Graduate School of Fundamental Science and Engineering
Waseda University

B+ fm X ¥ E

Doctoral Thesis Synopsis

m X & H

Thesis Theme
Invariant Hilbert schemes and
resolutions of singularities of GIT quotients

2% Hilbert A 2 — 2 S ON GIT P& O 22 s i v

T
(Applicant Name)
Ayako KUBOTA
YN i)

Department of Pure and Applied Mathematics,
Research on Algebraic Geometry

December, 2019



ARG S DRFFEIR T B 5 A4 Hilbert A F — L HilbY (X) i, fifE#E G OIEAR
EAFXF—LDEV2T12EMTH 5. Alexeev & Brion (2005) 12 & > THMIZEKE R G
XU CEA X, F D% Brion (2013) 1I2& > T G 2 S LIRS WS AIZHEZF D
FAEDFEAAEER X N7z, U7zA% 5 T, A% Hilbert A ¥ — A Hilby (X) 134 BREE G 125
L T % 5% G-Hilbert A% — 2. G-Hilb(X) D—#AbtTH B WD Z VR TE, (T 3
Hilbert—Chow 4112 & - TRAZ PR X /G DR E ffEE Ol & 72 5. Gk & ikt (1996)
IZ & > TEA X N7z G-Hilbert A% — A G-Hilb(X) 1%, X DIRTCH 3 AR T G DIEAH
Gorenstein TH 2 5EIZ IR E K X/G D7 LSy b7k RN 2 52 % 2 & D351
5N TWD (FEE—F A 1996, Hikf 2001, Bridgeland—King—Reid 2001). & 7z, McKay *¥
T T2 FHE 525D LT, RIGw & OBEIZEWTHEBEAICHEI N T
%, —HERBOGEIZIE, G L T OEHBEXE X 12T 50 L O DkE R
(Jansou-Ressayre 2009, Becker 2011, Terpereau 2014) D2 1d, Hilb$ (X) A3 BRI G5
SNTVBHIEH X DR S NT WA, RIFFETIE, 3 ROCHEEE SLQ2)-ZHR{KH GIT
Pl L TRt Z2RDZ LIZEH U, Mg 5 A% Hilbert A 3 — L D ] F ARG % 572
BITRET B Z & T, (BT % Hilbert—Chow S 23 HEEE SL(2)-2 BRAA DR L S fifH % 5-
2B EFHUZ. 2k, BEREEDMERIC & % P2 BRAK DR 22 S fi#H 3R 2 Hilbert
AF—LIZE o TEZONIH - ERBI L 725, RIFFETIEE 72, TN HWR/NEEE S
fRNE L 725 - DBE DM 2527, 2T, BEEARNE W —SYDPBNTH S
Ik, f T AICENDEEOMER C c WIZH LT, W OREHERK F Ky & DA B Ky - C
NIEETHDEI LT D,

KT 6 W oKD, AN, HEOBIE 2185,

BANZH-2H 1 BT, KGRXOMEDOEF R VMERE 2 EBNS. G 2N
B, X %# GIERHZ®L DT 7 714 VAR, h: Irr(G) — Zs % Hilbert B3 9%, Z
T, Ire(G) 12 G DR BLDOETSIEN S R 58 E6%2KT. M (G X, h) ITHIETEER
Z Hilbert 2 ¥ — A HilbY (X) 1%, X O G-ZEH D A ¥ — L Z T > CTHMEE C[Z] D
Hilbert B h THEH2EHE D2 HSOEE L TE2EY 2T 122l TH 5. K2, Hilbert B4
B UTRHEH n: X — X//GD—f7 7 1 /N— Hilbert ¥ hy #H(5 &, AT D4 %
(ER

y : Hilbj (X) — X//G := Spec(C[X]?), [Z]— Z//G.
Z D&t y 1% Hilbert—Chow 5% & ’F:1X41 % . Hilbert B hy DEOVO A2 5,y X X /|G DD
LZRBHES Y, ECRMAZ S5 2 5. U7zh > T, Zariski G y~1 (%) IZHHAF— 20
W2 A7z b I Hilby (X) DEEIEY & 72 5. Z ORI 1 Hilby (X) D ERS



CIEIEN, Fomain 33 . Hilbert—Chow 51 y 0 F6m4n ~ D il BRI 552 A FREHZ 72 5
72, IRDEINNREZ 5N 5.

BIRE. y|yemain (XPGZHRIR X /G DR SfREE 52 570, £z, Hﬂng (X) 1 Hemain |z —
B 20, $bb, Hilby (X) 1EBEK 2.

552 B TIE, AZ Hilbert AF — A KA T =) IIVERAD —RMEE 2838 L 72
%, M SLQ)-ZHARICE L TRERIDOFER 2 BT 5. G-ERANM & 2RI, T%E 7%
FABE 2 RO & SHEEZEBETH S &\ 5. Popov (1973) 1%, 3IRITT 7 7 1 VIEMHESEE
SLQ)-ZHARD DR (I, m) e {QN (0, INXNIZ & o THNT A =X FIF &b Z & %iEHT
U, TNSIZBRB 0 EE G 272, M (Lm) \Z3ET B ¥EEE SLQ)-ZHARE,, 1Z1=1D
LEIZRS>THOSDTH Y, I<1 DL EIIF RO M~ DORFIZEHD. U, [=p/q &
BRI B D TR S . Popov D#%, Kraft (1984), Panyushev (1988, 1991), Gaifullin (2008),
Batyrev-Haddad (2008) & (Z & - TR U 72 #5818 1T\ 5. Batyrev & Haddad 1%, %€
HH SLQ)-ZK Ey,, & C Db 28T Hyp DD — T A C X,y 1I2& 2 GIT B &
U TRtk U, Z3v %z FHWT VGIT (variation of GIT) 12 &% SLQ2)-HZE 7V v 7

T - BT
IL,m IL,m
\ /
IL,m
DIFAE, KO, EOMNIZENS SLQ)-ZBIKE,,, Ef, D En DR O TOEAw AT E

J@#FEE|, = BI(Elm) o £ > TXILEND 2 & 2FEHI L7, BITIRAN S & 512, KD
WFSER4 T & % A2 Hilbert A% — 4 Hilb, " (H,_,) 1, WA S8 B/ % %W T 5
LD Y LCHME N3, Batyrev & Haddad 12X 512, B,y ~ORIIIIZ C-fEf % 520,
Ej 73 Borel R EE BXCHIZBIUT AT =) HV SLQR)XC-Z A7 5 Z & B R U 7=,
3T, AT, BB S5 TTI, Epy DRFEFEHEDM (C* X i, Hy—p, by, ) WATBES %
ANZE Hilbert A ¥ — A 56 .= Hﬂbjf;Xf‘m(Hq_p) YLTEHEZONDZ E2IFIAT S (EH ).
% 7z, B9 % Hilbert—-Chow 41 y L —s Hyp [/(C* X ) = Eppy DIRBR/ING S SRS & 7
572D RBEFNEMENRT A=K Lm 2 HNTEZ 5 (EH2).
EE 1. £ TOM (L,m) 128 LT, RZ Hilbert A ¥ — A4 H X TH Y (LD T, 7
EE K5 Homain ¥ —FF 5), Hilbert—Chow 41 y 1% Ej,, D SL(2)-[FZ 72 Ff B fifitie % 5-
A5, IO, HELTFDOES ITRESINS.

() 1 =1 DR, #013 Eyy X [FIEL



(i) I<1Dg-phmzHOYD LS HITE/, CFM
(iil) [ < 1% q-phmEZH DY SRNLE, S0 13 E], OMUNGE SN E] L FRL

EE2 k=g.cd(mqg—p),a=mlk,b=(qg-p)/k £BL. 2L & UTNIEMETH 5.

(i) Hilbert—Chow % y A i/ NRs 22 i i 7H.

(i) 1+b < ap.

93 ETI, AN SRS E), OBUNER AR B, O RWINRERE 52 5. L OIE
(2 1%, Batyrev & Haddad IZ & > THR 6N E] DAT =) )V SL2)XC*-Zhkik L
Loz b iz, B, Ot ST 5. 54 5T, FZ Hilbert 23 — A
D& SLQ)-HuEizxt U, REW R EDA T 7 NVOEKRNZER %2525, HSETIEZE
T3 BARTHONIMREMER Ty W E], #RHT 5 L 2R Lk A O
# Borel [#E RIZ B 1) B Zariski #HEHOEHAEEZHWCEH 1 OFFH%Z 52 5. £L T
BRI, €M 2 2R,

BOETIE, TNETOETELE U LBEDOMMAZE —IL L, DUT ORERE %
179.

RRE. HREA%2, ZOCoxBHOB N —J AIZXBGITEE LTRSS, AT
% AZ5 Hilbert A % — AT T DR RSN % 5 2 % ).

i T, ZOMEE ol, DEEYEMCUORRNDGEIIELE L, n=23 DL ITiF
{383 % Hilbert—Chow 41 7% Springer f#iH & —2 35 Z L 2R 5.



No.

EmEXRE #t @#%) FALHFE WFEEEE

1

K 4 DARHE - fo Bl
(2019 £ 12 A HIE)
i $8 Rl A4 HE - FATHHGES TR - BAITHH . HAE (PFEEET)
L
O [1] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. Transformation
Groups. B#HE. Ayako KUBOTA
2. ¥R
[1] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. [28 11 [BIZim
PEDEEFE Y | WA, pp. 44-53, 2018 4F 10 H . AMRH T
[2] | On minimality of the invariant Hilbert scheme associated to Popov’ s SL(2)-variety.

(55 12 [EIEGR DL E V| &, pp. 32-41, 20194 10 H ., ALRHi1




EmERTE #t @#%) FALHFE WFEEEE

g | A4 T FATHHGES TR - BAITHH . HAE (FFEEET)
3. WFZERE
#*F
Mot &
kI B
M 8E %8 &
(EM)
[1] | Minimal generating set of a ring of invariants for vectors, linear forms, and
matrices, fUECEM I =AFZEEES . B R R, 2016 45 3 H . ALRMEH T, AR
[2] | RZE Hilbert AF%— A& T 7 7 A MEEE SL(2) -2RRIK, 55 14 [BIRIGH A& I —, Ik
BB 3T kRt v % —RE#e. 201742 A, R%Eﬁ%
[3] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties., fNUIsk(i I =
geMES  HFERY, 2018 4E 2 A AARH T
[4] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. % 23 [R{\E
FBPRMEES, KRR KBS v o NA (A A2eR,. 20184 3 A, ALRHK 7
[5] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. HAR#SF% 2018
RS R RT B v oA, 2018 4E3 A, AMRH#T
[6] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. % 11 [Hl¥GH
PEOEFE D | SFHKRTE WiSF v XA, 201846 A, ALRHEK T
[7] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties . Younger
Generations in Algebraic and Complex Geometry V. BAEZ I 2= 4 77 G AT T
7 ZHBYAR—L, 2018 4£8 . Ayako KUBOTA
[8] | #ESE SL(2) -ZARIKIZOWT, 5 1 [BIFENE KRBT e S, FaE K IEX
¥ XA 201848 A, A{RHMT
[9] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties . McKay
Correspondence and Noncommutative Algebra, 4B AKF LRl 25 R . 2018
11 H. Ayako KUBOTA
[10] | Popov @ SL(2) —ZAEIRIZATiET B A28 Hilbert A S — A O/ IMEIZDOWT, 5 12 [5G
LPEOEF Y | HRER KT eIy N A 201945 A AFRHKT
[11] | On minimality of the invariant Hilbert scheme associated with Popov’ s

SL(2)-variety, 2 [MFHE RAMNBERMBIEES . FHE RS BEF v /320 2019
F£9 A, ARMEIA




[12]

ifF 9t 45 &
BT D
M 5A %8 &
(g5

[13]

I F—
(A SR )
RN

[14]

[15]

NA L —

FEAR

[16]

[17]

On minimality of the invariant Hilbert scheme associated with Popov’ s
SL(2)-variety, HAE TS 2019 FEFRGHFIES. GIRKRT AT v 32X, 2019
F9 A, ALRHER T

Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. Varieties and
Group Actions, Institute of Mathematics Polish Academy of Sciences., Warsaw, Poland,
2018 429 A, Ayako KUBOTA

Invariant Hilbert scheme resolution of Popov’ s toric SL(2)-varieties. RrE iR

AWt I —, HARS SCESEE. 2018 44 H . AW

RIS Hilbert AF—AIZ kD 3WITET 7 7 A > IEHUESTL SL(2) -~ HelR D FLATARIN
MURFETEE I — DMUTESFEN L, 201846 A, ALkHiT

Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties, fNZZ&(nlFikilRy
UV A WIGERE T — X —, 2017 4 10 H . Ayako KUBOTA

Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. & 17 &L=
EREEF27 7 L A K3 Surfaces and Related Topics, 4t EAKS HWH - FH
A—/ L, 2017 4E 12 A . Ayako KUBOTA




EmERTE #t @#%)

O.

N
FALHFE WFEEEE

3

g | A4 T - AT HEGES . IR - FBATHEA . HAE (FFEEET)
[12] | On minimality of the invariant Hilbert scheme associated with Popov’ s
SL(2)-variety, HAIFE 2019 FKFRE DRSS, &RKFE AlFT v XA, 2019
9 H, ALLHM T
IR e
[N SR )
1 56 3¢ &
(HE54)
[13] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. Varieties and
Group Actions, Institute of Mathematics Polish Academy of Sciences, Warsaw, Poland,
2018 429 H . Ayako KUBOTA
I J—
BT 5
M BAFE R
[14] | Invariant Hilbert scheme resolution of Popov’ s toric SL(2)-varieties. R SR
AT I —, HARKRT SCEFE, 201844 A, ARHF
[15] | RZ Hilbert A% —AIZ LB 3UILT 7 7 A IESIESE SL(2) -SHAKORFR SAFTH,
IMUEEEEE I —, DU TESEEMER, 201846 A, ALKHM T
RNA K —
TR
[16] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. f{NZZ&(n=~iilay
URT T A WIGERET — & —, 2017 4 10 H . Ayako KUBOTA
[17] | Invariant Hilbert scheme resolution of Popov’ s SL(2)-varieties. & 17 &=

EE#EFa, 771 A K3 Surfaces and Related Topics, & BT HH - ‘FEH

AR—/L, 2017 4 12 A, Ayako KUBOTA




