B R BUEE AT B ZE R | D surjective phase-isometry

Hra RS HARRESER Ml AR
FHa R FAR AR BE B
[zuho Matsuzaki
Graduate School of Science and Technology, Niigata University
Enami Yuta

Graduate School of Science and Technology, Niigata University

1 ELC®IC

(Hi, (-, +)1), (Ha, (-, +)y) ZER AL M ZE & F 5. Wigner 13 [7] T, ROSEMZ 7
THET: H — hy ORI 2170 7;

| (T, Ty) | = [z, 9) | (2, € Hy). (1.1)

Z DFERIX Wigner @ unitary-antiunitary theorem & L THISITE D, HIEYHY¥YTH
B E| 2 R 5. Péles and Maksa [4] 133 (1.1) [RAMERSEFZW D052 7. 2O
D—ONUTDEMETHB.

(T2 + Tyl e — Tyl = {le +yll. |z —yl}  (z.y € Hy) (1.2)

COMRIEY, X (L1) AERREENBEERCTCET LS TES. LEadoT,
Wigner DFERTRON T W EGZ, NEOHE LRV VLAEBTHERET LI,
NTEDL. JNVLZER Hy, Hy DEOEAR T: H — Hy TH-oT, R (1.2) 273 dD%
phase-isometry & . 4K TldE B2 M O BLAZEKT E D phase-isometry D& 1Z
DWTHHNTS. XA MLICH ZEBBUED 7 — RIZOWTIIHRE TICHEHTE R o 7
2, FIHD 7 A4 77 DFEE B FEEED r — 2 DONWTAHABTEKS . e LTRERD
NEZ ZLOT, AEIE 805 2 223, RPN,

RO BRI [6] DFREROBEEAE 522 28 TH 3. FIRFHD 7 4 7713 [6] & =HFHK
Bick 3.



2 HE

X ZaVvRZ INAYRRLVIZERET 3. C(X,R) TX EOFEKMEBEREKIC LR
J VA || fll = sup,ex | f(x)] &2 AfL7=E Banach 22 &K 7.

M cC S(C(X,R)) PHKMEEGTHS X, M BMESTH-T, M C C i3
B8 C C S(CX,R)) BHEETIEM = CHRD GO 2155, C(X,R) TAD
X2 AEZR 7 v & |A|l = suppesox ry) 1AM DA TR ZRS. C(X,R)* O
RS E OMEES ext(E) 83, A€ ETHoT, A= (A 4+ Ay)/2 2iERTEED
A Ay € EICHLT Ay = Ay = A BRD Db DDRIATH 5. ext(E) D% E DA
CIER. EED x € X I LT, o D point evaluation functional §,: S(C(X,R)) - R %
8:(h) = h(z) (h € S(C(X,R))) EFT 5. B(C(X,R)*) ={A e C(X,R)*: |A]| <1}
TC(X,R)* OBHNIERE R F. C(X,R) ® Choquet 5i5t Ch(C(X,R)) % Ch(C(X,R)) =
{re X :§, eext(B(C(X,R)*))} LERT 3. AFTHS C(X,R) ® Choquet H5FiF X
ThsrZrr, TED f € S(C(X,R)) & X ETHRAMMNEEZ 2 Z L ICHEET 3 2,
Theorem 2.3.8].

LI, T: S(C(X,R)) — S(C(Y,R)) 12417 phase-isometry & 3 5.

3 #fm
RO Tan and Gao [5] IC X 2HRTH 5.

fi#2 3.1. (Tan and Gao [5, Lemma 2|) T 3EED f € S(C(X,R)) &L TT(-f) =
~T(f) 275, £/, TIXEFTHD, T OWEBR T & 2472 phase-isometry TH 5.
5. TEDrc X 1L T
M, ={f € S(C(X,R)) : f(z) =1},
—M, ={f € S(C(X,R)) : f(z) = -1}
CERTD. 2, EEDOyc Y IIHLTHERIC
N, = {u € S(C(¥.R)) : uly) = 1.
N, ={ue SC,R) - uly) = 1}
LERT 5.
ffi#8 3.2. (Tan, Zhang and Huang [6]) S(C(X,R)) DEBEOMKMES M 12X L T,
S(C(Y,R)) oK MES N DEEL T
T(MU—-M)=NU-N.
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i AIRVASR

Hatori, Oi and Shindo [3, Lemma 3.1] & D, C(X,R) OMKMEE M 353 £ €
ext(B(C(X,R)*)) ZHW\T

M =¢7H({1}) N S(C(X,R)) (3.1)
v #4%. %72, Arens-Kelley DEFE ¥ Choquet BROERD b
ext(B(C(X,R)*)) = {t6, : t € {~1,1}, 2 € Ch(C(X,R))}
B DD, %72, S(C(X,R)) ® Choquet i X TH 22 & &0, HATD%HRIZ
ext(B(C(X,R)*)) = {t, : t € {~1,1},2 € X} (3.2)

rEEMZ NG, EoTR (3.1) ¥ (3.2) &b, S(C(X,R)) DIEEOMAMES M i3
LT, 527 (tz) € {~1,1} x X BFELT

M =t5; ' ({1}) N S(C(X,R)) = {f € S(C(X,R)) : f(z) =t} =tM,  (3.3)

MDD, F7e, (t,2) DD Urysohn QMBI X DES. £IE, X (3.3) 2T
(t',2) ZEEICL 3. DL X

tMx = M =t' M, (3.4)

DD D. x££ F2. 2D % Urysohn DN S, 5 fy € S(C(X,R)) BFETE
LT folz) =1, fo(a') = 0 DIV ILD. tfyg € tM, THED, tfg ¢ t' My TH37DHA
BA)ICFETSE. koTax=2a B> ZOFEXEKX (34) THWT tM, = t'M,
2195, HAfOFER LD, fetMz Z2ERICL 22 t = f(x) =t DY ILDODT, (t,2)
D—EMEIREIN. FHERIC, S(C(Y,R)) DEEOMKMES NI LTHHERT
(s,9) Z € {-1,1} XY B/ /5—DFELT

N = sN, (3.5)
MDD, ZhoDRB L i 3.2 ZHASOETUTOMELE .
8 3.3. TEDxc X ITWLT, B2 ycY Brrr—2FELT
T(M,U—~M,) =N, U—N, (3.6)
DD 3LD.

& 3.4. B33 LY, FED 2z e X ITXLTK (3.6) KDDL I Ry eY Di—
DFET 2. THEHVTEH 1 X - Y 2R (3.6) 2z & 5T 2. Ak E
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FHVC, T OWER T I LTHER o: ¥ — X 2R (3.6) 277 % 5 R T 3.
rEFVTR (3.6) %

T(MzU—My) = Nryz)U—Nrzy (7€ X) (3.7)
CEEMZ 5.
78 3.5. 7 ¥ o WERHHT, 7 =0 MWD IO,
8. —o0EH/B U, Us: S(C(X,R)) = S(C(Y,R) LT, H2E%0: S(C(X,R)) —
{(~L1} DBEELT U, = Uy DD %, Uy~ Uy ERT.
iR 3.6. ~ IFEERARTD 5.

T3 (3.7) DEKT M,U—M, 28175 %. L L T(M,) = N (o) H2WVET(M,) =
—Ny(p) PRDIZDO LIRSV, ZTTT ZEUNCEHRT 22 21CED, T(M,) = Ny
BHBEWVET(My) = —Ny(p) DD ILOE ST 2 eHNTES. ZOMEZHVWS I LI
ED, T OWEZRATE 2. LR TIEZDDDMEREZITS.

EE3.7. re X 2ERICEVEETS. K (3.7) &b, fe M, iZNLUT, T(f) € Nowy
HbLET(f) € =Ny DELSH—HDMD LD, THEAWT, Bl ¢y My — Ny
%

CERTS. k2, BB 0, S(C(X,R)) —» S(C(Y,R)) &

b (f) iff € M,
D, (f) =q —du(—f) iffe—-M,
(f) iff ¢ M, U—DM,

LEFRTD.
B 3.8 FED 2 X ITHLT O, ~ T MDY LD,

T OMET &, PERMEEZRET LI 2Ry, 26 DWHEIZRD OME %A
ERCI N b

W 3.9. (FED 2 € X THLT, Oy 13 0,(M,) = Ny & Bp(—M,) = —N, () Zifiv
324172 phase-isometry T» 3.

W8 3.10. £EO 2,0 € X KHLT &, ~ &y WO, ThHDE, b3
0: S(C(X,R)) — {—1,1} BFEL T 60, = 0 DI D 0.
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v’ € X A LTHE 310 kBN 0 Offi3 f € S(O(X,R)) I &> T—HIC Rz
B8, tMa Ot My (6t € {—1,1}) ETIR—EDMl% & 3 2 L BWROWEED &b 3.

WE 3.11. TR (t,z),t,2) € {-1,1} x X TRL T, #i# 310 XbfHEsh 3
0: S(C(X,R)) = {-1,1} 3 tM, Nt'M, L TERTH2. I3K8bDH, H5% py € {—1,1}

DIFELT,
po®, = @, on tM, Nt' M, (3.8)

D AIRYASR
TR 3.7 DEANTIRNZ X 512, €+ 3.7T TER LGB O, & ZhFTOREE VT

o'~
o O(M,) = Ni(a) HBEZNVFDP(M,) = —N;(a)

iz TEBR O S(C(X,R)) = S(C(Y,R)) ZHHEL LS. 207Dl p € X ZHERICE
D, TNLEEET 5. po EIEEICH 72 e X TN L THESLL 2@EAT L, HEE
ﬁp(l,x),p(_l,x) e{-1,1} BEELT

P1,2)Pe = Pp, on M, N M,

3.9
p(_l’gg)@m =®,, on — M, NM, (3.9)

DI D 3D
S(C(X,R)) DIEEDTE fxdH s M x € X THRAMMEZ L 2DT, H5te {-1,1}
TFIELT f € tM, DD, ZhEAWT, 5% ®: S(C(X,R)) = S(C(Y,R)) %

Q(f) = pt,a) P (f)

CEFRTD. LU, fORKHNMEZ DR Tl - 72581 O(f) DN ED 258035
3. BIZIE f € tMy Nt My B IO L F, piyay®u(f) = par o @ar (f) HIHED SEDH0%
HEHIZEbAr5R. koT, ZOERBWD IO L EFRL, ® 2 well-defined 72 & 5 22
fersd B REDD 3.

AR 3.12. Ef§ ¢ 13 well-defined TH 5.
ROWET & PMAMEEZRTFTLEHETHL I DD 5.
7R 3.13. ¢ 13 & ~ T %/ 32417 phase-isometry TH D, (FED z € X 1T LT
O(M,) = p1,2)Nr(@) and  @(=My) = —p(_1,2)Nr(a) (3.10)
23D AL D.
i 3.14. EED 2 € X ITHUT pa ) = p(-1,2) DY LD,
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& 3.15. a: X > {-1,1} Z a(x) =tn, (€ X) LEHET 2. a ZAVTHK (3.10) 2
®(M;) = a(x)Nr() and @(—M;) = —a(z)Nym) (2 € X) (3.11)
CHEXET.

ROMEZ O O ZRET S L THRELS. GAHDOT A 7713 [1, Lemma 2.17) 125
oK.

fiRE 3.16. [ % S(C(X,R)) DEEDTT, 20 2 X DEEORE L, 2 € X Z |f(2")| = | f|
S mRT 5. £, te{-1,1} %

t{ T20) i flag) £ 0

| f (o) (3.12)
1 if f(ili‘o) =0
EBL. 2O E |f(x)] < 1 BB, 5 g € My, WHEELT f+ (t— f(z0))g €
thO ﬂf(x’)Mx/ A YASR

UToMEICED, ©IFHEIHMED D & TERIEHRDOBICK > TWBZ eBbhb. D
72DICER3ATER LIz EHWS.

#HRE 3.17. TR fe S(C(X,R) k ye Y IIxXL T

DI D AL,

BEFF. EERIC f e SC(X,R) b yeY zr3. |floly) =155 ZOHFE, fc
My U — M, BEDSIODT, R (3.7) kb T(f) € NyU—N, TH 5. %7, Wi 3.13
ED QT HEDIODT, HEBKO: S(C(X,R)) — {—1,1} BFEEL T & = 0T DK
Do, ZOFRED, ()W) = 10T =1=f(o())] £55.

Ifle(y) <135, feS(CX,R) &Y, D52 € X BIFHAELT f € f(a') My DK
Diio. X (B12) DaygZo(y) e LTte{-1,1} ZERTS. ME316 &b, Hdg¢c
M) #HE4E LT f+(t— F(0(5)))g € EMyy () My B 9. b = f+(t—F(o(y)g
B RN (311) &Y O(f(2)My) = o) f(@')Ny(py DR D ILDDT, O(f), ®(h) €
a(z’) f(@")Nr@y DD ILD. £ o7C, [[0(f) + R(h)[| = |2(f)(7(2)) + @(h)(7(2"))] = 2
TH5. FBC, f,h € f(@ )My &0 ||f +h| = |f(2) + k()] =2 5D IID. koT
1(f)+ @(h)|| =||f+ | 2182. ZDFKXE ® D phase-isometry TH2Z 25D

12(f) = @(R)[| = |If = Al (3.13)



BEES. | f(oy)] < [®(f))| ERF. h € tMyy LHE 313 X0 () €
Ao (W)N (o)) = Ao W)EN, THB. £ 5T [B(h)(w)] = [alo@)t] = 1 THS. 20
R E K (3.13) & D

L—[@(f)(y)] < [2(R)(y) — 2(f)(W)] < [[@(h) — 2(f)[| = [[h — [ (3.14)
2185, £/, t DERK (3.12) £ g€ S(C(X,R)) &b
[h=fll == fle@)gll =1t = fFle@)lgl =1 —f(c(y))] (3.15)

HES. XoTIf(o) < [2(F)(Y)| BHEDILD. <7 (@, f,y) N LTI - Z=dkdi &
R7 (@7, 0(f). o(y)) KHLTRABATS &, [2(f)(r(e(y)] < [27H(2(f))(o(y)] 77
5. £oTC 7 =07 DO L LEADOAFALD [2(f)W)] = [2(f)(7(o())] <
[ H @)Wl = [fe@)] BHDIL>. k2T 2(f)(y)] < |f(oy)] F5. UEX
D 12(f) W)l = If(o(y))| D3HES. 0

4 FTFEIBOIEA

EE 4.1. T: S(C(X,R)) — S(C(Y,R)) 3247 phase-isometry TH2 55, DL
X, HAEMEESRo: Y - X 2#EEE R o X - {-1,1} £540: S(C(X,R)) — {-1,1}
MFELT

T(f)y) =0(f)alo(y) flo(y)) (f € S(CX,R)),yeY)
N RYASR

SRR £¥ 0 OEIETS. RIS f e S(CX,R) LyeY 2L 3. |(f)(y)|=0¢
T2, Z0OLE0(f)y) =0TH5. £/, WE3LT &b f(o(y) = 0D IID. koT
O(f)(y) = alo(y)) foly)) Ef 5.

D(f)(y)| <1232 WE3IT LD [flo(y) <1TH3. R(312) Dxy 2 o(y) L LT
te{-1,1} 2EHKT2. WE316 XD D2 gc S(C(X,R) BHFELT f+(t—f(oly))) €
tM () O (') My DSRD D, b= f+ (t — f(o(y))) LB <. W 3.17 23K (3.15) 1
WT |h—fll=1—|2(f)v)| 2B2. 20X R (3.14) 2HAEHET

L—[2(f)(y)| = |2(h)(y) — 2(f)(y)] (4.1)
#18%. he tMU(y) ED |h(o(y))|=1TH3DT, el 3.17 &b
[©(h)(y)| = |h(o(y))] =1 (4.2)



DD, Lo TH (A1) L0 [2(h)(y)| - [@(f)(y)] = [2(h)(y) — 2(f)(y)| ZFF%. 2D
FRE O(f)(y) #0THB 26, ZANFRDFSHIFHFLD DL c > 0 FELT

BRRD IO, ZHEELDT O(f)(y) = (c+ 1)1 0(h)(y) 218 %. MHE3.17 L EAIOHR
BLUR (4.2) &b
|2(h)(y)| 1

Fle@)l =10 = = =

DBRD LD, Lo THEMDZO2DERXH2 S o(f)(y) = |floy)|®(h)(y) £285. h €
tMU(y) TH2DT, X (3.11) &Y (h) € a(0(y))tNr(o@y)) = @(0(y))tN, TH 3. X o
O(f)(y) = [f(ey)la(o(y)t BRDILDDT, t = f(o(y)/Ife(y)] &Y (f)(y) =

( (W) flo(y) 213 5.

D)) = 1 ¥ 5. ME3I7T X |floly)] = 1 TH3. LEdhoT
f € Jo(y) My BRD D, ko TR (3.11) &b 8(f) € o) f (@) Nr(ow)) =
a(o(y) flo(y)Ny 2155, ZoTEBRED ©(f)(y) = alo(y))f(o(y) DD LD, XL
Lo#ERIVEED fe S(C(X,R)) L yecY ZHMLTO(f)(y) =alo(y)f(o(y)) HED
O, ¥, O~ T THBDT, zmsa%&ze S(C(X,R)) = {—1,1} HEFELTT = 6 »
DD, XoT, BRIOZODHERLD

T(f)y) = 0(N)2(f)(y) = 0(f)elo(y)f(o(y)) (f € S(CX,R)),yeY)

z1585.

oY - X DAHEBRTHZ 2Ry, FRC X OHEAU Ly co L(U) 2L 5.
Urysohn Qi X D, 2 fo € S(C(X,R)) BEELT fo(o(y)) =1 & fo(X\U) = {0}
DI D SLD.

V={yeY:|2(fo)(y)l>1/2} (4.3)

LB O(fo) BY FTHEEROTV IEY OBEATHS. BE31T XD [3(fo)(y)| =
lfo(o(yo))| =1 > 1/2 DD LDODT,yo € VTH2. ERMEBEDy e VIIHLT, V OE
#(4.3) LM 3.17 X0 1/2 <[2(fo)(W)| = [fo(o(y)| BRRDILDDT, fo(o(y)) #0TDH
3. Lizh3oTo(y) eUTHS. ko TV Co HU)DPEYILD. DEXD, o7 (U)DBY
DHEETH D P RENEZDT, o XY ETHTH . [AHEOERICED, 71 =071
bEHTH 2. ME 35 KD o ZEHEFTHZDT, o XFAHEESLTH .

a: X -5 {-1,1} X LCTHETHL I ERT. ERIC 2 € X & xo TINHT 2 X
DAy by} p s X FOERBEE 11 € My, My, (y€T) 23T, X
(3.11) &Y @(1) € a(20)Ny(ag)s () Nr(z,)y (v €T) DD ILD. O(1) & 7 1FHITE#iE
FHRTHLDLLINLDEM (L) or BEFTHL. SO LIy b {By} p 7 20 I
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RT3 ellAEDETa(zy) = (1) o7)(xy) = (P(1) 0 7)(z0) = (o) DD ILD.
L7235 T a(zy) = a(zg) DD IIDDT, ald zg TEHETH 2. 29 3EELE>72DT a
3 X LCHEHBETH 5.

U
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