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AR —VEROITIIFR FYEFOEEFE CTH 505, L ¥ TE OEEHRAOEE % B
BIZRARDZ LIIFERICEH LN E SN TWE, EZ2A031 9 9 44, Seiberg-Witten iZ X - T 4
Wt N = 2 8xt# SU (2) 7 —VERRO BB KD bz [1,2), 4RO, YWERICEHBWED
HER T CHEMEZ R LITMA, BES-BR/EIMEEZHD L T28xDHLNT AT 4
TERENNEZOERIL, ZOROGOEBROZERDOERIIKRE REELEX T, HOERT
I% Seiberg-Witten OFER DR 4 RSB 2 S, EBEmNVNC LV EHEKEOSH D N = 1 @BXHFR
T —VEERI BT AR b @R S (3], —HEREROT b TR A ZI TR EY
T Tz, REERICBWT A OFEBEEGHIICHE (S-duality) BFEA SN DD TH DD, T
PLRID B A 6 TO 72 BERRRIBCHE (T-duality) & 3EE L . £RICEOFEBEGRIOEARL L
TOD-7L—rOf#bd->T [4], ENETHIA & I TWe 5 FEDOBELEROR— R BRAE
(String Duality) B b72b3h b2 L &5,

4WIE N = 2BRAHT —VERBEDOREBIZRE D & | Seiberg-Witten @ SU(2) D RA> b AhD
T =V OB E~DOIEREN Tz [5-12], Seiberg-Witten s D fENT TEHT L 4> 7= Seiberg-
Witten Hi#RY 24 B DHFEIT OV T HIR &7z, Seiberg-Witten Hifgi%, #)® D Seiberg-Witten

DX THERSEHINZLEWVWHIRE TSR, ROV —VBIZPL LETETZED

0)?9%7&73& IXHEENR D LD, BEINOIIRAREFERERDOFAESRE OIS
WEINTEY, 4RILy —VEGROMEN T HR O BN 708 H RO AR A 0 LR O FRIE
WRIZRIN TR 2T,

— 5T, HHEEHRDILIED S Seiberg-Witten Hin & DOV &2 B X 95 LW 5 RAED BV EH
WBﬁbhto#ﬁ%i%®ﬁA%%ﬁ&%TW@¢6®TW<0%077H~?Wﬁ ETH D

« BIICATONIZ DT 2 Ry MEL 2B OB XX —EiRE L T4 RTOS —VER

E’Eﬁé L Thd, HICHEROBIMMEDOHERL VW OIEKR D D> T, 4R N = 2 BXHtEE
HOHEERO MR ROV T, FREN O T Seiberg-Witten DFRENHIN D Z L B3FEND S
iz [22,23], BERICHAMER B D LIZ, —OOWERICEAR ZFERBENFET D2 L2 BRT
6ﬁ\%®%ﬁ£¢%%®&%®ﬁntLT—ﬁTmE—VﬁmﬂmﬁE%Tw@Kﬂb\%5
—FHTITEY 2 T A EZMOKIER AT W EWNWIRIEBEEND, ZOZLZFMAL T, FIED
W T Seiberg-Witten gD/ —VHFOREL ST TR E |, FAMELHBE LICHRE OLHER
AT CEY 2 T A BRIOEREFAL D, LWVWIHIILEEZDIENTE D, BEMICII%E
DHEFHE L TEX TS DIIESR 3 KT Calabi-Yau SRR 22 87 MEL =& A7 1IB 5%
FRTCTH DN, ZOHEIETIE Calabi-Yau ZEROBERBEET V27 A D—8L LT —VHEROD
TV 2 TA LM OBEEREENT VD, TV 2T A/3F7 A—F —DERROVBRBIEC LY 4K
T —VEROEY 2 TAERIETEHRT I LBHERLN, FHETREZLELT, _0)*@@’(
Calabi-Yau 454> 5 Seiberg-Witten i3 E N 5 Z E BT b 52, ZOEKRTRERIC

L2225 422/ ® Coulomb 7 5 v FEsy (REZR),

BB IR X > TBIN % DI Seiberg-Witten geometry(1.133) Th 5, 7272 L% < DEHEAREE ., Seiberg-
Witten geometry (21 Seiberg-Witten #i#RAS B AR THEOIAFEN TR Y, BEEMBERTLIZ LR TE S,
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ZD Seiberg-Witten FRaa DEHTIX Seiberg-Witten fifga [EH | L, ZOWEERZH SN T

b, ZOFEmELED T, WHEHROIRMEL 237 MESIREOKMF 2 BRI, BRI
Wit N =2 BT —VEGROBEMRZ RO DFEL LT, FELRITL Y HIT S Geometrlc
Engineering 23 #2"8 S 172 [24,25],

RIBM O /N7 FMEIZ & B Seiberg-Witten 2D 24T
Seiberg-Witten Bim D XARTE LD 1EE ] FLid., 4Rk N = 2 BT — U Him
?;?4Wﬁ®%L_owT®ﬁE@%&T 4RI N = 2 BXFT— /ﬁAoﬁm?w#—ﬂ
WICHN D5 (BXIHELER) I MVEEHENANN—ZEHEO 2EETHY . ERehox
/:74%%Wl

M=My x Mg (1)

L. ENENOLEHENA N 7 —5EZEFFHEN RS ZH OBERICOHET 5. My, MuiX. 1
Zi Coulomb 7 J v F, Higgs 7 7 F LIS, Higgs 7 7V FIIETFHELZITT ., HEt
FORETHRON D, £ TUT TIEMEREZ Coulomb 7 7 FDEEEZRD D Z <‘:V“*
%J“%FUJ: Yo BEFRTS—VBEMEGORANEX bz X, DXL 5 REHEEmT
REXREL, L DX 5 7257%EFHT Coulomb 7 7 v F DG E 7 Jéné:a%im\ﬁx
4{kjuN = 20BxHMEE L ORHERRE LT, ~T T 4y Z7HRO K3XT2 237 ME, B&
VE AT NERD CY3 237 MR ®H 5 (T2 ik 2%kt h—F %, CYsi i%ﬁ%S/km: Calabi-Yau
IREERT), T O OEEGROMITIZIRD K 2 2 BRI TN D

S-dual T-duyal

Het/(K3xT2) "S5 1A /CY;3 ~<==" 1IB/CY3 .

(2)

ZTCY3i CY3 DI 7 —taFT, Thb 3 00ERCITS —VEROBEDFE L Coulomb
7 7/9"0)3?57%2: DTS (BFHEDHE) L TROL 5 RMEEDBEVDR H 5:

4T N =2 B HEH
Het/(K3xT?) 9% mma/cy, 4% 1m/cy,
T—=T% - WESDRE © O X
Myt 5 spacetime 72 i3 i3
AV AR NUFHIE | worldsheet H " il

INERDE ., ~ATaT 4y JEBRTY -V - WEEORIERZITV.
VFEFRBLEDBDBBRBNI ENSND

II1B #%C Coulomb 7 &

Geometric Engineering

LxL722 5, Het/(K3XT?) IZRBWTH —V8 - WHEBIRBHHOICERINTEY, #F&h
HREERBUCHIRE H B, Tk L # A7 11 #EimTid Calabi-Yau ZAREDOKR SN S F —
B -WEGREEND, BHRBEREEEZ D LTIV F AT T a7 MuiZ, Het/(K3xT?)
TERTERVWE I REMRT —V% - WEHOERE WHEICT 5, £ T, Het/(K3xT?) TD
BAfE X134 203, TTA/CY3 THOREEZITV (BRL W — V8 - MBS & M3 a8 imz ARL ).
IIB/CY3 C Coulomb 7 7 > F O#&& FAH L 5 5. &9 DA Geometric Engineering 0¥l
HB,

IIA/CY; & 1IB/CY;3 ® T-Wktid =2 %7 MESBEEOXETIE CY; & CY3 O I 7 —5tFitk
LEWVWRE D, IT7—%%E7227 Calabi-Yau Z4k (6% RMANCHER T 2 EBROFEL L TiX, b—
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Vv 7 BAOFERANON D, &TATARTOYT —V% - WEHOLERITRER RO RFTHI
BEORRFT HDOT, ZF—VEHD Coulomb 7 7 v F OEEEZ KD D L\ I SN HIX, R
RICETHERSZAI TSR >0 T+ 25, TZTEHEEL TV ORRFLSIOE
FIRE SEERKIES T TEHIZLE /3 37 b Calabi-Yau 22 £ 2. Zhizo
WTIT—EERTDHEND LB Thivd, Zhidue—InI T —xtFtEs L Tambiv [37].
Geometric Engineering ® % 9 —2>DHETH 5,

=FHBIT, ZHiL Geometric Engineering IZ[R & T i&# =z N 7 METH/ —VEGRmE EHT
5["“‘ HBOMBEE LT, ENEDBET DT A—F2—8ERH 5 [22], Regge Au—7 o % 0

(T DMBRE & TE=RNF — AR ERICENIEN R <25 BMlR Z0oRETIIS—Y
BL—HEICHEATLE Y, LML d EEBIT, Calabi-YauDEV 2 F A /3T A—F =[O\ TH
o 5 0ICHEB S FVERREZ LD LI Ji D, BENEZHBEL DO —UGEKRT I LB FRE
Thbd, 20X RMmREME (LIZ LIX double scaling limit & FHEN 5) 1%, & ZEEZHE ROV
K DPOFTHIZ BN TI TR TS

O & Z & TFZIX Geometric Engmeermg Lix, Rz RN F —T Seiberg-Witten #im & L TR
EHHREBRESOBREIZL > THERL ., BiOMITE 22 )7 MESFERORMFEORBEIC
BEIBMZTBIREBIEVILDTHD,

404

A& L3 3T Geometric Engineering (2 £ > T 4 &kt N = 2 Bx#H7 — VB O BB N 15
NHHMAEZEFET DL EAEL T D, FREBRICT — VRN SU(2). WEEZRLO— %’%i
7eAEALZ DU T, Seiberg-Witten 27 & Geometric Engineering D5 D7 7 a0 —FIZ XV gifE
fEERD, MBEBORBER —BTDHZ L EHEID D,

F1ETRHOEGBOMRANTHES /2L SU(2) Seiberg-Witten Him D g fifx KD 5, H2E

*i4ﬁﬁN—2ﬁﬂﬁﬁ%%onxﬂahm#ﬁ%eLTHmM3IMﬂW$ImﬂW3@3
o%@ﬁ B, KL LTOZNL DBV EZERT D, FIETIXIAHERLDS —VHR

REOERBFELTRD, FHAETIINR 1IA #Hin b [IBHE@mLEREET 22037 MEEEk

woﬁebf a—HNV 37— CY el T 5, F5ETITIBEGRD 3T MESKRED
EY 2T A &) S Seiberg-Witten g D BBEMENEOND Z L 2HEND D,
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F1E Seiberg-Witten ¥:H

1.1 EIRILXF—EHEBOYME
EBEIRLX—EMNEREED 251

4RI N = 2 HRT —VERDEY 27 A ZHOEEZFARDI121E, HEROKT XX —TO
REVWEZRANI 7 TH D, KRV F—THiE%E HODIX massless FTHSH, 4RITEN =2
BRI DO BRI BT massless O~V T 4N 1LULTFOLDIZIE, X7 MVESEHEE NS
NR—ZBEERDH D, THENOEFFH (dynamical) 72 R 531

vector multiplet: hypermultiplet:
gauge field A, Weyl spinor g (1.1)
Weyl spinor A P complex scalar q gt
complex scalar ¢ Weyl spinor ¢(‘;
LRI, EEEIZNOORSE N =1ZEHEEIELHT
vector multiplet W, : (A, ) chiral multiplet Q: (g,y) (1.2)
chiral multiplet ~ A: (¢ %) chiral multiplet Q: (§,;3) ’

LELOREFITH DL,

F—=VHETIIZINSGDO N =2ZBERY —VHORBITR>TWVWDE, ¥F—VUBErE0L_7 b
NEEEITS — /ﬁ@%&%ﬁ%ﬁm\A%N—§Eﬁm%E%§ﬁ%ﬁ5o

LT CRA —VREMN SU(2), MEHZL DY - L bHlEABEIC LIS > CEREEDD Z LIC
LE)H, 2oL EEXNF—HERmOHTHRIEREERT 5 DIL SU(2) OREFERBE 2T ~7 bV
LEETHD, ZOREEERHLEEND 2D T —H% Pauli{T5] o' Z VT

3 i
_ @) (2
¢_;¢ (2) (1.3)
LELLE, BRHRoTHMART Uy Ui
ww=§ﬁmwﬁ (1.4)

LEISNDB, BTRY ¢ DEZHHECH L THHERT L VX LT XX —RBEZ 9 5 O2R B
U BROR T B, BAERICIZA DA, su(2) 07 Cartan B4 REIEE 2 5 ¢ I H LT,
V($)iX0tind, Y—VEBMIL-TZEDL IR ¢ %

_ 1 3
b= 549 (1.5)

IKELRILTHVS 4RT N = 1 2RI Wess-Bagger [55] I2fto 72,
2IEREIZIE su(2) DAL s1(2,C),




DI DT ENTE D, aldF—VEBTEDLLRWEERETHY . EXEL2HHBSIT 5, E
FEZIX, EBI1I2SUR) D Weyl BEIZ X B —fa <+ —aBRHBDT
w— % — Trg? (1.6)
B, BRAZEZZIH IS TDEINWRT A—=FThb, wiIEBOEZERELLY 55, Zh
X, A7 &b AT EROEZENEGHICHHEL TWA I L2ERT D,
aVBETRMER L D L&, BEZZHEHE (1.5) 2B S RWFA =V FH#RLELTU(1) DR’ ED,
(1.5) Z R TETIZ,

¢V =@ =0, ¢ = ¢ (1.7)

ThoR, ¢O ODEEHHEIZY D i = 1,2 52 MELEED Higgs R L L Tidhnrz
%, massless X7 M EIHIL, BPSXZ M EZEHIIBITTHI L TN =2 BHMELEST
WHEERHOZILENTE D, LER->Ta#00EZE EOR-FAF —HiHII N = 28x#HU(1)
F—=UEEEELTET S, ZOERKIImassless iZEEFo7m i =37 PVESEHEICE-T
HkEh, BEEE -7 i = 1,2 @aREhRy, 22 CUTTRETEC 3eTtEKkTsZ LI
T %

IZETHBL CERFROERICB S, WEERL SUQ) BHOTHREY 2 5 A ZZMITHEE 1
WILDIENR Y 28O U(1) BEZZOER Lo T2, FHEAERTIIHITUR AR THD Z L0 b
BTEV2I7AZMG, PR ELFFMICIIER I RTICENRD U(l) EEOESTHD LT
T&5%, I TCTET SUQ2) HmDER=q VX —Fh#EamE U(l) AT 7 70V 7 Ttk 3%
Z&itL & 95, &TSeiberg-Witten Bia TEbh 5 [ MOBEKRIT, TV2 7 A ZEHOHE
® Coulomb 7' Z > FEOBBBIZREDE NI EThoTr, TV 2 T7A EROBENRRESH
L, CTOEEEZARS KT AEZRINAF GO LRV OBRERE-STLE S, EBES
D SUQ2) BmDIEZINE =BT 7T DOT 0%, OB 2RUT, 72V IF v BE45UTF
DEDH B L&

2
Ldf:Z%hnL/d%aggnﬁ4i/d%%a;}fHV%Ml (1.8)

LEMND, TIRT TV EMHIN D BRI F(A) BN T T 70V T v DFHEPENS
NBONR N =2 BAHECRHETH D, bHAAL, TOX I RBEMIEBNEZ 50 MEEROR
ROEDEREETTNDINLTHEIN, TV 2T LEHOHEEZRDD LV HIBANLITET
INFE =X O TNICEOEDOERENZT HPNE LD T, ZOXIRBERFEINDDOT
H5b,

AMERD SL(2,Z) MxttE

Seiberg-Witten Baa CITERT RNV F —F 2R D B D . BEMREIRET D ETOUE
SDELIRD, —REE r DX —VBE L O N = 2BHROK RV —HHIIU) ¥ —VR
MTREN, Sp2r,Z) MR D, SOHEEr =170 T, Sp(2,Z) = SL(2,Z) Bxtttz b
D3, ZOZ L EUTERICHE,IOSZ LITT 5,

3 TSL(2,Z) Mxttk] BEWHRT B01E, RUEZEC SL(2,Z) HOBROMAEHTRH B L VD 2L ThHbH, BEIROXH
HE LT SL2,Z) BHEOTIHRNI LIZEET 5,



£, ML FTNA—r—T 4 —)LK
Ap = F'(A) (1.9)
ZEATHE (1B ERT), (1.8) 0F 1 HIT
1 o —i L
E/d 0 (ApA - ApA) (1.10)

L' D, ThiX SL(2,R) EH#

Ap Ap
M , M e SL(2,R 1.11
(A)% (A) . w1)
TAREIZ IR ->T W5,

OB E > THE2ERE DX ST BN ERTARE 5. SL2,R) Bt A 0Btz
EZDIETOBRABREHBLERS &

7Z==<é i), Szz(fi é) (1.12)

CE>TEREND (biXEEK), Tp 2 L HEBIFESTERK

10°F 0 |, Ami

b EFTHTOT, bRAEKIESY L L XREBIIALBIHEIEND, —F S EHICE DK
IR DOEIICLTRBZENTE B, W,y = D2D,V IZOWT DREREDIT

1
/ DV exp [iFIm / dz dZHT(A)WaWa] (1.14)
T

LEMD, INERBESOERICEBE W, ZAWERICEES B DI 2B, Wok BH
EH L H2L . D VI Bianchi 1B Im(D, W) = 0 Z#E4AHEE LTARS & BRI

1 1 _
/ DWDVp exp [imIm / d*z <d29f”(A)WaWa +3 / d29d29VDDaW°‘)] (1.15)

LEERTILENTE D, Vpid Lagrange REMRE L L TEALZRT MV R—"—T 4 —)LK
Thd, exp DEDHE 2 X

/ d?0d’0VpD W = — / d?0d*0(D,Vp)W*e = + / d*0D?*(D,VpW?) (1.16)
= /d29(D2DaVD)W°‘ = —4/d20WDaW°‘ (1.17)

LERTED, ZZTE WL, OFEZRITESLTLE S &, EORKBFESIX

Lt i (e
/DVD exp [ZlﬁﬂIm/d zd 0( T(A)WD WDQ)] (1.18)




LD, T

()0 e
Ap 1 0 A ’ '
dFr,(Ap) dA 1

D)= Ty, T TR T ) 120

EVIOEREBRORER, RETRTEI7IT0VT V0B (1.8) D Lepr b

1 . 1
cdf__Z_hn[/l#efg(AD)AD4-/}Pa§fgcADnvpaWQw} (1.21)

R VNHIZETHD, F& FpidBORRBEMTHY | Logf & L 1Z—oOHBEFRD
B350t FeE5Ex T3

BESHEETOEDER
PREGERCTTIRT UV YV EBROEITHTTEZL !
F = ]:cl + fpert. + ]:nonfpert. . (1'22)

£7. THIZIIT VRT Uy

1
Fa= 5701A2 (1.23)

ThV., ZHiX4RxE N =2 8RS —VEROEEN 2T T T VT v
1 _
@:Z&%m/#MA+m/me%] (1.24)
™

525, WIBEICXDMETH DA, 4R N = 287 —VERIIBW I/ G ERIC
X3 2 BENFRAIEE Y IARMHIENY one-loop ETLRNWI ERHHNTEY [13]

_ b 7
T="Tq+ o In (X) (1.25)
LB, piIMVIAB AT —v | N ZIRTTEEBIZ Lo TAER SN D EEAR T —VTh 5, bid one-loop
ONCRE L (e

3

Blg) = — b (1.26)

bﬁhé%ﬁf F—UHEMESORBEEZEETNVIRES (A1EH2R), S0MESORN

SUQ2) HHDBEIEb=4Th 5, BVABDATr— NV #BIFIALE =L FFCLBE LD
WCREATERNT (1.25) 1> TELT 523, 2’ Higgs & |a| £V b FICREZEATY — Vx5
FUQ)ICESL, 2o UQ) F—VBICEALTFr—VEFoFIT R RoTLEIDOT, HH
EHIT p < |a| TREMLZRLS D, Lo TEBX TV BEZRINFE —F2ERT. BRHEELS
e BRI

T ="Tq+ %ln (%) (1'27)
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EETL, INEVTIVRT Uy VOBENTEIT

7 2
fonefloop(a) = 2_‘1 2ln <A2> (1.28)

L%, BRBICHEEHGRODREELE LD, N =2HHTIIEH) one-loop TRb-TLEID L
BEL T, nn AV AZ U RV (KO (—n)- A AZ U RV ) OBRS B BEEOREIZE > THE
éh\MﬁM"®%5ﬁ%5oioffyﬁ?VV?wi%ﬂ%K

4n
fmstantan = 27” 2 ZF ( ) (1.29)

LERED, LEBEF, OHEIIn B ER D ETTICRICAXRL725H, Seiberg-Witten Ein
TRBTRIEICTIVRT v R (REKAIC 1&367%) BRBICRE B DT, F, OIEN
BRE 2 BHER T TETORBKIONWTEHELNDIDTH S,
FERBREAERCTOWES DR\ SU(2) 4RIt N = 2BRHS —VE@mOT VART ¥ ¥ Vi

F(A) = 17 Ay A21n (AQ) +iA22f ( ) " (1.30)
e 271 '

LET D,

ED AT A ERDINE

FREATEERN S DR TEINLZZOT IVRT U Uy VOERRD, A&EZERL L 5. E
HIBA%L 7(a) DRI, EV2TAZR M OHETHHI L, DY, An/g? LWV I HALRER
PHLEN5EY, M TEMOBEETH D, |o| KT Im 7 iIFHENTZE SR> TVD, Lol
a LHEEEZEZEZ D EFHMEE In 13BN N2 b 22 LR TEP, HDalZHLTTTADHEEZ LD
ZEiTRD, T add MEERERED IWEZETIIZWI LIZERT S, Vi M OKRIEH
BIEEEL L TCudbdel k>, HHMICIT Higegs BIFFEIC T2 Weyl BBEOER O & & TRE
Tr¢? = 3a B M D XVEERE o7z, %2 CHHIIZ o] KO TIE u ~ 50 LFRHECDIFTE
WZA S, a kW ap(= F'(a)) X u DERIRBE#HE L TRSND, T IVRT v L& KERIC
Ko 2 BIREIE u OSBRI T 2 DOBEEOM a(u),ap(u) Z R 5HEICHEAEZ DD,

B a(u),ap(u) ITZMEETHY, HESRu=00% BV TILEIEALE / FrI—%
b0, u=oc0 bV TOBEIFIX

<?£9)2<;JZ§§MA)> (1.31)

Thotr, u— ™y T b DT
(“D>-% <_“D+2a> (1.32)
a —a
- My, (“D> (1.33)
a

-1 2
- (2) s

LIRDE S, 1751



Tu=00TOE/FaI—ATHEHIND, ZOF/ FrI—%2fLETEOIZIEI M OfMDY
FHCbBEAPLETH D, ENODOFERDEDLY THREIC XL IICE/ R :—{T@Jﬁ)ni%é
Nz, HESZE->Tap(u),a(u) DEREL->TH, M ETRORIZE->TL IR HERE
BEzxdhE oo, £/ e I—FHRIIELSL2,Z) BERIIBIE-> TV RITHIERDL
RN, TNHDE R a I—(THNRERT HE /R e I—FiX, M»HOREREZERVZZEM M
DHRE M —ERFED, SL(2,Z) ITfEZ L 2RE LD, ZORBENAMIZ T35, £/
Fa =T33 _T My & T DD T a? BRI L WEEL R DR, Th if'ﬁ@%%%?b)
ELLZ2W, LEB>TE/ Fa I—FHIF R TH D, REAVFEFRTH D7-OITITHREAIT
u=o00 DA &b 2OUETH D,

BESDL OMEHNEREZEZTHD, EOBMCIIRVALEER S —NV LD bBNE—F
BUN) N7 MELEEHOAE LTAMMER (1.8) BT IVRT v (1.29) OFEZ RO,
Y IAIR A —)v T +5y mé<tor%hiﬁimof%ﬂNM)# VHERIIEDLDILEEXT
W, LLHBHEZET, U(l) 75 —VHOMIZE massless E—RB3bhofcbd5L, £EZTDH
ZHEERIIM U(1) ¥ —VHEGRRERZ L 2 N TER, TOXIREZEREY 2T A ZZH DK
BRLRoTHENTWALEEZON S, FEST massless (TR DE—RIIATHA 55, HER
TH N =2 BHHERE-STNWDH LT HE ., massless T—R b N =2 BN LEE &M
LEzZ26ND, 4RIt N = 28R — VR T massless (IZ72 0 9 2D BPS ZEHTH Y |
R MNVEBENPNAN—ZEBEEPOELLNTH D, ETELXLNDOIII RS —T % #H o
TWeRY MVEEIED massless (2725 (T7b b SUQ2) ¥ —V M HHEREET ) HETH S,
L2 UIRAMER COBHIRERAEEEE X 2 L &7 NV LEHEO A REEITHR SN S Z &3
PO OND, T2 EMHESLT massless IZRDBE—RNIEINAN—ZLEEHE NI ZLIZRBEB, &4
OYEH DI SU(2) Hin CERERRIICIZZ D X 9 725372\, Seiberg-Witten % Z @ massless
WZRDNAN—ZEETIY Y o ThDHEREL T,

RS HEETORENER

BRAEDY COEBORIBOEZRAL 5, BREAE ETRINTHM UL ¥ —VBEERT
i (1.8) AN TH D, LPLEVIABRART—N%& Thb EF Tnol & ERFNCHIN 5 massive

— RIS EROBEL BEV VY F B ThD, Lo T SU2) ¥ —VBERORSEER
BORARZESNTEZRLET Y RT Uy LD (1.29) 134 DHEFEITIZ 2V, 22 TF
UVRT Vv VOREEEZTT#EREL D) —ERETZEICLE Y, £, YV M HoOMER
B

N = 2 BXHERRCIL S — VR DT — 2 (BEHF n, BHT n.) & BXTBRED F LB Z
& DIz

Z = Mea + Npap (1.35)
VI BRBERY L, RFOEEMIZ ZITE-T
m > V2|Z| (1.36)
725 FRBDITFHHTVWD, FZ BPSREBIZHOWTIZHEENRY IS, BRI
m = v2|nea + npmap| (1.37)

LIREH-TLE I,
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HOIFRRTTF ¥ — (1,0) DF /R —/V3 massless (T2 5L LT, ZORKREREEDLY TOY
BERARL S, B/ R—MIBKRHUN) F—VBITHAL TV B DTS Ap (2 & B EElRH3E
PThbH, AHERIEZDORU) F—VBIZFv— 1, BEV2|ap| D BPS A "—%E
ERMb-7=RTHD, ZOHA LEKOBREITII=—-1L7250DT (A1E2R), BHHLEES
e REE BT

TD = TDd — ;—W In (%) (1.38)

LEITD, BVRRAT—N pa TT CETHEPDERPMU(L) 7 —VERIIBITT DL, BEE
BOuBITLEEDY

1 a

NZDGFEDREETE L 725, IFBHRECOVWTI. b= 1KV n-A LV RAF L B (AJap)™

DEENRHDZ LB D, XD E R —/VH massless IZIES L B TOT VRT v uiX
f- (a )_17_ a 2_ia QIH(Q)_LAZiFD w_D n (140)
p(ap) = 57Dc@D D ; n:ln A .

EWVWHFIZET B,
F/FOsS—

CORERREDYVTOE/FaI—fT82RO LI, MERD uEEZ ug LTDHLE u— yu
TO ap(u),a(u) DWEHIZTKRO X 512/ 54

GD(U) - Co(’u _ uO)
( a(u) ) B (GO + %Co(u — up) In[(u — uo)/AQ]) ’ (1.41)

BT u—uy — ¥ (u—1uy) T
(“D> ~ ( @D ) (1.42)
a —2ap +a
= AQO(GD) (1.43)
a

1 0
M, = 1.44
-4 "
LB,

TDE/R=)NV Fx—VLE/)FrI—LOKRE SL(2,Z) B72HORRICIT> TR THL
9o ¥R 5T massless (272 DRI FOEEIX

LIRDEN, £/ Fr 175X

m = \/§|aD| (1.45)

LTIt ap OWEHE LT co(u — uo)®, (k> 0) BEZBNBHM, £/ FuI—475I0 SL(2,Z) ke BESE
£ (1.51) &226 k=1 LSO RTEEMITHER &N 5,
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ERENTWE, Th# SL(2,Z) ZE#h

() (5 0)(E
a k l a
TEASNhIHFLWEH ap,a TR &

m = V2|nmap + ned| (1.47)

. F ¥ = (myne) DRIFOERICRZ D, 0L X, £/ FrI—%# (1.42) 13
-1
ap N Me 1 0 Nm  MNe ap
1.4
2 ~
_ <1+2nm2ne 2n, ) <a~D) (1.49)
—2nm 1 —2nm,ne a

LERIND, 2FYV, Fr— (m, ne) DRLTFH massless IZ72 DR R TOE / K I—175 L
LT

M(nm;ne) — 1 + 2nmne 2n62 (]. 50)
—2n,2 1 —2nm,ne ’

BELGND, MIZ, u=oco DMIZ n BDORES u,us,... ,u, 3o T35, " P —KEHE
BEOBIEFBICERAZ 1T OE> TR TRD nflON—T%2FZ2 5L, 5T HE/ FrI—
?j—‘ﬁu MulvM’lL27 .. ’Mun Fi

Moo = My, My, ... M, (1.51)

n

ZII2 T,

Seiberg-Witten |34 R A DMEBMOEM: (n > 2) L ZDE /) K I —fTHICET 2 BESMHL T
BT 5fFL LT, u= oo DffLiZ massless E / R —/VEEE R & massless (1, —1)-# A 4V EERD
MEEERRLIL, BRAD uEEEZZNEI v, —uo & LT, £/ Fr I—1T757I

My, = MO = (_12 ?) (1.52)
M_yy= MO = (:; g) (1.53)
TEABND, EBREINGDITHII
My, = (‘01 _21> (1.54)
L hbodTEAENE
My = My, M, (1.55)

LTV, FNENORKEE ST massless IZ2 AR FOF ¥ —T L/ Fua I —475 0Bk
X, SL(2,Z) Bt/ Bl OFRRICBIVIIENT D, EDFEdR%E & 20K TITHEE FHEOIT 5

13



DL, ZNOEDITHIRERTDE/ FrI—HThd, SOHEITONTHD L,

ARRT DO SL(2,Z) & Tid7e <, ZOWaEt

A B B,C = 0mod 2
I'(2) = L(2,7Z ’
@ {(C D)ES(’ )‘A,D=1m0d2}

Thbd,
1.2 fEOERK
fEETER

_ dap

" da
X SL(2,Z) Z#

()~ (e 5) (%)
a C D a

DH LT

AT+ B

T_)CT—i-D

3 DDITHID

(1.56)

(1.57)

(1.58)

(1.59)

LEBEL, B/ R I—HII2EBRTEEIRETHIN, 1i3—KIZHDOEIZEDLS, T72bb
B 7(u) I3/ eI —HoERTED I S ICESL T 0LMMERSH D, FEEEHH 2T
JRaI—HT THYST., 20T 1%E r OERERICE 55, BEANETER TS
EOCuEER LB, r(w) i H={Imu >0} b 0EKEHR ~D 151 5HEEZ DB L
WEorED, ZORDERIT Fuchs BB E L THLNTEY, Schwarz #8455 HE

{T, U} = QQ(U)a

—~11-a Bi
Q(U)ZZ§(u—zi)2+u—ui+%

(u’ia (&7%) /Bia v E R)

Zi7= 9, (Schwarz #8531

7 3 /" 2 ,
{r,u} = 3 (—,> )

T

4
du
TERIND, ) TOFRROMIT. ML TN

@' +Qw=0

DL 2 fif w1, 09 DIE & 5T

(1.60)

(1.61)

(1.62)

(1.63)

(1.64)



LR TE D, L7zd > TR 7R (1.63) < Z LICEENA b D,

Seiberg-Witten i3 E AR u =00 ZEFDT3DOTH D LREL THEEERL 7=, EIIBRAD
BEEOREEBPRNTS (EELARETIEIH D ET5), u=oc0 TOWER (1.31) L DEEMH
DO REREDEEN 3OICRESTLE I ERRENTWD [14],

UTFTCitap(u),a(u) 2, FEAFITOEINESE N E 7 = dap/dalZ-oV T D Schwarz #§
HHEK (1.60) &30, KEMIC—RICEED L 2RI, MBS FRXOERTERET /N
oI — [ IMEBESNOHDLZ L ZJV\Z))o'Cb\é HEERF RIS 30D 2 FEHM sy H R (1.63)
1. EUEREHEEHBD L LT Gauss OB S HEK

2
(l—z)d2 [c—(a+b+1)z]%—ab w=0 (1.65)
CERTE 5, VE,
wp(u) = ap(u), w(u) =d (u) (1.66)

_dap/du _ wp
"~ da/du @ w@

k0ﬁ®®%ﬁr%%&bfwto%:Tﬁ%ﬁ%ﬁﬁ%ﬁ@%&ﬁéwmw?\%ﬁﬁﬁﬁ@
W% EL < BET 5 b 0N REITERET =2 L1274 5,

LT, uBEEHRELE ) RV RADEEE u = +A2, ¥ A4 BRADEEE u = —A?
LUTHEREED D, wp(u),w(u)id

(1.67)

u — 00 Tl
~ —t_[In(%) +2
wp(u) ml/ﬂ[n( ) +2], (1.68)
w(u) ~ ot
u— +A%2 T
wp(u) ~ co,
{ wlu) = Lo [In (354) + 1] (169
LIRDES, HEAZEENBIZL - TOLKRD2ODEHERETEZEZ L 5!
A2 —u
4
w=" (1.71)

u2

IO DEHEERT u BEORHRNIRD X B L:

u | +A% | =A% | o0
z 0 1 |oo]. (1.72)
w 1 1 0

wiTENENE /) R—VERA, BB EBFRSEZERL T2 EEEHETH D,
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By TRXOMOERF %

2

2(1 — )%+[c—(a+b+1)]diz—ab (1.73)

DX ST, F0fF% F(a,b,c;2) ® 2 FT, LIC 1385 0, = 20, ZANT

E(a b,c;z)

(a,b,c;2)

Z‘c(abcz) _03(02_(1_6)) _2(02+a)(02+b) (1'74)
LELZILNTED, BHE 2B w(i=(1-22) ) IcEHBmTH L, ZOHEFIT
Leng (g 9\ (g _b)_ L
~ 3L = (0u = 3) (b0 = 5) ~ w60+ 5)

—2c+1

b, T

a+b—2c+1=0 (1.76)
ThotzbTHE w2 OERHAD, SHICENDE~wE Z@T L
leng Lt wttigns,, o (1.77)

LY wEHITOWT O RIFCEEMRCRETE 5, 2EVRME(LTG)ObeT, LIF )
DFEE LTIk
z=0(u=+A?) bV TiX

F(a,b,c;2), (1.78)

w=0(u=00) ¥V TiL
a~a a+1 a—2»
w5 =5
BRIV ERSDND, D DEKMEN (1.69), (1.68) D X 5 2t ¥Rt b7 DITITMsy
ﬁ&ﬁ@f&mﬁﬁbfmébgm%é B FRRNOSETI I B BEHTHD Z
LIHIET D, &I, M EFEROECANRBERRNI &, (1.68) D 1/v2u M (1.79) ® w?
’ﬂﬁ#é’k FOGM: (1.76), £@TERET D ZLICE W BRMAMYFTRRD/ T A—F —
a,b,cR—EIZEEY

+ 1;w) (1.79)

L= E 1@ (1.80)
P wp,w ZHTMAOERATFL L TRETE 2,
L1, uBETERTL
L:uﬁ—#wf—mm—l (1.81)

4

SPLTFTIE Fa, b, c; 2) & BV THROER TOBLMEIK
(a)n(b)n 2™

F(a,b,¢;2) = i

— (o nl

#RL., Fla,bc2) PBVTRAEDY TR 2 SOEAEOMERTZ LizT 5,
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LEMIMD, VWE,

B wp(u) \ ap(u)
O‘L( w(u) ) ‘w“< a(u) )

BRVIN->TWE, ZITLOED I, ZE~L-TPHL L, LI

E:@ﬁ—u%mQ—i

WCHEEZT

0) »\—Ej'éo ;@&%(182)\1

(1.82)

(1.83)

(1.84)

(1.85)

L0, LiZap(u),a(u) ZETHMIEEFTHLILBHND, ZOEETF. ROIET 5H%
FRRAITZENEN Picard-Fuchs (& . Picard-Fuchs 52.¢ FHIH %, Picard-Fuchs R
#% % Seiberg-Witten Hi##<> Calabi-Yau Z4kED FHE 03723 HRR L L CTEERES%Z 5'&71

. L& 2 EHCcRTL
~__ pHG
L=LT1 10

L. INLBRMMOEETFE L TETIZZ 839015, ZhE

1 -
—Zﬁw*% = w4£{£l 1 Lw)
Lz = zﬁﬁclu)

2729

(1.86)

(1.87)
(1.88)

EVIHFIZRLTBNT u=o0,u=+A’ HRAEDY TOME BEIIHERT D, EBELOR

AHHEBIC
w=0(u=00) ¥V TiL
wiiﬁ(_ialalaw)a
z=0(u=+A?) £bV T
11
(5, 5,%7)

BERFELIDZENDND, BEMRBIIKROBY TH D,
wTF(4ijO%$%%-

(1.89)

(1.90)

(1.91)

(1.92)



2F(3, 1,2 2) EARR:

2 W@ (1.93)
92(z) = g1(z) Inw
oo n—1 9 1 1 (l)nQ .
+zZ;hﬂ(k+% kol k+2>ﬂﬁ@%z
+ 4. (1.94)
Z Z T Pochhammer OFC%5
(@n=ala+1)(a+2)...(a+n—-1) = F(?(:)n), (a)o=1 (1.95)

iz,

ap,ald. O DOERBOBHKEEE L > THEREIN D, WL (1.31),(1.41) ZF &L, EL
 fRATHEE CORM BIRLE LT
u =00 £V OEKRTHORR:

{ ap(u) = — A A[f2(w) + (4 = 6In2) fi (w)),

1.96
afu) = VIAf (w), (1.96)

u=+A? £bV OEBTOER:

ap(u) = —iAgi(z),
{ a(w) = LA[ga(2) - (1+ In2)gs (2) (1.97)

BRFEB,
(1.96) Tw % alZ 2OV THICHE | FRE ap ORITRATEZ LTIV ap # a DEFRE L TR
WBHZENTED, ZNZ alZONWTHESTHIEBR/EESEETCOT I RT vy L

) a? 1 s A\ 4"
n=1

BELND, BREF, DIZCLDOKEEZRT:

n 11213 4 5 6 7 8 1
F 115 | 3 1469 4471 40397 | 441325 866589165 |° ( '99)
n 22 27 27 216 215,5 220 220,7 233
FERIZ . (1.97) D BITE /A —NVFERAFMETOTIRT v x v
fm)——ia%m@—mpumyuiﬁfﬁﬂf@n (1.100)
PARD) = Ty P A 2ris &7 A '
BELND, BEFP IR X HICKES:
n 1| 2 3|4 5 6 7 8
FD 4| 31 [ 5 [ 1L ] 63 | 527 | 3129 | (1.101)
n 4 24 29 212 216 218.5 224




1.3 Seiberg-Witten Hi{g
wp,w EERAMLTHN—FAT=C*/A 5525, ZZT
A ={mwp +nw | m,n € Z} (1.102)

X wp,w DERTAIEFHTHD, BEERT=wp/wiTh—F AOERBEET 2T ATk
TW5, 2O =5 R ETEZIN D Weierstrass D p B

1 / 1 1
p(z) = 2 + Z (m - ﬁ) (1.103)
BEZD, FELY BAD»D w=0%2BROERICbE>TEBMERT, p(z) 13#sHER
©'(2)” = 4p(2)* — gap(2) — g3 (1.104)

BT, (ZZTge =60>"-1 = g3—14OE Thd, )e=pk),y=¢ () T5L, Thd
C? N DOFEM BhfR

y? =42 — gox — g3 (1.105)
~DEBPBRICERTE D, Z OFFH HI#RIX
Y2t = 423 — goxt® — gat? (1.106)

DT P2ICHEDIATLZ LT L ar 37 MeEh b, (z=t =02 (1.105) T ELRE IS
THDTENEDITMAD, ) ERLY

dz = ——dp = — (1.107)

TH o7z, Riemann HOEERY A IV yp,yiIZbiz>oTINEEOTHI & T, T OEKREHN
wop =4 % w:}{d_”" (1.108)
v Y v Y

LERBHOETET 5,

Pk, 22o08FEH wp,w LFEMAERE OBICKHER DT 6D Z L& iz, (—MROFEM iR
7 24 7R B E A H T Weierstrass DAEHER (1.105) 1I2H > TIT 2 MR TE | FEOZERMBRY 3L
D, ) IDZENDLEV 2T AERM EOBEE wp(u),w(u) & % 5BEIX. M OFKRTRIGT

FEMHHRE 52 5MBICEEMITEL DI LN ARETH D,

Seiberg-Witten |3 H/T'(2) Z EFEHEEET Y = 7 A ZZM & T 2 F5H dhifk

y? = (. — A (z + A?)(z — u) (1.109)
ZEBAL . BHES
N dr

V2 [ dz V2

4—?€ ? = "o \/(:z;—l—Az)(:c—AQ)(x—u)’ (1.110)
V2 [ dz __Q A? dx

A Iy = (L)

19



LUT wp(u),m(w) #5270, THBIXulc VTR TET

f u m
A2 —
VF/ dmx Vo —u (1.113)
w55, BEMEKOARXEZFES L b OEDIX
u—A%2_11 A2 —y
GD(U) = ZTF(§,§,2,W) (].1].4)
wr—A* 33 u?
B oyl 11 277
a(u) = V2(u+ A?)2F(— 550l +A2) (1.116)
4
_J%F(iiﬂéq (1.117)

ERIND, ZHIT 128 TROZMIZ—HL T\ D, EEFESERRO (1.112), (1.113) % (1.83)
® Picard-Fuchs HETFOEATERIZR D Z L bHEND DN D,

¥& M R (1.109) 1 Seiberg-Witten #ifg & FEE4L 5, Seiberg-Witten #ifRZ Fv 72 SRl i X ARIC
MATEHERE 52 TN D, bo L bEEITIZ, T/ FuI—FE#

Cm)—+M<if>,MeF@) (1.118)

DSEBERIARD BT A 7 NV DI

(7;3) M (7;3) (1.119)

LLTRZDZLBRETOND, 72 BPSREOLEMLERT D L TH T X 25ER13% 7
EREET D,

YESIRT U VERD DITHIz->TiE, BHR~R (1.112), (1.113) 2 w TEERERT S
DITHEERTIE2V, BEMIZIX., Wo 7z A Picard-Fuchs 5% #E\ - ECZh 2R, ﬁ/\
RADOHEERIZT RES > CTEXBOMEREED LV F2HET D, Lo FIEZ BT,
WEBDR SU(2) L5 —FEMAREE %> TV =D T Picard-Fuchs FRERIZ & 5%%&
Seiberg-Witten HifRIZ X 2fR1E L . ZNENMNICER T 72, L VEMRS—VHOWES %
HOHEITIT I b Z BRI EE > THRITZIT 5 Z LT D,

1.4 SU(2) QCD RU— D7 — #

AETIX SUR2) QCD T 2bbMEHD A-~T- N =2 SU(2) i, RO—BDF —VBHDOBEE
? Seiberg-Witten BEHIZOWT, fERE LD TEHL, SU(2) QCD fER%E R5HNIZ, SU(2)
Seiberg-Witten BiaD FLRIZ AV b 5 2 FBEDO AN DWW TR 5, ﬁljﬁﬁ@%g%ﬁ)&b\ SU(2)
DT TIIWAR Y VOBEREZ 1L L TN, ORI TIX SU(2) ZEAKRB (vector REL) D
WHEBOBMT L Lo b, BHEZEMCL VWO TERRBEOEN AL HAIITENE 251

20



ENEFTHHE IO a % L BT 5ERBIIBIToN 5, Seiberg-Witten Big &k L THx 5D
BRI EHRZRRTHY %#ﬁ( ) SOPLFFINDDIX SU(2) ERKRBOWMESGS 4 DLLTF, HL
Q1E SU(2) BB OMEEY 1 >UFOBRETH S, =0 ) LEAREN 4>D%, EFE 1
DDRILB(g) =0 DAY —NAERBERL 2D, AiEL Ny = 48w, %EE N =4 HERLES
ZEICT 5 (EBREBEEICIIN =48R END), ZhbDAFr— AV ARELRERIILICEED
SRR L LT SL(2,Z) REME b0, i SL(2,Z) ZWEHERY Eol-WEHO 2\ SU(2) ik
THEROISHEE L THND2Y, SL(2,Z)n=4 2 " (ap, ) ITAERT DR L, SL(2,Z)N;=4
X T(ap,a/2) ITHERT 2 LV 5 5EVRH D, 22T, BIECHONTOERNE N = 4559, n. %
2% a % § ELZBOBMIE Ny = AR LIRSS LICL T, BIENORE~OBITOM S E E &
HTHEL:

‘ ‘ N = 4 convention Ny = 4 convention ‘
charge (M, M) = (o, Tre/2)
gauge field (Ap,A) = (Ap,24)
coupling constant T= % + % T= % + Z@’
2
monodromy matrix (m n) ( mn n) . (1.120)
P q p/2 q
monodromy group I'(2) To(4)
y* = (2 = AY)(z —u) §? = (2% —u)® - A1
SW curve with
(Ia y) = (u B "%2’ Zig)

Ny = 4 BROERITIE " 2o TR L, £ To(4) X

To(4) = {(g f)) € SL(2,Z) ‘ B =0 mod 4} (1.121)

TEHEIND,

WESHORN SUQ2) Bz B2 5B TRELLOHME L > THRLZENIZRW (N =4
RROGTREFERTH D) 25, WHSEEUHEEX—ROT —VHOGE~DIREY & 2 DB
i Ny = 4 BB ERITH B, UTIXRAICH OV RY Ny =4 0% AV CEmezED S Z &I
T %,

SU(2) EARBLOWESH Nl (0 < Ny < 4) & 5356 D Seiberg-Witten HifRI%

N
v’ = (2® —u)’ = (An)" N [ (@ + ma) (1.122)
i=1

ELWoHEE L B,

SU(n) 75— 8

RICTF —VBHORENR 1 LY REWFAE LT, —&flile SUn) OBEEEx 5, SU(n)
F—UHEB IR M SBEEOHDOERR D T —5 (Higgs ) ¢ 13 su(n) DREFERBICEE &
B, ~MROEV 2T ARTIEnxniThl ¢ DEFEIILETRRDEL L 5, BEHENLEEEL &
DEHNREY 2T A4 ECIIIFERBA S —UHEREE T S, ZOEY 2T A @RI SU(2) Hin
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Da=0DED—RUIZKHIETEHEDT, HREY 25 ZHOEKERA (K) L7225, ¢ DEEE
X, B EA

P4, , = det(zl — ¢) (1.123)

nxn

= 3" =) uja" 7! (1.124)

DIRELTREND, 2FV LOFELENIT SU(n) BmDOHHEY =2 7 1 ZZM %2 FFEOT
ui 1% 4 RO Casimir BHET, '~V REREV 2 TAJEIEL IR D,

BEFEV2 ARG Z0OFEZERICL > THRESH, SU(n) BEiGD Seiberg-Witten #hfFIX
WD X HiZ72B [5,6]:

= (Pa,_, (z;ug))” — A2, (1.125)

HDNE, y=2z+ P, (z;u) LBNT

2n

2t — 2Py, (z;uk) =0 (1.126)

ERLEEL LAV,

ADE 85— 8

DT —CBDOBE LTV 2T A ZEHOBEIEE RN Lo THESR S, LALABS
SU(n) LISA0 7 — S B3 — /ﬁ@%ﬁiv%%&§ﬁ%®&ﬁ®ﬁmk%wtw 2
DIREERUT L7272 TIRIESE Y 2 5 A ZEROM BT 1372 522V, SU(n) US0 s — D85
<, %ﬁi@%ﬁb%&xéiitﬁﬁ§%W%%mtﬁm\%@ﬁi@ﬁ% ©%%, ADE
A —OBORAEOME RDH10IC, WOSHEAZBAT S (T b1 ADE AR A £T4E
*@®\@$fﬂL;5%£ﬁ%ﬁf%5y

Wa, (i ug) = PAn($1; ug) + x22 + :1332
n

= ot s =) wim™ (1.127)
7=1
n—1
WDn (IEZ'; uk) = !Elnil + £E1£L'22 + 11732 — Z Uijlnfjil — UpTa, (1.128)

j=1

WE6 (:I:Z'; uk) = $13 + .’1724 + .7332

—UsT1T2” — UST1 T2 — UGT2Z — URT1 — U9Ta — U12, (1.129)
WE7 (:L‘Z'; uk) = :1713 + .’IT1:L‘23 + :L‘32

—U2.’L‘12.’L‘2 — u6x12 — Ugr1T2 — U10:I:22 — U121 — U472 — U18, (1.130)
Wi (zi5ur) = 1% + 22° + 3”

—upT1 7" — ugT1x9” — urowo”

—U14T1T2 — ulg.’L‘gz — U20T1 — U24T2 — U3(- (1.131)

S THTL 2RREADHER (3.2) DL,
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TF—VHEROBRFEY 2 T A ZERHIX
A2n
z+7+2WADE(fL'i§uk) =0 (1.132)

RERBEFRBOEREEETT 27 A ZEH L LTRSS [18,23], T DREZERIKIL Seiberg-
Witten geometry & FEEH 5,
WS & D 5H O Seiberg-Witten geometry 13

Ab
2+ — T X5 5 (@i ks mi) + 2Waps(zi; we) = 0 (1.133)
!

LWOREL D, F—UBOREN R, BES m OWERIZLER X be(ziue,m) & LT
Seiberg-Witten geometry @ FIZELIN 5, bid (1.26) TEAL =_X—FBAHOFEETH B,
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F2E BEEMmOIV/NIHE

2.1 a2 T MEZSHEEDEHE

BIRER C4AWIE N = 28T —VEmE EHRT L2 HEL L TBERE ST T, MQCD
DI [19], TV —r 7 u—7I12 L 551 [20,21], BEimaL N7 MU X5 Hk [22-25] @ 3
OVRHONTWD, MEMBITLIZVNICR Y ZNEN—R—ERH D0, FELFHITIEb oL
LILAMEOH B v 7 MUIZ X B FEEERT D,

BEEmO a7 Mueid, FERARENBEROD L COBEEREEZELXDZ L THD,
B R NVF —TARTOY —VEim% HTICIXERN 22/ (target space) & LT R x X (X 133%
WIL6 DL IRy Fﬂ:%ﬁﬁi) LB X OV ARXZHEDA T — MR T/HhE< DT LT
DR XX —TiT X 12k 5 FrRoRpEIZEN T, BERIT4RTITRARZ D, X@%E@%ﬁm
4 R D B @ﬁﬁlﬁ%’ﬁﬂé%@ﬁiﬁ IREN D, 5x biviz Seiberg-Witten BER DR E
ZEBRTHINILEDL SBRFER NI MEEBZ T XWEA S, ZOHETIX, 4kKET
L HE N =2BAHEREND7DDOEMENE, a7 MESEERE L TH A7 TEHTIE
Calabi-Yau Z4%E03, ~T 07 4y 7EHTIIKIXT2 BN ET 52 L 21D 5, (KELHRIT
Toh b DBERGBO L Y MEDBREE D, )

B HEBRDERTTHDA——F ¥ —V1, Lorentz DO A ) VREERT, 1 0RTH
D 4 RTHE~D AL T METEBMHMERE H BT 50, ThbbEDRA—I—F 3 —
UNEEED PR R D21, Lorentz FED 43 fiE

S0(9,1) — SO(3,1) x SO(6) (2.1)

LB ) AE I ARBOMREEZNZ IV, Z0LE . SOB3,1) DERHEL LT Dirac R/
w4§ﬁﬂﬁéi9& YRR EZ BB, 'Y D SO6) DRBUIMERTDES 513, SO(6) i1,
223 MET— BT ITEN B R TH B, 7272 L 2030 MESRRIEIMT B 7 D X FHEZS
BREE L OBAITIL, T SO6) RBO—HNAEXRSD, 4 X7R5 ML 4 KEHERICINT
(PR (D—#) & LTBIN D, 209 BIRHT, R—rS—F ¢ — DI & < PERRIFAE
XTI 0 RAFHECH 5. —F SO(6) DR 5 XD T 3235 MEBEE X 0
RE ) I —CBATTHEER D, T HL T, ARTE~D L7 METIE

SO(6) — (NEHRIFEDEE) x (X OFRm /I —F¥) (2.2)

L. MO RBDOFEARZEZITO L,
ARTEHTEXIELDOILIa L 7 MESEE X ORNBREEIEEL ARV A= —F % —IT
D, BAINIEVNZDE ., AEERAIDEI X DR ) I —FIIOWTHHAERR LD A ——

Tz, 2287 MEBERORFMERBO 2 TR TOERBORM RN L/ OND LIIRO RV LICEET 5,
Jrvar Ry NERORBOGIRL., 287 MEBERRICBN 350N (field contents) % FR < &1 2 ERIZR HIET
bBR, FTERRIAV T MEBERERDITIITOERD O HRVMFMEORBA LM OLERDH D, (VWb 5D twisted
states D5, )
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Fr—TThd, £9, 32HDARA—NRN—F % —TE L 0¥ AT I #BmOa LR MeEEX X
Ve TNHDA—NR—F %+ —1F SO9,1) DAY ) AVEHEL T, TATRIATIT 1 DER
525016 KRH, IBTREIAT VT 4 DHi~7=2-oD 16 £HEZ2d, 237 MUtk d%E
BOSRIL, 2250 16 REUCFIL L 21Tz b<, E2T4AREN =2DRA—N—F % —T%
BIIiZ, ZhEho 16 EHN S SO(3,1) ® 4 £H%E 1 >FOoHT L HRo@eEx T kv,
16 At/ VX

S0(9,1) = SO(3,1) x SO(6) (2.3)
DHLET
16 — (4,4) (2.4)
Eahhb, SO6) DayfRE LT
S0(6) — SU(3) x U(1) (2.5)
EEZDHE, EORBUIZI DI
(4,4) — (4,1)3 + (4,3)_; (2.6)

EaDnD, Ltb%ﬁ%wowlyﬂn»wnmmﬁ®i5’ibtoSm)%nyﬂahm
ZRRIEDER T ) I —FFL BT L (4,1)3 25 4 RTTHEFR TE%%5X~A~??_V (4,3)_1 28
Z ) TRVA=RR—=F ¥ —DIHIET D, Lo THAT NEwHTIIARr /I —BZSUB) 2 HD
a7 MESEREZ BT 4R N = 2 B PR EBRTE 2,
Rie~T a7 4y VEG@mDOay NI MEDBFEEZEZ L5, ~T a7 4y VERDA—N—F ¥ —
P2 SO9,1) D16 EH 125 ThD, Lo TZOHFAITIFIHOLAELE LT, 4RTD 22D A—

NR=F % —=VBRT R-RHED 2 RKBH . SO6) DAKRBNPOHDI L IR bDEEZR D, B
IZiE
SO(6) — SU(2) x SU(2) x U(1) 2.7)
[P YA
(47 4) = (47 1, 2)2 + (47 2, 1)—2 (28)
LS REO SR Rom B, 121 LADIE (SO(3,1), SU(2), SU())y1)-charge & LI,

FEDOSUQ2) #hnm / I—f, BEFD SU(2) & R-JFMEDH & H7awiE, (4,1,2)27§>$%E52—
N—=Fr—T L2 N=20BIFERELNDZ LBHDD,

DEERZELODDE, AT TERTIE SUQB), ~TuT 4y 7HE@mTIX SUQ2) 2Fn /
ST b oY MESHEER, 4RTT N = 2 BHEOEHICE T LR ooz, &
NOIXRED—FT, WERBEOEFEENLBEFE IND 22 7 MEEHRE~DHIRS H -
Too a7 MEERO MR EERIL RS x X L0 2RTHEREL F~HADOHEE L B0, =
DS (2,2) BRIFRIELER L R D720 D&M L LT, X IZHFE Kahler ##1& KO Ricel FEHEFHES
EREND, INOOEGEEZLTHZTHDE LT Calabi-Yau 423 H 5, Z 21T Calabi-Yau
LRI

(2.9)

def [ SU(d) w /) I—%Ho
(¢ K7t Calabi-Yau Z5F) = (dﬁﬁ@%&%ﬂ%ﬁ%)
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LEFRIIL, Riccl HHHEEPADZ EDBHONTWD, ZOZ b Z AT NHEim, ~7a7 (v
JHEFRO a7 MESEFEERERM E LT, 22 3 kot Calabi-Yau Z4%f&, 2 %kt Calabi-Yau
SRET bbb K3 ZHET DI LN TED, L KITERTAZOTAT AT 47 aryRy
MEDEY 2RTRT, du ) I—FOBHR—F 2 T?i2a v 37 MET 5,

2.2 BEHNEROINUME

Calabi-Yau iz 2> /87 MELT=Z A7 I 2BROET R AXF —HRICEHN D HITT. 1 0Kk
iﬁﬁiﬁﬁ%‘@iﬁ CEFEZHObDL | FERHFADOBRRBIZI > TELLZ LD LR DD, HBEITRK
ETHHIZEICILT, ZOHETIX 1 0 R TEEEHO Calabi-Yau 2> 237 MUIZ K BB DAR
ELHTEL,

X % 3%t Calabi-Yau 4%k & 4%, X O (r, 5)-Dolbeault = & v ¥ — H.*(X) DRTE
R e3n L&, XII3KRD X 572 Hodge HiE% &0

h%0 1
hl,O hO,l 0 0
h2,0 hl,l h0,2 0 hl,l 0
R3O pBl o pl2 B3 = g R21 2l 1. (2.10)
h3,1 h2,2 h1,3 0 hl,l 0
h3,2 h2,3 0 0
h3? 1

BUF CiZ Bosonic BT DWW T 1 0RITH 6 4 IRTT~DRTLETLE 7.5 Z L1295 (Fermionic %5
ITET IS DOFEOBXFRS— hF— (superpartner) iZ72 > TW\W3), FHET Y Y ANEEZ DM
DWHIERG D & THOERDOHMANRRZRDDT, BT TEZ D, HEOER

6G = 0gizdz'd7’ + 8g;;dz"d2" + c.c. (2.11)

» 5 b, Calabi-Yau @ Ricci FHEHEE RO LD E L TR 2ERH D, —2Id dgi3d2" A dZ7
BRI E R BHETH D, Zhid Kihler B J = G5d2! AdZ7 DEE, §721 5 Calabi-Yau
@ Kahler #&EDERIZKINT D, ZDOERIT J DIEAIME Z b X720 T Calabi-Yau D8 HEHE
BRIAREICHRZND, AEREaRErY =D 13 1 HIGICE Y ZOEDOFHEDERIL bt
B OISR TIZ L > TEDND, b I —DiFk Kahler &2 BN S PTICEBEEEZERTHHD T,

Qi G 6gprdzidz1 d7 (2.12)

DB, AERLZ25b0THD, 22T NiT Calabi-Yau D ERI 3R TH D, Zd (2,1) BRUT
h2 B OSI7RTEIC & - TIRONL D,
R-R 3R C3 2BIZ 1 0 KB BRE» 6D A RTHOEREE X 5, EHHEX

ATOCy =0 (2.13)

DFED H B, 4RTTREZEF RN 1D, :/Aabmﬁm 2OREEDLDODEEZ D, BEIFRE
R& 4 RTHZEFH R & a2 37 MEFEIZ S

(AW 4 A(ﬁ))og =0 (2.14)
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LEL, o zEAFRER
A(G)wén) = mHngn) (2.15)
T A oEFE—F LT3, EBHLIREROME

Cs = ZA Aw (2.16)

DGR T D & |
(A® 4+ m,2) A =0 (2.17)

L7y, AN BEREm, b0 ARTERICRL B, 4. Ty M[:%%{?Mi#% SN
% LEBUSND m, DEIZKRELBVIEZIAE =2 MBS0 AC) 0 BEHFEO & L
75, %@%/c.\&EI*/vﬂe—ﬁ AOFETIE. AC DEFE—F L LTHRIBEROLE2E 2T
v, zzcwy) & B (X) _ﬁmTéuﬁﬁﬁéiﬁ@iﬁﬁ%k LT, BT R X —EROfE %

hl,l
Cs =Y AW Awi? (2.18)
A=1

DIz FT, =D& 258 AY 2 4 WTED massless N7 FABE LTRA D2 EITR5, ok
AERBTONTHRRICEZ DN TED, LOXIRBLELZ L LIT1 ORTTEBENERD
Calabi-Yau =2 > /37 MUIZ X % 4 RT3 VX —BEGH O A K % Bosonic #i7ICBL TE L ®
HLUTDOL TR B,

ITA/CY3 compactification:

(NS+, NS+) (R+,R-)
Gun |Bun|®|Cy Cunp
1 Guv buy ¢ | cy -
0 0 - i Bl -
0 hb! 0 R i (2.19)
1 h21 2l O C(yli)c bt | |
0 Bt 0 - - | =] - -
0 0 - i Bl -
, B N _
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11B/ CY3 compactification:

(NS+,NS+) (R+, R+)
Gun Bun C| Cun CX;[NPQ
1 Juv by | | c| cu —
0 0 - - | =1—=] = -
Rl 0 ) gz(jl ) bg) — | = cg) —
1 21 21 1 595; ),5g(A) — = 1=] = |cujec ;(:jg)k
71,1 _ _ [ ()
h 0 Ciiki
0 0 — — | —=]1—=1] - -
1 — - -]l = —
(A=1,... k%', IT=1,... ")
TZT, M,N,... 131 ORERZEOHRF., pmv,... T4 RTHFEOERF, 4,7,...,75,],..

(2.20)

A=

A&Fmﬁﬁwﬁ%%%T ﬁ_OWTw<Oﬁﬁﬁmb£T%é EF. ARTOHOERD
WG > LYBHBEHEZ b OO 2BRIGETTH D, cu,p 2EDOREBOHAIERIT 4
RICDBF DB
% b5, L#LK@BA@%AC%WQWQBWﬁ%T%é LB TG DBITTRER

D~ (1)
v ijkl’
A A

m]k’

C

wigk —

o~
Cugk = Cuijk

EERZV, KIC. FBEES o D )

pviy

m]k’

ERI—HEN b, RIIMAL2BHEREARLTVWE IR FTOAZERL TE VW,
INHDOHFITARIT N =2 BIHEDORELE L TRO X HICELEHEZ ML

ITA/CYs :

IIB/CYs; :

=721

strength)

HENSEE (Guwrs ) 118
N7 RMVEEE | (0 Z(JA),bSJA), /(w)) KL {H
ot =588 | (090,590, e [ 2 fm |

(¢, a, cijk, zjk) 118

WEHSEE (Guwrs ) 118
~y S EE | (9,005, ) | B2 A
AAR—BEE | (3,07, ) | BV E |

(¢,a,c,a') 118

dag = *dbs, dd)y = *decs
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Cigh &V O BDERNE

(2.24)

(2.25)

a,d TENEN 2HRSG byy, e EEMRT 7V A THD, THUHITHORS (field
\ZBL T, Hodge WxtT

(2.26)



LBEFROST BN D,
FORREEY 2T AZEMOBERLE L THEKAHIZRO L SITRLTEZ )

— CYB _ CY3

M - MKéihler Mcomplex ’ (2‘27)
CY cY

Mu MCOH?pleX X Mgilaton = MKaﬁo’]er X Milaton - (2'28)

2.3 AN MEERERICE T SEFME

AIEiORERD 55, F—VEROER LT 21T 5 ETHRICER T RE ROV T TR <,
OEDFIFAT BRI NI METIET A 7 P BANANR—ZLEHIEDLDZ L ThD, Th
o s METER 5% (2.24) % (2.25) 10 £ &b BT b B2, L 0 EHERICIIKD &
HTHATE B [27],

HHEHTIET 47 b % left-moving NS JREE & right-moving NS JREED SRR TEL 72, left-
rlght FOBHIRIES . 20 ARTA~Y TF 4% hy,hiyh & UT [hi) s, [hi)m [1B) O & 510 E<

T8, T4T7 b, TIVFVIT

dilaton : [0)) = |+ 1),
axion : |0))=|+1)1

—Dr+ -1+ g, (2.29)

|
|=Dr—[-Drl+1r (2.30)
DEITERSINTVS, ZZTEMHFN— T —2E2 5, FA4A7 THEGIIHAEERE L L
FIZEGTO@BMIMER H o7, 4T N =2 BAHE~DFESL, ELAEPLF¥SGTHON =1
BIHEEEZDLEZOND, Ko T, [+ 1) IZIE | +1/2)p 25, |- DriTiT | -1/2)pd3 &
(DN T H FER), left- right-REEIZENEN O & OFOBAFRI—F F—R2EZh b 2 x 2
DHEET

[+ 1/2), 10), (0D, [ = 1/2) (2.31)

B, T AT b EZDOBRAH = F—L2B, TIZVFITOVTHREL T, AiE 2 & bosonic
AN ERT T — 4 DDA N—LEEHE T,

Z D% Het/(K3xT?) BRICEAL TH S, ~T 07 v 7 BRI HREER L U TR
% right-fll—FIZ7Z T FFo T e, ZO7® 4RI N = 2 OS2 T right-moving JREEN FF
DI LB, LoT|+1)L EAREN S right-moving WEE | — 1) g 121 | —1/2) &, | — 1/2)&, [0) &
& 3 OEXFRN— F BT LIV 1 x4 D/MEEND

0, [+1/2), [ +1/2)), |1) (2.32)

NT 47 b e ZOBUFI— R T —,R2 5, ~V T A1 ORFRA-TEY, Zhid~7 b
SEEERT,

WREZL I —ERVIETE., TA4T M Z AT I a7 MEBERTIEIANANRN—LEHICK
B, Het/(K3xT?) HERCiIX7 MESEEIIEDLD, T 47 PV OITEEREERDIX, T 47
kv OEZEHFHE (¢) B EHEGROBHRE O A EL g, 1T

gs = €9 (2.33)

Par Ry METAEL 3H0EE» S Hy'(X), Hp'(X) WERT 2%, ROBEHSEAORSZRY E5L ., &
BOFAB T ADOHRELIRD, AHT—HDH% Bosonic ROITFDO4KT N = 2 LEHT, NA/—FEHZ
FCh B,
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LRERDONTNENLTHD, 22 T4A4KRT N = 2 BRFHERICI VT, Coulomb” T v F My
BEFHEZZTHDICXL ., Higgs 7 7 F My RETFRHEEZZ T RhoizZ L2 B VHT,
Het/(K3xT?) BIROAER EHII My ILEE2 L DO TETHEEZZT H0ICHHL, #4711 =
VRT MEBROFRE A BRI My IZEE L A T-DETRHIEEZZIT RV, & T, Seiberg-Witten
B THME LWy —V D Coulomb 7 T U F OEEDET CH o7z, 4RITTN =2
BHHEGROETY 27 4 ZRICBWT, My & My i3EV 27 A ZHOFECEL CEREIZSD
NTWV5, IoT My DEEEZRRD ETIIMyDEY 2T ABIZE ZITBATH XV, #4
F I ar 7 MEBERR TR, Mgmﬁﬁﬁ%%kLT#FA BR0IChbIANREXLND,

My BEFHREZZT RV OEEESERIT TG - & @%E<OT%D\_®k%#ﬁ%
X tree LUV TRET 5, oiDﬁwﬂﬁwﬁﬁfﬁﬁﬁE%4/x5/b/ﬁm%%z&
S TCEVWOTHRIZEL CEMibEh b, —F5D Het/(K3xT?) HiG T, %ESGTEEN My N
TH—VHEDEV 274 L —HICBRFHEELZT 50TI 51ER 520, 20 A2 Het/(K3xT2)
B X A7 M ar 7 MEEGRORENRENTH Y | Seiberg-Witten B % 52H 5 O P
ZRHALTHITT 2 ETOL 20N RH ER->TND,

S THERBENN tree LNV DB LR o2 Z A7 L a7 MeBEGHIT, HRTmOHE T 2 kitit
HHEGE L TELADBND, BELEARTOBOEGTH 70N 2R TG ERICE X
MOoTDIIERELLXOND, LPLERLID 2RTEHGOLEAL L TEFRTHY ., B
BB LRDE, BETDAVARZY NUNREZZ R TUT RGNV E WS EREZHEN 5 Z
kg,

LSEZTVAHHRAEERII P 226 R XCY3 ~DIEMREL 7/ <A ThH %, Calabi-Yau DFt
B Gi; XU B O EZEHIREIX. 20 2 ReEmOEROFOREEHL L TEND, b0
REBEICHT DAL AZ L FPUMIEL WO BT Gy, Biy PEZEHFEIIEFMELZIT 5, &
TATHREA L RZ Y b did, av " MESERIED 2-% A 2 ViR E A FEBRICEE D
W THh oz, HHE, TRbLbLZIAX —PE/MEEZ L 5 X 97 2-0 A 7 VT EICIER HifR
Th33, ZOFEAMRBBESICBTISAVRE L BORL BTFICbRBEN, AV RF YV
MAC KD ETFHEIIFEITHZHEEL RS, 2FV, AV RAFZ UV MVHERE->Tar 7 Me
Calabi-Yau kA D Kahler #&& 13 L 508, HEBEIEFELZIT 220,

ZIZTHE(2.24), (2.25) ZRTHL S, F'—VHITROHRT MVELEHE T, ITA/CY; iR TIX
adErY— Hy'(X) CEET 50U, IB/CYs B TIE~Y M SEH H) (X) I8
HLTWe, TV 2T ZROXMGEE L TINRKRO X HIICENVERED, 7725 Coulomb” 7
¥ F My X, ITA/CY3 CiE Calabi-Yau Z4:{A® Kahler €22 7 A & L TEBHIN B DITXIL |
IIB/CY3 CREHEMEE V274 L LTERSN S, 2%V [IB/CY; BT, HAHEH A 2 ¥
VENUVHEERTRWETS —UBDOET a FANRNEBRINTWVWIDTH D,

UEDZ LB 4T N = 2BRMEDH S 32D X7 MEZEGRD O b, IIB/CY3 i
75)# VHBROEV 27 ADMALEVICHLoLbEL TWBI EBGND, —FH, Gabhvis

REOEBREZEBERLCTL HDIT1X, T L EBEHRAIC 5—/%%%ofw5HaﬂKwT%m@
n SNWCIIA/CY; Bk 720 |, IIB/CY; BimiE 3 20HFTho & b RMX TH 5, Geometric
Engineering O7 A7 4 71X, {BOREDOEH L BEMHEZR CTEX L OO H S TTA/CYs HFGT
FTHAEZ O S TEBWT, ZEROMKE LB L THIGT D IIB/CY3 Hmxr /oL oH
D otr, AMELRIOBETE DERE ., BOREDOES (3%), (CY3,CY3) MR (43),
F—=VHERDOET 2T ADFHAED BE) EEBICATYIZ LITT 5,

33.1 i CIERIBBRICE XS D2-7 L —r 8 BPS REERZ L B Z L 250, ZZHbRUMAMEATH D,
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F3E ITARBEBHICLKSA3T5T—ER/DEHR

3.1 F—UXMEDIEX

ANTRT 4y 7EFRTIE 1 ORFTICEBW T CTIIEAIRS — VBB FET 20T, ZHEmEAO
HREBZ 2L THRTRINF —BENERORBEANTIEF RS —VGE L b2 5 LN TET,
2y 7 MEZZ>TUN) ¥ —VBIEH 508, BEHEROSHE CIXIETRS —VH0ERKIT &
bxbhhhotz, LT AT, BHEBROD S-WxDV & i Het /T4 & TTA /K3 O DI x2S &
% (28], ~TET 4y 7 BEROBEDEY 2 7 A B TIIFERS — O XIHERFET 5 Z L d»
o, TAERBATOXETDEY 2T AHEN &5 & 3IUL. 2 TITIERHS — VRS TFIE
THIEFTHB, ZOETIZITA/KIEHZT, KIOKBRAH LIRS — DN EEn 5 2
LxR5,

IIA %% K312 a0 MET 5 & R—S8—F 1 — VR EATNZIEST BN T (848)
D AR—R—F =D LI D 2 L0 2.1 Hi & FEDOHERIC L >THN B, ZHIT6 KT
(1,1) B HERTH 5, 6%KT (1, 1) BUIHER T —VHE UL EERE S —VELEHEEES
Z iz T B, ZDLEHEIT massless ThH DA, O DOF L BPS-massive L EIEIZKITT 5 =
LKV BRIZEEZ AMNDZ B TE D, ST, BEmFAEOMEEL®RT S ETIEITL—2D
REVWEZEZEEBOFNBIZIAND Z LI 5, [TAZEGZD D2-7 L —r B a7 MEBEEED 2>
D 2-P A I BEDONTOL DRBIZEBETDE ., ZOREN BPS & 725 X 525817294 7
NWEALDEZ 6D, ZIUTEXHR 2- A 7V (supersymmetric 2-cycle) & FEIL, 2237 |
{EZHEEOSETIZERMBRE L TEBEENS [30), 2D BPSREX 6 RITEZORFL L TR
L&, TOEEIT

(6 RTTHEE) = (- A ZVOHEME) x (7L —r 0 tension(EEEHE)) (3.1)

TRIND, 2%V BPSEHEIZ 2-V A Z7VOEREIZHEIT S, 22 THLHA AR —RKRIZOE
Nield2L, @EN0IZRLEDOTBPSHFOEED 0125, ZD& THEBDEZRNALF —R
~ 7 NT ANITHET-72 massless KIFREN D Z &R D,

DENT 220 A I VT a X7 MESREOFTIIFRRLLTELABN D, §BX TS
KSIZBWTZIDX IR 2H A ZNAROENTTEARBESIEMBERSLLTHALA TS,
HME RS RTANCIZ 2R EA—E 74—V R E LT CY/GORIZETZ N TE D, 22T
G SL(2,C) DAERESFETHEEZBRNT ADE BB 2SN TRV, Th e xhsL T EMg
B ADESEIN 5D,

BRI CCADREEFEOKFRER L L TERTI L L TE S, TOFERIFIEUTO X

VEREICIZ 6 KT (1,1) BRFHZEET, BEABRELEET/ VB2 EL L0 RAFMEORBOEBNMC L 5T
2FEIEN H B, [33] TiE Yang-Mills ZLEIE, USp(2) Yang-Mills LEHE FNENMHINTWDHR, Z 2 TIIRIER
EZTW5,

K3 RO B 5EEERIT OV T D Review & LT, #lziT [51] 235 5,

37-72L TADE| O£&#1i3#% D Lie 83 ® Cartan ¥ & OXFIENH DT TV 3B,
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Ap(n>1) @ 22 +y2+ 2"l =0,
Dp(n>4) : 22+9y%2+201=0,

FEs 2?24y 424 =0, (3.2)
E; : 2?43 +y2d =0,
Fj 22+ 3+ 22 =0.

HMiFRROMEOFEL LT a—7 v 7 IZ L BEH L BREEDER (complex deformation)
R DBHEE DD, ThbIZENREN T 7 MELERED Kéhler €32 7 f DER L EFHEET
VadADOERIIRIET D, T a—T v X DEEED IR THR/IMEE S fFTE (minimal resolution)
B, EEROBRNEDL L THAENTH S, BMBERERICII—BHRRE/MEENFET S, 7T r—
7 v 7 13BISMEF (exceptional divisor) Z/Mx 5 Z & TEEREEZ RO T D03, BEMFRADRK
/MEHETIL ((3.2) D niZHIEL T) n BOFSEFR 2T ML, ZD&E D DFSNETF DR
T AZE(THH ADE BB Lie ¥ D Cartan 1750 (—1) fFT—ET 5, Fric. Th b OFISNEF
DECREEN -2 THDZ eBnnd, 5OBEFSEFIIRT 1 OEREHRTH L2, K30
FCHOARERN -2 ORI, P—F 208 0 T2RITEKE S2 0ME Lo (T2b LA HER
TH5), Ricci FHAHEBED A-TZ K3 IZBWT, BFEHEL, 20 A EAMKRLERD LI
BEZLENTED, SPORDVICP L E LY | Z0BEERES -2 0 RO ERMENS FRICEK
*H:é
T ETHRD L ITA/KI EERIZBIT BIEFHS — UHFOARDHARA D KR R 2 T %, £
T/\ifﬁ)%%%i EHTREI S, KSOBEMFR UKL T a—T o712 X 28/IMEHEEITY &,
®IGT B Lie REOBEEMED PLRAT, Zh 5O EITHIN Lie 3D Cartan 178 % 729, &
Bliz, EHIERE LTOZh S0 PLTEXFR2 - A VL2 5DT, D2-7 L —r DFEDEIC
X% BPSKIFHH 5, 2NHDBPSKHFIIP RNT u—F 7 ToOEN S L & massless L7825,

Z DEERREA @ massless 7 — /%Eﬁiﬁﬁ XL, BMEHERO 2T MEOBRETT T
TV LEHOERB boT I 2 BVHE 5, BREHREOTE RV —HL arErY—H
D 1% 1 RIS K R RER /—ﬁk?ﬁﬂﬂyf@ 1 Xt 1RGN 6 ML 2-% A I ITiZERER
MIGTHFM 2R H 5, 228 TREL S, ITIABEHHFHO R-R 3 BXGFTFf 2 X
ZBUTCO6RILTy —ViHa ¥, (MOBENGNHPOHDIANT—H, 7=V IFUB[LE L BIT
X —=VBITe T (1,1) X —VSEEERT, )

#E R K3 0 BHffiss R0 b 1T E /135 O W ITiE T (dimensional reduction) & D2-7' L —r 0%
Eft& L, 2@V DA TS —VEZEEPEEINDZ B FhoTc, THDIXENEN, F—Y
FEDOAERKT O Cartan FHREEN— MIXIETHEEZX BN D, EERIFEILFEIC massless 5 &
LCHETHOICHL . %EIX P50 5555072 Kahler £V =2 7 A T massless IZ72 5, Z
NiTH x 58 —RITITT —URFRED U(L) DERICHN - BEZEZ & OGRS, Cartan Higgs O
EZEHMGHEN 01X DEV 2T 4 RCHARS — Uttt 2 BEET 20 LXJL}/TS“T%)O

:@ﬁﬁ%%ﬁ@b%ﬁ’mik #PLICHE & EDT1EEE OV D227 L — 28 Lie fR
HBOEHML— MIxHET 5, Lie REDOEFGRH T, £ TOEMLV— MIEML— b ORI L > THER
S, BfELV—NIZOHTETEX bz, E5I2 ADE &M Lie {3 (simply laced Lie algebra)
TIEERTONL—FDORIVFELL, BEETOIREI 2ICHRKRILIN D, B — b ORI
N— b BRFERIEDLD, BFEADPFTMNERZ MLOEERV2DOLDDRBEBEOL—F 5,

IRELHCTIEI P LEVT 1 RTEEHEZH CP! 257,
SAE1 ORIED D 6 RTE~D AL R METh AR HERIELFLTH B,
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ADE # @ Lie % Dynkin FIZ & BEHi/L— NS T DTEAD 1 AR THEZNLTBY . 1AK%
TEEY & 5 B — b D73 A13120°, BV &bV EHMA— NRILORTAIZ0° THS, &
Ex V2R X S REMA— FOFE, 47 Dynkin I ETERKLZbDICbIz-oTE b5,
INHDEEITa—T v P L DT L —r OB TIIKRD L HICTEVWRES, BHiir—Fo
“RE 2, BEiL— boORdMA120°, 90° 1ITFNEN 2,1,0 & D Cartan TTHIOBEFROEE L T
FENTZ, TR P ORETIID -2, -1,0 55T 5, Vv—FBFEMTES V2027 b
DHBNV—K L L TRIND &) FEEITB CORER —2 O##RO A ER|#hR = B3R 2-9 A
InElRD, BPSD2-7 L —rEAEDENWIZLREVEIND, F—VERRT L5 D2-7
V—V IS PERE L PLICEER - TEZONTNS,

2-H A IV TIEEDOND2-7T L —r & R-R 3R Cs OFEAIL. pe & D2-7 L — 2 B
LT

ito /F s (3.3)

LEMIND, ZORKZNMLT, D27 L= 7 —VEPRKRTEL, —VHLEMETEOTEL
SFHEETDHZLBHEIDODND,

3.2 4R N=2%FEENEH

[TA ZHREEND 22 A I NVDH B K3 ~ar 7 Mt b e | F—UHOREEER 27276
WIE (1,1) X7 MAVSEEREND Z LR phoTc, THEHLEIZLT, 4RTN =20/ —Y
NI MNSEHEZEXHLEZY, —BEOICEZ LN S DL 6 RITHEEDOERY O 2RTH%E b —
FRAAUNRT METBZLETHD, h—FRar 7 METIEERA——Fx —URE2TELDT
ARTOBRHFMEIIN =4 20 | F—VHOBAERREZE S DIIN =407 NV LEHIZR
5, Zhx N=20EETETL

(N=4~_7 MVEEHE)=(N =27 hNVEZEIHE)® (N =2 A /X—%EIH) (3.4)

ThY., WERBEMESEOH DY —VHHRIZAZ S,

WEBN R WBEOMOFHOMER L E T2\, N7 MVEEE (F—V8) i3> THEL
DONAN—LEIH (MERBEWES) B 5 EHAD LT THIZREDL S7a T Mex
FTHIXENWEA I D, P—FREZMDO2RITTETEENZDZ BN ETEZOND, LNLID
BABEMIZKI & 2R THEHDEREE & > D TiX Ricei EHAHEN AL T, a2 %7 MEEEEE
2EHR Calabi-Yau lZ 2 5720, ZZ T, HEO»DLVIZK3 Z 2KRTHEHIZ) EX 77 A 3—&%
B LT X - T Calabi-Yau iR E2EH = &0 TE 5,

2237 ME Calabi-Yau 8k & L CY—F R g ® Riemann HIZ K3 27 7 A N\— &8 d
DEEZXDHE, gEOMERBNA R—ZLEBEERNELNDZ ERMLNATWD [32], FiZg=1,
DFY b —TF RAOBEIEEERONAN—ZLEEN 1 OTLOBEEZHHRT S, Z0LEF—
VRBEBRON—FEK B(g) =0 ThHD, BLEBELRER (B(g) < 0)ZEZELTWAHDTS | 4
DBRBITHEZDHDIT g < 1D Riemann A TH 5, S HIT —4@%%%€b&wﬁwﬁ%fm

N =2 BB —VHHmEEZDRLIE, g=0, T4bbL P NEZKREIRIND, BR4K
Tt N = 2 8X#7 —VEind ER T ERmOGERE LT

IT1A /(K3 fibered P1) (3.5)
8(g) > 0 DEA . KIRAIBRIFY — D BROHRA TIHEF ERBERIENR L (BEABLEHIZASTL B),
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BENZLBHND,

6 RITLND 4 RTITHEE TR T O a7 MESHREIZEIT 57 7 A —FHIX, HOHEGROB
RIPDIIRBESSREDY A AR ELTLEHRADIENTE D, 6T (1, 1) BxFRED Bosonic
B3

50(5, ].) X USp(2)L X USp(Q)R (36)
—— N ~ _
Lorentz X #rit: R-%#RME

T %, Lorentz B SO(5, 1) @ massless 1Bt (little group) & SO(4)  SU(2)4 x SU(2)p & 5748
L. 6T (1, 1) RO RBE (SU(2)4, SU(2)5;USP(2)1, USp(2)r) P X SicRT Z&izT
BE. F—USEEB LOR— S —F r—DIIROEBRE L 5 [33]:

gauge multiplet : (2,2;1,1)+ (1,1;2,2) +(2,1;1,2) + (1,2;2,1), (3.7)
supercharge Q+% :(2,1;2,1) 4+ (1,2;1,2). (3.8)

(Q DFMEFIX SO(1,1) R ) VE L THOEREET, Q 1 IXHEIRAE (physical state) D AR
WIXFESLRVWDOT, SOREEI VY FOBERTIEIHDRY, ) ThE b EIZ 6 RITH)D 4RI
~DaAL T MEIZE bR IRBOGEEE X X D, 6 KITO Lorentz Bl 4 Rt Lorentz & &
Pl oFn / I —8HHT

SO(5,1) = SO(3,1) x U(1) (3.9)
3T BbNB, SO(2) % 4 kT Lorentz B massless /ML L T, REOBAT
SU2)4 x SU(2)5 — SO@2) x U(1) (3.10)

AT RDZ k%%mﬂjﬁaf;u\o SO(5,1) DAERT% Lij (i,7 = 0,...,5) £TBHL &,
SU(2) 4, SU((2)p DERRT {J}, {J5} (i =1,2,3) 1%
(Jh, Ja, J3) = % (L34 + Los, Lus + Las, Loz + Lus) (3.11)
(T, T3 T5) = 5
ElroTWe, REE J3, JL 0BFARBIZL 5L &, SO(2) x U(1) 0RBUL

L3y — Los, Lyg — L3s, Loz — Lys) (3.12)

SO(2) helicity : Loz = J3 + J3, (3.13)
U(1) charge : Lys = J5 — J3 (3.14)

TRESND, LY nREORBEZ (USp(2)L, USP(2)R) Ly P IICRTZEITTDHL, 6
KT (1,1) BHAFED S — VS EH, A——F ¥ —ViZENETIKRD & 5 2RBEOMIZ o 5:

helicity gauge multiplet supercharge @ 1

+1 (1,1)o

+3 (1,2),1 (2,1)_s (21),1  (1,2), (3.15)
0 | (1L1)n (2,2)o (1L,1)

-1 (2,1)1 (1,2)_1 (1,2),1  (2,1)_,

-1 (1,1)o

34



—JF4®IT N = 2 O#BXFED Bosonic H451X

SO(3,1) xSUQ2)gr xU(1)r (3.16)
—— ~ — >
Lorentz xI#rfh R-%#p

Thol, £OEREE (SU(2)r,U(1)g charge) ODFIZFERT &L & | Seiberg-Witten EEHIZH 5
7 MNVEEE, " N—SEH, RRRA—N—F ¥ —IRENEFNKRD X HITET 5:

helicity | vector multiplet | hypermultiplet | supercharge @ !
+1 (1,0)
+% (2a+1) (15_1) (1v_1) (25_1) (3-17)
0 (1a+2) (17 _2) (23 0) (27 0)
_% (2a_1) (1a+1) (17+1) (2a+1)
-1 (1,0)
T, SBETOR
helicity 6-dim gauge multiplet 6-dim supercharge @), 1
+1 1
1
BE 4 4 (3.18)
0 6
-1 4 4
-1 1
yARY>)
helicity 4-dim vector multiplet 4-dim supercharge @ +1
+1 1
1
+3 2 2 (3.19)
0 2
-3 2 2
-1 1

PBOCH SN A%, BOBROSTENORAT I L THD, £ (3.15) hOEBITHND T
LITEMIC Pl odre 2 S —HOBEHAERE (U(1) charge = 0) 3% %, L LD TIX4KRTTA—
N—F =V RO EOHLEZIERLBRNENIZLTHD, IHITU(L) charge 727 % R TWAR
DT, (3.18)—=(3.19) DRTTEITE AT H Z LITTE R,

DL, arny MEOBRDORITETLZ HOE RO M CTHAT 2 ITITLRENTA 5 >
DY ARANBHEAINDZ LD, 5. 6 RTLD R-JFHMEDORBD S 4 KO R-IIFREDOREL
~OBITOHFIIEEEx b T otz, Z2Tho bl bHAKEZ BN S DX SO(5,1) —
SO(3,1) x U(1) D435 < 5 U(1) 12 6 IRTTD R-AFMESREL W, ZOF»E P odr ) I—

BEU() o BB, EVIVA R THD, Thbb,
U(1) x USp(2)r. x USp(2)r — U(1)por. X (4-dim R-symmetry subgroup) (3.20)

EWVWIREEX D, ¥ — Lus, J}, Jh ZHHEDETARITTHEL ZWVERZITONTET 0
DEZL DX I RF ¥ —V 2B TENTKRITET (3.18)=(3.19) Z EL K iHT 2 LN TX
5, TDXOBRMERERTL

Jhot. = Lus — J3 — T3, (3.21)
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BENZ ERHHS [32,

3.3 FEHOHE

Z ETOEET Seiberg-Witten B D% [TA /CY3 BEROFICEHRHTE D L 2oz,
A%EWT&%HQWMW@A%%ﬁﬁéif%90&03%&&6®i B EEOR
BERGEFRVERIZILETH D, BIOENWEETH L, 3//\7 MEBEBRDED 2T A /8T A—&
DFENZ L > TARERBEE—FOEERZETHTANVF —IZb > T > T, BFRDETRALF —
AT b Z AT Seiberg-Witten B ®%®}Ebt®7fﬂ>ﬁéﬂ(ﬂ%0< 5, Thbbar s Me
FHRDOHDHEY 2 T A T, TEIRmOEZ R X —HEGN Seiberg-Witten DK R /LF —
HRZOLDIZRDEEXD, TDLIRET 2T ANRTA=FDL Y FE ZOEHTIIFARD,
—HW R SU(2) MBS L DBEITOVWTRTAL S, 4RTHOERwE L Ta )2 Musk
Hmx AL &, ZOEERT—NVIZIIRELS BT TWAR Y OEEmy . 8115 (dynamical)
WAERSNDEERT —NV A, EOFHED R —IV Mstring D 320355 (my 13 1 T Higgs
HHE o ITHY T 5, %0 Seiberg-Witten i L ODRIEZZEEL T, UFT TR WRY VY OEE
Zmy TIERL a2 ELZ LT D) a, NiTF—VEHGROEEARAT =NV THDIDITKL . Mstring
BRENDRCEDIEEAF—AVThHD, LIEB>TINDD 3 2DEER T —/V O %L
Megtring DD 2 DTN TIEFICRE < 22D X OICHML TR, RN VF—R 7 — T
T —VERORISTET R RZDZ LD, ZOEBER T — NV

a, A K Mstring (3.22)

Ba Ny MUBEERDEY 2 7 A RT A—FDFETRLZ,
EFTWARY U T2bb Lie REDOV—MNEZ L D7 —VHIE, 77 AXN—K3DRRERSDT
r—7 vy 7 THEL P! (T Py, £RT)ICD2-T L —r 3B E SN TEBE STV, 20

BRI Ply,, ODEMICHHIL . K> TPy, © Kihler €Y= 7 A 7 ICHHIT D, tp i3 ERTE

ThoEND. EBRT t RRT DL mspring TBEALICL TR WR YV OEETH 5:

a

tp~ (3.23)

mstring'
—HELEED PH LT Pbase LRT) OREIBHETHD i’?‘—/ﬁy‘\U)fU\ﬁ:?%IT%é
a7 MEEk 1 ORI D 6T, 6IRITENO AR E ZEBEICA T TEZXDEE, =V
X6 RILTHN, I5RDIESHKE~Da LRI MEOBEOEERES THREEENS S, Lo T,

P}, @ Kihler £ 2 7 1 t, & fEAEHIT
¢ ! (3.24)
(O e — .
b 92(mstring)
LBBRST OB, (1.25) TH R L I —VHAEERKT. BERA 7 —NVOELT
872 82 Mtri
_ 1l string 3.95
92 (mstring) 92 (A) " ( A ) ( )
DEITED (bid~—FBEHOHRE).
S TERILNRT A—F
€= A (3.26)
Mstring
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ZEALTe— 0T (3.22) ORI A—FFEERTZLITL X 9, t, O E

872
ty = 3.27
b g (mstring) ( )
DEITERT DL, (3.25) BLV(3.23) 1%
87?2
tb = m —blne (328)
ty o~ e% (3.29)

LETD, ZOBBRREBMNLE LT, a, AR g(A) ZARICHED DD e — 0 & T HMMBEIES t,, t)
WS Z L2k B AF—TTA/CY; BRIZENBZEERVWT —VERL R D,
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F4F O—AHILSS—XFHE

4.1 A—AILZSS—XDERK

ITA/CY3 12 L 57 —VHEmOEBR T, HOREIT Calabi-Yau DR ESOEELEITIC LD &R
Shrolz, WERRL SUQ) BRmoHe, 7 —VEROERL RD DI P, IZ7 74 3—8h
e A RUBRA, HBHWNIT a—T v LR TP, K7 7 A 8—&hi Pl Thol, P!
PR T 7 ANR—ENT-ERE 2R ITEMERE L T, Hirzebruch Bl F, X561 TW5, nit
T AN—DEF 2 BESTEETH D, TTA 3237 MEEFHROFFE A T Hirzebruch
F, S8R L SUQ) Bizd KT, LEH LN TE 3, ¥ — Ui Calabi-Yau 2 EDO M
DEBIZ LRV, V5 KV b, Calabi-Yau ZEREBMUIZ b OSSN DY A 7 V2 FF->T0D &
Z 25 Y massless {HRHTEL S —VHRBIZARLRVODT, O X I BRKRFRBIZNT A—X
DEREBIETIRY RS DI o7, ENR DI, FIONOARERY A 7 VPR X NVF —HERIZH
ExEZRVWEISicThiE kv, 22 CTF, U0V A 7 Va2 TERROKRE SITHL EHT
FHIZ L7 CYs &, 22287 MESBREBICE WS, CY3 EEWERS, Zhid/var 7 v
Calabi-Yau 2k Th 5, ZOX S RBFMEEL T E2EL T/ rary "7 MILk Calabi Yau %
BREDH O I Z7—BMEIL, m— IV I 7 =ML L TRERALNTWD [37], EEEiCe—
HNI T =Rt ERERT A FE L L TE, BFEEIZ I T — Calabi- Yauid%*%ﬁiﬂ‘éji{i‘:k LTHEb
NTNWD =0 v 7 BMOFER, GOHEICLAVONS, UTT i%E%?‘;L@ SU(2) Hin
DHEEE BEHIE L THRNRE, a— ALV I T —ROEROFIEEZIE S Z L2725,

WEER L SUQ2) Bz KB 45 /237 b Calabi-Yau £4%f& L LT, Hirzebruch B
Fo(n=0,1,2) H\CERXKRE L TEERBO>7ZHDEEX LS, ThELUTTIE Kp, & FTZ
LT B, Zhibm/rar 37 b Calabi-Yau BEEIIKRDO b —Y v 75— THRESN 5:

Ky K, Ky,

0

=a—hv 35 35 35
Lk v N\~ e 2

0 1 0 1 0 1
b=V v 0 —1 -1 -1 -2 -1
Pk vD=|-1 o0 D=1 -1 0 D=1 -1 0
(i=0,...,4) 0 0 0 0 0 0
1 0 1 0 1 0

=(1,1,-1,-1,0) | 1® =(1,1,-2,0,0)

Fx—v 1 =(1,1,0,-2,0) | (®
N7 v ) =(0,0,1,-2,1) | i =(0,0,1,-2,1) | 1Y =(0,0,1,-2,1)

Yh— Y o 78T & B 5 DORERRIE TIX reflexive polyhedron(PENZHEF A28 1 0721 & B M HE &) DOxt
(A,w) b I T7—RPER SN [36], SOHEn =0,1,2 DFEDH, Fp ICHIET DMEEAEL LT 2RO
reflexive polyhedron 2 & 3 Z LR T&E, I T —ROEHRSFIREL 725,
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F o —TR7 }\}l/jyz)—(l U ) Zxt L CHRE MR

4
3150 =0 (4.1)
=0

EEZ BT MNVTHIARLDEES,

A TABEHE a7 MbTA%24EEY X, IBEGZE a7 M+ a%&EEEs X L L, #
EN A EF L Calabi-Yau Z4{&, B E7 /L Calabi-Yau AL FERZ 2I2L L9, VD R —
Uy 75— FZEER OB T AETT /La—FL Calabi-Yau s, fA¥hmoit B &7
Ar—7 Calabi-Yau 28, ZHENMEREN D%, ThEhofRicET s v —) vy 77— 0
IR D X SR> T 5

X X
1z — 77 )L Calabi-Yau P ZE Ce N iR
ZRRIED EHE (Cs —-U)/C* P; =0
I /Al B 7 [EIR AR T 4V EREY;

(VHOED2EFR) || BF (2, =0) | Py 2AERT 2 HIEX
F o —_y p k) C*"{EH BERBEET 2T 1 2
(B RARRK) Picard-Fuchs 572
(i=1,...,8;k=1,...,r|r=s—d)
72120 . d 7 BREIPN TV D FZEROKTT,
BRI R S 0¥, LT 5,

(4.2)

TRV, BIETEZ N h— )y&?““—&f)ﬂ‘o(KFn,I?Fn)O)i?-%J“%%E}ETéo

BAONCAIED N —V v 77—, AT NVERREL L’C KF EEZDZLEHENDE D, FE
ZEz J:E)\:I—‘ﬁ/I/Calabl—Yau@%ﬁij: FTEES VY IZRREE ¢, XS 385, Fv—
Uy l® = (0 _thriﬁféﬁ%né§ﬁaﬁLC*1’E)ﬂ

1(F)
T; — T (4.3)
LEBAE—HREAND, SOHEN=u A=A EEFENT, & Kp, OF ¥ —V X7 MAPLIROD
io&ﬂ HREETED:

Ky, : (21, 72,23, 24,75) — (pz1, poe, )\x3,u72)\72x4,)\$5), (4.4)
K, : (T1,%2, 23, 4,75) — (U21, puZo, 0 ATz, 0 A 224, AT5),

K, : (71,2, 23, 4,25) — (ux1, pzo, p Az, pA">z4, Axs5). (4.6)

NGB Ky, #RTZEIFIROEIICLTRDIZENTES, za =23 =25 =0 LHIRL7=H
EMERDE ., ZHUL 21,20 THEROND 2IRITLZERIZBNT, (21:22) & p DIEATR—HEL 72
LOTHY, PRy, Flrau=21=220=0%F25L, SEINEHT (u "23:25) ZF—
MLTEBORIIY PLEARZE, 2L pnfECX>TR— ?ﬁ®ﬁji75§7kb0'C< b, LTzdo
Taxy=23=25=0,24 =21 =22 = 0 1ZZFNEN Pbase’ fzber WX T B EBnhd, Zh
SOEELIZKF 4 =02& LT Hirzebruch BiE F, " EHIN D, FREZE 24 12X >TELN
51 RTEZERITIF, DERKRERDS, Lo TLET Ky, PRINDZZLBHENIOLND,

Py bxtERT ADORN—Y v rF—Enbid, HORHET X, X BHERTE 3,
3 OHRWTE 1 S OBER £, ROWERC H 58T R,
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K=Y v 7 F—%nbI5—%f Kp, ZHRL L5, BEFAMTRFLELS VD 1277 10
JEREY; XS &® D, EELINLDT 7 4V EEEIIMII TR L, #Jﬁ

(k)
I v

0

=]l v (4.7)

1*)>0 1™ <o
BN oTWND, I T7—EFEEIL, Laurent ZIERDFEEE L CTESHE SN AR dhE
Pg=> a¥;=0 (4.8)

ICEoTREND, BEAEMIC Kp, IZOWTOREOR (4.7) 1IFKRD &L HITET 5:

S Y =Y?: o MY, =YY, - | Y =Ys? 4
Fo w2 1 _v2 2" _v2 ( '9)
Y3Ys = Va7, Y3Ys; = Y47, Y3Y; = Y47,
Y3=35,Y] =s2,Y, =st LBNTING ZFETIX
t? t
Y = (sz, S—,s, st,stz) , Y= (sz, 8—, s, st, 5t2> , Y= (sz, f, s, st, st2) (4.10)
z z z

tRIND, s=1LR23X5ZEALEOHBIEBEET S L. REHHE (4.8) ITRDOL ST
5

2

~ t

Ky, : a1z+az— +a3 + ast + ast® =0, (4.11)
V4

~ t

Ky, @ a1z+ 042; + a3 + ast + a5t2 =0, (4.12)

~ 1

KF2 :oa1z+ (12; + a3 + a4t + (l5t2 =0. (4.13)

ST, WA YT TABRTIE D2-7 L—r TEBE I TWE, ITA #Hig & 1IB #Eigo T- Bkt
T, ZOIMAMD2-7 L —iZiZ IIBRID D3-7 L —o BT 5, ZHIZE bR TWRY
DEEIX, HARTIE 2-F A7 NVOEBZEI > TREINTWEDR, IIBRITIE 3-HA 7 v
B oTRENBZ LT b, a7 ME Calabi-Yau 28 EED X T —xin b L TEZ D725
X, BEOEFMEMIT A T NVEFED Kahler €22 7 A & BET VEZEREDFHERTESES &
ZRI—RTHIT—EBEZEDDIZELTRIIND, TITHIHIVEZ EEHIALTEL L,
5 —BEgIBEFRMEShT Kihler €025 4% O BEFVEAMBSOEE ORICERESND
LWV ZLICHERT D, 238 TRAZEL I Kahler £V 2 A IR HEROETHELZIT D
DKL EFRBEET Y 2 T A RETFHEEZZ T RhoTz, SVNZ D LBEBBETY 2 713010
NHETMNZELRSTVWD, MEEDOBENREITIHAETIIRSETFECOAERE LD
(BOEFRDEETE 272 biE, bare mass Tid72 < physical mass XEKRDH HfEX H D) DT,
AET NV Kihler £V 27 A DfEL BETNVERBEEY 27 A DEOCHMOER S EFRAVRET
ERINDDTHD,

WHRY L OBEEHOTHRALZS, bbAA DI LT Py, ® Kihler €27 A 1250
TRF TR, o Kéhler £V 2 7 A IZOWVWTHRYILDZ ETH D, fRABETAMTIE, F
MR TESEZDEEOHNFLE L TEo T 2 iITR 5,

‘BRTFHIEE ST B0 Kahler £ 25 A LZ1F 7% Kihler 22 5 4 2 XAIT 5 & X | §iF % A%%H Kahler
EVa5A, #EFEELVT<EFT N Kihler E¥ 254 LEREVHFR LT LIERIN S,
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R¥gmE L L TR SNz Calabi-Yau Z4RBIL, &7 7 4 VEEEBICHEYRELZEIV 552
LT, BEAOEXHELEROFICEHEOR THEHDIATLZ LN TE S, ZDX 5T Calabi-Yau %
Rz FRT L, ERISEXPHRNARE TCEX LN, FHRIKRTESIZIZOEA 3L (4.8) D
Laurent ZIEXZ W TET I LN TE D, TOFESERNDL, BET /L Calabi-Yau L&D H
Mk T #FE 513 . GKZ(Gelfand-Kapranov-Zelevinsskij) & & FHIH 5 R O 45y HRERE W27

e

ZEBTND:
0 0
I Ge) - G) .

1950 1™ <o

1)

T T AVEEORBILEEZLD L HEOR (4.8) DF T a; DEIZEHLTLEIDT, 6 1ZZD
FETITIOWEHTIEERY, LOLEBLF ¥y —IUR_RT MLEH &I

(®)

o =] af (4.15)
%

EWVWIHABEDLEEEZBEX DL T, T7 A VEEOBRBILTAEREREY 2 7 A B % o<
HILNTE B,
EOMAFERE IS OEHEROEHICEEEE 5, D 0o, = aizl 13

6o, = 1Mo, (4.16)
k
(k)

LBERALND. (A1) EDD (w08 ) EPTELOE 2 BRCEEET I LILY,
% Ky, OEMB T HERL L TR Picard-Fuchs HEXAE 5N 5:

D 0.,° — 26(20,, + 20.,)(20,, +20,, +1) =0, (4.17)
0 Ly =0.%—27(20,, +20,,)(20,, + 20, + 1) =0,

Ko : Ly = 0., — 202, +262,) (0, — 0;) =0, (4.18)
' Ly =0,,(—0z+0.,) — 27(0,, +20.,) (0, + 20, + 1) =0,

R, - | Lo = 0" =220, — 0:)(20-, — 0, +1) =0, (4.19)
? [,f = ezf(—Qezb—l-er)—Zf202f(202f+1):0.

ECREX SR —IN I T —OBRIL. 7 — VD [, SU(n) . WESRED EARBLK
O EAZEKEL (bifundamental representation) &\ 9 —fEDIFHIT OV TIEES LTV [25], Z
T CIEfHERA e U CTEAREMELD 1 >0 SU(2) Big, WEHZRL SU(n) BRmDEEIZOW
T, BETFNVEFREERDTIBZ 5 [24],
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INOLOREEZRMET D=V v 77 —ZIFIRTHEZ LN S:

SU(2) with Ny =1 SU(n)
1 3 1
=a—hv 4/ 5 6
ZHEE v
2 2

1 =
l(l) = 0707 1’_2’
l(b) = (17 1,0, —2, 070) l(2) = EO
I©  =(0,1,-1,0,—1,1)
1=¢) = (0,-1,1,1,—1,0)

Fr—v
~_7 by

.1,—2, 0, 0,0,0,...,0,

0, 0, 1,-2,1,0,...

1"=2) = (0,0, 0, 0, 0,0,0,...
1"~ = (0,0, 0, 0, 0,0,0,...

SU(2) with Ny = 1 DBEEITONT, FREHEOR (4.7) 1%

1Ys =Y,2
Yo Y = Y3Ys,
Y3Vi = VY5

LB, Yy=35,Y =52, Y5 = st LBV TINZMETIE
t
Y = (sz,f,s—,s,st,stQ)
z z
LEIN, s=1LLTEERZEKX
1t )
a1z+a2;+a3;+a4+a5t+a6t =0

%1’%50
SU(n) iz oW T, #RFHFDR (4.7) 1%

ViYp = Y5,
Yvi—lyvi—l—lz)/; (224,5,,n+2)

LETD, Va=5Y1=52,Yi=st EBOTINEMEL &
Y = (sz, z,s,st, st?,..., st")

L%, s=1 L M/MEEZEESIE, ERAENELT

1
mz+@;+ay+mt+%ﬂ+-“+mwﬁn=0
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(4.21)

(4.22)

(4.23)

(4.24)
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4.2 AO—37)JL Calabi-Yau Z#H A0 %EMFHATE

Calabi-Yau ZARIEDE Y = T A ZZMidfesk Kahler &% b H, U RT U M Lo TED
BERERICHESINS, 4. AEF /)L Calabi-Yau Z8:4&® Kahler 32 5 A ZBH# & 2% D
TIRT ¥V Ft) EEZ S, FidKahler V27 A t; OIERIBEKTH 553, D 1 BEHK

4y 0, F i t; & 3T 5 —B4 T B EF WV Calabi-Yau £#AED F IR TEAMESIICED, BIFT
B EFVEIBE S O Ty FREN ., BRET 254 2, 2E¥E T 5 Picard-Fuchs FRER.E
LTEZBN TV, ZOFBRDOMEZIEL K O,F, LICEET D (TRobbIT7—EBREEDD)
TLIZEoT, H BEALEKELLTTIRT UV YV Ft;) ORERDDZENTE S, ZOH
TiX Kr, ZBIc & V| EBSC Picard-Fuchs HEXOMN 67 VET v v v VOBRBEENEE 5
RFzR5,

Kw, @ Picard-Fuchs H2R (4.17) i35 %2 E L THRRBICHEL 2 LI2X v, 450>z
g LCUTEHB5:

1, (4.26)
122n+2m —1
=Inz + E Pl ) zanfm, (4.27)
122n +2m —1
wy = Inzp + E 513 ) 22", (4.28)
oy n!?m!
12(2n + 2m — 1)!

QO =Inzlnz + (lnzb+lnz]c)2

n,m

,<2n+2m 1 2n+2m—1 ) 2n+2m_1)' ;

n m
n12m!2 o 2f

>

n,m

Z -+ Z 25" 2™, (4.29)

k=n+1 k=m+1

n12m!2

ezl E;l,m X {(n,m) |n,m € Z>o} \{(0,0)} iITbTcoTLDFTH D,
Kp, D Kéhler £V 27 A E$HE LT

p=e" qg=eY (4.30)

DHEBIEL LIXLITHVWON D, th,ty — oo DIEIR, 77245 Calabi-Yau DT 2-% 1 7 )L
BIEB > 7eEY 27 A K (large radius limit) TIX R EEGROEFHENR R DD T, Kp, D
R¥H Kihler €22 5 A 8L Kp, DEBHEEEY 2 T A EHE OMOEORIGE ST b5,
I5-F5HIT,. TORT qb, qf & Zpy Zf B—HTDHIICEERT D, TRz Wp, W§ %

ty = —wp, tf = —wy (4.31)

CRET B, ZhiC k- T Kp, @ Kihler €25 A Z2f & Kp, DEZEHEE D 2 5 A 2L D
BOBEBNPEE D, BEAICIT ATTNVER by, t; S BETNVER 2, 2 DB E L TREIN D,
T E BRI

2 = g — 20" — 2qpq5 + Olar”), (4.32)
zf = qr — 2q04qy — 245° + O(ax”) (4.33)

SEMRRIREERB D Z LIIAELRXOTEEN AN DD, FEMMIME A3 ICEL K,
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L BETNELY AETNLVEROBKLELTRITILENTES, IThEx (429 ICRATHZ L
kY, ZEMEMEQR G, i OB E LTRSS

Q = tyts +4gp +4q5 + @> + 16gpqs + g% + O(qi®). (4.34)

TEXMBIT IRT U VD LSRR T A DO THY . — R

qbnkquk
Q = tyty + (205, +20;,;) Z dnm Z L L (4.35)

n,m k=1

CEEDOND. dym i3, Pp, A n Bl Pl 12 m B E O FEEAMBHRIMEY b 25 %
2%‘3‘&1‘57 SBETHD, kOTNIZLEWE (multiple cover) DB L EIFIZHIEL T35, (4.34) &
(4.35) 2B . BEMINC dpm DEE L TUTRELN S:

I 2 3 4
0 -2 0 0 0
1/-2 -4 —6 —8 —10
2 0 -6 —-32 —110 —288
3 0 -8 —110 —756 —3556
4 0 —-10 —288 —3556 —27264
5 0 —-12 —644 —13072 —153324
6 0 —-14 —1280 —40338 —690400
7 0 —-16 —2340 —109120 —2627482
8 0 —18 —4000 —266266 —8757888 . (4.36)
9 0 —20 —-6490 —597888 —26216372

10 0 —22 —10080 —1253538 —71783040

11 0 —24 —15106 —2481024 —182298480

12 0 —26 —21952 —4675050 —434054144

13 0 —28 —-31080 —8443424 —977304976

14 0 —30 —43008 —14695208 —2095334784

In —2 - % - 1;% - 119%3400

( Yn Gi?&b: dn,m ~ ’Ynm4n_3 (m — OO) ‘@%%éhé 6 o)

dpm (T > THNET IV RT U VORBEBRE TH D, T IVRT v Vi 3B (B
éﬁ@%f%<e

6“8,5], 8tkf =J;- Jj Iy + Z nmjnkdn,m% (4.37)
n;,nj,nE=0 — %
DE I dpm 1TBND, (4,7, k ITBAERTILD, f ORFE L D, £y =n,np=m L EFENT
W5, ) JiiZ Fo ® Kéhler T, HB1EHDO=ZERE J;- J; - J 1 IB)IIKEOHHRETH D, 52
ERMREA L RZ L PR DBFHEEZRT, dym DERETHPNT. Kp, DET Kahler
TV 2T A EROEER BRI TND T LITR D,

6712 LED v, DEEOEI (5.30) DEERPLRDELDTH S,
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58 S —UHEBOEDATAZEM

1IB/CY; Bz %wrm:yﬂﬁhk%ﬁ%@@@@%%3%9134§@N@%mﬁ%@i
EXT MSEEDEY 27 A ZE M R Ui, 2L TEAESBET 2MRE LU CY; 0
BEHEBETY 2 7 A ZMH 5 Seiberg-Witten BEHDEY 2 7 A Z2M MW BFiA Lt b, TV a
T A ZEMOEEEY —BEENCERT 2O T IRT VYV THD, TVRT VX VIZAET
WVEE oi@%ﬁ;ri#nfkb BENBEORBRRB BRI EN D E VI FIAR D B, 4.2
T EBENIZ Kp, DB EIZDONWTT URT U X VERDTZ, LLRR LT — VOB
Enveras /(”'“’F'Eﬁ@ E HERHEZ AL, TIVRT UV Ve BERICRD D Z L1 (%&“iﬁ
R FRREEIR TRV OT) EREREL RS, 22 T—ROFS—VHOLE

iZ. Seiberg-Witten HFRDEY = 7 A 22 MW % | Seiberg-Witten Hiff#! DR E Y 2 7 A 7'°F'aEJ
Moo TRENPADZLETHET S LILRD, Z0HELaY /7 Mer—H/L Calabi-Yau
RO EBRFENICE N 7BEOBIREIEE T Z & T, Selberg—Wltten RN EHTE 5, 72
72U . ENGBEOBIRIX A T NAVEEIZOWTEZ BN TWEZDIZxL ., @—7H4/L Calabi-Yau %
FRIE KON Seiberg-Witten BIFROERIBEE T 2 7 A ZFRIRL TVWDIDIEBETAEHH L /oo T
%, L7223 T Seiberg-Witten H#RD EE TiX, BETFTNVERKICOWTOESSEEDOMEIRE A €
FNEBOENSEEBIRE X7 —F5BOMEN S REL DLERD D,

51 FYRTFUINYILDREE

ZOETII—BHELWMES R L SUQ2) BRROBEIZOWT, a7 MeiEERwd) S Seiberg-
Witten B OBBRABOND Z L&, 7 UEF L LY VEREIC L > THGD 5, WHE2L
SU(2) Seiberg-Witten Bsaa #2495 2> 37 MEHE#H L LCIIB/Kp, %2 & 5, 20
#D Coulomb 7 5 v FiZ 428 TR VRT VI LV TRABICHEEN D, —FHAKTN =2
BxI#T — Y EimD Coulomb 7 F v F MSW DHEEL SV ERF LUy ML o TRAIZEESNT
Wz, Kihler RF V¥ VT VRT3 v VI K-> TR EN D Kihler 4413, %%k Kihler
SRR LTHOR TV D, MET8 2 MW 23 & 10 #%%k Kahler 5% b o2 L kb, M8
DHFEHPE MW AR TEER, TV RT vy e ) EAIBEEORY TWICRESh 50
Thd,

2L MY I E ARG, Tb b RFTEAFMED b 2 BROE Y 2 T A ZMTH D OIH
L. MW ZKIBHER R EROEY 2 7 A ZZRTH Y | FE DRk Kahler #EIZITRO X 9 725&
WD B, BEHERD Kihler RT> Vv b, ZURTF Uy AEEFNER Ke(d,a')., Fo(ab)
ERTZELIETDE, Kgid FelitkoT

| 0Fg ;9%
Keg=—-In (21(.7:6' Fa) + Z ( aaf - 8—?1?0 )) (5.1)

3

14 L < iZ Seiberg-Witten geometry,
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@;5K%énéo:nimmmmmmmmHﬁﬁkWﬁnéo—ﬁAﬁWfMK%mﬁ%y
YN K(d,d) IZTVRT v r Fa) ik »T

c= 5% (a5 °

LFRENT, ZHidrigid special Kahler #i& & XN 5,

F1 5 BEDORRIREAVEIZ1Z . local special Kihler #1&75> & rigid special Kahler #3&~® Coulomb
TIUTOBEDOEARE BRI LD, TOBITOHMAMIKRDOL S ICEETE S, 7V
RTFovx Vv Fqg & FQ

THEREST bR TWEETEE, e 0L THLEX
Ke =Iné® + 2K + O(e?) (5.4)

THBEZENGDD, AUE1IEHIT 25 A EK I BRVWERTHY, Kihler RF ¥+
NEBH LU THEEZBIBEBRTELAIETHD, Lo TE2EHN e > 0D E THMREL L TE
5, TOZ G, BENHBEORIRERET Msmng DOHEED & MW OEEHIHT 58, Kp, D
T VRTFT V¥ VEZDFEE Seiberg-Witten BFGDT VRT3 ¥ /v Lmuﬁﬁez’_i}’b Tz Lnsy
Wb, 2L, Kp, D7 VRT VL v ML g, qr D 2 EHEK TH-7-DIZH L, Seiberg-Witten
HROTVRT v MiTaD 1 EHBEHETHY . KL L TIR<ERD, T TINHLDOER
FICiZ 3.3 Hi TR BB DN T W, WERRL O SU((2) 7/ — VR T (3.28)(3.29) @
B OBEOMIRIZ, b=4% AN T

@p=e " ~ (5.5)
<U=e4f~1—e% (5.6)
LRIND, ENNBEOBIBERIEL X5 DHE. 2 b OXREGEE FWT 2 BB F(qr, ab)
5 1B Fa) 51 & HTHEL 25,
EBEOREILT VRT 2 VD 285 (F—VREER) T2 TITHo2 2 izl X 5, B
WA (437) % t; O 3 BES OBAIOV TR L

n m
0 F = Y midpn (5.7)

nk , mk
8, °F = Z Z dpy mm? L (5.8)
n=0m,k=1
LETD, ZThzx
=> 09, F™ (5.9)
n=0

L. nDFOEEBIZDITTRTZLITT B,
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n=00NIHE

x quk
0, 2F 0 = Y dmmnﬂ—7;— (5.10)
m,k=1
EZETHNEL D, R(436) 2D, AV RAEZ b Bdom i3
do = 2, (5.11)
dojn =0 for m>1

Em=10REE LD BB, A AZ Y M I RESABREAHBICEE S LD -
oo BIE Pp ~DEEOEDBRN (n=0) LLTVDHDTA Y RF Y by DBEEOE KT Py,

base

DHEZEZ TN D, (511)1F, Phy, ~DEEDEO ) LHBREAR DI 1EEREDHTHDZ
LERT, do DERFEDOENERNT P! @ Euler %272 > T\ 52,
ETC(5.11) ZHWB & (5.10) X

o, 2 F ) = 4%% (5.12)
=2hjiiqﬁ (5.13)

LB, EBHHBEORR (5.6) #5852 5L
@ﬁﬂmzzm%+wmt+0@ (5.14)

LRV XS —VEROMEED one-loop MIEEHTH D Z R 505,
WIZ—D n DIE

0 nk  mk
0 F® = 3 dyum? L (5.15)
m.k=1

ERB, n#0DSEEESSBEORKR (5.5) TiX gy ORAKROEOZRBERhE 2D, €Tk DOFn
WOWTIIHEDO AR L T

00
ath}-(n) ~ " Z dn,mmZCIfm (5.16)

m=1

ELTZbDOERVE S Z &L X D, qf — 1 OMBRTIZ EOFIOWHIHIZR RO D BB HEZ)
RERTHD, ThEBEHTEDITm OEMTE DR dypm PSDHENE

dn,m ~ Ypm®" (5.17)
D TREL T, (5.16) ZFET 5, 1), mFz™ OB KD 55 i, 1EER

k!

e (5.18)

izn(m+l)...(m+k—llwm:

-~

k fél

m=1

BB (—1)YmeKro [z skt B,
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T CTE 5, ZhEMAWT

0 2 F™) ~ g™y m*Tong™ (5.19)
n (24 ap)!
~ A"t 5.20
Wl T gyran (5.20)
155, BEISBEDOMERR (5.6), (5.5) Z AhvD L
n n (24 ap)!
atf2-7:( ) ~ 'Yn(€4) (ea/A)3Fan (5.21)
LEMLD, TZTe— 0DMmRE L D03,
ap =4n—3 (5.22)
72 B 8y, ) [ E A R
A 4n

EHRTILICRD, ZHITS—VEROEEERDA LV AL NVEDOEE LTS, dym DT —
BEFARDE, EEM>1T
dnm ~ ’Ynm4n73 (524)

’

DA EZ L 2 Z LB3HENPD DD (K (4.36) 00 bHIRHERTE D), n=1DHFAFITONTH
"Cyfé (E S dl,m ht

dl,m ~ yim (525)

DE T m &L HITHRBITHINT D1TT7E05, £ (4.36) R5 L

dim = —(2m + 2) (5.26)
ThHYVHEPITE I IR>TND,
R e — 0 DIBIRT
0, 2F — 2In 2 (n - 1), ()
t " F — nK—Fconst.—F;( n— 1)y, - (5.27)

LB, bz EbE s L&, Zhik Seiberg-Witten Bim DS EE

Tsw = 50" Fsw (5.28)

(ln——i—ln? i dn —2)(4n — 1) F, (%)%) (5.20)

FELLBHTSE, 20L&y, & F ik

N[ =

m'—t

3|

25n72

L T (5.30)
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XTSI b5, Zhid &I (1.99) D F, DIED S RD 72425 v, DEAIDNWL D
# (4.36) ITEF TH D, v, FTEEHOR (5.20) 1L VAV REZ Y b $d,,, DT —FbRE
2RHEThHotzrb, ERFIHREA L AZ U N BENS T —VERDO AV RAE Y N RERE

BNDZLEZEWRT S, AMETHMXTIELZ B> TR TEZX 91Z, Geometric Engineering »F
FeE TR THRERIC XL > THEXLZ S 7ZHABR DT 6 5D T, Ebb\ﬁ‘t%ﬁtﬂé@ Tbot T
XH B, ZDXIICIHEBEGABEMROL L Tar Ny MeiZEwm & 7 — VU EROXRS A
ZBDITELREZLTH D, 41% Kp, DHBETRED, Kp,,Kp, > TCHRIUBRN TE

B (%LLKFﬂM’/x&/}\/ﬁl BT EE
dgom n for m—n>0,
drz, = -1 for (n,m)=(1,0), (5.31)
0 for others
DL Kpy DBELBEB TN TNDETTHY, RAL 4R —VEBOFERIBFELNDD

1&&&8%6%1%5%)

5.2 Seiberg-Witten B D REE

Kp, DEFHERNX (4.11) (4.12) (4.13) VPR bEMAERE R-TBY, BEhEOBET 228
IZ &V Seiberg-Witten HIfRZBITT 5, 7 VART /:/v\f/lz@ FED#Hm CIEER ty,tp L a l D
HOMIERHBEBEOXNIE L L TEESD > TN ZDIZKL, 4o WIBRBEEY 27 4 OF
ETIIMBNEBENOREDEY 2 T A B 25,2 & v & OBOEFERISTRV, ZOBFEIT, #
b I?Fn DL Seiberg-Witten IR DORDO2AE L L TORIEE RS Z &2 5,

BARHNC 1 ETREBTHWES L SU(2) Seiberg-Witten fifiz HL T < 212i% Ky, @

n75>—%ﬁ’llf‘%’“§“ﬂo Kg, DEHHEX (4.13)

Kp, : aiz+ agé + a3 + ast +ast> =0 (5.32)
DIEE a; D H B 3 DETIE 2, t KOFTBRREEOFRBIIC L o TRINTE S, 22T
a1 =1, ag = A" a5 =2 (5.33)
EBE, LoFRRT IO ONTELERLIZET

A4 ai\2 a4’
= 49 =) - = = .
s+ + @4-4) —+a3=0 (5.34)
LETDH, Zhz
$:t+%, (5.35)
1 [ a4?

L EE 2 T Seiberg-Witten HifR

A4
z+——+ﬂﬁ—uy=o (5.37)

3oL BT IIFEBROETOFET., EBIC (5.24) b 1T vo ZFAHR- T F 2RD BDXHEHTITARL,
‘FU Kr, DRMFEE S LT, 5RT~FED LT vl Seiberg-Witten BERDIEHRA B T HE S Z 2R Ho5N T
W5 [38], ZDHE Ky, & Kr, DERPEENRYBOBENL LTENDZ LICR S,
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DRI D, 2L ZETTITo722 &% Ky, DEHRFBER (5.32) OB AR EXHBL BT
BV, BREV 2T A a3, a4 ITONTENGHEOMIRE & 7RI, 7 —VEGRDOEY 27 A u Bl
AR EE L TE- THIH T, Seiberg-Witten fifRAVEH S Z ik 5,

T 7 4 VOB LSRN WEY 2 T A JEE

ai1as asas

2 = a0’ 2p = " (5.38)
1%, (5.33) DHILDOBH & T
A4 20,3

LRIND, ZNHIZOWTOENGBEORIREZ Y 72\, STt IZ DWW TOESZBEDOHERR (5.5)
i¥ large radius limit & 72> TW5, ZD & &I —FE/IEHHEMTHY

Zb ~ Qb (5.40)
EXNER DT BEND, g~ et £V 2 bEL X IICHREZ LWz B3 o»b, £ZT

2 = € (5.41)
LT, ZORTERNIT A—F c2EHEL e > 0 2 EADMOMERE L L 5, (539) kY=

i

A2
EEWRTDH, TOLETHMITIL (5.36) DulIEHL TCLES, ThEBTDICIE,. e> 00 L
Tas b IESBEBIET, (5.36) DEUNRLEL L TAHRELLTELEED XL ITTDH, BV
ZAUZT (5.36) IZ &L > T ag DBBEZERL TL X 5,

a3, as DIRFRN O zp DRBIRDB 73722, (5.36) & (5.39) D zp DD B as ZHETIUL

y=g (1 + i—";) B (5.43)

LB, Shita; =8 #RALT
zf::i(uﬂezj—;%)_1 (5.44)
_ 3(1 —2e0) (5.45)

#HB5, BETNVER 2, 27 12OV TD (5.41)(5.45) OMEIRIL, ESHEDBEL > 2F R8T A—
B u kBT R R EEECTH B (LIE LIE double scaling limit & FEEH %), 20 LT Ky,
DEZRFENIT, TV 2T AT A—F uzETREAEROA, 375 Seiberg-Witten Eff &
25,

WAL LT, A1ECL 0 biF iz Ny = 1 SU2) OB VTh, 5 EVERE L 52 L
T Seiberg-Witten EifR23 5 Z L 2 /5, (4.22) DERFENX

1 t
alz—l—ag; —|—a3; + a4+ ast + agt? =0 (5.46)
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a1=1, a3:A3, a6:2

CHBILZBEETDIEERDEIICELEDONS:

3

A 2
z+~;(r+@)+2u+9%2—%1+a4:a

A3 4 8
ZZT
as
=1 —
T —|-4,
_1 a52
YTl M)
_ a9 as
M=

EEHE, EoFERIT Np = 1 @ Seiberg-Witten it

z+?($+m)+2($ —u)=0

(5.47)

(5.48)

(5.49)

(5.50)

(5.51)

(5.52)

DL D, 7NT A—F mu ZFRICET & 5 RENHEBREZRD L S5, HEEV 27113

(5.47) OFURALDOEE T
b — a42 - a427
_ a2a¢ _ 2 a9
Fe = aszas - A3 a5’
o a4Q¢ _ a4
PeA(f-e) T T2 T “ag?
LEMD, ThE mauEHNT
1  2m
Ze = =+ —
e 9 as )
1 4u
ZeZ(f—e) = 1 ?a
Zp = a—53ze Z(f_e) = 16A m

L F£T, 2 ORI large radius limit & LT
2~ gy~ €
THEShTWS, 22T

2y = 263

(5.53)

(5.54)

(5.55)

(5.56)

(5.57)

(5.58)

(5.59)

(5.60)

LeZEEL, e > 02 b TENFBMDMRE §5, (5.58) I2BWT, m,u ZHRIZHRHDD

2= 02T B5DITas >0 L L DHFETHD, ZDOMRT (5.58) 1%

2¢3 = 16A%a; 3

ol

(5.61)



LB, Thb ay DGR

a5 = — (562)
€
BH B, (5.56)(5.57) ICRAT B L,
1
ze=:§+e%; (5.63)
1 U
ZeZ(f,e) = Z - 62F (564)

w5, #E (5.60)(5.63)(5.64) DMRIRERIED H & T, (5.46) D —HV CY3h 5 Ny =1 Seiberg-
Witten Bi#R (5.52) 23 5,

SU (n) OFED Seiberg-Witten B LN E /Iy BEBROEHED | HITCHLNTH A H, (4.25)
DEHFRFEK

1
a1z + ag— + az + ast + ast®> + - -+ + api3t" =0 (5.65)
z

a; = 1, as = A2n, Ap+3 = 2 (566)
EHBILEBET D, 77 4 vV EREESE
_ An+42
r=t+ o (5.67)
LEIHZNE, EoEHERFTERIT (1.126) © Seiberg-Witten Hik

A2n n—1 o1
—+2| " - E nEL =0 5.68
z+ 2 + T k:1uk+1$ ( )

DHICELDDEENTED, btz (i=1,...,n—1) & up (k=2,3,...,n) DEEE R
T, ~em 5 0DbETu BETHRBIZLEE X5 X 57 2 OMBREZRDIIE LW,

5.3 #HU

A& LFH L TIX Seiberg-Witten B3 & Geometric Engineering D FD 7 7/ a—FIZ XV 4Kk
TN =2WEHRBL SUQ2) 7 —VEGmOBEREZ RDIz, WEBZRL SU(2) DHEIZO2NTIT
1ETHLLALL I, F—VERBORNTOREBORER LICHEREZ RO LN TETL,
LrL ZOFEIMESRL SU(2) DBEOBHEE SL(2,Z) DMEZHAZHAL TBY ., il
DT =V - WEBORE~—RILT D Z LITES TIEIRV, ERICBOEROBENT RO —
V- WESOREEER I LEIZE o EX, 15—V Coulomb 7 FEV 2T A
22X, S O BAEM #i#R (hyperelliptic curve) DEY 2T A ZZWE L TREND ] L DIREER
BT, BRaRBEMRMEPLHROBEZRET DLWV D TH o7, LU L EMLRR
BBl F—VHROEY 2 74 EEE R T 5RESHKEE L CBEM AR LT L b
UTRWHAEBHTL 5, 20X I RGHRITHOEROMNTIT, FRMFIEICHED LIS BE
RE/DFENRRLRoTLE I,
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— 77 ® Geometric Engineering IJLAMEICEN - HFETH D, A #EBima L N7 MEDOFKRR
SXELLKRELTRNE, BB EIXEART—VH - WEH O LOWT% &b%ht?
xR AT R E B LR TR B, 52%1&Nf_1mn)eSU() BTN
Uit 7225, <AL X 2L TTF—V8D [, SU(ni). %E%ﬂ%ﬁﬁ>%$i§ﬁ&0ﬂ%ﬂiiﬁ
(bifundamental representation) &\ 9 —f¥DIFAHITONT, BIERZRENY B TE TV B [25],
ZAE MQCD i X 2f#HT [19] & EEEICHRL T\ 5

ABIANDT =BT ONWTIE, b=V v 7Rz AW REROTLROLELT R ENIEE BH

TiX <2572, H—RFRIR I TORY, B/ —V% - WESEEDRELED Z

LITTEDN, RARBEEHERVWE SR —IN CY3 ZE#EEZX D ZLI3TERNWEST
HbD, LLLEeE L TiE, BNEETO Geometric Engineering 7> 5134 523, 00k v %3
N7 MU X BT e dh Tnd, ZHII FEGROIXARTHASNON I FRART — VR -
WEHARED Het/(K3xT2) & TIA/CYs ORAIRED (B8] [34,39,40] 2FIAT 5 b0 TH 5,
ZOFEEZI~T T 4y JERUITCRIESNZS —VEB - WESE V) vy 7T — 2 TREINT
ITA 2237 MECY3 ORIER#->TW\D, Thixb LICEBLS — U - WEEORELZ AT IIA
287 MECYs DI 5—CY3 0K D, RERBEEN LMY R 2 & T ABLSAORKL R
BANCOVWTH A —VEROBERE RO D LN TE D, ERBEOMEH, MQCD, 7L—r7

~7m#h@ﬁ&f%&mmmﬁf&otm%ﬁ® BT ONWT, KHEawma N7 MEDE
7>5 Seiberg-Witten geometry 23 EH & T\ 5 [41,42]o

T D RO — AL & 13RI D T A T RIEAI IR BT D IRRA EZ DN DD, ZDHEIT
% Geometric Engineering O FEZIIAL ISHTE 5, O E2DEEE L LT, Geometiric Engineering
D 5K (R¥! x SY)Y ~D VU 7 b (b EF) B3T7bh T3 38, 205 RITEmiL, a3
7 MEDIEBZNPOITEY 2 T A7 A—FIZkT HHIR (MBIREME) 20 AL 72#EimE LTER
’%@éﬂé%@f AW —VEGwmDO M BEimi Y 7 & BRI T 261 & U CHBRE

o ETBIBMEEZBOTHFmMEL T, 4k N = 1 BT —VEERIZ OV T H Geometric
Englneerlng BIThIv T\ 5 [43,44],

HEE

AELFRIL TR TZBECHNERZ L ZoNTZTEY, EFEVOTHRCEMIIEZZLTT
Lo FEEHE @ED%EL@WLiTOHA%®ﬁ;i%W@ - FHIRYE DM E CHIFRIC D - TV
REEELE, FTHLIZO—FEMFODH O DEMEMITIET , 1HL A7 < B R 2 FIWW T
TEo7PD OFIBIAITITL VDITEHORFFLEES LET, BB AT EERN2EL
MXDEXEDT ., BROMAITHIIEL TEZLL OEEEEZZ T E L, BEOMBLEEND
IIFLDRRRRE LR ILDLBR DRV ITOWT TELRHEMEZEE L, b TRHHEL £7,
EROBEICHT->TiX, FRZEORLOT £, EE, KOKADH 2 DRYE L3S E#HBIRZ
LRV ELE, —4AREBFTENIEANRI ZICE LD THILEZRAREE TV EELSKRETT,

SHBENIL ABF —UBTT VU I NVREMERDOHDEE,
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IR

A.1 One-loopAR—42B#HOEH LK

4R — VB OFESTES g © one-loop X—Z B OREIL. F—VHEOWMESOXREE
BETHERES, (1.26) TEALZ X SIT_—FEHK%E

3

ﬁ(g)one—loop = _ig?b (Al)

ERTLEE BBEOVIIROAKXTEZ BN D:

(” S C§(Ry) — 3 3 CE(Ry) ézofuzs)) . (42)

ZZ T Ry, Ry, Ry 13ZNE N massless 77— V45, Weyl AV ) VG, EANT—HDL 75—V
BGORHAL TS, CS(R) 17—V G DRE RIZOVTOD 2RO Casimir BEETH D, =
N T, % G OEREREBRILENTZARTF. TDO REH%Z R(T,) L LT

CF (R)day = Tr [R(Tu) R(T})] (A.3)
THEABND, BEERIC SU(n) OREHEREL, EARI, KO UQ) OF ¥ —¥ ¢ KRBT OV T

7™ (adjoint rep.) = n, (A.4)
CgU(n) (fund. rep.) = %, (A.5)

2
Cg(l)(charge =q) = % (A.6)

& inTb‘é
=27 —VHERBIZBWT, F—VHEE I PVELEE 1 DI LT (A2) 1T

b= (13—1 = g 2 2) Co(@) = 208(G) (A7)

LEFL, REROWES (/\/l'/\‘—%EIE) 1 22OV TIZ

12 . o

Lhd, Thn3<Ii, BERBSEMESN 1 2O —VERIIONT B(9) =0&25Z L23 %
%, :Miﬂad—\mx*f—/vrﬂi%ﬂﬁa“éz‘» EEZOXRIT, VB LWEEN (3.4) DX
NNV DDRERZLEEEZZRT N =47 —VHEmE 5,

T—UHED SU(N,) TEAREWME LD Nr B 556 D0~—& B ORENT

b=2N, — N; (A.9)
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LRED, SU(2) HimTi
b=4— Nj (A.10)

ThV, BLEHRERL L TEARBEMEZOB N 1T 4 2ETHINDZ LBHIDO BN D,
WESEZL SUQ2) Bim0BESHEREDER. T2bbF v —Y 1WEER 1 >0 U(1) F—
VHEEIZOWTH, (A6)(A8) KV

b=-2- 2 =-1 (A.11)

BRSNS,

A2 BEABEHOLAK
(1.112)-(1.117) OFHE TITLU T O X 5 I2BEMEB O AR E - 72

V2 [%dzz —u

[%] wu—A? 11 A’—u

[Kul] uw—A?u+A% 33 A2—u
= on o Ty ®ay) (A.14)
[Ku2] w?—A* 33 u?
- ZW‘F(15132’1_ F)? (A15)
(A.16)
A —
a(u) = \/_/ d:z: vz - u (A.17)
[##] 2L 11 ~2A?
= V2(utA?)2F(-g, 5,1,m) (A.18)
[Ga] 1 A4
=" V2uF( nywy (A.19)
ZZT
. D) — 1 I'(c) bt c—b—1 —a
[+ Flabci2) = —— o r(b)r(c_b)ffg P11 = 1)eb=1(1 — t)~%dt,  (A.20)
[Kul] : F(a,b,c;2) = (1—2) F(c—a,c—b,cz2), (A.21)
1. 1
Ku2) - F(2a,2b,a + b+ 2,»?) for |z| < ’ (A.22)
= F(a,b,a + b+ 3;42(1 — 2)) |z(1—z)| <1
om0 a+1 1 z \?
[Ga] : F(a,b,2b;22) = (1 —2)~ F(2, 5 b+2 (l—z) ) (A.23)

XENZNBRMEOESFE TR, Kummer ODE#HBRK, Gauss DEBRRXTH B [17], [fE] D&
I, t=0,t =1DRELEFICRRPORFEFFEIVIC1ETIRRICDIE>TE 5,
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A.3 Picard-Fuchs FEEXXDEDEH

(4.17) @ Picard-Fuchs 2 & B L IREL TR, OB TREREY 2=z, w=2; LK
%5, Kp, DAY OW7=3 Picard-Fuchs Hz%

L1 =02 — 2(20, +20,)(20, +260, +1) =0, (A.24)
Lo = 0% —w(20, +20,)(20, + 26, +1) =0 (A.25)

LRIND, NTA—F p1,po BEAL T

f(z,w; p1,p2) = Z anm(p1, p2)2" TP w2 (A.26)

n,m=0

D DIBEARET Do % (A24) ITRAT B L,
n>1,m>0Z2VT

(n+ p1)%anm — (2n +2m + 2p1 +2p2 — 2)(2n + 2m + 2p1 + 2p2 — Dan—1,m =0, (A.27)
n=0,m>0Z2\T
p12aom =0 (A.28)

155, R (A25)ITRATD L,
n>0,m > 11Z2WT

(m + p2)2anm — (2n 4 2m + 2p1 + 2p2 — 2)(2n +2m + 2p1 + 2p2 — Vapm 1 =0, (A.29)
n>0,m=0Z2\T
p2’ano =0 (A.30)
ZH5. (A27)(A.29) Z AN &, (n,m) # (0,0) L LT apm i

o IR 204 2) (A1)
m = - - 0,0 .
B = G+ )2 I (G + p2)?

LEREDH, ZhE (A.26) ICEET

TI282™ 1 + 201 + 2p2)
i1+ p1)? IT521 (G + p2)?

LB, T2IZL ao,o(pl,pg) -\ a(pr,p2) EELZ EIZL T,

BT, BEZOBIRELIZEESZLICL LS, ZDE& (A27)(A.29) 1T DT
FRDN TV 2 D TAHREMIC (A.28)(A.30) DEAZTHEEY . Z D fIT Picard-Fuchs & 7 % 1F
AsE5sE

/
f(%uupbpﬂ==a0nﬁm)(#“wm—%E: znﬂ”wm+ﬂ> (A.32)
n,m

Lif (z,w; pr, p2) = pi*alp1, p2) 2" w?? (A.33)
WERY STo, ZORT. BETHLIC Oy, Opys O Opy BN S IR T pr = pp = 0 255 &
BB 0IZRDZ ENHEPDOENDDT,

of
dp1

0% f
P1=Pz=0’ 9p19p2 p1=p2=0

of
p1=p2=0 ’ 3p2

f|91:p2:0 ) (A34)
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i% Picard-Fuchs FRERDfEL 725, (A32) D fIZ o0 TIhbEERICHETS L, EFEY

a|p1=P2=0 =1, (A.35)
a. _ Oa _ % —0 (A.36)
3p1 p1=p2=0 8p2 p1=p2=0 (9p1(9p2 p1=p2=0
ERWNWT, 428D
1, (A.37)
122n+2m -1)! .
wp = lnz+z s 2"w™, (A.38)
n,m
2(2 2m — 1)!
wo = Inw —I—ZI ( n-; W'LZ ) 2"w™, (A.39)
e n!?m!
B 22n+2m-1)!
Q= lnzlnw—l—(lnz—i—lnw)z DI 2w

n,m

<2n+2m1 1 2n+2m—1 1) 4(2n + 2 — 1)|

+ ZI 2"w™ (A.40)
n,m

»E5, Z;L,m & {(n,m)|n,m € Z>o}\{(0,0)} Iz o>TL 5FTH 5,
th = —wi,tf = —we & L, EOfERE g = el qr = e, KU QOREBEL T

2 5t 2 %

k=n+1 k=m+1

n12m!2

@ = 2+ 222+ 22w+ O((z,w)?), (A.41)
qr = w+ 22w + 2w? + O((z,w)?), (A.42)
Q = ttr + 4z + 4w + 92% + 322w + 9w® + O((z, w)?) (A.43)
DEIHTRT, (HEEPEEIENRNEIZ L2, ) (A41)(A42) ZHIZfEL &
z = g5 — 2q° — 2q5q5 + O(ax”), (A.44)
w = q; — 2qq5 — 245” + O(q”) (A.45)

Ly (AA3)ITRATIIR
Q = tyt; +4qy + 4q7 + g + 16qpq7 + q5> + O(gi?) (A.46)
RELND, “he (4.35) O—RBORHE
Q = tyty — 2d1,0gp — 2do, 19y
- (%dm + 4d2,0) a” — 4d11qp95 — (%dog + 4d0,2) qr’
+ O(ax®) (A.47)
ZHBTIIUT., dym &

dip=-2, doy1=-2
doo=0, dig=-4, dp2=0, (A.48)

DEITRKDTHLL LN TE B,
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