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Inseparable coverings of surfaces

M. I. T. M. Artin

o0-RABET o ooy v E~N 3,
1) Inseparable coverings of surfaces

2) Supersingular K3 surfaces

3) Elgik's theorem

e
Iy B?Brmations of cones

NINROTEI BN 17 R R LR

kIR P>0 oA BMA Y L Kt 4Lk o2 THAK
FRAFLTA. J0v 3, Bt [KK'D = P= [KF: K]
T, 1,1 KRLR2K w3 gMikL 2% 2 hT
[L:K1=P K=L@#) (@el) T, Twvd. G229
FIULTL ) Hon ),

. Ks 4ko 2 BHARIHAE 4,9 T3, Sar
5, K=k, ") =k, 4') (=%, ¥=4°) w13,
ko BH wo0aifa $<F@S N T 3 T 5T castelnuovo )



2

T L k(X Y) o PRl kEaBEOXE L 20 b
DIk e 2 ) HEEIEA huv) 13743, Bz Zarski (245
TTINE LI, AoTBHa P>0 &2 Y 3T b KeLED
BEABH L L=A(uw) Y3, T, L= kEY)
(FF) v, T3,

Kow—4RaBA g 329, KoLDK vT3. Jacobson®
exponent | o HIES K M T A 40T BHITL), 20
FHEWEL c @ K/ A o BAE Ha7iq algebra Der (K) 2
restricced p-Lie subalgebra aﬂ\"f\ﬂﬁlﬂ’f{’ THATS,
TuboaseutL, éfem, X, 6, 6,¢ rFL,
(6,,0,1e00, ToalLyvRoafm xR0l )it52 5145,
KoLokhigfL, ot={eeDer(k)|8(L)=0}, X 2cher®)
AL, L={aecK|b@)=0 frag 6 in X} . 59354
(K:K'T=P* ¢H a0 5 dm Der(k)=2. 1,7, kLK
125, LR T 3 Lie cubalgebra 00 & rank 21, I,
T, Ko7z anr 4 51’%§p$a-7., Der (K) o —> o7t 6 12]
>, AEFT oML, Javd, 6'=fe, feK* v,
nh, 2Ll L=K={ack|0w=0} T, 13,

5 K/k o non-singular model X ¢ %23, I ax3,
K7 o non-sigular model L7, XPaoeth, Un %

Frobenius map §: x— x" (3 dogree P*o finite " flac %



3

morphism. 137, T3, oY 3 5z WTI:FMARL
HL, L/& o model Y 2@H1:e Yy, §:x— xF »

X =Y —>XP vamqgarycEgi. fgus o
KoLoK v'%30°5, Xalh <a73 Efies 7l
Zed3es Y=2F v mwen, Lrats 1, ¥ ik
¥ non-singular T, I T, 0% Ko = a2 MR L
AR T3 Derk) ot e d3, oI 6UXLAEN7
FLpeRzond 5 XY ¢ 3y, SJoaliid
1T 00BN Y EaN 7 ILBIROTE 3, —HRIT

fioX—>XP (f:Frobenjus map) (345, X LA~ 9
N7 aEXPrr oy s 3,

S J U morphism. LY X—> Y 2 fibres (%

N

a Pl
( trancated exp) © = | +t6 1——;5-,9% "'*E%)? oF-!
{(.%z‘_f?d/\%o xex‘:i‘:rl/l x——-—}y ) ZJ:;{ 17%

il

fibre (3 rank p @ finite algeba T oo/ (R

LA |
>Zli, X, Y o iwariants RO 1% L3, FixX—> xP

» jnvarianes BFXTH L, CexXPra curve v F 3 ¢

3, f"(c’)='l"c v« T3S ‘cn‘f;, F RIS 1 525 N3

HK PeX'—Fe X 18, BeX 25 Pe X 17257 %2

53,45 B Y g Re(Y-8) 1wd, TEATI.
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(20T, SeYaBBEr o i RES) . T1bo,
Yo Weil B3 958 vF32. FeX — Pe Y —= Re X i3
Ewg, FicY — Fe X ‘l“é finite kernel , finite coker %
bo i, dim PeY=dim Pex 1532, Y3 Vo
resolution of singulm'.‘ties Y d A, e’y c Fic Y,
dim e Y= dim Pe X ¢T3, LU K(Y 05)%
(X, 0x) %5, okl e 573 nilpocents
/TR B -

: b
Problem 1. (Abhyankar) If we allow ¥lowing up X, what

normal form can one get for local structure of Y ?

Problem 2. Given Y non-singular surface, does there exist

Xf-}—n—l-l%eY such that Pic X is reduced ?

X 12, degree P o morphism 1. X—Y &0, X,
Y w1l pon-simgular a v 3 3£ 23, Y 1R K=AX) o
WAO /LT3y L, Y=X/6 t2<l e1lq 3,
Sav i, Xo cnonical divisor Ky & Ky 136, T3ET
32v8A23. 208 i) TH 3,

Ky = T (Ky) t (p-1) (div. of ).



2T, bRz ol solated 0t b5 27 v v g
FL1B<, )
(BEW) Wk =Ny, W=AQ, &3
Grothendieck 1% & 4LUF, Wy = Homo (05, Wy) (as 65-molle),
Wx® TUWy' = Homo, (&, 8y) t% 205, /G2t ETH
F30, B, 0y — 6Oy 2 splic T 3005, 68,6 =
A =00M I cEF2LE. 22T M=0x MiE
Fi$9:: 1 2 o252 51 fibres (7 4[2]/zP=0 |

SAYE, K= Homy (&, ) = T (Homog (0%, 05))

&Mo* = HOMG), (0%, Oy)

rUIRS, ey, M- Homp,, (0%, )" w13,
—%, LCT 30 tHEINE line subbundle ¢ T3¢
3, TaLeT/L (loally). Z LT, TeQ'— 04
13 nawal morphism 3% 22 2 kid ), L (MM
7 N SR 7’( | | -
1O MM Homoj(og,o,)" | (&)

Problem 3. What surfaces X admit holomorphic tangent fields

6eH (X, T) 2

CoalMl@iio vta, 2o Bk L 3,
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@ A x0 YW AT )N 5O tangent fields 6, 6;
NBET 5.

®) G~ 9 gloval tangent fields (3, Ta —>a line

subbundle L 128 3IN3, gt 3 . 6°/1 6 (panarell).

35 1, Y=X/e wBHETA5.

. case (@) (T classica| situation ®» X 3o AL 3.

THHS, X oo T—~ 15 Hhe, HBRED, elliptic
ruled o ¥ X oy &,

) a1, tangenc field T v > K3 W& (ie, R=Pa=1 K=0)
RREET3IOY Y 0 o v o,

Y, XawK3WE o Enriques W (ie, R=Fa=0, 2K=0)

Y3, UL holomorphic tangent field 6 ¢ b 217,
Y=X/o BREEHDTH 3.

'/%" . ’& Q}%ﬁ% 20w , Enr[%ues ME13/ MO”(OYP)M'C
tangent field 1 b o,

ko BEH o2 0 v 31213 univationg| K3 W& w4z



L SOB@MITH0 T(F, tangent field » BAE LX)
"\I@’%nbo

Problem 4. Classify unirational surfaces.

77+H5, X unirational o ¥ &
(@ Pic @ dim 0, (4) 42= p= rank of Nerin-Severi
group N(X), (¢) ?

Problem 4'. Working locally with k[[x, y]] or k{x, y}, what

local rings are purely inseparable over these rings ?

Problem 5. Given a surface Y, does there exist X—>Y

generically finite such that X 1lifts to characteristic 0 ?
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