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Derivations on K3 surfaces in positive characteristic
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R p > 0D K3 iliE £ D derivation (& HIH7Z2® O UAMZIELE LW (EH
2.5) A%, RDP K3 (£#%1.2) LICIZIEAPELRLOMNGFEET R I L2 H
B. ZTDIH py, ap EAICKIET 55 DI 2 ROHZER~ERICO W T
N5, FBRFEREUT, w EAIZDOWTHEARDP K3#HHTHD Z & & fE
F 7% symplectic TH 5 Z & OFfENE (EH 4.4) , Z/pZ, py, op, EFTRED
RDP K3 Hifi T 5 & EORR RS OIE (L 48) , wp, op EATRED
RDP K3 TH 5 & EDE I OWE (EHE6.2) Bdh 5.

1HiCHE—#EK (RDP) 1I22WT, 3iT derivation IZ2WT, 5HiTK3HHHED &
SIZOWTEET 5. 2HiTIFEE0 D K3~ DOHREEFEH & 2 O FEEBGETIZD
WX, RDP K38 K FZNAD p,, ap, ODFEFADVEHRIZEND Z L 25, AHi
TIZE T K3 HHE A~ DR BCKERED I DOWTHEE U7, 1y, o, OFEFIZEET
LRz e 5. 6HiTIE, RDP K3 D p, £721d o, 12 & 28§ RDP K3 i T
HBHGHEIT, ITNSOHEOEHI ZRETES I L 2T 5.
ARETIIREEARE ETEZX S Qi) .

1. B "8 xR (RDP)
EF 1.1, EHITRW2IGTIEREATER X = Spec ADBEZER (rational double point,
RDP) TH2 X1, BUNERAMNEX - X ICHUT Ky =000 L2 2L TH 5.

ZOrE, FuUNRREEHEOHIAMIRO R TN T T 71 A, (n>1), D, (n>4)
E, (n=06,7,8) BlO Dynkin B2 5. FELADI & A8, D, M, E, L XX

TE0TIE, RDPTH B Z &I, SLy(k) D GEEBAZ) ARSI X 2 EHIFHT
BROEOIIZEIT LI L LAMETH S, EEBTIEI OEMEIXEL D L2720, [
PR L F72SLo(k) D GEEMZL) BRREBOHEIC XL S/EIERDP TH 5.

ZE A EDLE IR L Dynkin BED SR E R (DO5Efif) ORBEIF—RIZEE
57, —OGETIFERORBENFET 5. 15 % non-taut RDP & X3, 4
20D, L E,, BH3DE,, 50D Eh#%NT 5. Artin [Art77] DS K Cil 5
WV, EB2ORTr2HWCTD, BT & KT
& 1.2. ALV E4RDP TH L% RDPHE L L& Eo2REDEE0D5) .

proper 7% RDP # i T /N2 U 7H 23 K3 HHTA (resp. Enriques i) TH2H D%
RDP K3HAE (resp. RDP EnriquesHiH) & XX (BoPREDEEDD) .
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2. KIHHE AN DOAREFER & € DIEZEH=ETT

(B p D) RDP K3HIHEIAND py, a, N\OIEFH%ZE Z DEIFD— DI, 16 D0
D K3 ORI p HEARMOER pEILE UTHRICHNSG Z & THS.

R % SEAfBEE MR e U, T OBk E K, BlRKE2 EeEL UFKIER0OTELIX
G >0 L IRET 5.

FTH 2.1. X # K FOK3HhmE &3 5.

(1) R EEE» WS P HRRBEMXY TH-T, Ypr K2 X 2ii-3H0% (X
DR ED) smooth model & X 3.

(2) R EFEARRBZERX THoT, XY@r K= X Z2iizl, X @pkERDP HiH
THHED%E (XDRED) RDP model & X .3

EF 2.2. smooth model FEET S XXk (RE) BWETEHDE W,

BRI IR X AT X @p K 2 X OO Z &% model & IR E 7

D, T IZTIERIZ U, IR D VLD,

8 2.3 ([LM18b, Section 4] 2 &). (1) E#2.1D (1) (resp. (2)) IZHBWT, Kk 7 7
AN— X =X @p k\EK3HHE (resp. RDP K3 i) (272 5.

(2) RDP model DHRFE 7 7 1 /N — D /MR AR 1E model D & D 512 &k & F AL
272 5.

(3) X 2’RDP model & & 27613, #YLARIRIERR /R ET Xp = X @p R 13
smooth model Z H D.

XC, X2REBWETZLOK3MEE L, ARBEGAXIZ (FBEIZ) EHLT
Wb295., ZOFEHIE (KZ2ELIZHKLZ5 A T) #2472 smooth model IZZERT
XHZEeEHBHL, TERhWIZILEDHA.

G DA p ERTHBHGEITIE, FRAVEEARETH S (KT 5 smooth model
DEAET B) 728D D+43 5% [Mat16, Theorems 1.1, 1.3] TH- R 7z. HlIZIXG D X ~
DYEA D symplectic (E#4.1) RS5IETHTHS.

— 1T, GO pDETH 556, GIEHDOEEDRIRT 74 N—~DHfIEAH
HIZZ->TLES 2 ed 5. 205, MEHGOEHOIEETIERL, K ETG
WZHEBZ R EOHAX—LGOEHNDIEEEZEZEZ 5 /i EYTHS. IRVRES.

R 2.4. X 2RWiEICE L DKM & U, MEBp OXEREGA X IZEFHLTWS L
T5. Z0LE, REMULERIKIERTCESIMZ 2 LIRBEDLD. GRpgK =G %
729 R EOBRFEHBEAF—LGE, XDOREDRDP model X &, GD X ~DE
HTH-T, K ETIEGD X ~DIEHIZ—EL, k ETDG, DX, ~DIEMADIEHH
THEZLDNFMLET D, 51T, Geldmodel iZESTEED, XX G, EFAATN
EHFEMEZRE model i 5T EE .

ZDEE, Gk EOEI pDERBAF—LTHD, Lz >T (K Z2ERRILK
THEZMANE) Z/pZ, 1y, ap DWTNPIZFEITH 5.

BBDOWMEI2M0 5, p, X a, DIEHIED SO derivation & X Iud 5. IROFHED
5, GiMu, 7210, THEIGE, X 3B TRESRZ 1 DU EEDZ LN a05.

EIE 2.5 (Rudakov-Shafarevich [RS76, Theorem 7], Nygaard [Nyg79, Corollary 3.5],
Lang-Nygaard [LN80]). (i 5 77%%) K3 #iH D derivation (& 0 AAMIFZLE L Z2 .



iy VEFE o) IEFI DI 2515 & 5.

Bl 2.6. y? = 23 +t7Tx+t TE F 20 OFEM K3 L (9(2), 9(y), 9(t)) = (Cox, By, (5ot)
EWVWHNEI9DHCHE g 2D, [H U XD Zig[C19) EDRDP model 2 5-2 5 (154
p=19TDRFRT 7 14 N— X, 1t = (=27/)VO TARTIRDP %% 2) . (19 DiETTI
17%07T, ZOHCAMgOXE2ZD X FHEHATHLHFPIZKR->-TLES. 20D
12, G ={(g) DX, RDP model ~D»H BHAF—LGOIEAICIEETE, Zhix

X, BT (D(x), D(y), D(t)) = (2z,3y,6t) £\ 5 derivation D (of multiplicative type)
CXIET B g A ZFE T 5. 20 DIFRIR X, ORRSEICIIERTEY, Lk
H3 o T GYEF L smooth model IZ IXAEER T & 72\,

w? =25 + zy® +y2® TEX HEE0 D K3 (g(w) : g(x) : g(y) : g(2)) = (w:z:
syt Gsz) EWVO B2 DEH AR g 2 £ D, WYNIER L = AV ERIEHp = 5D
RDP model 2 5-2%. g D@EIEME (25 TiEA<) 52525, G = (¢°)
DIEFIIRIR T 74 N — LD as (FHZFHET 5 (RN VWEHEIZENKT Z) .

HLARAZ, TN DK3IMmEE B AR, BE0 T 19,25 % EK T 5 HeE— D4
THd BlFZEH [Kon92, Section 7)IZ & 0 52 50, —EMIZ/INAKRE-Zhang [0Z00,
Theorem 2] IZ X DRI NT) .

Wz, B D K3HH & p, $721% o, DIFAMNG A 6N7- 8 &, B0~ lifting
DWFIET 206 BIKEWRETH 5. ROBRTEHEMIZFHLTWS.

T 2.7. X 3R p DK E EDORDP K3HIE T, G =p, £7213G =, EHL TV
5295, ZDEE, kEFREIZE DEMMBEBIERR, R EOEZ p OFRFIHEE
AFx—5LG, RO EDKIHE D R EDRDP model X, 8XUGD X ~DIEHT
HoT, QpkTBLCD X NDIEFAIZ BT 2LDNVFHET 5.

fRLe Uiy, 9 K3z 5202 T lifting BWFAET 5 Z &, p, fEH IS
WA pTOLZ/PZIERENT VIVIEHEBRL N &, a, FRE p, FRE 7213 Z/pZ 1F
DR Y LTEIFBZ R E NI erEITons. —FH, —MHROAREDIEMIXH
TUBILft LRVWDT, LW ZA0E L.

AFETIZZ DA, 0 2 p DITERIZOVWTIIHEDL T, REEAKE LD K3
Hhim & fEHIZ O WTDOAE R S.

3. derivation

EHE 3.1 X 2AFXF—LET 5. X LD derivation &1, ki RH D: Ox - Ox T
»-> T, LeibnizRI D(fg) = D(f)g+ fD(g) 273 LD TH 5.
XDPEBpDAF—L772F 5. X Dderivation DIZ & B8 XP &%, AiAHZEM X

2:1‘%J\J§OXD = (0x)P :={a€Ox | D(a) =0} EREZAF—LTHS. (Ox)P N
Ox —{bp\beOX}’?ré.EL”}:f)%, ZDXPHRAF—LTHBILE, 7UR=
WZ%TX%X VIMX — XP = X0 L RT DN hD

UTRfEHR DO X & integral EIRET S. 2 h € k(X) \.ﬁb derivation D %
DP = hD %729 & &, Dlidp-closed TH5B & 5. DWIEEFEMNDp-closedD & &, H
PR X — XD OUsEp L7 5.

R 3.2. AX— AL X NDHAF— L p, (resp. a,,) DIEHIE, DP = D (resp. DP = 0)
%729 X L0 derivation D & —XF—IZH I L, B X/u, (resp. X/a,) 1& XP 12—



95, B, TDXD7% derivation 1& of multiplicative type (resp. of additive type)
ThHHEND.

PRI DEHDEERZEET 5.

E# 3.3. D2 AF¥— L X EdDderivation &3 5. Im(D) DAERKT S Ox DA T T IVIZ
Wind b X OBAAAF— L% Fix(D) 2FE, Zh (DH) Oz DOEERE &
. DG =, £7213G = o, DFEAIZHIET 2 L &, GIEHDETERE H L3

D% X E®derivation £ 95 & &, DIXQLIZHHRITIEHT S : D(df) = d(D(f))
BXUDaAB) = Da)AB+aAnDB) TREDTSNE. LT HOX, Q)
WHBIEHT 2. 7z, JLD derivation DX DP = AD (\ € k) Zi72 3R 561X Q4 ¥
HO(X, Qi) ~DILEES [F UBARA % 72 7.

4. KSEHEANDERA X —LDIEFRAEE

OB MNT, T 41428 THRMEO K3HEADEMIZOWTHEL, 0
BIZ43-44HT (BB pTD) p, X a, DIEFFAIZDOWTIER S,

4.1. Z)IZER (1131EHh & B2 2 RE)

HO(X,Q3) X 1T bk RXT MVEMABEDT, &g € Aut(X) D HO(X,0%) ~DIEFA
FEBETH DD, B2 CHRFEDGGZRE, ZOEHIVWOTH1IDERTDH
L2 eNHonTWS (0 DEE « EE [Uen75, Theorem 14.10] % 7z 1& Nikulin
[Nik81, Theorem 10.1.2]. & p > 0 THEKFR T2\ E © Lieblich-Maulik [LM18a] D
FERZ HWTERO0IZRES 5. Bp > 2 THFREDYE : Nygaard [Nyg80, Theorem
2.1].)

EFE 4.1. B GO K3 X ~OIEAX, FET 5 H(X, Q%) ~NOEHAPEHTSH %
& &, symplectic THB &N,

EIE 4.2 (Nikulin [Nik79, Section 4] +a). X # K3#hi& U, ARGV X ITEHL T
Wb TS5, EDEBIZGONEZE S WET S, ZDeE, GOIEMAD symplectic
725X X/GIERDP K3HiE T&H D, non-symplectic 72 51X X /G & RDP Enriques Hif]
T3 AHMETH 5.

AEBH. EA A3 symplectic 72 & 1L/ H RDP K3 HHMIIZ 725 Z & D AGEHT 5.

B E R TOREEMAD (ZDR[OEEDHED) FEHIIZ, HHRERTHD I D
OHRIEL T E, symplectic TH 2D Z D5 SLy(k) IZEEND Z EDE, [EDFEE
&7 SLy(k) DERI I HDOIEHTH 2 Z N HREIZRDPIZR 5.

HiBEE D o, FEEREEVINLEDANSRE I RS, Lo THIEKNT
D0RDT, X EORB2MMAEANX (X/G)™ LObDE2FEL, FEELSDIL
5 (Y =Y\ Sing(Y) &Y @ smooth locus) .

PLE XD X & RDP B T % O f/NF R RN X SR EAEHHTH B Z 2235
5. HLIFXDBT—~OLHER (B2 @ non-classical 72) Enriques M 72 £ T4
WZ e zREIERW (BR) . O

Nikulin [Nik79, Section 5] 1 512, 7 —IVEFEOZEIZ, BE0 O K3 #{[H 12 sym-
plectic (IZFEF L 5 5 7 — )V % T RTIRE U7z, B2 KRR U CIEAIE S A



TOLDOVRTRTHEN, TNLSIENZR D, T —OVBHZEE U 72 W iR
[Muk88, Theorem 0.3] IZ & D G- X 657z,

X517, (D LB KEFHDEEL) symplectic/EF DR SAEIEINT VS,
D720 G BKEFETHNBEDRZMI THLI2HEDABRSE., ZOLE, [ <T7TTh
D, GERADEERIZHT 24/(1+ 1) DD, TOHIF A, BIO RDP 12745 Z LA
HMENTWD. FRTOMEMIZEMLT 2 & Kz, y]] ~D (9(2), 9(y)) = ((z.G'y),
i € (ZJI1Z7)*, TH 0 L ko), o', oy]] = k[[X,Y, Z)] /(XY — Z") TH 5. FiFE O
1, X\ Fix(G) = (X/G)™ BB DART X -V HETH S5 Z L2 HWT, Euler-
Poincaré 8% Lk § 5 Z L Tkd o 5.

symplectic & R & 2 \WIHE DO AR E AR OMEIEL, FEBRSIX 19T, —
iy (B2, 3R TIE) 66 AR TH D Z2AHS5NT WS (Keum [Keul6, Main
Theorem]) .

4.2. Z/pZAER (B#¥p)
EDEEp > 07T, GHWBp OKEFEZE TS5, ZDL ZIFEMA2IFMIL LR, £
HZH, HO(X,0%) PR p D 1IRTER Y MIVEMZDOT, MpDHCRBD Z D2
FIANDOERIZBTHIHIZZ D, symplectic AT & B 0 FEITERIRIZAR>TLE 5.

FEM 42 O XD RERAHEEIXSD L I A30A, 0r £3 GIZ L5/ RDP
K3 TH256%25EA5. ZOLE, EMNRAD (SER{EDOMHROMESD)
TR —)VEARRE G AT %, B O RDP OEEAREE & O IE#E 13 Artin
[Art77, Sections 45| IZK DEIMRINTE D, TOIZ LA 6 RMAIIER2D L & D,
FIE R 3D EEL BRSO E R, ICRoNnD (ZNISNDOEETIIFIEL
R\N) 2 e h 5. Dolgachev-Keum [DKO1, Theorem 2.4 and Remark 2.6] 1%, K
WZRERIZED, p<5ZRL, REAOEE (MPWD2H50) % b sBRERE
U7z. [Matl19b, Theorem 7.3] THRERALIE Z S8 RITHE U7z, fRIF44HTE 2D
TR,

FiASRDP K3 i & bR S 2 WiGda (i1 RDP Enriques i & A # i o 7] gE
WH5), EEp Ay DEHCRMIZp <11 THELMD p TIRAFEL RN T L 255
NTW5 (Dolgachev—Keum [DK09, Theorem 2.1]) .

4.3. 1, F A (RHEp)

25 KD, 1, X a, X K3IHEIZ/EATE R WAY, RDP K3HHmE IZIXEAL S 5.
X A¥smooth TZAWRDP K3H#iHEi D & &, HO(X,0%) = 0724, HO(X™™ Q%) 11

PGk R7 PVZERTH Y HO(X, Q%) & HARICFARICZ 25 (X = X \ Sing(X) ¥ X

D smooth locus T, X & X OH/NRFEFIEHE) . p, DIEFIZHIGY % derivation D 1

T D 1Rz HO (X, Q%) I BETIERL, DP = D7D TZDERIT {z € k |

=z} =F, @35, £IT, EHLLIMoTRDEIIZEHT .

EZ 4.3 ([Mat19a, Definition 2.6]). RDP K3 #iifii X ~D u, DIEAIE, XIEd 5 deriva-

tion D HO(X*™ Q2 ) ~DIEANHEB () THD L E, symplectic THD LN,
THE, EHA20HMUTH DIROEHMPEKD LD,

EIE 4.4 ([Matl9a, Theorem 5.1]). X 24 p D RDP K3Hfifi& U, G = p, 2 X 12/

HUTWB 95, 20L&, GDOIEMAD symplectic 78 61X X /G IZRDP K3 i TH
D, mnon-symplectic 7% 51X X/G & RDP Enriques HiH ¥ 72 3G HH TH 5.



A FEEGE T 8 ELL T MIT, X B0 QX (D)) OREYIN & (XP)m B
Q%o (1. (D)) DRIEEIET 3 — R —IZWE L, FREASNIET S [Mat19a, Proposition
2.14], [Mat19b, Proposition 2.7]. 7272 U (D) IZ Fix(D) DHFELTH 3. ZOFEL
PRI & RIRBEDIERIZ K BR5D5E LU T 50, ZDHEIERIZEOMA T
REFIERT I TRMEBVPESNDIZDIZHL, 5DEEIEHIDLTENINDS &
WHEWEDH L (r ZMIEDHR O TR RO ERUVEEGHRIZE->TLED).

YEFA %Y symplectic 72 5 (XM H RDP K3 HHHIC 75 Z & DA T 5.

PRI ADSRDP TH B Z L 2T, BIERNESWRROEE, DIFAZILTE,
symplectic TH % Z &9 5 (D(x), D(y)) = (iz, —iy), i € F}, DIITEF LT L3055
(z,y \FBRA FT7TIVDERRR) . 5EM{bd 2 L p6IE k27, y7, 2y]]) = k[[X,Y, Z]] /(XY —
ZP) T 5. RDP THIEERNH 2L EE, X DED R TOD blow-up X' 12 DEHM
IEET 20T, 5 oI@E T 5 (RDP O blow-up & p, B IE\W T 105 KIS A %
ROZ D6 X'P 5 XP D crepant TH B I EHRED) .

BB E D &, FEREEDINIRDANSRD Z DN n5. LiznioT, (D)=0
DO D, FHROMIET (XP)™ EORBMAKANRSNS.

BAE & D X 1ZRDP Hliifi T % O fe/ N B AN X SRR TAEATH 5 2 L2350
5. HEFX BT — VTR (B 2 O non-classical 72) Enriques i 72 £ T 7%
WZ e EREIEI W (B) . O

GIRHOEHOGEIZIEZX L LTHESPRKIHEOAZEZ TWED, S XHY
WZBREREDR DD VI SN VDT, BREMDERZEPPI UL RSE. £Z
TIRDO maximal ¥ WO FEMEZBRLUTEZR S Z LIZT 5.

EZ 4.5 ([Mat19a, Definition 4.6], [Mat19b, Definition 3.4]). RDP K3 #iiii X IZ G = p,
TG =0, WMEHLTWS L, EEREZT X - X/GeEL., EOH[re X
IZHLTE z &n(zx) DEL2—HDAPRERTHL L&, GHEMA (FEHIET 5
derivation, F7ZIZPEM 1) X mazrimal TH B &\,

8 4.6 ([Mat19a, Proposition 6.6], [Mat19b, Corollary 3.5]). £ D RDP K3 i~
D GEH IF maximal 72 O IZNEHFMETH 5.

1, FEF 23 symplectic 72D maximal TH 256, p <7 TH Y X/p, DFFEAIX24/(p+
DED A, , THBI hsir5d ([Matl9a, Theorem 7.1]) . ZNH 4.1 HiDEE D
BTHo. LEUAHIFRE SRS,

pp BEX0 a, B IEAIIE DB DT, IRDERT [HME] OREEADLILNTES.
IhEfWwsd L, X OREEOIEI p, o, BREAODHEIIRETE 5.

88 4.7 ([Mat19b, Corollary 4.4]). X, Y #°RDP K3 @ T, =: X — Y9G = p, %
723G = 2 kB EMHIEETE. ZOLE, Y 5 XPEG =4, £7213G = o,
CEDHEEBTHD. GEGR—BITLILIRBDILEDHS.

PASRDP K3 i & IR 5 7 \Wid (21X RDP Enriques i & A #Rith i o 7l gErE DS
%), p,MERIEp <19 THEAE LD p TIFFE L 722\ ([Mat19a, Section 8]) . p =19
TOHNIHN2.6 TES 72, p= 17,13 TOHIH FRRIZEL 0 DAL p B AR D (HE—
D) floEce LTESNS.



® 1: B8 p TD L)L, iy, Z)pZ, o, P K3 BT O IRFEE 5T

char. G Sing(Y") |Pic(Y™™)iors|
p>0 ZJIZ 1<7prime,[#p %Al_l l
p /“Lp b S 7 I%Ap_l P
5 752 2F] 1
3 7./37 2F] 1
2 7.)27. 2D} 1D2, or 1E2 1
5 as 2F0 1
3 Qa3 QEg 1
P o 2D9, 1DY, or 1EY 1

p> 19 THFELRVWZ LITIRO LS ITREINS. FHI250 5 RDPAMFIEL, X5
IZTE A6 & D ZNIFEERTRVWE L TRV, py, 7213 o, OIEEENREHZ £ D
RDP Z 7349 5 Z AT E [Matl9a, Theorem 4.7(1) DEEMH], p > 57256 A,y 1IZHR
S5N5. mp— LIEK3HEDE2 Betti 22 X O /NI WD Tp < 190D,

4.4. o, 1FR (F#p)

a, TERIZDWT HEF 4.3 L FAIFRIZ symplectic 2 €T 5 LIXTESD, o, DIFH
XIS 9 B derivation (& DP = 0 {723 728, 1IRITRT MVEMAOERITILTH
HIIZ72 % DT, symplectic BRI &S 0 FIFMERIZR>TLES. ZD7DEH
4.4 DFUIBLIZ L 720,

EH4AD &S REFRHERT SO L 250D, 0L ETGIZE 5P RDP K3
i CTh2L5E %5 R 5. 4.6 % HWTmaximal LIRET S &, EHIFAERD ([
ERDPHRDATH D) a, FHIZ X 2R RAD I [Mat19b, Lemma 3.6(2)] & 0,
PR RS2 D& & D) T EY, 3D L E EY, B DL E B IZRO NS
(ZNDSDEETIIFELRN) TeRansd. 61T, "RRArahr R A Ol E z Ik
Uz, Z/pL7s EDGESHOETHERS -

EIE 4.8 ([Mat19b, Theorems 7.1, 7.3]). G & Z/IZ (L& p & 2 BFE) | Z/pZ, n,,
a, DWVWITNNLT 5. B pDRDP K3Hif X IZGAWEHLTVWTHEY = X/G %
RDP K3#ii72&§ 5. G =7/IZ,7/pZ DHEIZIE X iEsmooth EREL, G = pup,
DEGEITIFEA I maximal TH B LINET . ZDE ZFY OREL Sing(Y) 8L
IPic(Y ™) o ZER 1D E 51245, MBHO IO (FEANG)

U, Y OREADMEEIT (EAMESTHAS L) EOGETH24(p—1)/(p+1)
275 (pIIBEAF— L DA .

ZNZAER (BE8p £ 1) & p, 6 (B8 p) , Z/pZ e (B8 p) & o, fEF (B
p) MENZTNHEMLTWBEZ LN n5.

Pi72S RDP K3 hifi & BR 5 254 (i1 RDP Enriques fi & 458 it o 7] gEM:
NH5d), a,EAIEp < 1T TEEL p > 19 TIHEFEL R (FillX [Mat19b, Section 9],
HFLEE p, DG ERLFERR) . p=13,17,191Z DV TIEE5D & Z AR,



5. @&
FEHOKIHMEICIEE X & KIENAALZLELDH D, A Braver B2 W TERI NS,
EE 5.1. Kk Lo (GEohmair1kon) BRABLIX, F e klz,y)] (DDEZWIER%
k] \CABIRERE UCIHLF € R® R) THAHEF(x, F(y,2)) = F(F(z,y),2) %D
G5z dH5DTHS. chark=p>0D& &, “pfEFER" [p|(z) := F(F(...,z),2)
LT,

o HBBE A > IR LT [p)(x) € k[[z2"]] D" DIREIIFEETH AL E, Z0

KABOBIIEATHD LWV,

e pllz) =00, &, ZORAHOESIF 0 THD LN,
E 5.2 kMO DED & Z i, (oA 100) AR IR CTHETHS.
ZIE, FED Gy, & G, DO FRHH I IEEBEIS HHELBIE D Taylor FEFE % FIV THER
TE5. LrLINSDfEIEH 5] 5 MEnEHZH D28, BT L.
53 o F(r,y)=c+yTELZLHAMGC, 1, FEKOLE, pl(z)=0THY

EX oo THA.

o Flr,y) =x+y+zy CEXZHAMGC, 1, FEKDOLE, [p(z) =P 2D TH
X1 TH 5.

o HEHR E Izt L, EDOME#ED S E QR A TORMILE = Spf Opo IR

OGN EES. FOEIhF1E4IE2THS. h=1 (resp. h=2) D& X
E 3@ (ordinary) (resp. #5F5 (supersingular)) 72t TH 5.

Artin-Mazur [AM77] (Z—MKITD Calabi-Yau ZRKICN T A EZEAL, %
DEIZLHREOEST LERZLUZ. KSHHHDOHEG, ZOERXEEIE A Braver £ & &
ENnd. BHEROGE, ZORARIIER Picard B L Xidh, Lo FIzERICH
Rz 5.

72, TOE T & truncated Witt vector D I FEB Y —TREOIT 6N 5 -

EH 5.4 (van der Geer—t£ [vdGKO00, Theorem 5.1]). K3 #i X (24 L,
ht(X) = min{n € N | F*: H*(X, W,(Ox)) — H*(X, W, (Ox)) ¥IHETH 5 }.

727Zlmin =00 & 5. BEF: X > X ZT7TARZIAFNTH O, W,(0x) 1F0x
@ truncated Witt vector D72 TERDRETH 5.

6. 1y, o, FRERS

RDP K3 X 12 G = pp, £7213 G = o, WEALTWT, BY B RDP K372 & ¢
5. ZOLEEAE XY DESIIIERELREGLEDS. ZNEHHT LD, £7
=S OMEE K3thm o K3 oS ~—# b3 5. Witt vector IFREBT Y —%H
W2 T (BEE5.4) X o R KSHEIICDOWTDH D72 5724, RDP K3 i
THEHONIDZ D33 H% (RDP K3HHHE O E X &2 DN RSRHEOE S L ED
%) DT, MO LS 1Tk TE 5.

EF 6.1 ([Mat19c, Definition 6.1]). RDP K3HiHIH D 7: X — Y D& S ht(r) ZIX
TREDS.

ht(7) = min{n € N | 7*: H*(Y,W,(Oy)) = H*(X,W,(Ox)) 1¥FEETH 5 }.



EH 6.2 ([Mat19c, Theorem 6.6]). 723G = p, 7213 G = o, ICK DB L T 5.
(1) 7 ¥ maximal TH 2 & &,

(1 i G=p, (ZOLEp<THDOSing(Y) = 244,),

2 if G =a, and (p,Sing(Y)) = (2,2DY), (3,2EY), (5, 2EY),
3 if G =a, and (p,Sing(V)) = (2,1D9),
)

(4 if G = and (p,Sing(Y)) = (2,1E2

ht(m) =

MDD, 2B, INTIRNRTOEHEEZRILTWS (EH48) .

(2) (rAmaximal PENIZ L ST,) ht(r) IFHERTH 5.

(3) " EWMBEATD LI ITED D L E, ht(X) = ht(Y) = ht(r) + ht(7') — 1 TH 5.
LI, XBIUPYDEIIIHERTH 5.

AEBH. (1) BATERD S 7m: Spec B — Spec A & HAREI n 2 L, 7l X 55| E R UER
m: Extiy, 4y (A/ma, Wy (A)) = Extyy, ) (B/maB, W, (B)) 2#E#%$ % ([Mat19c, Sec-
tion 3]) . m " RDP K3 HHHDH 7: X — Y OEA (DF D B = Ox,, A =
Ovrw) CHBHE, TOFREt], 1) (A/ma, W, (A)) = Ext*(Oy /Mu), Wa(Oy))
Ext?(W,(Oy), W,(Oy)) = H*(W,(Oy)) BL O X DH DD ZEL T r*: H2(Y, W,(Oy)) —
HX(X, W, (Ox)) LAl ThH 5. £ton=10L Z~FAEHTHS. Zh5EHNT,
T D S5 D 7 BEBEBINEDZ RFTERO D n* DFHRENSIRETEDLEDDH 5.
T2 (1) DEMEET - THDOEE, GIEADERERE ZDOHRTH 5 mER RN UE
IR Ext® MO8 7+ 2 5H5E GEMIIK) 9752 2T, ht(r) IZBT 2 EERIRES.

(2) ff 4.6 T maximal D HIZIFETE 5.

(3) n > ht(r) D& & 7 DED VIO HE X, W, (x)-1)(Ox))) TP B Z L HR
T3, ZI05, ht(r) — 1 BERICBE LU THINERIZHIRDEES Z DS, EHEDLS
ht(X) =ht(Fx: X - X)THY, ZUTFy=nonTh5. O

% 6.3. RDP K3HiH X 12 G = p, $7213 G = o, 28 GEEHIZ) EHLTWS &
5. ZOLE, X PEIARBSIEX/GIERDP K3HETH D, X HimE S RR 51X
X/G 3 RDP Enriques i X 72 13 AEHHEH TH 5.

AEHA. P& U T ZTNBSDOFREMED 2N 2 & 1% [Mat19b, Proposition 4.1]) TR U 7=.

X/GHRDP K3 #fiifize 5 EEH6.2(3) £ 0 X, X/GIXE S BRTH 5.

X/G D RDP Enriques Hifi £ 72 I3E T Z L 5. WThoLegd, (#ETX—)L
AFRERY—HHL(X/G,Q) I FREMT 1 7L (K1) OareER Y —HTEKIN
TWBZEITHERT 2. nddEn#zzo T, o HZ(X/G,Q) — HZ(X, Q) iX[FE
HTHD, ULizdioTHE(X, Q) IMRBIIY 1 2V THRE 1, X Of/INRER S X
CHELTHZ S THS. INHTRERDITE SR (BRR) 0L EDATHS. O

F 6.4 REITIEG = pp 7213 G = 0, ITLDFEEBRDE X DREIZDWTARRZD,
—f%D RDP K3 D 7 m_R=D 2520 U CRKOFEM 217> 2 A TES. 20
FEH, X 2'non-taut RDP 262D & 12, ht(X) ZRES LI IS iHidT 5 Z &A%
T& 5. FHffllk [Mat19c, Theorem 1.2] % T& N 727Z E 72\,
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