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Abstract

AR, WA S L CRATFES 557 — U B 0 SR EURIC 51 5 AT
HEA T B, RRITHN = 25— SERRICH T B AP E N = 1 BIRF Y —
CERIC B B IAHEE RN T 5.

BAIIT N = 2 R Yang-Mills BERZSFFOMAHEIC SV T, 2RI L
THERRE D, WIT, N = 1 BXFRE 7 (SQCD) ORZEMiER 52, N = 15
RICHIT B BAHEC OV TR T B, 20 N = 1 BGHER N = 1| BROELT
ZRTOTE, R BIIS K< DRBRVE, LD AFHEOH N = 2 B
SLEDILB &, ZORBMSI B REST B, ZAUCOVTHI LI, A =2
FIRO Y5 BB HRE 5 10700 N = DRAHEZ R L, BEICZh BIzow
THHT 5.



Contents

1 Introduction

2 N =2BMEOHRICE TS MxE

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11

4.1
4.2
4.3

4.4
4.5
4.6
4.7

Ny ZLb—=N—=%FDON =2SU(N.)SQCD . ... .. ... ... ....
WA N = 2 B# pure Yang-Mills fEFH . . . . . .. .. ...
Flat Direction . . . . . . . . . . . . . . e
N, =2 DLGADRZ RNV —HHMEH .. .. ...
BV TAEMOFE
BRHE
BAAIEICD Ul)g ORIV . . . 0 o
FURT TRV o
B RBE I e
BPSE®EAX . . .,
BEELIOOEL .
REELROFEIR .
EBTVOME
N =12
1 XD HEFIZE T2t

Techniques . . . . . . . . .
Flat Direction . . . . . . . . . . . . . e
WHMZRED 2T AZEM .
FROFFOXFRE . ..
Ny < N.DFEOEZE o
Ny =N DEFEOEZE
Ny =N+ 1DHFAEDEZE oo
Ny 23N DGR
BRHE
Ne+2<S N <SSNOBE L0000
%NC < Nf < 3N, @%/ﬁ\ ............................

2SUSY QCD MEZEE N = 1SUSY QCD [2H 1T x4k

Flat Direction . . . . . . . . . . . . .
W72 7 —w > branch . . . ...
WHLYZ2 Higgs branch . . . . . . . ..
4.3.1 Baryonic Branch Ny > 2N, ( asymptotic non free) . . . . . . .. ..
4.3.2  Baryonic Branch N, < Ny < 2N, (asymptotic free) . . . . . . .. ..
4.3.3 non Baryonic Branch . . . . .. ... 0000000000
Mixed branch . . . . . . . ...
HHE Y 2 A EMOFEED
= imi) Higgs branch EFIEMVAZEEL . . . . . . .. ...
w7 —w > branch . . . . .. ...
471 BRERR ...
4.7.2 Baryonic Branch root AR . . . . .. ...
473 TF—=UHOU() OFSITHKT D charge Part 1. . . . . ... ...



474 TF=UHOU() OFSITHKT D charge Part 2. . . . . ... L 70

4.7.5 magnetic 7 A —27 D U(1)p charge . . .. ... ... ... ... .. 71
4.8 Baryonic Branch root D& R VX —FZ0E i . . . . . . . ... 73
4.9 Breakingto N =1 . . .. ... . ... ... 75
WG N =1 EBx xR 77
5.1 Spin(10) & SUN; —5) oo 77
5.2 Spin(7) & SU(Np—4) . . . . 79
& i 81



1 Introduction

Z ZEAITIRBN T, BRHE & W S MEE SRR S — U BER 2 AT S 5 L CIHER IR
HDERHO>TETND, PRMEDRF O LVVRHBIL, 38k A Ik & 595 B Bk &2 RS O
HLENIBDOT, Thzaefizxid, MGl ZEImEICH > FRTREICRD, ZTHET
FRAT 25 IN B 72 o 7o 3RS GBI IRT IR 2 K S 1Tk 5D TH B,

BOHEDE 2137 < 1. Dirac OEMIKMEDHIEE D (Ref [1]), Dirac i% €/ AR —
NWaBANTHE, BIGE LGB LN e AT g IZX LT

E-B B--E (1. 1)
e—g g — —e¢ (1. 2)

EWVWIHIEHELTH, v 7 AV o)V FBRAIIAETHLIFEEM LT, 0L X Dirac
DALY
eg=2mn neZ (1. 3)

BRI LTS, ex>1 ET5HL g1 ERDHDT, ZOLBTHMES LEIR-EEN AN
BRbobrDThb,

UL2xU. 2 2B TRHES M2 #9228 & 72 > 72 DX section 2 THIMNT D
Seiberg-Witten DL TH A 9 (Ref [2])o ZAUE, 4RITL T, WHEHBBBRNWEEDN =2
IR SU(2) Yang-Mills Bl DB 22 O & B IR D= LD & O T, MGk E
THEARBDESTEDT, RERERE G212, ZDL &, MEAHERERITT 2 DI
RA Y NZRoTe DD, BMTE TeDTH D, ZOEFEMREHNT, W OO 8EDH

HRERDROENTND, FlxIE, Mk Lz BRI RANTFELTVT, 22T
1T4:45 72 massless B DB TEY . £ ORI 7L massless bi -1, Z O TIX, £/
R NRFA T THLFEPIRINTVND, £z, ZOLEN =2@BIPMEEZN =11
D &, Z® massless &/ R—/L0MEEHE L CEM O CiAD &L Z 75 LT ISR
ZEBHRDLDTH D,

INEMD E LT, MEGEZHES LIS (Ref [3]). 70, SEIERT—VHOY
A7 E TR R o T b,

section 3 TII N = 1 BxIFRa 177 (SQCD) D EZEDHEEIZ OV THIMNT D (Ref [T7,
).

=V HERIIN < OO, BilxIE, 7 —r UAH, Higgs #H, P CIADIEZR EAME
£S5, &AM WHEEGPEARBIET 5 & 13 Higgs # & B CiA DA DRI XA
72N (Ret [6]), §€-> T, asymptotic free 72w % LR 3 5256, BT/ ¥ —5ILEs
i & 72T Higgs M. RT3V F— TR G 72 D TP CiIA DA TRtk 9~ 2 D23 A 4K



ThdEEbis, LrL, 2 200MIZIEXBIRRNO T, ZIHIXEBAEWIZH BT
RBSTNBIXTTH S,

Z @ section TOHMIX, K=/ X—HIRICKIT 2T 2 FEEBEICHDZ & T
HD, LML, ZTHHIEIREHRGAE UL IEMRREZRD D Z L1 TE TN,

T N = 15QCD ORFOMERO 1910, RO LS RS 8 5 DTRARNDE
ZEZBNTND, TITHIBRMEL L, B F—f TR R D 2 DOHEmAET
ANF =R TIIF CIRD N2 LTV T, KRR F—% AT HBIINFEIZ & > T,
HITR2ODHFHREXF TERNEFTIBRTH D, Ziud, FEATHIGHE & FFE T
Do TDEE, 2ODHMIMTANT IR TIIRRL -V zRioTEBY, K=x
I X — BRI B W TIEFE A 2 [E & A ECTREISEGOERIZR>TnE EB 12 b T
Do

section 4 T, N = 2 BlimORHMEZ N T, ZON = 1 B O THBCHE D
WEDBHT 5, (Ref [19])

N =18USY QCD DIFEFHMKHEICIN T, FICHDRZ L3, RERRB S~V
FEZ RO "o DGR HUEEEZ/WF AR E G ZDOMENIZETHA D,
section 3 THIMNMT B & 972 SU(N,) @ Vector like Model ®RKHAEIZEI L Tix, N =2 8

WO OHED B &, EOEEN AL TL b, N =15 T magnetic & FFA TUWZHE
nMiM—QTﬁﬁ®iDu%ﬁéﬂ6 SU(N.) Ny 7 L—s3—0D N =2 SUSY QCD (&
B 57— I IER 7 — Uk & FED, RFIZ, Higgs branch OJFURA & FliIE
27 —nm v branch ERDDHRICHERT S, TDE &, 77— branch b .5
L=V, b X9 EN =1 T magnetic RELGRAFF > TWe 7 — U SU(Ny — N,)
2722 TWNWBD, ZZIZ8ND N =2 RO massless 7 4 —27 X2 Z VA2 X, BRFRE
DN =11END &, N =1 BEROIKHEIZH TE 7 magnetic 7 +—27 X F VA v
2B DTh D,

F7o. N =227 —a 2 branch [T OIS, KRR 4+ — 7RI NVF 27T 6
ﬂ%)o ZDZ k&, section 4.6 TR IV AL EH % HW T Higgs b WLe 77—

SU(N,) #ime . 7—a bR —Y SUN; — N) BigzF—flTsE, N=1
SUSY QCD IZfFE L= # L Z &R TE B,

section 5 TlX, T X572 N = 285G %E HW T BT TEZ 5 IV N =1
MAHEZEFENT D, ZHHDOMKEDEI I, FZ1E-o & D bhro TR,

secion 6 TlX, ZTD X5 RAFWRN = 1 BGHEICE L CHAEE TIZhbho TV HE
B A% OBEIZOWTEmT 5,



2 N =28xFEDHFIZE T 5T xE
21 N;7L—R—%EDN =2 SU(N,) SQCD

KEHRN = 2 @FMEEERIZIE Vector mulitiplet & Hyper multiplet @ 2 FE¥ED

(massless) ZHHEINFET D,

N = 2 Vector superfield® |37 — UHEOREAERBLIT)E L.

A, SU(2)g singlet(7—< )
A ¢ SU(2)g doublet(VA VT =)L I A V)
0 SU(2)g singlet(fR AN T —5)

(2.

1)

DX BRSO ST, Zivk, N =1 BAHEDOZETES L. N =1 Vector
mulitlet V (A,,\) & N =1 Chiral superfield ® (¢,¢) THRINTWVWDH LD LT

&5,

Z Z T, N =1 Chiral superfield ® %

® = ¢(y)+V200(y) + 0*F(y)
7L oyt =zt 4 ifotl

N =1 Vector superfield V %
V = (—00"0A, +i6*(ON) — i0°(0)) + %9292D)(m)
F72. Vo< 55 Field strength superfield W, 1X
Wo = (=i + 0D — io"0F,, + 60" D,A)a(y)
ezl

1
o = Z(J“&”—U”&“)

Fo = 0,A,— 0,4, —ilA,, A
DA = O\—i[A, N

DEICENMNTEHHDET D, (Ref [37))

N = 2RISR IR R 2B/t & LT, SU(2)r x U(1)g XF-EZFFD, LD
N = 1 superfield ZHWzEAILTIZ, ZOIBUTOE 72 U()y xU(l)g HA &



o TWND,

. D(0) — e P(e0)
UM { Wa(6) — cioTW (e-iof) (2.8)
. ®(0) — P(e0)
SU(Q)R D) U(l)] : {WQ(Q) - 6iaWa(€_m9) (2. 9)
Hyper multiplet ('8 %) 137 —VHOEEORBUTIBT 5 Z LB TE,
g SU(2)g singlet(VANVT =)L I F )
q G' SU(2)r doublet(#izE 2 7 7 —5) (2. 10)
Ys! SU(2)g singlet(T A V7 =)L 2 A

DX DRI ORI TWND,
Z % Vector multiplet @4 EFEEIZ, N = 1 superfield Z HWTERT 7256, 2250
N =1 Chiral mulitlet Q (g,%,) & Q (Gabg) I &> TFIRT 5 Z LMW TE 5,

Q = qly)+ V200,(y) + 6°Fy(y) (2. 11)

Q = qly) + V20u5(y) + 6°Fy(y) (2. 12)

EEL, QR —VRHIEE 7 L— S—RFPEC R L CHARB AR D, Q IXZDIER
BUTIET 5, (2. 10) 2 BbAB LD, —RIC (Q,Q) BF LERBUTET 5.,

N = 2B TIX, 120 Hyper multiplet 23472 % Chirality %72 superfield (Q, 5)
THRENTVNDORFETH D,

Hyper multiplets 23MF/ET 5 &, — &I SU2)r x U(1)g WA T, NUAUE U(1)p
b KIFHIRFREIZ /> TEY . N = 1 superfield @ Tl

U {ggg B A 2. 13)

. Q) — Q(e™™0)
Y {@w) ~ Qle-0) (2.14)
SU(2)r > U(1), - {ggtﬁﬁ%ﬁﬁ% (2. 15)

DEITKREIND,
QW7 L—S—REICK L TCHARIL, Q B2 OHERBAICETHLEDT L—r3—
IR i N S a AT L e i .

SU(Ny) : { E%i - gigiT{ (2. 16)
DEITIpoTWD, IZL, U € SUNy) (i,j=1,2,...,Nf) Th %,
=R SU(N,) TNy ZL—N—%FON =2SQCD DT 77T ik, Thb

7



D N =1 superfield ZES>TRDO LS IZES ZEBTE D, L, QX7 —UxiwtE
& 7 L— N —RFEI X} LT%ZIK?E@%?: L. Q3T BERBITIBT D LT 5,

L o— 4—Im [/d20d20 raBe 2P 4 /d =T WOW,
T

+ [ @0 (Qm”%y+w&e”VQ>
+(/d%m%+hc> (2. 17)

0 +247T
27T g2
Wo = V20900,
(2. 18)

L, (4,7=12,...,N) X7 bL——D, (a,b=1,2,...,N)IIHF — VO EARRKE
Dit, ZA 6@ mulitiplet |Z short mulitiplet & FEZILD H D TH Y, massless DR &
KT HHLDOTHD,

fH L. Hypermultiplet (2%} L Cix, LA FD X 9 724872 Higes A2 B2 5 Z LIk
D, % Tk ~% BPS HREM W T EHREZF-T LR TE S, G, KHIc7 1—
W= Z 77— b L2 & L, £D N = 2 Vector mulitiple 23y 7 75 v K&
AR LT, 1D ThH D AN T =GR REHFHEZ R o7 £ B2 570 6, Higgs HEHIC
KV EEPAER S, super potential %

W - WO + Wmass == \/5@?@2@2 + ﬂm;@?@é (2 19)

DX OB,

ZOPRENN = 2 TR D RO [m, m!| =0 T ZOIRHL, % Tl
% Flat direction DRI ZE Ny 7 7T 70 RGIZKLTRDEZLDOTHY, m 27 L —
IN—XIFRMEIZ E D3P TE B Z & 2 RFEL TV 5,

2.2 HHEME N =2 @8x¥ pure Yang-Mills EA

R 722 N = 2 xR pure Yang-Mills fEll 2% 2 5, ZZ T ‘pure’ &%, Ny = 0,
AS, WES Q,Q (Hyper multiplet) 372 W2 E %25 5, #->T. N = 2 #xIF pure
Yang-Mills fEFHIZLL FTH.% X 912 N = 2 Vector superfield ¥ O&HTENPND,

Z DL E section 2.1 TH 27 L9512, N = 2 Vector superfield ¥ 1 N =1 SUSY
@ multiplets Zffi > THEEKT A Z &N TE 5, LLFTiE, N =1 @ superfield Zfi->T
N =1 BimoxgE»5 N = 2 pure Yang-Mills fERH 2 L. a2 N = 2 Vector
superfield TEI Z L1127 D,



N =1 superfield W, Z VT, RO LS EZFHLTHE S,
1 1 T 1
= / A xd20trW oW, = / d'atr[= FuF" + L™ — iAo D,A + 5 DR. 20)
.
S (2. 21)

(Ref [37])
ZZTLE, P IZA VARV NVHTH Y

tr / A2 F, B = / d4a7 Fo o =167 (neZ: A v AZ Y RUK) (2 22)

DY ICRTLESNTO S, fhoT, BREAEH ru— &+ ¥UATS L, N =1
Yang-Mills BEFmO/EH X

2 2 1 < 1
_I c/4 ? ¢ :_/4 __FZ/F“V_. " —D?
gy mlra | d*zd 0 trW o e d*xtr] 1 F iAN" D\ + 2D ]
0 4 [y
+167r2tr/d zF,, F (2. 23)
LET 5,

—Ji. Z#1& minimal coupling L TWA 57— HOEEERBLIZ)R T 5 Chiral superfiled
¢ DIEMIX

/ P d20d20trdte 21N $  — / d' tr (1D, — e D,tb + F'F — ¢1(D, g
—V2igt{\, ¢} + V2iP [N, ¢]) (2. 24)

DEITELZ LR TES,

N =1 Exﬁ?’]‘ Yang-Mills fEHIZZ D L 512, 2 2D HiT TEL N TE B,

E AN N =2 BRFME Yang-Mills BlimTlik, N = 1 @%IFRD Chiral superfield & &
Field strength superfield W, 731 -2® multiplet IZ#iG 4D DT, (2. 23) + 9—2(2. 24)
THZbND, FREIL SU(2)r doublet TH 5 ¢ & X\ H3[F CHEBEIHDORE A £ > T\ 51X
TTHDHZEND, ¢ & N OEBHOBENFE CIZed X 5 icikdT,

722U, UBEOFROMHO- % section 2.1 IZHAR2KE 25T 2 ERICEL L TWD,
fElR. N = 2 BXIFR Yang-Mills /EH 13 N = 1 EBXIFRMED superfield %> T

QTCZ

Lo o 20 127 &t —2V
W[Q/dQWWaJr/d@d@(I)e ® (2. 25)

S:Imtr/d4a:

DEITELZLERTES,
THUTER, N =2 BXFHMED Vector superfield ¥ % {fi- T

- ~ 1
s = Im™ / A 20420 ~tr b (2. 26)
41 2



DEICELZLENTE S,

L,
T = ®(§,0)+ivV20°Wa(3,0) + 0°0.G(7,0) (2. 27)
G(3.0) = / d20[®(j — i606,0,0)|Texp|—2V (§ — i000,0,0)] (2. 28)
G =yt +ifotd (2. 29)
y' = 2t + oMl (2. 30)
(2. 31)
LEHENTVD LT B,

(2. 25) DL (2. 26) A3, HELAYZR N = 2 BXIFR pure Yang-Mills 1EH TH %,

2.3 Flat Direction

N = 2 pure Yang-Mills Blig DT 75 U7 U R OTBERMWEE & LT, @xXIFREEZE S
FTIZA N T — 5O BZEIFRHE 2 RIS EI T ZENTED LWVI 2 BB D, - T,
Z D& EEZETEBRICHIE L TR Y, EOMIBD Mm% flat direction £V 9,

N = 2 @*IFF pure Yang-Mills fEH (2. 25) & L <1 (2. 26) @ flat direction D5AF%

YEH S DAD T —HHRAF LTV DBIEIE, (2. 23)(2. 24) &V
2 (e (Lp2 4t T)
Smx—gz/dxw(QD $'[D, ¢ + FIF (2. 32)

Thd06, #iBhG F. DIZxId % Euler-Lagrange 52 Zf#< &

F = F'=0 (2. 33)
D = —[¢' 4] (2. 34)
LB, Tb% Suu TRAT S E
1
Saum == —?/d4x tr[¢T,¢]2 (2 35)

LR, AN T =50 potentia 1LV (@) ~ tr(of, ¢]? THDHZ ERHD, BRFIEI
NRWEIHIIRSABATND LD ICEZEHFHEN V(0) =0&725Z2L72DT

9',6] =0 (2. 36)

ThivX, BIHHEEZHE O nEEL 725,
Zhds, flat direction DA TH S, ¢ & o WA TH Y E 2 THITLVWDT, ¢ DE
ZEHFRHMEII A REEZ L ND Z ENEETH D,

10



24 N, =205EE0EIRILF—FNEAR
—RIZAERIZ. O EFICE o T T O X > TW AW RIS 7(W) %2 W

i 4. 120 25
4W1n3/d;u19d9fxw) (2. 37)

EWVITICET B, Tk, TAERMEL FEEN D N = 2 BRFMEOHE D 1 2 Th
. IR A R D DEICIERICEHE L 2 D,
COFRITIRT ¥V EMTND, IR TIEMZ (2. 26) 12725 2 & N6,

1
fcl(\I’) = §trTcl‘P2 (2 38)

L5,

LT AT, BIfiCRZ L 212, ¢ X flat direction (2> CHEZEHRHMEEZ D Z &8
T& 5, BZEHIHMEORY a2, =D )VE L EGY 238 A TR RO 7~ flat
direction DA (2. 36) DL 72> TN 5,

F—URE%E SU(2) TE XD L ¢ DEZEHIFHIEIT

<é>= %aag (a: HFEE oy /30 VBN 3 oY) (2. 39)

Thbd,

OB, TD XD BREZEMIHEL RO L & HERD S — IR SU(2) — U(1) IZhkdr, massive
state & massless state (20N DDH DN, Fax DA VDITE =RV — DOFED
HZEOHETH D, EZ21E massless TREETHLAR S 4 massive state X EZEDREE IZZINT
TRWVWEEBZLND DTS L TEST S, Tk Willson #V AL LTS FIET
bb, EIDHEMEI, ZORITT—VHENRUQ) ITENTHWDLDOTYZ —r A LT
s,

SU2) — U(1) &fiEid &, Higes HfEIZ L V. dim(SU(2)) - dim(U(1)) = 2 ©HHJE,
Bt F—=U8H0 956250 HEIX massive 12725, (2. 39) O X 5 REZEHFHMEE
%L &id, A),A2 D massive (272D, A% 1T massless DEETH D, 2L, flat &
%7z 3 B2 HIAHEIT 7 — 2 BERRE D 08, ExIFRPEIEaE & 220V o T, BXFRMEIC LY
A% 0% (a=1,2) b massive IZ72 1D, N393.¢% [ massless DEE TH 5, FiF. KT-*x
NE—IZHNTL BDIE, a=3 DFRTZT TH 5,

PLENS, K= XNV —TCOHEMERAN L DREEHEEB 25, K RV —GHIkI 3584
BTHDHDOT, TURT V¥V Fu(O) IZRTAIEEZZT T, AOERIZRICR A~ &
INT—RRISRNTBIS F(®) 2 W T (2. 37) OFE CTEMPND, ZOEHIC LT, F(P)
Z®EbY TEMLT, [&0RNERITTLL

S:—Lhn/d%{felﬂﬂéﬂvmwﬁy+/d%f@@ﬂdﬂwffxé) (2. 40)
41 2

11



=721

L%,
ZZT

(®fe V)= = (@1 —29V +--))°
= P
ThHHIND, fER. KR VX—FERHIT (‘3 28K L T)
SM;_——hn/d4 P% FU@W W, + [ 0401 F/(@) (2. 41)

L%, T, WaxDBHKPHLEMTH Y, BEIIC F ORISR 2 IR ET 5,

25 EVaASAEMODEE

A CRZ L D 1c, N = 2 BlER CIEEZEITEEICHTBE L TWe, 2o, F—YEfET
RN, BZEDZER (ZRIR) ZEY 2 T A 22H M kzm
FE 7o b BT (2. 39) k0.
U= -a (2. 42)

ThHD,
WICEY 2T A 22| M ORIREEZRTHLZ LITT 5,

— T, NRICZER My ZEENZEMET 2B I~ O T 75 07 id, NfE
DAHT—%¢" (i=1...N)

¢z ()
T r
My — Mn
Z W T
((d3)2 :) Gij(9)0,¢' 8" ¢ (2. 43)

DEITHEADBND, TI T, Gij(¢) IFEERNZER My OFFHETH D, FHZ N = 1 #x
FRMED B D & X1TIE. My 137 —F —ZRIRTRITFITR BT, 5HE Gy 137 —F—RT
XV /C(gbz,(;gl) s LANEN Gi; = 0(1,1-84-,le(¢@',¢3@') DX IITEIND,

12



IO, N =2xHERH D L &L, F—F—RT I MITIVRT v F(¢)
EHOT, K(¢,¢) = Im (261) THZBAT
O2F
- = [m—_— 2. 44
G m(8¢l)2 ( )
ElpoTn5, !
KBS OBE, ZHUILL FO X S IR RV —HEEH (2. 41) O 2 HE FR Y TEW
TRNIEDbND,
O Ty ick o TVBZ LITHEELT
/422’T/ s ponpq| OF t T)
Im daﬂ@dﬁﬁf{@)=:Im/dxd&u9———@aw(%x%)—u~
o
OF
— 4. | _ 7Y At L
Im/dx[ a¢0“0(b ]
— Im / d'x [F'0" 90,61 | (2. 45)

%of\%WKDW%%ﬁ%V:?4®%%&&oTD60

ds* = ImF"(a)dada = Im7(a)dada (2. 46)

B, IESITIE (2. 38) £ V. T(a) = 4 ERBDE, T(a) = F'(a) ZADEEL TR L
R5HZENTE B,

BRI M ORBZRIEEIZOWTELET 5, LTRAEL I, RFmZiE M OFt
i ds®> = Im7(a)dada D LD IWCENND T LB3bhrole, 20L& ZFHEOIEEEMEL Y

Imt(a) >0 (2. 47)

ThorEThd,

EZAN, A FIREAITHE0 5 Imr(a) = ImF"(a) (TP TH O | HARMEOFEE X
D FARIBIE DR HME I KE 2 B2 Imr(a) 3B/ MEZ B2V O T, &2 T
T Imr(a) <0&72oTLED, BB, ZHuL a BEIERE LTEY 2T A ZE# M D2
EEOZELIITERNVEWVWS ZLEZERL WS, A, RETTH2 X512 Imr(a) <0
LD X O RFEIRTIIOPFEREHA L TR MNERH D, Fiz, WENR2EKIT D
DM, ZOXDRFMI ZRET 272DI121%, 7 — U AREREZEHRHE

u =< tr¢® > (2. 48)

ZFERE L LTRIL R, T OBEEE u id M ORBHIZRPEFE L 72> TW5, (Ref [9, 10])
L2 & 5 RS ERIE, rigid special 77— —Z AR & FRIZ N TV B,

13



2.6 M4

section 2.5 TR R7=BIDFEEZ EF LT, TOEKREHRL 5,

& (TR B Wkt &
_ dF(®)

bp=F(®) =~ (2. 49)
Z LT F(®) lxtd 2 Bkt 72 B33 Fp(®p) %
, B dFp(®p)
fbﬁhﬂ———iﬁi;—::—¢ (2. 50)
kjﬁéo
T D DOBRIEBIIHIZ LY ¥ RVAEHL
Fp(®p) = F(®) — 2®p (2. 51)
ZLTWAEITTH D,
ZOEREHND &
, dd 1
p(ap) = FLH(Pp) = _d<I>D = _T(a) (2. 52)

ThHb, stEROEBMEMEL Y, Imr(a) <0 E2NRNDT, Im7(a) — 0 OFHET, 4
T LT RO IRPERE, ap = 92, WY, 3HE% 1p(ap) LERT L. FHEIMARDHE
[T E 5,

Z DMK IR EREDIFF > TV D E®RE R DT DIZR ORI FMEZ N5,
FTIIEM (2. 41) & ®p 2> TRD L S IZFEL LD TV,

1 4® 1 i
Sugzé—hn/d%d%——QWmW@+~—f drd?0l0(® @, — L) (2. 53)
T

dd 81
Z ORI
@) ®p\ [ ®p+ 0P (1
(%) —r(®) = (%2%) 1o (L) ver e
LWV TEBIZX L TRHHTHDZ & 2L F TR,
(2. 53) D 2HIT, L, b BVEKTHDIRD
e, - dLd — &(®,+00)— (], +0'0"HD
= o'®, - d®
L0, T EBHIK L TARETH D,
WICH DL 0 (452 ) = b &1,
b b -
21 IE) = 4, 72 for - 4 22
5(5 1 1) &Jm/ﬂxdﬂVW@ wﬂ/deWF
= 2tbn  n€Z AVAEUFIUE
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L5,

TER IR B S D Te'S DIETHTL 2D Th e Z 7253132 D T ATk L TRE
ThdI ENnbrd,

£oT

T:<1 b) beZ (2. 55)

WX L TRIIALETH D,

) ®p\ [ @ (01
(¥)=:(3)-(5) o=(40) e
LWV D SEHITKIT HROEBMEEZ Z LD,

YEHI (2. 41) O 2 X SAHUC LV, RO K S LB sh D,

/e

hn/d%f&f&wfxéyzhn/d%f&f&w¢D
——»hn/d%ﬂ%J@@4ﬂﬁ¢::hn/d%ﬂ%Jﬁégfg@hg (2. 57)
TDLE PRI Pp ITHZEINDD, BHRGOERTIROBIZ B LTS
WIZ, BLHTHLNR, ZHUBRO LI IZER D &, Wkl OD%IH%T%kODﬁ/ —EL

CNB I BT EBTE S, Wb, W ORHAELE Im(DV) = 012k LT D%
v RVARETEL Vector Superfield Vp % HWT

0 = j/d4xd29d2§Vbl)aVVa (2. 58)
1 f oy o [diz D F T P20 = —1D?
— - D2DVip)We 7 i
4/dxdﬂ o)W ( DW =0 chiral
- —/d%ﬂ%wawa (2. 59)

=77 LWy = —iDQDaVD L7,
T EME S TH 1 HIIREES L TRO XD ICEZEHED,
fEHI (2. 41) D5 13H + (2. 59)

: W, 1
= /inVDWbem)E%hn/d%d%[fﬁéxwﬂ—fff——fwéﬂVﬂ]

(Y
(Y

W BSIH 7 ARSI o TWADTEITLTRS &
= /DWD exp [ilm/d‘lxdz@—WDWD]
f//
::L/DWbem)[ hn/d%ﬂ%f’dh)WbWb] (2. 60)
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20 FEDICHRIRGOERTIEOXDIBIZ—H L TWDE Z ERbnd, HL, D%
X (2. 52) BEo T,
PLEMNS, RIS & T o&#H

(% 3 )es (0 4)er ((H):(g;)b bez) 2. 61

THELNDRESL(2,Z) TRETHDND, R

(1) = (3

- (Z 2>€SMZZ)(m&quZﬂd—M:1)
DEHIZ X L TRFRME 2 Fio,
722, TA&#T, FICEEZESEOXFMETH D08, S EHII IR 7255 DFEM TILIZ
—HELTWDHLNWS Z b, BRDHEZEEFEATND D TEDORIK TOXFMETIZRW
_&%Efbfk<
ITHERTAREZLE, Fh=17p=—-12ThHDDT, MEEENPULKICR>TND

;kfﬁéooib\;ﬂﬁsf@ Ko THAER LA NANEDLDLZ L EEKRLT
W5,

AT, SE#ZE->T riX

d®p d®

1

DEITEHBEIND,

T, ERROMKILR (2. 52) LRI THD, DE 0. Imr(a) < 0 % [EHET 2 B0 PRt
FRDEFTHZ LT, MG LA EANEXDELEEIZLICKISELTVWHDTH D,
a ZPEEEE LTH EL MR EN 2L, 99ATHY, BERAEHTHLHETH -7
DEN, WREAERTIL, 20X 2RI L TWE EE2bND, TDO XD RHE
TR LWEEE ap Z AL TR, 39/ A TR BB TEL LI RDHDT
H5b,

WIZ, VEKE % (a,ap) TERTZEEDEY 25 A ZROEOMHMEL ELT 5,
EBY 2 T A BRI OMEX (2. 46) £V ds* = Imdapda THx bbb, ZiUd, 4RO
SL(2,Z) IR LTAREIZ IR > TWD, Alb, Zhidk, BZEORIES SL(2, Z) Ptz Ffo
TWHIEEEKT D, 2V, EV2T7A DO u 2RO TH, FAE (ap, a) DROJF
WZIXERE SL(2,Z) DEBRERFE-THWT, TR BRTRRSE/ FuI—%74d, #iC
X, ZOEZEOEROMED BHERKEL o TWHDTH D,

16



2.7 EFMHIEIZS U(l)p DL

ZOETIE, HHRICH o7 U g BN RETFHIEICE D 3 BB CH D Zs 1T
NHZEERL, WICENBAD T —HOBEZEHFHEIC LV Zy IR, TV 2T7A4 D Zy
I E RO = L BT B,

FIZH 2L o912, UQ)g SFRMEIZ N = 1 @ superfield Zffi->T (2. 8) TREND,
ZHUEI N =2 ® Vector superfield (2. 27) ZHW\ T

R: ®(0,0) — e¥*W (e, e 70 (2. 64)

LRI ZENTE S,
F72. N =2 SUSY TIF &FAER BRI 1-loop ETTHY ., KREITHRD X
5&:\ Yk@c]: 9 k—izéo

\I,2
_ 2
foneloop 2_‘]? In F (2 65)
ZIZT, AMTQCD DRI —)VAREIRTG A —H —
Z @ Vector superfield ¥ 12 U(1)g Z{EHSE D &
) 2 T2 20
L9 U’ ln— — —? 2.
2T 1A e* (27T 1A s ) (2. 66)

DL D, 1E>T, EHS ODEAL/FIZL T DL 51272 %,

1 9
AS = hm—/d%ﬂ%fecﬂﬁ>wqﬂ
47 T

1 2 1 -
- (——a> (—2)/d4x tr 5 FuF*

A7 s

= 2wm(§—:> meZ A AF MK (2. 67)

EZAT, fEHITREETEN T ¢S LIHTL 20T, AS = on(BH) THIULRIIAL L 72
%o LAEDOATIEOEES m 12k LT 2 NEHTHIIT LN LA D,
Mo T, BEMFHEZ FF- /2R TIX. Ur(1) 1

a=— n=0,...,7 (2. 68)

D Zg RPN D,

Iz, Vector superfield IZE NN DHMBEA D T — LGN EZEWFHEEZ FFOL &2 & X X
Do
D Ly MFED FCTHEEAD T —HIX, ¢ — ¥ =™ 2o DX D ITEBREINTS,
T ToEEHHEEEOL ZOLEMIT 2R < o> k=0,...,3 LIRDEDT, RD
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U(1)p RFHEE S BIE Zs — Zy (MDD TH D,

WIT. KIFHITREERE o b L= b X DEV 2 T4 O OMHMEZ 2 5, Va2 T2
MIDFERE u 13 u =< tr¢? > THX LN, ZTOLE Zy IZX LT u 3RO K 9 I12£4
T 5,

k=02 OLE u —u
k=13 OLtEx u — —u
(2. 69)

HT k=0,...,3 TRETHS7=DT, TV =254 ZEMITIT Zy (ue —u) SFRMENTE
1E3 %,

2.8 TURFUI¥IL

TR, PIRT U NDELREBEEZ D,

— AN B-BBUIR D L S IcE 2 b B,
& [ 2 1
g = — 63 ng(G) —3 ;Nz’T(Ri) —3 ;nzT(RZ) (2. 70)

N; = Weyl fermion %
ni = BRI LK

7 — D SU(N,) T, Hyper multiplet( 7 L—/N—) 33 Ny D & ZIZ LY

Blg) = -2 (2N, — N)) (2. 71)

1672

L5,
Ny < 2N, D & Z asymptotic free ThH D06, 5FAxDBEZ TS pure 77— SU(2) i%
asymptotic free TV, FREEIER ©w — oo (@ — 00) T u = % TR TRVl E e
%o
e IABRESTFEAL Y

1_o1,e (2. 72)

2 4n? TA?
15, 72771, AiA:A@DzamM—mﬁﬁﬁm)ﬁﬁzgnéx&~wK%ﬂ
TA=HZ—=THD,
G9E A ABIR (5 — 00) TIE, A Y AF Y PVHD 0 8T A—=F —T/hE L LTEYTE
HDT

7m)i<m%+% (2. 73)
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L%, TeEL, EBDTIIEIA T —NAERTFA—=F—% N2 - e PN LLYHELEZD
LItk D, TOXIRBERZLTH, RIIVAT—NAARETH D,

LITAT, FTURT IV EFHROMIZIL (2. 46)F"(a) = 7(a) LW BRA Do T2
DTHTT D L. 1-loop BFHIEZE ATZIEARRD T U RT 22 Y v Fonetoop 233K
V. TR TFOLSIZ2D,

~ 2
i a
Fone—ioop(@) = gaz In e (2. 74)
elEl. —MRDORT—=NTDTVRT %)V Fldi TO Fopeioop WA Y AZ N

IEZ3IFT

i P2 o AN
F(P) = g\lenF + \Iﬂkzlck (E) o EE (2. 75)
DKL D,
AVARZ Y N RIETIX, (2. T1) &V
_en? AN?
l—- AV ARZ b Y e & z(g> (2. 76)

Th b, o Ty A DRET 4ITHBI LR 1T 720,
Eo, AR (o — 0o) TEEGRIZC B LT, F = Foncmtop ERDNEZ LMD

=0 (k<0 (2. 77)

DIRE D,

BABITRD R AN S, BT 5L XICHTL B R [d20d20 — [ d20d20e*> % %+
CEALLARLS TUER O RWI E DB TS U2 N RE 5D,

UL TURT IR ILDEBRXERRE ST,

29 ¥/ FKOz—

section 2.6 TIE~R7= L 912, (ap(u),a(u)) IX u DLW TH D, L->T, HDHA%EH
TCHACTERRICE > T u BB LT & &, ZORPFRETRVARD (ap(u),a(u)) 1 1
JAtE bR CAEZE & 203, EORPFFRERS (ap(u),a(w)) ITTCICRE G T, HDOMEHREE
THAZZ HILD,

ZOMBEBIIT ) FuI—LMEnd b O TEIND,
BlE LT, u~roco DEEEEZ LS, ZDE XX, asymptotic free DME X 0 {EEHEHL
TEVIERUZZ2 o TWDH DT (2. 42)(2. 74) &V

a(u) =v2u
{QDW);a<mXZ+1> (2. 78)
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Thd,
u ZHHE v Pl TFEIEID I 1 JH S D,
(22, XY —~ R THRS &, BERAE D IZBE L TiX, "REHEID 7z - T

l/\%)o )

U — €2i7ru
a — —a (2. 79)

ap — —ap + 2a

ZHE (ap, a) MR BT8R > THL &

(W) = ()= (207 2.8
S

SL(2,Z) (2. 81)

LELZLENTE S,
LoT, ZORDEH THRTZL T, u~oco DEIYZE1JET D ETLD (ap,a) IZR>T
WRWD T, u~o XY 2T ZEMORRESERoTND,

2.10 BPSEBH=2AR
ZOEITIE, EREEMN (B & (apu),alv) ZERESTF 28X E 525,

N =2 DREIZBIN D Central charge Z & B &I AR OAREXDORRLH 5,

Mz V2IZd (2. 82)

ne : T
ZZ7T Zc = e cl Tm N Sr
T ! a(ne + T Nyp) THY {nm:lﬁ&ﬁ‘?

i, BPSERAXEFFENS, (Ref [4])

L AT, BEEZTVWHEERIZIL A DRIL massless TH Y, B &#EIT 3T Higgs Ht#
Lo THREEEZTWD, ZD X572 N =2 @xHEMERIL section 2.1 TH-x 72X

9, fi 4 HHEO multiplet 12X > THK S LD, £D X 5 72 multiplet % ‘short’ & L <1
‘small® &FES, (WTitx, BE&EXHD LT 5L E1316 B HEEO multiplet (2 XK - THiK
SH, ‘long'® L <13 ‘large’ & FES, )
Higgs Bt T R4 Fi o 720k 81T, short multiplet TRV E 22 5720, 22872 5, Higgs
PARIEHEEZZEXRNE VI EFERDH DO T, 4 HHEND 16 HHE~BILRZVHMAS
Ths,
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5F 2 TW5 short KELD & X%, RBGmH> O BPSHBEAXDESDHRILT D, (Ref [5])
X o T, E&IT Central charge ZHWTKRD X 5 ITIEMRIZKE 5,

M =2 |Z4 (2. 83)

TN Z ORI EH> LT HTHA 5 07?
i@‘ FHHIIRIGRIZE D PRE - TV 72D T short multiplet TE X TWBER Y glsr L7
S THEZRBARWY,
WIZZ THDHD, iR O FB72NEeT DL Z=n.aTHDN, RVBFFOIKRHEZ
ap & a DANFZIZK L THERIZFRIE TH D Z L EZRFEL TS, o T, B2
TZ = ap E72% LBPND, £ LT, EEE Bz = OREWZT, (Ref [2])
XoT, =D dayon TIiE

Z=an.+ap n, (2. 84)

LirpEEbh5, BrCZORNL, ap = L EoloTHMER T ap = ary &7
(2. 82) WET B,
Lo T, BET#HNA BPS EEARNIT

M = V217
2 = e (%)

—~

2. 85)
2. 86)

—~

ThEzoh s,

EZATHEHREARY T AIBNETHLOT, RILEZIZHIERAT M T A
REEDOIY S5 TELTRELDOTIERY, Ko THREHR (2. 62), bLLIFE/ FrI—
WX L THEEANY 8T AFIAETHDHRERDT charge 1X

(N 5 M) — (Mg, M) M1 (M e SL(2,7)) (2. 87)

LEBEIND,

2.11 HBELADOH

section 2.5 TR X912, FV 2T Ot EDIEEMEMED DX, FRE AP MLET
B o7z, section 2.9 THZ X 91T u ~ oo ITHENITERE ST/ - 'CW?‘:Z’J\ INFETEA
3 7

branch cut (213G E KRB NTER2 T, D % 1 DIIRFR SR VETH 5,
LrL, bLELISDLIENETEE, 4 55/3-7/( WX Zo XIFMEDR B 072 DT, %
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T u=0DRTRNERBZRU,

ZOLE, u=0EYDE FrI—F, (FRAOENL ZATII, REELETED
DTlu~ocoBIVDEDE—HT D, T5&, (2. 80) TRZEIIZTa? ZEARE/ KR
IR LTH, BBEZITRVOTREMIC u = 10> TRVEFELTNTLES,
E, GFHROIEFEMEMEICFET 5D T, FRAD2ODE VI DIE, 5 E DR,

Ko THREEN I DU LD DT TH D, Lk, ZOERN3ODORRETH D LIRET
60
TDEE, Lo XHEIZE D, u=00,up, —ug (ug # 0) BFrEIR L 2D,

TIT, EEELT, AT u =0 13RS THD EEDbND, e Hill
icidu=2a> £V a=0 THD, DF Y., Higgs BEREE TRVWATHD, 5FT
D, Y 2T AT DTN T, Higgs N & CTHEEABY LB/ —
UL IZR>TWD, £oT, a=0TH =Y SU(Q2) ICRIET D &L AT ORGITM
FELTWDIETTh D,

TiX, 2O u=0 OREFRETRNETLHHEET,. BREEYLRDTHA D07

ZIUT a ~ oo IZTFFE AR TH ¥ | asymptotic free DMEIZ LV HAIZ 5 FLFE T
TV, a ~ 0 IERREAEIRICH Y . £ 2T, u=1a? &V TR ERE Ffo TV
WrBTHD, Lo TCu=0DRIEEIRERDERERZ2W, E0Pba=04u=0
EROTWVWTHRWVWDOTH D,

EHIEEXIE, BTPRIZEV a=0L W0 EBET 2T A 05RLRY F—I IR
BT D RPFELRLS R TV THRY, BIFEDETVITEZE I RoTND,

2.12 HBELSODELK
ZOHITIX u = fuy DIRFEGHEIR TORFE S TIIMNEE TWDEDONE 2 5,

EV 2T 41X massless DRI TR INTWAED T, 5FTE XL CWENTZT TRt
WENTWD b, FRMIBRWITTTHD, Lo T, UDBIDS DB K
FC massless £72 0 21 TA £ TO Wilson # 0 IAZ TORERROMERE L TV 5 & b
%o
AT Caam L72 & 2 IS AICIE, u=a=0 CHHEREETHZ EICL D F—IRY
U massless E 2o TWEEEZ BN, LoT, RNEV u==2uy THFXF—IR N
massless I[Z7R2 5> TWNWDH EEZXDHEESTHA D7
A 2 T 5 EimIT asymptotic free BiR72 DT . IRIMER « = +ug T conformal R~
REAEHENHDHETHE, T TIEIAR LV —F— trg? BRITEFF-> TOTIIR B R0,
Lo T trd? IZHALA R L —Z = 0 TRWER LRV, S ITFRITER TRV
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ZZTCNDDTHALANL—F =TIV, IHIT, FFRABZDOTHDLEWVWIE, T
bbb, u=tuy(#0) D FTIEHARL—F—tre? (X 0 12H7 0 X RVD T, Z O
X massless D7 —T RV AZITAEY L2220,

Do THLDFREMEZ IR 572 < TR bRV, BRI T — Vi Tld B % E5
YU MR DFEVEIR—ABFET DT ERMONTND, LoT, Befif 1 DF/
AN—/ UM massless (272> TWVWBEEZ D,

AT, u=mwuy DETE A=/ massless E72oTWBDE LT, BEERICFERRN &
EHEND D,

BPS HEAX (2. 84) 22 HE / R—/VOE &I

M =/2]ap| (2. 88)

Lo T, B/ AR—/VM massless 12725 DX ap =0 DK TH 5,

EICEM LT 91, =R Y I3 massless &RV EGRMDoTZDT, £/ F—
/Wi spin < 1 @ multiplet % Y| hyper multiplet M, M TREND, F7-. Wiz
S0l magnetic phton ®p, Wp THE 05, Mg cnrsd ., &y, Wp, M, M TE
NIV BXFR QED 12722 T 5,

F AR )VREE ST massless (IZ72 o TWVWD EE X T2 L EDEEDOHEE TR D20
T FrI—%ii~%, 9%, S-B% (2. 70) &V

9b
Blgp) = o~ (2. 89)
ERED, u~ooDEE LRI IADTESTRENTRD &
da ')
TD:—%:—;IHQD (2 90)

&L BORFHREDPRED, ThEap ~0 THALTRD L

a%ao—l—%a[) lnap (ao: EEX) (2. 91)
L adyb, WIS, ap 1 ug PIEETap ~ 0D LWFERE L 72 o TNWBREXTHD Z &0

& (ap, a) 7&%\/;74@%% u B THEL L

aD%co(u.—uo) .
a%ao—l-ico(u—uo)ln(u—uo) (2. 92)
T
Ln,
INEYu=uy TOE/ K I—0NFHTET
ap ap ap 1 0
=M, M, = 2.
(a>—)(a—2a[)> O(a) 0 (-2 1) (2. 93)
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Thbd,

THE, ARRMIIZRLPRNDOT, 5 1 20FRKTHD u=—u TDOE/ Fr
I—EWRETDHILENTED, 2ERL, 3OTRTORESZRIZ LW Z LXK, V—
< VRO R D &, EORRA B> TRNWZ & LFRILENLTH D, My 20T
V—<VERTHRD ERFGRIRID o7 Z LIZHER LT

My = My M-_,, (2. 94)

K0, u=—uy TOE/ FurI—»nNRKRFE B,

-1 2
M_,, = ( 5 3 ) (2. 95)

& Z AT, section 2.10 DA TR L SIZ, £/ FeI—jZ1HLTH ELDHEZTEIIR >
TRTVWEDT, BRARYZ NI LAIRETH D,
L2rL, £D L& (2. 87) DK DT charge DEIND DT, —fMRIZE DRLF DA (7
fif, AT 1XZ LT B, 7272 U, R RO W ARSI D #iPH TR AU & &
2, EDEFHFDOENTIL, O REFISIT TV D massless B DA FNIL D B RV
TTHD,
LT,

(N, M) M~ ! = (N , Ne) (= (N, ne)M) (2. 96)

L7725 D) massless Th D, (HENT E /A —/V (1,0) 1X My, DEAE 1 OLEFAfEA~

J MVERSTWVD, )

M_,, DEAE 1 OLEFAHEST U (1,-1) THDEDD, u = —ug DR TIE (N, ne) =
(1,—1) DF A A D massless & 72> T 5,

#ifi &
ATz, u=ug DFFEEET /A —/L) massless & L Ciam 2 thD 708, {123 massless
ELTHD DDICIHMEENERH D, o8 b, FEAITES ANCMORREEEZ EH o T
W5 ELTYH, ZORERICWHABIIIEIZIZDN G20 E TH D, —MKIT (2. 94) D5
PE& 72 L CTORLEN Y,
F72F D & XD massless B 11

(2. 97)

2
(nm7 ne)M = (nm s ne) M = ( L+ 2npmne 27’Le )

—2n2 1 — 21,7

TH2bh%, 2L, u~o00 TOE/ FuI—iX (2. 80) THHMN, TIUIZ DX TiE#E

ﬂ‘* EMTERY, BRERD u~ 0 lT5% 2T 5 X 91T hyper multiplets 2% massless
IR DR R AITIIRIE L TRV L TH B,
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2.13 ETILDOfE
THLT, BEREATOE) FrI—RRE-7,

-1 2 1 0 -1 2
Moo:<0 _1> Muo:<_21> M—u0:<_2 3) (298)
TOF) R I —|ZXT AL TEY 2T 14 OEBIIARLETH S,
RIXZDOE/ FeI—i%

Mao, Myy, M_y, = ( é ? ) (mod 2) (2. 99)
272> T3,
ZDXIHIZ
a b\ (10 B
F(2)—<C d>:<0 1) (mod 2) ad—bc=1a,b,c,deZ (2. 100)

LR TWBHEET(2)(setSL(2, 7)) &S,
T2, FHROEEEELY Imr >0 THE05, HFE - FHEiT FYem H ol Lre i
W, £o T, BRTENRTANIAXTHDITH/T(2) Thb,
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\

Figure 1: H/T'(2)

TRCESTARTARTA REND, OFED, ZOTEEV2T—RFA—F—LF
B HRRIRIE (uo = A2 & HKAL LC)

B, : y*=(x—A)(z+A)(z—u) (zr,y€C) (2. 101)
ThHEZ bbb,
THUE, BE T RAERL TV, ENICu =00, A2 1T F—TF AROSN D RS E
KLTND,

DX HIE, ZOBHIMBROEY 2T —NRFG A —F— 7, BFADOHMY I20GHET THD
EEZDE, EBRZINETHEONLEEY 294 OWEZFH T 52 L2 FTRT,
o Z Xk

(2. 101) D E, %

w (u,:l?,y) I (—U, _:Eazy)

w2 (u,:l?,y) - (U,[E, _y)

w3 (U, z, y) - (—U, -, Zy) (2 102)
w4 (u,:l?,y) - (u,x,y)

EWVWS | Zy R R o TS, L, NI A—=F— u RITICB L TR & Zy XIFRE
272> TUWT, 24U secition 2.7 TRD 72 U(1) g RIFEDIUIZ E Y BV 2T A DFFO
Zo XIFMEIZ B LT 5,
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o LT
TV 2T NIRA—E =BT a T DFIEEFE AL L &, KICEIE TR TV
WL —B T 22 L 21D 5,
Bk b—F R E, DML 2 DOJEHIE, /T A —%— u BFFESEID IZBEIT5 & T(2)
B Lo TR INDZ EDRHONTWND, LEEN- T, Y72 1 X ER->T& T,
e FE =T R E, O 2 DM TEBIES L TRNE, (ap,a) & R CE#MEZ RO
Z et B,
BFEF—F R B, Oy 1B HY(E,, C)1Z2RILRD T, 2 DO R IEKIC L - Tl
bivd,
7= zix

Alzzgf- , Agzzfgf (2. 103)
Yy Yy

M VIR ZFF72 7200, Mg ITIERRRIZ 2 2 KD, BEIX0 TH D, Lo T HITHK
B2 O T, AEES LIz EORBELE X THOEROT N EH S/, (ap,a) b
E Fa I —ATHIET OLEMZZT T, EROTIIH I RN -72D T, ZHAH DY 72
WMIERE G Z 2 20% A Z LV TENENE D LIS DL, (ap,a) DEKEFFO,

y>0 y<O0 @

(04

ANNNNN

VVVVVV VVVVUVVV
A°A° U oo

Figure 2: J& 1]

TV2 TG A S —IEE % Figue 2085 I2E 5L, M BHNT

Tu:b_z bz:]{ )\1 ’)/12047’)/226 (2 104)
bl Yi

ThHzxbnd, Z0D 7, 1% Figure 1 Ofix & 5D T Imt, > 0 %2723,
L. BV aTADFHEEET 2T —NRTGA—F—%FE—HLTNDEDT, IROEXNKD
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dap/du by
_ _h_ 2.1
dajdu by (2. 105)

IhEV, DRESTFEILETD L

dap \/§
b _ ¥
du 4
(2. 106)
da _ V2,
du 4 2
7272 L. WHREIT T <SHTRO 2WHHE 2= XL 9 12k 7,
ZITR = 2N BT RO I 1R N B L B L
B ﬂdx\/x — \/_
ZDNEDONoT
a_]{)\_ \/_/A d:v\/x—u
2 /2% =T (2. 108)
" _%A_i v dr/r — u '
P T w e o A

L%,
DI AT N & Ny OFIEREE TET TWT, (ap,a) XZTOAPEYTRESALTWS,
Z DRRFESFE (2. 108) % u ~ oo TIERIT 5 &

a~v2u
(2. 109)
aDNZ@lnu
T
un~ AN TEET S L
~ LAY
L 2 2 (2. 110)
ap B — = o (u—A%)In(u — A%)
2m

ZHIE, EICEEERICE VRO TV (2. 78)(2. 92) DRI —ET 5D, £7o, u~ —A?
TOELMHITET 2T A4 D Zo SIMEL VERFES LD,

ZHLT, (2 100)IFEY 2 T4 B OREHEEZT AT TOTHEMRTH S &
NIz,
TV 2 T4 DREMRBIND L AR D ICEMR (ap,a) BREY, ap = L9 ©5
HDOT, HATHIEA L ARZ Y P AERESBALIEMRT VRT3 v F KD
bivd,
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2.14 N=1~

Z 9 LT, N = 2% pure 77— SU(2) Yang-Mills B Coulomb FHDEZENRKE -
72O T, BFTON DODNDIREIFIE L) -T2EE 25, £ T, F/ AR—/L2) massless Hi
% ELTHNTOWBRE ST, N =2 Vector multiplet (2% £45 N = 1chiral multiplet

FICERZHEZ TN =2nbN =110 0L R EBEZ TV D D0
’*‘50

massless &/ R —/V Db 5 m O TIX, PR TES LEHT) F<MRTEX
5, ZODEE, FFE—/LIT section 2.12 THRA72EEIT hyper multiplet(M, M) TEEh
%o
N =1 T1eT 7T P71

L = —Im [/dQQdQQTDQJD@D +/d 60— TDWDWD]
+ / 202 (MeWDM + Me—WDM) + Re [ oW (2. 111)
W = V2®p,MM +m U(®p) (2. 112)

TRIND,

N =1 Chiral multiplet IZE &% 52, N =206 N =1IXEHHTH 2 U(Pp) 1TA
L—%— tr®? K=/ ¥ —T Chiral superfield U & LTELZH DT, ZDHRADL
T AT =85, OEZEHRHEIX

u =< tr¢® > (2. 113)

T D,

A== KT TV W BEHREXTH D Z L13H THB section 3.1 D FEFEB R

Hti 0 IABEHE N BAE D,

(2 111) @ flat direction X N = 21Zx%} L T section 2.3 TR 7z X 9 IZ, bosonic potential
=0 &M ERDD L

ap = 0 (2. 114)

M=M = memv%z (2. 115)

ThEzxbh s,
R DEREZFH~D L

(massless chiral multiplet) x 2 Higg@%ﬁ% (massive chiral multiplet) x 1
(massless vector multiplet) x 1 (massive vector multiplet) x 1
(2. 116)
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Lo TNWT, TRTORFITER V2u2Ho, T72bb, BEEX vy 7PRIEMET 5,
F ) R— VN EZZIHE 2 RO D T & T T 5 Higgs BEREIX. BIKAY7: Higgs B ©
HbH, LoT, TOFE R—IVEHMITA AT =R L > TCEMOBALADZ G| Xz

T Z & BTN T,

N = 2SUSY D EZE1X, FH G MO MERMEIRZ > T\, &2 AR, N =1 TIZZ O
BIRIFIEMRT T, B BA—NEOE ap = 0. & Zo \Z K> TRET B X A F L EfED

M,a—ap=0D2 LKLY, DFED, N =1SUSY TliE Z, THEIXND 2 >0 EZE

LVEDRWDTH D,
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3 N =1BRMEDOHFIZEIT LI
3.1 Techniques
ZOHiTIX, BTAIE%E% T 72 super potential DAFMTIZ M B 72 Techniques #9135,

(Ref [8])

— & IZAH %N super potential IZIRDETH 2 H1L 5,

[ EOWers (@1, ) (3.1)

Z Z T, @, % Chiral superfield
Qr= ¢+ 00, +00F.  (r=1,2,...)

g (I=12,..)I5REER(EENRTIA—F—bET),
ANIART—=NARENRTG A =5 —,

Z OF % super potential IZxF L TEL FOSEERHEIND,

(1) PEBE S AL 7o Btk & Al
EAEBITH AR R EZ B Z TR EICEY, F7F7 00T Ik W K& Rk
WEFREEDZENTED, ZOLE, ZOXNHEICH LTHENT T T VT HAET
HDHRELVIHLDTH D, ZDEXDORIVHFNEZILIE SN RFE & FEO, JEES
TS BRI T DA E OB OBV 2 BINAIE Z 9,

(2) TERIE
EBXRIFRME %2 FF >8R TliX, super potential IZ Chiral superfield Q, &FEAEE g D FTHE
ENTWT, QI R gl ZEER,

(3) B9 A AR
Wepp WIS GMRIRCIL, T HLA72 super potential 12— L72< TiXe b7, T,
A TIHEBRARROTARTH S LBbI D,

PLEDSFIFFEINC L ST TRE 2 LD T, BRI DA R super potential Zfif

Brd 2BRICEHERFRND L7225, FEiX. ThHDOFRMMIBIIT, ZNHDORIETTH
2h super potential BRFE D Z & HEUN,
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fil & L., Wess-Zumino Model 2% 2 TH X 9,
tree @ super potential (X
Wiree = me® + g¢® (3. 2)
Thzbivd,
(1) oBRAZES>TU PO L S IZEFEEZMRT &, U(l) xU(1)gr DILRSLTZKR
JRRIRIFRE 2 T B,

v(1) U)r
Wi 0 2
o | 1 1 (3. 3)
m | —2 0
g | —3 -1

7272 L W IZ super potential ,
Z DPLHE S Tk B 2 A %) super potential $FFZ72 < TER HR2VWD T, (2) DEAIME
DAL Y A% super potential 1%

Wepp =me? f(t) (3. 4)

=R

TELZERTE S,

T 2T f(t) I charge ZFf > TOWRVMEEBETH 5,

THNIZX LT Lo (=t) 2 ERIRoTcEEm — 0,9 — 0 &V BREGMRE & 2 &
(3) DEMEDY Werr — Wipees 2FY FoRE G MRER C

f) =1+t (3. 5)

L7 b7 TR B R,
EZADBEIE t BRI S TV DT f(t) 13T MR & BRI Z DB & B,
X5 T, m, g DEFHK THZ) super potential I

Wers = mo” + g¢° (3. 6)

L7725, N =1 O super potential NFEBFRAVIZIIME Y IAZZ 2T 2N &V S FERE D IA I
EHIXT LS HHN VB D, Wess-Zumino Model 1Zx) L Tik, FEERGHICH0T D D
IAREZIT RN E VWD Z LR TE T,

3.2 Flat Direction

TxIXT =TV SU(N.) TT L= =¥ SU(Ny)pp (X LT, BLFD & 51 Chiral
superfield XE#L X5 Vector like Model 25 x5, 7272L., N.>2 &9 5,

|G =SU(N.) SU(Ny)L, SU(Nj)gr
Q N, Ny 1 (3. 7)

Q| W 1 N;
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(Q,Q)1F7 +—7ITHMT 5, bHAA, ZDIFEMT Yang-Mills YEH 2 4F 5 Field strength

superfield W, ‘BT— 1£3 %,

H L, HEEMRITNT . THbDHA T NGHNEZEGFRHMEZ £ flat direction, 972

b Higgs branch BFET 5, THUELUFOLIICLTRHDHZENTE S,

section 2.1 THX TN =28GmDT7 777 (2. 17) 1»5 . adjoint Chiral superfield
O IZHTHHEERITIE, 481225 N =180 Model (2725 DT, AU 7 —HONR

T V OEZEHIHEIT

V=—4f+2]ﬂ2 @T@ QT Q"? (3. 8)
THHZENbND, ZIZT HihEo E-L ALY

D = —(Q'T'Q - QT"Q") (3. 9)
F, =0 (3. 10)

ZffioTc,
72720, T —VHOAERTFTh 5,
727 L. T2 TESTWA Q.Q 1X Chiral superfield Q.Q D 1 4D A H T —H D &k
TfE->TW3,
Zi &Y, flat direction 1Z D =0 THIIXRWZ EBRD, TiE, D =0DFE%ERD
572D

A=(QQ"N-Q'Q) (3. 11)
L35, L, ZL—"—DRIFMWHILTHY, F'—YORITNEFNTNDHD LT 5,
W>T. AIX N x N ATHITH B
D =00D%ME A ZHWTHT &

0=trT°A (3. 12)

LEZENTE S,
HEZEZTCWD S —VRHEHEMBE 2O T tr T =0 THDI1 D

AoxcI  I:N.x N, BNAT5 (3. 13)

25 flat et & 72 %,
LIFTC, QQ BNIDMFEMETLE, WolctWEDXIRFEEL Bk, 7L —1"—0
X o THADIT L TELT B LITT 5,

oN; <N, D& X
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Q.0 B —JREL 7 L— 5B & flat 5o 2 - TR L T2
Ny Ny
—_— —_—~
aq ay

<Q>= < Q' >= (3. 14)
ay N, &J} N,

L35 &, flat Fef (3. 13) 1X

|a1|? |G

2
A= a1 0 - s 0 xI (3.15)

0 0

D, A=0%¢70R IR BRN, #ioT

Ny
—_—~
ai
<Q>=<Qf >= (3. 16)
af NC
.Nf z NC D k ‘?_k
[FEARIZ LT, flat Sefhid
Ny Ny
ay At al
<Q>= < Q' >= 1 (3. 17)
N, N,
Qe al

=72 L.

a;]? —|a;]? = ¢ (clTi lT & B3,

ZDXESIZLT, flat FfFERMIZTMHERDD Z LN TEL, TITRIZEIIC Ny DK
E I X T flat FFEHITMRITRRD Z L 2HEELTBL,

2 P DRIBEL 7 L— S— R TIE Q, Q DN, — 7 LSRHAETE 722V, 520 ORI AT D B
12 flat fEZ2HWTWS, 7277 L. Z OB TIX flat 0 B HEIIFE N> TE S, [ARSIHT
BEMERFES TV D,
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3.3 HHMEEDS 154 EM

EY 2T A 22X section 2.5 TRz X S ITMSL72 7 — DAL T2 /8T A —F —TRlak i
%, asymptotic free Bl CIHERT RNV F -G THACIADREZ TNDEERX DL, b
HEZDEY 2T DT A —F —=HPERZRLF—FEIR CO AR 2RI 1272 o TN D &
EZ2bivb,

ZDEY 2T Ll /37 A—42—1 flat direction D & & LAk 7 L—"—$ N;
DRKE SIZE o THADTEND,

.Nf<Nc@k%

AV M, =QQ; i,j=1,...,N; (3. 18)
HL, MY, @i, j ORIZIZL—_"—DRTHY, F'—YORITHHI LTS,

.Nszco)k%

R M, =QQ; i,j=1,...,N; (3. 19)
S NS 917 1 11a IN.Q
‘XY F B iNe — N—C!Eal...aNcQ R Q NefiNe (3 20)
_ 1.~ _
Bil"'iNc = N—C!E 1 Nchlal .. 'QiNcaNc (3_ 21)
i, jIE7 L=

T — D RETCHILIR NG A—H — LT B,

ZDXIIZ Ny < N, THINY AU BETERVDT, EV 2741 DRILN Ny = N,
TAREHIZKE < Tpo T D,

Ny 2 N.DE&, AV M ENYAY B B S EIRENCH7- 3 R & RIS EE
T5, LN TREZOLMERD S,
AV N F U OREZEMAHEX (3. 17) 2455 &

Ny

aldl

M = QQ= . an,an., (3 22)
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BlNe = qiay---an, (3. 23)
Bi.N. = @ias---a, (3. 24)

ERTZENTE D,

(M @0 TROWTRTOBEAEOR) = BY"YB..n. (=ad, ---ayay,) (3. 25)

EWVSEADPKILL TS, ET2 Ny X N AT M DF 713 (3. 22) ZRThb»d &
Iz

rank M < N, (3. 26)
TR T b,

Z5 (3. 25)(3. 26) DN HRE Y 2 T A ZLRICKT B HRKNTH B,

BT, HHPAREY 2 T A OFFORERIZONTELT 5,

—fRD a;,a; D & X F—VRHIREITHENTWND, L, a;,a PEICE>TiE, 7F—v
RIFEREIET S, Blxia; =a; =00 L X, Higes BfEIX@ 0737 — Oxitidse s
IZEE L TW5B, 95 &, massless 7 —U R Y U HT7-72 massless bi+ & L THTRS
B, ZAUIN = 2BxFMED L & LRBRICZED X S R IR Lo TVWDEF O Z
EEEIRLTWA,

LD, a; = ;=0 1ZEY 2T ZZHDNRT A—F—%F-TEH5L, M=B=B=0
EROTNDRICHM T 5, T X5 7k, Med b RS (3. 25)(3. 26) &1
723 DT, WHRIEY 274 LORTH D, 1o TEY 2 T A ORI AT IR R
Lo TNBENWS T ENRERD,

3.4 ZROEOXFME
Z OHITIIRDRF ORI DWW TEELT 5,

super potential % £F72 72V RICAFAET 2 LAY 72 KRR PE X
SU(Nf)L X SU(Nf)R X U(l)A X U(l)X X U(l)B
DEITHRoTVD,
IO DORIFHSHFED U(1) 12T 2 ZNENDOHOEHMEITKRDO L 51252 bbb,
QO) — Q)
B < Q) — e Q(h) (3. 27)
Wa(0) — Wal(0)

{Q(H) — Qe™0)
X .

( S

Qo) — Qle0) (3. 28)
Wa(0) — Wy (eio0)
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Q) — e™Q(h) (3. 29)
Wa(l) — Wal(0)
ZIZT.UQ)g 3NV AU EERR DRIPMECHY L TWT, 7/ v U —Z2FFo TR
W, —HUWA L U x 1E7 7<) —%EoT0ER, bk 2 o0MaabeTT /
<V —%FRoTRWUR(l) 22K 52N TE D, Ur(l) IZXT H25GOEBMEIILL T D
EORLTRETLZLENTED,
TV =37 =NVIF D= AT T 7% HTHZLICE>TRDODHNDDT, LLFT
526572V I 42D chargell kW, 7/~ U —N0N5HTE 5,

{Q(H) — eQ(0)
A .

G =SU(N.) [SUNy), SUNj g UM)a U(l)x
e N, N; 1 1 ]
Ve N ) N, . . (3. 30)
A adj 1 1 0 1

7212, g, 1 13 Chiral superfield @, QD7 =/ I A, M Feild strength superfield
Wo D7 =2)VIFHTHD, THLREZ @J:otei%pa%:w_;ﬁm ZOERTHNTY

HETDH,

7)<V —%iRT D L.
0Jx = 2(N.—Nj)x (1A Y AZ Y k) (3. 31)
0J1 = 2N;x (1A v AZY k) (3. 32)

EoT. Ul)x L UMWa ZUFORIICHAGLED LT /v U —DRWU(1)g 21ED

ZLENRTED,

Ny — N,
Ny

0Jrp = a(Jx—i- JA)ZO

Ng—Ne

UMr = UMxUM)a) ™

2R IT o
Q) — ¢ 5 Qe o)
R : G0 — efoN;chaQ(e—iae) (3. 33)
Wa() — e W,(e™0)
ThHzbh5,

UaldA R E T 7= —%FfoTWVAD TN T LE STV A2, Section 3.1
Tt L7e & 5 @8 HRH 2 W THRR S VeI 2, ZD72DI2id (3. 32) &LV 1-
A AZ L F T U(L) acharge 2Np Z R EIZRWZ L3015
TelEL B-Ba% (2. 70) £V, 1A RF U UT

| exp 2miTy| oc A3NeNs (3. 34)
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TH D,
INETHONTAEZ LU TICE LD D,

G =SU(N.) | SUNy), SUWNg)r UL)a UL)p  U()r
N¢—N¢.
Q N, Ny 1 1 1 o
~ — —-— N¢—N,
Q N, 1 N; 1 -1 R
W, adj 1 1 0 0 1
A3Ne=Ny 1 i 2Ny 0 0 (3. 35)
M 1 Ny N; 2 0o N
f
B 1 %,Cn. 1 N. N, G
~ -~ NC(N _NC)
B 1 1 N;CON, Ne —Ne #
W 1 1 1 0 0 2

7272 L, & D W L super potential Th D, £/, T DR TIE superfield (Z%9 % charge
X, ZOHEIRDICKITDHDERLTNDDT, IA FNHFEDOT7 2 )V IFVHICHT S
Ur(1) charge 23AEE72 L E1E (3. 33) DA D L o2, -1 LARFhERblnwZ Lz
FEELTELS

3.5 Ny < N.DEBEEDHEZE
ZOHEITIX, Ny < N, D& ZDHZ) super potential 3R 5,

section 3.3 THRIZEHIEN; < N, DEV 2T 1FA Y > M = QQ DH TR EN B,
Wiree = 0 D massless @& T% dynamical (2 AT ¥ ¥ VRAER I D WRENMEDR S - T,

Z?D k&, super potential MERIIVD &5 LT (3. 35) TH D025, section 3.1
DI E VRO % L TR TER B AR,

ABNe—N; \ Ne=ny
) (3. 36)

Z T Oy, 138

BB CON N FUTFDE SN O OMBREZE D Z LI VIRETDHZ LRTE
Do

(1)an, — co DR

k&, =Y SUN,) Ny Zv—_— — F—TY SU(N, — 1) (Ny — 1) 7 L——|T
ks,
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(2)Qn,, Qn, R EWVERE 52BN T 5,
ZokE, =Y SU(N,) Ny 7 b—"— — =Y SU(N,) (Ny — 1) 7 L—r3—ZHh
60

INHDRRRTH AT — N~y F T %2ITH & (3. 36) DIBIZRDRE LW T Enb
Cneny = (Ne = Np)cWer Vi) 2E D, 2 ZTeld (Ne, Np) 12X BRVER,

EHIE, Npy=N~-1DL&E 1A VRAZ R UIE (3. 34) THXBNDDT, A%
super potential (X 1-f " AZ » M AZHBI L TWD Z LMD, KT, N.=2,N; =1
D & EFTEHEFHF T E T (Ref [13]).

(3. 37)

A3Ne—N; \ Noov7
det M

Wesr = (N.— Ny) (

FE. ZHUT M — oo THRAMEZ D DT (RO R 7r—/IZ) RETIREZHIAAAE LRV,

Weff

<M>

Figure 3: B2 X MR Z/FAET D

ETAN, I A—JICHEEHE XD EARDA —VIZEZERARIND Z EDBLLFD X
FINZLTRDHZEDRTE S,

FJ tree D 4 — 27 DEEHE Wipee = tr mM % Wepp(3. 37) IZMR D,

ZOHIT, KFWIRFMEZEET B DX 51 m I charge 52 % & Lk S 725
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E SRR
SU(Ny) SUNp)r U(l)a U(l)p U(r

m Ny Ny —2 0 28
95 &, section 3.1 DiEwmE WA &

ABNe—Ny

det M

NNy
Weract = (Nc_Nf) < ) +tr mM

IXIEME 7R super potential TH D Z L5,
Z® L X, super potential DL Figure 4 D L H IZEHL I 5,
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Wexact

|
<M>0 <M>

Figure 4: BEZZIAHRR I — VLT B

BRFRZ A D 7N HZEE et — 0 LR DIARDT, H2T

2imn

< M >¢= (det mA?’NC_Nf)Nch
m

THz2bNn5, fHL., n 38,
WoT, BZZIN D L bnd,

36 N;=N.DEHEEDEE

WHLAIZIE section 3.3 Tl L2k 912, V25413848 M, B, B Taok&n T, £
S ORNZIE S SIS (3. 25)(3. 26) BEFEEL TV, Ny = N, Tid, B,Bix 7
L—/"—{Z%f L CH Singlet (2725 TWA DT, HFHMPIREY 2 7 4125 T D RRSEX

det M — BB=0 (3. 41)

LELIENTED,
LUFTIE, WIMREY 294 BRRFMIELZRZIT T, EOXSITELEINDDIH~D,
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ZDEEXDIEEINTRFEIILL FDO X 572> TV 5,

G =SU(N,)[SUN.L SUNJr Ua U(D)s Uz
Q N, N, 1 1 1 0
Q N, 1 N, 1 —1 0
M 1 N, N, 2 0 0
B 1 1 1 N, N, 0 (3. 42)
B 1 1 1 N. =N, 0
AN 1 1 1 2N 0 0
m 1 N, N, —2 0 2

ZZTmIFEREART A—F—,
massless D% (m = 0) &% %% & super potential D U(1)g charge 2 25 Z LA TE 7%
WDT, #AF I HIT super potential WAERK I N D Z Eid7a0,

UL, BEE Wyee = tr mM BbDEE, < B>=< B>=0&35&, WFM
(3. 42) L ERIMEL 0 M OELZe 41X

< M >= ¢(A*N det m)NLc c: B (3. 43)

1
m
DIGAZ 72 B IR TR B 720,

ER T mMry, — oo & Lzt &, Himid s —Y SU(N,) Ne—1 7 b—r3— 2 T
HDOT, TOLED <M > IO < M >4(3. 40) IZ—FK LR TIRBRVENS T
LINDIRET DI ENTE D, ENERD L D ITAT I,

~ v F UM
3Ne—(Nc—1) 2N,
<£L> :(ﬁ ) (3. 44)
m fo m fo

detm = meNf det mp, (3. 45)

ThHbd, HL, Ap,mp 1JENTZBROBEGROEE LT 5,
IO yFUTEITH E M IR,

11
<M >p= (AN detmp) ¥ — =< M > (3. 46)
mp,

LRDDT, c=1&m00%, BB, My
11
< M >= (A*"detm) ™ —
m
THEz2 b D,
o T, ZHE DM O1TFIuE

det < M >= AN (3. 48)
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ERTAIEEZSZITTND Z LR35

Uy,

foT, BFHEZZTI-EY 2 T4 ORI

det M — BB = A2?Ne

Lo TNWBEBZLND, HEN

T BURBR A — 0 T (3. 41) 1

o ZAUE, BTN ARSI AN 72 LTIV

(3. 49)

—HLTWEDHE o

EHEDHLW, 7277l 22 THERELAL TUTRbR0noi, 2RI 1 IE&HEY 2

2T ZEICHTELRMETHSTZDTH DM,

ZDOERMIE, BITRERRTA—HF—m

WWEBRWNEDITRSTWADT, massless DEDED 2574 b ZDOEKMENT-3 DT

b5,

ZDEY 2T A OFEIE, dHACIFAE L TORR SRS, B THEEZZITHZ &I
PoT, (3. 49) BIELWET DL,
IR R —BEIE (3. 49) &=+ < M >, < B>, < B> OBTFHESL XTIt &h

EVEV2IA LbiEAE->TLED

5ERbha,
CORIFNIELWE

= O BB 7RFER TR0 D3,
U —<oF U 7%&M (LT ‘tHooft AMC &HET) ZHEND D Z LN TX B,
‘tHooft AMC & 1ZfiL CTUW 2 W KIRFRIRIFRMEZ (AR 7 — U b LTz & &

TETHD,

FHBHLF =7 L LT ‘tHooft 7 /<
(Ref [14])
2. TR

IR RN —FHHGDOT /)~ U —i3—H LRTER 5N ENI T TH D,

BlzIX. M =

NI B=B=00Dkx
2 DODEEH DAL TWVRWHFE R OB FEIILL T D X 51

272> TN 5,

G =SU(N.) | SUN,)y Ul)g U(l)g
Vo N. N. 1 —1
vg N, N, -1 -1
A adj 1 0 1
Ym 1 adj 0 —1
V¥g 1 1 N. -1
Y 1 1 —-N, -1
ZDLED, MFEDT )<V —
BT RLF— [ RT R LF—
U(1)% —N?2 -1 —N?2 -1
UMLU(()r —2N? —2N?
SU(N)EU(1)r —N., —N.,
U)r —N2 -1 —N? -1

ERVENZTRT—E LTV,
. FEV 2T DO TRTDRA

‘tHooft AMC ¥i#i7z L CWA Z &B¥bhrd,

o T, Rz F— AR HmIE
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(3. 51)

WZOWTh, BAEMICHAL TR Z LIk 9T

(3. 49) 2H7=F M, B, B T &h 5 & Bbh 3,



3.7 Ny=N.+1DHEEDEZE

IDEEF, BV T4 bt 55 A—F—3 M}, B;, B Th 5,
7272 L. B;, BUZ7 L—_—SFREDRET > YLk (3. 20)(3. 21) Z T

1 L
B; = meijl...chma]Nc (3 52)
i 1 1N, D
Bi— N—C!EJ N By i (3. 53)
(3. 54)
THEz2 b D,
DL EOHMBFRFFIRD L SICES LR TE D,
(det M)(M™Y) — BiB’ =0 (3. 55)
BiM'; = M';B’ =0 (3. 56)

HL., ZZTO (det M)(M~ 1) 1IZRATFOEKRTHWTEY, (3. 55) 23 (3. 25) DL
EATRLELDIZRS>TWT, (3. 56) 28 (3. 26) D&KL > TWB,

ZOHHBPREMETHE 2 G2 BZER, B MECEIY EOX I REFEZIT L0
MEFINE 9,
HiffiD Ny = N, D & & LFRRIC Wipee = tr mM ZMZTB=B=0 &%5&, &tk
EIERMEL Y
A{:Ag%%¢%mﬁ%(%> (3. 57)

TRIFNFR SR, 7220, REBIEmN y, — oo TNy =N, D M(3. 47) I—ET %
L 2Tk,

Zh&y

m (3. 58)

ERB I ENDNG,
G AR ST (3. 55) IR TAE #3215 T

(@M@(%)-Bé:ﬁm*m (3. 59)

s LBEbis,

UL, ZOETAIEZSZ T -MESMAIE m — 0 O massless MRFR T BLE ¥ SRR
(3. BB IZ—FL TW5,

WoT, Ny =N.+1 D& EiE massless DREZ XD HIE, BFwHIEY 27 A 138
BEY 2741 —8BT2LBbhs, HIb, EVa 7/ I3RTFHEEZSZITRNVEEZEZ B
HOT, HMAJEY 2 7 A I/AHE LTERR AL, BT rRATH 5, FRIT, section
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33 TimmL7=LD
B BOR ORIRITE 72 > TV T, Iz
LEZ TR,

2. BEV2 74 DRAbETMm CRERLRoTWND, 272
WX, Z ORFESIE massless gluons 2385 H D

L. 2D

KT R B—FHEHTIE M, B, B 3T massless [272 > TENLS
KBRS THDHEEZD,

FHBHRF v 7 & LT tHooft AMC 2N 5,

Bz, TV 2T A4 DAL

TWTC, 22ODHRORFME L OEFEIILL FO L 51272 >oTWn 5,

WEDT <V —ix

LR WENIT

G =SU(N,) [SUNy), SUNp)r Ul)g U)g
—N.
Vo Ne N, +1 1 1 T
U5 N. 1 Ne+1 -1 s
A adj 1 1 0 1
Y 1 N.+1 Nc+1 0 ﬁgﬁ
VB 1 N.+1 1 N, @
Vg 1 1 Ne+1 -N. —%5
BT R ILF— R I
SU(Ny)3% +N, +N,
R
—N2 —N2
SU(Nf)QIgU(l) ANt T) ANAT)
&ﬂNﬂ%UQ) + e + e
U)3U(1)p 0 0
_ 2 _ 2
U3 (D) v v
2 2
Ui —1+ N — gy | 1+ N2 —
gﬁ LTb\éo

LHDORRETHEND XS, £ TIITXTOXMNFHIEIIRIE L

(3. 60)

(3. 61)

THUNDET 2T A4 DT RTOMTHERZRFRIZED tHooft AMC 28— L T\
DI EDBHENIDHNDHEDT, BV —FERIT- DL 57 M, B.B Tkans & &

bihvd,

TiEOT\ \—ﬂ%f'fubék Nf—N +1 Ti

A FIVKERN T CIADNEE TWDE L EZ D ENTE S,

& AT, M, B, B OWHEELE (3. 55)(3

%Z) bbfk_c]: 9 L\—\ %/37/{®Jﬁln T 73

. 56) % Hi9" super potential (KD X 5 125

2 b5, X

Wers = Tane v (BMB — det M) (3. 62)
NS EAFE R S R e dlc St = TR — SRAL — 0 L0 REdT IR AR (3.
55)(3. 56) 3K % 5.,

RIZ, Ny =N, DEEDET 2T 4 EDBGMZHND DT, Ny =N.+1FKHD
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I =GR m &5 2% &, super potential IZIERIME & XFRED R R DD
DI IEFEIZKRE 5,

Weract = MMy + —— = ———(BMB — det M) (3. 63)
ZOL & OBRBEEM DRV ORMN Dgat —0 L1
N +1
1 N:+1 )
m + W(BNCJFIB — det Mj =0 (3 64)

THDHZ EBNIND, AL, i,j=1,...,N. Thb, 2ZTm—o00 &L TNy =N+1—
N, DIBRZ % 2 %,

ZDEEDAT =Ny FUTiE, Ny = N, DRT7 =/ TO/RT A —=F—IZIFIRAT L
EOTTRTIEICTDE

ANe = mA2Nel (3. 65)
Ths, £, B

M, = Mg (3. 66)

B, = By (3. 67)

B, = BNt (3. 68)

L72BMDT, (3. 64) I Ny =N, DA —)LT
det My, — By By, = A (3. 69)

THDZLDBHDND, ZIUIHENIC (3. 49) IT—HEHLTWDHZENFNLDT, THHD
MifgiIbolbblLNEBEZLND,

3.8 N;=3N.DiF&E
B-B3%% (2. 70) £ v

3

Blg) ~ =155 (3N = Ny) (3. 70)

THDH06 Ny 23N, DL i, Himld asymptotic non free TH 5,

ZmE X IR HERIX, free theory & 722> TNBD T, KRV F—FIRTIZH CiIADAR
EETEBLT, IN—F0 +—7 72 ED clementary R F- B ZDEFEH T 5ONH
RefigTchbsrEZIOLND,

3.9 itk

IHNETOMIM T, Ne+2 < Ny <3N, LSOEZZIRD D Z LA TET, KT, Ny =
Ney No+1 Tid, B=RXAF—CRACAODBEE WD Z Ex3ErD b, 25
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A Ny 2 N.+2 Tid M,B,B THELHELZTRTHZLEBTERNDOTH S, ZD
T LITFERRT ‘tHooft AMC 2/l RN L THHPOOND, Np 2 N.+2 D& &
By Ny =N.+1 D& ELFEUL, massless DHEFHTILRFRNRE T 2T A & A2
EV2TAR—HT DI ERMBATNS (Ref [12]) DT, BlxiE UL)ZU(L)g DT /<
U= %ETV 2T DFRTROTHED &

TR — R —
U)3U1)g —2N? —2N2y, O, (MR (3. 71)

Ny

ToHY, Ny = N, N+ 1 TIZMEMNIZ ‘tHooft AMC ZWi7z L TWBHA, Ny 2 N, +2 Tl
—HLTWRWNWZ Enbnd,

% Z T, Seiberg 1% Z O#iPH CITME= RV —BEERHIILL FTHlB L 5 22, B 72 BRI
LoTRlRENTWB LB T2, 7272 L, T 2 TORZHEDERIL, %/:74@ﬁmf
Al AR = R L — R 2 R ORI O = f L F— RS FET 22V T & Th D,

Z DB N T O & B UK R L X —H %2 il 5 72Ok 05 %
ZzxhH, 2L, ZZTEYRIUL ET2 >N ERNICXBITE 2V E W) EIRT
I ANGAY R

(1) RKIFHIRRMEIZ AR 7 — U X B R W BBl R CTH 5 DT, LG & [ U TRIT
X7 6720,

(2) 7 —URFMEITE= RNV X —CTHUIADPEE TV D7 HEENRYBEETROO
TIOHEmELEDL-THRY, £, KXV X—TCHANRBEEIRHH L E, 22T
i, MREASTCHEOINACIADEZREITEETEEIZENTE RN, L, 2ok
b= PRI O & B R T E b Thb I WnWeEEx oD, BRERL, F—UH
AAEHIE (massless D) Z—F AR VPFEN SN TNDIDOTH DD, MEAHKTH D
72 ORI TG RIS NRNVD T, X TOIIN—F D", OF ) F—UREOREE
EEBRWIZHEN DD ENTERVNLTH D,

(3) MNLIR T — VU REENT A—F — IR AV OHGHT—H L T b, 5084,
Mﬂiéfﬁéo:n%@ﬂﬁf~5~mm)@*#inzo@ﬁ%THLkEMﬁﬁr
BRI T e b0,

(4) =TT = U —%F20, Ziud, BoHE L T IERIRRIC S — VBRI RE O R E &
e a0, AN TRS L 51, BRI — RNt o iR & B2 > T0H DT,
HEE LRI 12T bDET 5,

Pit%. JuOMGm % electric 7285w, POl 72 85 %2 magnetic REGREMESZ LICT D

3N =28USY DL x0T, BTV 2T A DHERD 28E2HS LD 720 T, &2 TOIRMEE X
BB E 2o T3,
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&, magnetic 2Bl & L TRL FOEGRA RS L TN D DORMELTIZTZ L3005,

magnetic electric
r— SU(Ny — N,) SU(N.) (3. 72)
5 G Wa, Miag | Q,Q, Wy .
super potential | Winag = ¢Mpmagq | Weie = 0

eclectric & magnetic D EfR

N, = N; — N. &3 LT magnetic RBIRTORr—L% A &35,

Moy 13 elementary 7283 & LT2DTIEHERITIZ L L35, —J7, electric 72E R TDXHG
T5H M = QQ IFEHERTT 2 2H-DOT, EYERIL1IDNRTA—F— ZHALT, W
FIEM = Mg DESITHIELTNDEHDET B,

Tl LZoEE, pi3BREEE LT

ABNe—Ny A3Ne—N; _ (—=1)Ne s (3. 73)

[T} e B RN

YL ED X 9 72 magnetic 2B LT &35 & Bk BER D 72 8 O 50 % i 7=
LTWDZ EEHNDD,
E3(1)(3) OFRMZEHD D X 5, ZDTDITIL electric ZREGFRHITIFAE LTe T — P REA R
L—&— L [RAEEIC, magnetic RBIFRATH A —UARLE AR L —Z—% M, B, B TRIFHIT
B2V, ZD 5B M 1L magenetic 72 R T elementary 72 singlet & LT3 TIZHL
ncTna,
—J. B,BIERDE I ¢, lCEoTREND,

o — L J1---JN.
Bllmlﬁ - Ell l Jl -]NCB ©
c
aj...a >
= € NeQiva; Qisas (3- 74)
C NC
510 RN s Jl JN
N R c
B e = € BJl JNe
~ a-
= €a. a~q“%' LG (3. 75)

2L i, j X7 b—"_"—0DR, a 75—V DRTH D,

ZOEE, ZOBONYFUBIELL F—VAERARX L —F— L& 72 5121%, magnetic
REGHO S —VBEHE SU(N,) TRINZR LRV LB 5, £, ETHEX RN
U A NFEER electric 72 BEER DRFOKFHIRIFRMEZ FFO72DITIE, ¢, § DRIBHIXIFRMEIT
PLFD & 1722 T RITFIUE R B 720,

G =SUN.) | SUNy) SUNjr U)s UL
! N N : NN (3. 76)
il N ! A A 7
M 1 Ny Ny 0 A
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£72. Mgy} - 3 electric Z2BEERD M L [F UKRBHIRIFREZ FFo7=29121% (3. 72) ThH-x
7 super potential BSHELTH S, Z D super potential 1TH 9 1 DD %75_’%0 TV,
MRS RERRA~DELE (3), B, =V RENRTF A—F—3 M,B,B OH, &5 &M%
723 7-DICMETH D, 728725, magnetic REGRTIZ, F—URERNRT A —H—
ELTHI1 D N=qq 2EDZ B TE BN, KR X—COER) HFELX

MWinag
a]\Imag

=0=N=¢q3=0 (3. 77)
D, KXV F—TIIMILTRNZ ERbNnD

HIZZ @ magnetic 72BFRNE L < B RBERICR > TWD T EEZHEND HDIT,
KONDFBWARF =y 72T HZLNTE D,
o‘tHooft AMC

2 2 O HGH O R M O T
G SU(N;), SU(Nj)r Ul U)g
Yo N. Ny 1 1 —%
Vg N, 1 Ny -1 -5
A | NZ — 1(adj) 1 1 0 1
s N, N; 1 % _ x_f (3. 78)
Vg N, 1 Ny —% —]]\\,[:;
Y Ny N0 M
A NS < 1(ad)) 1 1 0 1
DEIITRoTVD, TNEHNWT, MEDT /< —ZitHL TS L
electric magnetic
R 2 2
SUNDRUWr | —53 N
SUN;)ZU)p | =£3N. +2 N, (3. 79)
R
U(1)3, 1@-1%§A@—ﬁ$
UMZU)g —2N? —2N?
U(l)g —~N?2-1| —=N?-1

LR HENTHE T—HLTWDZ LB DA D,
e magnetic Z2H RO E & D L ILD electric Z2BEERICE 5,

qq WXk B smglet N L L. d.d% Bx-BRRO 7 +—27 L35, 9 magnetic
12— SU(N,) OWxt% &% & G = SU(N; — N.) = SU(N,)
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L7720 | electirc 27—V SU(N,) IZR 5, —J7 super potential Wauai—duar 1

1 1~
Waival—dual = —tr MN +—=dNd (3. 80)
% 1%
JL& D Winag

2D R RO ST A==,
ST, WH-BCHERO R =A% N & LT, A=A LA—HIT5 L, WAEILY

ABNe=N; R3Ne—N; (_DYVVCMNf
~ o :3Nc_Nf
= AN A = (=)™ (3. 81)
kv
p=—j (3. 82)
c]: D T Wdual—dual &\i 1
Woinal—dual = ;t?“ N(—dd~+ M) (3. 83)
L5,
o T, AV M,N X massive [Z72 5 DT, HEEFEL
a]/Vdual—dual 7
B ——— M pumm . 4
5 0= dd (3. 84)
a]/Vdual—dual
_— = N = .
oy 0= N=0 (3. 85)

EHOTHEYZFITT D & Wiaedua = 0 £720, £ 12B0OBBEALY (d,d) &
(Q,Q) £EL LD electric REFRHICRE > TS Z L3 b2 5,

ICHEERRF =y 7 & LT F&N7ZLTWD, (Ref [7))
o T HMEA T2 T

dual
electric _— magnetic
(Ne, Ny) (Ny = Ne, Ny)
flow | | flow (3. 86)
low energy dual low energy
electric _— magnetic
(Ne, Ny — 1) (Ny — N.—1,N;—1)

L. (NoyNp) 1257 —2 SUN) Ny 7 L—r_— OEKTH B,

o B THIEE TE XD & electric B magnetic HE Y =T A% LR UHHESM2H
‘g—o
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FIZh o L EPERRIFHAZKRET N = 2 SUSY 6D flow #2252 LIk b
25,

3.10 N.+2<N;<3N.DOEHE

AT OFBMICL V. No+ 2 < Ny OBAITIIRI R BEGRBFAET D EBX DD T &N
bhol, 7272L. Ny <3N, @i;,,%'/n\&i electric 72 #EH1% asymptotic free Tidd B 23,
magnetic 7R EimTIX Ny > 3N, DAY LTWVWB DT, asymptotic non free & 725
TW%, Ny > 3N, OHFiPHTIZ magnetic 2R T asymptoric free (272 o TW 2 #iPH, Al
H. Ny <3N ATHELTWBDT, N, +2< Ny < 3N, OBA L Ny > 3N OFE T
ITERBRDMZHHZ ERD

section 3.8 TH 7223, asymptotic non free Tl elementary 72 massless ML %
NEX—ICHTL 5DIEFAEARTH Y, KR/ X —FHIIE magnetic 72BEFR TH.5 L 95555
Z72oTWT, F—VBESU(N,) THIE ¢, 4, M THEREN D L ZE2 b b,

ZAUX non Abelian Coulom #H & FE[ZIL TV 5,

3.11 3N.< N;<3N.DH&E

3N. < Ny < 3N, DEA1E, electric 28RS . magnetic 28R S asymptotic free (2725
TWBHDT, KRR F—EHIL ED L DR THMAS ThH5H, LoL., section 3.9 T
HENDTZL I, PAILRADBEZTVD EFOMBITIBITPELS 20nEBbh s, &
DLE, RN F—ZFIRT Do & bfHARHBR L LTI, M- AF—THEELE
elementary f&*i%?f)”fﬁi?ﬂ/f’\:*‘f‘% HBLTHATHAS, LL, ZOX572T L
B E B 7o DIIHET R F— MR TIIIEA HREER. b, A7 — A RER B FAE
L72< Tid7 E)m\ UTo#imE V. 20X mi3op2L32L 3N, < Ny <3N, O
FPHTRNERBRNWI LN E XD, W 3N, < Ny < 3N, ORI~ TIIHEA Y722 [H
EPFAET D Z LIXERLH SN THRVA, FLohTn5,
Z X, miid non Abelian Coulom AHIZ%F LT, ®¢iZ. fHEEHDH S non Abelian
Coulom #H & FRIZHCWD, FTo. AT — A AELTHDHDOITIE, WTLEFioT-/37 A —
F—=PIHEL TV TR BRND T, ZDX I RERH D & UL, TRTOEINEZEY]
FHEZ R 0TV 2 T A OFURIZ 2> THRITIITR 7wy,

F9. Ny < 3N, & Z1T asymptotic free 72D T, FEHWR IR [HERBFAET HE
K5,
RIZ (Ref [15, 16]) I XV IEMEZR S-BBIIR K ST 2 BN D,

g° 3N.— JW+Nﬂ@5

2 2
_ g Nc —1 4
v(g) = 82N +0(g") (3. 88)
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ZZT y(9) 1 Q(Q) DEFKTET, Q(Q) PRTTIX dim(Q(Q)) = v+ 1 THEX BN B,

11X Q(Q) PDIEERITLTH D, LZAT, bLIREERDEHD LT DL, £ TiE Super
Conformal fREDEHLLE LT, =XV —THHDODKME LT

3 D : ARV —Z— () ORI
>
Dz 2|R| (R D ANV —4F— (%) O R-charge (3. 89)
DRI L W RITFIIRR BRNWZ 2T, b x 9 EEE5NRT 500
FRL—F =R DA T D& D:gR (3. 90)
FU—E IR KA T D L& D:—gR (3. 91)
DEHAETH D,
ZIZT2O0DHA FNFRL—F— O(x),09(x) DFRVL—F—FEEERD &
. +
Os(x) = lm O1(2)0a(y) 1~ 3 Cilwr = y)Oi(~57) (3. 92)
R BREBIIIRITIRITIC L Y 2~y T
1 D1+Doy—D;
Cilo—y) ~ (x _y) (3. 93)

Lo TS, &ZAD, Rcharge DRIFAIZG R, = Ry + Ry TRIFIIR B2,
THE, KM(3.90) &V, Dy =D+ Dy THDHZ EBNbNDLDT, A —F—FHiZ
x — y T non-singular THHTHDZ LN D,

XoT, IAFNGORETEMIZE 522 ERHR TR EZ 729, Zid Chiral ring & FEE
ncTna,

section 3.4 TEFRLIZNA FAFRL—F— Q.Q D R-charge 1ZEHH Nf];ch Tho

=B, IR EHERRH D &35 &, Super Conformal RE L Y F—VREL AR —F—
DIRITLHN

~ 3 ~ Ny — N,
D(QQ) = FR(QQ) =3~ (3. 94)
f
Cooay . 3NNy = N
mBnym_Q——WT—— (3. 95)
DEHICHRESD, —F. (3. 87) BHVA L, IR FEAT
N;— 3N,
B=0=~= fo (3. 96)
~ ;— N,
D(QQ)=~v+2=3 ¥ (3. 97)
f



ZIZT. 20 29 QQ DIEMEKRITETH D, Lo T, Super Conformal ¥k v vk
F ORI EMEV IABTENDIREDRITTE L TWVDH I LD, section 3.4 TEFRL
72 U(1)g 1% Super Conformal fRED U(1)g LEICLHDTH D Z & BHEND LTz,

S 52, Super Conformal fREUTIZLL FOEMD B D, (Ref [17, 18])

eSpinless DA RV —F —[ TR AL —F— (D =0) ZBRNT D 21 TR TEIRLR
AN
oD=1¢R2DIXAHBOLEEDHRTHD,

EZAB, bL, Ny <3N ZIR FEEEBGFETDHETD L
- N,
DM4:QQ%:3G—~—><1 (3. 98)
Ny

LY. LOFFINT D, £, Ny=3N, 0L & D(M)=17%0T M IZHHETH
%

Pl X oiz, %Nc < Ny < 3N 2 EEMZ IR [EERD B 5 & LTS Super Comformal
REAZFJE L7220,

EoT. $N. < Ny < 3N, OFPHIZIE Conformal RERMERRHD. DFE D HAIEH
D ¥ % non Abelian Coulomb #23&% % Z & #LAMEZIET 5 &, section 3.9 Tigkam L 72 M
SHERFH EAVERH D& 5 non Abelian Coulomb MHIZHFET B EE X BND,
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4 N =2SUSY QCD MEZE N = 1SUSY QCD 128
[+ % Bt 4%
4.1 Flat Direction

= SU(N,) Ny 7 Lb—"—%FD N =2 SUSY QCD ©F 7 Z P77 I section
210 (2. 17) TH Rz, ZDFTF VT k0 A BT —HO potential ZFlHT 5 &

1
= —tr D? Fi|? 4.1
1% 292tr +;| | (4. 1)
F, = M (4. 2)
oyt
Da — ngi—i-Tagpi (4 3)

2B, T2 L, @ IXTRTORAIT—HERL, T L ¢ ORBUZ X 57— HEDERK
FTHD, FTEWIETT A—7 DAY F 8% 1ITHEL LTz & & D super potential T,

W = VIQIBLQ, + Vam Q0 (4. 4
THZLNTWDHDTHD, Zb &Y flat FIFPKREY
D-term K9
0 = [®, 0 (4. 5)
oy = QW(QN' — (Q1) Q" (4. 6)

ThHHZ DN D, T2l vIMEREDFEHTY, a,b 137 —IVHEDR, 4,5 137 L—r3—
DREERTHD LT D,

F-term 225 1%
poy = Qai@bi (4' 7)
0 = QJm';+ @, Q) (4. 8)
0 = mji@aj_i_@biq)ba (4 9)

BKRED, T2l2L, pIlHEEDOBEIELTH 5,
(4. 6)(4. 7) DEHITITBZ TWD T — VR LRMBECH D Z L 2 flioTz,
Zh b o flat RN RITIRD 3 SO Z £,

y—a M Q=Q=0
Higgsff & =0
BAEME  ,Q,Q+£0
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section 2 TREBICIE LI EZEE 7 L—_— (Q,Q) BEAL TV ARWSEAEEE Z TV
T2DTI7—a HLINGE LIRS TZDOTHD, 72, section 3 TR TWZEZE X
N = 1SQCD mEZ2 T, adjoint B A TV O & A TRy o =D T Higes #l LONFELE
LTCWahole, ZZTIEELLLFETE D,

4.2 WHMZLS —0OY branch

R —a U HOBEEERD S, 7—a HIEQ =Q =0 Thbh 5. D-flat 51
(4. 5) & ¥
[@,91=0 Q=Q=0 (4. 10)

Thbd, ZD& &, F-flat OFRHIEIIT - STV D,
Z DFRIL, section 2 & [FRARIZ S —UREDOREFERBLTH D © D INVF oy %E L UTE L T

1 0
® = . S e =0 (4. 11)
0 ON. ¢

DHEZEYFRHMEE & D2 LK D,

ZHUE RIS =R E SU(N,) — UM 12hg 5, 4

o T, Z7—a  HHIE N, — 1 HOMSLI S — D ARENRT A—F — rd? {(rd3... |[2Xo
TRliR S b, Ziud, F—UBESU(N.) ICEEND T A VO EHIZKT L CR—# S
7o ¢ TRIBINDLEWVWIFWVWLHHKD, AN TIIBREZEEDOREE L L TERIT 5,

AR 7 —a VHDOEY 2 T A 13N DD DORE S RO,
FlZIEX, W< O0D ¢, BRI CEZ LD &, 7 — BN EIE LET LY massless BT
HDHITNEUBRHTL B,
Fio, FESICRDBIONRE = L LT, & BEEYFHEE &5 & (m BrHfbShTn
5E L), ERE
Winass = 3 _(¢a + m;)Q Q" (4. 12)

a,i

BRDT, do+mi=0,R2BLIANHIUE., £ZDQ,Q IF massless 2725,

ZDEIITH LU massless LB HTL 28052 E COEm & FERFFRS L 2o T
W5,

L XoT, Z—u AMHEREIN TS,
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4.3 THHEM Higgs branch

W) 72 Higgs AHD HZ2 % massless 2 TE 2D,
Higgs branch @ flat L @ =0 THAHZ LICHEETHE (4. 5)~(4. 9) £V
oy = QW(QN' — (@)@ veR (4. 13)
P8t = Q.Q% peC (4. 14)
%7~ 81E Ly, Higgs branch TOXF— I REFRL—F —F, AV M, "YU F B, B
T, DI FO XS ITHRENTWA,

M = QL0 (4. 15)
BilmiNc - Eal..-aNc Qilal e QiNcaNc (4 16)
éil"'iNc - Eal.”aNc@ilal ttt @z’NcaNc (4 17)

(4. 18)

I bonsd X1, Ny 2 N, OHFPHIZIIANY 3 U BFEETE D, Higgs branch D72
MTANY F 2 BNFE(E LTV A HiPHIE Baryonic brach & FEXIL TV 5,

—Ji. Ny < N, O#ipHTI3E%IC B,B =0 & 725 DT, Baryonic brach 12720 272
VW, EBITN; 2 N OHPAICH>TH Q,Q DEZEHHED L Y HIZk>TIEB,B=0
LRBDT, DX D72 A DOIFAE LR W#iPH % non Baryonic branch & FESS,
LAY Z BT 556 LR WEE THIT T, flat FIFEEZEONTN Z &i2T 5,

4.3.1 Baryonic Branch N; > 2N, ( asymptotic non free)

Z 2Tl Ny = 2N, 4O Baryonic branch (Z2WTHET 5, ZOPHTIX (2. 71)
£ Y. asymptotic non free & 72> T 5%,

Q, Q DEZEHFHEIT 7 — DBtk & KIBIsIFE SU(N.) x SU(Ny) x U(1)p & flat
A (4. 13)(4. 14) ZHW D & — IR D X 5 izxiAbHik 5,

N N Nf—2Nc
—~
k1 0 0
R |
k., 0
Ny
N, N, Nj—2N,
— /_H
k1 A1 0
Y S R N P
kN, AN,
Ny
ko, da €ER k, €C (4. 21)



7272 Ly flat 5604 (4. 13)(4. 14) 1ZRMRICHR L THWERZT T, Raoex LTix, &
MR E NS, (4. 19)(4. 20) & flat SfFICRAT D &, Wil & &ih
kaka = p peC (4. 22)
v = k2—([k*+2X}) veR (4. 23)
L%,

7272 L. Baryonic Branch Tl k, #0 &9 %,
1o T, 2

JCRPE N (4. 24)
a a |ka|2 :
LET D,
TDLEDEY 27 2T 537 A= —DOHBAEITEHTHZ T
= N.+4+ N. +2N, 1 2 — 2N, — N,
P v+v+\~/+v+v ~—~ ~—
k A F Y P(4.22) (4. 24)
= N.+3 (4. 25)

Thd,

ZDEEQ,Q DEIEMRHE L FEITT 55— VREDHSBUIHNATSI L 220D T, o —
URFEITTERITEN TS Z LR b5,

9% &, Higgs BEMEIZ X D, 755 massless (neutral) Hypermultiplets O3

H = N¢N, —(dim SU(N,))
~——
A massless Hypermultiplet £

= NyN.— N?+1 (4. 26)
7272 L. 'neutral’ 1347 —UREZX LT singlet (2722 TWVWAH D, EWIHIFERTH D0, =
TR —VIEREBIZEN TS DT, #1£ L T35 Hypermultiplets {9 XTC neutral
272> TN 5,

WA K FHIRIFAE DI DV TR 5,

PP REF N —F—iZ, AV M ENYFY B BTh,
L. B,B#0 Tho0b U()p 13RS,

Flo, TDEEAY M OEZEHFHET (4. 19)(4. 20) £V

Ne Ne Ni:iNc
p ki
My = ) P ) kn. AN, 0 Ny (4. 27)
0 0 0
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ThHzbhb,
ZD M OEZEHHEE WD LI RT L— =D SR RD 5,
DFD

U € SUNpIZHLT
UMU = M (4. 28)

liil-9 X972, U z2RduILv, £0Xo72 U i

A
U( A ) (4. 29)
U/

=77 L
det U = 1 (4. 30)
Nc
—_—
i01
A = ¢ 4. 31
N ( )
U € U(N;—2N,) (4. 32)

Th b,

Lo T, KRRBRFEIL SU(Ny) x U(l)g — U(Ny — 2N.) x U(1)Ne"L IZiEn T 5,

Z DRBEIRFNED B, B OBEZEWFHER R D B0 E 5 MIEB TRV, LL,

Q,Q DHEEATK L TH o725 L 0. M, B, B ORICIT il BLAHI A MFAE LTV

T. B, BB ZNEL LI KRR Z S RN ERTZENTE S, bobbIttDZ &
ERTIELTEDLN, ZITRHOEET U LITMEN 2N &2 e L TEL,

THE, ZTOLEORFBHRFMED BRAEIIZKTT D NGARY NIEABRET

G = dim(SU(Ny) x U(1)g) — dim(U(Ny — 2N,) x U(1)Ne"1)
= 4NyN.—4N? — N+ 1 (4. 33)

T 23T Th 5,
ZDE &, ROFFD massless (neutral) Hypermultiplets @ B HEEIZ IS

H oo =T DMEIL L W R HILDRAEES TV D& massless (neutral) Hy-
permultiplets D%

PV aTA DRILL VIFEL TRV E 72 B 72 v massless (neutral) Hypermultiplets
DE
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G+ KIBHIRIFRMEDR S L U AR S 415 massless (neutral) Hypermultiplets D%

Ry, ZhbiE
G+P=4H (4. 34)

EWV I BB EN T LT en e 250, 7272 L, Hypermultiplets 13#B A D T —5%
20O T, RERETEXL7DIT4f5 LT,

THUE, (4. 25)(4. 26)(4. 33) LD, HENITHTZ-ETNWD,

WoT, ZOHZEEZELLFBRHE TS EE I F v 7 3 KT, (B,BIl2X>TKR
IR Z L BN e W2 E b 2o Enbbhd, )

4.3.2 Baryonic Branch N, < Ny < 2N, (asymptotic free)

Z ZTIE N. £ Ny < 2N, D354 D Baryonic branch [IZDOWTELT 5, ZD L X (2. 71)
X D asymptoric free THD Z L0305,
IDEEIEQ,QIEFRD LI ITHHAILEND,

ey 0
Q = (4. 35)
0
kn, 0
i’{}l )\1
10 = h h (4. 36)
.. . ) )\Nf_Nc
kn, 0
ko, da €ER k, €C
flat 2544 (4. 13)(4. 14) £V
kaka = p  peC (4. 37)
v o= k= (k" +X) 1=2asN;—N, (4. 38)
v = kl—|k/> N;—=N.4+1<b<N, (4. 39)

Zl 7 L TWRITIUT R 622, EHIT (4. 37) ZHnD & (4. 39) &V

ks =ko (ko X bl & BARWER) (4. 40)
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LB, THEMES & flat KEERHTZT Q,Q DEEMBHEITRD & Y12k B,

N Ny—Ne
—_——~
k’l 0
kny—n. 0
0 = I ko Ne (4. 41)
0
ko
~—_——
2N.—Ny
N Ny—Ne
i’{}l )\ 1
 ~ kNN, Ang-Ne | Uy
Q = ko ¢ (4. 42)
0
ko
~—_———
2NNy
kEX€ER  keC
7z L
kaka = p  koko = p (4. 43)
11
ﬁ:kj—%—nf<5?—%> 1<a< N;y— N, (4. 44)
(4. 45)

72120, k#0,2#A0 & LT, (4. 44) 1% (4. 38)(4. 39) KW v ZHELEELDOTH B,

TDLEDEV2T5A4AOHMBEITFEARET

P:

ka kO >\a Z?a Z?()
- N;—N.+3

L2%,

—_—— —— ~ ——

p

(4. 43) (4. 44)

(4. 46)

TDLE, F—URHI Ny 2 2N, O L ERERERTEN TV,
7€ T, massless (neutral) Hypermultiplets D% Ny = 2N, D & & LA L <

H = N;N.— N2+ 1
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LlpoTWVW5,

WIZKIBEIRIFEIZ DOV TR B,
P UREARL—F—IN; 22N DL & LR UL, AV M, NUF> B, B THK
SNTW3D,
B,B#0XY U(1l)p 3N,
M OBEZEHAFHEIL (4. 41)(4. 42) £V

Nc Nf—Nc
—_—~

P k1A

M = - kNN AN;-N. (4. 48)

D M DEZE %ﬁ1%Tfu%béioﬁ7V~A~ﬁﬁ$®%\ﬁ%*®5
ATEAFEIRRIC LT, KB RRE

SU(N;) x U(1)p — U(2N, — Nf) x U(1)Ns=Ne1

2k 5,

ZDLEY, B BlzkoTInl LN WET B,

T5E NG RV T

G = —4N? + 4N.N; — Ny + N, + 1 (4. 49)

Lr%,

Z ? & E massless (neutral) Hypermultiplets 1& (4. 46)(4. 47)(4. 49) £ ¥
G+P=dH (4. 50)

ol VNI Ve N
L oT, Z? branch ZIELLFERRHKTNWB L E 9 F =y 7 B3HKT-,

4.3.3 non Baryonic Branch

Ny < N, T B,BWFELRVDEE S DIFABTH D, N; > N, TH Q,Q DHEZE
HIFRHED & 0 HIT X > TiE B, BB FEE LR,

Q,Q DHEZEHWIFHEIZ N; > 2N, DL X (4. 19)(4. 20) THEE, N, < Ny < 2N, ® & X1
(4. 41)(4. 42) TEEDINELHLDOHABHIK 1 DL EOITRT_TO0IARDE B,B=0
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B, TOXHI L EODEZEORIEIZOWVW TN,
e Ny 22N. DL %

FTRTCO LRD17% bITHTS, b =k =X\=0 &T 3,
TDEE (4.22)(4. 23) &V

v=p=0 (4. 51)
BRED
EoT (4. 22)(4. 23) 1%
koke = 0 (4. 52)
No = ko= Ikl (4. 53)

LB,
B, ke=08,FT25E XN =—|k? 2o TLEIN . AR RDThy =\ =0 TR
WERLRNZ EBRDPD, 0 TRWMTORE r L35 &, QQ OEZEHFHEILFF O
ftL <

k1 0 0
Q = k. 0 (4. 54)
0 0 0
0 k1 0
Q = 0 ky (4. 55)
0 0 0
ezl ke € R

LB,
TDEE,NYFUEFESTIIRLRNDT ridr < N, TRIFTIZR SR, &HITS
Ny 22N, THHDT2r < Ny LET 5,

Y oTr o%T

r< [%] (4. 56)

L%,
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o N. < Ny <2N,

BHDITETRTOINTBITNT kg = kg = Ao = 0 D> kg = 0 THRITFHITR 5 RV, section
432 THATZE I, A\ =0 &TDEZRUTIET D ko, ko 1T ko, ko 12725 DT, non
Baryonic Branch ~D 41X ko, ko = 0 & THUITHTH 5,

kv, flat & (4. 37)~(4. 39) BED &

ks = 0 1<a<N;—N, (4. 57)
ko = Aa (4. 58)

BEED DT, Q,Q DEZEWHHEIL Ny = 2N, DL x o7 RUH (4. 55) &2 5,

N, < Ny <2N, D& & v [ZH BHHIBE r < Ny—Noi&, Ny < 2N, &9 Ny—N, < &
LEXHEELDOT, 1F EDIZET T, non Baryonic Branch 1% asymptotic free, non free
IZE B9 (4. 54)(4. 55) TRk &b,

PLEO#ERED S, Baryonic Branch & non Baryonic Branch i branch 132 L CT\5 Z
ERbnd, £, ZO X 5IZ L THK non Baryonic Branch [% non Baryonic Branch
EREFR LT3, 7o T, Higgs branch 2134 r 1Z%F L T non Baryonic Branch
IR > TUWB & Z AIZ, Baryonic Branch 2382 L TW T, % ®O$#250X Baryonic Branch
MHRDE F—UBERKE 720 massless gluons DB DRSS Lo TND, V)
HDIIZ > TWB,

Z® & ED, non Baryonic Branch @ ¥ =5 A4 OEHBEIX

P=r (4. 59)

F—IREE, (4. 54)(4. 55) Kb, —#KIZ SU(N. — r) I TV T Ny — 2r massless
fundamental hypermultiplets & 72> TV 5%,
& o T, massless neutral hypermultiplets O

H = NyN,— (dim SU(N,) —dim SU(N.—1) ) — (Ne —17)(Ny — 2r)
fundamental hypermultiplets
= r(Ny—r) (4. 60)

WIZ. RFESFEDBN 2~ 5,
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P ORENRG A—B—lF, AV Y M ORBEDT, Ul AR,
£72 M OEZEHFHMETT

r r Nf—27‘

M=QQ= T "ﬁ T (4. 61)

Lo TWVWD, ZO M 2AREIZT D KBXIFREIX, section 4.3.1 L FEIERIZ LT
SU(N;) x U(1)p — U(N; —2r) x U(1)" ' x U(1)p £725 Z L3 bh5,
o T, NG Ry ¥

G=r (4N; —4r — 1) (4. 62)

Lo TWVWD,
ZDEE, (4. 59)(4. 60)(4. 62) LV HEMIZ

G+P=4H (4. 63)
Ziil LT\ 5,

4.4 Mixed branch

ZZTh, massless DEEEEZ D, ZOLE, flat Fff (4. 5)~4 9) & ,Q,Q £0 %
W7 IRIIRD X 51278 T D,

¢ = (07"'707¢r+17"'7¢Nc) Z¢z:0 (4 64)
—_— 3
r Ne—r
ky 0 0
Q = Ky 0 (4. 65)
0 0 0
0 k1 0
Q = 0 ki, (4. 66)
0 0 0
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Z DN EMWT 5 & Z AlX, Mixed branch &1% 7 —w > branch & non Baryonic Branch
LEDRNTNDENWS Z ETHD,

SF VY, Zu— branch ® # 0,Q,Q = 0 7> non Baryonic Branch {233V T <
L&, =Y SU@) x UQL)N= Np 7 L—_—HERIZIER S5 FrE S %> T, non
Baryonic Branch 05— SU(N, —r) Ny — 2r 7 L—"—BERIZ 8T TIT < F R
HEEOHFEEEWHRLTWS, ZTOEMKT, Mixed brach % non Baryonic branch & FES,

4.5 THMEDISAERDOEED

PLEoERIcE Y., HIPAREY 254 OfEER Do T,
281X Figure 5 D X 512722 T\ 5,

Baryonic
A Branch

non Baryonic
Branch

Baryonic root

4 —0A > Branch

Figure 5: fHPIETY 2T A4

non Baryonic Branch & Baryonic Branch 1% ‘A* T L T35,
Baryonic Branch 225 7.2 & | ‘A 1IFR U2 >TWT, =Y SU(N.—1) (Ny—2r)
7 L—/N— [Z[RiE T 2 RFE L% o T, non Baryonic Branch (23 5 2MZ 2722085 T

50

65



%72, non Baryonic Branch O#E 1 K LMENT/RWD, & r IZOWTHFEL TV D,

‘B T H—Y SU(r) x UML)V Ny 7 L—N—BR§RlZ72 5 7 v — 2 branch DR
& . non Baryonic Branch (Mixed branch) IZ¥ 6232272223 > T 5,

‘AL B3R ZE L T35 Baryonic root 1%, Higgs branch & 77—t > branch DJFR
(2722 TWT, T_TOINBHHERIENE T D, 77— SU(N,) Ny 7 L—/3—DFpR R & 72 o
Tb\%)o

4.6 =TFiHmM Higgs branch &JE#YAHTEHE
P RED 2T A MRKRESTZOT, ZTIARETHIEEZ ED LI IZZITENE 2D,

@:/A\

neutral Hyper multiplets Q*,Q; i=1,...,H
N = 2 Vector mutilplets ®¢ a=1,...,V
DEENDLE, T—T—RT Ty

(Qz Qz Ha Qz—i— QT @a-&-)

ThHhEzbhTnsd 335,

T5HE, BV T A DOFEIL, section 2.5 TIRR7Z X 912 BRIFEZFFOHROEY =

TA DRI —F—RT vy VO 2WMyTHEZbND, ZTDOEE, B L

¢ € Q'

¢CL c (ba
EWOEEITHNH D ETH L. N =2 SUSY BFEAET H72DI2IE N = 2 Veetor multiplets
WEEND T —V8 A, & Hyper multiplet D% S EBIHSMLE L 2D, 25
23, %f & 725 ~_& Hyper multiplet [ZiZn—VL Y DR p 7200 2 Rio 253 FAE L2 W

DT, FT7I7300T70r0Ou—LrYRERIY, 20X REIFEEIEIND,

EoT, =5 —RF LT vMEIK = Ky(Q, Q) Q, QL) + Ky (0%, )

L. Higgs branch & 7 —w > branch ([Z7HET 5 Z &35,

SOFV, BMIEEZITTHIZ D220 branch TR 7209, FEGEIIRTEIN

HDTHD,

(O Ot K) Dy 0"+ ( ) DA T — (4. 67)

X 51T, Higgs branch IZIRD L H1CBE x5 &, [FEMVALEEL] RS L, &4l
EZZITRNT ENbnD
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T, HENLWEEEEZXD,
Q,Q 1T FEAER r VT, V7(Q,Q) — (Q,Q) LFHEHT D&, Q,Q ITMTHHET
NThb, 7 ZHTZEBHEKD,
ETAT, TIHAT—NRERTA—=Z— AN EHNT T ~IhA EREDLZDTHDH, i
PR A — 0 123 LT, Q,Q 1B 2% 1 & A TRWDT, Higgs branch M4 —
T—RT X T LR,
o T, BNV E X Higgs branch i3 RFA1EZ 21T 720,
RIZ, BEHE m Bdbo7c LTH, 7 L— =X E2 BRI —b L, m 23y
7779 RN =2 Vector superfield &9 % &, IR L7ZK 512, Higgs branch @
r—F =T ¥ Wi Vector superfield ”m” (IZ X720V T, 002V Higgs branch IZ
BHIIEZ TR0,

#€> T, Higgs branch DIV IAHZEELNF 2 T2,

—Ji, Z7—ua ¥ branch IZ 7,m IZX DD T, BFAIIEESIT 5, (section 2 X%
EFEIZIRN b D ThH o7z, )
ETAN, BV 2 TA ORFHIBERRF SN2 TR BRWDOT, 7 —1 Y branch
BETHIEZ 32T 5 & Baryonic Branch <° non Baryonic Branch I3[ &# £ 2912, 77—
> branch @ FZ2BEIT 5HITR D,

4.7 =EFiwMI—0O> branch

Coulomb branch @5 & 4EIKIZ % 5 Baryonic Branch @ root %2, N =2 SQCD T9
TIZKRE - TV DR Z O TIRIT L, ARELRZ RO TN Z 21T %,

Baryonic Branch @ root & dy BifJIZ Higgs branch D JFURIZ/2 > TWB DT, D AR
EEE Y, ETimeYIC S Higgs branch @JE,,'E‘T Lo TWVW5b, iz, Iz —m v
branch DA TH 72N, B Tikmmd D L I ICETAIIETZ —a > branch QAN
THHZ bbb,

LU#., Ny < 2N. ® asymptotic free Bi@lZfR > T Z ® Baryonic root (2% %k
119528127 %,
4.7.1 EERE

ZhET, (Ref [20, 21, 22, 23]) 72 E12 kT2 —nr > branch DIEMEREN S 2 ST
W5,
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Ny = 2N, A7 =N AREHGHD curve 135 (Ref [22]) £V

N, Ny

v = [[(z = ¢a)® + h(h + 2) [[(z + hms + m;) (4. 68)

a=1 =1
TIT G lFET2FADNRFA—FZ—T D= (¢, ,bn.) Na=0
ms = NLf 22 My
h:Mﬂ:%§%5®%Vz?~%§
LhHhxbhTVW5,
S ERIT h(T) — h(—1/7) = —h(7) —2 THZOLNHD T, HREIZKT D S-AHITLL
TOXIZRD,
(4. 69)

m; — ﬁ’LZ = mi—Qms
ms — ms —Mms

—H (4. 8) BN E 2 HbNDH L, Ny < 2N, @ asymptotic free DEFRIL, LA FD L 92 <
ONDT L—NR_—DEEEZm — oo & LTHEITDHIFRICEL->THLND,

e Nj=2N, -1 DLX

mon, — 00 ETHHFIZL ST, =Y SU(N.) Nf =2N.— 1 7 L—_"—HEn3 65,
A== F T A = 16moy,e™ £ LT

y? = [](@ — da)? + AN [ (= +mi + ) (4. 70)

a=1 =1
.Nf<2NC—1 DL

m; — OO (Nf +1 § 7 § QNC) k‘?‘é?ﬁliof\ /7‘““:/\ SU(NC) Nf 7 V*‘/\‘“‘@%ﬁﬁ‘s
Fohd,
A==y F U ZiE NNV =161, mae’™ & LT

N, Ny

y? = H (x — ¢a)* + ANy H(:E +m;) (4. 71)

a=1 =1

B curve IZ2T genus N, — 1 @ @MY —~ &2 E L TWT, degree 2N, D%
HAUZR> TV B ERRETH D, £x —iKIT

y® = Py (x, oy miy, A(T)) (4. 72)
5 —fd 7 —nu ¥ branch 134 — SU(N,) — U(1)Ne—1 2T 5
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EEL,

& Z AT, BPSIREED Hyper multiplets DB &iX section 2.10 TH X7 X 512 (a,ap)
DRIERER CRETZ, I HIT, ZD (a,ap) X section 2.13 TH_7=2X 512, V—~ 1
DEATH -T2, o T, 22LULD Py, () DFERPBL 52K &V —< VHBPDOEND
DT, ZOFHYTHENG 2 HILTUW 2 BPSIRIEEORL 71X massless (2725, DF 0, ¥
WCE I, FBERPMIBR LT L 21T 0 & 722 A ZH~IT massless 272 DRF- 230025
DTHD,

4.7.2 Baryonic Branch root O&%EH

Z ZT% Baryonic Branch root (Z 7 —w > branch 2> 6T\ TITo 72 & & OHF RN B
A%, microscopic (ZIZFEFES TH DM, section 2 Tigkam L7= N = 2 BlEH O Bk
EHVDZLICLY, WG Tl s D 2 LA AHREIZR D,

section 4.6 Tiim L72FEME 0 IABLEBLIZ X Y Baryonic Branch 13 &2 X 72V, 77—
2 > branch I3& FHiEZ5%1T 5, —f&IZ, Z7—a Y branch 134 Y AZ U T )<V —
TUWLR 2 Zy 5 (Ne=Np—N,) D ZEBRMOENTND, ©
ZDZy 5 &Y —WATFE RSN GH L TLE S, & Z AP, Baryonic Branch 1354
Z. 72\ DT Baryonic Branch root iX 12 L2 2WE$T Th 5, LT, Baryonic Branch
root M7 —w > branch TOMELRZ 7, 5 FERTRITFNER LRV, Aib, 7F—Uit

WZEEND Weyl #ED H HE Z RN T

Nc
—_— —
Py, = (07'“707@6“)7"'7900‘)]%_]%) (4 73)

27

W = eNc—N¢

TRIFNER DR, TLIEL, ¢ [HMERDIEL, T D Oy, IFHEDIT tr Oy, = 0 27 L
T3,

massless DREEZD L, 2D L XOAREHIL, ¥ — SU(N.)x U(l)NC_YVVc N; massless
T —R"—ThsLEbid,

TR, RO LI ITRREANGD LT HLTHD bbb,

d = Py, + 0D (4. 74)
=72 L
6® = (i, -+, p=,0,--+,0 =0 4. 75
(i b5 N) 2.0 (4. 75)
N:.—N,.

6 section 2.7 TIL N. =2, Ny =0 T, DT Zy IR TS
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ETB, TTT, p & g ITHRTREWVWETEHE, (4 71) 1
N —
NeT[ (2 — ¢a)? + 4NN Neg Ny (4. 76)

k%%éﬁéo THUE (4. T1) LB LT, A —TBE SU(N,) Ny massless 7 L—/3— B
IR 2T D T & M5,
A’NﬁﬂNﬁ%&%%ZTV5®T<M>2ﬁk&D ZHUT IR free THH D,
R R — TS & > TWb, Ak, Baryonic Branch root 135S EE TH 5
D BK7RHB TR TV D N HHERIC/R>TNDDTH D,
ZDEHORERT RN F—TZOHRIIB/BFMEEZZITRNVEEZZBND, ETAN, ZhiZ
IF72 &, section 4.3.2 T/r L7ZRT R /L F—D neutral Hyper multiplets 2t H (Z—E L
72N T, microscopic B & A AR RV F—EEG 2 5l U722V, & FAHIELIAC mi-
crosopic Bl & [ CAR= R VX —HZhEER 272 5 72 D12iE, Ml massless B 03 TTX
THHHEREMEL TWARERD D,
% ® massless B 1T —T D U(1) #4371 charge LTV V% massless singlet hyper mul-
tiplets , 2FV, T/ R—NLTHDHEEXOLND,

ZD XD R E NG T RN EBRICAET 52 L 2N TR L, £4UA% microscopic
HERF TR R L — R 28 < 2 & 2 REIETHR?D T 2 EI2T 5,

O DEZEHIFHE (4. 73) IZ LT o=A &35 &, curve(4. 71) I
y® = xzjvvc(ch_jvvc + ANC_YVVC)2 (4. 77)

L5,

D curve £V MAERPME (V—~VHEOFRD 2L 22 & 1ODF R—ADR
massless IZ25Z &) BIRETDH E, N, — N AB DA — U(1) IZ charge L TWAE/
A— LS massless (2722 TWBZ ENRbOND,

473 T—UHOU(l) OESISxT S charge Part 1

F—IRE SU(N,) Ny 7 L—R_—DF—IFED U(1 )Nc_jvvc WPk B charge K& 5,
PLF, D7 L —sN—% magnetic 7 4 —7 EFESEZ EI12T 5,

9. B/ R—ADEHE o i=1,...,N.— N, £T %,
RIZ. magnetic 7 4 —7 OJEHIX, ’7““/SU( c) @ﬁhjﬁbfb\é ON, H DV —~
DEFICK LT, ISV 60 22T SUN,) — UQ)N! (Thio THERZ IR 72 & X
Ze ZO N O v a=1,...,N. T3, 727501, 7o FAEVCEDLRNE ST
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T 5

Dt V=0 (4. 78)

o [ s
EIAR, THED, Sa=—Sa £0 THIND, 74 EWVI AT, SUN,) DI
& 5D charge @ b L— A LV RITNT D,
1E U< #is b S a7 )8 i X
ﬁa:'Ya‘i‘ﬁZOzi (4. 79)

E78%, TAUIMENIT 3 o = 0 27T
foT, 7L —"—0EHIE SU(N, )0)7721/5’ YEG D U1 ) YIZIELL charge L7z
Ba ZHWNWT

1
%zﬁa—ﬁcziai (4. 80)
L2%,
ZIZT, B RNDOKT =D U(1)Ne Ne 2k 5 charge % —1 EHHLT 5 L. mag-
netic 7 4 — 7 132 TOHF— U(1)Ne=N Ne lexb LT charge %ﬁofb\é EROND,

F LD E, magnetic 7 A —7 & q. KT/ HR—N% ¢ &FE<L &, Baryonic Branch
root DF BRI — 2% L CIRD L 51T charge LT3,

SUN:) U - Uy
Ny x q N, N; N;
e1 1 —1 0 (4. 81)
eN._N. 1 0 —1

4.74 T—UHOU(1) ODEFIZHT % charge Part 2

magnetic 7 #—727 D U(l)NC_Nc IZx9° % charge & Ny = 2N, DR — )V AEHGHmN D
Ny < 2N, \ZHEY . ZHICHRIEE T Z L2 K> TRO D, i 5 TIEEPICH
HIREMER EOWL ODDREEZ BN DT, ZOHICTORR L DEFJEMET, TDIEY
MOF 7 TED,

Ny =2N. D& &, WAEHIT (4. 69) THZ BTV,

m; — ﬁ’LZ = mi—Qms
ms — Mg = —Mg
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. 1
7272 L. ms = N S m;

FPM LY REWVERO 7 4 — 27 IHET R XN TZRNE LT, N.— N, (=
2N, — Ny) 7 L—=R—=IZRO X I ICKREWVHEZ 52T, Ny 7 b—="—DH@IZH 5,

—_——
Ne-N, N
ZOERIZK L TR £ #E L Te5 &
m; — My = MCEZ——Z{E Z x) (4. 83)
Ne—N. Ny

L5,
ﬁu\7~VﬁSU()xU(WAENﬂM@mmﬁﬁwﬁ@(N—NQ%/ﬁﬁwK
FTHEDITIE, (4. 12) £V, N =2 Vector superfield ® 23R DEZEHFHEE & UL I
ZENDNDL, T2, midT L= =B, @13 — VU TAR SN TV S IR
ERAR

¢ =(—Mz; + Za: Z (4. 84)
E/—/
Nﬁi Ne

ZHVUIHEDNZ tr @ =0 Zf7=9
77, DX I d DfEl \_JZO'C\ N, — N, singlets 2% massless (2725 & W9 Z &3,
Z D singlets XE / R—/VTHDHEWVIFBPELNEWV) FEEHRL TS,
Ny =2N, TRAZ—ARERDOT, 2O & FRFMEIZITRNEEZLNS,
o T, K=Y U(1) IZx LT £/ R—/® charge & —1 LT D L, TDOF—
Y SU(N.) DEHRAD F L —A VXX magnetic 7 +—27 1347 — U(1) IZxf LT
charge EERERITNI RN ERNbnD

\m@®F%k —HL T2,

4.7.5 magnetic 7 #—2® U(1)p charge

magnetic 27 #—2 ® U(1)p charge & Ny = 2N, A7 — NV AZEHEGwmNAHHB L TRDDH Z
ERHRD, B/ AR—=ALDU(1)p charge 1Z 0 ThH 5,

magnetic 7 #—2 ® U(1)p charge ZRKOD72HIT, £F m, DERIZONVTHE 2 K

Do
i, B ml X ml =m0l +maT) CIRBATE D, L, tr Ty =
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mi BRALESRTVD ETD L, Zh&Y
m = Nizm (4. 85)

s T, mLIFAET my, EFFATWELDTH D Z ERND)5,

ZZ T, HENT A—F— m & KRR Z RIS — kL&D, Ny o 7
Z 7 K N =2 Vector superfield (272> T2 EE 25, D&, m, T A5RZLII
singlet THDHDT, U(l)p DNy I 7T 72 RGITRo TSI LBDOND, (ma 37
L—/— SU(N;) OWEERBLO Ny 7 7570 NG TH D, )

F—UHU) 1Zk4 % N =2 Vector superfield Z ¥ & #E< &, super potential 1%

W = V2n.tr QUQ (4. 86)

THEZbND, TDLEED Q(Q) D 7F—UHE U(l) 129 % charge IE ne(—ne) &72%
(Ref [19]),

IHEFHTIX, 74—7 IhSWEHREE 5252 LI12 X 5T magnetic 7 +—2 @
U(l)p ZatAHs Z &3k D,

I A= DONYFUKE 1ICHBET DL, 7+ —7 @ singlet EEHIT

Winass/V2 = mtr QQ (4. 87)

LigoTWVD,
magnetic 7 #+— 27 OEEITATE & FARIC LT, RO XS ITRD LD,

FP. N - N, 7 ==l KREWVEREHZT N, 7L—_"—2ff5, £LT, %
7 1/“_‘/“‘—‘&: ms = NLf sz; k fcﬁé c]: 5 f£/J\éb\g%%,§‘%_éo

1

i=(Mzx; : m] s = — ! 4. 88

m; = (Mz; : m;) m szz ( )
N.—N, Ny

B (4. 69) 2T B &

o — (M~ M L oM L
m; = (Mux; NCZ:E chmi'mi chx chmi) (4. 89)

Ne—N. Ny

WIZ. N.— N, ® massless &/ B—ANFETDHLEIC O 2RDBE, trd=0L"Y

(M M I M N—N
o = ( sz—l—NCZx—l—NCZmi.NCZ:E N,

N.—N. Ny

>_m;) (4. 90)

73



ERDBENGMND, ZDEE magnetic 74— OEREITm; &£ @ XY
m,=m,— =Y. m,

Lo TWB, ZDE ED magnetic 7 4 —7 @ singlet mass I&
1 N,

~ ~/

Me = m; = ——="ms
Ny N,

X o, magnetic 7 +—2 @D U(1)p charge I% (4. 86) £V —% LA D,
Z @ charge 1% section 3.9 (ZH{ T& 72 magnetic 7 4—72 ® U(1)p charge IZ—

W5,

4.8 Baryonic Branch root D{EI R JILX—FHZIER

(4. 91)

(4. 92)

LT

Al £ T T, Baryonic Branch root OH %GR DT X TOXFMEITKF 2 EHED D)o
7o TD XD RGO RN —HFIERRNBFRFOETT 2T A4 D8, section FERE Y AT E
HEOMEZSZITRNTHAD 4320 HMHES 254 10— L TWBHZ L E2HEND D,

INETREONIRFMEEZELDDE, ROKIITR>TVD,

SUN) UL --- U(L)y x| SUN,) U)p

Nf X q NC N;c s N;c Nf —%Z
el 1 -1 0 1 0
ev w1 0 - -1 1 0

Z OXIFREE BT 5 X 9 72 super potential 1%

¢ & 4 — SU(N,) ® Vector superfield
v (k=1,...,N, —Nc) %7 — U(1) @ Vector superfield
ETHERDEHITIRD,

. 1 . .
W2 =tr(g-¢-q) ﬁtr(q Q)Y k— > rexér
c k k
270, 't X7 L— "= OWTOFIT, "V 1Z7r =i HonWTofMmzEERT,

BAREUL, 4 charge ZIEL K KO L 9 ICik 7=,
Z @ super potential ([ZX[F % flat F&fFi% D-term XV

lexl” = lex]* =0
trqq' —tr gi' =1/ vV eR
[6,¢'] =0

74

(4. 93)

(4. 94)

(4. 95)
(4. 96)
(4. 97)



F-term X ¥

exer = p/ (4. 98)
trqq=p' pecC (4. 99)
Yrer = Yrep =0 (4. 100)
(ﬁ¢+%ﬂwq=ﬂﬁ¢+%ﬂwzo (4. 101)

L%,

% Ny > 2N, 72®T Higgs branch (¢ = 1, = 0) TIiZ section 4.3.1 D & & L AEMITF L
Ty N & N ICEX BT TR,

er, ex 1X flat FEE S —T U(1) 25 L 2RICABBENRRL 25,

magnetic 7 4 — 7 O BZEHIFHEIX

k1 0 0
g = - - - (4. 102)
Jor A 0
‘g = - - - (4. 103)
h AN
7 / 2 o Pl /
kokoe =p" , A=k, — T v (4. 104)

ko, da,V €ER |, ko, p€C

T 74@7&()13&&
P = ]’\\/:C 2j\7¢ ]’\\/:C 1 2 —2]’\\/2—]\76

/ /

k % A v P (4.104)
— N;—N.+3 (4. 105)

AU, fENT section 4.3.2 ® P I —ET B,

ZoLEF—T SU(N.) X U(l)NC_YVVc % SEAITHEEF O T massless neutral hyper multiplets
DI

H = NN, 4+ N.—N. —dim(SU(N,) x U(1)NNe)
SN—— -
magnetic 7 #—2 E/H—V
= NyN.— N?+1 (4. 106)

vy, section 4.3.2 D HIZ T B, ZDTEDITE J R—IVBFELE L TWRITIUT A
SRMMoT-DTH D,
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WIZKJRBIRTFREIL Ny > ON, 72D, section 4.3.1 D& = LREEIZLT

SU(N) x U(1)p — U(N;—2N,) x U(1)Net

= SU(2N, — Ny) x U(1)Ne=Ne (4. 107)

L7200, RITV section 4.3.2 12T 5,

7t~ T, Z® Baryonic Branch root &L R/VF —FZhELGRIL section 4.3.2 TR
b 8T 5, £o, MV IAZER XY Baryonic Branch il D JF 1% microscopic
HmZDEETHDLEEZOLND,
DED, TNHD 200X, FUAICEI EEE> TEISFITL-T, £EdF—v
FEEFON, BONDTORDB-2TNT, N =1 BEHEDEFE RoTWnH EEZBND,

4.9 Breaking to N =1

N = 2 Vector multiplet (25 £ adjoint Chiral superfield ® (ZE & Wass = % putr®?
EIMZT. N =11Mio72 & ED D05,

e microscopic B

super potential I'% .
W = V2tr(QQ) + §;ufr<1>2 (4. 108)

RKEWp lZxtLT @ 2095 L
W= %(tr G-Q)(G Q) —2ir G- Q) (4. 109)

[ — oo &35 & super potential 1Z72< 725,
7€ T, super potential D7R2VWN =1 57— SU(N,) Ny 7 L—_"—HE@m»RKE o7,

e Baryonic Branch root A ZhEE i
FT p I NE LT, N =2 57 oFBEIcED L S REERE o TV B 050

5B,
Baryonic Branch root CiX section 4.7.2 TR 7= L 5 ICETHIIET & NEZEHIFHEZ K
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Dy <Pp>=<Y>=0%,T5L

®=A " + ™ (4. 110)

Ne—N, —
wive c ¢NC—NC

Lo TWA,
Z D& & ® super potential 1% (4. 94) IZE BRI Wiess = sutr®? ZINZ T

W= V2tr(g-¢-q) + gtr (q-q) Z¢k_fz¢k€k€k

[

,u(AZw'wk—i—ltr ¢2+—Z¢k) (4. 111)
k 2 2 k

ZDEE, ¢ & Yy D F-term O flat L o=, =0L D epérp 0D, DFEY, E
J W= VESED L E TWD, 925 &, section 2.14 & [RERDFEIMIZ L V. er, ep, Y 1T ~ A
DEEX vy 7REETVD, Lo TR RXALF—TiX

Wip = V2tr(q- ) + gtr & (4. 112)

k?‘@é

IT p— o0 EFBHELN=145—Y SUN,) Ny 7 Lv—r_"—8#m%55, Zhid
AV M ZERWT N = 1EXFM OB KRTEGERIZR > TV,
o TN =1 BRHEDRFEZRTZ &K,

A Y 1% non Baryonic Branch root {Z2WT, ZZETRomiEma i ikd &8

5., N = 1245 & non Baryonic Branch root IXRE57Z2 BZ2PIAMT lift S, Eo7-

BHZBZIIA Y UINFELTWD, o — oo DRRfRZ & % & Z DEZEX Baryonic Branch

root {Z< 52 &, Baryonic Branch root {2 A Y U BENDEDTRVOINEZ Z BTV,
(Ref [19])
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5 FWE N =183 BER

sction 3 THRIZ X 21z, F—T 8 SU(N.) @ Vector like Model 1% 7 — SU(]VC) D
Vector like Model uJXXHL'C%%) LEBEZBND, TD XD RGEIT OV TIE, section 4 TR
L2k oz, N =250 flow TZEDOIRMED IR AR S Z ERHKE, £25
D3—Ji. Vector-Vector OREEGR & 72> TWVRVVBRHAEDS /273> T 5 (Ref [24, 25]),
ZIHIZOWTIL, section 4 Diim & RIARD B RFEIT /203, 013 0 Bkt 72 w3
T 72§ & R

o =TT )= ) —HFERW,
o KIFHIRIFMENRECTH 5,
o MNL/R =V RENRTG A—Z —1TBHVOHGH T LTWD,

il LT\ 5,

6z, FHHARF =7 L LT tHooft AMC b7z LT\ 5,

DX N =1 PEBGRIIEEZ K oo TWEHR, 2T, FricEkoH 5 2o
DRKHEEAENT 5,

5.1 Spin(10) & SU(N; —5)

7—IRE Spin(10) 1Zxf LT, Ny fE @D Vector(10) KELE 118 Spinor(16) KBl % >
clectric iz B2 %, Z D& XROFFHORRIIRIFRMETL SU(N) x U(1) x U(1)g Ty 4
GDFFORTREEETLDD L

G = Spin(10) | SU(Ny) U(1) U(Q)r
Q! 10 Ny -1 1-5°
M N; Nf8+2 (5. 1)
Ya 16 1 2 1 - Ny+2
W 45(adj) 1 0 1

EREL,i=1,...,Ny. p=1,...,10, a=1,...,16DESZR>TN3,

WIZ, ZOLEDEV 2T 2R T MRS —VRENRT A—F—%2RDDHDTE
23, Vector 7217 D & &R section 3 D& F(ZHRDH &, F—IVREFX L —F—%1ED L
X AT B ATNEEPRELLELSTWD, IhD v 1T¥ZHWTELNZY —
UAREAN L —F —X, Firtz B CTHNCEBLEGE DT, M2 b 0% BT 5B
FELWRT DS MLEE L 22 5,

HD%GE. ML — VU ARENRT A—H —

MY = Q@ (5. 2)
V' = (pA")Q;, (5. 3)
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B = (s ) Qi - QS (5. 4)
bu A410-2n Qil . Qim—zn Wnem...mo (5 5)
bzzl...ig_gn _ Qil . Qig_zn Wn(w67“10¢)6u1.../1«10 n = 07 17 2 (5 6)

PUFET D, ZZTYIImEBIE TH D, by, by DAL TIE, QW DF—TDRITA
H]%l./fu.o ifu\ \_O)k% M i)d‘ﬁ ng: £Jf(>dﬁ 7’;]:0‘(1/\%)\_& k—-{jzﬁl./fj;\)<o

T E 72 magnetic HERIXT— V8 SU(Ny —5) 2Fib, RO K D RBETFEEF
DGEE LTS (Ref [24]),

G=SUN; 5 [SUN,)_ U(1) (i)
q Ny =5 Ny 1 Nf8+2 - N1—5
16 1
¢ Ny =5 1 — Ny _1+Nf+2+Nf 5
2
f/ o 1 0 Nf—5 (5 7)
|44 adj 1 0 1
M 1 D -2 2- 555
4
Y 1 Ny Nj-1 3- g
F70. ZOHERIL super potential
W = Mijqfsabq? +det s +Y'q'q, (5. 8)

RO,
ZIZT, ZOHRTOT =V AEFRL—F—%EBEZTRE Y, ETIEFMIbDE LT
fundamental {283V TV % singlet MY &

. . an
i1...05 11...95J1--JN ;-5 . f=
B = ¢ I q]l qJN -5 Eal ANy -5 (5 9)
41...110—2n 91..210—2nJ1---J Ny —10+2n . Nf—8+1’LN2—7L / _a1...GN .5
b € ! q]l q]Nf—10+2n$ W qe f (5 10)

bl1 ~i9—2n i1.89-2nJ1--JN;—9+2n ,

Ni—T+n1772—n _a1-..aN,_5 _
qj, " - qij—9+2n$ ! W € ! n = 0, 1, 2

(5. 11)

€

BEZOND, 272100 by, by DAL TIE, BENKKHT o I NVLPIND 7 —T D 1%
Bl LTz,

9213 super potential (5. 8) (2K VY, THHLUSND T =V AREF N —Z —F 5 £ ML
TRL72D | HEMIT electric HFRD D L =B L TVWHIHEDBHENDOND, o, TD2
SOHEGEHIX, ‘tHooft AMC %7z L TRV, Mxf2BRIchHD EE2 B,

- @ﬂxﬂi I section 3 THRICH D& AT, WIZH B S ZH L TW5DH, 7 —IHED electric
HERTTIL SO(10) Z2dizxt L, magnetic #ia Ik SU(Ny —5) &9 AFb7extinz LT
WHHIZIMZ T, 7= —XFHEICONTH, EBH A T AR TND,
— . N =2 #8i@lE Vector like 72 Model LR TE 2D T, A 72< &% section 4
THLH Uiz & 5 22 B2 AT Tid. & @ Model ORFMED IR Z R D FIT TE 720,
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5.2 Spin(7) & SU(N;—4)

RIT electric & LT, 77— Spin(7) 1% LT 8 KELD Spinor 25 Ny & 5 Hima 5
2%, Z O electric I% Vector like Model (2725 TV 5,
Z DHEFHROKRIHSFMEE SU(Ny) x U(1)g T, 78T

G = Spin(7) | SU(Ny) U(l)R
b 8 Ny 1-2 (5. 12)
W 2l(adj) 1 1

Lo TWB, £, ZDE XM —TVAEFT XL —F—%
MY = eyl (5. 13)
le...z4 — (,l/}czl,y,udjm)(wczg,y,udju)+g(wczl,}/pydjm)(wczg,}/pywu) (5 14)

T, M IIx#R, B I3ZEENXIHRTH 5,

T &7 magnetic Bamld, 7 — U8 SU(Np—4) & RIFBIRIFRMESU(Ng) x U(1)r
LSRN

G=SUN, —4)[SU(N;)  U(Dn
q Nf —4 Nf Nif — ﬁ
2
5 - L N1 (5. 15)
|44 ady 1 1
_ 10
M 1 (] 2 N,
D X 9 7235 & super potential
W = MY qlsapq) + det s (5. 16)
RO, Elo, MR T — IV ARENRTG A—F—|T
i1oda _ i1edagied a an, -
Biteia _ Jredadiedng - 4%1 . quff 4 €aran; s (5. 17)

& fundamental (T singlet TEENTWD M &7V, electric ZEFHDOH D E —F L T
Wa,

¥72 g D charge 12D B kT 5 L 2 Ik,

6o 2508 ‘tHooft AMC 729 Z LI T, miffi Ch %72 Spin(10) @
Himo flow 226 ZOFRREZEHTE 52 &L bHENPD LN TS (Ref [24]), 6o T, U
DK RBARICH D B BILD,

ZOPRMEITEZBIZEHFR I EZE LTS, 287256, electric Tt Vector like Model
THo DT, magnetic 124 /7= X 512 Chiral Model O HKHEIZ /2> TWENDHTH
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Do

e, TOLD BEEOMIZ, Spin(10) HDWE Spin(T) DEBLLDHAITBNTY
magnetic DHERHIZIT singlet X° (magnetic) 27 4 —27 OMIZKIFRT > Y VG s 3BV TV
DT EN, ZHHD Model DR L 72> TD, Fi, D SpinfE O L X2 b RERIC,
magnetic BLEwlZIE M#T Y VR BN D Z LB TEY (Ref (26, 27]), Z DXFF
T VY NEH Spin — SU BRPEDRD 1 D& o T 5,
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6 Him
N =1 BT, A E TITHIT L2 BCHELISMC & . IR < ORHEDR R S 4
TW3, (Ref [11, 28, 29, 30, 31, 32))
K2, (Ref [11]) T L HANTWE T —VRED SO RIEDRIHEE USp A& D BRI
DUNTIE | section 4 Dim & £ o7 K AMRIC L TN = 2 BRIFREDSLG D HEIRZ #R S
T ENBRENTND,
L2>L, Hiffid & 512 Vector like Model TZ <, Lad, F—VHOFERIZ RS
£ D AR SN TR, BUED & ZARPIT D> T, Zok )iz, EIZEHD
Do TR N =1 HawmD Pl LOV‘T%?‘:@‘ZD%#\_;}’LZP%OD%EEdeO'C< %,
EFIDLE, TRTON =1 DHGHRDOPXEDEFRDBF CHDTHDLDNE S &l
NTNETZNY,

bZz@gges LT, BifE, 7 —HED Spin(10) T /RO D Vector(10 &KBL) &
Spinor(16 £8l) Z#4G & L THLHEGRDO R OMIEIZHONWTELF TH D, £/, i
TR~/ X 912, Spin-SU B&HE L 72> T 572 6 Symmetric tensor % magnetic 728l
RN EL L WO FHEZ Fio TWeled, FIRHZ 77— V8D SU(N.) T Symmetric tensor
EEDHBEBELLTND,

77— Uk Spin(10) ([SIBATCEEH & LTI BMETH D Es DEKEHEDS Spin(10)x
Ul) THaHZ &, £ SUSY GUT & OREMEERRLS 2T b5, GUT OFETE
Z X, Spinor DEAH x5 EMREUTKHIS L TWD LEX 6D, (Ref [24]) LA
RRIZBOPEZ I T A F X AV IREBRFEDRAIC DWW TRERR T E 2 D TIXZRW NG
EXAoNDTOTHD,

BUERF DAL TV DRER L LT, electric 2285w 7 — U #ED Spin(10) T Vector %
n fil, Spinor # m % Eed &, HEGOFFOXFME L BFBIIUT O X D122 5,

G = Spin(10) | SU(n) SU(m) U(1) Ur(1)
8
10 " L - 1= n +82m (6. 1)
n
1 1 — 1-
S 0 " 2m n+2m

F72, BlIZIE m =2 OEEEFRDEFOMSLIR A Y VT TFD DI > TNNB,

A = (59"5)(S"S) (6. 2)
M2 = QrQ" (6. 3)
YL = (Sy"9)Q* (6. 4)
Y3 = (SymhmS)QmQreQrs (6. 5)
Y4 = (SymesS)(SymS)Qr .. Qr (6. 6)
Y5 = (Symemsg)Qr .- Qb (6. 7)
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T2 LD DAY AGFTDONTND MPE 25 O 13 Spinor @ KJRHIXIFRME SU(2)
IR LCRIBRIZ 25T B 8005 JEIETH D . AT HFNTUARN S OIE SU(2) 1k LT
singlet IZ72 > TWH EWIEKRTH D, £, LM EWRIAFOEF L. Vector @j()EJEKJ
KIFRME SU (n) IZX3 22D EZRL TWT, MIZK U TIERHREL, YV ITk L TIE5E
BCRIFRERHIZ 2> TV B,

ZEDMDMSLIR T — D ARE /oA R —F— L LTV AV b, F—URED5%ES
KRR T v Y Voo T — VU REIZ LT b OBFET D,

BUEE TOMNT T, BRIZRBEGRITRE > TRV, BT n =6 D& XDV T
&, I (Ref B3) ICX o THEH TH D Z &R S LTz, B & X magnetic 72
RO 7 — UREDS electirc REGRD T —VREERI LS DIZRoTNBHLEWVWI EKRTH D,
727 L, MEDDNEATND singlet 372 >TWD, BONIHZR>TWD &, electric
REGERTHOL BB F— VU ARE I A XL —F —|L magnetic REFR THMLTHFEL TS
DT, WHETDTF—IRERIR—Z — DN ES ThH 5,

Spinor 23 1 DM & XX, magnetic REFRD T —THIE SU(n —5) TholeZ &b
EzBHE, F—U8E Spin(10) ORIk 22 BERIL, Spinor OEUZ E Vector DEUZH Lo T
WOBHER S DITIR > TND T L ZRRLTND,

BRRIZ, section 4 &IXBINT Vector like Model (2B U CIrxIEnl X kHED IR % String
DAVARENET 2 TA40 T-Hath e UTHEFTE 5 2 & 03Mlt (Ref [34, 35, 36])
WX o TORENTER, ZOEMEDIET Chiral Model ORCRFED E D L 5 IZBFE S5 H>
b, BIKRNASROBETH 5,
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HEE

ZoEL@RmXICE EELTH BEN OB TEICHEE L CF o B EAIL XY
B LET, 72, Bl L LK EZ o, BERICE 2 TS o)1 BpliE &
Aos HEHMN S A, T LU TRKHERFE S AR BESB LT, 2, HIETRE, Rl
S, F L CHER TR R OB ICIE W E LRSIV - 2 R B L E T,
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