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Mixed twistor structure & harmonic bundle {Z-2V T

KIRTSLARFESFHE - BAHR

0.1 #MHIZ

B COREBMEL VAV Y LBROBREL LET. HREOEFR - BRRCOBRBICER:
BE&Ed BEAFICIOMEOIVFELVAFII[M], B 2HET SV, (LRI bIE
WT1)

1 Introduction

1.1 Simpson ® Meta-Theorem
HROFEZL, BITDHLRDOLIICRY X T

Principle 1.1 (Simpson’s Meta-Theorem) mized Hodge structure DB itL mized twistor
structure DE/IZ—BIL I N DT TH S.

Simpson B & IXR D XL 5 TR~ TWET. ([9] BR)

Meta-Theorem If the words “mized Hodge structure” (resp. “variation of mized Hodge struc-
ture”) are replaced by the words “mized twistor structure” (resp. ‘“variation of mized twistor
structure”) in the hypotheses and conclusions of any theorem in Hodge theory, then one obtains
a true statement. The proof of the new statement will be analogous to the proof of the old
statement.

Meta-Theorem & L TRARENTWETH, TN EHFOEANRBEENL TV B3I T2V
OT, UTFTIRFEOBEETFTIRE L AT LITLET. £72, variation of twistor structure
(harmonic bundle) D#F3E T variation of Hodge D3RE DA% €O EEBMRT D iz
PRV LH Y T, ThiCOVTIRE TRV E BT

1.2 [ (Hodge » 5 Twistor ~)

Simpson ? Meta-Theorem 754 U 2B CEE N RBEL R > TV S0, KERIZWH LK
O EFERT 5 Z & TY . (Twistor structure D EHiL 2.1 #i% M. harmonic bundle DEH
iT3.1HixBR.)



Hodge Twistor
Vector space -
Lo I Hodge structure ] — [ Twistor structure |
Local system Polarized variation N (;;ra’;’i‘z’:;c l:rm(:lz
EoiEE of Hodge structure . vanation
of twistor structure)
i ?
Perverse sheaf Hodge module 2, TWI(St::tiI:ﬁd;l le?
Lo (by Morihiko Saito) b‘y’ Sabeh

Variation of Polarized Hodge structures & harmonic bundle D3Rl % & b IR BB T 57
®IZ, Simpson LB twistor structure & variation of polarized twistor structure # & A L ¥ L
. ZoXIEE X DEEICL, Hodge i oW THILR TWA Z & % Twistor DFAITRT Z & A8
BE LD FE4. Zhid ‘Hodge HHEAIBR\ DIZH LT, ‘Twistor’ 23572 0 VW VEBED & D
EFRDLEZAONTVWEDT, HECBRBOHDZLELELET. X, ML LTENIZY
BB TIEH O ER/A. =& 21T, Polarized variation of Hodge structures 22V TiXLARTA> 6 I
HCHELITALATHEDOTTR, £Z TMON TV SR % Polarized variation of twistor
structures DB RICEFDEFREICHRLTHEATE SN WS L, BT LLE I RVEFRA.

& 51iZ, Simpson ® Meta-Theorem iZ X +vi¥ Hodge D&& I Twistor DFEICILE SN B34 T
4 %>, Morihiko Saito iZ & 5 Hodge module DE#{RZHET 5 Z L BARLRMEEL 2 4
Z DF ATt Sabbah IZ K 5EFEXNH Y £, 3725, Sabbah i “pure twistor D-module” &
WO bD%®A L, Hard Lefschez Theorem X° decomposition theorem 72 ¥ D& F LW R 2 FF
DT EERLELE

2 Mixed Twistor structure

2.1 Mixed twistor structure 0)5E ¥
LT T, P!?d3 A0, 1,00 iIXEE L THKL.
Definition 2.1

(Pure twistor structure) P! E® vector bundle V 33 Opi(n) DEF1 L RB O, V iZ pure
twistor structure of weight n £ PRI 5.

(Mixed twistor structure) (V,W) & P! L filtered vector bundle L 43. £ niZo>\T,
Gr¥ (V) 23 pure twistor of weight n DF§, (V, W) iZ mized twistor structure & FEiTHL 5.

Remark 2.1 P! E® vector bundle V352 6h5 &, 1 € P! L® fiber Vj £\ 5 vector
space BBONET. ZOK, VEV, Lo BE LAREET. ZOBKT, mized twistor
structure i vector space LD @&’ LR ENET.
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2.2 Hodge structure &DLL#
2.2.1 Twistor structure & Hodge structure O x5 (HREHNIZ)

Mixed twistor structure iZ Mixed Hodge structure ® F&8IZ &% 5 #iE & L T Simpson 2 X > T
WAINE L. TORBKIIEENICES LROX IR ET.

]Hodge structurel = [Twistor structure] + | Torus action |

C*'=C - {0} IHERIC P IZEA L ¥ 7. mixed twistor structure (V, W) iZ P! £ filtered
vector bundle TL7=h 6, C-ERHORBL LIF2E2 5 e MTEET. THob, Lo%Xid
equivariant mixed twistor structure & mixed Hodge structure 23535, L WVWH T LEFE-T
WET.

= DX} filtered vector bundle iZ%43 5 Reesbundle # &£ x5 Z &L THE 2 biE L7z, Pure
DPEIT, ZOoREEL 5D LELL RTEL 2HIT, complex Hodge structure D EHE % B>
HLTREELX ).

Definition 2.2 (complex pure Hodge structure) H % C L ® vector space, F, G%Z H®
decreasing filtration £ 33, KROFERHI-EN 58, (H, F,G) i pure Hodge structure of
weight n & PRI 7=,

o HiZC kn~J MLERM
o F, G % H L® decreasing filtration T3 T, n-opposedness condition W73, T/

bbb,
H= @ H™, F'=@H", G =H"
p+

g=n p2i q2j

2.2.2 Hodge structure # 5 Equivariant twistor structure % #% % (Rees bundle)

Pure Hodge structure #*% Pure twistor structure (X3RO FIRTHOLNE Y. BEEZBTHD
2, BREHE SpecCM| %2 Cr ThHHOTZ LITLET.

1. X7 MVEMH LD, C;:=Cy— {0} L0 ARSI M ERHQOc; RO ET. Thid
CM\ A -module & LTI, HI\ A KRS LE L. C 0 Cy ~DBRRERRH Y, =0
AT H®Oc; IKHRTHFEL EFoNET.

2. F %~ FVZER] H @ decreasing filtration & LE 3. Z OB, H(A, A7} @ submodule 23R
DEICEZXBNET.
Y C-AP-FP C HA MY
)

Zhix CA) EHBRAER T torsion-free 72 D T Cy L vector bundle # 5 X 9. Z D vector
bundle ¥ £(H, F) Toh 61 L, Rees bundle & FEFET. i3 C} L vector bundle H ® Ocs
® Cy £ vector bundle ~® equivariant 2EREZ 5 2 £ 3. {0} Lo fiber iZi3 FIfHRET S
graded vector space Grp(H) BH bbb ¥ 7.

H®Oc; C &(H,F) D> Grr(H)

! ! l
Ci - Cx > {0}



VBN, Grp(H) # {0} ED fiber & LTHIFMA 5 Z & T, H® Ocy @ equivariant 723E
REEZ TV LRV ET.

3. —R&IZ, C L vector space H {Z—-2M decreasing filtration F, G 352 b5 &, Gre(H),
Grg(H) Z2€hEh 0 Lo fiber, oo ED fiber & L T2 M2 5 Z & T, P! £® equivariant vector
bundle ¢(H, F,G) BX{E Lo ET.

2. 3. OBROBIERTEBEEL LS.
Example
H:=C,FP=HDFrtl = 00K, ((H, F) RO L 5120 £,

£(H,F) = ZC[A] 27 FP=C[\]- AP FP = O, (p- 0).

EBICGT=HDO>GM =0KETHE, E(HF,G) = Op(p-0+q-00) £20ET. 0D
equivariant vector bundle % O(p,q) £ HHLEL X 5. torus action ZE5hd &, O(p+9q) I
BB LICHERBLELLD.

4. (H, F,G) %' pure Hodge structure O#f, H = @, _, H? &5 ERMSYHSE L, & H
ETIXF G E®D Example D X 9 Ko TOET, L7ehoT, ROBEIBELNET.

§H,F,.G)= D H™ ®On(p,q) = H®On(n).

ptq=n

b b, (H, F,G) % pure Hodge structure of weight n ®&§, Rees bundle £(H, F,G) X pure
twistor of weight n (272> TWE ¥,

2.2.3 Equivariant twistor structure /5 Hodge structure % # 5#8AL

IXUWDIZE(H,F,G) @ O(n,0) = &(H,Fn),G) IKEBLELL Y. (On,0) IKBLTIE, Eo
Example #8®R.) Z Z T, filtration F[n] iX Fnl' = F** THEAbh¥T. £7, (H,F,G) #
Hodge structure of weight m T % Z & &, (H, F[n], G) # Hodge structure of weight m +n T
HHZLOREELT CITbMY 7.

V % equivariant pure twistor of 0 72& L¥$. Z DR, global section D723 vector space
HY(PLV) & H:=V (R1e€P ko fiber) DRMICIZARLZARNH Y £3. HO(P,V) LiZid
H PRI torus action ’FHEH X 5 DT, weight decomposition 3F L ET. ZhA H @ Hodge
decomposition # 52 F 3. £ LT, =20 filtration F,G LRV ~ ¢(H, F,G) /LR ET.

V # equivariant pure twistor of weight n DFHZIL, V @ O(—n,0) & X % Z & T, weight 0
DFEITHEINET.

2.2.4 Fixed point & L T® Hodge structure

Hodge structure %3 equivariant twistor structure T&» %, &> 9 T3 |X Hodge structure A% torus
action @ fixed point ¢ A2 X3 Z L 2B LET. T72bb, ‘twistor £ ITIX BRI torus
action 23XV 0 F 483, Z OERICET 2 FEIRE S ‘Hodge 2K ITIET 5, ERHZ &M
T& ¥ 7. Simpson ® Meta-Theorem (I FRBRTHY LD & DEL B, FBIRUADOKTHA
DIDZ EERERLTND, ERBZELTEET.
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2.3 Meta-Theorem MR Y I DH

Meta-Theorem T Y M2 Z E BT END DL, VbW D weight OER TS, TDRDIZ,
Twistor DB ESITERIZRDDRKRO L MONTEHKTT,

Lemma 2.1 n > m Ok, HO‘I'R(OPI(T&),OPI(?TL)) = 0. ]
INREAVD L, AIZITRO L D REE DY £

Lemma 2.2 (VO W®) (i = 1,2) % mized twistor & L, morphism f: VY — V@ M filtrg-
tion WO RO L LET. OB, fIIWO IZBILT strict, $72bb, WD) = fF(VO)nw?
DSER Y 3L, |

Remark 2.2 H 55 A Hodge G LE® Lemma 2/ 3 EEBRY I b X<mbhTw
E3c

Z kX mixed twistor structure NF LVMER T . $1Z2iT, Lemma 2.2 D fIZBL T, Im(f)
ITB B V® @ subbundle 12725 Z &2, Gt (f) & f D rank O—BER ENRTCITB LR
.

filtration > & @ vector space THE XD &, TN LI LIIHEY L HERA TL . filtration
D&MD complex ¥ X% &, Gr % &£ > TH b cohomology % & >72 b D &, cohomology % & -
THHGrE &2 bOEI—RIIIAE TIE2R <, B b6 E2 272 <H D & LT spectral sequence
MBI oHbE LA, mixed twistor D category TIHEFND L IR Lz v /A, EEAIC
B 97254, mixed twistor T, weight filtration (2B 5 Gr& £ >ThH, TOHLD EFNIT Y
B2V, LW EBVATET

Simpson IZX ARDERGET TR EXET.

Theorem 2.1 Mized twistor structure @ category i abelian |

Z it Deligne (& & 5 ‘Mixed Hodge structure ? category i abelian’ & \» 5 FEBOILEIZ/A2 o
TV T, Meta-Theorem 3% ¥ ML OHlIZ 72> TV ET

3 Harmonic bundle

Simpson 73 twistor structure % ¥ A L 7= ®{, harmonic bundle & polarized variation of Hodge
structures DEAGR % L VIR BMS 57D T L. £ 9 harmonic bundle (Z2WTEWHL T
ETET.

3.1 E&

X % complex manifold, (E,8g) % X £ holomorphic vector bundle, § % E ¢ Higgs field &
LE9. ZZ T Higgs field 6 & X, End(E) ® Q'° ® holomorphic section T2 = 0 &7 b
DOTLI.

h % (B,0g) ® hermitian metric & L¥ 9. A & Jg #*5 operator I 23 Iph(u,v) = ~(Gpu,v)+
h(u,0pv) CE>TEEDEL. —H,h L 025 ' B h(0-u,v) = h(uy,0'v) LV RBETE
FVFELE 33, EODconnection D! BRDZHTE X LhET.

D' =03+ 8 +6+6".
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Definition 3.1 D' A3 flat DK, (E,Og, h,8) % harmonic bundle & FE5.

Remark 3.1 EDEETE X TV 5 metric i pluri-harmonic metric £ FEIEFN 3L DT, 5
DLEVERGEERT DL LT harmonic metric £ FEIND b ORH Y 4. Thabb, X %
Riemannian manifold, rank r ® L % X L@ flat bundle & L ¥9". Z DK L {T hermitian metric
h#% &% &, X O universal covering 2> b2/ GL(r)/U(r) ~DE/RMBB LI ET. (GL(r)
DERDSTENT ambiguity 238 ¥ £3°.) Z DERA harmonic map PKF, metric h i3 harmonic
metric & FFIENE L7, & 2 72 ®Did pluri-harmonic metric @5 T3 %5, ‘harmonic bundle’
& V1% ‘pluri-harmonic bundle’ D B4 AL L TEEIMS LLERA.

harmonic metric & pluri-harmonic metric (X538 T3 43, X 2% compact Kahler DB iZid—
B LE¥. (Siu, Corlette, Simpson)

3.2 harmonic bundle [CBAL T L < HION TS8R
BENOICE, B RREERA X OLTRO LI BRHIEBR YIS EZ LN TVWET,

Topology Differential geometry Algebraic geometry
semisimple . harmonic bundle — stable Higgs bundle
local system (Chern class 73 B Bj)

X 73 projective DFEITIY, EDOFRISITFERITIER TN TV ET N, quasi projective DIFE
I, RN TVBE ERVLERA.

3.2.1 Topology & Differential geometry

Corlette i & 5 &y giAG R kE RIZ X - T, X 2% projective DB i3 semisimple local system DHFZR
{¥ harmonic bundle DRI EF I E T

Theorem 3.1 (Corlette) X % projective manifold & U, L % local system &4 5. Z DO, L
P semisimple T B Z & & L kiZ pluri-harmonic metric B¥FEET 5 Z L IXRHETH S, (pluri-
harmonic metric > & O local system i3 harmonic bundle & FMETY.)

Z Z Tlocal system 23 semisimple & i, BRIZF LI 5 X DEEBFEORRI semisimple Th 5
EWVWIEKRTY. ZORER% quasi projective DFSITILIET B3R L LT, Jost-Zuo DREEN
MHNTWET.

Theorem 3.2 (Jost-Zuo) X #3 quasi projective D&, L % semisimple ThHhiiE, L EiZ pluri-
harmonic metric RTFEET S.

ZhiZ, L 2 semisimple local system ®&iZ L L harmonic bundle & L TOMEDHFELE
BRLET.

Remark 3.2 #FME DI L2, TREZLITILEBCT2LERHVET.

W3tz L A, Corlette-Jost-Zuo DHFFRIZ K > T, 2372 0 JAVWEFHD local system 2% harmonic
bundle IC &> T e HXHNBDZ LHBRINTWET. TTA b, variation of Hodge IZ oW THE
Y 3> Z & % harmonic bundle ITIRT 2 BIBIFERICERE LR DD EL N ET.
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3.2.2 Algebraic geometry & Differential geometry

KOEHIT Simpson (2 & > TR &7z Higgs bundle D336 ® Kobayashi-Hitchin correspondence
D—ETT.

Theorem 3.3 projective manifold X LD Higgs bundle (E, 0) 73 stable ThHhiZ, (E,0) O pluri-
harmonic metric h RFET 5.

T % quasi projective 2538 5 121, X .0 smooth projective completion X T, D = X —X
2% normal crossing 272> TWA K5 2b D% L Y, DIZET 5 parabolic structure & % T
stable parabolic Higgs bundle IZ BV metric 23 & 50 E 5 MAREIC 2V E$. LaL, D
23 smooth PR ERR &, BRIIMONATWRWE S TT. (D A3 smooth DKFIZIX, Simpson
(dim X = 1) & Biquard (dim X iZ—#) (2L > T, BREZHIEHEDT ONIZEFXLET.)

3.3 Variation of Hodge, variation of twistor, # & (f harmonic bundle

Simpson i Variation of pure twistor structures (EA T, VPTS & B§iC) & £ @ polarization % ¥
AL, weight 0 ® VPTS % harmonic bundle {535 Z & WM& L E L7z, (weight i3
W 585D T, VPTS A% harmonic bundle i3S9 % & § 2 ¥£7.) VPTS OEH, harmonic
bundle & OXIIZOWVWT, T Z THEHFELSBRT (9], [5] BR), ROFELBRDIZE LD
E3x

Remark 3.3 E% X £® C®-bundle & L, 7 : X x P! — X % projection & L, pull back
T E)%EBRXET. ERP € XIZHLT, mY(P) = {P} x P! ~® 7~ 1(E) OHIFRIZ trivial
bundle Ejp x Op {ZBRIZFERTH Y, K12 pure twistor of weight 0 TY. 2% Y, =~ 1(E) %
{r Y E)m-1py | P € X} &H B &, ZHiZ pure twistor of weight 0 D C®-family # 5 X T\5
TERZRRYVET.

E 12 & 5{Z holomorphic structure 8z, hermitian metric h & Higgs field § 5125 T
harmonic bundle iZ7%2 > T % &, 771 (E) iZ& % differential operator D 235 2 b, ‘polarized
variation of pure twistor structures’ IZ729 ¥£¥. T D X 5iZ, X L® variation of pure twistor
structures %% X 5Bi¥ X x P! £ vector bundle X° operator # £ 25 Z L ICHER LET.

4 FEEBOMAEDO &

4.1 BHELEH

BEi(Z ik 7= & 5 {2, Variation of polarized Hodge structures(A T VPHS) TRV I>Z L %
harmonic bundle DBRFITRT E VD ONR, HEO—->O BEIZR Y £3. #iZ, VPHS OMiE
)2 o\ T D Cattani-Kaplan-Schmid %° Kashiwara-Kawai D%t % harmonic bundle D@&
WKHERT A LIERCEERMETHLILELET.

Lo L, % 0##MR% harmonic DB RICEDEFHEALEI > L LTH I ES VEEHA. B
BE _o¥FCREET.

a. Hodge M{E A2+ Schmid IZ & % nilpotent orbit theorem 233 ¥, variation of Hodge ®
asymptotic behaviour M®HFFEiL nilpotent orbit > asymptotic behaviour DHFFEIZ (& 5 EBK T)
REINELE £LT, TBZOHOHEOHBRUIRY F Lz, —7F, harmonic DFE I
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iZ nilpotent orbit theorem % & 3 EX(LTHIERWVALENIZEHAL TS Y A, (BF
A1) EHA)

Remark 4.1 harmonic bundle @ asymptotic behaviour {Z 2\ Tix, 23722 Y K< BETE D &
HiZlg o= & Bo TV 5D T harmonic bundle D3E ® nilpotent orbit theorem A HEE & %
ZATHWBbiITTRHY EEA.

b. ¥ 72, —#¥IZiX Higgs field @ residue B A <>, parabolic structure 233EBATH 5, &1 )
ETELMBEEEMICLET.
Example A* = {2 € C|0<|z| <1} ¢ BEET . a€R,aeCL L, KDL ITBEET.
E=0pe, O=qa- %, hie,e) = |z|7°.
Z OF§, (E,h,0) X A* £® harmonic bundle (272 Y ¥£3. Variation of Hodge 22 6#® b3
Higgs field i3:% 3" nilpotent i272 0 £ 25, o # 0 DFEZIX (B, b, 8) iX Variation of Hodge 12
T2 0/ ERLMY FF. &5, Variation of Hodge PFRFIZiE Ui Uid singularity O %
1> b M monodromy A% quasi unipotent T % &5 {RE% L T, unipotent DFSITHmETHZ
EE2LELE LofTVW< &, monodromy 2 quasi unipotent 1272 5 DY a BH B DB TT,
TT+hb, (a,a) € Rx C—Q x {0} DK, EOF|iX (FilD)variation of Hodge & iXBEN /= b D
o TWET,

DX, ALK EHLHEOHE R TIIH R Hodge DHE DIHRDOFELED = L i1
LWEHIiZRZFET. T2 5, Simpson (2 X > TR I NI MBI L FELAVWS Z &
LET. FLT, HOERE TEANLE ZATHodge DERILRET DI LEBELET.

4.2 Tt OBEE
I CREEDOEDIZ, ETHET L. BRI LRV EWVIREDT T, HEOHHEZRALET.

4.2.1 Deformed holomorphic bundle
X = {(zl,...,zn)‘lz,-l <1}, D;:={%n =0}, D=Ur,D; &L, (E,0p,6,h) 2 X -D Et
® tame harmonic bundle T, EiZEIFT 7 b. BRI LBRVWEIRBDELET. X = X xC,
D:=DxC¢BE,p:(X-D)xC—o X-DEHELLET AICOEXREHLDLLET.

£:=p Y (E) LB L, THIT X ED C™®-vector bundle 52 3. £ DHRMEL LTK
OLDEEZET. 3 _

O+ X\-6'+0,.

Z =T 8y iXB A7 C-J7 M D holomorphic structure T&H Y, 4t 12 8 D adjoint. = DEFRMEE %
£ % 7- B8z £ % deformed holomorphic bundle & FELRE .

£ £ o (family of) A-connection D B3RD LS IZEXHND.

D=08g+0+X-6"+ X 0g.

CHRKROHERERILET.

o D(f-v) = f-D()+ (8f + X-8f) - v. (Leibniz rule)

o (D+3,)” =0. (flatness)
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4.2.2 E&EOD local freeness

sheaf E DI KEIL L DEREZEZET. 37420 b, Op-module °E XKD LI ILHEZXET . UC X
open set {Z¥f LT

T(U,°€) = {fer(Un(x D), “fh.- (IIRJ*) Ve>0}

=]

Theorem 4.1 ([4]) °€ i locally free Ox-module T Y, D iX regular A-connection 52 3.
Tibb, fe° i LT, Df € °6® 0 log D) BEE Y L. |

Remark 4.2 ZHiZb. BB ZDIBAWKIIEFDEETIIELL H Y FHA.

Remark 4.3 Z OEEIX, variation of Hodge DA D nilpotent orbit theorem (2L MEE % R
LET.

4.2.3 Limiting mixed twistor theorem

vector bundle °£ & regular A-connection D X ¥, K E@E C £ D vector bundle & nilpotent
endomorphism DENRELRE T,

°Eicxioy,  Ni=Resp,(D)icxioy, (i=1,...,n).

—%, (E,Bg,0,h) £V, Xt — D' E® harmonic bundle (E, 8g,6',h) BB LR ET. (ZZ
TXNI X D3k%&. DY LRER) RROHEAE TC x Xt _E® holomorphic bundle °Et & regular
u-connection DY 218 T, 61T, C X {0} LD vector bundle & nilpotent endomorphism ?#i
BBoONET.

°£ICX{O)1 'Mf = ReSDI(Dt)ICx{O)a (l =1,... al)

INODIEY HbENEZ LI, P LD vector bundle & nilpotent map DM F LN ET.
SNE), N;: S®*(E) — S®™™(E)®O0Op(2), (i=1,...,1).
Remark 4.4 Op:(2) X Tate object {2355 L E .

N() = E N B &, N(1) D weight filtration W (I) A3 vector bundle S°*"(E) LIz
bhvEd. z“LJ: Y filtered vector bundle (S°*°(E), W(l)) @ bh ¥

Theorem 4.2 ([4]) (S*°(E), W(l)) & mized twistor structure TH 2. |

Limiting mixed twistor structure & BF¥E 3. & 5 polarization b BRIBONE Y. (|58
fR) ZHiX, LM harmonic bundle A3 Polarized variation of Hodge structures iZ72 2 TV B EFiZ
X, TR TE 2 bt limiting Mixed Hodge structure i2—E L 9.

Remark 4.5 272U [4] CTH#M & TV 3 limiting mixed twistor structure i E® (S (E), W (1))
LitRR 5 bOTT. (5] BH).
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4.2.4 Hodge ~D¥%
Limiting mixed twistor (S®"(E), W;) iZx LT, KD X 5 i28<.

v .- @ Gr:’v(l)(scm(E))’ W’EO) - @ GI':VG)(SCM(E)),

i€Z i<h

(VO, W®) X mixed twistor structure T3 33, & 5HIiZ# %72 torus action % & % Z & C, mixed
Hodge structure iIZ# G535 2 &b ¥4, & 61T, T D LI nilpotent map N,-(o) %> polar-
ization 23 M I, #R L L T nilpotent orbit B/ LN D Z LMY ET. (5| BR)

Z 95 LTH L nilpotent orbit 2> 5, limiting mixed twistor structure IZ W T OEH %
BB EMNTE LT (Mixed twistor structure Tt weight filtration iZB8 35 Gr & > Thbx
DEB/BRDHEVELRPOLIEEZRWVWHLELELS.) 25 LT, harmonic bundle DHFFE A
Hodge DB A ITREENE Y.

5 Pure twistor D-module ADEA (Sabbah D 7045 5 L)

5.1 Kashiwara®D¥12

X, Y # 8R4k C LD quasi projective manifold & L, f: X — Y % proper morphism & L,
F % X Lk semisimple perverse sheaf & L ¥, Z Ok, Kashiwara Xk OB EH 2 FHL
¥l 20—BEBRITREET.

Conjecture 5.1 f,FIZB8 L T Hard Lefschez Theorem D3p Y XL, ¥iZ, f,.F XY ED coho-
mologically constructible complez @ derived category D.(Cy) IZB\T, @, *H(f.F)[—j] £ F
MThd.

Kashiwara-Mebkhout {Z & 5 Riemann-Hilbert correspondence tZ & #LiZ, simisimple regular holo-
nomic D-module iIZOWTHOFHRERDIZEHTEET.

Remark 5.1 Kashiwara iTIROZODOFHRTE DBV L2 FRLTHET. (3| BR)

o regular holonomic D-module 721 T2 <, & Vi< semisimple holonomic D-module IZ->
WTFRLTWET.

o vanishing cycle functor X push forward & & > Tb, semisimple & W I ERIIR=NB.

Remark 5.2 53#2E# < Hard Lefschez Theorem (2B 3 BRI L LTI, (1], [7] 3 &
<EMBNTWE Y. Kashiwara FAUCEI T 5835 & LTI, Drinfeld (T & 53 [2] R, Z Z TR
It % Sabbah iZ X B4 (6] B » T8, TRITIHBRENTVERA.

5.2 Sabbah® 704 S A
Sabbah IZIRDF#CRIRT B L X BELE L.

Step 1. harmonic bundle & semisimple local system DX % 2} 5. (Corlette, Jost-Zuo. 7=
72 L refinement A3 28%)

10

107



108

Step 2. Pure twistor D-module DE#%% 5 X, decomposition theorem %753, (Sabbah)
Step 3 harmonic bundle & twistor D-module Oxtiz% D) 5. ([5] BR)

Z® 5 H Step 2, 31X Pure Hodge module DEFRD Twistor lRZ1ED L V5 BRETY . Step
2. 1XSabbah iZ X o T FE LK.

Remark 5.3 #EBFICESR M- TV 7z Sabbah DF&3L Tid local unitary & V9 BREN DWW T
WE L72A, EORREIISN LT revision &N E L7z, £z, [5] D Appendix Hb B

Step 3. X tame harmonic bundle ® asymptotic behaviour D#FFEE H & IZ LT, [5] TRL
DT, FLWERFIZOVTE[5] ZHET S,

Step 1 {ZB8 L TiX, Corlette, Jost-Zuo DHEETIZIX TE TV D L bW 2 E T3, semisim-
plicity BYR7=N B L B2 RDBTHICH, Jost-Zuo DEREZ DV LMD EZ Z L NLETT. (3.2.14
BHR)
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