NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.010

10. 7o v

(1) Z L. P* x P @EHL%Z FEASEER 72 5 13 U D T Marsden-Weinstein
el dleIll&Y FEHORBN S8R A 2195,

(2) BEH 0 DR ETEZRZB5IE. A D Proj IZBTH D,

(3) B p >0 251K, Proj i P xP* THH, AXP"xP* E
@ sheaf of algebras & AT 5,

(4) IFERY—IE P x P* LORHEERIZH TS EBOIFEN
V-t UTERTE 5,

(5) #ll#Y (P™ x P* @D subvariety) & 2 % LFENED D,

(a) (IP, IP) ZEFKA 7 7 )V & LT non-commutative 26 D %
#5,
(b) ZHUIDWTIEH L THELSEFERDMBEND D,
(c) X XY CP"xP" AVDEZEZONDENE,
()ZO@G@#
(e) TELZTEHLEEMND D DM,

BEM DR

(1) P x P &2 A"t x A OIEr#{LdD Marsden Weinstein quo-
tient & UTHED. Gy, x Gy, IZE2RHIC L DHEBIE L THA,

2) AnT o AmE JF Rk e U T, IEERHEERE VWS, JE
S, EERIZETHR,

(3) MAEHFEL UTEBL, i L d, WMAIEHEDREZET IV
IZ& B Y projective/proper &€ DIXT I AW,

(4) £<I20Q1) LOWMDEH#RZ#Z A5, — 1IE4M:Fubini-Study
metric & AT,

(5) super £ % #F X H>-(FET ) 0 fEHFE DGR, Fermion D
AL,

MR HRFINEHBE

(1) ZZTlEo7z AR P x P IXZEREDTHD Z L %2R, -
1% P x P (check 3%).

(2) FEFHL P x P? D AKRED Y —F? FEARMIZAHRE D L [H
UTh-oTIELLY,

(3) FEAMHAREZ Mk 2 —fRIIZERE &, (Ffﬂfﬁﬁbﬁ%
DTHH>TIELW, 722 UTDZLMIEE ST 2 IR
RN

(4) FERTHR B RANDOER R L €Y 2 T 1 B DML,



NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.012

12. HRARTE

ky B h ek & T D,
FEFIR Weyl Bt weyl,,, = k(zg, ... 2, To, ... Tn)/(ccr) (72720, cor
‘ii*@%’gﬁ‘ [i’i,l‘j] = héij, [Ii,ZL‘j] = 0, [i’i,i'j] =0 ) 7‘3)6&6\@50
weyl, ; O signed degree 80 D& Z A% L >TL B
weylgy = k(zo, . . - ¥n; To, - - - Tn) o) = k{{wiZ5;4,5 € {0,1,2,...,n}}).
7272 U, signed degree sdeg & AR TR E D,
B r I
sdeg: 1 -1
DEIZ, moment map A0 DEZA] TRDL S 2,7, =R DL
ZAIZY) 5,

A = weyl g, /(Z T —
k, OFEE A p>0DE X, ADRLE

k[{z{7%;i,7 = 0,...,n}]/(relation)
FLL OB (relatlon) &

Zx — hP71)
THALND,
FX 12.1. A= weylg) /(3 27 — R) 1& P" x P* EOD affine AR S
{lag : a1 :...a,],[ao: a; : ...dn];Zaidi # 0}

D coherent sheaf of algebras A &L, A DZKHFAMTD 7 74
S—iE 3 RATHIBE M, ERBTH 2,

AR ]

HHK12.1 2ZHITU T Res g P = P x P Ol & Mkt
Fo &<

o FJEFIRT A IVERD Spec O 17 L] ITEHET DI &,

o BEHE I T TEADIER K 2 EHA LMED Z L,

Silly computation

SEffb] TINNHXA5L LTSI L Z2AHIDGEIZHATA
5. BTRE B = K[Xo,... X, Xo,. .. Xn]
MHIXUOT, D signed degree W0 D& T A% L >TL D

By = k(Xo, ... X0, X0, ... X)) o) = K[{XiXj;4,5 €{0,1,2,...,n}}].

R—y 2



KAHLER-PROJECTIVE

ZHUE P x P* D Segré embedding DD EIEER (H) ThHd, &
SHUHULSEZRIE. (n+1)2 lDH~25 UWER{X,;5;0 <i,j <n}
=HELT,

EEZD L, TNIIHIET S Proj ° Segré embeddingg % 5- X 5 DT
Ho7,

2, moment map MODEIA] T8DE Y, X; X, =10k
ZAIZYBDITEN. Y, X, X, (Segré embedding T Y, X, ; ({ZXIGT
%) BRE (&) DML ERED —DTHENH, > X, X, =11F—D
O affine piece ZINN HLTWBH I L LR UTHD, T T, HLWVR
X ZHEEBALA PP IR E VNI DI TH D,
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13. MARSDEN-WEINSTEIN QUOTIENT

“Marsden-Weinstein quotient” &> EEEHAKIZS VLI FT1w 2
RTINS ED) TWD, TOMEIZDWTIE wikipedia DFLHE

https://en.wikipedia.org/wiki/Moment_map
Z B35 LRV, nlab OFlH
https://ncatlab.org/nlab/show/BV-BRST+formalism

@ Poisson reduction D& ZAE HUY,

BWIZHUT, TOEHSES S TW (2050 Spec(W)) & Tl
BRI U7z, W BNH#DGETHNIEX, Tk S TEHEIND W D
ATTNVW-S TESDTHIRE W/W .S 2F225Z LITFNLT D,

W DIEAHRGEIZE, S TERIND A TTINEHERDZ ik
HLAAABETIEH M, HTxDTAINVERD L DI W PEMERDGE L
EEHY, BT ULEAEMTHD LIFRO R, AHEEERBICEY =
DOE % FRHZEREIZED D Z L IE—MITITAFRER D7,

TIT, STHERINDEATTIN J=W -S % EEXT, WIIB
3% J O idealizer Iy (J) ={a e W;Ja C J} 2F R D, Iy (J) IF W
DILDS5H §S=0 WO ilfRe THHK] ZonThHhd EEZTRWE
55, TITIhy(J)/J =2 W D SIZLDHIBEEUTHADDTH D,

BRW I RERE G AMEHLTCWZET D, Bl W O G TORE
(Marsden-Weinstein i & FEENS ) 1& ED &S 2 THIR] D& 2/ TH
5Nd. HOEWE%9 %L Marsden-Weinstein P& 1& W I moment
map pu \Z&K2W D [HlfR] LRHZZENTEDZLZLATITRE D,

Spec(W) @ G TOZERIE W O G-AEBRIZHIET 5:

Spec(W)/G “=" Spec(WY)

LEIFEREVEZATHD, B, WL OhDEREOREE F HE L 72 (G-
HED Y ZIZhH 2D ERDDDERDHD) bV IT, PETE S0 (Y
BE") BHo, MOFCLETE peWe RHoT, HIZIELWY
Lok

Spec(W)//G = p~*(0) C Spec(W¢)

ThB, (22T p B—DE > ICENTOBIEETE X1, D%
Do o= (g, pay .y pig) € WF)Y WK DOMORWEEDE & T,
WG:]IW(J)7 J:W'(M17M2a~--7ﬂk>
ThHd,
ERal))

o FEDIEAHAERANDIEM A5 moment map WEF D,
e moment map CTO IR (2 XV IEATHERD spec DR
MR 26Nn5%,




KAHLER-PROJECTIVE
VTV I T4 DEEICET B,
BRETIT—T %KX & ELieE G D X NDTr—7— X% H#
DIERIZDWNT,
&Iz,
P"(C) = ARG, = A™1//ST = 71(0)/S1
Kx X ZoFE%E FEmafi) (U, BRBND EEHRE MRS )
DY TH5, moment map & D EINENDSDIF ST OFEH (B &
£ EDE W D Z-grading) 2 £5 &5 IIHY L. TUIBEZEHOG
ERIIZTNIEER P OFFL —HITREITHAI N6,
(1) S, XXy, SES 2 PO 1,
Ti Ti € €
1 -1 0 0
(2) k>, Xo X, + >, BBy MR D IREUTT I,
Ti Ti € €
1 -1 1 -1
DNFTNNEND72E TAEASS, LAFD No.015 THET 5,
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4. FEIR 1 W

WA RDOHEREZEZDIZHZ>T, WHEROWME %2 ESHD 0
FHEHANTHD, TZTEI,0D2ODWHZEALZY, T A
O THEFEER ] 2 Tform 2R /2] B S (kfa) 27ED 720,

kléﬁﬁﬁmfklk?%

(a 0.) S 1&ky ED super REETH D, RKTHDH S DIIZDOWV

Tl super REXDEHER R FEZ E B VD, HlRIL [0, 0] 1FZHFTIEARL
super R THY, o DX SIT hat L e D parity 2ET,

(IRFE 1.) 28 2o, ..., Ty To, - - -, Ty V& (FEFIR) EHERHEALR (cor) &
lii7= 9, DE Y. IHEFIK Weyl Be weyl,, | = k(zo, ... 2, To, ... Tn)/(ccr)
MOIED D, Fx DBENZVER S X weyl,, DILKETH D,
(&ﬁz) S 1% 22Modd W5 0,0 DIEAZERITZ, $4aDbH. 9,0
FEBIT S NS S AD k-FRIEEGHRTH Y. (super) Leibnitz H

d(ab) = d(a)b + (—1)"adb
d(ab) = 8(a)b + (—1)*adb

%729, (l; & b D parity.)
(R 3.) Oxg,...00, DI % ey, ..., ep, 0xg,...00, DIE%E &, ...,
EEL, €o,.. e, €0y, 1& (acr) &2
le:, €5]4 = ’f15ij7 [eisej]+ =0, ei, &4 =0,

(X512, BB 2 OB 2 = 0,62 — 0 2 HET 3. )
(Wﬁ4)( y—-U V) 01; =0,07;, =0 (i =0,1,2,...,n).
(G 5.) e; & z; LIXEDEDAITH S, FkiZe & 7, Z%EB
BOWHTH D,

(‘bar L’ 12T DA, ‘bar FF EIFTOHRAEIENENTIRDZ
EHXREFOEBEDMOHERDOEHRATH 3, )
(5 6.) o & & LIFAHTHD, T (car) 20 % 0 TEAIYE
THANIEXDH» B,

0= 8(h5w) == 8[3@2, (Z’j] == [ei,f]‘]
Fa,
(Vs 7.) AERED 4,5 12/ LT,
0 = Olw;, €;] = [es, €] + [, 0g;].
Wz I,
[$i, 863] = —52']']{1

L <2, 9ej(= 00x;) # 0. )
(Ks) H% k PFELT, h_hh&m:k@ww
(g 8.) 0,0 1k TEEAEZRITIE inner] TH D,

R—3 6



KAHLER-PROJECTIVE

(uﬂ% >

:—ad leez,Zx]e] = ijej ad(kijfj—l—Zejéj)
J J

~ Z 2 TOkE ~

A" EDOMA R 2ARDOZEEOIE T e L UT, FEFIR Weyl
B & JEF IR Clifford 22D 5 >V IVE

S =Kk (To, - Tp, Loy, Tn, €0y -+ 5 En, €0, - - -, En)/(CCT, ACT)

eV, SOMHELTIE
1 _ = 1 _
0= E ad(; l'iei), 0= —E ad(Z xiei)

= HRHT 5,
-

(:7%)

(Ffi2)

(KGR 8) IZFZFERIHEZ0E LRV, FERRIZIE, IROLD &
G (8a-c) ZNLCTEIMND (fRA8) ZEINELZA D!

(1K 8a) 0% =0, 0% = 0.

(K& 8b) 0,0 1& TEFHITLIZ] ZERATEW, DFEN, LEEnE
B Weyl-Clifford fA#E 1 28D E @@?/V)l/ﬁf%%ﬁbf 0,0 3%
NZND 1 2 Weyl Clifford RELZ L IZEZEINTNT, %0)7‘/
VIVEE L THRIND,

(153% 8¢c) (1)-(7) & (8a,8b) M5 9 = T + const. DN ZHAFELH
LM, BHOVATBENI L) A ZFHEEL T, constant DE5TIE 0
EERD, ZOD (8c) IFEBDB =PI D2 TODMEHE LD Tk
EEOZIEDNEODE ULNARW, ZD7ZHIT constant DB
NOZTLERELT I TWDHEENE H D,
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15. #K 2: MOMENT MAP

AL @ Tform OREL S HHEE U 72, S EIZZEN% Imoment map
TYISZTIE] ZRS5EW, EAFERIZIE, A"T(C) @ submanifold
ThDEKm (521 2 S TEID Z L ITHIRT 5,

Z DAl moment map & U T % & 2R ENEART D,

ZZFHEUTIL super REKEZEATIEEFRACEDEZHRAL T,

(&) Wp)y = szfz —

MEZLEEEDZ L0 LBV, R IZEH (k DIt) T,
ad(pz)) 1ZEBAE ZIROTIRD & 578 S OB FIZHIET B

x;, T; e €
1 -1 0 0

(d) 12 & D Marsden-Weinstein quotient &1k, Z D degree (ZEHL T
THS 0 D S DILDERE, ) =0 WO BEBKXTEH - ZRIRET
H5,

UL (D) 2BATD2DIFEZITE>TIEIIFEEL ARV, &KX
DE A I, 0,0 DIEAD FRINZITNERS BV, (b)) 27
5. AT Y, 27 = RV NIDIETTHENS, Wiz 0% 0
THRT2I LT,

Zajiéi = 0, Z[Eﬂ?i =0

2185, TNHIZ& D adjoint 22D Z L&Y, fFED 2 € AITH
LTOr=0,0c=0EYIDI&IZARY, mAVGE ML H/FTE
VAN

WEDEZA, (H) DRHYIZ

(b\) oy = /{JZZEZZZ‘Z -+ Z €;€; = R

DY L B DN, ad(k Y, vdi + Y, €6 — R) 1EEHUE & RV TIX
D&% S ODUTEANFITHIET B,

xr;, T; € €

1 -1 1 -1

[y 1& O-closed 22D O-closed TH BN 5 iy (BT 2 RIRERIZIE

(D) RN LD ZAEBIEERN, IHIT, [8 9] = 1+ ad(pq)) TH
B2M5, S D puy 12 &% Marsden-Weinstein quotient Tl 9 & 9 1%
HTHL, RE %A@ww




KAHLER-PROJECTIVE
~ LAl DG ~
moment map & U TI&
kY aiEi+ee; — R
)

ZHRAT D,
N J

DLFOMAIERE o2, (R ZHWDT R LENZDOMRILDITS >
7zo ) BENE EDHOTVBDIZENTLE>2Y, TOE XL
TUESDIFRDENE ZATH S,

Cd [—
S = =
N

> S A > - -

N >

EERIZES Do ZDEFRDESBIETH S,

IREAV—DHEMIE k=0 DA TREHL BIZSRDT, kK]
DEDREEEBRBERIZHEZA., K IZBET % order 25 AT R=k" DK
DBIIREL CiEdnz 96 Z & 2 HinA TV D,
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20. WEYL-CLIFFORD Ei

20.1. The base field k and base ring k;. Fi#K k & 2 DHLK A #
Bk 2EET D, RO h ek, 2:BATEL, h % 0 IZRFRMET
B2 riZ&Y, THHOEGE] ICTCRETIZLIICLTNDDTH
B, BDYITAVTIE kI p £ 0 DIKT, Ky 1 B k[h, 5]
ERHATDIENENESS,
E&E 20.1. T1IAREKE IE. RORBTH 5,

Weylsﬁf) = lk1<C’7 XO) X17 cee 7Xn7X07X17 s 7Xn>

27U X, X; &0 EDOEEELZHBIR (canonical commutation rela-
tions,CCR) % i /=9 :

[X;, X;] = hCd;; (Kronecker’s delta),
(X, Xi]=0, [Xi,X;]=0 (i,j=0,1,2,...,n).
C EH LT TH D,

FEDESiz, Tk EEEUT X, Xy, ... TEERINDE] L \W0OFE
AR TIE k(X, Xo,...) &<, Ll >
YA >

L7,
& 20.2. 7V 74— MRELIFIRORETH 5,
Clitf "™ = ky(C k, By, . .., B, Eo, . .., E,)
272U E,E 7251320 TDIEHE K R HBIR (CAR) 21727
[E;, Ej], = Chksy;
[Ei, Ejls =0,  [Ej,Ejl+ =0

ZZT, CkIFHZITTHD, .

EE 20.3. FFEEK n,m (220U, TAN-2V 74— REREZRD
TYYVNETEET 5,

WOy = Weyl ) @i o Cliff 5"
n=m® &FFMEDZOWCTY = welh Tl rE<Z iy 5,

Weyl % A% EOIERHIBBURTHD L ALK L, TDED form D
ZEfi] & U T Weyl-Cifford 2R Z 89 %, form ORKRXHEABRIZHEND k
IR DPIANE ZZDEBTH Y, BARS k=0 LBV TEKRKL
KB oTWDEMN, FEidgrs KEL&EE %R,

Pr x P i3 A"t x AntL % G, TTEID] 3DTHd, TOR
IZ Marsden-Weinstein quotient % {#> D7Z0, £D7=dIT G, fEH
D ITE—AVNER] 2FBZDRBENRHD, THIE WC,p OIT u T
»H-oT,

(1, x] = (const) - sdeg(z)x

R—2 10



KAHLER-PROJECTIVE

22T EDTHD, 272U sdeg IFIRD K 5 2RI (“super degree”)
Thd,

28 X X E E C
sdeg: 1 —-1 1 -1 0
P(k0) = kZiXiX} + > E,E; ¥ <, moment map & LU TIZIH
DEMEN, TNIZEBERLUEZEDUNRNDROLNE, DFEY,
moment map & U TSI DO U WMEFIE,

M(ak,b) = CL(]{? Z XZXz + Z E,E'Z) - bC

(a,b € ki) TH3, ZOEHEZIHALIRODZBENRHZH, ZhH
B NADTETH B,

(a,b) DEVDFIZED 20DLTCHERZHIREBNALZY, Thb%
FHHT D7D p LW EHREBET D LIZT D,

po = K ZXiXi + kP Z E,E;

= po—C
WADREL, p=0or1 THhd, p=00DK%E THROEDL\], p=1
DGt % THER/NDEG] LRI &IZT 5,
fEED 2 e WC, 1 XU T,

(141, 2] = hkP sdeg(z)x
W) LD,
Marsden-Weinstein quotient D —f%#) 7AW S5IZHE> T,

AP (W, 1))/ (1)

LB, 72EU. (WChi1)() W& signed degree (ZDWTOD degree 43 0
DI TH D, I HIZ, k-torsion & HLY FRNTEH <

def . 1
A= AP*/(k-torsions) = Image( AP — Apre[E])-

KEBZDT2ODGEEH 4 IZHHALTAL D,

p =0 OEEITIE,

S, XPXP/CP X BROME (1 —hr 1) 2E DLV DODBFIRTH B,
FEUDE LY BB DEHREDED & ZAITBND LW D Riz €D,
DEEBETD72DIZ gy =0 DRDODIZ kpy =0 MOHEFKELAEZE LT
Y, XX —CBANIIND LY, BB, OB % R72§ DTHR
XELCTH B,

p=10DGEIF PEELES BENZLLBRY, HhBRKETH-IY T
B, 722U, 3. XX, W C/k LIRRBET, BENOHARDEISIT L F
7203 h IZERNTRINER SN ens, XD P xP* D [H
BEX] X W IZHERTHRRED, Wb HIKZREGE] Z2H%->
TWBZ EIZR5,

R—T 11



NON COMMUTAVIE PROJECTIVE SPACE AS A
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21. J8 A
Z=k|X}, ..., XP. XD .. . XP] £BNTEL,

A DFEY FHIZIZ 2@ DENRD D,

A=WC) /(WCg) pu1) = (WC /(WC 11)) o)
WEMIIREE UTHBTH D DIES L, BIHIXBROEEER>I L
MR, BEIE G, x G,-fEHZF D (bigraded %) Z-module
(WC/(WC ) HERTH D Z NG LW,

WC, WC /(WC py) (2 associate 9% sheaf 25 A5 2 LIZ&Y, P'x
P LD sheaf of modules 23505, WC /(WC p1) 25 k-torsion %
Y E>72EDN A THD,

ERTE AY

UY ={Xy#0} 2 A" x P" C P" x P" TH X 5 DNEMHRFT
H2, U 1& Am _ED projective space TH Y., A 12X L T algebra
AV BEZLND,

def —
WCY = (WChia[Xo ") o)

/ / / / / /
=Kki(T1, ... Tn,y €0, €15y €y €y €1,y €y Ty X g, O)

CHNEDEEADONAETHD, XFA0Mm2D X[ £07R2ELL
T A" x A" DJEFEFE TV &, C D degree 7 0 TIXRWDTEDHL
DIBNTERP BRI R D,

WC, 41 & Z[C] ED free module of rank p™t1 x 27+ x 2n+l 5 pntl =
222t T B I LIZEFERELTH L
#RE 21.1. RO Z LAY LD,

(1) ,
WC11 [Xo_p] = @§:O WCSH Xé
(2) WCY,, & Z[X,7,C] ED free module of rank 22"+2p?n+l T

Proof. (1) /% degy IRBUZDWTHRETHZ LIZLVFELND, (X}
MR Z L EENTIT, )

(2) FHDEMKRT72HIE Xg ORI ZHIF D Z LIk ) HWIZFEET
HBEMH, TAT rank 1FFEL W, O

Rl 21.2.
WCSH = WG, n11 [956]

Proof. ad x) IZARERIZIX degy LFL WD TZDOFRIZH L, AY
DERTPELDOBBRAZ M3 D% R DIXHMEI A TS U flE»
DBIEMTED, Lo THENSEANDEFHERTEINH S Z
EWMDIND, WD Z[X ")) £ rank & & £ 12 2222t T A
AL free THDME, TOHERTID kernel 15 0 THBIEFNIFTRL, #F
[RGB EEABTH D Z LN d,

]

R— 12



NON COMMUTAVIE PROJECTIVE SPACE AS A
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22. m,(Q)Cm

ZOYY—ATE (r,(Q)Cm] LRALINDEDNELHTL D, REMIILHE
CHEDTHY, P* ED coherent sheaf T, REfEDHEEEZ R >EDTH S, FL5H
AR RZ ESIZIFIEZYBEDEN, WAWABIENDUIDDBEBINT NS
DT, DBV IZKVEDIZARS>TLES TV, ZITHYFVEeHENTELZ X
ERR
& 22.1. (1 )A"“\{O}OD K%:LJ\TAZH eEL

(2) BRES R ATt P 2 1 &EL,

( ) n+1 DR 7A%§ﬁ§% QA7L+1 LEL,
(4) P J:O))é" Tl gnir DT K’Eé\ﬁ%bf .0 L EL,
(5) mQ ZIE 5,“&6 ERD»HZEMNE, THIZEDARER IV 3
/0)&'9")%75: (7, Q)6m L EL,
AL & B KRB
AT DR (P DFIRBEIR Xo, X1,..., X, ZHD, 7 %
7 AT S (Xo, Xy, X)) = [ Xo, X, X
EEI D, {Xo#£0} BB A @Fa'ﬁ;%/\ %Uﬁﬁbf%zéé: LS
(X0, X1, .., Xn) = [1: X1/X0, ... X,/ Xo]
EEFEIDNE, n I EFOEIIIIHRLUTERD I LNTED,
G, x A" — At 5 A" Cc P
W W u
(¢, (1,29, ..., xy)) = (c,cx1, T, ... cxy) —(T1, T2, ..., Ty)
ZIMHTITHh»d Z Lidilocal IZ
(7. 2)6™ =2 Qpa[ Xy dXo).
;O)‘/U ATIIHTZER, BAEH. 2200 P M TLb, T
— D P ODYYERE X, ..., X, TONMUDE 0, £5—1D
]Pm DR RIS % X, ..., X, TOMMUD%Z 0 LESZLIZT B,

Weil-Clifford BEDRHEED AN ST & V.| WC(g) X9 % P x P"
EOEEEE WC) ¥ A 1T (1) DRTEBMEERAZEHD I =T
%%ﬁ’b subalgebra & UTA>TW3, 2 DZNENILsubalgebra T

% (FEIZDWTEHLTWS) A%, 2 5 D subalgebra #HH.D & #aRH£RIE—
ﬁ“ i%tw\_tkﬁ ERBETHD,

W< E:
ic‘_’_db

module D& U T,
° (7&9) X (W*Q) C WG(O)
o (MK (M) CA
EFZZTEW,

R—T 13



NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.25 £#J

25. AT VAMER. A5 LAt

P x P EOMBEDE A 2EHET 5,

D Pt OGO 7Y ayEiEnS, Ao P ofEED &
2 avELANPOERIRETERILS, ZOFEAE2Z 2T TAT LV
FAER] ERERZ &I29 5,

WC, 1 FAT VAERIZE Y BRI L IHAER k[ X, . .., X,] ®x
k[Xo,...,X,] EOMBEE BB ZENTE, UL>T A x Atk
DOIMEEDfE L FH—HT DI eNTES,

ZID5 G xG,,-fEFATE>TP"xP" LOEZZZX2DIE5 LV

WC,1 1& HARZ bigrading Kb, AT VAEHZ AN WC, 4y
FP <P FONBEDOEE RS ZENTEXS, ZhE We &L, We
I Opnypn DATVAERZ D21 TIEARL, (m.0)% K (1,0)% D
AT VAR (OB ERLBZOSEERIZIHEZ S 5) 28055 4
HEETH Y.

WEC & P* x P* Lk locally free ThHd Z & WD nd, £I5DUFLL
28 {Xi £ 0&X; #0} IZBWT, W I {X;°CX;*}2, 2 HH
HJK £ 95 locally free module TH D, #Ef&:

we = P ((m.0)% B (r.0)%) (~1, 1)
1=0
A 1X WE % moment map TE|>72E DT, C D> 7288453 HH

ZBEERIT, A D (AT L) MBEE U TOMEZZDX S IR
NIENR D DAY RF,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.30 £#J

30. ULTRAFILTER 12 & 288 0 NDOALT

ZOMHZOVTEMEL HE TN D,
http://www.math.kochi-u.ac. jp/docky/TALK/kaehler3/kaehler3.pdf
(kaehler3.pdf) 2D I &, Web 226V V7 &/ 5121, i
DR—=Y (HARGERR) > WR—=V L 28> T, [REKSF (2014/11/05)
TO [GEUYD, GELZMno/2Z2 8D/ — ] IZfF< &,

ultra product DFEIZAR DB DT 7ZH, T Dkl affine scheme DGR
ZERAEN R BT ENTED,
SR KR VR N

£E AIZE > Tindex DT 6Nz KO {Ky; A€ A} 2F 25,

(1) BF [Ley K % 2B
(a) [Then Kr DA T 7V A O filter & —H—IZET 5,
(b) TLien Kx DFEA T T VEBTHATH Y, WK1 T7

WIE A DRERT 4 VA — &= —IZNIET 2,

(2) Spec(ITyey Kn) & A IZHERNIAHZ2 AN 726 DDERAK T /8
2 MME (Stone-Cech /827 Mb) LRMHTH 5,

(3) U 2B T D #M Ky & Spec([[, K») (BT S structure
sheaf @D stalk & —3¢ 5, ULaZMW->T, “imit”] &IN
FTLENPATEZEDIE germ LIFEANIZ LW,

oo IR T D256, Ky OFEEIZ 0 THD,

(5) A L UTIERBREOES P2, Ky, ELUTIEF, &
FEZBEND DN LIEDIEARNLEPD FThHho7z, £€H5
ATNEHTE S,

(6) Ky £ UTINTHR R 28T IX, BEHEMRHT O A H
B D, (LU, mRIHEERNT2 95720121 GwELD
HEYEALE MBI, il Z moduli ZEOMAERERD & S
I AAUE, IO FAE L DT s LAY, )

- J
Stone-Cech compact {LIZDWTIE wiki 22D Z &,
https://en.wikipedia.org/wiki/Stone’,E2%80%93%C4%8Cech_compactification
BEWZWZ D FEREZTEDN) EFSOHVIEEFENTH - 72,

(2) (a) DRIGIE, RO KD ITERIND:

[ Ko DA FTN TIZ720UTT = {V(f); f € I} ZHIEIE, A
DT ANE—=FIZHUTIE, [[yep Kn DT T TN Iy ={f;V(f) € F}
ERISI D, 722U, f=(fren € [[ Kx KHUT, V() = {re
A fL=0} TH5,

aef J 1 (if fx#0
X7 No Gt fi=0
EBIHE felex, el THY, ZOWEHZHANTE (2)(a) D X
ZERTE B,
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KAHLER-PROJECTIVE

) OFCEQIHIDI: [ BEAFTVEE TS, AB € A,
@Fét Xa+xB = Lxaxg =0 WA, xa € I or

(2)(b
]_[B
el

~— 16



NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.34 £#J

34. U-f# i

O height height D# 2 13% &3 L HFEEITHN L TOEDE LS A,
TNEABRKICELTLSSZLIC&Y), AREOHEBEZH> 728~ D
el TREX] (=2 Vv Nl 250028 TES,
p=—14) BE2EBDOL2E%E P, LB, K pe P ITHUT, Fpe
ND —1 DFFil%e —DRY, /-1 LHEIZLIZT D, v eFp K
LT, €D “height” & “logarithmic height” Z AR TCE#ET D,

a,b,c,d, €7,
Ht,(z) = min { |a| + |b] + |c| 4 |d| | bd & PZ,
z=a/b+c/dv/—1
ht,(z) = log, (Ht,(z)) ("logarithmic height”)

Fp: D6 2,y IZX LT, €D M. D height (& z,y D height 12 &
% B oDl = FED, EEE.

(a/btc/dV=1)+(e/f+g/hV/=1) = ((af +be) /bf)+((ch+dg)/dh)v/~1
WA, Hty(r +y) < 6Ht,(x) Ht,(y). logarithmic height TV Z I,

ht, (2 +y) < ht,(2) + ht,(y) + log,(6).
[FIRRIC,
(a/b+c/dvV—=1)(e/ f+g/hV/—1) = (aedh—cgbf) /bfdh+(agdf+cebh) /bfdh/—1
W,

Ht,(zy) < 4 Ht,(x)* Ht,(y)*.

logarithmic height TU™ X (X,

ht,(zy) < 2hty(x) + 2ht,(y) + log,(4).
el 34.1. (TED f e Z[X]| TR UT, HDIEEH C,D MWFHEL T,
FRED p IZX LT,

ht, (f(2)) < Chty(z) + log,(D)

MY SED,
% 34.2. P; @ ultra filter (mod 4 T 3 &5 L\ ultra-prime number)
UzED,

(H Fp2 )usiow = {(zp) € (H Fp2>U51}i_>Holo ht,(z,) = 0}

pEP3

LEHETDE, ZHUX(T],p Fpe)u D subring TH D,

pEP3 — P
z=(x,) € ([[Fplusow @ =2 &2/ I, HBIEDFEH M 1Tz
LT, IROWTHPRIEZ B,
(1) |yl KM P UANFEAETRTD p IZDWVTARY 2D,
(2) |zp| > M S UAFEAETRTOD p IZDNTHRY 2D,
L£oT, 2220 UT, IROVIDNUPBEID NS ZLIZR B,

R— 17



KAHLER-PROJECTIVE

(Y1) HDEH M PIFELT, |z, < M BN UEFLALTRTO p
ZDOWTRY 72D,
(BHE2) [EEDFE M 220 UTL |y > M B UFEAETARTO
p IZDWTRY 72D,
HEEL BRI SEE, o FAR, BE2PVEID L &, o FJERT
Hden>Zkizl&I,

(H Fp2)u,slow,ﬁnite = {-73 € (H IFpQ)u,sloW; x Ciﬁgﬁ}
1 (TTFp2)usiow P subalgebra TdH 1,

(H IF‘;102>U,Slow,ﬁnite —C

2% surjection DR % & HEIEIZ KV EE D, €D kernel I [fE[R
INERD T ([TF e ustow finite PT T 7V THd, §48HH, Cli
(TTFp2 wstow finite P subquotient TH D, Z D & 5 BARDUISEEAE/ENT T
F<ELND,

IR 34.1. ([IFp2)wsiowsnite LD THENTF] A IE L, (&I,
HRMNT. ERERRGRICHERYH D, )

BEM:

Harmonic theory @ & 5 ZRf#ENTD 5 B, cohomology D K 5 25X
F, (5 ULKIE Z) ETEHRIND &R (FIAIX, ZHkik M LoD
Harmonic forms I& H*(M,R) O i% 5222, HY(M,R) & Z LD
HY(M,Z) ZREBHER U726 DeABED, )IEF, (BULLIFZ) ZT
TITLEDITHRBZNES S 97

R—318



NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.36 £#J

36. U-fbrf (i)

AR O B D7~ DIZ BN E DA, RFOEREASBII B DT
FMATHL, BEOHIEBEEROS—IEELTH 2,
© height DFED#HIE

GBI F, & Q &I height % p (IZBIL TNI DIZEIEX & <L
TWb L EARTIIRT, ZhEHWIUEL Cauchy 5l etc & FHNT
SEffbd % & XIT p & height 125 % DT TI X 0NUXQ DL R
X F, OB ESIEND L, C THERU LS IZEND & WD Z
EMDND,

36.1. BARER. p FFEHTHDLTD, ZOFLTIE, MOLS>RE
BaELTL, ZZTREBDZOIDESREEAREHKE XIFS,
f{%h@né%hﬂ<Vﬁ0<n<V@}9%F+%er
MDZENKETHD,
fied 36.1. HAGHRIIEHNTH D,

Proof. IS M2, 0= f(0) € Image(f). BATF, fi#B DD ky = [/p]
LB, v eFf 2255, k=0,1,.... kg ICHUT, kx €F,=2Z/pZ
EZD, §8DL,

0,z, 2x, 3z, 4z, ... koxr € Z/pZ(C R/pR)
Zhid, BX p OMFE EIZ ko + 1 HORZR D SR H-> TN I LIZR
5, UENo>T, TNODOHNLRR DS 2 % A 2RO FREED /)N

x - pFTHB, THDL.
ko+1

||nox — nleR/pR < ﬁ (0 < 3ny < 3Ing < ko)

n=mng—n B &, ne[l,m) THd, £/2 nx =m TH>T,
m| < 2~ AT meZ PFHETDILIZRD,

ko+1

m DY 5 2#PlEFZ X THE D, kg DEREIZEY,

p < (ko + 1)
@ZC:\ p/kfg +1< (k?() + 1) J:/)’C‘ |m| < k’o + 1. %é&@i@ﬂ:ﬁ
BODT, fhF. |m| <ks THb, O

36.2. WK DD DEBSDER. HEAGHRDOERD /2D, W ODNOES
2EELTHL, EBE p eEDIDLSITo0DT, RDYIC
EO a 2D, £9, ERERODERIBIIH/-2E0% X, LB
o THBDOL,

Xa:{ﬂ\m,neZ,]m\ <a,0<n<a}.
n
DI, a>0 XN UTIROEELESZERT D,

Ia:{@\m,neZ,0<m<n<a}.
n
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KAHLER-PROJECTIVE
ODEFDLEIRREDLETHAX VA — R,

IV={ar e l.}.
36.3. EATBOBERETOEN. X, 3522 X 58EICEL T

FRTHh 5,
Xa - _(on)>0 H{O} H(Xa)>0
X BT, (Xa)ao WIEE BB HMEIC DU TR T,

(Xa)so = I [ [}

SN
m
I, = —|0 <m < n;ged(m,n) =1¢.
2§];I<a{n }
GLD—D—DDIEDEEUIA A T —BE po(n) IZFELV, £oT,
#Ia: Z @(n)
2<n<a
INDIEF->T,

#X@:4<E:Mm>+3

2<na

36.4. BEXBED T 71 /\—.

R 36.2. FE p LEHAGH f ITOWT, KA D,

(1) BEARGG f OT7 7 A N—DxOMEIF 1B ULLIE 2 THD,
(2) f(JIl) = f(.I‘Q) /C“\ T 7é i) Z:l:é %@Ci\

A, ={a,b,c,deZlab+cd=p, 1 <a,b,c,d < /p}
DiLe 1 X 1ITHIET D,
Proof. 1,15 € X s5, 1 # o, f(11) = f(22) L5, EEIZELY,

Ty = Z—ll,xz = 7%2; my, Mo, Ny, Ny € Z, 0 < ny,ng, |mal,|me| </
EELSIENTED, f(r) = flxe) ITEX Y,

ming — Many € PZ
BHRES W, MG TRIIIZOWVTOHIRIZE Y,

|ming — maong| < 2\/52 = 2p.

2, w F o ITEY,

|miny — mang| # 0.
oT,

|ming — maong| = p.
WS xy & oz OD&EZ AN T,

ming — MaNy =P
ELTEW, BUKRESIIZDODWTOHIBRIZE YD, m; & my OFFFILE
BOBRITNEE ST,

my = a1, My = —CLQ(O < EICLl,CLQ < \/ﬁ)

aing +asnyg =p

HEEDHEIOHMNESLD, O

~R—% 20



KAHLER-PROJECTIVE

% 36.3. HAG % “Ht < X O
VP VP

m, . VP vE
{E7m,n€Z,]m\< 5 0<n< 5 }
WCHIR U 726 DIFBHTH 5,
PURIRERIZBIR RN,

© EF A, OIT (a,b,¢,d) 5 ajc € Ff NONIRFHEHTHD, &
AR
0<#A,<p-—1

36.5. EXREHEHISESNBZIER.

4l D en) | +3-#A4,=p
2<n<\/p
BAEEBRIZENIE, p~ 10° AU TIE, #A, ~p/4.63.

by, =4 Z o(n)+3, a,=#A,

2<n<m
tj::;<o ﬁﬁ@%%‘:$ét\ bL\/I;J:p—i_ap ‘t“%éo
totient D wikipedia D7tk % RAVIK, totient DFIDZEEAI DN |
4.63... DEZANHATE S, FHER.

- 3m?
le(n)—?—i-...

ThHdN"5, a,~ (435 —p)) = p/(4.632756661...) TH 2.,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.40 £#J

40. fERR/IND I DO FEHL

No0.040-No.049 1& THEFR/NDEE] 22 DTHEIILIZT D,

REERE UT ky = Kk[h][[k]] ZERHI L. No.020 TE# LUz Weyl-
Clifford algebra WC,, 11 255, (IEfMEIZIX. 020 TOEFE & EEP°
RBORDOED FNPDURZLN, FEALRALEDES D —EES
DIFHEFZDOTHETET I LIZT D, ) moment map & LT p =

A= (WCn—&-l)(O)/(M)

EEZLD, B IZEBRIEZMHSTWVRWVDT k-torsion (ZD2W T
EFINDZ &R, 72720, C BERIZHOMNSD & 51T topologically
nilpotent TH DD T, BAIIZEVFHNTWAEZKEELRRLEDMNT
x5,

A Tlx

C? — (hCYP™'C =k XPX?

ThHhdN5H,
#58 40.1. A TlX

ke ]
v = WZXfo.

ZOZEND, A CHIET D Proj(ke[{XPX]}]) = P* x P* ED
quasi coherent sheaf A (& FEFRIZIX finite rank (W A 12, coherent) T
HdIEMbhind,

WC) /(CP — (1= L XT X)) DI L% B s, BITHNBES
5P xPr EOfgzE B L&ES,

E&E 40.2. B X (m.Q)° B 1EE) 2056, (m.Q)° (B24H)
EENOHENT S Z T (r.0)% K (1 Q) IBEOME 2 R D, ZDfE
Mz (r.0)°% K (r,Q) O B ANORTLAERLIERZ LIZT 5,

ROMEIX B A TATVANEE] & UT locally free THoE I &%
RUTWD,

foRE 40.3. P x P* O sheaf ¥ U T,
ey ((mQ)°% ¥ (1.0)%) @ 0(—1, 1) = B,

fi. EOXMNEWERIZLT, *bALE L, (1,0)07R1--1K(1,0Q)6n
fipEE LT,

ey (m)° K1) ® 0(-1,-1)' @ (1K (1,.Q0)%")) = B.

R— 22



KAHLER-PROJECTIVE

Proof.
o (r)*®1) @ O(-1,-1)' @ (1K (7.2)%"))
S (aa; ® 1@ Bai)as
'_}

Z an il Bag € B.
I

xEZELD, THE. 2 (No.28DTF 7 =w 7)), »D, EH/RIE LK
BT VI MEFE LU (P X P")gpec(rs) LD locally fee sheaf TH B,
(No.21,24) &>T, ¢ FIHDOEDOFRMZ 5 X5,

O

% 40.4. HORPSLEREINDIBEHIZEL D, IROMEFDE & U TOIFE
PR oN5,
(1. )% K (7,Q)° = A,

EbAA, BEUTRMAIZESRRDDIFZM,. cohomology % 5t
BEDIEILHE>TINTHATH D, No.045 12T DRERH PR
LThsd,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.42 £#J

42. B OREE

B OlE 2 BN TENRIEER S B, FEARKIZIZERIERF (normal
ordering) (ZEDETROLVEZDZITRDTH M,

(1) BEYEIZEOY A XRF-> TR &,

(2) EEFRNER WO R DB C BEND DY, C BHED py &0
G THEMEL T TEIWMAONT, 202208 A NBEIZ
nHZL,

WCHERPBRETH D,

IR, 1 1E 0o n £T, jidk 1256 n EFTHEHSZLIZTD,
=& 21K )(]'1 = {X07X17...,Xn} /C“Zﬁ)éo

B AX B OAERIEBEFBRRNIENZY)fEIChND, Y1 XNEH
BODEFARDIIF TN DEDIEAERIUZH 725 5 D & FER IR
UCREDZDONEMTIEDH DD, THIXHAILRDT, FOBEOHERIC
HEREUBNS, BFD Weyl BREOREmZ M D Z L1275,

(1) ch+1 == k2<Xﬁ,Xﬁ,Eﬁ7Eﬁ,C> b)%&é&béo Zﬂli lkg J: free
ThY, ky kD 2n+ 3 BEAZ AR LMK AD AR
DBTERET A AR L TH D, (WD —fG) € > & BRI
(ZiE, Speck[XE, ..., XP XD, ... XP CP] EO rank p*rt322n+2
D locally free sheaf & XInd DIEETH 5,

(2) (ch-i-l[XO_ ])0 - Ik2<lev €1, 611’ xijO’ C> = WCn,n-i—l <$6>

ZOBRIE A2 EOkE WO, & G, D “(1-1)"-fEFTHl-
28 D%E UY = {Xo # 0} IZHIRU 2SS L2 DTH %, )
FER:

(a) Xo? Mz 2 22 Xt 2R 2 2 LIS REY
C AU Z &M X,P & center DILHEDTIHHDIED
MRS L,
(b) ) = XoXo 1% 0 1ZBF 5 degree deg, D hC 5 TH 2,

2, €] = hCdegy(€©)6 (¥ € WCLX,7])
Sz 5 &,
1y = E(ah+ hC degy(€) (V€ € WC[X,7])

THD, /272U degy IFLATFTHRE D & 2 BRIKHA 1T
&iﬁﬁ Xo Xj Xo Xj EJZ EJZ C
degy I 0 -1 0 0 0 0
ZDZRBBIFRIZE Y, af 2 ﬁﬂz;@“/\@,ﬁ@@%%c RfoTW
DL IHAER LD 2n + 2 flH DA EE 5 6 @5%‘7&%?4%%(
ERUYAAXTHD,

(c) ZEA

xTr; = XO_IXZ', .T; = X()Xi7 €;, — XO_IEi, 6; = X()Ez

2R xy xy v e e C

degp: -1 0 1 -1 1 0
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KAHLER-PROJECTIVE

(d) ZORT, B 2 0P Elocally free THD Ik &, Z0D
rank OO0 5,

xy; DIT..p"

e; D43..2m

el D4y..2" !

zi DI3.p"

x5 DI ..p

C D r.p

G AZEDER (*)..1/p

total....p?"22(" D) . p
() A DED DI o) DFETEHGRIEESh, TDH,
272U,

kp PP
WZXiXi))

(3) (ch[XO_p’XO_p])(O) é%iéo
(a) e, o 2 &,T; \Z (xq, ()" OIFEZFHRIC) ZHEHT
%, (Upg ETHEZRD, )
6; = XOEz = XOX()XO_IEi = (ZL‘(])éZ', l‘; = X()XZ = X[)X()XO_IXZ‘ =
()7, ‘
(b) zf) ZHEAIIF> TV, (C BHTL %, )
IE"LE\F?%{ Z; < €; < ey < ey < éj < ii‘j < .1'6 < C L:}_’.éo
2R x; e e e e x; ay C
degp: -1 -1 -1 1 1 1 0 O
(¢) (WC,[X,", X0 )0y = k(;, €1, 8, T4, 2, (z5) 1, C)

(4) total degree 2% 0 DERP ZHE R B, x, LAMMDET & DAZHAREILR,
C 2 center (LI DI ENb, x),C DD ZEATIZEEH)
IE. —H X P X P OFWEE GBS E > THh 5 normal
ordering IZRHRMR B LIZ&Y, ME/D,

(WC[X, 7, Xo 00 = > K lk, 25, €:)- X ' X ' Ch L (k, €, 25, 2, () )
t

B =WC) /(C" = (
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.43 £#J

43. C OWE
12 THARZE 512 B 1 (Q)Cn- - ()6 wNREE LT

(X P Xo ") ()

(—2kp+1+m=0) OM/HDILTEKING, )

INHI Xy & Xy EORZBBREZHNT X" X, ™0™ = XmOm X, ™
Dk EOMEFEATHEI LN TES,

AR BIZBEWTIK, 4y =078DT, C=py BDEMN,
(72 1)) X, °C° X = Xy us Xy °
EXOTIEWT RN, (1) 1F AP B DA TTILTIEDHDH. WC
DA FTTIVTIEBNN D,

fs :XJSXJSCS

EB<, O=py BEHBRAEERAT D, OEDN, BEMALT,

2HE XD, MR, HHD7ZD,

j—1

i = [T — tkhC)

=0

LB, BIZBVTIE P = Y XPXP THDH I LITEELT
<,

&= X5°X5°
= X5 Xo (1= gkh) ™ (g — po)C° 7
= —(1— jkh) ™' X X o C* "
= —(1 — jkh) 7' X5 ®(uo £ khsC) Xy *C**
= —(1 — jkh) " (£)khs&s — (1 — jkh) " X5 e Xy *C

X T, kAR N T H D LIRE L 72D T, (1+skh) X se€Z
I UTHASETH D,
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g,
X{;(S—l)(Xglu X(—l))X—(S—l)Csfl

1+Zx]xj +Zee, X Dot

:k;(XO_( ) 5105 1+Z X sl) leS 1,)

J

+ Z 6Z (s—1) CS 1
=k(§s1 + Z 2;E-1T5) + Z €ifs—16;
j i

?%@ﬁﬁi RHBALRE IO THD Xo, Xy 2AAICRF>TETH
b, BUILEn%e ¢ LEIMZ T,
B = G+B -,uLj

B=C+B-puy
=C+ Curo+B-pip
=C+ (Curo+ Buia) - pap
=C+ Curo+ B prafp
=C+Clo+ (C+ Buisa) - a0

p—1
Cu + k? Z XPXP)B
7=0

Hl DI £V,

p—1
8-S
j=0
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.45 £#J

45. 9-cOHOMOLOGY (fEFR/INiR)

VEDODE, EEHT, MERNDBZE] 2oV TiEaml &9, ky =
(1], by = Iy [[K]] o7 2 2SI 5. A OHIBHHIE & UET D
BRZIE, ko-MIEEE UTOREZ RTW DT TH S M, J-complex &
UTCTofEz ROBIZIE, k 2REBERDICE REDEXPOT, k-HRE

T g %o ZAUE k D form & UTD degree 2 (1,1) TH2D7/2DT
H3,

EIE 45.1. R/NDHGEIZDNWTEZAD, ZDL X,
(1) #EDE L UTA 2 108 K708 THhD, {Xg#0& Xo #
0} IZBWTIK, IO LS IZHENZIESI DY Vnns L
B,
A 2 Qpn[01og Xo] X Qpn [0 1og Xo]
R TIRZDETES,
(2) O-complex & U T,

(A, 9) (2 (m.Q2%", —k Inty. x,0/0x,) ® (1,957, 0) (Int XIS )
2 (Qpn[0log Xo], 0) B (Qpn [0 10g X0}, 0)
Thd, 2720, (BHEOZERLEST, ) HERD 01X
d00log Xy = —k

272 g £ OB Qp-iEEHRTH D,
(3) ky £ 0-complex & U T,

(Q2pn[01og Xo], 5) X (QIP’" [5 log Xo]a 5)
=8
(Qpn, 0) B (Qpn sparse[0 log X0, 0)
CERFETH D,
(4) O WU THFERTH B,

Proof. (1) ZORBIZERNEFIZE D REDDT, 9,0 /EAFEZEIGKT
L2DIEFRI LV, £9 A THIEL, %@%*%’EJ:O)H’*”’C EVADIX
FWVD7E,
( )EWJ AU DOWTIE 0 B E OIMES ORIEE FEDL, 22,
—ZHUT OV T, )
9 = Int2¢ X;0/0X;

A RVASK

>, X:0/0X; & Euler operator £FFIENDHD LFEL NI LIZHIE
BUTHID, EXICINIBEAZTH D, (2) DitMHIE
TH5 (0 & 0 DHEDZHTIE deg (FHETH S Z LITIHER) ZL &,
deg = —k EMH 9 ITHND,

B) MZBDIKRED Y —IZDNVTHE X LD, € = a+ Bdlog(Xp)
(o, B € Qpn) ICRHLT, 06 =—kB TH225, cocycle i ki[k] - Qpn
Td Y, coboundary I kQp. TH B,

R—3 28



KAHLER-PROJECTIVE

fER. BIZZD complex 1& (Qpn,0) & quasi isom THd I &WD
»nd,

BEBIZDONWTHEZ &S, Cartier operator 1 X, '0X, % REIZT
% Z &M, b, Deline-Tusie #Fild e < ZOHHEICHA U &S ITHR T,
BEBD complex 1E. (QF) + Qpn gparsed 10g(X), 0) & quasi isom TdH
%, O

Z® complex (& cohomology El& cup FEIZEI U T super A #ATH D
X9 ThD, LEMN>T, cohomology IZBHU Cld iz &2<ED
5L ZAIERN,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.46 £#J

ZOMWMMEEFEINTEZo72D, LDHRATOHEBREZ>ZYDEFY
ThY, LEREUANDADGELITEL R,

FERE UT, mQ8 X K[ X00X0]|@(Qpn )pr, LFEEITH D, k[X00X]
ti@”%wﬁiét SH DAFEDTY—IZHE LTS

ARERV—ICBTE IOERIE, A L Q8 R & OFEBHME
HT2LEIIZDOAREMNT, 2EVER p DL IDAEHTH D,

FZ el
[free resolution | LA R THE STV DIX ky[k]/(k) ETHBD

. Tafk] ET%3 720101 Torsion (©) 12 20T aih LA 1
B BRI,

I 46.1. ((mQuan)®m, d) 13 (Qpn sparse[d log X;], 0) & quasi-isomorphic
‘t:‘ zb 6 o

dlog X; 1 i ITHRAFT 22 WA DAKIZEYD, TDOEIFQ IIE
T 5, I E;L_LIEZ/Lé sheaf |& well-defined TH 2 Z L IHER, (F
IHIFE LWV ONFLWE AL, )

(Qpn sparse[d log X;],0) 145D free resolution TH S, &->T, RI
MEBIZEN D, DWTIZ, P d submanifold X OEHEA T 7NV 1
UL mQun)®, d mod IP & flatness IZ& D RWEDEZ DM,
mod [P T® cohomology DFIEMNEIRT B,

HIORE: 52 p O BHE 0 ANOBATIZED S HWHHEETH A 5 »?

ADPERERTHD Z NS, TRTULD T LD ITEDNS, -
EENWWEZAEN, EONT TV —2MHFIZTEINIE>THE
PRANZEL S, AP module & UTARGIEIFREDY—F/ZWES
ZUWHA, B0 TOERZ LS,

46.1. /J=—I. f 7% affine morphism THAIX, f, I& exact functor &
DTH->7, £<IT f, I& cohomology DDEE % FET 5,

P"xP* DD 212 A & OP) WEHEFEZENTVWDIDIFZTD LD
ZRAUTRP T,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.50 £#J

50. ABRDIGE DELH

No.050-No.059 I& THIRDEGE] 2XedTHILIZT D,
MERR/NDG G ] 2 TS ICE SMATHEBERTIZOE, MU
WE ZANHEAD THROGEIIFERDZ L,

FREBERE UT ke = klh, ——[k] ZEJHU. No.020 TE#HL =
Weyl-Clifford algebra WC,, 1, Z2» 5, (IEMEIZIX, 020 TOEFE L
ERREEROI Y NP DURBR LN, FEAERALEDEE D —
EELSDIFXEEZOTHETET I LIZT D, ) moment map & UT
p=>,XXi++>,EE —C =T,

A= (WChi1))/ (1)

2EZLD,
A TlE
C? — (hCP'C =) XPX?
THEMND,
8 50.1. A Tl
— 1 PP
= 1_—WZX X7

ZOZeNnS, ARG D Proj(le[{XFPXEY]) = P x P* EO
quasi coherent sheaf A (& FEFRIZIZ finite rank (W A 12, coherent) T
HdIENDMND,

WC) /(CP — (= 2 XPXP) DZ &% B & EHE, BINETS
P"xP" LOE%E B L&,

E& 50.2. m=13,0X;0X; L BE,

F = ((.0) B (.0)[m])>"*C"
EREFHRT D,
JRFTEIZIE, IROD K HIZEIT S

n
def

j=1

LEL &,

F = (Qpn W Qpn )[01og X, log Xo, mo]
Thd,
E&E 50.3. B IX (mQ)° B1ER) 2056, (m.Q)° (245
EAEDHENT S 2L T (1,Q)% K (1,Q0) - IR 2 R0, Z O
A% ()% X (r,Q)¢" O B ADRAFLAERLIERZ 22§35, D
WTIZ, (mQ)° X (1.0Q)% OXRFTLAER 2 DhifE%2 X T LA
ﬁéﬁﬂ¥«s‘\‘: (\:L:—é_éo
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FIXME

AR, (No.55 £T) m X my WA ZETHETHEEDHMIEL
W ADTOVWRVDIFELEEZIMIDERFEZNSTH D,

)

#& 50.4. (1.Q)%" R (1,Q)% O B NOAT VAERIZ T D B ~ND
N — IR T & %,

0.5.

D T2

[
o

PlF @ O(-1,-1) = B.
. OB ZHMEIZLT, ISbArEL,
ey (m)° K1) @ 0(-1,-1)' @ (1K (1,Q)°%")) = B.
Proof.
&, (mQ)*®1)®o(-1,-1)'® (1K (1.0)%"))
S (0 @1 ® Bag)ay
.

Z &A,lulﬁm € B.
B

®EZED, ThE, & (No.28DF 7= 7). »D, EHEIE LK
T VI MFE LD (P X P")gpec(rs) LD locally fee sheaf TH D,
(No.21,24) &> T, ¢ FNMHEDOEOREE 5 X5,

L]

% 50.6. HIENOEHRINDGHEICKY, IROMELOE L UTOR
BREo0d,
T A
EbAA, BELUTEMAIEESREDSDITEMN, cohomology % &t

B3I UH>TINTHLSTHD, No.055 1ZZ DGR R
LThHb,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.52 £#J

52. B DO

ZOHIFFEUNPHBETDH D,
B OFEE % IR RTENRUTE SR, HARIZIXIESNET (normal
ordering) IZEHOETRLUVEZDZITBEDTH DM,

(1) BEEIZEROY A XN TR &,

(2) EHNEFITME R DBRIZ C BBIND D, C BIED py &0
LT EMLTTEIMAONT, FAHERTBEIPBE
BHIL,

CHEEPBETH D,

DR, T i1 005 n £T. ji 155 n ETHZLIZT 5,
f:c‘_’_ili‘ X]'l = {XO>X17---7Xn} T%éo

B AR B OERTEBERRIENRY) EHEICOND, YA X8RS
BODZEFHNBITIZTNS DERDIERRBUZH 725 5D % EEIZREK
UTHRELDOPEHTIED DA, THIXEEZDT, O EOHRIZ
HERUBNG, BEAFD Weyl BREDRE R Z M5 Z 2129 5,

(1) ch+1 = H{Q[Xﬂ7Xﬁ,Eﬁ,Eﬁ7C] 73)6&{3&)60 ZMCi ﬂ(g E free
ThY., ky ED 2n+ 3 LREAHLIHALR LMD EAD 2R
DBEFTBL YA DR L THD, (MO ) B> & Bk
(ZiE. Speck[XE, ..., XP XD ... XP CP] EO rank p*rt322n+2
D locally free sheaf &M Ind DI TDH B,

(2) (ch+1[ ])0 - IkZ[xﬂ? €i, 6117 %a xO? C] = ch,n+1[x/0]

:@%@A%ﬂimgmmwl%GmQ%LM%W%Tﬁo
FED%E UY = {Xo £ 0} IHIRLAZRBISHIELZEDTH S, )
R

(a) Xo? Mz 2 22 Xt 2T IMA 2 2 & ISAERE
6 AU Z &N X P & center DILZDTIHHLDIED
WEER Y L,
(b) zf = XoXo 1 0 IZB8F D degree degy D hC {5 TH 5,

[20,&] = hC degy(§)§ (V6 € WCIX"].)
ELALL TR
2o€ = E(xy + hC'degy(§)) (V€ € WCX["].)

THD, /272U degy IFLAFTHRE D & 2 BRIREAN 1T
&iﬁﬁ Xo Xj Xo Xj EJZ EJZ C
degy I 0 -1 0 0 0 0
ZDZRBBIFRIZE Y, af 2 ﬁiﬁ«fﬁ@&%cﬁcfm
DL IHAER LD 2n + 2 fl DA BT 5 6 @5%‘7&%?4%%(
ERUTAAXTHD,

(c) ZEA

xTr; = XO_IXZ', .T; = X()Xi7 €;, — XO_IEi, 6; = X()Ez

2R xy xy v e e C

degp: -1 0 1 -1 1 0
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(d) ZOWFST, B » 0P E locally free TH2D Z L &,

rank D3O 05,

x; DIT.
e; DIT...
el DI ...
zi DI

xy DT

T

D

2n+1
2n+1

n

D
P

<D

C D r.p
G REDIR (%)...1/p

total....p?"22(" D) . p
() A DED DI o) DFETEHGRIEESh, TDH,
772U,
1 _
T 1 > XIX?))
(3) (WC,[Xo?, Xo ")) 5 A %o
(a) e}, @) % e, %\ (), (zg) "t OFAEZATHRIZ) BEAEHT
5, (UOO_LT‘%%-@O )_ ~ o -
e, = XoB; = XoXo X, 'E; = (v)é;, 2, = XoX; = XoXo X, ' X, =
x’o)f“
(b) zf) ZBEAIIHR> TV, (C BHTL %, )
THIIE e % T; <ej <e < ey < éj < fj < $6 <ClZk5b,
2R x; e e e e x; ay C
degp: -1 -1 -1 1 1 1 0 O
(C) (WCH[X(;p7X(;p])(0) = Ik[ijeila éﬁ7jj7‘r67 (xé))_la Ci
(4) total degree 2% 0 DI 2HE X B, x) LMD & DRHEALR,
C 2 center (L9 DI N6, z),C OIS EZEATIZEEH)
IE, —H X7 X, P OFWEE GBS REE H> THS normal
ordering ([ZRHNMMWZ DI &L, RzeFD,

(WC X", X Do) = > Kalk, w5, €3] X ' X O T [k, &, 75, 2, () ']
t

B =WC) /(C” = (

~—~
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NON-COMMUTATIVE KAHLER MANIFOLD NO.53 £#J

53. C DIEE
ZOfIEFEUNBETHD,
52 THRAZZ & DI B IE (Q)Cm- - (Q)C» mnEEL LT
(Xo "Xy )" () O™
(—2kp+1+m=0) OW/HDILTEKRING, )
INHIE Xy & Xo EORMBEHRZE AT X "X, "0 = X, O™ X ™
Dk, EOMARFELGTEI ZLNTE S,
AR BIZEWTIE, 1 =08DT, C=py BDEZMN,
(7)) X °C X5 = X5 us Xy
EXOTIEWT RV, (1) 1F AP B DA TTLTIEDHDH. WC
DA T TIVTIEBRNN D,
55 — XO—SXO—SCS
<, C=py BOBARAEZERHT S, DL, &L T,

ZHERB, PR, HRDZD,

i =T — tkhC)
=0

B, BIZHWTIE Y = Y, XPXP THB I LITHEELT
<,

& =Xy °Xg®
= X3 Xo (1= jkh) ™ (g — po)C°
= —(1 — jkh) " X5 X poC* ™
= —(1 — jkh) "' X5 * (o £ khsC) Xy°C*™!
= —(1 — jkh) " (£)khs&s — (1 — jkh) " X5 e Xy *C™

I T, kAN N T H D LIRE L 72D T, (1+skh) X se€Z
W LUTHASETH D,
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g,
X{;(S—l)(Xglu X(—l))X—(S—l)Csfl

1+Zx]xj +Zee, X Dot

:k;(XO_( ) 5105 1+Z X sl) leS 1,)

J

+ Z 6Z (s—1) CS 1
=k(§s1 + Z 2;E-1T5) + Z €ifs—16;
j i

?%@ﬁﬁi RHBALRE IO THD Xo, Xy 2AAICRF>TETH
b, BUILEn%e ¢ LEIMZ T,
B = G+B -,uLj

B=C+B-puy
=C+ Curo+B-pip
=C+ (Curo+ Buia) - pap
=C+ Curo+ B prafp
=C+Clo+ (C+ Buisa) - a0

p—1
Cu + k? Z XPXP)B
7=0

Hl DI £V,

p—1
8-S
j=0
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.55 £#J

55. 0-COHOMOLOGY (£ PRfK)

ZZRED —ERIMNOFZTAHBNENTRN, 175, WX,
0Mnb,

VEDOIE, Eﬁ&ffﬁﬁw% DWW U & D, ky = km
ky = ki[[k]] THoEZ LITHET D, A OINFREE & RET 5 B
i k- ﬂﬂﬁ??ﬁbf@ﬂ%x_%:%fb\t T TH BN, J-complex <‘:b’C
DOEEE ROBIZIE, b 2MREEROILE REDE PO T, k-FRETH
gD, ZHUE kD form & UTOD degree  (1,1) THD=DTH D,

EE 55.1. BVNOGEIZDNWTHE R D, ZDOL X,
(1) MEEDRE L UTA = 1,00 Xm,Q6n ThHd, {Xo#0& Xy #
0} IZBWTIK, IO LS IZHENZIEFSI DY VnRE LN
RN,
A= Q[pm [8 10g Xo] X Q]pn [5 IOg Xo]
UFTiIoRTHL,
(2) 0-complex & U T,
(A, ) (= (m.Q%, —kInty. x,0/0x,) B (1,957, 0) (Int IXHEB) )
= (Q]P’” [a log XO]? 5) X (QP” [5 10g XO]? 5)
Thd, 2EL. (BEOEZLEST, ) WIEEO &
5810gX0 =—k
27z d XD Qp-BEAEMRTH S,
(3) ky D d-complex & LT,
([0 1og Xo], 0) B (Qpn [0 10g Xo], 9)
=8 B o
(Q[[Jm, 0) X (QIP",sparso [8 log XO], 0)
CERFEETH D,
(4) 8 CELTERBETH 2.
Proof. (1) ZORBILIESIEFIC IV IRED DT, 0,0 (FAZRIGHKT
ZOEPILL, £ A THIKL, TOMEL LORBTRYADIE
LD,
(2) AL BB OWTIE 0 B EDOIMUD ORIRZ RS, £l
2B ’)b\’CCi\

0 = Inty, x,5/0x,

MY LD,
3, X:0/0X; 1% Euler operator CIEENDEDEEL NI LIZEE
HU B:ﬁot< TERERZETH D, (2) DFEHIE

ThHd (0L 0DEDRITIE deg (R THD ZLITHER) 2L &,
560 —k tﬁ)bj‘< bi))é

B)MZBDIRED Y —IZDNVTHEZ LD, € = a+ Bdlog(Xp)
(o, B € Qpn) ICRHLUT, 06 =—kB TH2 5, cocycle i ki[k] - Qpn
Tdh Y. coboundary I& kQpn TH D,
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fER. BIZZD complex 1& (Qpn,0) & quasi isom THd I &WD
»nd,

BEBIZDONWTHEZ &S, Cartier operator 1 X, '0X, % REIZT
% Z &M, b, Deline-Tusie #Fild e < ZOHHEICHA U &S ITHR T,
BEBD complex 1E. (QF) + Qpn gparsed 10g(X), 0) & quasi isom TdH
%, O

Z® complex (& cohomology El& cup FEIZEI U T super A #ATH D
X9 ThD, LEMN>T, cohomology IZBHU Cld iz &2<ED
5L ZAIERN,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.60 £#J

60. NE & D

BT, WA — AMERIC K DEHZ 1T O DX, FATIZIEE
THBH, KBIIZIZ ORI/ U H S,
2017 %9 H 12 HEAEDHED 5D JiEHIIRDEY .
(1) Weyl-Clifford algebra 75 Marsden-Weinstein quotient % i T
BAZMK .. %7,
(2) P* x P™ LD sheaf of algebras A % A WO AED, B p i
25D,
(3) local IZ1&, A &m0, R, Q,, IO E UTHETHY,
BROWE () 2 TOSETEHEITISILETED,
(4) A IFHAEE YD D rank D P* x P _ED locally free sheaf Tdh 2,
(5) ZEfD sy (BB— ) (SIEEER. AR (38 =) 121
HEAZGEZ2 28128, JIFOEDEHRA — 7.0, Kr.Qa,

265,
(6) BTRTIEIC & V. FUEOBMAIEMEORE L UCHETH 3.,

(1)
Xt x,t
=X (X0 X5 X"

DEDSBEEZT L0, EEBIZL AW E normal ordering
ZERITTERN,
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NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.100

100. AR (FEBRADEE)

[X;, X;] = hC6;; (Kronecker’s delta),
X, Xi]=0, [Xi,X;]=0. (5,j=0,1,2,...,n).
ClE3FTTH %,

[Ei> j]+ =0, (£, Ej]-i— =0

(EBE)* = —(khC)E;E; =0.  (i=0,1,2,...,n).

(EB;E)*P — (khOYP'E;E;=0.  (i=0,1,2,...,n).

(B> XX EE)+(KRC)Y (kY X Xi+Y EE)=kY XI'X!

o) = (B, XX+ S, BiEy) k8L &,

ooy + (FhCY ™ gy = > K XEXY.

(2

100.1. 4FRIETT. IROTCIFAHITMMEL BN D,

0= %adz—:

0= —% ad g

0,0 X odd BN IEAFZETH Y., ERITADERIZIRD XS 1252
5N,

o [k X, 00X, X, 0X
Oe |0 0X;, O 0 kX,
oe |0 0 —kX; 0X; O
Ho, 1 %?ﬁ\’@ck o) L:ﬁ%j-éo

po = ko) =k Z XX + Z E,E;

pi — (KhC)P ™o = kP 32, XTXT.
P00 — jkRC) = k» 32, XP XY
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[Mo,Xo] = [XoXo,Xo] = [Xo,Xo]Xo =—Ch @i\
MOXO = Xo(,uo — Ch)
—HR D — 2B f 1T LT

f(1o)Xo = Xo(po — Ch)
WU — A DEERL s 1T LT,
f(1o)X§ = X (1o — sCh)

; def def

difX.X_l—Xo_lXi, l‘i:XOXia ei:EiX(J_lzX

R— 41

0



NON COMMUTAVIE PROJECTIVE SPACE AS A
NON-COMMUTATIVE KAHLER MANIFOLD NO.110

110. A (FROEAE)

i» X;| = hCd;; (Kronecker’s delta),
5 Xi] =0, (X, X;] = 0. (i,j =0,1,2,...,n).

(EE)?* = —(khC)E;E; =0.  (i=0,1,2,...,n).

(E;E)* — (khRCYP'E;E; =0.  (i=0,1,2,...,n).

(k> XX S BEP+khOY (kS X, XS EE) = kY XPX?
o) S (Y, XX+ 3, BE) k8L &,

Hipo) + (KRCY oy = D kP XPXT.

110.1. #5787, ROTIEAHIAEL HND,

1
w&dé‘

1 _
—he adz
& odd BIMAEFAZTH Y., ERTADIERIZIRD LS IZH A

o

QO QI M
I

Sv
&
o i I

Y

Oe | 0 0X; 0 0 EkX;

BRDIBEUT. #xrdosmnsrzyn,
Wy fo, i1 ZIRDE D IZEFET D,

M:MOZEXiXi‘i‘%;EiEi

M1 :Zi:XiXi‘i‘%Xi:EiEi_C
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D0, XiX; = kY, XiXi + 32, EiEy = kg

111. THE ELEMENT m

Let us put m = RC' — 3" X;X;. It plays an important role in our
calculation.

111.1. ml, the falling factorial power of m. For any non-negative
integer [, we denote by ml! the following “generalized factorial power
of m”:

m = m(m — Ch)(m —2Ch) ... (m — (I — 1)Ch).

111.2. formula of m. In this section, we do some calculations on m
needed for our later use. The result is summarized in the following
lemma.

#HRE 111.1. We have:
(1) Om = —¢'.
(2) [m, €'l = —Che'.
(3) me" =¢&'(m — Ch).
(4) o(mly = —Iml=Ue’ (1=0,1,2,3,...).

Proof. (1) Knowing that m = 1 > E;E/, we have

Om = zi:(—k:XiE;)

=->Y XE|

= - 7 [Eiagl]Ei

=— % > ChkX;E;

= — Che'

(3) is a trivial consequence of (2).
(4): Induction in [. The case | = 0 is trivial. The case [ =1 is treated

oml =9(ml'=(m — (1 —1)Ch))

( =1 (m — (1 = 1)Ch) + m!=Yom (Leibniz rule)

— 1\ml-2g . (m—(l—1)Ch) — ml—tg’ (Induction hypothesis).
2 (m— (1 =2)Ch)e — m!=Ye"  (Consequence of (3)).

m[l*”a’ (by definition of m[']>

NAAA
—_

o ~— ~—
=
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111.3. C, z).
:Iji’jXOXO = xjjj(XOXO + hC)

AR IZ: - -
EjEj = €jéj(X[)X0 + hC)

C=> XX+ %ZEE
= XOXO + (Z Tix; + % Z eiéi)XOXO
i )

_ 1 _
= X()Xo + (Z S(ijj + E Zeiéi)(XoXo + hC)
J 7

def -1 -1 ; def > -1 -1
v = XiXy = Xo Xy, 7= XoXi, e = E Xy =X B,

7= XXy = X' Xy = (zp) ', & =E Xy = Xg B = (a5

111.4. 5.
(WCo /(11))o) = Kk (k, 25,95, €0, wo, €, zj, ;)

I 1 v+ O
wo = T ;eiei =% (6060 + ;(xjeo + 0x;)(T;€0 + 8%))

o |k x; Jx; ey wy & Or; I
Ooe|0 O 0 -k 0O 0 0 Oz
Ox; = (0X) Xy ' — X, X °0Xo = e; — wieg
Gi:@l’i"—l’ieo
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