Langlands duality for the Hitchin system and 3-manifolds
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TCEH I 2B TH %,

R 5.6. ZTRTTEHOEEDOMEONITIEZ DHANCK LT, ZRIEDARE ®mE = RTINS 7= icfiibi
%2 MBVRDT S, DT HEROXRTIE—RIT — =0T — ZXTOIHICH L { RoTWE, =RITh b
—RICANDIFEFHBET A 7 VEFZ LTS 22T ZRILH S =ZRIEADIFEZITETEHZ HWS Z &
TITbih s, 2070 IRITAEEEH) 2 ERIMUER) REDHBRVA—I Y I70d LKW,

6 (AR DTERES>T 52 XN

HHEDOFHETIAN X S ICERICEREIE » BURD RN IR B EIENS T L. RIS ERITZ IR L
TH I 77V ARNBERBBEINS Z e s TW3, 2O TRAMERN DT Hig, ThbbE=J0T
ZRHEED G-RTRDEY 254 ARy Z7OERarEn Y —0HHEHWES > 75 v X HED @1k
BrOZDOEADERIZOWTHRT 5,

*0 520 Davison DFEFAIEH £ D BE TRV, BEDOMY [Khat?d] TS v IARIAHE 5272, ZOH L VI X — L8z
MLUTHHEHATE 2,



6.1 ZRTZBHREDS 2T 5> I EFAE

— R EAE TR RO REEE G IS LTy ZOXNEE GY DEFREIND, I I TRERIZABRZ VWD, ZHULfE
By &R ANWVEZ 2800 TH D, U T V75 > ZFCAREDHITH %

G GV
SL, | PGL,
GL, GL,,
SPap | SO2n41

ERTEERED 7 > 77 ¥ RO FROERLBUTFTH 5:

F48 6.1 (Safronov [Saf21l)). [ & 1 & BAFE = RIS IR L CRA
Heie(Loca (M) = Heyy (Locgv (M)

HALT %o

R 6.2. BGRICBI 2777 Y ARGHEZX GIT U CRMAREREZ, GV IR LT3 In7REEEZ %
72, FOERETG 2 GY ICRLTRAILDIDEEZTWEDL—RAEFMCEBbNshd Lk, EiZkD
—HIC g e P DD ST LICT V7o AR D 5 Z e IR TE D,

KW¢ (M) =KWeg _1/4(M)

EWHETEREEN G, TITTKWq (M) FEF KT A —X ¢ IiZOWTD Kapustin—Witten 2 HRER S —
TdH 5%, Kapustin-Witten 2 HRE B Y —DHANLERIFLZA SN TWIRWA, ¢ B+ —RNLHEIR
HY i (Locg(M)) & =BT 2 ZeWIRFENT W2, ¢ =00 D& EE H* (Locg(M), Orocs () KH 2 EH
ZHNTEVE ZhpEGERcBII2 7 v 77 v o a7 HloEMTH 5, —H TREFA DR 32
MoOXIEY. $7b5 ¢ = 01281 % Kapustin—-Witten 2K E 1 Y — DR ERCIX T 725221 FRE X
NTWRWESTH D, aflL I [Saf21] 2/ &,

R 6.3. = KILEZRAED S > 75 v TN TRICIEZA T A VIIEEZH W0 [022] 3 H 5, ZOERLIF
FH BT ¥ EMiic7 3 2 L SR X T W3 [GS23, Conjecture Cl, & b BAKINZIZ 59—k 72 ¢ 1R LT,
2T A VINEE Ska o(M) 257 L — . EHRIEZ R Lock (M) DR arEn Y — v ABICR 2 Z e TR
nTWnW3,

6.2 H¥FHE

AIAEE DT BB W TR O EERME CTH 2VAEEZEAN T 5, BWIBEIE=RITZRRIK & BUR D
WKBWT, 74 a2 XL UVHEBUZHIET 2D TH 5,
WE G 2B L, PCG 2R, L2 POLY 4 50t 338, AxoSron-HE

TR REDEEMICE TNS X S RIOHMUER DY O 222 E 2 B HERD B,
S RIEAS B XL Y 4 BHBEL D B 159 X — ZEHBEN: G — G ITH L.

P={g€G|lim \O)gA®) ' #HE }, L={g€G|AgA®) " (¥ € Cm)}
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ERTCERRRIT LT RO Z2E 2 5!

Locp(M)

/ tot

Locy (M) Locg(M).

ZDLEG/PHFHENTHE ZEHWSZ LT, tot WHEMNTH 2 Zehbh b, ROEEIIMHEL
EFET 5 ETIFHICEHEETH 2,

EIR 6.4 (([KPS74)). HR%KFE
! ~Y
8T, tOt'SOEOCG(M) = PLocr (M) (1)

DT B,
[FA (W) OFffE% & o T tot DEIFHZHAWS Z T, BARZG
t0ts 81" O roc, (M) = PrLoce (M) 2)
2135, KIBUIKIZE3 2 & T2 & THRRS

Op: HY  (Locr,(M)) — H: (Locq(M))

crit crit

PRHND, DS EEYIFHEE LR,

R 6.5 (2 hERY —WKR—MRE). LY 488578 LT GL,, X GL,, C GLp, 1, ZH5% &, BWAE
EeEE)
Hei (Locar,, (M)) ® He,y (Locar,, (M)) — He,i (LocaL

crit crit

M))

na s (
252%, ChERTOGL, KOVWTELBIF L, Ay =@, Hi, (Locgr, (M)) IIFFHEIR O

crit

Ay @ Ay — Apr

MWEFEBRZeRbhrbd, ZNE2EXTEHAOIFREOQAS —NFR—ILRKH 2 VWS, aFrEn Y —Hr— A%
WBITA ZXTEH T8+ Y UEEAD DT BERO R TE Z 6. =XKITAH I - Y UZEIR X 1T LT

Hep (Mx) @ Hepyy (Mx) = Heyio (M)

MEFKTE 5 2T Kontsevich-Soibelman & Joyce 12 & » TTFHEIN TV, ZDFHEIX [KPS24] T,
EHBA D=L A T « YU EREREZ RS Z e Iic XK hERE T,

t 0
0 ¢!

AT ([t 0
r=(o 0 e=(4 1)

THs. kDM [1F GLn, C GLn,y4ooogny, BT AMARETH D, HET 2 BEEETHI RSB BT B,

rEFLEIRBDOTHS, B2 G =CLy TA({) = ( ) DY EE

11



6.3 BPS [k BPS &f#EIE

2R w7 Locg(M) DEFFRAFRERY —ZRIZERT X —REGLD, —RICIERXITTH S, ZOHIT
R aREr Y —DHBRIOCET NV TH 2 BPS arxETuny—2EAT 3, RIRT IO, ERaken
D= IBFEERE LT BPS aKER Y IR T 5720, BRakERY - %5 72HI121E BPS akE
0y —EHERIUETSTH B,

WE, Locg(M) DEEY 27 48% Locg(M) v E X,

pa: Locg (M) — Locg(M) (3)
ZARBH T, G OFLORITLE ca rEE, LOCG(M) Lo BPS RIEE %
BPSLOCQ(M) = PHC (pG,*QOEOCG(M)) € PerV(LOCG(M)) “4)

WEDEDZ, TITPHY () En XROFHEaFAETRY —@E2RT, ZOEHRE—RFWICARI2»b LA
2V ERZ DOERIFBRTIENR S BPS TEEHIHDOR T TEASINLD DT, ZDERICIIEHEOVEKRD 7L
WEEBZTRWTH A5, —DEMELGZ % TUI ROEMHRT L5 BPS EBIE DT REREZHWTR
EV274 LTERINZIRDERLBFRERE IR ->TW3:

I 6.6 ([Bu+254, Proposition 7.2.9]). i < cq W L. I PH (PG« roce(m)) = 0 BIKILT 5,

BPS SMEEHIC OV TN 3 720 I B RV OpBAL L 5, WE G RHIREREL. P C G 2 His
BB LCPRZOLY A OB T3, RORREEZ 5:

Locp(M)

Locr, (M) Locg(M)

pe| |pe

Locy, (M) > Locg(M).

gL

ZZT g 3EDIAA L CGHroif8IhsficoHh, ARFTHLZerbhr b, £z ZORRIXATHY
RTH2 e NABITHHTE S, WE Wo(L) = Ng(L)/L ZHM7 A VB e 55 ¥, Wg(L) & Locg, (M)
IZAEF Ly BPS B BPSLocq(m) (& Wa(L)-FEETH 2 Z e hbh s, ROEHRMBMAER DT BERICH T 2
REZEHTH 2 BPS DETIBETH %:

EI 6.7 (|[HK?S, Theorem 5.2]). LU RDRIBIDTFAET 5

@ (gL,*BPSLocL (M) @ H* (BZ(L))[_CL])WG(L) = PG xPLoca(M)-
LCG
L: Vv 4kt
ZZTHEIZG DL 4 SR EEOIIE IR E E S,
COEHII—Rbrho5nnd LA wd, GUDOIEFEICEIE LW GEERR) HIKkE, Ao X Hil
WRTVE =L TW2 W JIAEETH 5, g1 «BPS1oc, () FEFRPHHF (L DL, REE)

O DANIHEY 2 54 2RI TV, Alper 12 & 2 NTERIZERL [APIZ] MBREES 254 LI 51k o7. BEY 2
74X ZDHE. GIT B Homgrp (71 (M), G) J Gi2& b 52605,
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ThHh, /2 H*(BZ(L)) FEED dimZ(L) @205 2 k5 BZHEHAR L AR TH 5, X512 BPS BiEZ L
DEEINEIVWEZEL, $LEKNCGEIHAETZ 2568020V, ZOEHOMID co-RDOREIRERY —
JEeE s vEU EHAA XD BPS BOEE @) BETEN5,

W% BPS OFREOS—%

H*BPS (LOCG(M)) = H" (LOCG<M)7 BPSLOCG(M))
WKEDEDD ., EE B OKRBYIMIIXDOFRARZEZ %:

P  Hips(Loca(M))[t, ... t,]Ve® 2 H (Loce (M) 5)

Lca
L: vy 4ot

COEMICIIREA RIERDS DD, G=GL, ODEEICEHEER TEALZaRER Y KR —RE Ay O
PBW ARy e e 3 TXx 3, EBEZDEAICIE

Q]J%fs = @HEPS(LOCGLn(M))
W) —REOHEENAD ., A @) FEECORERER» O DOEARRMNOER Y LTEHEINS, —RICHEE @) &
aRERY —H{FR—VFEEEHCTU IO XS5 ITHRENS, £3BPSEEEMRRICLD, BARLS
BPSLOCL(M) [_CL] — PLxPLocr (M) (6)

PIAET %o 4t Locr (M) = BG — BGay, VS & H*(BGay) = H* (BZ(G)) 7' ¢roc, (ar) WAEAT 2 2

bR FHCH
PLxPLocr (M) ® H* (BZ(L)) — PLxPLocr (M) (7

BELND, RRIZ, HMNRBEE @) XIREY 2 74 L4
9L «DPLxPLocy (M) —* PG«P Loce (M) (®)

FAET L, LEO=004EHAGDLES Z T, @) KB 2EAD 5HLNDOHIBERINE, ZOH
DFAMTH 2 Z L DFEHIZE THEL WD T Z 2 TREFFMNIER T 2, EH BT oMbz —KoD TR
(—1)- 7 T VLIT 4w I RRy ZJIHERT B 28T (=1)- 7 bV T VLI T 4 v 7 ARy 7 DJEFT
A RE 5 2 FERICIFRE T 2D ERTAT7THD. ZORT v FTENIER DT EHig & FHENE A X v
7 OREERRSH W 55 [Bn+25h],

6.4 BPS 9EEIEr ST 5> XNt

1 TR aRE0 Y =2 HWE=RLERED Z > 75 ¥ AR ETEZ B T2203, BPS aKERY —
EHWTERMLT 2 dTES:

T8 6.8. M= f1F o NIFHR=TITZARMRTH L TRA
Hgps (Loca (M) = Hpps(Locgv (M)

DIRILT B,

M0 cp > cq THO. FERIEKMIL =G ThH2,
M BED 254 %HDEI 4 (—1)-Y 7 b U TLI T4 v 7 RX v 2, RFCHERIREE G, G OfFAT 2 Mok 7 71~
AF =L UU LO GREME f &IVT, f/G OWREARL LTRSS ZEHRBRT 5,
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BPS 7 fREM (= FHEBED I D, PEHBED ¥ PHBRIE (Owt(G) 2 Out(GY) KT 2HEEEEZED 5 &)
EffiZERIC 2 Z e b b, BPS aKERY —I3ERIICTH 272D ELLT L. WO2DHEEIC
BURINC S > 77 X F 29 752N TE S,

EIE 6.9 (Hennecart—Kinjo, in progress). G % FHAREHEL L § 5,
(1) i # 01X LT Hypg(Locg(T?)) =0 TH 3,

WE ag = dim Hps (Loca (T%)) £ 5 <.
(2) ROEADKALT %

3 3
asn, =n, AapGL, =N

asp,, = [("] (L + O+ 2)(L+3) )"
05050 = 1/8- [P (1 + )1+ )1 +47) )

T () f(t) Dt DIREERT,

ZOHFERI M =T 05D SL, /PGL, KT 2775 AR EEE L, Spy, /SO0,y WKET 25
YIT Y ZRRHE Z ORNK S HEHL L TIERVD, KIFFER

(] (1 4+ )10+ 2+ 13- ) = 1/8- 12 (L + )1+ £3) (1 +£°) ---)°

DAL B Z e brd, TOFNFIEEHTHD, 7KDY aEEXZHWS LAY 25 223 T
& pE2,

R34 6.10. ZOMEREIHT2EF TR EERE ZATEBI OERMLICE L THEFXHETH -2, THOIEL
X RTIEEALRAID L. FRREARDEY 254 22[MpIEa > 7 FTH 2012 THERE» S DFE ]
AL TV IS5 KGN0 TH S, EHBEIIWKCE> TFERI OIEYMIXIIIEFHEELZDDICK T
YEZ2 X9,

7 ByvFUROMME I 5 —3FRE

71 By FUROAMERN S 5 —XFRE

BREBICNAER DT HSHmOISHE LTy F U EY 2 7 4 OMARN I 7 =0t ER b 2R3, §lEd i
BOWTLYyFUrED 254 He ZEALE, Ly FUrET 2754 TDOEICT7 7 A N—FEEZHWTLRT

5T EMTED:
Ha »{Kc}

I’ |

Map(C, [g/G x Gn]) —— Map(C, BGy,).

12 3 LIASDERNRIEHE BUDWI APV HHZ TLEE W,
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ZZTGD g DERIHHEEHTH D, G, DIERAIERRAFr—V Y 27i&b 52605, WEk v F VK Bg
ERDT 7 AN—KXTERT 5:

Ba ” {KC’}
I’ |
Map(C; [(g / G)/Gum]) —— Map(C, BGr).

0/ GE7 7 4 V2 L FBIT Gu-lERIZIIC R 5 TV B 728, Bo &7 7 4 Y2RTH 3 = & hvbh» 560,
HRE [0/G X Gu] — [(8 [/ G)/Gum] 135

hc;: Hg—>BG

ZAE L, ZHUZ Hitchin R & FHEH 3E3,

GV "GO0 AN T2, AR Bg & Bogv WEETLZZehbhr b, +9— Kl
p € Bg = Bgv KM LT, hz' (p) & hgy(p) B 7 —~AZHERICH 2ED, 20720 He & Hev & SYZ
DFHBRICBNT I 7 —WHOBEBRICH 2, Lo THHERN I 7 —0HETFEE ZORTICETEDH 3 &,
Ho & Hov DRy DBUCEBFEA DL e N 288, ULh L, He PWRESERHOZ Lot s
FTHRWED, BEORY PBIEZBWIRZBVE LRV EPHEINTED, by FUrROMMEMNI T —
M FROBELRENMCIEREE TR o Tk o7, G = SL,, G¥ = PGL,, D&&E1X 2002 FED
Hausel-Thaddeus D& [HTO3] 12X D, FFRADPBRLABEEIICVA RN LEEY 2 7410 L TVHER
S =T ERERL SN, ZOFHEZ [MS2T] & [GWZ20] 12 & D BRI L =23, type A DEEDIGE
THYARAPINTORWEEOEAMUIAEE THFOZ LICKR D, TITIEBPS akErY—2HWAL
MY I 7 =0t RRoE b2 bR 2%, DEHHEDOL® G I HEMTDH 2 LT 5,

WE HE C He ZHFLER G-y JARDZIHAMITAZy 7235, HERBREY 254

pa: He — HE
RO bbb, R HE DV—TRAXy 7 LHE BREY 274
pa: LHG — LHE
ERO, BIES LD LHE X (—1)-2 7 vy TV r 74927 THY, K2 DT REE
@iz € Perv(LHE)

PWEFEN S, BPS EHZE
B'PSLH%S = HO(pG7*Q0£HSC§) S Perv(LHES)

3 1) BIRMICIE, G D g ) G ANDIEHDOY =4 V% wy,...,w £T5L,

Bg = HHO(C, wer

TH5,

4 DEHIAES R R ED B BWVIRA S Y, Bg 2 A" ZEELThg = (h1,...,hn) EBLE, Hg DY T L2 T 1 v 7 KD
LIAFLINERT Y UHEICBI LT {hi, h;} =0T 5, Ly FUrREVSEUHTOHRIZZDFEFRIZLZ2DDTDH 3,

S BERIZIZ I T 7 A N—1E T — NV ZRK LD gerbe @ disjoint union TH %, Z(G)Y = 71 (GY) W5 BR%E L T gerbe M
FEHAEVEAAO DRARIC HT= 2 L EZ R T W5,

16 SF/E D I 5 —WHMEDARTIE P9 ¥ AP~ HRHIET 23, b v F U RONMMAN I 5 —FMETIE hP 9 BB 2 2 228
HFEhTtwd, ZOMHIZEERE 25X Do TWRWA, a7 MlT — 7 —ZAE RIS LTI AP 2 & hP "~ 49 23—
TBZr, BEURYFUVED 2 T5ADBEIIRZ P THEIHEBRLTVWE LS5 TH B,
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WX hEHED BPS akEny—%
Hpps(LHE) == H*(LHE, BPSLug)
TEFRT D, ZOLEbyFUrROMMEN I 7 —NHETEEZUTITERLENS:

F48 7.1 (([Bus254]). HRZFRY
Hpps(LHE) = Hppg(LHEGY)

PHET B

ZOTROERMLEIN—T A X Y 71TBTT 2R ER—RABRCEDLN 2 LW, ROHITh
N5 ESICIERIAR v VBRI X o TEEZOCEREKD 7 > 75  AxIE e BRI UL 2 s, IELWL
ERLTHZEZONS, FEEINCIE. by F U ROMMERN I 7 — R T=Z20tHRA0E) AT
REFRTHEEFZ LI,

7.2 FEAIRIRy DIEER & DRAR

BARICIEAMHR v HERCOWTHHEICHA L, PE L oRlzdR 5, C 2otz L. G

% FERIREEE L § 5,
Hg o C HE

ZEMF v —VEP 0 THE LI RYLE G-y FARDIL TP OHEDT A ¥ — 23 %, Simpson DI
ARy DEHDOFRIILIRTH 5

EI8 7.2 ([Sim9?2, Theorem 7.18]). HAZ[FIHH
HE;S,Q gHomeo LOCG(C)
DHET B

B173. G =GCn T2, TOLEPERERIFICHLL, HY | = Pic’(C) x H(C,we) THZ, —HT
Locg,, (C) = (C*)% TH 3, LId->T Hg, o & Locg, (O) ZFRMTIEZH 2R TIIRNZ e Bbh 5,

A v 7 2RSS S 2 RTO HY ( OEZEMIZ, BEROLV L by Y RAGOLBICIRT 5 2 ¢
THYC,00) ®HY(C,we) L BRKFAEITH S Z e bbb, —/T Locg, (C) ®HIARRETOHEZEMIX
HY(C,C) £ HARICABITH 372, 2D ZDIEa[fhR v PRANIK v Do fEH HY (C, 0c) 0 HO(C, we) =
HY(C,C) %8 <, ZhMIEHER Yy DEHOLROEKTH 3,

SR v SEIICBWTHIST 2 G-k v F2M L GIRFTRIEFAMZ B ORAMER >, LidoT,
LHE, DEEY 254 %M LHS, OB LLoce(C) DEEY 25 4 %M LLoce (C) OB HAIHE
T3, EHICERCED. BRI

LLocg(C) = Locg(C x S
DFET %, Y LoiEwz L d . HALEHL

LHZS,O gbij LOCG(C X Sl)

TORDFEARER Y —JFEEZTVIDIE GIEEMTH 27 cq = dimZ(G) =0 TH305TH 5,
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WEET B bh5, ZORHERFERMHTHZ e E2HFELTED., X5ICBPS BRAZORMETED A
ST HRMFBELTVES, LEDs TERITERAD S v 75 ANBE b v F v 2DOMHEN I 5 —0FrE Ik
ARy DEMO R, Fiici b Z e IS

FH 7.4, ROAHRNADFET 5

Ik » SR

Hips(LHG) » Hgpg(Locg(C x Sl))
ﬁﬁ%i?—ﬂ%ﬁi?—ﬁ%ﬁl lzmﬁiyﬁiyf

JERHR v DRI

Ihpt v FUROMMHENI =0t ER LBV TIL—F 22y Z7OREY 2 5 4 ZE/ D BPS a7k
ETuY—2HWAHEBTH 5,

RKTS. by FUROMMEN I 7 —WHEDOERMEOERICEZRICERKRD T > 75 AXIEHH 2 0D
DEFFEFBMIFITH Y. DRI ZDOERIMZENDONZDIED o L VWWIITRRERICEI 35D TH S, £
fty%y%wﬁm%='—ﬁﬁﬁuﬂgtfhv@@5@@:$%ny—@ﬁ@tLf%ﬁkéh%tma
WD B o7z, Hg OEFERINE 11 (G) L RI—MEN272D, Ho DL»2RNEaRERI—id i (G) 12L&
MRENZEFTH B, m(G) = Z(GY) BELT 5728, Hov DL ERNZakED I —13 Z(GY) DFEH
RO EPHIREEN S, L L Z(GY) & Hov WWIER LW, 22 TZ(GY) PMERT 2 %M TH-> THd
Hili7e LHgy 25 RNETHEEZONZOFHOEAOERTH 5.

ROIZOZ e 2 HEFZHCHHPL TCZoERLEZRUCTHE XIS Lz 24, TZ20OHHTERT2. F
HEWIDIEBE AL LRI HZRESE, ) LHoYRBIWD 2% T, —ERYXDER»SHIFRT 2 Z
W oTee ZDBRERILERIKD V7T v WG % W ERB RO 0. 7 8ENRBILS Bo2 -
el e THEZELIE L TIEHERSUICEHE 2 Z e 3T,

B ElT: XEHERN
HIAE) DT BEmICEBED - 7235 F 13 £ 9 Safronov ICX B RO DD XI5 4 F25DI e BEHD T 5:

* Pavel Safronov, Geometric Langlands program for 3-manifolds. (2021) https://impa.br/wp-content/
uploads/2021/06/StringMath2021_Slides-Pavel-Satronov.pdt

* Pavel Safronov, Holomorphic Morse theory and moduli spaces of flat connections on 3-manifolds. (2023)
https://web.math.ucsb.edu/~drm/WHCGP/04-24%20Holomorphic%20Morse%20homology.pdf

(AR DT BimeakEn Y —f) DT Bz &b A L R L 2 WHiE Z RO 2 DB RWE S,

* Chenjing Bu, Ben Davison, Andrés Ibanez Nufiez, Tasuki Kinjo and Tudor Padurariu, Cohomology of
symmetric stacks (2025). arXiv:2502.0472573.

Z D& BPS i E % E A M (orthogonality) & FRIX 2 HT 1 R RE 2 i 72 372 & v 7126 L CREH
LTW3, ZOREIRRICHT [HK2ZY] THEXNZ DT, EOMGXICBIIZEREO#ERMIIETAFy LT
BWw, ZOMXIX (AR y 7k &t) BRREGRMEB I ERS VT L7 T 4 v 7 %M R ATRERE 0E
KENCRE T 2 AR DAIUITHAED B e N TE B LB S, BRAFCEMELERS VL7 T 4 v 7%
WKOWTWEZENZENLL DL 7 F v —/ — bbb b3,
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https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf
https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf
https://web.math.ucsb.edu/~drm/WHCGP/04-24%20Holomorphic%20Morse%20homology.pdf
https://arxiv.org/abs/2502.04253

e Adeel Khan. A modern introduction to algebraic stacks. https://www.preschema.com/
lecture-notes/2022-stacks/

* Hyeonjun Park. An introduction to shifted symplectic structures. https://drive.google.com/tile/
d/1pHUNn®O0gyMIPOwg4/ShzwgYM/Zr-SwiHb/view

WER AT REFE ORI & R JE 12DV Tid Achar DARBEIDTH %,

* Pramod N. Achar, Perverse Sheaves and Applications to Representation Theory (2022). American Mathe-

matical Society.
akEwY—/ DT HEHIZE U TEBEIRDO Y —X 4 Z2E Wz

* Tasuki Kinjo, An introduction to cohomological Donaldson-Thomas theory (2023). https://drive.
google.com/tile/d/1tsbwveeOIXWsumgaFoNmDCInizH3rEhs/view

DY =LA DTHHG N — MISBHEZ 2 B0, BRI IO AL DOHNERTTICHLSZ->TL
FoTWb, =ZRLAH 7L - YUEREKDaRER Y —A—AREITTIEREIN TS L, aKER
O —HEBHETES T TICEEICR > TW5S, 72 Joyce PREDBIEEETOM X CIEAT 2 FETH S, £
7ol DY—RATHARLETS 2 FER Y —H) DT HMahH & RBGEROBRICOVWTHHT 2 2 e B TE LD o
720 T ORIENCERD D 2 F5iE 132 D H Z 3§ Ben Davison DiiX % oM HH DNV E B S 25, KD
XFHZBEIDTH 5.

* Ben Davison, Lucien Hennecart and Sebastian Schlegel Mejia, BPS algebras and generalised Kac-Moody

algebras from 2-Calabi-Yau categories, arXiv:2303.1259?

COFEZRITCH T8 - YUEIONRDEY 27 4 ZEH D BPS DG ZSERICREL TWDS, T DFEHE
DD 0-> 7 b TFLIT 4 v 7 ARy ZANDOIRPAVAAHT DT Himic B 2 REEMED —DOTH 5,

References

[Alp13] Jarod Alper. Good moduli spaces for Artin stacks. In: Ann. Inst. Fourier (Grenoble) 63.6 (2013),
pp- 2349-2402. 1ssn: 0373-0956. urL: http://ait.cedram.org/item?1d=AIF_2013__63_6_
2349 0.

[AM20] Mohammed Abouzaid and Ciprian Manolescu. A sheaf-theoretic model for SL(2, C) Floer homology.
In: J. Eur. Math. Soc.(JEMS) 22.11 (2020), pp. 3641-3695.

[BBJI19] Christopher Brav, Vittoria Bussi, and Dominic Joyce. A Darboux theorem for derived schemes with
shifted symplectic structure. In: J. Amer. Math. Soc. 32.2 (2019), pp. 399-443. 1ssn: 0894-0347. por:
10.1090/jams/910. urL: https://doi.org/10.1090/jams/910.

[Beh09] Kai Behrend. Donaldson—Thomas type invariants via microlocal geometry. In: Annals of Mathematics
(2009), pp. 1307-1338.

[Ben+15] Oren Ben-Bassat, Christopher Brav, Vittoria Bussi, and Dominic Joyce. A ‘Darboux theorem’ for
shifted symplectic structures on derived Artin stacks, with applications. In: Geom. Topol. 19.3 (2015),
pp- 1287-1359. 1ssn: 1465-3060. por: 10.2140/gt.2015.19.1287. urL: https://doi.org/10.
2140/9gt.2015.19.1287.

18


https://www.preschema.com/lecture-notes/2022-stacks/
https://www.preschema.com/lecture-notes/2022-stacks/
https://drive.google.com/file/d/1pHUn0OqyMIPOwq47ShzwgYM7Zr-SwjH6/view
https://drive.google.com/file/d/1pHUn0OqyMIPOwq47ShzwgYM7Zr-SwjH6/view
https://drive.google.com/file/d/1fsbwveeOIXWsumqaF6NmDCInizH3rEhs/view
https://drive.google.com/file/d/1fsbwveeOIXWsumqaF6NmDCInizH3rEhs/view
https://arxiv.org/abs/2303.12592
http://aif.cedram.org/item?id=AIF_2013__63_6_2349_0
http://aif.cedram.org/item?id=AIF_2013__63_6_2349_0
https://doi.org/10.1090/jams/910
https://doi.org/10.1090/jams/910
https://doi.org/10.2140/gt.2015.19.1287
https://doi.org/10.2140/gt.2015.19.1287
https://doi.org/10.2140/gt.2015.19.1287

[BF97]

[BJ17]

[BKP22]

[Bra+15]

[Brill]

[Bu+25a]

[Bu+25b]

[Dav13]

[Dav18]

[GS23]

[GWZ20]

[HK25]

[HP24]

[HTO3]

[Jor22]

[Kat+25]

[Kau24]

[Kha+25]

[Kin22]

Kai Behrend and Barbara Fantechi. The intrinsic normal cone. In: Inventiones mathematicae 128.1
(1997), pp. 45-88.

Dennis Borisov and Dominic Joyce. Virtual fundamental classes for moduli spaces of sheaves on
Calabi-Yau four-folds. In: Geometry & Topology 21.6 (2017), pp. 3231-3311.

Younghan Bae, Martijn Kool, and Hyeonjun Park. Counting surfaces on Calabi-Yau 4-folds I:
Foundations. In: arXiv preprint arXiv:2208.09474 (2022).

C. Brav, V. Bussi, D. Dupont, D. Joyce, and B. Szendr6i. Symmetries and stabilization for sheaves
of vanishing cycles. In: J. Singul. 11 (2015). With an appendix by Jorg Schiirmann, pp. 85-151. por:
10.5427/1sing.2015.11e. urL: https://do1.org/10.5427/71s1ing.2015.11e.

Tom Bridgeland. Hall algebras and curve-counting invariants. In: Journal of the American Mathe-
matical Society 24.4 (2011), pp. 969-998.

Chenjing Bu, Ben Davison, Andrés Ibanez Nufez, Tasuki Kinjo, and Tudor Padurariu. Cohomology
of symmetric stacks. In: arXiv preprint arXiv:2502.04253 (2025).

Chenjing Bu, Daniel Halpern-Leistner, Andrés Ibafiez Nufiez, and Tasuki Kinjo. Intrinsic Donaldson-
Thomas theory. 1. Component lattices of stacks. In: arXiv preprint arXiv:2502.13892 (2025).

B Davison. The critical CoHA of a self dual quiver with potential. In: arXiv preprint arXiv:1311.7172
(2013).

Ben Davison. Positivity for quantum cluster algebras. In: Annals of Mathematics 187.1 (2018),
pp- 157-219.

Sam Gunningham and Pavel Safronov. Deformation quantization and perverse sheaves. In: arXiv
preprint arXiv:2312.07595 (2023).

Michael Groechenig, Dimitri Wyss, and Paul Ziegler. Mirror symmetry for moduli spaces of Higgs
bundles via p-adic integration. In: Inventiones mathematicae 221.2 (2020), pp. 505-596.

Lucien Hennecart and Tasuki Kinjo. The BPS decomposition theorem. In: arXiv preprint
arXiv:2509.21298 (2025).

James Hotchkiss and Alexander Perry. The period—index conjecture for abelian threefolds and
Donaldson-Thomas theory. In: arXiv preprint arXiv:2405.03315 (2024).

Taméas Hausel and Michael Thaddeus. Mirror symmetry, Langlands duality, and the Hitchin system.
In: Inventiones mathematicae 153 (2003), pp. 197-229.

David Jordan. Langlands duality for skein modules of 3-manifolds. In: String-Math 107.2024 (2022),
p. 127.

Ludmil Katzarkov, Maxim Kontsevich, Tony Pantev, and Tony Yue Yu. Birational invariants from
Hodge structures and quantum multiplication. In: arXiv preprint arXiv:2508.05105 (2025).

Sarunas Kaubrys. Cohomological Donaldson-Thomas theory for local systems on the 3-torus. In:
arXiv preprint arXiv:2409.16013 (2024).

Adeel A Khan, Tasuki Kinjo, Hyeonjun Park, and Pavel Safronov. Period sheaves via perverse
pullbacks. In: arXiv preprint arXiv:2510.18610 (2025).

Tasuki Kinjo. Dimensional reduction in cohomological Donaldson—Thomas theory. In: Compositio
Mathematica 158.1 (2022), pp. 123-167.

19


https://doi.org/10.5427/jsing.2015.11e
https://doi.org/10.5427/jsing.2015.11e

[Kon95]

[KPS24]

[KS10]

[Mau+06a]

[Mau+06b]

[MS21]

[OT23]

[Pan+13]

[Par23]

[Saf21]

[Sim92]

[ThoOO0]

[Tod10]

Maxim Kontsevich. “Enumeration of rational curves via torus actions”. In: The moduli space of
curves. Springer, 1995, pp. 335-368.

Tasuki Kinjo, Hyeonjun Park, and Pavel Safronov. Cohomological Hall algebras for 3-Calabi-Yau
categories. In: arXiv preprint arXiv:2406.12838 (2024).

Maxim Kontsevich and Yan Soibelman. Cohomological Hall algebra, exponential Hodge structures
and motivic Donaldson-Thomas invariants. In: arXiv preprint arXiv:1006.2706 (2010).

Davesh Maulik, Nikita Nekrasov, Andrei Okounkov, and Rahul Pandharipande. Gromov—Witten
theory and Donaldson—Thomas theory, I. In: Compositio Mathematica 142.5 (2006), pp. 1263—1285.
Davesh Maulik, Nikita Nekrasov, Andrei Okounkov, and Rahul Pandharipande. Gromov—Witten
theory and Donaldson—Thomas theory, II. In: Compositio Mathematica 142.5 (2006), pp. 1286—
1304.

Davesh Maulik and Junliang Shen. “Endoscopic decompositions and the Hausel-Thaddeus conjec-
ture”. In: Forum of Mathematics, Pi. Vol. 9. Cambridge University Press. 2021, e8.

Jeongseok Oh and Richard P Thomas. Counting sheaves on Calabi—Yau 4-folds, I. In: Duke Mathe-
matical Journal 172.7 (2023), pp. 1333-14009.

Tony Pantev, Bertrand Toén, Michel Vaquié, and Gabriele Vezzosi. Shifted symplectic structures. In:
Publ. Math. Inst. Hautes Etudes Sci. 117 (2013), pp. 271-328. 1ssn: 0073-8301. por: 10 . 1007/
STNZ4N-013-0054-T. urL: https://doi.org/10.1007/s10240-013-0054-1.

John Pardon. Universally counting curves in Calabi-Yau threefolds. In: arXiv preprint
arXiv:2308.02948 (2023).

Pavel Safronov. Geometric Langlands program for 3-manifolds. In: (June 2021). https://impa.
br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Satronov.pdf. urL:
https://1impa.br/wp-content /uploads/2021/06/StringMath2021_SIlides-Pavel -
Satronov.pdf.

Carlos T Simpson. Higgs bundles and local systems. In: Publications Mathématiques de I'THES 75
(1992), pp. 5-95.

Richard P Thomas. A holomorphic Casson invariant for Calabi—Yau 3-folds, and bundles on K3
fibrations. In: Journal of Differential Geometry 54.2 (2000), pp. 367—438.

Yukinobu Toda. Curve counting theories via stable objects 1. DT/PT correspondence. In: Journal of
the American Mathematical Society 23.4 (2010), pp. 1119-1157.

20


https://doi.org/10.1007/s10240-013-0054-1
https://doi.org/10.1007/s10240-013-0054-1
https://doi.org/10.1007/s10240-013-0054-1
https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf
https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf
https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf
https://impa.br/wp-content/uploads/2021/06/StringMath2021_Slides-Pavel-Safronov.pdf



