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Def R noetherian IsubseteqRYrightarrowSpkcR normalizedblowup of I Isigmaysigmayt
Then the integral closure of I in R is

EGammaleftYthetayleftErightrightwedgeR
when R not normal

2nk

1 it y X proper birainal X Y normal varieties Dgeq0 carrier on Y the

pixthetayleftDright is a sheaf of integrally closed ideals on X

Ext yleftxright multiplier ideal is integrallyclosed

pi

IsubseteqoverlineI
2 R domain RsubseteqVleqFKLleftRright valuationring

overlineIcap_VkarleftRrightarrownicefracRIthetaVright
Theorem Brinson Skock 24 Ileftf1ldotsfnrightsubseteqmathbbCleftleftx1ldotsxdrightright Then forallkgeq1

overlineInk1leqIk
notuses a result of Skoda in L2 analysis affront toalgebrist

Theorem Lipman Sarhaye 81 Ileftf1ldotsfnrightsubseteqR local dim d regular
Then forallkgeq1

overlineInk1leqIk
Aside Skoda's Theorem in modern algebrain language says the forallkgeq1

overlineInkleqJleftInk1rightleqIkJleftIn1rightleqIk
Lipman93 phrased Skoda's theoremalgebraically andshowed it followsfrom

a Genert Riemenschneidertypevanishing Carkosky uses
Kodaira vanishing to settle this for local ring eft mathbbC



Ein Lazarsfeld 99 give a global algebraic proof of Skoda's theorem

using Kawamata Vichwey vanishing use to get a geomeme effective

nullstallinsatz

Moving on to singular rings
Jet Reta localring has pseudo remind singularities it R is normal Cohen Macaula
analytically unremitiad hatR reduced and forallpiYrightarrowSpucR proper

biannl w 1 normal integral have

HmdleftRright HydleftRGammaleftYsigmayrightright
not necessarily CM
in positivemixedcher

birationalderived
splinters

rational sings char0 c
pseudo rationalF rational charp

BCM rational mixed



Theorem Lipman Tessier 81 leftRmright pseudo rational of dim it IsubseteqR forallkgeq1

overlineIdk1leqIk
2mk d is suboptimal Should beable to replace w nleqd

chop0
Theorem Aberbach Huncle 01 if I2 excellent F animal Ileftf1ldotsfnrightforallkgeq1

overlineInk1leqIk
using reduction mod P semles BS in char 0 for RQ w rerionalsings

examples of pseudorational but not T rational
Def R reduced is a biranunal derived splinter if forallpiYrightarrowSpaxR

proper birrional the map RrightarrowRGammaleftysigmayright splins in DbleftRright
exists composition 1 dR



hm Ma M R.G Schwada 26 R a birational derived splinter Ileftf1ldotsfnright
Then forallk1

overlineInk1subseteqIk
Snoot Focus on k1 Talie YrightarrowSpaR normalized blowupof I Isigmaysigmay1

Consider Koszul cx of f1ldotsfn on sigmay

K0leftpmsigmayright0rightarrowsigmayrightarrowsigmayoplusnrightarrowldotsrightarrowsigmayoplusnrightarrowsigmayrightarrow0
n 0

Inside of this there sirs an exact subcomplex

B 0rightarrowsigmayrightarrowsigmayoplusleftErightrightarrowldotsrightarrowsigmayoplusnleftleftn1rightErightrightarrowsigmayleftnrightrightarrow0
Then we have G map

sigmayleftnErightrightarrowBrightarrowK0leftfracfsigmayright
This is 0 in D6leftYright Apply RGammaleftYright to get

RGammaleftYdeltayleftnErightright0rightarrowK0leftpmRGammaleftYsigma3rightright
Taking H0leftright Ik1k2rleftH0leftpmRrightrightarrowH0leftpmRrleftysigmayrightrightright I is KostalHirond

overlineInRnGammaleftYsigmayleftnErightrightrightarrowH0leftfracfRGammaleftYsigmayrightright cloical

0 split injection b c R is
birriond derived splinternicefracRIH0leftfracfRright

Therefore overlineInsubseteqI For k1 replace Kleftpmright w Lkleftpmrightthe Bucksbaum Eiserbad cx Eagon Northcott x to geo overlineInk1subseteqIk
Q1Whenabour Du Bois Raninul sings Da Boi

R key of our proof is that

sigmayleftnErightfrac0rightarrowKleftfracEsigmayright
Twist by sigmayleftEright



Then

sigmayleftleftn1rightErightrightarrowKoleftpmthetayleftErightright
Take RGammaleftyright

U

RrleftYsigmayleftleftn1ErightrightrightarrowK0leftfracfRrleftYsigmayErightrightright
Consider F reducedpreimage of VleftsqrtIright in Y Have Δ in DbleftRright

RF Y

DI3rightarrowRGammaleftYsigmayrightoplusRsqrtIrightarrowRGammaleftFsigmaFright
VleftsqrtIright SnocdotR

RGammaleftythetayleftErightrightf on sigmayleftErightleqIFsubseteqsigmay
Than

RGammaleftYsigmayleftleftn1rightErightrightrightarrowK0leftpmDpm0right
coming from RrightarrowDI
when R Du Bois split inication
Key RrightarrowOmegaR0

DI

KleftpmRright

Taking 01 cohomology get overlineIn1subseteqI
overlineInkleqIk

Dell R reduced blowing square splinter if RrightarrowDI0 splin forallI


