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GRAUERT-RIEMENSCHNEIDER i} & il

JEFFERSON BAUDIN, TATSURO KAWAKAMI, AND LINUS ROSLER

%, %€ —4> Cohen-Macaulay Mt/ X FI—" M 70 Y — X, FRATIER] T
Rimwy = 0, FRATHERTH WIR dim(X) = 3, W X & Grauert-Riemenschneider
HZ, I HBE A A A ROTLESE], dEEEGECT, W X AEFRHESp > 0
58 8 ER A R, W X B Q- AREAT AL

1. 44
FEIX 1€ S0, AT IE T oy ROE 5 B AR b 0% ] 18 955 38 %) AR Xk i A~

Grauert-Riemenschneider 7§ X €32,

Definition 1.1. #% X 2 MEREMFFRLBREME, DEAWHEEE. &XT
MR Y = X, BATEEN T j > 180 Rmwy =0, JUFR X i 2

Grauert-Riemenschneider 7§ X €32,

Grauert-Riemenschneider J15 K & B2 R 1E ZEXCAE F U ) — S AR 2551, 4
w, B TR kIt FF SR BPERY [E1k81, Kov00], BCEBRIEAT m7ER2E R fe e iy
[EIKTS].

SR, XA RAE R IERHE RS R A o XA B~ 7] DA 2% &
S B O SR A, X el A 2 Kodaira JHf [Ray78, HK15], B
FiA I wildZ/pZ— 75 [Tot19, Tot24, BBK23] ety

B, 4E AR, Grauert-Riemenschneider {5 K A B EHUK T
B, SEUEMTERHE p > 5 R =4E kit A7 f0i R JCERE [TW19, BK23], 1
Hb, EARFHER RS2 e AEn, PUOMTERHE 2, 3 #15 [Ber2l, CT19, ABL22] Hid
WA R EERTEERZ, FA SRR RGIFARERE Cohen-Macaulay 45{f, iX
HIRG| &K T — A £ 8 — & #5774k kit A 5 2% 2 Grauert— Rlemenschnelder
THICEHE?
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XA RO AR IR 6, RN 3R F— B 27 500 R Kt 25 AR AE p 26
I [Tak04, SS10]—ELFl2 Cohen—Macaulay H.

TEX fEe e, FRATUERA T Cohen—Macaulay klt &y S — R 20 F & Grauert—
Riemenschneider 7474 .

Theorem 1.2. % X & —/NigHFHREGEN Kt ERHE, Em:Y > X 2 H—
ASFEHT o VAT AR L

(1) & X & Kt A&, N R'7,.0y =0,

(2) & X & kit 2% A Cohen—Macaulay, W R'm.wy =0,

Remark 1.3.  (a) X2 AW HHAGEE, R mawy = 0 852 WAL (I Propo-
sition 3.1).
(b) #R¥ [IY24, Theorem 1.3], FA1[FEFEFE Theorem 1.2/ N A R m.Oy = 0.
(2) (2, (124, Theorem 1.1] FHCH—RHIHRRE)
(c) FATABEIFE Theorem 1.2/ Cohen-Macaulay PERER. (2) [Ber2l, CT19,
ABL22] .

TER— D EIERIHEL, FAVSHIAT R

Corollary 1.4. & X & —/NEE A SR A BN, oF X 2 kit A B
Cohen—Macaulay, W X i# 2 Grauert-Riemenschneider i§ %, FBELAH AL .5,

FERIML, FEIERRE N — 0 F- B0 (B2l -F- BN, W [TWY24]) =
AL e Grauert-Riemenschneider J2< @ HEA G A A (I Theorem 3.5)
B, LR+ ENEE FRAWAR] TR ZER (I Theorem 3.6) .

IEGFRAIE &g, kit & SFEIERHME N A —E 2 A . 28T, BT e
SE—FPEE S . Witt— G BRME [CR12, BEOS], sz, —MadMra: Y — X
ML X gk B Witt— A, QR @« > 0, 2 R'n.VOy i
HEANEE I p- IRF T IH

kit F S Witt— X —F5, FE4EF 3 Mg N2 FhE [GNT19,
HW22], FE4ERE 4 REOLR , W RE A A BB A DA S p > 5 [HW23]
AL o BRI, SRS A — G DL T A . e B, AR —1MEH T
AT AR 4 BE i R i A
Theorem 1.5. & X & —AHIRER kit k84 Cohen—Macaulay AR, & L&

AR P> 0T ER L, BiE X AHFSHEM. B2 X A Q- HEHA S5,
e R X Rt A LA IR 5, WE LR Witt- AI2Z4 5
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Remark 1.6. o Q, AHIMRAE [PZ21] e Xny, F HE Witt— IR
gifb . RUPFESSE, HIHE Q,— AR Z 528y Witt— 5 28wt e PATH 21T
Z HB. SR, A 1A B 4 BRI N [Bau25, Theorem A] ARG FiA Witt—

A B M AMBAR IR A7 A
o WHEM IR, W] A 855 Theorem 1.5/ Cohen-Macaulay {Ri% . H AR,
H— ik HFR R Q,-Cohen-Macaulay 14, 55 —ASFrik W FFHREL Witt-
Cohen-Macaulay 4 (2, [Bau25, Definition 5.1.3]). B, iXEEHRS7E
il [FIA AT A R T AL, MR Cohen-Macaulay AN & Xk
[Fog81]. A7 EH i L RESIEIH R kit RAUBRAITEAE— ML 208 T,

2. fiis iR

2.1 FPSRARIE. TIFE, R B — P HAXMEIER A . L5 Tatr i
—APU (X, A) fI—ADIEREE X PARTE X ER—AR Q- Br ¥ A 4.

B A RS TR [Har60] B ST #H—4k. i, iR X 2— 4N
d Wi, HHA—DHEETE w, BAXTIAMR @« < —d #A H (W) =0, HH
wx =H N wg) #0 (HEHEANFHEETWETE A flic Z, B4 HI(A) FR
HH i A LRSS )

WARFAT ] — Mg X A MEE I o Wk, HFH 7Y — X A RER
Mo BASST, MFRATHAME S wy = r'wy Y FiFERH—AHEEE (201
[Sta25, Tag 0AA3]).

—NEE X TR R Y = X, H Y 2 IR

Definition 2.1. 10— X A2 F .5, R EE Cohen-Macaulay [, Ff
HXP TR 70 Y — X, HABY Ox — Rr.Oy &— R,

WA T Grothendieck X1 , HA G A S 10 B 301 /£ Grauert-Riemenschneider
HEEM. BT [CR15], AR ST, W SRR uE— A bT i & 38k .
TEIEFHEME O, ANRREAREETAAEN:, R3E [CR11].

Definition 2.2. FATH—AME X 2 kit £ 2 o9 QR EZ2IEMW, I BAAE— M
QBT A, [ (X, A) 2 Kt (20 [BMP23, Definition 2.28]).

3. FEEHAIEH
3.1, ARPEEE S, AT, FATIER T Theorem 1.241 Corollary 1.4,

Proposition 3.1. & X £ —ANM4EE A dagik, Em:Y > X 2—AHFkX. R4
FFHE—ANHEX 1Y - X, #FFH R 'nwy =0,
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e FATAT MR X = Spec R @5y, H2 Y — X H—"NE. T Y
BTE R BT, AT ARSI — A — Ry s H, 515 H 20En, |
[BMP*23, Theorem 2.17] il R4 rowx (H) = 0 S AR SE/RMG 290 Al A IE S
il

0—Ox(—H)— Ox - Oy — 0.
B Homoy (=, wx), FAVGE|—DMEIEGTF

0= wx »>wx(H) = wyg — 0.

BT R ' mwx (H) =0, FrfsfiE R R 'mwx = 0 W] AUHZE R R R 2wy = 0,
i A X — Rk, AT ORI R AL S TE dim X = 2, X W] PAM [Kol13, Theorem
10.4] 154 O

Theorem 3.2. % X & —#f kit X943, FHE Y > X 2—Ao#HFE, R4
FER >0,
codim Rim, Oy > i + 1.

AR, RTIT.Op =02 F d = dim(X),

Remark 3.3. o WHEMARTE m: Y = X 2 MR AZX BT Lhs
B, BATRAFL Y 2IEMBIFE TR @R S —011 (W [1Y24,
Example 3.2]), ARETCIE K ARH] 555X Le M8k o

o Rl , FATHIBISMNGT—IFHAFTREA R IEAAY CRUARE) . B FAT
A H G HEa e SR FRATAE T 1R BE & B — b 75 2 PR A AR
R TS, FM1%EEs B S Q- 4 (B Pic®2Q WTTER) TEMHTAIBISH
Ak ETAE.

IR T E N GE R RRA, R PAIERA R, Oy = 0. | [Har77, Theorem I1.7.17]
FAE—NAFHIE Z C X (15 m 20 Z X X & & F = o 1(Z), fiifg Oy (—F)
& mample 3t [Sta25, Tags 02NS and 02 #:/EZ2 %0 | RATATAE »n > 0, {#if5
R, Oy (—nE) = 0 X 2ER I & . RS
nk = ZriFi + G,
el

——
F

FOR—LEIERRY > 0, Ho F IR o BIANY (RIMRR 4R 2000 2) PR
E. 4k, EEH R 'm0y (-F) = 0. #%, RATARIESTS

0 — Oy(—nE) - Oy(—F) = Og(—F) — 0.
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H A R, Oy (—nE) = 0, HEIFH R, Oq(—F) = 0. XF G — n(G) WTE
STHEMLERAIE < d—2, BOURSETSIAY . T SE AN, Jfl 14 F ok s s
T

Claim. 4o R3f T HEH LY, 0 > 189 (n)ier € Zso HE R 1,0y (= >, ilFy) =
0, RaBEjelteifn, >1H

Rdilﬂ'*OY ((HJ — 1)}7} — Z mE) =0.

i€\{j}

FagiEsA. HAl, & e I B n; > 1 fE. AT MER j. %
IERIEAFS)

icl ie\{j}
— OF, (FJ — anF;) — 0.
el
2, Fedi1m B Arg ik
R 71,0y ((nj ~DF;— ) mF| =0,
i€l\{j}
XA TR

R, 0p, (FJ - ZnF) = 0.

icl
W dim 7 (Fy) > 0, BPAXERIRN, FAHE F; — n(F;) MEE4EEChH < d—2.
R dim 7 (F;) =0, W

Rd_l’ﬂ'*OFj <.FJ — anFz> - Hd_l <Fj, OFj <.Fj — anFz>>

i€l icl
%
~ O (Fj,OFj (Kpj — F; + ZnF))
i€l

%

=~ [° (Fj,on (KerZmFi)) .
i€l
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AR E—4IHRMEE, RFBREAEN] —(Ky + X i) | 22 7lr— Ko BAELLIR
k3] —2 j € T AREIXANEHM. T X &2 kit 21, fFE—MER00 Q- ¥
A, filifg

Ky + > aiFi+ 7 'A g " (Kx + A)

i€l
XHEL a; € Qui (FEE Supp(F) = Exc(r), BA n1E B ZAEFRMI) . £ J =

n; — a;
t = max € Q-o,
icJ r;

HHA € J RERKERFINERT . FATH

F; ¢ Supp (t (Z riFl-) — Z(m — ai)ﬂ) )

el ieJ

P

- <Z("z - ai)ﬂ)>

1eJ

el e

F; i€l

R mlr- K (AT =G = Y rili 2w F5), Al

- (KY T Z ”1FZ> ~Qrlr, T (Z(nz - ai)ﬂ) + 7 Alp
= Fj el Fj
- <Z<” - ‘WFi) + Z (ai —ni)F; + 7, Al
ieJ F; iel\J P
2 7T|Fj— K ]

Lemma 3.4. & X 2 —A%®EAdERE, &Y — X 2 — MW BT
THRi>1, A
codim Rim,Oy > i+ 1

o R mwy =wx, HFEABRES
Rlmawy — H D (wy).

o HERIM, 4R X & Cohen—Macaulay 9, W Rlmwy =0,

<tG+th =) (n; — a;) )

F;



e . ZERE = AT

+1
Ox ——— Rm,Oy —— 75 Rr,0y ——+——

MW D(—) = RHom(—,w%) fll Grothendieck X} {HE45H

D(751 R, Oy) —— Rm,wyld] > W ———
, PRI E R E S 5t — RS 7 2
TeWx > Wy > H_(d_l)D(Tleﬂ'*Oy) — Rlﬂ'*wY — ,H_(d_l)(w;().

o HFFIEM]

HID(1roy R, Oy ) = 0.
HATEELL KT ¢ > 1 AYEBRRITANERAIER] 7" ID (15, Rm, Oy ) = 0. T i >> 0,
WAHNERER. BEi> 1, FEERH =M

Rif.0y[~i] ——— 7 Rf.Oy ———— 7o REOy ——

(I, [Sta25, Tag 08J5]). M. D 153

D(rsi01 Rf.Oy) ———— D(5;Rf.0y) ——— D(R'f,0y)li] —

R HID(r0 REOy) = 0 B8RS, AR bR ZE K IE A7 SE
] 1D (DR £,0y)i]) = 0 WIAT. 445 dim(Supp(R'f.0y)) < d —i — 2 R,
FATHIE H [Sta25, Tag 0ATU], D(R'f.Oy) FEURHL > —(d — i — 2) EHEHE . S
M, D(R£.Ov)[i] TERB > —(d—2) FscdE, JiA H-VD(RILOy)[i] =0, O

Theorem 1.2643ERR . XLEWr =T Proposition 3.1, Theorem 3.2 Lemma 3.4, O

Corollary 1.4894E80. & 7Y — X H—PMPR, 4% Rnrwx = 0 XrF @ >
0 @ Theorem 1.2 Fl Proposition 3.1, 3 H mwy = wx H Lemma 3.4, FHA1H
Rmwy = wxo FATHIHERH RT.0y = Ox, il Grothendieck XEHFT X
Cohen—Macaulay 45 O

XPF R F- IR (R RN —F— TR0, +— TE0) A5l 3, HATERE S %
[SS10, Definition 3.1] (W # [TWY24, Definition 4.1],[BMP 23, Definition 6.21]).
YRR, MRPEE L, —9R F- IR F- IENFE F- ARRE (RPZE%) Frobenius
TEAMRK) . FTATUE—XF (X, A) & +-EN, WREHEENEYE LA +1EN.

Theorem 3.5. & X & —/NN=thia F- ENk, R4 X B R REF—E2RES1E
MR R, FHARRIZH L.
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1EBA. FATFIE i [HHR9, Corollary 2.5] 11 [Gab04, Remark 13.6] B] 51 X & Cohen—
Macaulay., %5& [SS10, Corollary 6.9] Fl [HWO02, Theorem 3.3], FATHEWH X JET
kit 287 K iERH A Corollary 1.458 % . 0

Theorem 3.6. % (X, A) & —A 8 % + ENXF, 145 Kx + A & Q-Cartier 89, AR
2 X % 2 Grauert-Riemenschneider i %k M, FHEAFHIEZF L.,
AR A THFRERN T X P2 -F- EN, AR A =0,

1ERR. 1 [BMP 23, Proposition 6.10] (435 [KTT"24, Theorems 5.8 and 8.9]) H]
OB (X, A) 2 kit H X & Cohen-Macaulay, SR 5311 Corollary 1.4
1SENZER O

3.2. Q— AEME. FEREA AR, 8 — R IERHE 58 S8 A RSB R X o )
Fn> 1, FM12 W,0x Fon p- AL Witt [ 812, FHE HiE S0 Verschiebung
FRHIFN Frobenius Bt (Z: 0L E140 [KTTH22, Section 2.2]). B Wow Fm H R
WasE (X, W,0x) g MiaL W, X _EmbrEXHMRRTE , T Wawx R H g/ E
Z LFEPEE (S [Bau2b, Section 2.2]),

Remark 3.7. [M#E—TF, fEA—NES, W,0x fEHEME Ox F19 n JTTHHM . Ver-
schiebung V: F,W,0x — W, 1Ox ¥ (s1,...,8,) KiEF| (0,s1,...,5,), TFRHl
R: Wy1Ox — W,Ox K (51, .., Sn1) KIEF (s1,...,50)0 Feallth, FAEE—DHA
%6 1E A 721

0 — > FEW,0x —Y— s W, ., 0x — & 50y ————5 0
H/‘J Wn—&-lOX‘*ﬁo

Lemma 3.8. i% X X ER EagATRER kit XA, &Y - X AF—/N#%
7]:)?0 ﬁﬁzxf%ﬁﬁ';ﬁ—éﬁ n 2 ]-7 ’%Qﬂjﬁ 71->s<VVnWY = WnWXo

BB AEFRATEGSHESE R n > 1. B0 n = 1 BETE Lemma 3.4, —fik
Ui, W Grothendieck X8 (Bl. BAT RHomw,, o0y (— Wenwk)) FIK

1% . R™ . +1
F*WnOX 7 TL+1OX 7 OX

| | l

F. R, W,0y ——Y—— Rr,W, .10y — X Rr,0y —

~



FHHCERIAMKIEGFISG I T BT RS

0 —— mwy —— TWenwy —— FW,wy —— Rlmuwy —— ...

;T

0 > Wy y Whpwx — FWowx —— H @D (wg) —— ...

(HE R'rwy — H D (W) 285, B Lemma 3.4%1 Theorem 1.225H) . K5
it EREES IR m IV wy = Wawx 2. O

Theorem 1.5844ER8. W FEARMAE Remark 1.6 FEAR E ¥ H T Lemma 3.8%1
[Bau25, Theorem 5.1.4] (73 WL51 R AT ERE A PASRAS 4 FRA VR S 52 P FnKAL
A} R BRI ) O

Bt

FATAE B Fabio Bernasconi £l Shou Yoshikawa -5 74 S PN 28AH 6 19 F XS .
TK 153 7 JSPS KAKENHI % gh3i H 5 JP24K16897 ) 32 . JB fil LR #45 T ERC

B 4 4804334 1 S 5

REFERENCES

[ABL22] Emelie Arvidsson, Fabio Bernasconi, and Justin Lacini. On the Kawamata-Viehweg
vanishing theorem for log del Pezzo surfaces in positive characteristic. Compos. Math.,
158(4):750-763, 2022.

[Bau25]  Jefferson Baudin. A Grauert—Riemenschneider vanishing theorem for Witt canonical
sheaves. arXiv e-print: arXiv:2506.14647v1, 2025. Available at arXiv:2506.14647.

[BBK23] Jefferson Baudin, Fabio Bernasconi, and Tatsuro Kawakami. The Frobenius-stable
version of the Grauert—Riemenschneider vanishing theorem fails. 2023. Available at
arXiv:2102.13456v3.

[BEOS] Manuel Blickle and Héléene Esnault. Rational singularities and rational points. Pure Appl.
Math. Q., 4(3, part 2):729-741, 2008.

[Ber21] Fabio Bernasconi. Kawamata-Viehweg vanishing fails for log del Pezzo surfaces in char-
acteristic 3. J. Pure Appl. Algebra, 225(11):Paper No. 106727, 16, 2021.
[BK23] Fabio Bernasconi and Jénos Kollar. Vanishing theorems for three-folds in characteristic

p > 5. Int. Math. Res. Not. IMRN, (4):2846-2866, 2023.

[BMP*+23] Bhargav Bhatt, Linquan Ma, Zsolt Patakfalvi, Karl Schwede, Kevin Tucker, Joe Wal-
dron, and Jakub Witaszek. Globally +-regular varieties and the minimal model program
for threefolds in mixed characteristic. Publ. Math. Inst. Hautes Etudes Sci., 138:69-227,
2023.


https://arxiv.org/abs/2506.14647
https://arxiv.org/abs/2312.13456

10

[CR11]

[CR12]

[CR15]

[CT19]

[EIK78]

[E1k81]
[Fog81]

[Gab04]

[GNT19]

[Har66]

[Har77)

[HHSY]

[HK15]

[HWO02]

[HW19]

[HW22]

[HW23]

Andre Chatzistamatiou and Kay Riilling. Higher direct images of the structure sheaf in
positive characteristic. Algebra Number Theory, 5(6):693-775, 2011.

Andre Chatzistamatiou and Kay Riilling. Hodge-Witt cohomology and Witt-rational
singularities. Doc. Math., 17:663-781, 2012.

Andre Chatzistamatiou and Kay Riilling. Vanishing of the higher direct images of the
structure sheaf. Compos. Math., 151(11):2131-2144, 2015.

Paolo Cascini and Hiromu Tanaka. Purely log terminal threefolds with non-normal cen-
tres in characteristic two. Amer. J. Math., 141(4):941-979, 2019.

Renée Elkik. Singularités rationnelles et déformations. Invent. Math., 47(2):139-147,
1978.

Renée Elkik. Rationalité des singularités canoniques. Invent. Math., 64(1):1-6, 1981.
John Fogarty. On the depth of local rings of invariants of cyclic groups. Proc. Amer.
Math. Soc., 83(3):448-452, 1981.

Ofer Gabber. Notes on some t-structures. In Geometric aspects of Dwork theory. Vol. I,
11, pages 711-734. Walter de Gruyter, Berlin, 2004.

Yoshinori Gongyo, Yusuke Nakamura, and Hiromu Tanaka. Rational points on log Fano
threefolds over a finite field. J. Eur. Math. Soc. (JEMS), 21(12):3759-3795, 2019.
Robin Hartshorne. Residues and duality. Lecture notes of a seminar on the work of A.
Grothendieck, given at Harvard 1963/64. With an appendix by P. Deligne. Lecture Notes
in Mathematics, No. 20. Springer-Verlag, Berlin, 1966.

Robin Hartshorne. Algebraic geometry. Springer-Verlag, New York-Heidelberg, 1977.
Graduate Texts in Mathematics, No. 52.

Melvin Hochster and Craig Huneke. Tight closure and strong F-regularity. In Colloque
en Uhonneur de Pierre Samuel (Orsay, 1987), number 38 in Mém. Soc. Math. France
(N.S.), pages 119-133. Société mathématique de France, 1989.

Christopher D. Hacon and Sandor J. Kovacs. Generic vanishing fails for singular varieties
and in characteristic p > 0. In Recent advances in algebraic geometry, volume 417 of
London Math. Soc. Lecture Note Ser., pages 240-253. Cambridge Univ. Press, Cambridge,
2015.

Nobuo Hara and Kei-Ichi Watanabe. F-regular and F-pure rings vs. log terminal and log
canonical singularities. J. Algebraic Geom., 11(2):363-392, 2002.

Christopher D. Hacon and Jakub Witaszek. On the rationality of Kawamata log terminal
singularities in positive characteristic. Algebr. Geom., 6(5):516-529, 2019.

Christopher D. Hacon and Jakub Witaszek. On the relative minimal model program for
threefolds in low characteristics. Peking Math. J., 5(2):365-382, 2022.

Christopher D. Hacon and Jakub Witaszek. On the relative minimal model program for
fourfolds in positive and mixed characteristic. Forum Math. Pi, 11:Paper No. €10, 35,
2023.



1Y24]

[Kol13]

[Kov00]

[KTT+22]

[KTT+24]

[PZ21]

[Ray78]

[SS10]
[Sta25]
[Tak04]
[Tot19]
[Tot24]

[TWY24]

11

Shihoko Ishii and Ken-Ichi Yoshida. On vanishing of higher direct images of the structure
sheaf. arXiv e-print, arXiv:2410.15282v3, 2024. Available at arXiv:2410.15282.

Janos Kollar. Singularities of the minimal model program, volume 200 of Cambridge
Tracts in Mathematics. Cambridge University Press, Cambridge, 2013. With a collabo-
ration of Sandor Kovics.

Sandor J. Kovacs. A characterization of rational singularities. Duke Math. J.,
102(2):187-191, 2000.

Tatsuro Kawakami, Teppei Takamatsu, Hiromu Tanaka, Jakub Witaszek, Fuetaro
Yobuko, and Shou Yoshikawa. Quasi-F-splittings in birational geometry. https://
arxiv.org/abs/2208.08016, 2022. To appear in Ann. Sci. Ec. Norm. Supér. (4).
Tatsuro Kawakami, Teppei Takamatsu, Hiromu Tanaka, Jakub Witaszek, Fuetaro
Yobuko, and Shou Yoshikawa. Quasi-F-splittings in birational geometry III. https:
//arxiv.org/abs/2408.01921, 2024.

Zsolt Patakfalvi and Maciej Zdanowicz. Ordinary varieties with trivial canonical bundle
are not uniruled. Math. Ann., 380(3-4):1767-1799, 2021.

Michel Raynaud. Contre-exemple au “vanishing theorem” en caractéristique p > 0. In
C. P. Ramanujam—a tribute, volume 8 of Tata Inst. Fundam. Res. Stud. Math., pages
273-278. Springer, Berlin-New York, 1978.

Karl Schwede and Karen E. Smith. Globally F-regular and log Fano varieties. Adv. Math.,
224(3):863-894, 2010.

The Stacks project authors. The Stacks project. https://stacks.math.columbia.edu,
2025.

Shunsuke Takagi. An interpretation of multiplier ideals via tight closure. J. Algebraic
Geom., 13(2):393-415, 2004.

Burt Totaro. The failure of Kodaira vanishing for Fano varieties, and terminal singular-
ities that are not Cohen-Macaulay. J. Algebraic Geom., 28(4):751-771, 2019.

Burt Totaro. Terminal 3-folds that are not Cohen-Macaulay. arXiv e-print,
arXiv:2407.02608v2, 2024. Available at arXiv:2407.02608.

Hiromu Tanaka, Jakub Witaszek, and Fuetaro Yobuko. Quasi—F°—splittings and
quasi—F-regularity. 2024. Available at arXiv:2404.06788.


https://arxiv.org/abs/2410.15282
https://arxiv.org/abs/2208.08016
https://arxiv.org/abs/2208.08016
https://arxiv.org/abs/2408.01921
https://arxiv.org/abs/2408.01921
https://stacks.math.columbia.edu
https://arxiv.org/abs/2407.02608
https://arxiv.org/abs/2404.06788

12

ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE, CHAIR OF ALGEBRAIC GEOMETRY
MA C3 575 (BATIMENT MA), STATION 8, CH-1015 LAUSANNE

Email address: jefferson.baudin@epfl.ch

GRADUATE SCHOOL OF MATHEMATICAL SCIENCES, UNIVERSITY OF TOKYO, 3-8-1 KOMABA,
MEGURO-KU, TOKYO 153-8914, JAPAN

Email address: tatsurokawakamiO@gmail.com

ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE, CHAIR OF ALGEBRAIC GEOMETRY
MA C3 615 (BATIMENT MA), STATION 8, CH-1015 LAUSANNE

Email address: 1inus.rosler@epfl.ch



	1. 介绍
	2. 预备知识
	2.1. 符号和术语

	3. 主要定理的证明
	3.1. 有理性结果
	3.2. Qp–合理性

	致谢
	References

