEFR 38 A 4 > [MosS, (H,0), ]
DI TEE L0 T, EBf L —3KT 5 k) i213eV K AN X —fl~s 7 F ST EERL
(Fig.1),

Fig.1% & 2 & Bl & BB IRNE  —K L TWwb 2 L vbh b, EBRIET18eV £28
eVEHED Y a VT — =7 HhFIHTHHEI N T WA, N6 E—7 34 F - ThH S p
-brzZ v 2K EEEA F v CHCH, SO D E—27 ThH Y, ftH TIIEEEA * v Hm DA D
HETHLD S, FHETHERNL WDIINUIRTH B, 24eV L25eV DD E— 7 3R D2s #ul
LRFENIsBLIE, 12eV L 15eV DD E— 7 [3HEE D 3p il L /KRN 1s Pull iz 2 L mE T
X%, $720eV £10eV DD E—=27 3% ) 77 > D4d, HiED3p, BERD2p PullIZ)fld S 11
% [7]s

12—
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Experiment

W%W
‘ L,ffh*?or,y/M \]V |

30 20 0

| o T

Binding Energy/eV

Intensity
P
.

—

Fig. 1. Valence band X-ray photoelectron spectrum of [Mo;S,(H,0),|(CH;CsH,SO;),*
9H,0 : (a) Experiment, measured after dehydration, (b) Theory, calculated with 0.5eV
as half-width for a single level, excluding contributions from the anion CH,C;H,SO,~
and Wafer of crystallization (shifted linearly by 13eV to lower energies to fit the

calculated trace to the experimental one). Under the abscissa calculated values without

half-width are shown.

3. Eﬁﬁ%@ﬁ%&-‘rz 1) 75"775X9—&%ﬂ‘[M%&(HzO)12](CH306H4503)5 * 14H,0

3.1 EER

WEANEF 2N e ) 77 7 5 28 —§K[Mo,S, (H,0),.] (CH,CsH,SO;) 5+ 14H,0 %
AL, REEAHSE 2 — DR ESCASS0 (MgKa) T Cls=285.0eV % JLHE (i & 1

FE0~50eV O X fRHEE T A7 MOV EZRE L7z, WEIFZT00m# D R L TIT V-, Z DFER %2 1%

"L,

3. 2 EtE

X M RATIC & 0 RO RGN X 2 NV BT ) 77> 7 5 28—k [Mo,S, (H,0) 1, ]
(CH3CeH,SO0;) 5+ 14H,0 D JF -1 EEEE - f 2 5 D8RG A 4 >34 [Mo,S, (H,0) 1,15+ D %t Fi
Z Td IZE L TR Z KD 72, DV-Xa 7HE TH 70 51132000058 % Vs, HHEOEM &
Mulliken Population Analysis[5]12 & ) 45 & L7z B Hf & DZEH0.003%E 4L FizZe 5 F THE
2R DR L7z, 156 NBRRIED 4 FIE IS, oA & ALWTmfE (6] 2 F )8 L, 4 2 g
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(0.5eV) % & 724 T Gaussian HifR % i 72, 4 FRUERTEIIEEEA A O TRHE LD
T, EBRMEE—ET 2 L) @Licy 7 FEETHEERAL (Fig.2),

E - Theory
> Experiment
s —
E
l')"l T T T T I T
4e 35 3 25 29 15 10 S Q
[eV]

Fig. 2. Valence band X-ray photoelectron spectrum of [Mo,S,(H,0),,](CH;CsH,SO;)s+
14H,0 : (a)Experiment, measured after dehydration, (b) Theory, calculated with 0.5eV
as half-width for a single level, excluding contributions from the anion CH;C;H,SO;~
and water of crystallization.

Fig.2% Wi % & FBME L RHRAAIZ IR C —BL TWw b 2 b b, ERETI8V 28
eVAHED Y a NV —E—=2 R THEIN TV LW, TN E—27 3 A T THS P
- 2V kR vEgkEA A CH;,CH, SO~ D E—27 Th 5 2 & % CH,C.H,SO;Li @ XPS i
ED HRER L TWw 5 (8],

4, BEEY) 7578k [Mo{S,C,(CsH;).}5]

4. 1 =B
VI INZVFA VU ERMTFETAHETY) 77 8K [Mo{S,C, (CeHy),) 5] A
L, ARFEfAtmnt s 7 —nBid ESCA850 (MgKa) T Cls=285.0eV % FHE (24l & -4k

0~50eV O X fE 7 A7 MV ERIZE L7z, BIEIZ100[MHE D 3R L TiTvy, ZoRER2MEHE L
72,

4. 2 "
X AFHEE AT IC & 0 SR 72 BUEER [Mo{S,C, (CoHs) o5 ] DJ51-HIEREE- FEE D & 8RO %)

I_:I!ll_l
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Fi% D l2IRE U THEREZ RO DV-Xa fHHE 217\, FEBRE & R L 72 (Fig.3).

[Mo(S2C2Ph2)3]
A JTheory Mk Experiment _
Z \ \ | f
Z y
g \
v/
50 40 30 20 10 0

Energy/eV

Fig. 3. Valence band X-ray photoelectron spectrum of [Mo{S,C,(CsHs),};]. Theory,
calculated with 0.5eV as half-width for a single level. Under the abscissa calculated
values without half-width are shown. ;

Fig.3T30eVAHEDERMEIC AR SN L E—2713F, WEDNEOREEB L UOME T —712k %
YDEHEZTEY, ZOMOBEAIIIEN & <—FLTw5[9],

o, Bk—EY) T T VIRAEE 7 7 A5 — KT XPS HIEL E DV-Xa ORISR I
BFRES L7I[10] 0 b %, (LEMDETREZ M D 5 2T, METHD X HMOKETF R~ b
WMIZ S DEBELFHREEA TV . 70ED XPS HIE & 3K X fRHA[LORBTE/ 70 s
= —HATENDIRIEZERLTEY, HREELmMELTWS, ERTHELNRE
FANRZ PNVOBEEFEIC L 2R, HRIEcBER L XL ERTRINS,

v

S 3Rk

[ 1] K. Siegbahn, C. Nordling, A. FAhlman, R. Norderg, K. Hamrinn, J. Hedman, G.
Kohansson, T. Bergmark, S. E. Karlsson, I. Lindgren, B. Lindberg, Nova Acta
Regiae Soc. Sci. Upsal., Ser IV, 20(1967).

(2] MRESE, BILBERERE T v 2 —72 50, 2,(1992),pp2-5.

[3] BIRATHEIRFEM T, BIHE, “DV-Xa I & 2% FREFSE”, =2H1(1996).
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[5] R. S. Mulliken, J. Chem. Phys.,23,(1955),pp.1841.

— 15—



] L FERLR A TR £ - —BF5eEkd 18 %5, 11~16(1997)

[6] J. H. Scofield, J. Electron Spectroscopy and Related Phenomena, 8, 129-137(1976).

[7] G. Sakane, T. Shibahara, and H. Adachi : “Discrete Variational(DV)-X« Calcula-
tions of Incomplete Cubane-Type Molybdenum Clusters [Mo;X,(H,0),]**(X=0,
S)”, J. Cluster Sci., 6,(1995),pp.503-521.
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PTI=NTFAVIREMT LTS
) T T RO ETINE
(Electronic Structures of Molybdenum Complexes
with Ethylene-1,2-dithiolato)

B - ARl R R B &

A photosensitive character was found out of a dinuclear molybdenum complex [Mo,
(1-S,) {u-S,C, (CeHs) »},{S,C, (CsHs) 5}, ] (A)  prepared either from ammonium par-
amolybdate, benzoin, and diphosphorus pentasulfide, or from the reaction of incomplete
cubane - type molybdenum cluster [Mo;S,Cl, (H,0),{P(CsH;)3};] - 3STHF with di-
phenylacetylene (C,(CsHs),). Both starting materials also gave a non photosensitive
compound [Mo{S,C,(CsH;),}:](B). The compound A has u-S,, x-S,C,(C¢Hs),, and
terminal S,C,(C¢Hs), ligands, while the compound B has only terminal S,C,(CsHs),
ligands. On exposure to sunlight or halogen-lamp light, solution of A in CH.Cl,
changes from red-purple(peak positions : 770sh, 650sh, 545, 460sh nm) to gray (peak
positions : 972, 767, 562, 410sh nm). In the dark the color returns to red-purple : in a
few minutes in room temperature, and in much slower in an ice bath.

Electronic structures of two molybdenum complexes with ethylene-1,2-dithiolato A
and B have been calculated by the discrete-variational (DV)-Xa method. The
calculation of A explains the experimental results of valence-band X-ray photoelectron

spectra, and electronic spectra.

1. FiR

Ko sar v 7 v 70X ERGT 2 L0NEDb BT ) 7T BRLEEA [ Mo, (1-S2) {1-S.
C,(CsH3) »}.{S,C, (CeH3) 1 },] (45 Fig.l), BLUZ2D k) ALK E RS LWE) 7T
v HEEER [Mo{S,C,(CsHs).}s] (B ; Fig.2), ZNZNDEERDGBIE, XiEE 7% iz
W, Frx3RaElE LTwa [1,2], [Mo, (1-S,) {=S:C (CeHy) 2 }2{S:C, (CeHs) 2} ] (A)
B LU [Mo{S,C,(CsHs) . )51 (B) 13, YZ7uuxg oddd [Mos(us-S) (1-S);Cl, (H,0) ,{P
(CeHg) s} 112V 7 2= VT F Ly 2KIBEE00[1], HDEWiFR2 VA4 o dhohfift—)
VIRV T T VBT RS LEKINEES (3] Lo sY, A, B, TNZFNOHAEHD
XSS AT ORERIC L B &, A I3 & LT u-So & 4-S,C (CsHy),, 2512 — 30
D S,Cy (CeHy) 2 Z2Fi > T 205, Blid — I FNVD S;C,(CeH) ;DA 25> Tl B s R
b, FleznNZFhox) 77 OERNEEILELX, AS5MiLnicxl, BIZ6MTHS,
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Fig.1. Perspective view of A.

2. A DRALERIE

vuuaxyy CH,CLYy?D A2, Kt Z20
Ny r7oRERIT S L, T CIZERD
B3 REEnD IR L BT 5 (Fig.3). B
%, BROCIITCDOFREC~NR D, SERERICTTT
DR S K, FiR TS THEITT 525

400 600 800 1000
Wavelength/nm

ig@@fﬁﬁi % O oC GCT %) (‘_’. %30%]35‘1 ié gj— é o T Fig.g. Electronic Spectra Of A
¥ B izxt L CREED B % A4 7208, Xl )e A in CH,Cl, before sunlight exposure
ISR 7 7, ----A in CH,Cl, after sunlight exposure

3. A, BOSFHERE

JRFREAE LY, XEWEERAT (1] X )R E+
M- fEx L L1, ZNEFNA:C,, B Dy,
xFREAE L7z (1213 Fig.4(B)), M L72JR
F#iE (X, Mo, 1s~5p; S, 1s~3d ; C, 1s~2p ;
H, 1s T# %, Self consistent 7l I2HB W T, Fig.4. Molecular geometry of B.

FHE R4 Mulliken Population Analysis 12 & 2 ERDZEH0.003EFLLTFICh 2 X THE%
WD L7z, A @ HOMO iEf = 4L X — 41X & Fig.5 12, B ® HOMO iLff = 4 v X —#E41
X% Fig.6 12, ZNZIRT, |

HOMO-LUMO #EEIZ W31 d € ) 77D 4d $hal, BRE D 3p BuE, KED 2p #ulE, 7K

FOISHBELIBH-> TV EH, A TR CGEMBIENZ L H-T, FREZEEICL Tw 5,
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2.5

NI
oo

-3.5

4.0

SR TIRIREN

Mo s c 1
4 4
® ¢ 3 se s I M 2 2p Is tne

Fig.5. Energy levels for [Moz(ﬂ'Sz){ﬂ'SZCZ(CGHs)z}Z{Szcz(ceHs)z}z](A)-

.
-

'
n

Energy(eV)

28a1’ HOMO
| 37¢

\

ol . .
24a2” M.O. Mo S

4d 3s 3p 3d
Fig.6. Energy levels for [Mo{S,C,(CsHs):}s(

Others

p oo

™

).
ADET AT PVOERGLE OXISIE, RETEREE L EH T, HEKRSTTH S, Fig.
712 B o Slater Transition State i & 2 BB AN X — &, BF A7 FIVDFERAEL DX
AT, ERT L EBEOMAADED ) b, 37e/—1la,/, 28a,' 38’ D&M, Charge
Transfer O a1 A5 -, Fig.8 1228a,” 8 K 138’ D IKEIRI RS iiiX % 77§, Fig.7T TI3ER
EOHEI T T WOBORESEHEL TRLTH D (RORIIRAE VAL ER, M
VT R E SR ZER) A, BRI AL X —FERME L BN LR L TR DEFHZ
Twb,

Fig.9 |2 B Ofilid 741550 XEOEEF 27 MV FEfil & FH 52 I L TORY . 30eV
EOERMBICRSNE E—7 13, WEDKBORKMEB XUWET —712k2 0L HZTHY,
Z DM EAFE R & <L Tw 5,
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30000

25000 F
20000 f
15000

e/M'em

10000
5000

[MO(SzCzth)’j]

Experiment

.

# 37¢" —» 1la)

* 28&1' — 38e'

500 600 700 800 900 1000

Wavelength/nm

Fig.7. Electronic spectrum of [Mo{S,C,(CsHs),};1(B). The long and short lines inside

indicate spin allowed and spin forbidden transition, respectively

28al’

(a)

(b)

Fig.8. Contour maps for [Mo{S,C.(CsHs),}51(B). (a) HOMO (28a,’), x-z plane, and (b) next

to LUMO (38¢"), x-z plane.

In this figure solid, dotted, and dashed lines indicate positive,

negative, and zero contour lines, respectively.
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. [Mo(S2C2Ph2)3]
{ Theory Experiment
Z:\ 3
E ] .
s i
,_‘E —
i \
50 0 30 20 10 0
| TLEERY 1 e
Energy/eV

Fig.9. Valence band X-ray phtoelectron spectrum of [Mo{S,C,(CsHs).}s1(B).
Theory, calculated with 0.5eV as half-width for a single level.

Under the abscissa calculated values without half-width are shown.

SE W

[1] SURGER, HRARER, SIFEW, HEER, LEH, SRES D “TEEBATE X
28 U RIEER [Mo05S,ClL, (H,0) , (PPhy) s OV 7 2 = VT F L v EORR", §ERfbaEst
AT HHE, 45, 1A«05(1995),pp.5-5.

[2] BIEM, FMRZKR, REFEE | “MEEEEETE ) 77 VR0 A", R
SWEEEE, 46, 1A119(1996),pp.13-13.

[3] D.C.Bravard, W.E. Newton, J. T. Huneke, K. Yamanouchi, and John H. Enemark :
“Mo,(S,)[S,Co(CsHs), s A Novel Quadruply Bridged Binuclear Molybdenum Com-
pound Containing a Disulfur Ligand”, Inorg. Chem., 21, 10(1982),pp.3795-3798.
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BRANVITFA BT S VI = Vv—y a v RIEF T O

HAE LR SR BN, BIH E6, M EER

1. #&E

ZLDRBRERGB ANV I T FA FITBWTA v = Vv — a MEAYIDFEFM T
BY, 2O—IZEBMEE LTOFRLLINTWE, 2L, A8 —FVv—a &
JRF D5 AIZBT 5 Rl TSR3 7 v, i, ez (3, RFEERE7 07 F A (IAPAGE)
BERL, £ 2 —HVv—2a VEBRETD2RKIEHMICOWTHRXBREH S I 2 v —3v 3
> 7077 LARIETANZ W TR EZiT > 72 (MU L >~ 2 —HF Rk E1TS,
49~52 (1996)). Alalid, & 0 ECEZLHFREAT ) &2, WIS T S 7B R X mr
32— ar7ur 7L SISTAL 2HWs 2 & & L7z, 2, XEEMIroHEERXTH S Laue
DRI FREREFHCTERINTB Y, BFofkz ah, bih, cih, zhzhokmizxl
THREICIEELTHEME Y I 2V —bbF52E0TES, L2 LAds. SISTAL ZHWTHA
Y=V —va YERIETD2RKIEMD L) HEKRLFEELIT) &, BERLEERH & 2
Zh2LEET D, ZOMBERHRT 5512, SISTAL 284 2 —,¥—2 » Ea2—4% — PARA-
GON ~##li§ 22 & & L72,SISTAL |3 FORTRAN Ta—74 »73NTEY, x4 V#HE
N—F LIF5EDDON—7THRENTWE, ZDIMUDONL =725 L, %/ — FIZRHEH
BRI D431 70 5 L ) ITIR D 0l 5 2 L2 & » THIb 24T > 72, LIk, 41{b SISTAL %
SISPARA & MFR§ 5%,

2. BITFIR

MAXBHTOY I 2 v — I, RPEERET 07T LA (IAPAGE) 2HW5 v 72745
FRFEIC B 2 IR FFERE 2 F8AE S, RICHEE S 28 2 4T L7tk MRe TRz REL,
SISPARA IZ & 2B RX#EH L I 2 v—3 a3 » 2772,

Sy AaARIEL, atl, bEihIME L ITERBOBTEZW) BES T, KIZ, Z2D
BT REEIE, RTodtEl, TXTORFICOWTOETRIERMZFRE I, £omh
DYLDE VI FHH0E S HERRA L, 20 &) I LTS RS % FlvwC, SISPAR-
AlcksyIav—V1b2ITo7,
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3. SISTAL & RIETAN OLb#:

VIR ETHHIN TR Xy I 2 v —Yv a7 25 A4012i3 RIETAN & SIS-
TAL 7% %, RIETAN (3, RE LHRKIC X - THF E 1172 Rietveld i2: % (] L 72 X HHs v fig
7 e 7o 5T, RIS HAVWSEIT WS, Rietveldi®ld, E—27 7w 774 VIcx LTHhH
TABBE N TEEZIT> T b, 216t LT SISTAL I3RS CHRERINY I 2L
—var7urs7AThHhY, 2N, XEREFFOEHEX TH 5 Lave DGR 2 FH v TER
SNTwb, K1IZRT L9112, RietveldiETlda®l, b, ko cliizhziiz, MRSk
EUMEMTH DL LVHREVPHCLNTEY), E=7DREZIET2Z LIk THEMTFOKE
SERIFEICHARAL L) ITLTW DA, Bfs, EEEGO L) iGNy Iar—va i3
BEEICRTE T A2 L TE LW, LA L, SISTAL TI3, #micBW{EE»5 28T B
DERZIEL T I2ab—3arTRIUNTEL, SO ENL, RIS S
B XAREIHTICBI LTI, SISTAL DY I 2V —3 a > O FPHFEICE L3 E 2479 2 &
2% %,

212 Ta,,TiS,» RIETAN K44t SISTAL (SISPARA) DY 3 2L —3 3 »/38 —
> %&RY, SISPARA @ a, b#lis0t&f, CEIIHTOL I L— a VEERIZBWT, 001 EHs
IRTCT7r—Fe%-oTHBY, CMAMICERE LSy —onENTwb, £72, a, b
10084 1, CHi6IE T L BOME £ TH2 X2k, RIETANICL 2L 3ab—vard
AR EFUL TS 5. 2T X PofERIE, #HE, BT 2 X a8 — > D&k fi

% & 8L T SISPARA 2WEMAMICMHEHTE 22 & 2R,
Ta,,TiS,

(o o] S
c [ [salgramm o] (o}
| ?3 b SISPARA
" 100*100*61
nit cell nit cell ‘
a ©O a

RIETAN SISPARA SISPARA
Bo¥ % Bo¥ %
R KIZEE BETE?

0

1

0!
023

Intensity(a.u.)

50*50*1

0 20 40 60 80

2 0 (deg.) CuKa
X1 RIETAN & SISPARA® ik K2 vIabv—varnNg—v

FERELT, COXMEITL I 2v—v a3 o702l F a3, 2KICHZAETAIEE L OpEE
DRSS LUK A X2MET 272D/ NTHSH LB b s,
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BN BRI ORERSE & AR

fe®k & £ OE Ok

Freezing and melting of water confined in MCM-41 mesoporous adsorbents have been
examined by x-ray diffraction and the diffraction profiles obtatined have been analyzed
by nonlinear least-squares method. Contrary to conventional mesoporous adsorbents
like silica gel and porous Vycor glass, the difference between freezing and melting
temperatures is very small or negligible, although considerable freezing-point depression
is observed. When the temperature is lowered, water confined in the cylindrical pores
of 4.2 nm diameter freezes abruptly around 230 K while freezing of water in the pores
of 2.4 nm diameter occurs gradually in the temperature range of 210-180 K. The density
of cubic ice formed by freezing is smaller in the cylindrical pores of 4.2 nm diameter

than in those of 2.4 nm diameter.

1. ECH®HIC

HFLN DT ERDHRE D BHE DT L E) L vy T ei3d s Lk<MmonTwb, FlZiF
ﬁ%<@%ﬂm%NMRﬂmmmﬁ#%,*@ﬁﬂﬁﬁﬂ%é@ﬁ&tk%ﬁﬁ??é:tﬁ
HLEPIZENT w5, LrL, 2oL GEEROK TN A XZRICLZ0D0, 5
W IZHIFLEE & DA FAERIC X 5 L DO IERIZICH S TIE e v, JRERIDORASEIL T v 5 B
D—2L LT, TNHDFEICHOINT & 72 2R EHELHILEE 2 b 5> T\ b 2 LT
L b. TIN5 ZIUADIILIE, B EMETRE LIRS Mz FE2 ) 212, S HICHWICH
MEIEAE L T b7, £ FTHHFLEDE NS L 28 GD», 728 2 F THRIFLERS
IFICE 200k E, WERROMRE S S ITHMLL TWwb, 2o L) BRI
DRELEENHLIZHP2L LT, MILNTOREDREREIRR (L, BRYIHIIEOMIZHE D%
a7 ) — FHOKOBFEIC L 5 O0U0EN L DB E ECBMRLTB Y, DR
FEZETH 5,

LBl T —ENMOMTEE 72 B I3FH A 4V Z2IUK MCM-41 %2 R EEERO 2 2 V2K
kb7 o7V — MBS > TAKT 22 LTI Lz, MIFLIZS ) ¥ F—IkT, ~FOH
RIZH T PATIZH Y, KE S 32 -10nm DOFEPH THET T E 2, fFLATHNITHMIL L TWw 572
D, MIFLERDORIIEMTE S, T2, HFLELZ XBRITICL > THAD 22 L5 TE 2,
CHEI e, s, MCM-ALIIWREMFICHT 22TV 2K L FHZ N TW 5, RITRT
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(3, RO I 2 2 MO S EH 2 (5 U CHIFLIEAR2 . 4nm X 4.2nm o 2 TS 1)
1R MCM-412 AL, 216 DHIFLAIZEEE L 72K D HRIERHERFE 2 XAR BT I & ) 72,
72, MFLEARL.20m DY) 77TV 3 FRD MCM-413 A5 LT, HIFLAHEIRDEERE 12 flT
I HIFLEE DAL AR AL DB b ARG L 72

2. RBR

SN A Y ZHERD BT Beck 6D HFERIT & - TT - 72, XKERRHFHEIE IS L D Rd s 7z
HIFLIERE (D) % @R OWE RGN E 2 53K 6 172 LR (Seer), MIFLERE (V) B &
UHIFLIEEE (d) & & DITTRITRT, &lBHL & 232 ) ARZIETH ),

D(nm) | Sger(m?/g) |Ve(ml/g) | d(nm)
Eiv 4.2 864.8 0.896 4.14
Ukl 2 2.4 985.3 0.599 2.43
k3 4.2 903.0 0.902 4.00

B3 A - T IFREAAERTH B,

A ZIER MCM-41%2 4% 1 mm @ Au V) > 7 %5 &0.1mm @ Be B 2 S THRA THE L B4
FHZHRBE L, SR OFELRNL 7 —ITHY) 172, S S 5 ICHMIBRE OMlgD 2 — L F
~y FOIWY)fHT, Be B b 2HEZERNVTEHH L7z, e VNOHERB LU ZADHEAIZT -
Fosy FIZAFT S N72WE 28 L TT - 72, XKEREIFTRE S, TV 77 > s et X
FEAEIR & PRI A & i £ 72 2 B B BImITER (B2, RINT2500L) MM L, E@%Eick)
W5 L7z (Mo-Ka #2, 50kV, 200mA), W37 744+ I =8 75 =75 > F v 74b)
&7z,

3. F—ouig

MCM-41 & S I & 2 XERES I 2 U IE % 1T - 728212, BRIt X fRIEIH <
Z =V DFEAXRT PV E LY, FEHEFRO XERP Y — L Lz, Hif7 e 724 rica—L
>y WER 2 IERR IR 2 RIEICT L D BT, BT E—2740E, B L UEmS 2R, FEE
Wi 2 EZ7 R 77 LERBOT 0 77 AF R ML TER L2, REEICIEROE L $
—NDT7—7 X7 — a3 (IBM 59H) Z#fEH L7,

4, BRECEE

AFLIEEE4 . 2nm DY) AR MCM-41Dk}F 1 12 L 727k XfR[EHT (XRD) 2¥ 8 — > %
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LIRS KIEH £ 9 XX VILICEAT % £ 5 12RE S 72, 260K T, 20=12"FHEIC 7 1
— FZBdfE—7 %52, #HILANOKRISEBIRHRIEICH 5 L 2R LT b, WHIL T &,
con7a— R E—27 130 Ly oEAalice 7 b LTwE, @Ak EE BN S i,
IEE A 230K MHEICET 2 &, B ¥y — 5B Z(L L T20=11"£18.2°0 2 A iy &~
=7 %M E— 27 252 23Dk (1) PAEK LR, S52@MLTD, 220K £40K »
MTHITE— 27 DEP LB RPRLNIDAT, MEBLUEE DITIFLAEBLLE» -7,

213, Uk} 2 DHIFLICEEE L 727Kk XRD 28 — 27/ LTW A, WEC L D, B E—
I EMEAMANDL 7 b L E—=ZIEDRL W5 ) EAL, FOEALITHIIBK F T
720 SHITHALTY, 180-40K DT L A L ¥ — 3B L Zedr o 72, BZE L7zl
fi7m 774 nico—L oy iR 2 IR 2 JEIC L > TH T, FiEL E—70E,
g, @S ERDr, MBPDOFEEAUTIIDORRERL T D, ’

31320=11-12°I2AE L 2 EE—=Z7 T2V IREIIH T 5 E— 7 IE LD LZRL T
2, BE—Zf0E L iEnIREZLA 6, D=4.2nm DHIFLADKIZ230K f1E Tk (Ic) &8
ZALT 2 0izxt LT, D=2 4nm DMFLAD/KDEEE I - < ) £ L THII8K TR T 52
ERbD b k3K 2RERITEE LI T 2 b0 L EARKICHE L TH Y, MFLEELHE S
VALY A« T IFIZED > THHILNDKRDEFE DB R ND N T E Db - 72,
72, WINOREHIA LT O REERRE & AHEE OMICHKRTD 2 KU EDE»$R -z
$, BHEDLZIATEIMS N D KRE L LR T ) ¥ ZUTFLE D A DAL OMFLERE DRI
SRR EN5,
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THE NONMESONIC WEAK DECAY
OF THE HYPERTRITON

DEPARTMENT OF APPLIED PHYSICS
K. MIYAGAWA

The nonmesonic decay of the hypertriton is calculated based on a hypertriton
wavefunction and 3N scattering states, which are rigorous solutions of 3-body Faddeev
equations using realistic NN and hyperon-nucleon interactions. The pion-exchange
together with heavier meson exchanges for the AN — NN transition is considered.
The total nonmesonic decay rate\ is found to be 0.5% of the free A decay rate.
Integrated as well as differential decay rates are given. The p- and n- induced decays
are discussed thoroughly and it is shown that the corresponding total rates cannot be

measured individually.

The hypertriton decays dominantly through emission of pions, but there are also two
rare nonmesonic decay modes 3H — d + nand YH —>n + n + p, where virtual mesons
from the decay A — meson + N are reabsorbed on a second nucleon bound in the
hypernucleus. This process AN — NN is based on weak and strong meson-baryon
vertices, where the first ones include parity-conserving and parity-violating parts.

The hypertriton decay amplitudes into the two decay channels are of the form (¥
Ol > where ¥y is the hypertriton state, ¥ the 3N scattering state with the
appropriate asymptotic quantum numbers f and O the two-body mesonic-exchange
operator. Using a Faddeev decomposition of the scattering state related to the full

breakup channel one can achieve the form
P O > =< ol(1+ P) O > +< ol 1+ P)|U> )

Here ¢o is a free 3N state, P suitable permutation operators and |U> obeys the

Faddeev equation
|U>=tG(1+P)O|¥ y>+ tGP|U> (2)

The first term in (1) is free of any final state interaction and will be called PWIAS in
the following, and the second term includes rescattering in the NN t-operator to all
orders. The nuclear matrix element for nd breakup allows for a similar decomposition
based on the same |U>.

In addition to the pion we allow for exchange of the » and the isodoublet kaon, the

vector meson p, the isoscalar @ and isodoublet K*'. The overall meson exchange
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operator has the form

V( ?)zzi[ VO IO+ VE(r) G1v G2ID+ VE(r) Sl 7)1

0 G P (=) Fix G- F) V(I | 3)

where /=1, ..., 6 numbers the different mesons. Particle 1 refers to the A and #=1(0)
for pseudoscalar (vector) mesons. The I’s are appropriate isospin factors. There is
interesting interplay among the various meson exchanges, which is displayed in a
forthcoming article® together with the technicalities to solve the Faddeev equation for
the hypertriton® and the 3N continuum.

Our results are based on the Nijmegen NN potential* and the Nijmegen YN inter-
action® which includes A — = transition.

We find the total nonmesonic decay rate I'=0.21+10%(1/s), which is 0.55% of the free
A decay rate I'y=3.8-10°(1/s). Table 1 shows the individual contributions of the six
mesons and partial sums thereof. The final result is close to the value with pion
exchange only. The partial decay rates for the nd and nnp decays, the PWIAS
approximations and the parity conserving and parity violating contributions are listed
in Table 2. We see the importance of the final state interaction (FSI) and the
dominance of the parity conserving part if all mesons are included.

The 3N decay rate has the form |

dFﬂ+n+P:% 2 l<\I, (gﬁzm|MzM3

mmimams

Ol w22 nd ke dk»dS

MK
VIt kv ba)+ B+ ko k)

where 7 and ¢ are standard Jacobi momenta related to the individual final lab

4)

momenta £;,:=1,2,3. The quantity S is the arclength along the kinematically allowed
locus in the E,-E, energy plane for the two detected nucleons, see Fig 1. For the spin
averaged decay dI' depends only on the angle ®,, between the two nucleon detectors.
We show in Fig 2 the differential decay rates for selected ,,’s and for pion exchange

only.

There PWIAS is compared to the full calculation which includes the FSI. Moreover
we distinguish whether the two detected nucleons are a proton-neutron pair or two
neutrons.

For @8,,=180° we see a strong enhancement for S=110MeV. In PWIAS this is

o

caused by the fact that there the 3H wavefunction enters at § =0 and thus one final
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Table 1 : Decay rates in units of s7! for z-exchange and for exchange of all mesons.

m—exchange only Exchange of all mesons
Tadd 0.59 x107 047 x107
rofd 0.15 x107 0.22 x107
Tpwias 0.46 x108 0.36 x108
ro¥nde 0.23 x108 0.19 x10®
ratd 0.88 x10° 0.22 x107
rpde 0.59 x10° 0.22 x10°
LRGPP 0.13 x108 0.12 x108
DoPTP 0.92 x107 0.73 x107

Table 2 : Decay rates in units of s7! for individual meson exchanges and for partially

summed up exchanges.

J'meson prarmany summed
m | 0.2412 x10% || = 0.2412 x10®
n | 0.4826 x10° || 7 + ¢ 0.2299 x108
K [05422x10" |7+ n + K 0.9267 x107
p | 0.7647 x10° [ 7 + n + K + p 0.7502 x108
w [04372 x10" 7 +n+ K +p+ w 0.1752 x10%
K* 05569 x10" | # +n + K + p + w + K* | 0.2126 x10°®

100

Figure 1 : Locus for kinematically allowed events in the E\-FE, plane and ©,,=180" together

with our definition of the choice for the arclength S=0. From that point on S is

1201

El [MeV]

evaluated for each point on the locus in the counterclockwise sense.
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Figure 2 : The differential decay rate dT'"™*"*#/d®,,dS for various angles ©,, and z-exchange

only. The two detected nucleons are either a p(particle 1)n(particle 2) pair or two

neutrons.
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rates of n- and p-induced decays. Note the strong overlap of the different processes

in phase space in case (b).

(Particle 1 is a neutron and particle 2 is a proton.)
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nucleon has zero momentum and the other two resulting from the meson exchange
leave back to back. The FSI reduces that enhancement, but it is still pronounced. In
addition we see two FSI peaks in the full calculation, where two nucleons leave with
equal momenta. For ®,,=160° that enhancement is reduced and two peaks emerge at
the beginning and end of the S-curve. Since there either E; or E, are small we have
again configurations, where one nucleon momentum is small and the other two nucleons
leave back to back. At ®,,=120° the enhancement in the middle of the S-curve has
disappeared. That point on the enhancement in the middle of the S-curve has
disappeared. That point on the S-curve corresponds exactly to the so called space-star
configuration in a N+d — N-+N-+N process®. All three nucleons receive the same
energy and emerge completely symmetrically under 120° pairwise angles. Finally a new
structure in the middle of the S-curve appears at small ©,,’s, which is shown for @;,=
0°. This is again a FSI peak.

Finally we address the question whether the total n- and p-induced decay rates can
be separated experimentally. For the nd decay channel we find that the individual
theoretical rates do not sum up to the total physical rate. However in the 3N decay
channel the total physical rate is very close to the sum of the individual rates for the
n- and p-induced processes. Experimentally, however, they cannot be fully separated.
We show in Fig 3 the values for S and ®,, under which the n- and p-induced decay
events can be found. Those events are selected such that their sum corresponds to 60%
and 909 of their respective total decay rates. Thereby the differential decay rates are
summed up starting with the largest values downwards. The pictures refer to the
detection of a neutron-proton pair. If one is satisfied to collect 60% of the n- and
p-induced decay, the events occur in kinematically separated regions. For the 90% case
however the two detectors receive events from both processes and it is not possible to
separate them.

The nonmesonic decay in all its details will be a rich source of information on the
various meson exchanges, which are driven by weak and strong vertices, on the hyper-

triton wavefunction and the reaction mechanism of the three outgoing nucleons.
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DO 100 I=1,100
A(I)=Ix2
100 CONTINUE
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DOXD/XF A =512 8 ), 47 v —2a Y EERD, 7aty FiclHicf 51—
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INTEGER A(16,16),B(16,16)
INTEGER C(16,16),S

DO 100 I=1,16
DO 200 J=1,16
S=0
DO 300 k=1,16
S=S+(A(I,K)*B(K,J))

300 CONTINUE
C(I,J)=S
200 CONTINUE

100 CONTINUE
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AT 2 510 L 72 GTHI DREE 2477 ) #5r D A) o £ DFHFER D 5 X T Em LR 75 7
Z[X 512K,

BONBINT OIS Al b, Fed BEILEL I —T LIS EITE 0 TR
s bR ER(GEAME L 5 E THITE S, LAL, RERMEERIELAATHIHEBE L

INTEGER A(4,16),B(16,16)
INTEGER C(4,16),S

DO 100 I=1,4
DO 200 J=1,16
S=0
DO 300 K=1,16
S=S+(A(I,K)*B(K,J))

300 CONTINUE
C(I,J)=s
200 CONTINUE

100 CONTINUE
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