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1 Introduction

1.1 Caution!

Appendix D DFELIZE D, N = (4,4) GLSM (281} % D-term (charged hypermultiplets O 3#HE)
IH) & F-terms DEIZIE, SU(2)g symmetry @f: BB E, fFEBhRkEInd, LrLR
D5, FOMHE[1,2,3] . ZNERET B7-OIERLLZMEA 7 — 1 [8,9, 10, 11, 12, 13, 14]
IZOWTRINBFEINTWAEWS, AERAFEATULRBEI N TWaY, ZOoREek
ZELD ERLS 728, [13] Kﬁétiﬁ?ﬁ’&}iﬂ%éﬂi HULEESHELZOBID ./ —NTHDB 2014
10/23], & oI, A OS5 % conventional BEDIZHIA BT, X7 MIVEGIZNE S
27—V Ana t%ﬁﬁbbﬁ Dy, %bf C WZABNRT NIV Ao, By &I D, m@%g
KL X %, charged chiral #5507 — VAWM S5 %2 RIIE 5, ZOHMFEE 7 CEHRLE
KB5S DG DR 5 DEE 2D [2014 11/16), TZIIAERZFLHTHL:

[1,2,3,7,8,9,10, 11, 12, 13, 14] ‘ here
QeV(Q, 5ei2vé Qe Q, 5ef2v@
+Q2Q —Q2Q
Dpg = 0mq+iAnmq, DpnG=0ng—iAng Dig = 0mq —1Anq, DG = 0ng+iAng
(Am,a» Dvia) € Va, (Dva; Fora) € X (=Ama; —Dva) € Vo, (=Dva,—Fora) € Xa
(Ac=,a; Ber,a, Dea) € Cy (—Ac=,0, —Beray —Dea) € Cq

Q—>Q’:e*2iAQ, q_}q/:efi,\% q:_ﬁefia__, Q_>Q126+2iAQ7 q_)q/:eﬂAq’ q:+2li/4e+ia”.
Q »Q =etQ, §o7 =G, =15zt |Q 5 Q =ePQ, §T =G, T=tgme
2V — 2V =2V + 2i(A — A) 2V — 2V’ =2V — 2i(A — A)

X—- €0, &€= —X-€0, —¢ =

1.2 Conventions of GLSM for five-branes

Worldsheet sigma model D A 71T —5;D label &, target space coordinates ® label D X¥)iBEfR
i(ﬁ\’o)*i -r}b L/TB<

spacetime coord. | 0 2 3 4 5
NS5-brane | O O O O O O
KK-monopole | O O O O O Q:r1:X6:r3:X7‘r2:X8:V4N5:X9
exotic 53-brane | O O O O O O L= X6 B = XT 2= X8 At g = X

Table 1: Worldsheet fields & spacetime coordinates @ J X)L DX .

. INETORER[1,2] £D. k — oo MifREEMEZE T L 5. FI parameter FE7 DTS
BB HHIE IZ 72 5 7293, D728 section 7 Tld multi-centered five-branes (k — oo O#EH D)
Difam & JEH T 2,
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2 Background geometries of five-branes

2.1 Five-branes of codimension three

2.1.1 H-monopole

ds? = H[(dz%)? + (d2")? + (d2®)? + (d2”)?], By = V;, €** = H, (2.1a)
Eo O/
vaiil’ " Re (21
. Oy — 6d 8 8d 6
ViH = (Vx V), Vedi = - ra trdr (2.1¢)

V2212 +27)
ZZT Ry ik 2% FADYRTH 5,

2.1.2 KKS5-brane

1 =
E[dgf’—v-dff, Bry =0, &% =1, (2.2a)
A

H =14 ——, (2.2b)
V2|Z|
B Ei—x6dx8 + 28dab

V2 (] + 2T

ds? = H[(dz®%)? + (d2")? + (dz®)?] +

ViH = (VxV), V-

[}
11

(2.2¢)

(2.1) (with 2%) & (2.2) (with %) &1&. 9-/5[F1~D Buscher rule (appendix A.3) %@ U TH
WZ T-dual TdH 5,

2.2 Defect five-branes: five-branes of codimension two

2.2.1 Moduli matrix and monodromy matrix

five-branes % 67-plane LD AICEHEL T, N2 HMI—FA L EED LS LRz Ry
TANBTHA5M 38,39, BARKIZIE, 72 a7 MEEhTWD 28-4° J5ED moduli
matrix M 53D monodromy matrix Q % FEid 5 Z &2 51

— Gmn - Bmp qu Bqn BmpGpn —
M(p,9) = ( G, G > ,  m,mn,...=38,9, (2.3a)
M(g,27) = QT M(0,0)Q. (2.3b)

Z 2T Gmn, B 1EZNTN (28, y°)-FIANZJED 5 7225 DGt & & B-field D& D TH 5, G
X Grn D (G G™ = 65,) TH 5,

"moduli matrix & WS ECZI [17] RED XM TR 5N 5, —F., JEFED double field theory (¥ generalized
geometry) DFHFTIX I N % “generalized metric” & IFF.5,
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2.2.2 defect NS5-brane

ds? = Hy[(d2%)?+ (d2")? + (dz®)® + (d2”)?], Bso = Vi, €* = Hy, (2.4a)
H = h—i—Elog%, Vi = 09, K, = (H)>+ V)2, (2.4b)

l
25 = pcos?, 2’ = psind, { = 273?8. (2.4¢)

ZZT R WX 8- AHDERETH 5, 282 HMD moduli matrix M & monodromy matrix €
(2.3) IXIRDIED :

K, 0 0 V

1 0 K, -V, 0 1 K V(io?)
MYNS - L = ) 2.5
¢ H| o -v 1 0 H, < Vi(—io?) 1 (2:5)
Vv, 0 0 1
1 0 00
0 1 00 1 0
2m¢ 0 0 1

2.2.3 defect KK5-brane
(2.4) 12X LT 9-/H 1T T-dual (Buscher rule, appendix A.3) % %179 5:
ds* = H[(de®)? + (da”)? + (d2®)?] —|—}Z[dy9—ngx8]2, By =0, ¢ — 1, (26a)
Hy = h—l—élog%, Vi = 09, K, = (Hp)?+ (Vo)?. (2.6b)

(2.4) (with 2%) & (2.6) (with y?) &%, 9-FAI~D Buscher rule % i U THWIZ T-dual TH b,
2892 JiM D moduli matrix M & monodromy matrix Q (2.3) I&IXD@E Y :

K, -V, 0 0
1| =v 1 0 o
MEK — 2.7
z H|l o o 1 v |’ (2.72)
0o 0 Vv K
1 00 0
ol 1 0 0 A, 0
QKK — = ANT = B,. 2.7b
¢ 0 0 1 90 (0 B€>= (Ag) ¢ (2.7b)
0 00 1

2.2.4 another defect KK5-brane

(2.4) 12X L T 8-/ MANZ T-dual (Buscher rule, appendix A.3) 25179 5%:

1
ds* = Hy [(d$6)2 + (dz")* + (dmg)Q] + T [dy8 + ng:ﬂg]g, Biy =0, €% =1, (28a)
L

7
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Hy = h+€log%, V, = 09, K, = (H)*+ (Vo)?. (2.8b)
(2.4) (with 2%) & (2.8) (with y8) &I, 8-/~ D Buscher rule % i U THWIZ T-dual ThH 5,
y8-2° JiM®D moduli matrix M & monodromy matrix Q (2.3) I1X¥XD@E Y :

1 Vv, 0 0
AK L Vi Ko O 0

MAK — , 2.9
‘ H|l o o K -V (2:92)
o o0 -V, 1
1 2n¢ 0 0
0 1 0 0 B, 0
OpF = = . 2.9b
¢ 00 1 0 0 A ) (2:9b)
0 0 —2n¢ 1
BB, (A)T =B, THBHDT, (QAK)T = KK Tk 2,
2.2.5 exotic 5%-brane
(2.6) IZXF L T 8-J3MIZ T-dual (Buscher rule, appendix A.3) %5179 %
H Vi H
2 612 7\2 ¢ 812 912 [ 2 4
ds® = Hy[(dz) +(d1‘)]+E[(dy) + (dy”)?] ng:—E, e‘b:E, (2.10a)
H = h+£1og%, V, = 00, K, = (H)2+ V)2, (2.10b)

(2.6) (with 2®) & (2.10) (with y®) &%, 8-~ D Buscher rule %@ U T HWIZ T-dual TH
50

y8-y? J D moduli matrix M & monodromy matrix Q (2.3) IZIRDIED

1 0 0 =V

1 0 1 V, 0 1 1 Vi(—io?)
ME - L - 2.11
T H| o v, K, o0 Hg(Vg(iaQ) K1 ’ (2.11a)
-V, 0 0 K,
10 0 —2n¢
01 270 0 1 O
oF = = eyt = —¢p, = 0. 2.11b
¢ 00 1 0 (0 L ) ;o (C) i ¢ ( )
00 0 1

BB, (C)T =—C, DT (08)T = QS TH 3,
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2.3 T-duality matrices

QS & QFK 22 < T-duality matrix Uy 13IRDE D :

QFK = UL oS Uy, (2.12a)
1 0 0 0
0 0 0 —1 1-Ty —To 0 0
Ug = = , Ty = . 2.12b
o 0 0 1 0 <—Tg n—Tg> 9 (o 1) ( )
0 -1 0 0

QS & QMK 2% < T-duality matrix Ug (FIRDED :

QM = Uf o U, (2.13a)
0 0 -1 0
01 0 0 1-Ty —Tg 10
Us = — . Ty = . 2.13b
8 10 0 0 (—Tg ]l—Tg> 8 (0 o> ( )
0 0 0 1

QFK & OF 13 T-duality matrix Us TE2 5.

QF = Uy OF¥Ug, (2.14a)
0 0 —1 0
0 1 0 0 1-Ty —Tx 10
Ug = = , Ts = . 2.14b
8 10 0 0 ( Ty ]l—Tg> 8 (0 0) ( )
0 0 0 1

QMK & OF I3 T-duality matrix Uy TEM 5:

QF = Uy QK Uy, (2.15a)
1 0 0 0
0 0 0 —1 1-Ty —Tp 00
Ug = = Ty = . 2.15b
9 0 0 1 0 (-Tg ]l—T9>’ 9 <0 1) ( )
0 -1 0 0

QENS & Q]E l& T-duality matrix Ugg = UgUg = UgUy TENS:

QF = UL oM Uy, (2.16a)
0 0 -1 0
0 0 0 -1 1-Tg—Ty ~Tx— T

Ugg = - 8779 S (2.16b)
-1 0 0 0 “Ty—Ty 1—Tg—To

HEHLAARMOIRDOBEBRD KLY 5:
Ug =Ug!t =Us, Uy =Uyt = Uy, (2.17a)
(Us)® = (Uy)? = 1. (2.17b)
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3 Analysis of SL(2,Z),; x SL(2,Z), monodromy

[16] 1ZH> T, SO(2,2;Z) = SL(2,Z), x SL(2,Z), [/ #L. ZHUZDWTDE/ R I — %3
flil &> [38,39, ZZTr1 & pldENTN2fOEREMETH 5.

7 torus T% D FEME G (3.1)
p: Bgg & T DK TER S N5 HERNE ’
INzHATERT 5:
T = 1 +in, (3.2a)
p = p1+ips = Bgg+iv/det Gy, m,n=28,9. (32b)
RKTHHH, [16] (3.17) TD 89-HFHIDEFHE%Z
Gu = 21 ™), (3.3)
T2 T1 |7’|

EENTWED, ZHE r ZHOWT ELEED Gy TOHDE —HT 5, TNITERLDTHE
EEHWDS, T 51T dilaton IZDWTH, [16] IZHD K DI

e?? = p2 = Vdet G, (3.4)
TH b, Z1iE defect NS5-brane (2.4), defect KK5-brane (2.6), exotic 53-brane (2.10) X T T
FRALS B,

3.1 Monodromy matrix of defect NS5-brane
(24) Do, T & plEFENTNIRTEZ 6N S:

T o=, (3.5a)

p = Vy+iH; = ih+illog(p/z). (3.5b)
T/ R I—Id 67-HHOHIE 2 = ge? DEMW 2 — 2™ TRIIE 12 p DEWMTH 5:

T = T, (3.6a)
p — p+2ml. (3.6b)

ZNIZEDENETNDE/ FEI—FIRTHEA SN S:

at +b a b 1 0 NS
= = .
T atd (c d) (O 1) T (3:7a)
ap+b a b 1 +2m/ NS
= = Q°. 3.7b
P co+d’ <c d) (O 1 P (3.7b)
p P

10
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3.2 Monodromy matrix of defect KK5-brane

(2.6) B, T & p FENEFNIRTHEASONS:

Vi +1iH, i i (3.80)
T = = = s .
K, —iVy + Hy h+ ¢log(p/z)
: K,/Hy —Vy/H, :
= 041, |det = 1i. 3.8b
g J < ~Vi/H, 1/H; (38b)

TIFIRDWRIZLUTEE 5, ZHIE T OEREETH D, KEJFBBRRN I LITHER:
ds2y = Hy(dz®)?+ Hi [dy® — V; dz®]?
J4

— & (de + 7_‘/6 +iH, dy9> (de + 7_‘/6 — iH, dy9>

Hy Ky Ky
K
= Fe(dxs + Tdyg) (dar:8 + ?dyg) , (3.9a)
¢
-V, +iH,
= —. 3.9b
r= Ut (3.90)

B RO I—Id 67-HAIDERE 2 = gV DA 2 — 2™ TRIFD 7 & p DEMTH S:

A= A+2n  with A = —1/7, (3.10a)

ZHIZEDENENDE/ FEI—IFIRTEZ LN S:
at +b a b _ 1 0 _ OKK
[ ( c d) B ( 27l 1 ) =& (3.11a)

CL,O‘I‘b (lb ].0 KK
e (1) (1) o
P P

3.3 Monodromy matrix of another defect KK 5-brane

(2.8) B, T & p EENEFNIRTEHEAONS:

T = Vyp+iH, = ih+1illog(u/z), (3.12a)
- 1/H, V;/H, .

= 0+1i,|det = 1i. 3.12b

’ J ( Ve/Hy Ki/H, (3:120)

TIEROBRIZUTREE D, THIE T OEBEMEETH D, KRS IFEBRRNZ &ITER:

1
dsy = Hy(dz")* + 7 [dy® + V2 dx9]2
1

11
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1
- (dy8 + (Vi +iH)) da:9> (dy8 + (Vp — iH)) dazg)
= i 8 9 8 | =,9
= 7 (dy® + 7d2”) (dy® + 7da”) , (3.13a)
T = Vy+iH,. (3.13Db)

T/ R I—d 67-HHOHIE 2 = pe? ODEMW 2 — 22 TRIIS 12 p DEWMTH 5:

T — T4271L, (3.14a)
p = p. (3.14b)

INZEvENENDOE FEI—FIRTHEAON5:

b 1 42
ro T2 a b _ T2 gak (3.15a)
ct+d c d 0 1

ap +b a b 10 AK
e = = Q. 3.15b
p= cp+d’ (c d) (0 1) P ( )
p p

3.4 Monodromy matrix of exotic 52-brane
(2.10) 6. T & p FENFNIRTEHEZONS:

=i, (3.16a)

Ve —V, +iH, i
= ——= +i/det Gy = = . 3.16b
P K, Tivde K, h+ (log(1/2) (3-16b)

T/ FBEI—d 67-HHOHIE 2 = ge? DM 2 — 2™ TRIIS 12 p DEWMTH 5:

T = T, (3.17a)
w = w+2rl  with w = —1/p. (3.17b)

IZEvENEFNDOE FEI—FIRTHEAON5:

at +b a b 10 E
(R (c d) (0 1) T (3-182)
ap+b a b 1 0 E
= = Q. 3.18b
p = cp+d’ <c d) (—27r£ 1) P ( )
p P

12
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4 Conjugate monodromy matrices

4.1 Conjugate monodromy matrix of defect NS5-brane

defect NS5-brane IZ2WTD SO(2,2,7Z) = SL(2,Z), x SL(2,7), €/ RO I —I% (3.7) THA S
Nz, QNS QES ZNENIZH U T conjugate monodromy matrix % #Hiid % [16, 38, 39]:

s s T sp—rqd =1
Ur = o, s U, = , L (4.1a)
¢ p q p sp—rq = 1
~ 1
QNS = Uy, = <0 2) , (4.1b)
~ _ 1+ (2nl)pg  (270)p?
O = U '), = : 4.1
p P TP —(2n0)¢*> 1 — (27l)pq (4.1c)

ZDREH, FEDO U, TQ =0, ThHD,

4.2 Conjugate monodromy matrix of defect KK5-brane

defect KK5-brane (ZDWTD SO(2,2;Z) = SL(2,Z), x SL(2,Z), €/ Fa I —i& (3.11) THX
Sz, QKK QEK ZNZENIZX U T conjugate monodromy matrix % 232 [16]:

ro Il ol
U, = 3, 7“, ’ U, s r ’ s'p _rq - 1 ’ (4.2a)
¢ p q p sp—rq =1
~ _ 27r£ (270)r'?
QKK — pyolokK 4.2h
T Ur 7" Ur —(2m0)s 1— (2ml)r's ’ (4:2b)
O = U tafky, = ( ) . (4.2c)

DD, EFEOU, TQ, =9, Th A,

4.3 Conjugate monodromy matrix of another defect KK 5-brane

another defect KK5-brane (IZDWT®D SO(2,2;Z) = SL(2,Z), x SL(2,Z), €/ F 1 I —{% (3.15)
THEZ LN, O Q0K ZhZ NI LT conjugate monodromy matrix % #FAffi§"% [16]:

A v, =|(°% " SV —r'g =1 (4.3)
¢ v )’ P qp )’ sp—rqg =1~
- 1 2) / ! 9 /2
OAK — poloAKp +( W€)1,72q (2ml)p e (4.3b)
—@r0g?  1- (2ntylq

13
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~ 1 0

AK —-1nAK

QM = Ul0AKD, = <0 1) . (4.3¢)
P

ZDkd, EEDOU, TQ,=Q, Thb,

4.4 Conjugate monodromy matrix of exotic 52-brane

exotic 53-brane IZDWT®D SO(2,2;Z) = SL(2,Z). x SL(2,Z), €/ FEI—I& (3.18) THA 5
iz, QF, QF ThTNIZH L T conjugate monodromy matrix % &l % [16]:

’ / I gl off
v.=(°% "), uv,=(""], P ! , (4.4a)
q¢ p q p sp—rq =1
~ 1
QF = vy, = <0 2) : (4.4b)
~ _ 1+ 2nl)rs  (270)r?
oF = uvlofy, = : 4.4
p pTpTp —(2n0)s® 1 — (27l)rs (44c)

ZDD, FEDO U, TQ =0 Thb,

14
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5 Conjugate configurations

5.1 Conjugate configuration of defect NS5-brane

defect NS5-brane (2.4) @ SL(2,7Z), x SL(2, Z), monodromy matrix (3.7) @ conjugate matrix (4.1)
i (p,q) five-branes, D £ D p defect NS5-branes & ¢ exotic 53-branes D HFERAEEZ 5.2 TV
%, Tl Z D conjugate configuration M EAKK 25t &, B-field, dilaton (X & 57> T\WaH
138, 397

defect NS5-brane @ complex structure p [Z{HEH T 5 (71 FHHLDOTRIZLZARWY), ZD p
&, ZHATH(D) U (4.1a) T SL(2,Z) ZEHU L 5:

- p —r pp—r spU + 7
Ul = , P py =\ p= o 5.1
g (—q s > —qp+s apu +p o)

2z — ze?™ %5 2 5 monodromy IZEWT, p—=p =p+2nl LEHI N, ZDEE py ITIRD
PRIZZEHLZ 71, monodromy matrix Qg% 525

/
pl =1 plp+2ml) —r
- = = 5.2
PU Pu _qp/+s _q(p+27r€)+87 ( a)
— _ 27l 2
(HF) = (MJJM) . _ s—rq)py +pr—pr+2rlp
apu +p apu +p
1+ 20l 2 lp?
- FQZ?ZU; — (5.2b)
(R = — (M+2ﬂg> +s = (—gs + g5 — 2mlq*)pu + ps — qr — 2mlpg
9Pu +P 9pu +p
—27lq? 1 —2n/
- p;]p:ip o ’ (5.2¢)
1+ 2w/ 2mlp?
oy = (1 + 2mlpqg)py + 2mlp (5.2

—2mlq?py + (1 — 2mlpq)’

1+ 2nf 2mlp? ~
Qs — (T ST ) NS (5.2¢)
—27lq 1 —2nlpq

D F D conjugate monodromy st (4.1) 5.2 % complex structure p & py TH 5 Z & D (ad hoc
ThHdM) RINTz, THhbb, py (5.1) B, (p,q) five-branes configuration % 5 % % complex
structure p TH D (L. pu =p)

defect NS5-brane @ 7 & p DEFRIZE DIRNE R 5:

T =T =1, (5.3a)
p = Bsgg+iv/detGnyy = Vi+iHy, (5.3b)
A p(Ve+iHy) —r  [(=r+pVy) + ipH(J[(s — qVi) + iqH/]

—qp+s  —q(Ve+iHp) +s (s —aVi)* + ¢*Hj

[—rs + (ps + qr)Vy — pg K] +iH,
52 —2qsV, + ¢*K,
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= Esg +iy/det émn . (5.3c)

I & D, conjugate system T B-field Bgg & metric Gn DK TEZ 55!

= —rs + (ps + qr)Ve — pgksy
Bgg = 5.4
89 2 — 245V, + O Ky ) (5.4a)

- H,
v/ det G = , 5.4b
¢ 52 —2qsVp + ¢* Ky (5-4b)

~ HZ
Gmn = ) =38,9. 5.4
mn 32 . 2(]8% + qQK[ mn m7 n Y ( C)

7272 L. defect NS5-brane X exotic 53-brane fRDERIZ, FIRIFWAHKTH 5, i torus T
D complex structure 7 2NHIITH 5 Z &, conjugate monodromy QN5 & (4.1) D XS IZHIAT
HBZLIZL>THRIEINT WS, T 51T dilaton (F (3.4) IZXD

2 = § He

= = 5.4d
T S sVt PR, (040

TdH 5, (5.4) M supergravity solution TH D Z LARI Nz 6, ZNIEHLWRETH 5 2014
10/23),

[AAV ]

o BH p, ¢ 1XFNZ N defect NS5-brane & exotic 53-brane DB ZfEE L T\W5b, —fiT s
X SL(2,Z) €/ FB I —2WEfE7-9 720 D#EY) LB TH 2,

o Fifif & U T, conjugate configuration 7% (1,0) five-brane (2 £ 9 (p,q) = (1,0)) D & &,
(5.4) ¥ monodromy matrix Q)5 (3.7) Z D 1 defect NS5-brane configuration (2.4) IZJF#&
INBERETH D, TDOITIE (s,7) = (1,0) & FTHUEEI W,

o K& L T, conjugate configuration »% (0,1) five-brane (2 £ D (p,q) = (0,1)) D & &,
(5.4) 1% monodromy matrix QF (3.18) &£ 1 exotic 53-brane configuration (2.10) (ZJF#&
INBERETH D, TD7HOITIE (s,r) = (0,—1) &FTHIX KW,

[pg # 0 &7 —MD (p,q) five-branes TODEIEIE]

(p,0) five-branes ® U < & (0, ¢) five-branes 52 T, st 1 Ql° (3.7) B LIX QF (3.18) I
INd, —fMD pg#0 THD (p,q) five-branes R TIE, NT A =X (s,7) DRI THETH 2,
FDTD p ZIROIRIZERL LU & S

5 pVetitl) —r _ pq(VetiHo) —qr _ pg(VetiHy) +1—ps
—q(Vy +iHy) +s  —q2(Vy+iHy) + gs —q[q(Vi + iHy) — s]
P 1

T g ql(—s+aqVe) +igH,] )

16
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T I CHAEEH (9 DT T 1)

—s+qV; = —s+qld = gt (5.6)
EFEITTD L,
. P 1
p= - (5.7)

¢ @(Ve+ily)’
L%, IHIT0=-1/(p+8) LHEIB|RT, z—ze?M XE) RO I —EBMEFETTS:

~ 1 .
W = 51T = ¢*(V, +iH,), (5.8a)
q
1 1

O — & = o422l - - = —— + 2mlg? 5.8b
P+t p+2 (5.8b)
54 P _ P+t 5 = (1 + 2mlpq)p + 2mlp? (5.5¢)

q —2mlg?p + 1 — 2mlpq’ —2mlq?*p + (1 — 2wlpq) '

£oTpldp=py (5.1) LA U monodromy ZFfbH, RIPIR/NT A= ZPFELEL L, Lihio
T, p ZHWT configuration % FiAHL 5 i PMERITH 5:

~ . ~ p 1 5 . ~ 20 _ -~
= = = —— — Q=00 = B d tr mn = ) .
T T i, P ¢ Vi i) %9 + 11/ det G e P2 (5.9a)
H
ds? = dsdipess + Hg{(dg)2 + Qz(d§)2} + qQ—;{{(de)? + (dx9)2} , (5.9b)
4
5 p Vi 26 Hy
Bgg = —© — = £ .
% ¢ @K C *Ky (59c)

(5.4) £V H (5.9) DHBFTNRT W,

[AAV ]
o (5.9) 2FH, [3] THHTE R > ZAEFHORALTH 5,

e B-field D7 — VAT ~t %79 % £ monodromy 174 st NEDL>TLESDT, %
DT — VBTSN E TR,

e ) (55) TlEsp—qgr=1%2HAVTr ZIBVWH LU, ZD72®H (55) D s iIZIEH IFPHHIX
BEBOEBTHELEZTEIN, TLTISHIZ (BT XBITTEEND DL, FEIE
L (5.6) EWVWIXDBHIZ s =0 LRELZEEFEXTERYL, £ (5.6) 1% FEREAIZ
B-field D7 — Y ZEMEMN 5 TH D, FUZEERAHZ T O#REL B3 DIZ#ETTlERwird
L 7suy,

e defect (p,q) five-branes (5.9) IZ2WT DR FMEEZEASDE L KD, dNS5-branes ] T,
9-th AHIZ DWW T DHIEDS string worldsheet instanton corrections IZ& > TAB &,
& 9-th AW ® KK-momentum & U TDMIEIZZR 5, Z ik H-monopoles A 5 localized
NS5-branes (272 5 fifilETd o 7z [20, UL #3512, A U worldsheet instanton corrections
MY exotic 53-branes M 9-th AMIZEH 5§ 5 & ik, KKb5-branes D& [20, 21, 22] &
[ 5k, winding modes & U CTDHFLG TH o7 [2], S T. defect (p,q) five-branes D & &,
worldsheet instanton corrections (£, —{&KE D K 5 IZHRIT R Z 7 [2014 10/30] [38]7
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5.2 Conjugate configuration of defect KK5-brane

defect KK5-brane (2.6) @ SL(2,Z); x SL(2,7Z), monodromy matrix (3.11) @ conjugate matrix
(4.2) 1& (—=5',7") five-branes, D% O —s' defect KK5-branes & 7’ another KK5-branes @ H AR
RBE2 5 ZTWb, TlE Z®D conjugate configuration @ EARK G &, B-field, dilaton 1&& 5
o TWB 07

defect KK5-brane @ complex structure 7 (Z{EH T % (p ZFEHHAZOTEKIZLARY), ZTIZT
A= —1/7 2RO UF TEHT 5.

r "N+ 1 v —¢
A Ao Ay = o = _— )= PUZTC 5.10
( b % U T,>\+p/ TU’ —T,AU—i_S/ ( )

z = ze?™ % 5.2 5 monodromy IZEWT, A= N = +2n0 LI N, ZD&E \y X
DRRIZEBLE N, #EH L U T 7y © monodromy matrix Qf_{% 5.2 5%:
SN +4q sSA+2ml) + ¢

A Ny = = A1
v A '\ +p (A +27l) +p'’ (5.11a)

p’Au—¢ (1 —27lr's") Ay + 27ls"?
(BT = Sl(-ﬂAUT —+2nl) +q = T , (5.11b)
v —¢ —27mlr"? Ay + (1 + 27lr's')
(63\) = 1"/ (m + 27T€) + p/ = —T/)\U(—i- o y (511C)
Voo (1 — 27w’ Ay + 2mls?
U 2ntr2hg + (14 2nlr's')
= =2nlr's) /Ty 4 2mls’? 2mls Ty — (1 — 2wlr's) _ 1 (5.11d)
C2mlr? )y 4 (L 2mlr's’) (L 2mlr's )Ty + 2mlr’2 T T '
, (14 27lr's' )1y + 2mlr'?
= 5.11
v —2mls %1y + (1 — 27lr's’) (5.11e)
1+ 27lr's 27 lr'? ~
KK _ _ OKK
v = < —2mls’? 1 —2mlr's! > = & (5.11)

2% b conjugate monodromy QKK (4.2) % 5.2 % complex structure 7 13 7y TH 5 Z &A% (ad
hoc THEM) mI Ntz TROE, 7y (5.10) M, (—s',7') five-branes configuration % 5- % %
complex structure 7 TH D (AN, v =7)s

defect KK5-brane @ 7 & torus 78 @ complex structure T o7z, — 5 p = Bgg+iv/det Gron
WXHBHTH 572, £D72®, conjugate configuration IZHWTH Bgy IZHHTH 5:

Bsg = 0, detGpn = 1. (5.12a)

% L C 7 A conjugate configuration (235 1F % torus 7% @ complex structure TH 2 (17 122N T
& (3.9) ZH):

—Ve+iH, 1 ~ .

— - _ = = 5.12b
T e Vit PP h ( )
_ —r' /T +p r'(Vy +1iHy) + p'

T = —-—— = —
—s'/T+ ¢ s'(Vy+1iHy) + ¢
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(0 +r'Vo)+ir'Hy [0 +0'Vy) +ir' Hyl[(¢' + §'Vi) — is’Hy
(¢ +sVo) +isH, q2 +2¢'s'Vy + 52K,
_[p/q/ + (p/5/+7’/q/)ve +7,ISIK€] +1Hé

q/2 +2q/3/VZ + S'2Kg '
ZZTTEMAVT torus T HHOFER (AT —VRFUMEDTH LW (3.3) DRA%
FAWd L EHEEHEPRD SN D:

(5.12¢)

~ p: 1 7 ~
G = % S ) m=1, (5.12d)
2\ 71 |7
~ 1 q*+2¢'s'Vy + 2K,
Geg = — — , 5.12
8 = = 7, (5.12e)
_ _ P~ ’ o1 I "d\V, 16l K
Gso = Gog = = _ _Pa WS gVt £ (5.12f)
T2 Hy
. ;2 /2+2 /T/W+T‘/2Kg
e G . (5.12g)
T2 H,

five-brane BLf7 T, 10KICEHED 5 H 012345- HANIEERICEHTH 5, T D728, 6789-5
FMDFRDOIRD FHNE NS 5, 2D 6789-/5FIE Ricci-flat TH D [34], K> TIDiEtE%R
supergravity DJEE) HRERIZAR AT B &, B-field ’"HHTH 572012 dilaton L HIHIZHR B Z &
NI Hh 5,

e = 1. (5.12h)

[AAV ]

e (1,0) five-brane (D F D (—s',7') = (1,0)) D& &, (5.12) I% monodromy matrix QXK (3.11)
% F5D 1 defect KK5-brane AR TH 5, (2.6) IZIHET 2720121 (p,¢) = (—1,0) &7 3
RETHD, B, & DASORERIIREZIZERS,

e (0,1) five-brane (D D (—5,7) = (0,1)) D& &, (5.12) I% monodromy matrix Q2K (3.15)
% FiD 1 another defect KK5-brane ¥UKTH %, (2.8) (2w 572012 (p',¢) = (0,-1)
LIRBHERETH 5,

o [TED (¢, ¢,s,r") IZHB VT (5.12) % Ricci-flat 72 6789- A DFEMHE X 5N T W3,
Z D7-®, conjugate monodromy matrix (4.2) 75 FLAHIN S defect KK5 DI —s5/,
another defect KK5 DI r' AN DN T A — & (p,q¢') 1ZEFHRED KD PAAMZIZES L 72
EIITTEZIETTH 5,

[s'r! #0 &&= 9—M®D (—5,r') five-branes TODEIEIL]

(—5',0) five-branes ® U < 1& (0,7/) five-branes & Tl QXK 13 KK (3.11) & L < 1% Q2K (3.15)
KhREIND, —D 7" #£0 THD (5,1 five-branes R TIE, /87 X=X (p',¢) DRI T
HETHD, TDOHLFED Ay =-1/7 IZM>T A=Ay =-1/7 ZIROKIZELL & 5

1
A= —= = Vy+iH,, (5.13a)
T
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~ 1 §S(Ve+iHy)+q  r'S(Vi+iHy) +7r'¢  r's'(Vi+1Hp) +s'p' — 1
T r(Vit+iHy) +p ' (Ve+iHy) +p] P[P (Ve+iHy) + 7]
s’ 1
= 2 _ . 5.13b
T, ,,al[(,r/‘/g +p/) +iT,H@] ( )

T I CHAEES (9 DT 1)
P4V, = p ' = 0y (5.14)

e S RN

1

/)\\ i 1 o S/
7 2V 4iHy)

(5.15)

L5, T 65—1/(}:—%) CEESMZIT, 2oz /) NI —EHEEITT S

~ 1
¢ = —=—5 = r"(Vi+iHy), (5.16a)
A=
= o F 2 1 _ 1 /2
¢ = ¢ = ¢+2mlr - —= - = —=—— +271lr'=, (5.16b)
s Ao
R / - s% N 1 — 2700 s\ \ + 27052
Vot A S VA Gl D L PR T
r =27mlr2\ + (1 4 27lr's") =27lr2 X + (1 + 27lr's’)
o L 2ml)7 4 (14 2nlr'S)
T N —(1—2nlr's") )T + 2nls'?
(1 + 27lr's")T + 2mer'? (5.164)

 —=2mls 2T + (1 —27mlr's!)

L7z o>T 7k 7=r71y LA L monodromy (4.2) 2522 Z LDI/RI N, RPBRNTA—X
0,¢) PEIEL7ZR\, 2D (7 0 3) X 2 H\WT configuration % A HL2 HDMERTH 5

~ s’ 1 1 ~ < ~
r! r,2(LZ+iH5) ’/7'\7 P P 1 89 +1 € mn s € P2, ( a)

. n{ 1 7 1 A2 A
Gmn = ? ~ 112 = = |/‘\ ! s (517b)
A\ 7 |7 o\ —A1
~ s Ve ~ Hy
N o= oy, = 1
1 7"/ 7"/2Kg ) 2 7"/2Kg ) (5 7C)
o~ 1 ~ 2
ds? — d3312345+Hg{(dg)2+gz(dz9)2}+)\2(da:8)2+x—{dy9—)\1 de} , (5.17d)
2
Bgy = 0, 2 = 1. (5.17¢)

[AAV ]

e (5.17) & (5.9) Z29-/51AIZ T-duality 237U, FNNVOEEOEZ (p,q) = (—5,r') 2L
bDTHD, § ODEIOETOERIE, HEFEZLH (5.14) &, conjugate of defect NS5-brane
T O MR (5.6) DR E LT DL p= -4, q=1" 705 T LIZHKT 5,
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e 7 (5.13) Tl s —¢r'=1%2HVT ¢ ZBVHLTWS, TD7=H (5.13) D p' 1IZlddH
TR RN, EROBETHDLEEZEATEIN, LER-T, (5.13) 6 7 (5.15) 128
H IRELIZLE RS,

T3 2WzI%, IR (5.14) ZHWVWT WD A, BIZ p/ =01
Z 2 T o N7z configuration (5.17) 1, %72 LU TH hyper-Kéhler geometry T d 2 23,

codimension two T# b, Taub-NUT space I&. #lZ1X ALF space & FFENTWB, —1
Z Z D codimension two DZEH X, ALG space &\ D HHFWT W5 [36, 37] 6

-

5.3 Conjugate configuration of another defect KK5-brane

another defect KK5-brane (2.8) @ SL(2,7Z), x SL(2,7), monodromy matrix (3.15) @ conjugate
matrix (4.3) 1% (¢/,p') five-branes, D% V ¢ defect KK5-branes & p’ another KK5-branes 0 H A
o2

Rgz 52 T\Wwbd, Tlk. Z®D conjugate configuration ® EAKM 25 &, B-field, dilaton (& &

D7 o TWBIN?
another defect KK5-brane @ complex structure 7 IZ{FEH T2 (p I EFHHRD TKUZ LW,

IO 1 %, BEITH(OM) U (4.3a) T SL(2,Z) 2L &£ 5
/ / / / / /
- p=r p'r—r sty +r
T ( _q/ s ) ) T TU —q/T—i-S/’ T JTv+ 7 ( )
2z — ze?™ 25X 5% monodromy IZHWT, 7 =7 =7420f LEHINT, ZTDLE 7y IR
DFRIZZH X N, monodromy matrix Q2K %2 5.2 5.
/! / / /
' —r P (T +27l) —r
% / = = 5.19
v v —q¢'T' + ¢ —q (T +27l) + 8"’ (5-192)
sty 41! (p's’ —r'q )y + 2mip'
(F) = p’<7q,TU T + 27T€) —r = pr——
1+ 2mlp'q 2mlp’?
_ (Lt 2nlp'q)y + 2mlp ’ (5.19b)
qtu + 7'
08 = (ST gng) g = 2R E WS = 20ty
gt +p' g+’
—2mlq" 1y + (1 — 2nlp'q’)
= ; - , (5.19c¢)
q¢TU+p
1+ 2nlp'q 2mlp'?
v o= ( +,72TM)TU+ ., (5.19d)
—2mlq"?1y + (1 — 2mlp'q’)
1+ 2mlp'q 27 lp'? ~
QAK — = Q8K 5.19
T,U < _27_‘_£q/2 1 _ 27T£plq/ T ( e)

DX Y conjugate monodromy QTAK (4.3) #5-Z2 % complex structure 7 I& 7y TH 5 Z & W (ad hoc
THDM) "INz, THHOE, 7y (5.18) B (¢,p) five-branes configuration % 5-Z % complex

structure 7 TH S (LA, 70 = 7)o
another defect KK5-brane @ 7 1% torus 7% @ complex structure TdH o7z, —F p = Bgg +
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iv/det Gy IZHIATH 572, D70, conjugate configuration IZHWTH Bgg 1EHHTH %
Bsg = 0, detGmn = 1. (5.20a)

% LT 7 ¥ conjugate configuration (235 1F % torus T8 @ complex structure TH 2 (7 IZDWNT
X (3.13) ZR):

= _ - p(VetiHy) —1' (Ve 1) + W H[(~¢'Ve + 8) +1q'H
—¢7+s = (Ve+iHy) + 5 (—=q'Ve+8)? + q2Hf

[77,/5/ + (p/S/ + 7,,/ql)v*e *p/q/Ke] + ng
s'2 — QQ’S’VE + qlng :

ZZTTEMAVT torus T HHOFER (AT —VRFUMEDTH LW (3.3) ORA%
W5 L EEEHEPRD SN S:

(5.20c)

~ e 1 — .
T\ 71 |7
" 1 812 _ 2q/8/w + QI2KZ
Gas = — — , 5.20
88 = o, ( e)
_ _ ~ Pl (oo 'V, 'd K
Gy = Gog = 1L = 8= WS Hra)Vitpq ke (5.20f)
T2 Hy
- 7 2 T'/2 _ QPIT/W +p/2K€
Gog = = _ . (5.20g)
T2 Hy

five-brane FLAZ TlX, 10IKICETERD 55 012345- HANEERIEHTH 5, £ D728, 6789-1
MO RDOIRD FHENE TS 5, 2D 6789-/ M IE Ricci-flat TH B [35], &> TIDiEtEZR
supergravity OEH) HFERIZMARAT S &, B-field A TH % 72012 dilaton  HIHIZ 5 Z &
W IZan b,

e = 1. (5.20h)

TN (34) EFEL TV,

[AAV ]

e (0,1) five-brane (2 Y (¢/,p') = (0,1)) D& &, (5.20) i monodromy matrix Q2K (3.15)
Z %D 1 another defect KK5-brane HAKTH 5, (2.8) IZIFET 5 720HI1T1% (s/,7) = (1,0)
T&W,

e (1,0) five-brane (DX 0 (¢,p') = (1,0)) D & E, (5.20) I¥ monodromy matrix QE¥ (3.11)
% FiD 1 defect KK5-brane HAATdH 5, (2.6) IZIFET 272DI21E (s,7) = (0,-1) 725
RNETHb,

22



last update: 2015-09-03 15:05

[dp #0 ZiF=9—MD (¢,p') five-branes TODEIEL]

(¢, 0) five-branes & L < 1& (0,p) five-branes 52 Tl QAKX 13 OXK (3.11) % L < 1% Q2K (3.15) 12
REIND, —MD ¢p #0 THD (¢,p) five-branes R TIE, NT A=K (s',r") BRI THE
THhbd, TDIH T ZIRDRRIZERL X S:

= _ p'(Ve+iHy) =" p'd(Ve+iHp) —q'v' p'd (Ve +iHy) +1 —p's’
—q'(Vi +iHy) + ¢ —q">(Vy +iH;) 4+ ¢'s' —q'l¢ (Ve +iHy) — §']
/
1
- _P_ (5.21)

¢  JU(=s+q¢Ve) +igHy

T I CHAEER (9 DT T 1)

—s'+qdV, = =+ 40 = +q0, (5.22)
EFEITTDH L,
- P 1
S . — 2
! ¢  q*(Ve+iHy)’ (5.23)

YIRB, EHITA=-1/(F+0) LEESMAT, 2o ze? LR KR I—EMEETT S

~ 1
A=~ = q*(Ve +1Hy) , (5.24a)
T+ 5
q
S~ w5 1 1
A= N o= Adkmlg? = 2wl (5.24b)
T+ 5 T+E
q q
7+ P Tty o (L4 2nlpg)T + 2mlp’ (5.240)
¢ “2mlq?T+1-2mlp'q"” —2mlq" 7 + (1 = 2mlp/q’) ’

£oT7TIE7T=1 (5.18) £ U monodromy 25, RALNTA—XDBFEL LR, L7zh
2T, 7 ZH\WT configuration % FiAH 2 HHMERTH 5:

~ ! 1 ~ : 5 A 3 _ o~
T = —%—m, p = p =1 = B89+1 detGmn, e2¢) P2, (525&)

q
~ 4 Vi ~ Hy
T = _? - q/2K£ ’ T2 = q/2K€ ) (525b)
| 0
ds? = ds2ipnss + Hg{(dg)2 + QQ(dﬁ)2} + %{dyg + 7 da:g} + 7 (dz?)?, (5.25¢)
Bsp = 0, ¥ = 1. (5.25d)

(5.20) £ 0B (5.25) DHDBFNXR T,

EEPAN

e (5.25) 1. (5.9) &8-J7[MIT T-duality 24T L., TRV DEOEZX (p,q) = (p',¢) ZHEL
7-HDTHh 5,
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e 7 (5.21) Tk s —¢r=1Z2ZH0Ty ZIBVWHLTWS, ZD7%2H (5.21) D s 12136

TR RN L, EROBETHDLEEZEATEIN, LER-T, (5.21) 6 7 (5.23) IZF
T 2MzI%, B (5.14) ZHWVWTWAA, BIZ & =0 IZRELEZEE X5,

Z Z T8 5 N7z configuration (5.25) . F£72 L TH hyper-Kihler geometry T & 2 73,
codimension two T& %, Taub-NUT space I&. #l 21X ALF space &FFIENTWD, —J
Z Z D codimension two DZEf]IE. ALG space &S DM NT WS [36, 37,

5.4 Conjugate configuration of exotic 52-brane

exotic 53-brane (2.10) ® SL(2,Z), x SL(2,Z), monodromy matrix (3.18) @ conjugate matrix (4.4)
i (r,5) five-branes, D% » r defect NS5-branes & s exotic 53-branes D HAEIREE 5.2 T\ 5,

Tl, Z D conjugate configuration D EAKM7Z2 51 &, B-field, dilaton (& 5 7> T\ 5 D37
exotic 53-brane @ complex structure p IZ{EH T2 (7 IZFEHABRDOTEICLARV), ZIT

w=—1/p ZIRD U} TEHET %:
1 il (5.26)

sw+q W —
—rwy + s

vl = 7 1), — = -,
P ( r p) “ wu w4+ p pU
2z — ze?™ 25 2% monodromy IZEWT, w—w =w+2nl EEBIN, ZTDEE wy I3

FEHR L LT py @ monodromy matrix Q/EU 5 Z%:

DERIZEHE N,
;L Sw/—l—q . 8(&)-}-271’6)"‘(]
W Wy = e = e a (5.27a)
_ 1— 270 2mls”
(BF) = o( BUZD 4 ong) 4 q = UZ2HSkoy 22007 (5.27h)
—rwy + 5 —rwy + 8
_ —2mlr? 1+2
() = T(M + 27r5> +p = mlrwy + (1 + 2mérs) , (5.27¢)
—rwy + S —Twy + 5
o (1 —2mlrs)wy + 2mls>
V' _onlr2wy + (14 2nlrs)
=1 =2wlrs)/py +2mls*  2mls*py — (1 — 2mlrs) _ 1 (5.27d)
2nlr?fpu + L+ 2nlrs)  (L+2alrs)py +2mlr2 — pfy '
(5.27¢)

, (L4 27lrs)py + 2mlr?
v = —2mls?py + (1 — 2mlrs)’
14 2nlrs  2mlr? ~
0E  — - QF. 27f
pU ( —27ls® 1 —2mlrs ) P (5.276)
DX Y conjugate monodromy (NZE (4.4) %5 -2 % complex structure p 1% py TH 5 Z & A (ad hoc
THhEN) mINTz, Thbb, py (5.26) M, (s,r) five-branes configuration % 5-Z % complex

structure p TH D (LA py = p)
exotic 53-brane D 7 & p DEHZIZ L DIRNF A 5:
(5.284a)
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p = Bgg+iv/det Gpn = V”I;H‘ = _WJrlin’ (5.28D)
- —=r/p+p  r(Ve+iH)+p  (p+rVe) +irH,
P T slotq  s(VetiH)+q  (q+sVy) +isHy
[(p+rVe) +irH][(q + sVe) —isHy] _ —[pg+ (ps+rq)Ve+ rsKy +iH,
B @+ 2qsV; + 2K, - ¢2 + 2qsV, + 2K,

= Egg +iy/det émn . (5.28¢)

& D, conjugate system TOD B-field Bgg & metric Gnn MBIXKTEZ 5N 5!

~ pq+ (ps+rq)Ve+rsKy
Bgg = — 5.29
89 C+ 205V + 2K, ( a)

= H,
Vdet G = , 5.29b
¢ g% +2qsVy + s2K, ( )

~ Hé
G = 4] =8,9. 5.29
mn q2 + QQSW + S2K€ mn m’ n 9 ( C)

7272 U, defect NS5-brane X exotic 53-brane fEDKIZ, FIRIZHMHTH 5, ZHIE torus T8
@ complex structure 7 BHIHTH 5 Z &, conjugate monodromy QF £ (4.4) DL S IZHHTH
528X o TRIESNT WS, X 5 (T dilaton 1 (3.4) ITXD

5 H
26 _ 5 _ ¢ 5.29d
¢ 7T @ sVt 82K, (5290
TdH 5, (5.29) H¥ supergravity solution ThH 5 I EWRINZ 6, TNIEH L WHETH S 2014
10/23),

[AA V]

e (0,1) five-brane (D& D (r,—s) = (0,1)) D& &, (5.29) I& monodromy matrix Q}° (3.7)
% FFD 1 exotic 53-brane configuration (2.10) IZIREINBZRETH D, TDZHITIE
(p,q) = (—1,0) LT HNIXR, BB, s DAFOHKIIFRBRITERS,

e (1,0) five-brane (2 £V (r,—s) = (1,0)) D & &, (5.29) I monodromy matrix QES (3.7)
% FFD 1 defect NS5-brane configuration (2.4) IZIFE I NEXRETH B, TD72HITIE
(p,q) = (0, —1) LT HIXE,

e (1,1) five-brane (DX D (r,—s) = (1,1)) D & &Z, (5.29) 1X 1 defect NS5-brane + 1 exotic
53-brane TH b, ZDE X (p,q) = (p,p—1) THEH, p ZEMAPSBEBVWET I EMNTE
2,

[rs # 0 &i@I=9—HD (r,—s) five-branes TODEIEIL]

(r,0) five-branes ¥ U < {& (0, —s) five-branes & T, QE i3 QS (3.7) L L<IF QF (3.18) 12w
HIND, —MBD rs#0TH5 (r,—s) five-branes R Tl /3T A—X (p,q) 73‘45 P CHETDH
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b, TD®H wy=—-1/pllffl>T o=wy =—-1/p ZIRORIZEFRL X 5:

1
w = -5 = Vy+iHy, (5.30a)
s b sVetriH)+q _ rs(VetiH) +rq _ rs(Ve+1He) +sp—1
P r(Ve+1Hy) +p r[r(Vy + iHy) + p] r[r(Vy + iHy) + p]
] 1
= - — . 5.30b
r Ve ) T (5:300)
Z Z CReREZEH (9 DT T b)
p+rVy = p+rtd = rbdy, (5.31)
ZEITT D L,
1 s 1
s s 1 5.32
“ D r r2(Vy+iHy)’ (5.32)

LB, THITC=-1/(G-2) LBEHBAT, 252 LT RO I—EWMBETTS:

o~ 1
(=-5—% = r3(V, +1iHy), (5.33a)
= = = 2 1 1 9
(= (¢ =(+2ntr® 5 - = ———— 42707, (5.33)
o5 _ -3 (1= 2mlrs)® + 270>
Wy T —2mlr2w + (1 + 27mlrs)’ v “onlr?% + (14 2nlrs) (5.33¢)
7= — 2mlr? /p+ (1 + 27lrs)

—(1 —2mlrs)/p + 2mls?
(14 2mlrs)p + 2mlr?
- —2mls2p+ (1 —2mlrs)

(5.33d)

UL72h o> T pid p=py &AL monodromy matrix QE (4.4) 2525 Z DRI N, RPN
T A—=R (p,q) WHEELBRY, TD (p £V H) & ZHWT configuration % FiAHL S 1 HMEF] T
b5

~ s 1 1 N ~ ~
= - = —= = B i1/ det G 5.34
w , rQ(Vg—l—ng) 70\, P g9 +1 € mn s ( a)
~ S V@ —~ Hg
_ 5 _ e 5.34b
w1 r  r2K,’ w2 r2K,’ ( )
T =7 =1, & = py, (5.34c)
W
ds? = dsgiasss + He{(d9)2 + Qz(dﬁ)z} + W{(dyg)z + (dy9)2} ; (5.34d)
5 ~ w1 20 ~ W
Bgg = p1 = —— =Dy = —. 5.34

(5.29) £ 0B (5.34) DHDBFNXR T,
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[AAYH]

o (5.34) 1. (5.9) Z289-S5AIZ T-duality ZEIT L. TNNVDHOEX (p,q) = (—s,r) ZHEL
bDTHD, s DEIOETORKIE, FEFELH (5.31) &, conjugate of defect NS5-brane
TOEREESL (5.6) DRBRE KT DL p=—5,q=1r £7RD I LIZHEKT 5,

e 7 (5.30) TlX sp—qr=1ZHVT q ZBEBVHLTWS, ZD72® (5.30) D p IZiEH TP

HRPRL, EREOBBTHHLEFEATEN, LEVST, (5.30) 225 p (5.32) ITBATT
BRI, AR (5.31) 2T WAA, HIZ p=0IZ&E L E X5,
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6 Hyper-Kahler with torsion

6.1 Geometry of codimension three

KH . — b [40] 123 % hyper-Kihler with torsion % ¥ & 3% [38, 39]2:

dsikks = Ha[(dz%)? + (d2")? + (dz®)?] + I;a [dy® — V- d:E']2 , (6.1a)
dsfikr = HﬁdS%(m

= H,Hg[(dz®)? + (dz")* + (dz®)?] + gi [dy® =V, - d&]?, (6.1b)

Big = Vz;, €** = Hg, (6.1c)

H, — H\/ng,’ Hy = 1+ \/golf\ (6.1d)

ViHy = (V x Vo), ViHs = (V x V3);, (6.1¢)

ap —x8da® + 28dab Bo —xbda® + 28dab

V2 |Z(7] +27) V2 |Z](|#] +27)
6 .7 8)

T T T ds¥ys 13 KK5-brane background geometry (2.2) Z FHNTW5, 7z, Fm &= (25,27, 2
WX UT9-HM7ZT ¢ EFRRLUTWBDIL, transverse space of KK5-branes %% Taub-NUT space
TH Y, y? I& Taub-NUT circle TH S Z L 2 EiHhiI 272D TH 5, HOHNTE 2L H-
monopole (smeared NS5-brane) geometry DKFAY R TH D, £ ZHh S 9-HMNIZ T-dual LTV S
LRI Es-0TH S,

Brj, ¢ & NE N B-field & dilaton TH 535 FTNENDORFSAFEITIE [40] & —HE T,
LU A [8] (appendix 2.2 B) & —~HIH LS LTWE, RHEKOMFIZLD, ZThs, D
EOIZDORIK H, XTI N2 KK5-brane & Hg ([ZXEL S 115 H-monopole 23312 678-plane
DI AIZFEL TWB & WS, Iparallel five-branes] @ background geometry Tdh 5 & fiffl T Z
%, WIZE 21X, EHED off-diagonal B4 1d KK5-brane (2.2) DR TH D, — T B-field &
dilaton IZEFED scale factor % i U T H-monopole (2.1) 2VEJFIZZL > TW 3B,

V,-di = , Vs-di = (6.1f)

mE,. ZDORIX torsion ZFFDOZERTH V. spin connection A self-dual w;p = %eabcdwfd T
»H 5 [40],

6.2 Geometry of codimension two: defect hyper-Kahler with torsion
(6.1) Z 8-AMIIX U T reduction U7zH DIFIXRTEHZ 6N 5:

H
Asfimr = HaHp[(de®)® + (do™)? + (do®)?) + 2 [dy” — Vi da®]? (6.22)

«

BRI [40) LE2TARAL 2 W b TIERW,

curved space DHRFE LT I,J=6,7,8,9,4,7 =6,7,8 £ LT3, 72¥, tangent space DIHRFIZ a,b=6,7,8
¢ $ %, appendix B.2 DFEIZ dummy indices 2% T hat 21322 2LV, FUT O IZHMTELTHZ A
Z\VDT a,b,... IZIFEEXEDRNI LIZT 5,
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I aQ
H, = h+alog§, Vo = atd, a = InRs’ (6.2b)
Hy — h+Blogh, v = g9, 8= Lo (6.2¢)
0 21 Rg
Bsg = Vi, €* = Hyg, (6.2d)
2% = pcos?, ' = psind. (6.2¢)

ZZTRglEa® % St a7 MEUERDERTH B, ZDHR%E “defect hyper-Kéhler with
torsion” & (fi'H E)FFATH Z 5,

6.3 Moduli matrix and monodromy matrix

X T, hyper-Kihler with torsion T#% % 4-dim. geometry %%, defect KK5-brane (H, HI3¥) &
defect NS5-brane (Hg HI2K) @ background geometry 72 &% A & 5, Z D defect KK5-NS5 system
% 67-plane FDFEAIZHIEL T, ThZ2hMI—@A Lz E XD LS LhiEE2RETCi{insT
HAIM, generalaized geometry M (2.3) & FNAEAHIT monodromy Z#ETL & 5,  (6.2)
WZRONS X512, TNHIETART 67-plane EDOAEREIE 9 (TIKFT 5, Ko Z2HGEL X S

K K5 —VoKg VaVs KoVj

MAHKT 1 —VaKp Kp Vs —VaVs Ko = (Ha)?+ (Va)?, (6.3a)
H.Hg VaVs ~Vs 1 Vi ’ Kg = (Hg)? + (V3)?,
K.Vg —V,aV3 Va K,

1 0 0O O

-2 1 0O O
QdHKT _ —_ QKKQNS — QNSQKK' 6.3b
ap (2m)%ap —27B 1 27« o T8 p e (6-3)

23 0 0 1

Monodromy matrix Q‘jfﬁKT » Qgs QKK DFETEZ 6N 5 2 \WD Z 2k, defect hyper-Kihler
with torsion % 5-Z % five-branes %* defect NS5 & defect KK5 DR Trlik TN b H%ERIBT 5,

6.4 T-duality of defect hyper-Kahler with torsion

Buscher rule (appendix A.3) %\ T defect hyper-Kihler with torsion % 8-/3[(Z T-dual 3 5,
Buscher rule % &% 3 < 957012, RDGHFEE Bfield % U T dilaton D&ETZHELL & 5

G66 = HQHB y G77 = HaHﬁ s G67 = 0, (6.4&)
K, Hg Hp Vo,Hg

88 H, ) 99 H, ) 89 H, ) ( )

By = V3, e = Hg. (6.4c¢)

B-field DIRFEIX 89-HF MDD AD =8, 67-HHDKDPIRET B Z 213\, TD=d 89-SHD
NI DAEEHT 5:
, 1 H, 1 , Bsg H, Vs

= — = 2 - = — = —-—= 6.5
88 GSS Ka Hﬁ ) 89 G88 Ka HIB Y ( a)
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GgoGsg — BggBsg ~ Ha Kp

/ — — — —

99 = Gog Cis K. Hs' (6.5b)
Ggg V. / 62¢ H,
89 Gas Ky’ e G K. (6.5¢)
DF DRI OSNS:
2 _ 62 7\2 @ L 8 912 912
dstaukr = HaHg[(dz®)? + (dz")?] + K. \H; [dy® + Vs dy”]” + Hp(dy’)* ¢, (6.6a)
V. H,

Bsg = — -2 2% - —o .6b
89 K, € K, (6 6 )

ZDERMP S, H, 1& exotic 53-brane, B-field £ LU T dilaton % 5-Z. Hp I defect KK5-brane
FH5Z2LEHPTESL, ZZTH, 89-S5AD moduli matrix M &, 67-plane DJF 5% HlMZ —
Jila] - T &7z & & D moduli matrix @ monodromy matrix Q ZaHii L & 5

K, Kz —Vs
HoHj; < Vs 1 ) ’ (6.72)
1 Vs VaVs —Va
1 K K —
(TdHKT _ Vs B VoK VaVs (6.7b)

T HoHs | VoV VaKs KoKs —K.Vs |
Vo —VaVi —K V3 K,

1 278 (27)%aB 27«
QidHKT _ 8 é 27{0‘ 8 — Q?KQE = QEQQK (6.7¢)
0 O —276 1

Monodromy matrix Q) GKT 23 QSK EQF o THEZLoND L WD Z kiE T-dualized defect
hyper-Kihler with torsion % 5:Z % five-branes %' (another) defect KK5-brane & exotic 53-brane
D2ARTRIR TN D HERIERT 5,

6.5 Monodromy matrix of defect HKT

(6.2) B5. 7 & p EETNTHRTHERLNG:

—Vo +1H, i
— — 0.8
T K. h+alog(u/z) (6.82)

B , HyKo/Ho —VaHs/H,
p = Vs +1J det ( V. Hy/H, Ha/H,

= Vs +iHg = ih+iflog(p/z). (6.8b)
KT - OUSE A (3.9) £ AKTH B

H
dsdy = HoHg(da®)? + Hi [dy® — Vi, da®]”

«
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_ HpKq (d 8y Vo +iH, dy9> (dxs . —Vo —iH, dyg)

H, Kq Ko
HzK,
= Z (dz® + 7dy?) (d2® + 7 dy?), (6.9a)
—Vo +1iH,
= <« e .9b
T A (6.9b)

T/ FBEI—Id 67-HHDEIE 2 = gV DB 2 — 22 TS 12 p DEWMTH 5:

A= A+ 2ra  with A = —1/7, (6.10a)
p = p+2mp. (6.10b)

IiZkvENENDE FOI—FIRTHEZ N 5:

CL’T+b a b ]. 0 dHKT
- = = Q 11
T_>CT—|—d’ (c d) (—27ra 1) T ’ (6.112)
ap—l—b a b ]. +27T/8 JdHKT
— = = QO . 6.11b
P cp+d’ ( c d > ( 0 1 P ( )
p p

6.6 Monodromy matrix of T-dualized defect HKT
(6.6) B, T & p FENEFNIRTHEASNS:

T = Vz+iHg = ih+iflog(p/z), (6.12a)

p = f£+i det Ha/(HﬁKa) Havﬁ/(HgKa)
Ka H,Vs/(HsK,) HoKgs/(HsKy)

Vo +1iH, i
= = . .12b
K, h+ alog(p/z) (6.12D)

R 7 OIRETIEZ (3.9) LAKTH 5:

H HaHﬁ
dsgy = dy® + Vs dy?]” + ——2(dy”)?
HyKq [ T+ K,

= HIZK (dy + (V3 +iHg) dy )(dy8 + (Vs — iHp) dyg)

(dy® + 7dy”) (dy® + 7 dy?), (6.13a)

HﬁK
T = Va+iH;s. (6.13b)

T/ REI—d 67-HEIDMEE 2 = pel?! DEH 2 5 26> TRZIID 1 & p DEMTH 5.

T — T+273, (6.14a)
w = w+2ra  with w = —1/p. (6.14b)
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hiZkvEhZEhoE /) FrI—FIRTHEAoN5:

b
coamer(as) (1) g g
ct+d c d

ap+b a b _ (TdHKT
p_>cp+d’ (c d) (—27Ta ) P (6.15b)
p

2B, 8SMD T-duality Tl complex structures 7 (7, p)HKT o (p 7)THKT DRIz A+
BboTWa, [BKIZ, monodromy matrices 2% (Q, Q,)HET 5 (Q ), Q) THET DRIz AN Eb
2 TW5,

6.7 Conjugate monodromy matrix of defect HKT

defect HKT (ZDWTD SO(2,2;Z) = SL(2,Z), x SL(2,Z), €/ FuI— (6.11) THEA LN
7z, QIHKT QKT 2N Z 02/ U T conjugate monodromy matrix % #Ffi 9% [16]:

;o I g — 1
U, = S/ r/ ) U/J = ° ) P e _ ) (6.16&)
qg p q p sp—rqg = 1
~ ’o! 12
QUIKT _ [-1odKT 1+(2m)7:25 (2ma)r o (6.16D)
—(27a)s 1— (2ra)r's
= - 1+ @2rBpa  (27B)p°
QJIHKT  _ 7-1dHKTr; ) 6.16c
p p P —(278)¢> 1 - (27B8)pq ( )

ZZTpg#0,1s#0,a#0,8+#07RDT, fLED conjugates T defect NS5-brane, (another)
defect KK5-brane, exotic 53-brane (2 S #1724,

6.8 Conjugate monodromy matrix of T-dualized defect HKT

T-dualized defect HKT 122\ T D SO(2,2:Z) = SL(2,Z), x SL(2,Z), /7 K1 I —I% (6.15) T
Hz oz, QTHEKT QEdHKT ZFNENIZH U T conjugate monodromy matrix % ¥l 32 [16]

s s T sp—r'q =1

U.,.E(q/ p')’ U,,E(qp); sp_rqg =1 (6.17a)

QTAEKT _ p-igrdakty  _ [ 1+ (2rB)p'q  (27B)p” (6.17b)
T T T T _(QWB)Q/Q 1— (27’[',8)]7,(]/ ’ :
~ _ 14+ (2ma)rs 21ma)r?
Q;deKT - U, IQEdHKTUp _ ( )2 (2ma) . (6.17c)
—(2ma)s® 1 — (27ma)rs
p

ZZTpg#0,rs#0,a#0,8#072DT, £ED conjugates T defect NS5-brane, (another)
defect KK5-brane, exotic 53-brane (ZJ##& S 11724,
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78, 871D T-duality T, monodromy matrices A% QKT QEdHKT, QgHKT ¢ QTAHKT
0)*%0: )\Z{’L%j’) n., IR)ILE (7,/7 S/)dHKT AN (707 S)TdHKT, (p7 q)dHKT o (p/7 q/)TdHKT 0)*%0: AN
FbH-oTWwa,

6.9 Conjugate configuration of defect HKT

defect HKT geometry (6.2) (& 1 defect NS5-brane + 1 defect KK5-brane T®H 5, Z DR D
SL(2,Z), x SL(2,Z), monodromy matrix (6.11) @ conjugate matrix (6.16) % 45-Z % cofiguration
XES Lo TWVWED?

defect HKT @ complex structures A = —1/7 & p ZHIZIEHHATH o7z, TN o %, (5.1),
(5.10) 12> TIRDFKIZHE X B

/ / "\ ! 1 "N\ir —
T = (% 7, N Ay o= AT oL PAUTE (g,
rop r’A+p TU —r' Ay + '
_ p - pp—T spu tr
U-l — : - = - = ) 6.18b
g (—q s ) P —wst T T aput (6:180)

conjugate monodromy matrices (6.16) & (4.1), (4.2) % H#E T 4IX.  conjugate configuration 2
BT % complex structures 7, p I LFLTHZA6NE Z DT SIZHHN 5,

~ r/(Va + iHa) =+ p, *[P/q, + (plsl + r/q/)Va + "JS,Ka] +iH,

T =T = T ; T 2 I ol 2 ’ (6.19a)
s'(Vo +1Hy) + q q?+2¢'s'V, + %K,

-  p(Vg+iHg)—r  [-rs+ (ps+7rq)Vs — pgKg] +iHg

PPV = Vs +iHg) —s s2— 2¢sVs + ¢° K3

= Bgg +i\/det Gy - (6.19D)

Lo T, dlEE Bfield 139 <IZHAMNS:
s = (ps+rq)Vs + pgKp

Bgg = pp = 6.20
89 P1 2 —2gs5Vs + ¢’ K (6.20a)
- > 1 =
Gon = 2 2 1), (6.20b)
T\ 71 |7
- ~ H /2 2 / IV /2K
Gog = 22 = a7 +2q5Vat s Ra (6.20c)
T2 H, s?>—2qsVz+¢*Kp
~ ~ T1p2 Hap'd + (p's +7'¢)Vo + 1K,
89 s T H, 5?2 —2qsVz + ¢*°Kp ( )
. =12~ H /2 9 / /V I2K
Goy = 17172 _ Hap” +2p'Va 4+ 17" Ko (6.20¢)
T2 H, 52 — QQSVB + q2K5

~ H
20 _ B 6.20f
¢ P2 52 — 2(]3‘/5 n q2Kﬁ ) ( . )
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TdH b, (6.20) H supergravity solution TH b Z EHRI Nz 6, FNIFH L WETH S 2014
10/23),

e original defect HKT (6.2) (2R 2 BIALIE (p', ¢\, s") = (—=1,0,0,-1), (p,q,7,s) = (1,0,0,1)
Thb, ZDE&ED branes’ picture I, —s' = 1 defect KK5-brane & p = 1 defect NS5-brane
DIIFRIETH B (FHERIET I AV,

o NIDHMAREALIX (', ¢, s) = (0,-1,1,0), (p,q,7,5) = (0,1,—-1,0) TH B, ZHlLr' =1
another defect KK5-brane & ¢ = 1 exotic 53-brane DIHLAFIRFETH 5 (HALRETIT L),

o 'Y #£0 1D pg#£0 B —fROEAIZ D WT I, (6.20) TIERPIENT A —=RD% LT
BB L AVEW,

[s'r! # 0, pg # 0 % H71=F — M DEAL]

conjugate configration % 5-A % complex structures 7 (6.18a) & p (6.18b) £, £ E 1 conjugate
of defect KK5-brane @ 7 (5.10) & conjugate of defect NS5-brane @ p (5.1) LRI TH D, T 5
W28 #£0,pg#0 DIREDRT s'p —¢r'=1& sp—qgr=1%2HNT ¢ & rzBVHTE, %
NEN (513) & (5.5) IL%%5b, ZITp & s FHIEPHEDLRWEREOBENT XA —RIZRD
DT, WAHEETIZTEE (5.15) & (5.7) ICflilg{fb T b, I THIRD complex structures A3
XL TWD Z &l 5:

~ 1 s’ 1 ~ s Va N H,
A= = =2 — — M = — — —— | Ay = ——r, 6.21
T ' r2(Vy +iH,) ! r 2K, 2 r'2K, ( 2)
D 1 N p Vs R Hpg
p = —= = 5, pl = ——= — N PQ — . 621b
q ¢*(Vg+iHp) qg ¢*Kg ?Kp ( )

Egg == Z)\l N E‘:2q5 = ﬁg 5 (622&)
N 1 7 oo [ N2 =X
G = 2 2 11| = 2 Al L, (6.22b)
A\ 7 |7 X\ —A1
~ D ~ 2
ds® = ds2 a5 + HaHg{(dg)2 + QZ(dﬁ)2} + Ao (dx®)? + %{dyg -\ dxg} . (6.22¢)
2

ZHiE s defect KK5-branes & 7/ another defect KK5-branes O HAEIRETH 5 (—5',1") five-
branes &. p defect NS5—braneS & q exotic 53-branes D HAHIRFETH 5 (p, q) five-branes D AT
IREETH B, REHTHED (—s',r') five-branes % geometrical IZFtAE A T, [(—s' + r')-centered
ALG space ED (p,q) ﬁve—branesj EAIRTIELETE S,

=LA

o (6.22) 1% (6.20) I p =0=5 ZRALZEDIZFEL L, ZLBWVICIZERELBLETDH
%, p & s BB (5.14), (5.6) DAL THEL LD LT EEREELAEL R, &
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Fp 4V IEDWT O DEEZMTRINT 2L, o =9+ 2, L755b, TNE —s+qVp
WZRAT DL —s+qB0 = qBY — (ar's + Bp'q)/(ar’) DX DITHD, ¢y P HREHZTH
TLES, ZOTNERMORLZDIZ ar's+Bplg=0 WO FRMEPBREL IR B0 Zhik
pP=0=5 CORKLT D, TOHREIE (¢,r) Wsp—qr=1,8p —¢r=1%2HTE
WS, (P, s) PER/NT A —RIZIR 57272 DIZHHETH 5,

p=0=s OYMNEKREZZ 5L, EILOTHEID < EIEIX monodromy matrices
(6.16) 22 Z 72 \WHIBHTO [HEEZAE] & [Bfield D7 —YZ#] 2HELZE DL AR
N3 [2014 10/25],

6.10 Conjugate configuration of T-dualized defect HKT

Tdual of defect HKT geometry (6.6) & 1 defect KK5-brane + 1 exotic 53-brane T®H 5, Z DRD
SL(2,Z), x SL(2,Z), monodromy matrix (6.15) @ conjugate matrix (6.17) % 45-Z % cofiguration
XES Lo TWVWED?

defect HKT @ complex structures 7 & w = —1/p IZIIZIEAHTH > 72, TN 6%, (5.18),
(5.26) 1Zffi> TIRDFRIZE Z 5

r I s ’
U-l = p/ 7; : e uj — L—H, (6.23a)
—q S —q/T+S/ q/TU+p/
1 _
Ul = 54 , w — wy = Wt a = ——, w= v —4q (6.23b)
P rop rw—+p pU —rwy + 8

conjugate monodromy matrices (6.17) & (4.3), (4.4) Z HE T 4IX.  conjugate configuration 2
BT % complex structures 7, p I LFELTHZA6NE Z DT SIZHH 5,

_ p'(Vs+iHg) —r"  [—r's'+ (p's' +7'¢)Vs — p'¢ Kp] + iHg

= = = 6.24
g v —q¢' (Vg +iHg) + & s'?2 —2q¢'s'Vs + ¢'?Kjp ’ (6-242)
~ B _r(Va—i—iHa)—f—p ~ —[pg+ (ps+rq)Va +rsKy]| +iH,
p=ru s(Va +1Ha) + ¢ @ + 2qsV, + 52K,
= Bgg +1i\/det Gy - (6.24D)
o T, &L Bfield &3 < ICHARNS:
~ ~ pq+ (ps +rq)Vo + 15K,
Beg = = — 6.25
89 P1 2+ 2q5Vo + 2K, ( a)
~ 5 1 =
G = 2 2 L), (6.25b)
T2\ 1 |7
_ ~ H 12 _ 24" /V /2K
Gog = 2 = Dot Z 245 W5 HARs (6.25¢)
T9 Hpg q° +2qsV, + 52K,
~ ~ T1p2 Hyr's' — (p's +1'¢" )V +p'd Kp
89 9 To Hpg q% + 2qsV, + 2K, ( )
~ 712p: Hor'? —2p'r'Vg + p’ K
oo = P2 _ Ha . Ry (6.25¢)
Ty Hg q*+2qsVy + 57K,
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X 51T dilaton & (3.4) IZ& D

5 H
20 _ 5 @ 6.25f
¢ P2 g% +2qsVy + 2K, ( )
TH5, (6.25) H supergravity solution TH 5 Z L A/RI Nz 5, ZIUXH L WETH 5 [2014
10/23),

e original T-dualized defect HKT (6.6) (ZE 5 BALIE (0, ¢, ", s") = (1,0,0,1), (p,q,7,8) =
(—=1,0,0,—1) TdH 5, Z D branes’ picture I& p’ = 1 another defect KK5-brane & —s =1
exotic 53-brane DILFIRFETH 5,

o D HFREALE (', ¢ 1, s") = (0,-1,1,0), (p,q,7,5) = (0,—1,1,0) TH 5, ZOD branes’
picture 1% ¢’ = 1 defect KK5-brane & r =1 defect NS5-brane DIHLAFIRETH 5,

e P/ A0 DD sr £0 LD —DEALIZDWVTIL (6.25) TIERDHBRNT A=K EL LT
B U AVEW,

' #0, sr#£0 ZHHT=d—HEDEA]

conjugate configration % 5-A % complex structures 7 (6.23a) & p (6.23b) 1. £ E 1 conjugate
of another defect KK5-brane @ 7 (5.18) & conjugate of exotic 53-brane @ p (5.26) &R U TH
b, I 40, pgA0 DIREDFRT sy —¢r'=1% sp—qgr=1%2H\T ¢ & g 2BV
He e, 2T (5.13) & (5.5) IZkb, TIZTs & plddiEPHEROZWEEDEL T A
—RIZIRBDOT, MALEOIZT DL (5.23) & (5.32) iIcflifba s, ZZTERD complex
structures WXEL L TWVWB Z LIl 5:

/ /
- p 1 - p Vs ~ Hg
- —-—— , = —— = — 5 = 5 626
T q q’2(V5+iH5) ! q QIZKB T2 q/2Kﬁ ( a)
. 1 s 1 =R s Vo N H,
@ P r r2(Vo+iHy)' w1 r r2K,’ w2 r2K, ( )
Z1 5% monodromy matrices (6.17) Ziii7z 9, L72h > TIRBGZ 6N 5:
=~ ~ Wy b ~ W
Bgg = p1 = —W, e? = p2 = W7 (6.27a)
G == - = = —= DA , 6.27b
mn T ( 7P ) Ta|w|? < 7 |7)? ) ( )
@ R 2 W
ds? = ds%12345+HaH5{<d@>2+92<dz9>2}+W§|2{dy8+n ay’ } +op @) (6270

I L ¢ defect KK5-branes & p' another defect KK5-branes D HAHIRFET B 5 (¢/,p) five-
branes &, r defect NS5-branes & —s exotic 53-branes D HAHIREETH 5 (r, —s) five-branes Dk
FIRFETH B, RBHETHED (¢,p) five-branes % geometrical IZFiAE X T, [(¢ + p')-centered
ALG space LD (r,—s) five-branes] &AL I & HTE S,
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[AAYH]

o (6.27) 1X (625) 12 8’ =0=p ZRALZEDIZFHFEL, s =0=p OYHNEKEEZZ S
&. Z 1% monodromy matrices (6.17) %2 2 72 \WHiPH THREREZA L & B-field D7 — V£
ERL7ZHDLARINDG [2014 10/25]

o (6.27) 1. (6.22) & 8-S [T T-duality ZFEfT L. T XIVDATOEZ (s',r') = (s,7), (p,q) =
(p,¢) ZHEL7-HLDTH b, D T-duality TlE, complex structures 2% (A, p)HET
(@, 7)THKT iz A b > T3,

6.11 Supersymmetry analyses

defect NS5-brane (2.4) % exotic 53-brane (2.10) Tl%, complex structure p (& monodromy %
EZITEN =i FALLTH o7z, TOWEZFMAL 7, supersymmetry analysis 12 DWW T I,

[16] PFEL Y defect KK5-brane (2 2WTi% 7 A% monodromy Z#i% %175 — 1T p =1 AL
TH o7z, TH 6D supersymmetry analysis (2 DWW TEES KT 2 3CHITF S 20D [16] 225
ZIZTNXTE %, 7272 Z X hyper-Kihler ZDH D TH 3,

HKT (6.2) DG, 76 p BIFHHTH Y., €55 H monodromy 2% %) 5, £ DR
system {22\ T D supersymmetry analysis |&, [16] section 4.2 DFESTIZ L B & [42) ITH VW Tk
MINTVWAERTH B 2014 11/20]
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7 GLSM for defect five-branes with single gauged isometry

Hift & 72 2 88E, GLSM for multi-centered branes [22] T& %,

7.1 Lagrangians

U(1)* gauge theory with k& complex FI parameters (sq,t,) XK CHET 5 [22]:
k —
= Z/d49 (= B 4 Bu) + Qo™ Qo+ Gue 000} + /d40 (-0 + 1Y)
a=1 ea g
k ~
+3 {\/i/d% ( — 0u®aQu + (50 — \p)q>a) n (h.c.)}
a=1

+zk:{\/§/d267(ta—e)za+(h.c.)}. (7.1)

Z A& IR fRPR T multi-centered H-monopoles % 5-Z % ((sq4,tq) M Z #E 410D H-monopole DAL
BEERT) 22 ZAUIK LT, IROMEZHET:

2(0) = /d49<—@® +Z \f/d2 0)%, +(hc)}
— [ato{- %(@+@) ~2(6+0) Zv}+\/§emn§:8 (9 4n,0)
_ /d49{ L —2BZV C+D)B}+ V2™ S (9 4n0). (7.22)

ZZT B, T EZNZN real (vector) i, chiral fliBI#EE TH 25 (B=B, DI =0), D
B ld. HAHREET 2RI MV =Ygl e UTEL L, isometry 2K (&9 5)H
MEZRTANT—GeaTE 23, TITIEO+0 AT EEZD,. 0 OEHIH(DM
M. R MVT—=IEHREEST 5, DR real fiBIHEIGIZ X > TRl TN 2R % gauged
(nonlinear) sigma model [24] & IEE, HRAICENIE GLSM [18] & IFMEEM R 5, [18] IE
(gauged) NLSM 7% 2D IR THEEINTWVWBEEDIZHT 2 UV completion TH 5,

r 2Mnd s
D.DB=0=D,DB — B=0+6, (7.3)
Lisb, —HT, BzERTLHLE

k
1 _
a8 = —~(+T) -2 Vi, (7.4)
a=1
BRSNS, B %iEU T dualization RiftsD k45335 D %G1
k
0+0 = —¢*T+T)-29°> Va, (7.5)
a=1
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THZOLND, (7.3) % (7.2a) IZRATBHL (7.1) ITREM, (74) & (7.2a) IZRAT B L,
multi-centered KK5-branes @ GLSM 7535 5:

d4 TS 4 By ) + Oue™2VeQy + Qne 220, + d40 r+T+2S v, ’
Z Z

a=1
k
n /d49 2T+ 3 {\/i/dz‘e ( — Qu®aQa + (50 — \p)@a> + (h.c.)}
a=1
k _ k
3 {va / CT1aS,+ (he)} + V2™ S 0 (0A, ). (7.6)
a=1 a=1
IZHZ, ¥ % dualization 2 5EHEMT 5, £9 &, =D, D_C, ZHWARN S, (7.1)
'C \IJ DA-THIZEHT S (Z0mD X TIEIATETH B 728, section 7.2 TAi % we il
95):
Z(0) = /d49 iﬁqwz f2/d29(\1;)<1>a+ (h.c.)}
_ /d49 { 32 (U ) = VE(E +0) 37 (Co ot O) = VAT 1) 3 (C anl

_ /d49{ \fRZ FEFDHR-VIY )Y (C - T} (1)
ZZTREWEMYS (R=R D,E=0=D_%), Z%2MpT5L
D,DR=0=D,DR — R=3Y+V, (7.8)
&b, —HCTRZHENT DL
1 k
AR = —(E+5)+V2) (Ca+Ca), (7.9)
a=1

IES6N5, R %iEU T dualization B2 D K453 35 D Xt lE
k

V4T = —¢*(E+E5)+v2¢>> (Ca+Ca), (7.10)
a=1

ThHAZOLNS, (78) % (7.7) TRAT B L (71) ITRERD—HT., (19 Z2RATRHEH LV
Lagrangian 2355315 (Z 41l section 2.8 T® another defect KK5-brane (ZAH%49 %):

2 k 2 —
+ [ato{ =L (2+E-VEY(Cu+ C) - VE(E - 1) 3 (C - T}

a=1 a=1
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k k
+Z{\/§/d29(_@aq)ac2a+5a a +Z f/dQ _@E +(hC)}
a=1 a=1
(7.11)
U id (7.10) IS WS ERTH 5, [ABKIC, % (7.6) IZK U T chiral ¥ % (7.7) 12> T

dualization 3% &, {R®D Lagrangian (2725
k

Z/d‘1 13 ~ DT + By +Qae+2V“Qa+@ae‘2V“©a}+/d40 (F+F+2azlv)2
+/d49{ ~ 92(E+5—\/iazk:l(ca+ca))2—\/i(\if—xif)i(oa—ca)}
+Zk:{f2/d29(—@a<ba@a+sa ®,) + (h.c.) }+Z{ /d29t2 +(hc)}
a=1 a=1
+V2mn zk: O (9An.q) . (7.12)
a=1

k— oo W% &5, DF DEBMEDT —V5E U IXERRED five-branes % r2- 5 [NIZ AN
VSRR Y, — [ds ITHY T 5,

Lagrangians D HBIX % K/Rd 5:

GLSM for defect NS5 % (7.1) _Tdwl®oT GLSM for defect KK5 % (7.6)
1 \:
Tl U s = { defect five-branes J Tl U s =
under k£ — oo
1 1
GLSM for another defect KK5 % (7.11) _Tdwal® T GLSM for 52-brane .5 (7.12)

BO7OME L TE LM, U(1)* gauge theory (7.1) IZHE I N5 N = (4,4) charged hypermul-
tiplets (Qq, Q) DHEIFRDEEIZ/R > TWVW5:

Uy, - U(l)a U@,
(Q1,Q1) | (+1,-1)

(Qv: Qp) (+8abs —0ap)

(Qr, Qn) (+1,-1)

ZEER D I E 2 TE R TH 5,
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7.2 Genuine GLSM for exotic five-brane

Fix L (7.6) 225 L (7.12) NE—EHA N H -7z [2013 6/21), ik (7.7) 2 E B A LfE
Md2e, = OEB)HRERZHT 721 TlE GLSM for KK5-brane (7.6) (26704, DFE D,
(7.7) TZE 2N TS . #lE R X

DD R=0=D,DR - R=A+A, (7.13)

E\WS, —fD chiral superfield A (D1 A =0) BMEoND7ZITTHH, A=V THLHRIVE Z
BV, (T.13) % (1.7) KRAT B &

2(0) = /d46 {%ZA V(A A) Y (Cat Co) — VAT ) 3 (Co T}

a a

:/d46{ AA—V2[(A+ )+ (A Zc V(A - )+ (A+T)] Y Cu}

a

_ /d4.992AA+za: ﬁ/d29D+D(— [(A+\1:)+(Z—@)}ca) —f—(h.c.)}
- /d49 ;ZAA+;{;§/d20(—A— U)®, + (h.c.)}
+Z{\}§/d29D+D_[(A—\II)Ca] + (h.c.)}, (7.14)

Thb, WSHIZRIDEILTH, A=T LWV RERFEL LR, Z OO R )
D PSR TWS: GLSM for H-monopole .#; (7.1) 75 GLSM for KK5-brane % (7.6) Tl
twisted chiral @ 22 2EEIT o 7205, ZTOERFDORA, (7.2a) DFHL2{THTIE. © D
HAGLE S, EBO+0 DATEZ SN, TDd, ZHIREINDFEMIIE B 0L
25260, ThE2ZESTHHET, ELWV duality B#PERTE7Z, LU, 5F (7.7) D&
512, F-term % D-term IZEHZEUZE U OEHLES LTHEEET 5, EHEOHHEDZE
o g e Lzwnwe, IEUK duality Z#t (Legendre ZH#1) NWEZRTE LW I LITh 5,

ST, LW duality ZHHIR#ART 5, WO LS IZ. % (7.6) O U HEBSETH. (7.7)
TIIERB LU o7 U OEHREMBIGICESHRZ 5.

/d49w+2 \f/d2 ot (he) )
:/d49{92(\p+xp) 912((;_)(\1/ T VAT +T) Y (Cot Co) VA~ T) Y (Ca— C)}

a a

_ /d49 {%R’Q ~ VIR 3 (Co+ Ca) + (B1 +E0R + R(X + X))

/ ato{ %> . LS~ V2() 3 (Co — o) + (22— ) (') +i8'(X ~ X))

a

= ZLps=x - (7.15)

AARIB(2013 5/23) TOME X A LK Ay FEBF(2013 6/03) TOERS A, HALKEE(2013 6/17) TOMKN X A L
iz < ADFRRIIZ X 5,
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ZIZT, BALZMIPBORGER =R, S =5, D E120=0=D_F15 Thd, £/, VD
(M) THEER) D42 EINIZBD L7720, T2 TIEE S5ICHiBIE L L TO chiral superfield
X (DX =0) 28 AUz, 5612, EEK c 1. ¥ D canonical kinetic term % i 72 (LR D
BThd, TZITHEERATHLZLE2EPLTVWS (BHETREEVERIX c=1 CEEIH
TLED), ZDLE, T & X O#EFHAEAZHT &, THid GLSM for KK5-brane % (7.6)
D V-IHIZZY, —HTR &S OEHLERNZHAT &, GLSM for exotic five-brane .5 (7.12)
D EHE5 25, ZTOZLERT [2013 6/21],

7.2.1 Back to GLSM for KK5-branes

ZLresx (1.15) IZBWT, TG = o#EE R 2 M <

(5511 0 = E+D_R/ = D+E_R/, (7168.)
§=Zs: 0 = DyD_(iS") = DyD_(i9), (7.16Db)
R = ¥ +9;, i = Uy—U,. (7.16¢)

CDEMETT X OFEFHERZ2MHL

0 = E_,_ﬁ_ (R/ + IS/) = E_,_b_ [(\Ifl + @1) + (\IIQ — @2)] = D_,_b_ (El — 62) , (717&)
0 = DyD_(R'—iS") = DyD_[(¥1+ ¥1) — (P2 — Uy)| = DyD_(V; — Uy). (7.17b)

INZm723HDIXIRL N2
U = Uy, (7.17¢)
DED, =& X OH#EFAERDO T TIE
R = U, +¥;, is = ¥ -V, (7.18)
Thb, % (1.15) ITRAT B L
_ /d49 {g%(\pl FU VAT ) Y (G + T )

LRrs=x

X
a

2c—1 — —
+ /d49{ 55 (U1 = T1)? = vV2(T; = T1) ) (Ca— Ca)}

- /d46{gl2\111‘1’1 ~ V20 Y G- 2VRT, Y T}
_ /d49 912\1;1\1;1 +§a:{\/§/d20(—\1/1)q>a+ (h.c.)}, (7.19)

b, ZHUE (1.7) ODEABTERUTH S, 7405, GLSM for KK5-brane % (7.6) D
V-IHZDHEDTHH, TITHIDHT

U, = U, (7.20)

LTI &bhrb,
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7.2.2 Genuine GLSM for exotic five-brane

SEE Lrezx (7.15) KBWT R & = OEBHBRRAZHNT, U 0% duality 2L &
D
2 _ _ _
6R: 0 = R —V2Y (CatCa)+ (E1 +E1) + (X +X), (7.21a)
g a
6=Z9: 0 = DyD_(iS") = D.D_(iS"). (7.21Db)
ZZTHVWHITREIX C, @ﬁ%ﬁzfgf)é

Zhlx e, =D,D C, THZoNZ®, C, I
chiral superfield 2D AL Z L TH &, IZITHE LR\, DD, #HYREHR o ZHWT
(I)a = D+D Ca = D+ (C +OéX) 6,1

= D,D_C, = DyD_(C,+aX), (7.22)
Thbd, Iz (7.21) I#EAT DL, Ml X A C, KIRINTET
2 , R
0 = g—sR fz Co+Ca) + (E+E), (7.23a)
1S = Wy — Wy, (7.23b)
LUTRWILIZRZ, ZHE c=3 DEEIT (T18), (7.20) LHATNIE %4 (112) 25X
BIED duality ZH#H] (7.10) &, U - U IHZFEHLTWAZ b5
/ - - 92 :
R :\1/1+x111—x1f+qf=27{ = :+\fZC’ + ) } (7.24a)
1S = Uy — Uy = UV, (7.24b)
T, (724) & (7.15) IZRAT S (ZZTH X &

(7.22) ZHWT C, 1IN EETHL):

e /d49{C2R’2—\/§R’Z(C +Ca)+ (B2 +EDR |
+ [ao (% s \/i(is’)za:(CaCa)}
_ /d49{_f(al+al_ﬂ;wﬁm)z}
+ [ao{Z -T2 - v

ZLRrRs=X

R\ Zs

RI7EQ

V2(T - )Y (Co - @)} . (7.25)
Lo T, ¢c=3 TD GLSM for KK5-branes % (7.6) @ dualized Lagrangian (¥ %5 (7.12) TD %
(272%, ZIT, BOKGLDOHM—L LT
(1,21) — (¥,2),
EEhniEEw

(7.26)
o WRB c#LITT B L. U DOEFIHD dualized system THEL L. FET S
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7.2.3 Features
BB, #iBIY R, 9,521,520, X DEAHHE, O TEUAKEDOWEZ5ZET 5.

o R, =1 O)@)\
U OFEHOE S G % =) OFERORDI G L WHIEIEE7-OICEA, HVOERIE &
BB AN TR+ DX IG & 72 B,

o S, Eg O)’ﬁ%}\
5 U DEHDOE 5% = OO EENIEIE2OICEA, BVWDFERIE @
GIRBNZAENMA THE £ O IG & 725, 2B, FATWAERA, 2L 72\ 0 EER
7217 T D-term (TN E 278 61X THIFAE, WESRVWEA EBEZKEL TV o,
duality Z2# ($FH1Z1E Legendre Z84) 2ARTERIZ/4 5 ((7.14) Z2). T 61T S # 5
L7\ &, GLSM for 52-brane (27 E LS & Lz & 4T RS 2HAT2HIIR
STULED, TDRD, U DETOEDEGED 2 DEDPIGITEAT U, duality B2 FEEH L
W, FHE (U -0)(C, —C,) HM T-fold £ UTOMEEEART /2O, S HAIELEZL
AN

e X ME A

GLSM for KK5 I(ZE B TD Z; OFESIZHEN. R & S ZENZNMALZ chiral #5 T
RRENDA, TN —I29 5720 BE Y, 7B, GLSM for 53-brane 129 %t
FETlE. 205 i “Kahler” 24 (7.22) THRINI 5,

L4 517527X Eﬁj\
Zrez=x (T.15) IZTINSOHFIG DT 5 L. GLSM for KK5-branes % (7.6) @ W-#B
BT 5,

[ ] R, 52 *Efﬁj\t

ZLrez=x (T15) IZTINS OB E2 K7D 5 &, GLSM for 53-brane %5 (7.12) @ =Z-{45
ZHBET5, ZIZLD, KK5-branes TO U OEHA = OEEBIZ duality B XN 5,
FHIIERINTIHEHI NS,

[ ] S, El *:ﬁx:éj\
Zroz=x (T.15) IZTI NS OHiBG 2N T 2#FEIX. “R,E MO BELIZIERAUTH
%, ZAUZPEV, 2 Z Tl KK5-branes TD ¥ DFEERH = DFEERIZ duality B X N5,
BEIEE I N TICHAI NS,

e RS K4
Zre=x (T15) IZTIN S OHBIGZES T 5 L. KKb5-branes il U ZDH DA, £l
BDZ ERIGLTUED, ZOHETIE #8 & L TIE chiral & twisted chiral D AN
ZIZZoTWABMW, BaGE UTIHABBIELRWZ 21> TLES, RITkD, TD
%947 L CTH, nongeometric & K, HK~! &\ o 72 fE M FHRIZEEHE T, 52-brane
ZEBL AW,
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7.3 Relations among component fields

duality relations (7.5), (7.10) O N TORAHOEGE AL TEL, £D7D, &3 550
JERHZ Z ZITHIREL £ 50

1
T = ;Eﬁi+dﬁ)+dv§0+X++dv@€_x,4—%0+9_G4a.., (7.27a)
1 - o e
0 = ;603%4ﬂ)+dv59+X+—dv@ﬂ_x,%—m9+9_G4—”., (7.27b)
1
r = 55( S i) +ivV20T¢ +ivV207¢ +2i070°Gr + ..., (7.27¢)
1 _ _ _
E::;6@1+nﬁy+w@0%+—dVEHf_+%ﬂﬂFGE+”., (7.27d)
Vo = =070 (Aga+ Ara) — 070 (Aga — A1) — V20 00, — V2607077,
— 20707 (0T Ap o+ 0 A_) 20070 (0T AL o+ 07 A_4) +20707070 Dy, (7.27¢)
Dy = o +iV20 A0 +iV20 A4+ 21070 Doo+..., (7.27f)

Cao = ea+iV20T et a0 +1V20 Yoo +1V20 Xes o +1V20 X4
+ 210707 F., +21070 Mo +2i070 Geyg — 210 0" Ny —0 0 Ay — 070" Beyy
— 2000701 Coy 0 — 2007070 Co 0 +21010 0T Ny 0+ 20070 0 Nl o +20707010 D, .
(7.27g)

C, PAMAMX constrained superfields 72D T, M HEDHRIZERKR L TWb, £72 C, 1& &, 12725
DT, KAGRALOBREHRIT 5:

¢a = -2 Mc,aa (728&)

1 1 i
Do = iDea— 50 —01)Bey.a — 50 +01)Aema + ;«93 — )bea (7.28b)
Mo = —V2Aera =10+ 0)Xe—a s (7.28c¢)
X*:a = _\/5)‘0*#1 + i(80 - al)chr,a ) (7.28(1)
{Fea, Gear, Nea, Yeta, Ceta}: (no relations). (7.28e)

Lagrangians (255 2 flAaG b2 FOHEL L 5,

CotCus = (bea® Pea) +1V20" (Yot o £ Xeta) +1V207 (Yo a £ Xe—a)
+iV20t (Xeta £ Vetia) V20 (Xemra £ o)
+ 200707 (Fra+ Meg) + 20070 (Mgt Feo) 4210707 (Gew £ New) — 200707 (Neg + Gea)
— 010" (Beypa £ Betra) =070 (Acma £ Aeq) + 20707610 (Dea £ Deg)
— 2007070 (Coya £ Acria) — 21070707 (Cema + A a)
+2i0707 0T Nera £ Cotra) +21070707 (Ao g £ Cema) - (7.29)

Sunconstrained complex 83 C, DD Yot a, Cot.a PEFHIE [1,2,3,7,8,9,10, 11, 12, 13, 14] & & hermitian
conjugate DT EL D T LITHEE,
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U+ U BT 5:

1 _ _ _
ﬁ(\If +0) = rt4i0T v +i0x_ +i0T, +i0 X
+iV20T0G +iV20T6 G
+ 0+g+(80 + 81)7‘2 + 060~ (60 — 81)7“2 + 00610 (83 — 812)7‘1
— 0070 (0 + 01)x_ +60T070(0y — O1)x+
— 07076~ (0o + O)x- + =616~ (0o — 1) X+ » (7.30a)
\}5(\1/ —U) = ir? 10Ty, +i0 x_ —i0 Ty, —i0 X

+iV26010°G — V2070 G

— 10700 + 01t —10707 (0 — O)rt +10T07010 (92 — 07)r?

— 00707 (0o + 01)x— + 017070 (do — O1)x+

+ 07070 (00 + O )xX— — 076070 (0o — 01)X+ - (7.30b)

EIZDOWTH A GREZHG T 5:

—_
—

= = L i) V2O, — VB0 € + 21010 Ga

V2
i P
— —0T0 (00 + 1) (Y +iy?) + —=070 (9o — 01)(y" +iy?
7 (G +01)(y" +1iy7) 7 (G0 —01)(y +iy)
1 i .
- ﬁme 070 (02 — 0D (y' +iv?)
— V207676070 — D)E4 — V20100 (9 + D1)E_, (7.31a)
T = ;5@1 Ciy?) £ iVR0TE, — V20 E + 21010 s
i — i _
—0T0T (9 + ) (y' —iy®) — —=076" (9 — D) (y*' — iy
+\/§ (G0 +0)(y —1iy”) 7 (o —0)(y —1iy”)
1 == .
- EWH 076705 — Dy — %)
+V207076F(8y — 81)E4 + V207070 (0 + 01)E_ (7.31D)
1 _ _ _ _ _
ﬁ(EJF E) =yl +i076, —i07E_ +ifte —i0 ¢

+iV20T6 Gz +ivV26010~ Gz

+ 0707 (9 +01)y> — 070 (9o — 01)y> — 0767010 (92 — 0?)y!

— 0070 (8y +01)E- — 01070 (8y — 01)E4

— 07070 (Og + O1)E- — 07070 (g — O1)E . (7.31c)

3 (75) 2L D, ROBEFZELEEONS:

o= =g’ Xe = F90¢, (7.32a)

G = -iv2¢*> 7., 0 = Gr, (7.32b)
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LB+ = —g [(ao o)yt~ V2 Y (Aoa £ A1)l (7.32¢)

T 52 (7.10) IZX W kDESNS:

rt = —g%y! + ¢ Z((/ﬁc,a + dea) (7.33a)

X+ = Fgls +V24° Z (Yet.a + Xeta) 5 (7.33b)

G = V29> (Fea +aMc,a) , (7.33¢)

0 = —G= +aﬂ > (Gea+ Nea) (7.33d)

(G0 +0)r* = —g*(D0+01)y> — 9> (Betra + Betroa) (7.33¢)
(8o — O)r* = +¢*(0 — )y* — ¢° Z (Acma + Acpa) . (7.33f)

723, chiral 25 twisted chiral ~® duality Z2#IZEWT, BB HOBEBKRZHW 5 DIk
EUL R, ST twist DXAD D5 TH B, twisted chiral 25 chiral NDEHEH FEL, Z D
5O KERL, BHEERIZBWTTTIZEEBINTWVWS, B IROEDOFT S A, chiral &
twisted chiral & TIXHEWIZHETHEDDRZDMMTH S, TD7-®H, duality BHD N TEHX
NHEWIFIZOWTIE, WA ORVWIHE L TOR—H%Z2 LZ&IE Thz EARMBSEIZRAL
NN LA [2013 7/18]0

ZLTUQ) 7F—=VEBAIE Z IS AW IXIROE
Dpge = Omqa — iAm,a da q — q' = 6+Mq, (7.34&)
DiGa = Oma +iAmaa, § —» ¢ = e, (7.34b)
meﬂ:,a = mwzl:,a - i*’4771,61 w:t,a ) Dm{p/:l:,a = 8m{5:|:,a + iAm,a {/;:t,a , (7340)
Dpy* = Omy* = V2)_ Ama, (7.34d)
A = AL = Ay + O\, (7.34¢)

CNRESE R TOEBMOIA (Q, Q IZZFNFN +1, —1 OEM) DRAEE L TORETH
b, TARILEDLIDOIMWPRLLZHEEIZ 2RTI2 LI > TZIORBOEENRR > T
A5 (EBEZNZNO IO P TIEFEIRN) 2O TH 2, MoKz E->TRILLTL
F5&D, 2O/ b TOEHEZPAS U TEL LRILP R KRS, DVWTIZZ ZTHBERXT
D7 —YVEBAIEHTELTE Z S:

2V — 2V = 2V —2i(A - A), (7.35a)
Q- Q =e™Q, Q- Q =7, (7.35b)
1 — _ _
= — D, D}, Dy =e?Die?, Dy =D 7.35¢
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7.4 GLSM for defect NS5-brane

Lagrangian .%; (7.1) @ IR #fRAY multi-centered H-monopoles [22] 127> T\W5, T % FHET
%, ZDHE k — oo MifR#IEZE 1T > T defect NS5-brane % T 5,

£ (7.1) @D bosonic terms 7ZIFIZEHL & 5:

glb = Z elg [%(FOLa)Q - |am0'a|2 - ’8m¢a’2] - glg [;(8mr) (8 79) i| Z |:|DmQa|2 + |Dmaa|2

+\[Z Ctha F01G_2Z\aa! (19a]* + 1dal*)

+Z{2 3 (Dva)” = Dvia(lgaf” = @ = V2" ~t)}

# LI 1B = V2 0u(auFa + @) + V26 (0Fo + )
£ 3 D0l 1Y DoVt (07 50 410 = 120))
+ﬂ§:p¢4vﬁ%% (7 = s10) ~ 1 = 52.))}
+92|GP—1\/§;¢&G+M2§;%G

+912|é]2—i\f220aé+i\/520aé. (7.36)
WG & BV, B AFEITIRDE D

0 = 5 Dva — (aul* = @ = V20~ 1)), (7.37a)

0 = 5 Daa+ VGG + (7~ s10) 107~ 52) } (7.37b)

0= Rt WERG, 0= Rt I (7.370)

0 = 912G+i\/§za:¢a, 0 = 9126+i\/§%:aa. (7.37d)

Iz (7.36) ITRAT 5:

Ly = Z 613 [%(FOI,a)Z - |8m0a|2 - |8m¢a|2} -

o (02 + (0%
- Z [‘DmQaF + ’Dmaa‘Q] + \/52(79 - t2,a> FOl,a
- 22 (lal® + 16al®) (Jgal® + 17al*) — 2922 03Ty + Pats)

—Z (Iqa — |Gal? —\/§(r3—t1,a))2 > el

a

((r — 514) +i(r? — 59 ) ‘2

(7.38)
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7.4.1 Low energy limit

SUSY effective theory %% X %, Z 7 I potential DX H fiZ#ET:

0g = 0 = ¢g, (7.39)

|Qa‘2 - |(7a|2 = \/5(7“3 — tl,a) s —\/§Qa€7a = (Tl - Sl,a) + i(?“2 - 52,a) . (7-39b)

ZNUCED. (¢o,G0) PIRAARDE S IZ5Z 5N 5:

(l2al + 177 = 2(Ra)* = 2{(7“1 — 51,0)2 4 (P2 — 52,0)2 + (r° — tl,a)Q} : (7.40a)

: 1 W)
. = +lOéa R _ t a Na, — 1 —1Qq (T - Sl;ll) + 1(7" - 827(1) 740b
q 9174 © \/ La)s 4 o174 © VRt (5 — t1) ( )

ZHUZED. (o, ) OEBEIFRD & 5123R T X 5

_ 2 ~ 0 _ 1 1,2 212 312
Dral? = 1Dial? = =5 [ (Or' )+ On) + (Or™))
— V3R, ( mta = Ama+ 750ia O ) . (7.41)
12 one-form Q IZIRDIED
Qo Ot — U= 510) 0"+ (17 = 52.0) O (7.42a)
v ﬂRa(Ra + (T3 - tl,a)) ’
7"2 — S2.a 7“1 — Sl

Mo = ;o Qg = — , Q3. = 0. (7.42b)

\/iRa(Ra + (7“3 - tl,a)) \/iRa(Ra + (r?, - tl,a))

ZZETORRID, ey — o0, (7.39), (7.41) % (7.38) \ZRAT 5:

Ly = —2;2 (0 + (09)%] - Z (1Dmaaf? + [Dmdal?] + V2 ;w —t20) For
_ _2;2 [0 + (0)?] - Z M;Ra () + (@) + (Or®)?]
_ Z V2R (00— A+ ;59 onr') + 2 gw —ts0) Fota- (7.43)
IIMBI BT —VHZBVHT, gauge field Ay, , OEH R % T 2
0 _gjﬂ; = —2V2R, (amaa — Ao + \29@ 8mr") +V26m0" (0 —taa),  (T-Ada)
Ot — Ama = _\}59"’“ Ot + 2];%16"79. (7.44b)
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g =0 X7 —=VEELT, EOKER%E (7.43) IZTRAT 5:

_ 1 22 Lo g2 Ny 1 g 5.4
Ly = 5 HOn)? = 55 (On) Za:ﬁRa( Ama+ 7500 amr)
+ V2 €M Ay 0 00
1 .
- —§H{(amf)2+(amq9)2} M, Bt D0 (7.45a)
1 1
H = <+ _, Q, = Qb 7.45b
AT 2t )

Z A, multi-centered H-monopoles fif CH 5, Z DFFEITIR % 5727
(VxQ) = V,H. (7.46)

CZ’H:%‘ 6&:\ tl,a =0= t27a = Sl,a t bf\ T’Q—EI_E,‘%E#‘?% RQ T3 ‘//\00 ]\’ﬂﬁb\ k— o0 *@BE
BEZ175 (Appendix G 2§):

1 % 1 2 1,2 312
E ——— — hg+olog—, o= ——, = (r)"+(r°)”, 7.47a
p \/§Ra 0 & 0 \/iT['RQ ¢ ( ) ( ) ( )

Qo= Qe 50, Q=M =+ Q=od, J,=actn (%) (7.47b)

(A7) IS 5 Z & T, (7.45) 5 AHALS target space metric & B-field Z /R 5:

Gry = Hoyy, (7.48a)
By = +1 = 0, DBy = +Q2 = +Q,, B3z = 0. (7.48b)

ZHY (defect) H-monopole TH 2D (IRFEIE (I,J=1,2,3,4)), 7B, dilaton IF
e’ = H, (7.48c¢)

TH b,
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7.5 GLSM for defect KK5-brane
Lagrangian .% (7.6) @ IR MR AY multi-centered KK5-branes [22] (272> T\ 5, % FHB{T
%, TDE k — oo MifR#IEZE 1T > T defect KK5-brane Z 1§59 5,

% (7.6) D bosonic terms 7ZIFIZEHL L 5:

1 g2

2, = 3 5[5 Fora)® ~ 10moal? ~ 10méal?] - 352 On)? = G (Dny)? = 37 |IDmaal® + [ Dl

a a

k
+\/§€mnzam(( _tQa)Ana _29 Zaaab—22|0a| |qa|2+|Qa|)

a,b

+2{—g Dva)* = Dva(laal = dul® = V20" = t1.0)) }

+Z Q\D@a! —IZDq:a{fqaqa (G —sla)+1(7’2—82a))}
+1ZD¢a{\fqaqa ((r! —81a)—1(7"2—82,a))}

+ 3 {1+ 1Fal? = V2 00 (a0Fa + GuFa) +1V26a(GuFa + TFa) }

+912|G]2—i\/§za:¢aG+i\/§za:¢aG. (7.49)
WG 2Bl e, EEAREAIIROED

0 = 5 Dva = (lul* = [l = V20~ 1), (7.502)

0 = 613D¢a+1{\fqaqa ((rl—sl,a)—i(ﬁ—sz,a))} (7.50b)

0 = FotivV2haqa, 0 = Fo+ivV2¢ada, (7.50¢)

0= ;2G+if22a:¢a. (7.50d)

Ik (7.49) IKRAT B

Loy = 3 [ Fora)? ~ 10m0al = Oal?] = -5 (O — (DY
2b — 2219 01,a m0Ta m®Pa 292 m 9 m7

a

k
=3 [1Pmtal® + 1Dmial?] + V2™ > 0u{(0 = t2.)An)
—2Z(|aa\2+|¢>a|2)(lqa\2+\qa —2922 (04T + dad)

—Z (Iqa — |Gal? —\/§(r3—t1,a))2 > el

a

((r — 514) +i(r? — 59 ) ‘2

(7.51)
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7.5.1 Low energy limit

SUSY effective theory %% X %, Z 7 I potential DX H fiZ#ET:
To = 0 = ¢n, (7.52a)
|Qa‘2 - |(7a|2 = \@(Tg —114), _\@Qaaa = (Tl — S1,a) + i(TQ — 82,0) - (7.52b)
ZNIZED. (o, qu) PENMLIRD KD IZH5EZ 6N 5:
(o + 1@l = 2(Ra)? = 2{(" = 510)? + (0 = 520)? + ( — t1.0)? (7.53a)
_ i +1o¢a ~ i —iag (Tl - 81711) + i(T’2 - 32@)
qda 21/4 \/R - tl,a) 3 Ga = 21/4 \/Ra T (7«3 — tl,a) . (753b)
ZHUZED. (a, @) DEBIHIFIRD KX S IZFLARTE 5
1 N2
_Dm az_Dm~a2 == \fR m a_Ama—f‘iQiaaml . 7.54
IDul? = Dnil? = =5 (O = V2R (Orsta = A+ 5 ar’) - (750
¥F1Z one-form Q IFIRDE D
(1 2 2 _ 1
Qi Ot = = 1)t + (17 = $2.0)0mr” (7.55a)
\/iRa(Ra + (TS - tl,a))
7“2 — S82.a 7“1 — S1.a
Q. — : Oy, = 7 . Q3. = 0. (7.55b
Y VRRW(Rat (1P~ t1a)) VER.(Ro+ (P —t10)) (7:550)
ZETOMBED, e — o0, (7.52), (7.54) % (7.51) IZRAT %:
¥ — t2,a)An,a)

B = g0 = LD = T [IPwanl + Du] 420
- —%(amff -3 5, O

Z V2R, (Omta = Ao + %inaamrif

¥ —t20)An,a) -

VB S 0,
a=1

ZIM6 X0l —VgaiBWHd, gauge field A, D

L /3o V2% Amp| = 2V2Ra(Omta — Ama+ 5
2

:_Ama mQa Q'Lam
0 a+ Omag + \f 8r+2R

(7.57b) D a IKDOWTHIEE R 5:

1 1
= —(‘qg—i-z(l:ml)%:félm,b‘i‘am'flza:m‘i'

52

HE G Z i 5!
1291;@ amri) , (7.57a)

9° g
—am Aoy
LT Zb: b

(7.56)

(7.57b)

1 1 i
972 za: Omog + \[2792 zaj Q0 Omr
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1 1 1 .
_ § 4 E E § . i
= —H b Am,b‘f’am’)/ . E—i_? e amOéa+\/»Tg2 s Q%aam?”, (758&)
A = — (a 9 — Q0 ri)+a o+ s 0 Dy (7.58b)
m,a 2RQH m T m m-ta \/§ 1,a ~¥m . .
ZZTIRDORLEEAL 7=
1 1 ~
H = =+ .0 ==V T, Q= Qip. 7.58¢
" Eb N ¥ Eb b Eb b ( )

g =0 17 =VEEL= BT, EOKRE (7.56) ITRATS (A, =3, Ana, etc.):

2 N . N2
Loy, = _%H(am,,;»)2 o % (am,y‘l _ \@Am> — Z \/§Ra( — Amﬂ + \}Qﬂi,aﬁmﬂ)
V2, (9 — t2)Ay)
— _%H(amfﬁ — %H‘l (amﬁ —Q amri)2 F V2™, (9 — ta)Ay) . (7.59)

T3 HN multi-centered KK5-branes f#E T®H 5, ZHUZ X HIT, t1, =0 = to, = s14 & LT,
r2-JiM % P Ry TA VN7 MEU, k — co MRERIEZ1T S

1 2

o = m, 0? = (r)?+ ()2, (7.60a)

1 %
— hg+olog—,
za:\/iRa ’ ®
7.3
2= Qe 50, Q=M »Q=od, J,=actn (ﬁ) (7.60b)

(A7) IS B Z & T, (7.59) S AEILS target space metric & B-field & /R 9 5:

9 2 0 2 H2+ 9) 2
Gi1 = H+ ( I}) — H, Gy = H+ ( Ij) — I{( g) s (761&)
Gss = H, G = H', (7.61Db)
Q1 QQ Q
G = - = 0, Gy = -7 _FQ’ (7.61c)
Gy = 0, Bry = 0. (7.61d)

ZH (defect) KK5-brane TH 3 (RFE (I,J = 1,2,3,4), (i,5 = 1,2,3)). 725, dilaton 1.
(defect) H-monopole (7.48) %*5 @ Buscher rule (Z & D

KK = o2 (G gt = 1, (7.61e)

T®H 5, smearing % FEIT T HHTD (7.59) I K B FF &L Ricci tensor BEHHTH 5, X 51T,
(7.61) % U T smearing UL TH5 X 5415 Einstein tensor Ej; = Ryj — %RGU HHIATH 5,
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7.6 GLSM for exotic five-brane

section C.12 ZHWT, %4 (7.12) DED %R 2 FE4T9 %, bosonic terms 7ZF 2 HE FZ 5

171 1 g°
L = 3 |5 Fora)? = 10moal’ = 10m6al’ | = 5 5 [ (Onr!? + 02| = 5 (Ot + (Dnr?

—Z{leanQHqual }wéemnza (VAna) — V2 S toaFor
a
- 2¢? ZUan—QZ‘Ua’ |Qa’2+’qd‘)

+Y {i Dy = Dya(laal? = @l = v2r® +v211,4) )

@l\')

+ Z {7|D¢7a| - iﬂgaaa D@,a + i\/iqaga 5@,11}
a €a

+ Z {|F‘a|2 + |ﬁa|2 - i\/§¢a (Qaﬁa + q~aFa) =+ i\/iaa (qafa + gaﬁa)}
a

+ g2|GE|2 - \/592 Z |:(Gc,a + Nc,a)éE + (éc,a + Nc,a)GE] + 292 Z(Gc,a + Nc,a)(éc,b + Nc,b)

a,b

+1 3 2 (60~ Fea) @ S0
-3 Z [(Betro = Besra) (D0 = 00" + (Aems = Acma) (0 + 1)1
+ Z(Dc,a + EC,(Z)TJ + 1\/52 {SaDCD,a -

1 — .
+ ) Z(¢c,a + ¢0,a)(8g - 812)T1 t1 Z(Dc,a - Dc,a)T2

a

2 p— J—
3 [(Betra+ Bewa) (0 = 000y = (A + Ae) (90 + 01|

g R J—
- ? (Ac:,a + Ac:,a)(Bc—H—,b + Bc—H—,b)
a,b

= 20° N (Fea + Moa)(Fep + Mep) + V2> [(Fm M.0)G+ (Fou— MC,G)G} . (7.62)
a,b a

IRB. ¢a, Dog 13 (7.28) IZHEV oY, G, Gz, 72 1& (7.33) (TS,
(7.28) &0, BXD a lZDOVWTIRNER S

1 4
_7|8m¢a|2 = _72|amMc,a‘2 s (7.63&)
€a ea

V2 60 (qaFu+ GuFa) = 2V2Meo(quFu + GuFy) (7.63b)
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1 . ~ - p—
67|D¢,a’2 - lﬂQaQa D@,a + lﬂQaQa D<I>,a
a
1 _ = |2 ~
= 5 |Dea+ V2€2qaGa|” — 2€2|adal?
a

- ﬁ (Do + V2 €2ada) [(90 = 1) Bosra + (80 + ) Az + (95 — 09)0a

+ — 22 (Dc at \/>€ QaQa) |:(30 - al)Bc%,a + (80 + al)Ac:,a - 1(33 - a%)ﬁbc,a]
1 2
+ 12 (8() — 81)Bc+~_7a + (80 + 81)Ac:,a — 1(83 — (9%)(%7&

a

INSZEMEKELT (7.62) 2 FHESHZ 5.

(7.63c)

a

—Z{|qua|2+|qua| }+f25m"23 (9 — t20) Ana)
-2¢° Zaa06_22|aa| |qa|2+|qa|)

+ Z {@(Dv,ay - DV,a(‘Qa‘z - |£Iva’2 - \@(73 a tl’a))}

171
fgb = Z 672 [i(FOLa)z - yamUaP - 4‘6mMc,a‘ ]

2
(0o — 01)Besr.a + (90 + 01) Ao — (02 — 03)¢ca

5 Db+ 3ea) 3 0D + 3 1
+ Z e%!Dc,a + V26 Godal” — Zze§|qazja|2

- Z Dea((r! = 510) +i(2 = 52.2)) = 3" Dea((r' = s1.0) — (2 — 85,0))
-3 @ (Dea + V26 Gada) {(80 — 1) Besra+ (80 + 01) Ao + (33 — af)gm}
+ 223 (Do + V22 0uila) | (90 = 01) Bera + (Do + 91) Az o — (0 = 0 e
+)° {IFa\2 + [ Ful? = 2V2Me o (qaFa + GaFa) — 2V2M e g (GaFa + ?iaFa)}

- 292 Z(Fc,a + Mc,a)(Fc,b + Mc,b) + 492 Z (Fc,afc,b - Mc,aMc,b)
a,b a,b
2
+ £ Z {(Bc%,a + Beta) (00 — 81)1/2 — (Ac=a + Ac=1a) (00 + 81)y2]

2
a
: 2
1 —_ — .
+ 5 Z(ﬁbc,a - ¢c,a)(ag - 6%)T2 - % Z(Acz,a + Acz,a)(Bc-H-,b + Bc-H—,b)
a a,b

- % > [(Bc%,a ~ Bet,a) (00— )" + (Aemq — Acea) (0 + al)rl} : (7.64)
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7.6.1 Auxiliary field equations
WS (Dvia, Dea, Feay Fuy Fay Aceay Betra, Gea) (22 \WTHEB A% 3 5

1
2 Dva — (Igal* = |dal® — \/§(r3 —t14)) (7.65a)
1

Q

0 = ) ( c,a + \/56 QaQa) - % 5.9 |:(00 - 81) cH,a (80 + 61)Zc:,a + 1(83 - 8%)$c,a:|

— ((r" = s10) +1(r* = 52,0) ) : (7.65b)

1 .
0 = (Dea+V2¢] qaqa) + 55 [0 = ) Bua + (90 + 1) Acma — (0] — )6
—((r" = s10) —1(r® — 52,0)) , (7.65¢)
0 = 20> (Fep— Mep), 0 = 29> (Fup— Meyp), (7.65d)
b b
0 = Fo—2V2 M4 G, 0 = F,—2V2 M4 qa, (7.65¢)
0 = Fo—2vV2Meada, 0 = Fy—2V2Meuda, (7.65f)
1 _ _ o
0 = 2 2 a+( ca+ \@BZQQQQ) - @a—k{a—Bc—H—,a + 8—i-Ac:,a + 18+a—¢c,a}
1 92 2 92 -
- §8+7“ —50 - > (Betrp + Bewp) s (7.65g)
b
1 _ _ L
0 = _2723_( ca+V2€2q0d0) — @a_{a_BCH O A +1a+a_¢c,a}
g g -
Ao e o - TS Ay Ay, (7.65h)
2 2 24 ’
= - 23+a_( ca+V2€2000) — ﬁma_{a_ﬁ%a O A+ ia+a_$c,a}
a
+ Qam, (rt +ir?). (7.651)

ZZTOL=00+0 THb, TLUT (7.28) & D.o DM SFERD N T, Aee o, Besr gy bea DIE
BHABRKXIZEPIC L5,

56



last update: 2015-09-03 15:05

INoORER%E (7.64) ITARAT 5:

2; [(3 P12 4 (8m7"3)2:| _922

a

_Z{|qua‘2+|Dm@Va|2}"‘ﬂemnza( —t2,0) na)

— 2% (04Gp + AM o Mey) —22 (loal® + 41Me.al?) (Igal* + |Gal®)
a,b

171
L = 3 5 [5(Fona)? = 10m0ul? — 410mMeal?] -
a

2
- Z 2a |qa |qa \[2(7"3 - 751,@) Z € ‘IQaQa (7" — 51,4) + 1(T2 — 52 a)) ‘2

a
2
% Zb c=,a + Ac— ,a ( cH,b + Bc—H—,b) . (766)
a

7.6.2 Low energy limit

KT V¥ vV OREED S, IRD SUSY HRZMEVF SN S:

0a = 0 = Mg, (7.67a)
|Qa’2 - ’6{1‘2 = \f(?“ —t a) s _\@Qaga = (Tl - Sl,a) + i(rz - 52,(1) s (767b)
- % > (Aema + Aema) (Bess b + Beap) - (7.67¢)

a,b

FRIZ RO SM1X (7.33) 2 W TIRORRIZ

2
g . _
0 = 9 Z(Ac:,a + Ac:#l)(BC-H-,b + BC‘H‘vb)

1 9 mn
= _TQQ(amﬂ)M?(amy?)ue (Om1?) (Ony?) - (7.68)
I (7.66) IZHTIEDH B &, —IFIIZ (0,y)-HPE X, R VI (9,r2)2-TENEET 5,
Z U THFHEMI R TWD, £72 (7.67) 12X D, (g, Ga) PEAIAKRD 515

! +1a ~ i —io (Tl — 51 a) + i(T2 — 52 a)
- SRt (P —t1a), G = : : o) (7,69
e = gVt 1 o VRa+ (P = t10) (T8
R?L = (rl - sl,a)Q + (r? — szya)2 +(r® - tLa)Q . (7.69Db)
TNIZHED LK a TED (g4, ) DEBNHIFIRDIE D
B 2 ~2 _ 242 312
Dot = IDul® =~ [ >+ @) + (O]
— V2R, ( mQq — Ama + ﬁﬂi’“ O ) . (7.70)
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RF1Z one-form Q 1XIRDED

—(rl — 2 2 _ 1
Qi Ot — (r' = 51,0) 01 + (17 = 52,4)Om7 7 (7.71a)
V2Ro(Ra + (r3 — t1,0))
r? — 824 rl =1
: L Mo, = — 7 . Qs = 0. (7.71b
> V2R,(Ra + (B — t14)) > (7.71b)

W, =
b V2R (Ry + (13 — t14))

if@%*%f) 513 5N % effective theory %Lk 9 %, e, — 0o D KT, (7.67) & (7.70)
%ﬁﬁb\

_ _L 112 2\2 32| 1 1\2 212 312
Ly, = 2g2 [(amr P+ (0mr?)? + (O™ Z T (Ot + (Ot + (Or?)
1 N\ 2
- 5 Z\fR (maa_ ma‘i‘ﬁgi,aamr)
+ V2™ 00 (0 — t2.a)Ana) + €™ (Omr®) (Ony?) - (7.72)

L2 (7.34) ITHERE LD S, gauge field A, , OEE) N Z T 5.

0 = —gf; = —V/24° {m’y —fZAmb} ZﬂRa(amaa—Am@Jr\g

g9 g9
= Q0 O+ Oyt — > App. (7.73b)
b

Qia amri) , (7.73a)

0 = _Ama+am ot
o ome f 2R, V2R,

(7.73b) D a IZDOWTHIZE R 5:

1 1 11 1 :
0 = _(92+§a:\/%)§b:Am’b+am74§a:2Rz+92§a:amaa+\/592 %:Qmﬁmr

1 1 1 ,
_ 4 il . .
= —H Eb Am,b + 8m’7 Ea °R, + g2 Ea OmQg + \@92 ga Qz,a Omr , (7743)
1 > i 1 %
Ane = 557 (00 = 2 0"} + e + 5 Ot (7.74b)
1 1 ~
H= —+ .9 ==V T, Q= Qip. 7.74c
7S S o= Yo i)
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g =0 127 =VEE L7 BT, (7.73b), (7.74b) % (7.72) IZRAT 2 (X, Ama = Am):
1 (Q2)? Qs

Ly = —5H|@nr)? + Omr®)? + (O] —ﬁ(a ) = S (Onr?)? + =2 (OmD)(0?)
()? LY - m
— g O = = (0 r2)+ﬁ(3m19)(8 r!)
+ V20, (9A,) + €™ (0pr?) (Bny?) . (7.75)

CHIREEIZAVMALZEATH 2, HU. s1a=tia=te, =0 T—VHOH%E k— 00 127
DY 8908 Y, [ds AICEESHMZ SNDE, TDD, IROMLMIREEEL 5.

1 1 H — 1 2 152 312
+ — hg +olog—, o = , o° = (r )+ (r7)°, 7.76a
92 za: \/§Ra o V21 R () (") ( )

= ZQLQ — 0, Qy = ZQQ’Q - Q, = 0, Y, = arctan (i) (7.76b)

ZIT Re iE r2HHAIDBEE (- HHTRZR), N2 HTED5:

Ly = g H (@) + (@]
o i N2 }5 2\2 & N am,.2 mn 2 2
577 Om?)” = 55 Onr™)” + 7 (0m0)(0™17) + €™ (0r”) (Ony”)
+ V20, (9A,), (7.77a)
K = H?+(Q,)?. (7.77b)
BEOMETETS, BOWHELZWE 2 OBR2EZ5:
— 5Ly = am{gamr an 9 — e 8"y2}(5r2, (7.784)
Omr? = —E< - —(0 J) — e (8ny2)) + (con ctor) . (7.78Db)
2D Lorentz invariance &% A % L€/ bLiFE B TH D, Tz (7.77) ITRAT 2:
Ly = g H @' + @] SHE (@) + (00
— QK ™ (0y?) (0n0) + V2 €0, (9 A,,) . (7.79)
KRB, Q, 2HB ol
1 Ry
- - , 7.80
V27 R V2ra! ( )

® & 312 dual coordinate radius Ry = o/ /Ry Ttk XN b, Z LT, (7.79) S #HANN S
53-brane & & B-field &, (A.7) 2 HEAIND &

Gij = H = ho+olog (%), i,j = 1,3, (7.81a)
G- = HE ' = 2 55— 9y (7.81b)
ij - H2+(Qg)27 yJ = 4, .

By = QK7 (7.81c)

ThH 5,
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A 10D supergravity theories
A.1 IIA supergravity

bosonic terms D AZ BT 5, String frame (235 1F 5 10D IIA supergravity action [ZIXDIED :

1 1
Sgg& _ : lex [ _(Gstr e—2¢ (Rstr + 4<8M¢)2 o 5,[{3,2)

2K,
1 -
- [ % \/—GS“<\F2|2+|F4\2) — o | BAFAFy, (A.1a)
K10 K10
H3 = ng, F2 = dAl, (Alb)
ﬁ4 = Fy— Ay NHg, F, = dCs, (A.lC)
263, = (2m)7a’, (A.1d)
1
F 2 = EGMINl - GMNP Eyp v Fy e - (A.1e)
COEH A5 X 5!

1
0 = Ryn — §R Gun +Gun [ — 2V2¢ + 4((9P¢)2} 4+ 2V VNno — 403 d0N @

1 I 1 e2¢ ~
= 5G| (40p0)* — S1HsP) = S (1l + | Bl
1 2¢ 1~ ~
+ (40p 00N D — fHMPQHNPQ _c FMPFNP + fFMPQRFNPQR , (A.Qa)
4 2 3!
1 [/ —2¢ i yMPQ | MNPQ
0 = ——ou[V G(e HMPQ | F AN)}
-5 (14!)2 ¢ 1eMNPQRSTUVW b oo (A.2b)
1 M 1 2 1 2
_ - 1n_ 1 A2
0 = 50u(V=GY6) + R~ (0uo)* -~ SIHP (A.2¢)
_ 1 — ~MN\ |, L mNMPQ
0 = maM(\/ G PN G F M g, (A.2d)
_ 1 —= =MNPQ\ 1 —1_MNPQRSTUVW
0= m8M< GF ) 1. (3')2 e € HRSTFMUVW- (A.2e)
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A.2 IIB supergravity

bosonic terms D AZ[E T 5, String frame (Z3H1F 5 10D IIB supergravity action (XKD D

1 . 1
SV = o [ V=G (R +4(0u0) - 5 |Hsl)
2K 2
1 ~ 1 ~ 1
-— /dl% V-G (|Fly2 + |F3* + f]F5|2) —— [ DaANH3 A Fs,
4K7, 2 4K7,
Hy = dBYY, R = dcy,
Fy = F3—CoHs, Fy3 = dB§2)7
- 1 1 _ -
F5 = dD4—§B§2)AH3+§B§1)/\F3, F5 = *10F5.
ZOMEHGREAESZ D
1
0 = Run — §R Gun +Gun [ —2V2%¢ + 4(6P¢)2} + 2V VNg — 40)pON @
1 1 e2® ~ 1 ~
= 5Gun | (40p0)? = S1HP) = - (IR + B2 + S|Pl |
2 2 2 2
1
+ (45M¢>3N¢ - ZHMPQHNPQ>
e I~ =pg, 1= =~ PQRS
5 <3M003N00 + §FMPQFN + ZgFMPQRsFN ) ;
1 2677 MNP _ MNP L ~MNPQR (2)
0= ——0u (V=G (e 20 HMNT — FMNPC, SFNTa B3]
1 =~ 1 _
e FMQRNP o S LMNPQRSTUVW o oo Fyi
1 1 1
0= -—~9 <\/—G8M ) SR (0y0)? — = |Hs)?,
J=gom o) + 1 (Om9) 8| 3
1 1~
0 = g <\/—GFM) + 5 PN Hygp,
1 ~ 1~
0 = =0 [x/—G(FMNPJr gFMNPQRBSI)%ﬂ
1 1 _
gt o gy e MUY Fonsry v
1 ~ 1 _
0 — _GaM (mFMNPQR) + O ¢~ 1eMNPQRSTUVW Hsrv Favw -
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(A.3b)
(A.3¢c)

(A.3d)

(A.4a)

(A.4b)

(A.4c)

(A.4d)

(A.4e)

(A.4f)
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A.3 Buscher rule in type II supergravities

29-FiM%E 387 MEUT A (A1) 26 TIB (A3) N B UL IXZTOHEHET 5 Z & hHkK
%, KIHDUIRILT B DT, (1A : g, By, d; Ay, Cs), (IIB : g, BYY), 3 Co, B Dy) ® & 5
WO THE L TH L,

ITA 75 IIB \:

99,99, — Bou By B 1
Juw = Guv — o9 9 ’ Jop = ﬂa Jo9 = —, (A5a)
999 999 999
2991 Bu)o 1) 99
BY = p,, + 2k g S A.5b
a g 999 o 999 ( )
3 29[, BujoAg @ Aggy
B(Qy) = S —2A By + K 5 B ) = —A,+ u? A.5c
a 2 o 2wl 999 o " 999 (A.5¢)
1
p = ¢—5loglger), Co = Ay, (A.5d)
3 9oluBrpAs 3 99 Clplo
Doy = 3 Chuvp — A[MBVP} + 999 2 999 (A.5e)
Dypo V2D WTIE 1IB self-duality condition % AT Dy, TH A 5125 D THEK,
IIB 725 IIA /\:
JouJov — ngL)Bs()llj) Bg()L) 1
Juv = Juv — ) 9o = — ge9 = —, (A6a)
J99 J99 J99
(1)
2B,
B, = B4 B g, D (A.6b)
J99 J99
1
¢ = p- §log(J99)7 (A.6c)
2 1
A, = —BJ +CoBl), 4y = o, (A.6d)
ij p(1) () )
8 ii @ @) L & BopBndae 2[ o 2Bguue
CHVP = ngﬂl/p +e¥ Bg[#BVP} + T ) Cg,ul/ = g Bl(“/) + jT . (AGG)

A.4 String worldsheet sigma model

string worldsheet sigma model 2* 5, target space metric Gr; and B-field Bry % i AaHU 2 U558
IZIRDIE Y -

1 1 A
Living = _igm“ Gy 0 X0, X7 + 56""1 BryjomX'0, X7, € = 41. (A7)

63



last update: 2015-09-03 15:05

B Differential forms

B.1 Volume-form, invariant tensor, and Hodge-dual on Lorentzian space

Lorentzat D2 BT B ARET VIV PERMERZERE L T BENH L, BFOED %

fHIZT 57280, ARTTTEVWTB IS (—HD DIRTADIEIRITH):

0123 _
e = o, €isg = —O,
€abcd = e tervpo e,uaezzbepceada €abcd — €Euvpo eql'er’ecleqd”
ghrr? = eeadeeauebyecpedUa Euvps = e_leabcdeuaeubepceada
€Ple g = —4la?, R |
el pd = —31a%62, et P e rppe = —3!@25§f,
eadeeefcd = —21.2! 0425‘61?, eMPerrpe = —2!-2! 04255:,
1
ab __ asb  cash
Oef = 5(565f 5f5e)-
HRERIZDOVWTWL 2 0BRAZFZEL T, AT —)IVATZEEL LS
0 i 2 3 1 a b c d
(VO].)4 = e Ne Ne“ Ne® = ~ 1, Cabed € ANe’ NeCNe
la
= euoel,le,feg‘3 dz* Adaz¥ Adz? Ada® = edix,

NP NeC Ael = Betbed Onelnetned = Be“de(vol.)4 )
dz = 2’ Adz! Ada? Ade? = a €pvpo dat' Ada” Adaf Ada”,
da* Ada? AdaP Adz® = betrodiy .

BMALR T o ZIEHNZ AT —VIKF B,a,b ZE AU Tz, THEIRNEEFEXTREGRA <

€aped € NP NeC Nel = eabcdeade(vol.)4 = —4!a26(vol.)4 = —4!04(\/01.)4 ,
1
Euvpo Az Ndx” ANdxf Adx® = beupo Pty = —dla?bdts = —diz,
a
eacpe det Ndx” ANdaP ANdax® = aegpeqe” A e NeCnel = —4!aa(vol.)4 = (vol.)4 .

ZHIZE DR EPNS:

1
2 _ — = —4!
a’f = «, ab = TR 1 = “4laa,
1 1 1
—= — = —_—— b = —
b a’ “ A’ o

(B.4a)

(B.4b)

o T ZD/—FTE a=+1 ETHEHEBEV), BEICSZIE b ZF VY LTH LN

etvP? ISR R OGS TH D T 2 VIV TR,
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Hodge BOSDEHZZIRDBY £ 5, R THRIGEZERTITS:

1
x]1 = ﬂeabcd NP Nef et = —a (VOI.)4 , (B.5a)
1 1
Wy = *(wa ea) = 30 W €apea €” N e A e = ngcd e nef Nel, (B.5b)
1 N1 o
*Wwy = *(5 Wap €4 A eb) = 550 W egpea €€ N et = oy Wea e Ae?, (B.5¢)
1 1
*(vol.)4 = *( = Qg Cabed e NeP Aef A ed) = - 0|a€ab0d€abcd = «, (B.5d)
1
Wieda = W €abeds  Wead = 20 w™ €qbed , (B.5e)
1
Wbcd = w, Gabcd’ ch — E Wab eabcd' (B5f)
Z Z THodgeAUx % 2[A1/EH 9~ 5 #4F 2 5Fi 4 5
x(x1) = *(— a(vol.)4> = —a?, (B.6a)
1 1 1
*(xwy) = *(gwabc e Ael A ec> = 3 1'I/Vabc €aped €& = 3 v € a2
1
= gwe (—i— 3la? 52) et = +alw.e, (B.6b)
_ 1 c dy _ 1 cd a b _ 1 efed a b
*(kwgp) = *(§che Ae ) = 37 2!W €cdap € NE® = Wwefe €cdab € N €
_ 1 — (2 2 268f a b __ _&2 a b B
= (2|)3wef (2%, ) e Ne” = o7 Wab € Ne’, (B.6¢)
x(x(vol.) ) = xa = —a?(vol),. (B.6d)
INEDIRDPERTE 5
xxl = —a?,  xx (vol.), = —a2(vol.)4 . (B.7)
INZEHLER U T, DIRIT Lorentz %5 T D Hodge M0 % —fRIZIRDERIZED 5
1 1
Wp = S Wapea, €1 A NET = —wpyy, dEF A Adat (B.8a)
b: b:
1
*wp = m w(ll"'(lp Eal"'apbl"'bDfp ebl /\ ce /\ ebDip
SN VA V2] e Az A - A dzP-v B.8b
= mw 5#1"'/1«pV1"'VD—p xr xr s ( . )
xxw, = (=1)PPPIHLG2, (B.8c)

mH, REEMPEFLUTPRZ LWEEIL curved space IZB T BRI T YV ILE LT
R2%E5

— a, b, c d K, A, T a, b, c_ d
€uvpe = €abed €per €p s’ = (ecrarmed ep e ed") e e e, e’ = ecupo s (B.9a)
HPr = gabed o o Ve Pe,0 = (e7? ghATN e,iae)\beTcend) ealepy eLlLes” = e LeMP? (B.9b)
"€ pe = e = —4la?, etc. (B.9¢)

EWIRLAZEATNIEEL,
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B.2 Volume-form, invariant tensor, and Hodge-dual on Euclidean space

Euclid GFEDZEMIZB T EARLET VY VPR RBERZEZEEZ LU TBBERDH L, BRFDOED %
fHRIZT 5720, ARTTEVTB IS (D DIRITT~DILIEIZEB):

P = 45, €iag = +a, (B.10a)
gabed — =1 gmnpa em“enbepceqd, €abed = €EmmpqCa € el eq?, (B.10b)
empg g cabed o mo g Do 4 Emnpg = € “€abed emenle,Ce,? (B.10c)
e g = +41a7%, Ml = FAG2 (B.10d)
eede g = +31a%62, Mg ny = +31a20T (B.10e)
eabcdeefcd = +2' 2! azéef , eMMPle, g = +21-2! azdg" , (B.10f)
0f = o (53551 — 5%67) . (B.10g)
PHERIIOVWTW L DD OFRAZIFEL T, A7 —VHFZEREL L S:
(vol.)4 — A AS At = %eabcd e®Ael Aef A el

= emlen? ep eq4 dz™ Ada™ AdaP Adx? = edix (B.11a)
NP AefNet = Betbed AnEnSnet = = f e“de(Vol.)4 , (B.11Db)
d*z = da* Ad2? Ada® Ada? = Gepnnpgda™ Ada™ AdaP Adat, (B.11c)
dz™ A dz" AdzP Ada? = be™PIdiy (B.11d)

BIRALR T @ & BBIC AT — VIR T B,a,b ZH ALz, ZhZNIES R TRIRMA <
€aped€® NeP Nef nel = Eeabcdeade(VOI.)4 = 4!&2§(v01.)4 = 4la(vol.) (B.12a)
Emnpg Az Adaz™ ANdaP ANdz? = gsmnpq emidiy = 44152 d's = %d4:c, (B.12b)

€aEmnpgdz™ Ada™ AdaP Adx? = Gegpeae® NP NeC Ael = Alaa(vol.), = (vol.),. (B.12c)
INIZK DT EPNS:

s ~ ~ 1 -
&g = a, ab = +Ta2’ 1 = 4laa, (B.13a)
~ 1 1 ~ 1
= =, a == -~ b = =. B].3b
p a @ 4o « ( )

al3FE, Zo/—bTlka=+1 £T2FENHDL, MEBEIZSZAIE 4 370V IVTH DD
emnpd 3SR NS TH D TV VIV TIEE,

Euclid 221 T® Hodge M DEHFIZIRDEY & T 5, 2 THRITCHEEMTITS

1 ~
x1 = ol apea® NP Nef N el = a(vol.)4, (B.14a)
1 1
Wy = *(waea) = T 3'waeabcdeb/\ec/\ed = QWdeeb/\ec/\ed, (B.14b)
1 1 1
*Wg = (ziwabe /\e) = 2"2'wabeabcded = chdec/\ed, (B.14c¢)
1 1 ~
*(VOI.)4 = (4‘~eabcde Aeb A e /\e) = 105 e a = @, (B.14d)
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1
Weea = w®€abed,  Wea = Ewab €abed » (B.14e)
1
Wbcd = w, 6abcol7 ch _ gwab 6abcd. (B14f)
Z Z THodgeBUR % 2[8/E 9™ % #fF 2 3l 4 5 -
(x1) = *(&(vol.)4> = &2, (B.15a)
*(kwy) = *(lW ea/\eb/\ec> N W eppeqe? = Lw €“PCe g €7
1) — 3! abc - 3111 abcd - 3. 1! e abed
1 ~ ~
= 5(%(—3!042 (53) el = —aPw.e’, (B.15Db)
*(kwz) = *(lW ec/\ed) - W ergape® AN e = Lw eIl e g €@ N €
2) — 91 cd = 21 91 cdab = (2|)3 ef cdab
1 ~ e a a2 a
= Wwef(@!faz(sgb)e Neb = oy Wab € Aeb, (B.15¢)
x(x(vol.),) = *a = a*(vol.), . (B.15d)
INXKDIRPIHERTE 5!
xx1 = a2, % (vol.), = —1—&2(V01.)4. (B.16)

ZNEIERL T, —#&D D IXIT Euclid 22 T® Hodge M % —MIZIRDERIZED 5

1 1
wp = H WQl..-ap eal FANEERWAN ea” = H wml"'mp dxml A A dxmp , (Bl?a’)
1 b b
" = mwal p €ay-apby-bp_p € LA...A\elD-p
= m w"mme Emi-mpni-np_p dz™ A -+ Ada"P-p (B.17b)
srw, = (1P P a2y, (B.17¢)

P, RKEEVEBRLTYR I LWEGEIL curved space (2B 25T VL e LT
=555

€Emnpg = €abed emaenbepceqd = (ecijm ealebjeckedl) em“enbepceqd = €Emnpq, (B.18a)
€Ml = eabed o me e Po d — (e_l ikl ei“ejbekceld) ea"ep e Leq? = e Le™P4 | (B.18b)
€"Ple g = e = +41a2, etc. (B.18c¢)

LW EKEZEATNIER,
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C N = (2,2) supersymmetry in 2D Lorentzian spacetime
C.1 Clifford algebra

Lorentzian signature (23} % Clifford fX#E & £ D Weyl £z BARIZIHRLTEIZ S ([7, §]
oA UEET 2L FEITRWV):

{(7%2" = +2, () = e = "GN e = diag(—,+), (C.1a)
7 =ie®, A =o', =% =7, (C.1b)
C == cl=c"=c'=-c, Cyvc'=-(0"" (Clc

Z 2T ¢ I% Pauli matrix, C % 2D charge conjugate matrix,

C.2 Spinors in this notes

The covariant superderivatives D,, Dy and supercharges Q,, @, are rewritten as follows:

0 Tt =Y 0 :nt

D:I: frnd aoﬁ —_ 6 (80 :t 81) , D:t == —aaﬁ + 10 (80 j: 81) 5 (023)
0 - — 0

Qe = oz +i0 (=), Qs = —z —i6 (D £ 01). (C.2b)

Here we define the measure of fermionic coordinates in the superspace:

1 1 — 1 - - . 1 —, —
2 = —— @ B = —— + - 2 = —— 5 : OAB = — + -
a6 ;40 d0% eqp ;dotdom,  d% 1 406 db;e ;0™ (C3a)
~ 1 _ = 1 _
d?0 = —Edmdai d?0 = —§d9* et , (C.3b)
_ ~ o= 1 -
d*0 = d*0d*0 = —d*0d*0 = —1d0+d0_ dotdo. (C.3c)

7272 U hermitian conjugate 1% (ny A )T = 47, L EET 5,

We define integrals of superspace coordinates as follows:
_ ~ 1 = _ 1
/d2909 =1, /d2909 =1, /d299+9— = 5 /d299—9+ = 5 (C.4)

We describe general NV = (2,2) supersymmetry (anti-)commutation relations:

QL = Q2 =0 =@ =0, (C.5a)

{Q+,Q+} = —2i(0 £ 1) = 2(HF P), (C.5b)

{Qr,Q-} =0, {Q+,Q-} =0, {Q-,Q+} =0, {Q+,Q-} =0, (C.5¢)
{D+,Di} = 2i(0p+ ), (C.5d)

{Da,Dg} = {Da,Dg} = {Ds,Ds} = 0, (C.5e)

{Da,Qﬁ} = {Ea,Qﬁ} = {Daaéﬂ} = {Eavaﬁ} =0, (C.5f)

68



last update: 2015-09-03 15:05

[M7 Qi] = :FQi ) [Ma @:ﬁ:] = :F@:I: ;
[FV) Q:I:] = _Qﬂ: ) [FV7@:E] = @:ﬁ: )
[Fa,Qx] = FQx, [Fa,Q4] = +Q..

(C.5g)
(C.5h)
(C.51)

where M is a two-dimensional Lorentz generator; Fy,, F4 are vector R-rotation, axial R-rotation

generators, respectively. These R-rotations are defined by

elofv . ]-"(:U,Hi,gi) — eio‘q‘/}'(x,e_iaﬁi,eiagi),
eBFA o Fx,0F,0%) — &P F(z, eTHYE HFpT)
where F(x,0%,0%) is an arbitrary superfield and gy, g4 are R-charges of F.
Here, following [18], we have introduced the convention:
(6',6%) = (67,67),
o = capb®, 0% = %905,
€_+ = &4 = +1, 9_ = +9+, 0+ = —9_,
(ga)T = gd’ (Qi)T = g:t’
00 = 0%, = 0%capf’) = +0T07 —670T = 2070,

00 = 0.0 = 0a(c90,) = 0,0 +0.0, — +0°0% — 070~ = —2070.
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C.3 Dirac spinors

—fi%1Z Dirac spinor ¥p ® Dirac conjugate ¥p = ityT70 & T, Weyl spinors TD il % Dirac
spinors DHRFLIZLTH I H:

= (4 ) w=wp = @o)( ") - (-oB), cs

c _ v _ [0 -1 —i0_\ _ [ -0,
w=c = (002 ) - () s

IC, INZEHVWTUTF2EEHmZ THEL:

- 0 1 0 0 1
20707 = —20_0, = (9+9)<_1 o)(ef) :95(_1 0>0D

= 0500y, (C.9a)
R o 7 7 0 -1 —i0_
2070 = —20_0. = (—i0_1i0,) ( 1 0 >( 7.
= 0,005, (C.9b)
_= - = ic 0 0 .= 0
0(9+0':9_0+0':(—19_19+)<lg 0>(9t) :10D<g O)GD
_ 1
= ieDP+9DO', P:t = 5(1 j:’yg), (CQC)
= = o = 0 0 0 - (00
0t0c = 0,0_5 = (—i0_1i0,) ( 0 _ia) ( o ) = —19D<0 U)GD
= —igDP_QDE, (ng)
9+§+(A0 + A1)+ 9_9_(140 —A) = —9797(140 + Ap) — §+9+(A0 —Ay)
. A 0 —i(A0—|—A1) 9+
= (—i6_1i64) ( —i(—Ag + Ay) 0 ) ( 0
= —igD’}/mHD Am. (Cge)
AV <FFIORRIE (C1) ZHVTWS, B, RABHAVWLSNTWS:
(13)T = (PHT = HTEOT = cyly0et = —CylylcT!
= —CyC™t = 93, (C.10a)
()" = (YT = (HTENOT = =170 = 4%!
= 73, (C.10Db)
1 1
Pl = 5(11+73T) = 5(11—0730—1) = CP.C7' = P, (C.10c)

725, Majorana b & & v = ¢S = CYL (DED o = vEC) LW BRI T 5 & &
DZezESMN ZOERTHE ->TWS 04 ¥ oy 1ZH L £TH Weyl spinors TH 5 & LT,
Majorana S 2R LU TWARWZ L ITHE,

5Weyl spinors D432 DWW T D hermitian conjugate & [HFL B %2 HWE 2 REVEL LD THBIAEETH 3 5,
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C.4 Explicit forms

% superfields D7 5R R ZHGE L TH K (V, & abelian T, 5D Wess-Zumino gauge ~)%
Vector multiplets:

Vo =

V2

a

Y

0|
S

|
Q

AN

E A
=N

A
HE R

—00T (Agy + Ara) — 070 (Age — Ara) — V20 070, — V2010 5,
— 210707 (0 Ao+ 0 A_o) + 21070 (07X o +0"A_y) +207076070 Dy,
20707610 (— Af, + AT, +2/0a]?)

1 = 1
IV V2
0o +1V20TN, o —iV207 N, — V2070 (Dyo — iFo14)

—i0707 (00— 01) 04 — 1070 (9g + 01) 00 — V2070707 (g — D) My
+V2070767 (g + ) A_a — 01070707 (8 — 0?) 04,

To FIV20T N 0 — V207X, — V20707 (Dy, +iFo1 )

+i0707 (g — 1) Ta +1010T (O +01)Ta — V207070 (9p — 1) A4
V200701 (Do + 1) A0 — 070070 (2 —0%) T,

D.D_C,

ba +1V20 Ny o +1V207 A, + 20707 Dy,

—i0T0T (9 + 01)pa — 1070 (8o — O1)pa + 0707070 (52 — 07)a
FV200707 (80 + ) A0 + V2070707 () — D) At s

B +iV20 Nt 0 + V20 Ao + 21070 Do

+10T0T(0g + 01) g +1070(0p — 01) 0 + 0707007 (02 — 0%)ba
V20700 (B0 + )N 0 — V207070 (8 — I Asas

bea +iV20 et o +1V20 Ve o + V20 Xer o + V20 Xe—

D_} = —D,D_V,

(C.11a)
(C.11b)

(C.11c)

(C.11d)

(C.11e)

(C.11f)

+ 2100 F. o + 21070 M.y +2i070 Geo — 21070 " Ney — 00 Ay — 070" Beyy

— 2107070 oy g — 2107070 (o g + 210707 0T Aoy o + 21070707 A
+20T07070 D, .

U CEBEHO LM IFIRTERSI ND:
0 . — J .4
Dy = 5% ~ 050+ 01), Dt = _aTiJ”e (Go £ 01) -

O, =Dy D_C, IZHED B G OX TR D D

¢a = _2iMc,aa

}\V:I:,a = _\@)\C:I:,a + 1(80 + 81)%0:&(1 ;
{Fc,a 5 Gc,a s Nc,a 5 ¢Ci,a 5 Zci,a } : (IlO relations) .

, 1 1 i
Doy = iDey— 5(00 — 01)Betta — 5(ao +01)Acea + %(63 — 0})bea s

"unconstrained #%5 Cy, DD Xet,as Cot,a PEFIL[1,2,3,7,8,9, 10, 11, 12, 13, 14] &I Fiz 5,
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Charged hypermultiplets:

Q

Q|

Q)

q+ivV20Ty, +iV207y_ 20707 F

— 100 (8o +01)g — 1070 (Bg — I )q+ 0707070 (95 — 9i)q
+V2070107 (9 + 1) + V2070701 (dg — 1),
G+iV20TY, +iV20 ¢+ 21070 F

+10T0T(0g + 01)G+1070 (0o — 01)G+ 070676 (9% — 91)g
— V2601007 (0 + 01— — V20707607 (9y — 1)Uy,

G+iV20 0y +iV20 - + 21010 F

— 10101 (8y + 01— 1070 (9 — 0 G+ 0107670 (9 — 01)q
V2010707 (00 + 01— + V2070707 (8y — )by

T+IV20t g, +1V20 ) + 2010 F

+i070 (D +01)q+10760(8g — )G+ 0707676 (82 — 07)q

— V2010700 + )b — V2070701 (dy — 1) .

Neutral hypermultiplet:

q:j_

Sl

@l

\}Wl +ir?) +1V207xy +iV207x- +2i070°G
1 +7+ 1 22 i —0— 1 ir?
\/560 (9o + 01)(r! +1r?) \/599 (0o — ) (r" +1ir7)

+ \}imee)*e(ag — ) (r' +ir?)
+V20T0707 (9 + 01)x— + V207076 (8 — 1) x+
\}i( Vo ir?) +iv20tx, +ivV20 x_ +2i60760° G

+ %QJ@JF((?O + 81)(7"1 — i'r2) + 66 (0o — 61)(7"1 — i7“2)

Sl

+ ﬁ*”*@‘(@% =) (r' —ir?)
— V207010 (80 + 01X — V2070 019y — O1) X4,
\2(7«3 +1i9) + V201X, —ivV20 Y- +2i010° G

- %WW@O +00)(rP +19) + %9—?(30 — ) (3 + i)

- \}imeme(ag — 0% (r + 1)
— V2070707 () — 1) X4 — V20100 (9 + D)X,
\}i(r?’ — i) +1vV201 X —1vV20 Y- + 210107 C
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(C.14b)

(C.14¢)

(C.144)

(C.15a)

(C.15b)

(C.15¢)
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+ \;§9+9+(30 +01)(r® — ) — \296(30 = 00)(r’ — i)

_ \}ieﬂ)me(ag _ %) — 1)

+V207070(0) — )Xy + V2010707 (0 + 01)X_, (C.15d)
1 _ _ _
2 = ﬁuﬂ +iy?) +iV207TE, —1vV2076 +2i070 Gz
= 5070 @0+ )" +ivP) + 50707 (% — ) (' +147)
- \29+9—0+9—(a§ — o)yt +iy?)
— V207676070 — D1)E4 — V201070 (9o + D1)E_, (C.15¢)
T = ;5@1 Ciy?) £ 1VR0TE, — V20T E. + 21010 T
i — i —
—0T01 (0 + ) (Y —iy?) — —=070" (0 — ) (y* — iy?
+\/§ (G0 + 01)(y —iy”) 7 (G0 — )y —iy”)

1 = .
- EWH 076705 — Ny —w?)
+ V207076 (8y — 814 + V207070 (0 + 01)E_ (C.15f)

P \}5(73 +ivh) + V2O e, + V207 ¢ + 21010 Gr

= %9*@(60 +01) (7P + 1Y) — —=070 (9 — D) (+* +1n)

5l

1 o .
+ ﬁme 070~ (03 — 0%)(v* +in?h)
+V20T0707 (9 + 01)¢— + V207007 (dp — 01)Cs (C.15g)
\2(%” —in) +1V207C, +iV207C_ +2i070 Gr
i _
—0T01 (0 + ) (7 — iy?
+ \/Q ( o + 1)(7 y )+

1 e .
+ EQJFH 070 (9% — 1) (v* —inh)

|
I

070~ (00 — 01)(v* —iv?)

5l

— V2601016 (80 + 1) — V2076767 (0p — 1) s - (C.15h)

Duality transformation © — I':

0+0 = —g*T+T) - 24> Vs (C.16a)
P = g2 (C.16b)
X+ = F9° (s, (C.16¢)
G = —iv2¢*) @a, (C.16d)

0 = Gr, (C.16e)
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+(@ £ )0 = —g*[(Qo£ o)y — V2 (Apa £ A1) (C.16f)
a

Duality transformation ¥ — =:

V4T = —g*(E+E)+v24%) (Ca+Ca); (C.17a)
= =%y +0*) (bea+ bea) (C.17Db)

X+ = Fg'6x+V24° Z (Yeta + Xetoa) » (C.17c)

G = \ngZ (Fea+ Mega) (C.17d)

0= —G=+ \/52 (Gea+ Nea) (C.17e)

@0+ 00)r* = —g*(Do+01)y” — > (Betra + Besroa) » (C.17f)
@ — ) = +¢2(0 — 81)y? — ¢° Z (Amg + Acmya) - (C.17g)

728, duality ZH#HT#£ TOEHT E 2 05 E L O ICEKRIE 0 B TORKRIER - DX}
JGBfRTH D, 2FED O 5T IZBWVTIE (13,93), (X, Ce) D 0 BBIRARIKIE XIS D 72 \WIH
THOH, BIRTHBET 5H/RIE (twist #IEDRH 2D T) BIEIZEFFHTE R, — AT (9,74
D 0 EBEREKIETEBECMAPEENTVWERD, ThEAVD LAY, HEEIZLT
W%HVBVT@(7y)WbéJ®9%ﬁ%ﬁWEWWQ®EVET%éO%Wﬁﬁ@maé
NEVHRDEENEDTHIGHEMIZAR S, LU (12 y2) OXEIE 0 J8 B RAR K IE TR
AMWEENDZDT, Zhi W3,

ZIT. 41, -1 OEMEZFNENRED chiral B Q, Q DY —VEHHILHTLTH I S:

2V — 2V = 2V —2i(A - A), (C.18a)
Q — Q =ePQ, Q= Q =7, (C.18b)
1 = _ _
= —2{D+,D_}, Dy = e ?Dye?, Dy = ?VDie . (C.18¢)
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C.5 Supersymmetry transformations

N = (2,
EHET 5.

§F = ( e Qy +ies Q- —iE-Qy + iE+Q_)]-“.

ZZTey &g ISENIREHNT A — R T, (Ei)T =g. ThHh 5,

C.6 Chiral superfields

supercharges Q+ & Qi+ D —f D (neutral) chiral #5 & IZ/EHT 5 LIRDERIZR 5!

O = ¢p+iV20Ty, +iV20 T +2i0T0°F

— 1070 (0 + 01)p — 160707 (0g — D)+ 070700 (92 — 02)¢
+ V2070707 (0 + 1)y + V207001 (9 — 1)y,

e QP = V2e iy — 206 F — i\/§{9+§+e_(80 Y O) + 00 (9 — ag}m
—2i0T070%c_(0o + M) F + V20707070 c_ (0 — 0})vy

i6,Q_® = —\2e . —20%e, F i i\/§{9+§+5+(80 FO1) 4+ 070 e (9 — al)}w_

+21070707e,(8y — 01)F — V20107070 (02 — 9?)y.

—iE Q4P = 20%E (8o 4 01)p — 2iV20107E_(8p 4 1) — 207070 (92 — 7)o,

2, Q_® = —2075, (0 — 1) — 21V2010 2, (g — D1)Yy — 21010 0TEL (92 — 9.

£oT & DFENG ¢, vy, F OEXNHEBANTIRTEZ 505!

5d =
5 =

oF
othy
5ip_

supercharges Q+ & Qi D —®D (neutral) chiral #5; & IZfEFHT 5 LIRDRRIZIRS:

|
|

8¢ +iV201 Y, +iV20 60 + 210707 0F + ...,
\@57¢+ - \/§€+¢7 3
—V2E_(8p 4 01) - — V28 (0p — 81Uy,

= —iV2Z_(8p+ )P +iV2e, F,

V28, (0y — 01)p +1V2e_F .

S +iV20 P, +iV20 1 + 2070 F

+10T0T(0g +01)p+i1070 (0o — 01)b + 070070 (9% — 93)¢
— V2010107 (8y + 1) — V2070701 (dp — 1)Uy,
—ie_ Q ® = —20"e_(9g+01)d+ 22070 e (9o + )b +2107010 (97 — 9%)p, (C.22b)
i£,Q O = 207, (9 — 01)d+2iV20T0 e, (0y — )Yy + 2107010 (52 — 07)o,
iE Q% = —V2E Py 120 F - i\/i{mmg,(ao L0+ 00 E (9 — al)}a+
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(C.19)

(C.20a)

(C.20D)

(C.20c)
(C.20d)
(C.20e)

(C.22a)

(C.22¢)
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+ 210707072 (9 — O)F — V2070700 F (9 — O)v+
i£:.Q- = V28,0 +20%5, F + i\@{9+5+?+(30 +01) +07072(0 - 81)}%
= 200707075 (00 — O1)F + V2070707072 (05 — 9)u- .

£oT ¢ DIDY ¢, Yy, F OEHHEMANIIRTEZ 5N S:

00 = 6 +ivV20T6¢ +iV20 5 +210T0 6F + ...,
66 = —V2E Py +V2EY,

OF = V2e_(00+h)- + V2 (0o — 01y,

Sy = ivV2e (g +01)p —iV2ELF,

S = —iv2e,(0y—01)p—ivV2E_TF.

C.7 Twisted chiral superfields

(C.22d)

(C.22e)

supercharges Q+ & Qi+ D —f D (neutral) twisted chiral #; Y (Z/EHT 5 LIRDERIZR 5

Y = y+ivV20ty, —iv20 x_ +2i0T0 G
— 1070 (0 + 01 )y +16070 (09 — O1)y — 070010 (9% — 07)y
- \/59_5_0+(60 - 81)y+ - \/§9+§+§_ (80 + al)x, R

QLY = V2e Xy — 207G —1V2 {e+§+a_(ao L) — 070 e (3 — al)}y+

+ 20107070 (0o 4+ 01)G — V201070 0 c_ (9% — )Xy,

e, QY = 20 e, (0 —01)y+2iV20T0 e, (0 — 01)Xs — 2101070 =, (92 — 9P)y,
—iE_ Q.Y = 207 (0o + )y +2iV20T0 FE_ (8o + Oh)x_ + 2107070 E_(92 — 9}y,
E,Q_Y = V28, x_ +2075,G +1V2 {0*5*@(60 +01) — 07078, (0 — 81)}X_

+207070 2, () — 0)G+ V20107010 =, (02 — 0)x_ .

EoTY OFENE g, ey xo, G DEEFRZHANITNTE X 5N 5

Y
dy
0G
OX+
Ox—

supercharges Q+ & Q+

Sy +ivV20Tox, —ivV20 6x_ +2107076G + ...,
V2e X —V2Ei X,

V2¢e.(8p — 01)X+ + V2E_ (00 + 01)x—,
—ivV2E_(0g+ O1)y —iV2ELG,

iV2e,(8y— 01y —ivV2e_G.

(C.24a)

(C.24b)
(C.24c)
(C.24d)

MWD (neutral) twisted chiral B Y IZ/EFHT 2 LIRDRIZ/ 5

Y = g+iv20tyy —iv20 x_ +2i070° G
+10T0T(9p + 01T —16070" (0 — 01)G — 0707070 (92 — )y
+V2070707(8p — 01)x+ + V20100 (8y + D)X -,
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Y = 20T (0o + )7 +2ivV20 0 c_ (8o + )X — 2107070 (92 — 97)y, (C.26b)
Y = \/554_?_ — 2§+5+é + 1\/5 {9+5+6+(30 -+ 81) — 0_5_54,_(80 — 31)}Y_

+2i0707 0, (0o —01)G — V201076707, (92 — 0D)x_, (C.26¢)
= V2E X, +200E.G—1V2 {9+§+g,(ao Y Oy) — 00 E (9 — ag}m
+210170107E_ (0 + 01)G + V20107010 E_(0F — 0¥)x+, (C.26d)

= 2072, (8y— )T+ 22001 (8y — D) xy + 21070767 (92 — 07)y. (C.26e)

EoTY OFDY% 7, xv, X—, G DENHEBANIRTEZ 5N 5:

8Y = 67 +ivV20Toxy —ivV20 6x_ +2i07076G + ..., (C.27a)
0T = —V2F_x4+V2eix_, (C.27b)
0G = —V2E (9o — O1)x+ — V2e_(do + D)X—, (C.27¢)
Oxy = iV2e (9 + )T +iV2e, G, (C.27d)
oX- = —iV2E.(0p — )T +iV2E_G. (C.27¢)
[Af£IZ U T, twisted chiral #8355 2, ¥ 12D W T OB KA 2 HZ T 5.
Y = o +ivV20TAL —iV20 A — V20107 (Dy — iFy)
—10707 (9 + 01)o +1070 (9 — d1)o — 0107070 (05 — 0})o
— V2070707 (9g — 1)As — V2070707 (0o + 01) A, (C.28a)

—ie’;‘_Q+2 = \@E_X+ — iﬁg_&“_ (DV — iF()l) — i\/§ {0+§+6_ (00 + 31) —0 0 c_ ((90 — ({91)}X+

- \/§9+§+g_57(80 + 61)(DV — iF()l) — \/594_9_?4_9_87(83 — 8%)X+ s (028b)

e, Q% = 207, (0g — )0 +2iV20T0 e (0y — O1) Ay — 210700 e, (93 — 7)o, (C.28¢)
—iE_ Q.Y = 2012 (8o 4 81)o +2ivV20T0 E_(8y + )N + 21070707 z_ (82 —0P)o,  (C.28d)

2,Q.Y = —V2E N +iV20TE (Dy — iFy) +i1V2 {9+§+g+(ao +01)— 007 (0 — 81)})\_

b))

— V20707072, (0y — ) (Dy —iFp1) + V207070 0 5, (52 — 0P)A_. (C.28¢)
b0 = V2e A —V2E, ), (C.29a)
§(Dy —iFy) = —2iey(0y — 01y —2i2_(0p + O01)A_, (C.29b)
Ay = —iV2E_(9y +01)o +E+(Dy —iFy), (C.29¢)
A = i 254_(80 — 81)0 + 6_(DV — iF()l) . (C.29d)
= T4+iV20 Ay —iV20TA_ + V20107 (Dy +iFy)

+10T0T(0g +01)7 —1070(0p — 01)7 — 070070~ (02 — 0%)7

+V2070707(8) — 01) Ay + V2010707 (8 + 01) A, (C.30a)
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—20"e_(0y+ 01)7 +21V20 0 e_(9g + 0N — 2107070 (02 — 9)7, (C.30b)
\/§€+X_ + i\/§§+€+(DV + iF01) + i\/i {0+5+5+(80 + 31) - 9_§_€+(80 — 81)}X_
+V20707 0", (0 — 01)(Dy +iFo1) — V2010700 e, (93 — O?)A_, (C.30c)

Y = — 28Xy — iﬂ@‘é,(DV + iF()l) — i\/i {9+§+§,(80 + 31) - 9_5_57(80 - 61)}>\+

+v20100 = (0o + 01)(Dy + iFp1) + V20T 06 = (8(2) — ((9%)>\+ , (C.30d)
—2072, (0 — 01)7 + 21V20701E, (g — D)y + 2107070, (02 — 9D)F. (C.30e)

00 = —V2E Ay +V2e 0, (C.31a)

§(Dy +iFp1) = —2i84(0p — O1)Ay — 2ie_ (0o + ) A_, (C.31Db)
Ay = iV2e_(0p+ 01)7 + e+ (Dy +1Fp1), (C.31c)

SA_ = —iV2E(0y — 01)F +E_(Dy +iFp1). (C.31d)

C.8 Abelian vector superfields

supercharges Q1+ & Qi+ % —f®D abelian vector #; V (Wess-Zumino gauge) (ZfEFH & 5

14

—iE_Q+V

i€+Q_V

—iE_Q+V

= 0 (Ag+ A) — 070 (Ag— A1) — V20 0T0c — 2010 5

— 200707 (0T AL +07A) +210707 (0T AL +07A_) +20707070" D, (C.32a)
= —iV20 e 7 —i0te_(Ag+ A1)

— 2070 e N +20107 e Ay —2070 e A

+i07 010 < {zD +1(0p + 1) (Ao — Al)} 20T e (3 + D)o

— 2107070707 e_ (9o + )\, (C.32b)
= iV20Te o +i10 ey (A — A))

— 2010 e A — 200 e A_ — 2010 e Ay

n 19+§+é*a+{21> (8 — A1) (Ag + Al)} V20700, (8 — D)o

— 2107070707, (0g — O1) Ay, (C.32¢)
= V20 0 —i0TE_(Ag + Ay)

+20T07E_ Ny +20T07E_ N + 2070 E_ N

— 10767072 {2D — (3 + 01)(Ao — A1) } — V20107020 + )

—2i0T0707072_(0y + 01) A, (C.32d)
= V20 5,5 4+107F,(A) — A))

— 200 A_ + 200 E A + 2010 E A,

- 19+e—§+g+{zp ~ (0 — 01)(Ap + Al)} 2000 E (0 — D)7

— 21070707072, (0y — O1) Ay . (C.32e)
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2R DG L U TORLMIIRDBRIZ2 5

vV = i\/§9+{6+0—\}§5(A0+A1)}+i\/§9_{—e0+\}§6+(A0—A1)}
+i\/§9+{5+0—\}§s(A0+A1)}—|—iﬂ0_{—50+ \25+(A0—A1)}

+ 219+0—{ CiE 4 iaX,} n 2i§+§—{ e+ 15+A,}

- 0*?*{25+X+ - 2§+A+} - 9*5*{25_1 - 25_/\_}

~ V2070 {Vae X, - VaE A} - V20T {V2e X — V2R AL
Ot - iE_{QD — (0 + B1) (Ao — Al)} V22 (8 - 81)6}
0t - i§+{2D — (B — ) (Ao + Al)} —V2E_ (8 + al)a}
A A :ig+{2D (0 — ) (Ag + Al)} V2 (8o + al)a}
A 1 5_{2D +1(Ao + 81) (Ao — Al)} —V2e, (80 — 81)0}

n 29+9—§+§—{ e (B 4+ DA — i (Do — O)As —iE_ (Do + A — 174 (Do — aI)M} :
(C.33)

Z D% F TlE Wess-Zumino gauge 253N TUE D, T D728 chiral il &), &y Z2HWTH
B — VAW
V4OV = VHEIV+P\+Py = V+IV, (C.34a)
D+ Dy = dp +oa +iV20T Y, +iV20Ta +iV20T A +iV20 Pa_ + 200707 Fp + 21070 Fy
— i0+§+(80 + 81)(¢A — aA) —1070~ (80 — 31)((;5/\ — 31\)
+V26010767(8y — 01)ar — V201070 (9 + 91)ipa—
-2 e+§+§—(ao +0)UA + V2070707 (8) — 91)Pay
+ 0107070 (92 — 97)(pa + BA), (C.34b)
_ 1
'V = ¢+ oa+ iﬂ&*{aa ——z_(Ao+ A1) + ¢A+}

ﬂ
NG \25+(A0 A+ )

_ 1 - _ 1
‘H\/§9+{5+U - ﬁa_(Ao + A1) +1/1A+} +i\/§07{ —€e_0+ \ﬁa+

+ 219*9*{ SET-ED VIS [ s FA} + 215@*{ e A tiepA +FA}

(Ag — Ay) + @A—}

- 0*5*{25+X+ — 28 Ay +1(80 4 01)(da — Pn)

N~ ——

— 0757{28_X_ —28_A_+i ((90 —01) (oA — ¢A)
- f29—§+{\/§ej+ - ﬁgg,} NG {\f&r)\, V2E_ )\+}

1

—2i0t0g* [a{p - %(ao —61)(A0+A1)} £_(0o+ 01)o (9o + 01 )oa_

-

&\
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—2i0t0 0~ { 60+81)(A0—A1)} - \}is+(80—81)0 \%(ao—al)@m_
+21§+§*0+ { ao —81)(A0+A1)} + \?ig_(aﬁal)a \%(aﬁalm,_
. A+7— . i B b . — ]
21010 0" { 60+81)(A0 Al)}+ 750 =)o \/5(30 010 ]

+ 29+9—§+§—{ e (B + O — iy (Do — )y —iE_ (Do + A — 174 (9o — alm}
+OT0TT (82 — 92) (o + ). (C.34c)

ZHUZ LD, Wess-Zumino gauge (23 72D DEMARFELSNS:

ér = 0, op = 0, (C.35a)
Yay = —E40F \25—(140 + A1), Ya- = Eo0-— \}§€+(Ao — A1), (C.35b)
Trs = —cio4 \}5 e (Ao+ A1), Ty = e \}5 e (Ao — Ay) (C.35¢)
Fp = ig_)M; —ig4 ), Fpo = ie_Ap —iepho. (C.35d)

& 2 T Wess-Zumino gauge (2875 V DD o, A, 7, A, Ay, D OENIREHANZIRTE
Abd:

SV = —0107 (540 +0A1) — 070 (640 — A1) — V207060 — V2010 67

— 2070 (070N, + 0 0N_) + 21010 (075N, +078A_) +20107670 6D,  (C.36a)
b0 = V2e A — V28, A, (C.36b)
67 = —V2E_ A +V2e 0, (C.36¢)

0Ay = €+X+ +e A — EfAy —E_A_, (C36d)
6A1 = EJFXJF — €7X7 — §+)\+ + gf>\7 s (0366‘)
0D = —ie’:‘_(ao + 81)X — iE_:,_(a[) - 81)X+ — iE_(ﬁo + 81)/\_ — i§+(80 — 61)/\+ , (C36f)

_ _ L 54 &

Sy = e ao 81)(A0+A1)}+ 7500+ 0T+ 5 (30 -+ D)L
= e+(D+ 1F01) +iv2e (8 + 01)7, (C.36g)

_ _ R oo — (80— o)

A = e_ { 80+81)(A0 Al)} + \/§€+(ao oo \/E(ao o)y
= €_ ( 1F01) + 1\/§6+(80 — 81) (C.36h)

T — _ L R _ /

oAy = +{D (9o 31)(A0+A1)} ﬂé‘—(aoJral)U \/i(aoJral)w_
= z.(D lFm) —iV2&_(8p + 01)o, (C.36i)

T = _ L _ B — F 4 —— (0 — B

. = E {D (90 + 1) (Ao Al)} 755+ = 007 + 5 (B0 — ),
= 2_(D+iFy) —iV2EL(0y — h)T . (C.36j)
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C.9 Chiral superfields in a covariant form

Wess-Zumino gauge Z {2728 D 7 — Y DHLD [ U I, charged chiral #35 DN FRZ#ANIZ H
BHEEZMA S [46), BT o @ chiral #5 & vector D — V2l &, Wess-Zumino gauge
ANDOHD EL (C.34) 25123 NI, chiral BEOHEENHEIZRE7255:

V 5 V-iA=AN)+dy+Dy, V0 - 020, (C.37a)
q) N eQiOLA—QOt(I)A(D — e2iaA(e_2a¢A<I>), (037b)
P oy o 20A-200)F _ e—2iaK(e—2a6A6)‘ (C.37¢)

DED (e720%a — 1)® = §'® HVHEMFREH 60 (C.21) ITBEMEI NS, 7P % (C.35) ZFHVRDS
B TERRLES:

5o = (e — 1)@ = (—2aPp+...)
— 2 (i\/§ 0 Yns + V20 Yr_ + 2i0+0’FA> (¢ FiV20T i, +iV20 Y + 219+9’F) ¥

= V20T { — 2001 6} +1V207{ — 2a1hr ¢} + 210707 (~20) (FAqb At + iwA_¢+) ¥

= §op+iV20T0 Yy +1V20 8- + 200708 F + ..., (C.38a)
oo = 0, (C.38b)
My = —2a9¢ni¢
= —2a( — 4,0+ 12 g_(Ao+ Al))¢, (C.38c)
M- = —2ayn-¢
= —20(z_0 - \}55+(A0 —A)s. (C.384)

OF = ~20(Fag — ivart +ivn-ty)

- —2104{5, <¢+a T 6 \2

Y- (Ao + A1)> + &y (M —A¢— - V(Ao — Al))} :

V2
(C.38e)

ZHiZ & D, Wess-Zumino gauge (281} % charged chiral 12D \WT, 7 — VLA FRZA
HAIP RO NS:

6b = 00 +0'D, (C.39)
6 = V2e_thy —V2eit_, (C.39b)

0F = —V2&_(Dy+ D1)ip — V2% (Do — D1)tby
= 2ia{z- (10 + X10) +24 (-7 - X-0)}, (C.39c)
Sy = —ivV2E_(Do+ D1)p+iV2e, F + 205,50, (C.39d)
Sy = iV2e,(Dy — D)o +iV2e_F — 20E_06. (C.39¢)

7 UHBHAIFRTEHZINT VA Z & 2 Bt

Dp¢ = Omod — aidpmed,  Dpths = Omibs — aidmts | (C.40)
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ARk D DREIFREHRA (C.23) ~NDFHIE 5P = (e 20% — 1)d %27l 5:
§o = (e_QO@A —1)® = (—2aPp+...)P
— 2 (i\/§ G Py +iV20 Pa_ + 2i§+§*FA) (6 FiV20T D, +iV20 D + 21@*?*?) Yo
= V20 { — 200018} +1V20{ — 200n-0} + 20107 (~20) (Fad — iGas - + a4 ) + ...

= §o+ivV20T8 Y, +iV20 8" p_ +20T0 0 F + ..., (C.41a)
o =0, (C.41Db)
§py = —2a¢p40
= —2a< — &40 + \}é E_ (AO + A1)>$, (C4].C)
S = —2a¢Pp ¢
= —20(c7 - \z e (A — A1))3, (C.41d)

OF = ~20(Fad— iy +ia vy )

= —gi{e_ (Vi7 + A5 \}51/)(140 TH) E ¢1§ G4 - 4)}.
(C.4le)

ZhiZ & D, Wess-Zumino gauge (281} % charged chiral BIHIZD\WT, 7 — VIR
HAIPROND:

60 = 00+ 0D, (C.42a)

66 = —V2E_ Yy +V2E D, (C.42b)
0F = v2e_(Do+ D)y +V2e4(Dy — D)ty

- 2ia{5_ (047 + A\ d) +es (9o — A_a)} , (C.42¢)

Sty = iV2e_(Do+ D1)é—ivV2E,F + 206,00, (C.424)

SU_ = —iV2e (Do — D1)§—iV2E_F — 20e_5¢. (C.42¢)

721 URBWIIIRTCERZRINT WS Z & 2B nwiig:

D¢ = Omd+ aidng,  Dmty = Opnths +aidnty. (C.43)
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C.10 Stiickelberg-type chiral superfield in a covariant form

Stiickelberg-type chiral superfield I' & ~* 37— Y 2% %1 5 DT, Wess-Zumino gauge D F
BEMN 0T 1I2FHET 5, duality BHTRHROND T — I ALE G AL

T+T+2) Vi, (C.44)
T®H 5, Wess-Zumino gauge ~D FHEEDENEZ G T — V2 HUIT
Vo = —i(Aa—Ro) + Pra+Pra, T+T+2) Vo - T+T+2) Vo,  (Cdba)
I — T=2) (A +Ppa) = F’+2iZAa,a I = F—2Z<I>:a, (C.45b)
r —» r—zi(iAaJrcpA,a) = F’—2iZaAa, T = F—2Zacbm, (C.45¢)

THbd, TihbbT —VEfhIn/z T OBIMEHREZEET 272012, (C.35) ZHWE
0T = -2, Op 0 PENHEHITENENS:

0T = =2) ®pa, (C.46a)
1 3 A4

55’(7 +iv7) = —2%:%,(1 =0, (C.46Db)
§Gr = 23 Fr, = —212(5_&@—55_@), (C.46¢)

1
5, = *QXGWAM - 2;(s+aa+ﬂe(Ao,a+ALa)), (C.46d)

_ 1 _
(S/C_ — —2;¢A—,a = —22(1: (6_0'a — ﬁ6+(A0’a — Al,a)) . (C46€)

—HTT OF —VHE#EE LRWEGEOBNIRE#IX (C21) ZHWTHERZ o 5:

5T = \25(73 i) 4 IV20TSC, + V207 SC + 210707 6Gr +...,  (CATa)
5( +iv!) = 2e-¢p —2e4(, (C.47D)
6Gr = —V28_(8y+01)C. — V28, (9o — 1)y, (C.47c)
6Cy = —iz_ (0 + ) (¥ + 1) +ivV2e,Gr, (C.47d)
6C. = i24(80 — 01)(v* + i) +ivV2e_Gr. (C.47e)

Lo T T OF — VBB HA] 5T IXRORIZ 2 5:

6T = T +6'T, (C.48a)
0P +in") = 2e-¢y —2e4C, (C.48b)

3Gr = V22 (8 + )¢ — V22 (80— )¢ — 2y (E_L,a - gg_,a) . (C.48¢)

a
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0 = —iE_ (9o + 01)7* +E-(Do+ D1)7* +iV2e,Gr +2> FaFs (C.48d)
0 = i54(00 — )y* —EL (Do — D)y +1v2e_Gr — 2 oq7-. (C.48e)

T2 DB E A ICDAER L, 3 3B E OIS & 70 5%:

D' = Omy' = V2 Apa. (C.49)
a

[EARIZ, Wess-Zumino gauge FEIEIZHED E S 7z §T IFIRDIED

0T = =2) ®pa, (C.50a)
1 . —
55'(73—174) = —Qqu)Aﬂ =0, (C.50Db)
0Cr = 23 Fra = -2 (e Ara -2 a), (C.50c)

5/Z+ = -2 ;@Z)A—I—,a = -2 ; < — €404+ \}5 ef(AO,a + Al,a)) ) (C'5Od)

_ _ 1

ST = —9 Z VA = —2 Z <€_aa ~ e+ (doa - Al,a)) . (C.50¢)
TF=ILeREAELRWEED T ORI

6T = \25(73 — i) +1vV2016C,L +iV2070(_ + 210707 6Gr + ... , (C.51a)

0(y* —in') = —28 ¢y +28.(, (C.51b)

0Gr = V2e (9o +01)C- +V2e (80— d)(y, (C.51c)

0Cy = ie (o +d)(* —in*) —iV2Grey, (C.51d)

(52_ = —iey (0 — 81)(’}/3 — i’y4) — iﬂép E_. (C.51e)

Thd, £oT. T OF—IIERBIFREH ST ZIRTEZ SN D:

6T = 6T +6'T, (C.52a)
0(* —iy") = —28_Cy +28,.C_, (C.52b)

3Gr = V2e_ (9o + 00T + V221 (9 — 0)Cs — 2> (5,)\4_(1 - EM,,Q) . (C.52¢)

a

0y = ie_(Bo+ 017> +e_(Do+ D)y —iV2Gre, +2 ZU“ £+, (C.52d)

a

o~

6C. = —iey (9o — )Y} — e (Do — D)y —iV2Gre_ — 226‘1 E_. (C.52¢)
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C.11 TUnconstrainted complex superfield

supercharges Q+ & Q4+ D —f%®D unconstrained complex % C I[Z/EHT 5 L IRDERIZH 5!

G +1V20 oy +1V20 e +iV20 Xy +1vV20 Yoo

20 0 F. + 2070 M, + 21070 Ge— 210 0" N, — 076 Aee — 070" By

— 2107070 oy — 2007070 Com +210T0 0T Ny +21070 07\

+2010°670 D, (C.53a)
V2e_tpey — 20 e_F.+10Tc_ (i(&o + 01) e — Bc%) — 20 ¢_G.,

FiVRTT e (00 + OTe — 1V2Aer ) — V20 T e (00 + ) — V2L )

— 20707 C.o —iV20T0e_(dg + I1)tbey

20T T e (9 + D).+ 20000 c_ (9o + 0)Ge +107 070 < (i(ao O A + 2DC)
—2i0T07070 e_(do + 01)Cc— (C.53Db)

V2e tpe —20%e F, — 20Te N, —i0 e, (i(ao — ) e — AC:)

+iV2070 ey (00— O)es +V200 ) + V200 e (0 — 0)%er +1V2 Ao )
+iV2070 4 (9g — O1)be— — 2010 (ot

201070 4 (8 — D) F. +i070 0 ¢, (i(ao — 81) By + 2DC) 210760 ¢ (9o — O1)N.
—210707070 ¢, (0g — 01)Cey (C.53c)

—V2E Yoy —ibE (i(ao + 81)¢e + BC+F> +207_N. 4 20"z_M,

— V201075 (G0 + 0o +iV20es ) —iV201 972 (D0 +0)Xe- +iV2 Ay )
+2070 E Ao —iV20TOTE_ (9 + 01)Xer

— 210707 0"z_(0y + O1)N. +i010- 0 z_ <i(80 +01) A — 2DC) +210707072_(9p + O1) M.
— 2107076707 2_(0p + 1) Ao, (C.53d)

V28, Xee + 2075, G +107 7, (i(ao —81)¢e + AC:) + 20t M,

— V207075, (B — O)er — V200 ) +1v2070 2, (@0 — 0)Xer — V2, )
+ivV2070 5 (8y — 01)Xew + 2070 E Ay

Fi0tegTEs (i(ao — 81)Beyy — 2Dc) 207070 F, (8 — 91)Ge — 20000 F, (9 — 01) M,
— 21070707072, (0p — O1) Aer - (C.53e)

C]: /)T C o),ﬁﬁb’;—j ¢C7 /(/}C:ta YC:‘:) FCJ MC7 GC7 NC7 ACZ7 BC-H—7 ZC:IU )\Cﬂ:7 DC @ﬁiﬁ%ﬁ?ﬁ@ﬂﬂli‘{k'@

FEzons:

6C = 8¢e +iV20T8her +1V20 8the + V206X ey + V20 60
+ 210707 6F, + 21010 6 M, + 21070 6G. — 210 016N, — 076 5A.— — 0101 6B,4,
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—2i0T07070C, — 2107070 6Co +210T0 0TGN +210T070 N
+20707670 6D,
{x/ie_wc+ ~ V21t — V2E_Xet + \/iayc_}

+ i\/§9+{ _ \% = ((80 +01) e — ch%) FivV2elFL - i\/§€+Gc}

INNGYS {\% (@ = 0)ge — A=) +iv2e Fo— V22 N}

+i\f2§+{\% ((ao + 01) e +ch4+) +iv2e N, — i\/§§+MC}

+ i\@@’{ - \% ey ((ao — 0)e + iAc:) +iv2e G — i\@E_MC}

21007 { = Sz (00 + e +1V3Te) - }a((ao O~ v28) )
21670 { 125 (80+81 XC_—MAC+) 7 (ao—al)xc++1fxc_)}
1 2i076 { 12 g+( (B — O )tber + nfcc_) - \%e_ ((80 + 01)Xe + i\/iAc+>}
21079+ 126 (@0 + )~ V2T ) - %u((ao 0% V2 )}

05 { CV2e (8o — O )er — V254 (0 — D)X + 26_Co — 2§_AC_}
— 9+§+{1 25_(80 + 81)1,Z)C+ +1i 25_(80 + 81)Yc+ + 284_204_ — 2?+)\C+}

—2i0T679"

{
—9 9+9—§—{ -

{

{

=4 (80— 01)Bess +2iD, ) + (80 + O1)Fe + 2 (0 + 0N, |
o ((ao O A + ZiDc) e (8o — D) F, — 7 (8 — 81)GC}
v2iatg 0t e, (i(ao — 1) By — 2iDC) Y e (9o +01)Ce+E_ (8 + 81)Mc}
+2i070707 {5 e ((ao O A — 2iDc> e (B — 81)Nu — 54 (80 — 81)MC}

+ 29+9—§+§—{ e (8o + D) Cos — i1 (Bo — O)Cop —iE_ (Do + O Ao — 174 (B0 — 81)/\C+} :

(C.54a)
V2e they —V2e4he — V2E et + V2E X, (C.54b)
—% = ((ao ) e — iBH+> Fiv2e . —iV25,.G., (C.54c)
%a ((ao — ) e — iAC:) LiV2e F, —iV2Z_N,, (C.54d)
% e ((ao +01)ge +iBey ) +iV2ey N, — V22, M, (C.54e)
—% ey ((ao — O1) e + iAc:> Fiv2e_ G, — iV2E_M,, (C.54f)
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1

6F, = ——25_ ((80 + 01)e— + 1fcc+) +( o — O1)hey — I\f(c_) : (C.54g)
SM, = o ((ao+al)><c_ NG )\c+> + is+((ao — )Xy +1V2 )\C_>, (C.54h)

V2 \@
1 e _ . .
0G. = — e+ (00— O)tbor +1V2C,- ) — ﬁ = (00 + )Xo + V2t ) (C.54i)
1 - 1 . .
INe = e (@0 + 00)e- —1v28e1) - o (0 = 01)%er — V22 ), (C.54j)
0Aee = —iv2e4(9p — 01)the —iV2EL(8p — 01)Xew + 26_Co — 286_ Ao, (C.54k)
5BC—H— =1 28_(80 + 81)wc+ +i 25_(80 + 81)Yc+ + 284_654_ — 254_)\04,_ N (0541)
5Cop = 5 ((ao — 81)Beyy + ZiDC) + e (8o + 01)F. +E_ (8 + )N, (C.54m)
5Co = —% ((ao O A + 21D0> e (B — O Fs —24(80 — 01)Ce (C.54n)
e = 5+ (00— 01)Bow — 2D.) + (00 + 01)Ge+5-(0 + O) M. (C.540)
e = % ((ao 4 O) Aee — 2iDC> — e (B — 81)N. — 24 (80 — )M, (C.54p)
0D, = — (8 + 81)Cc_ — 1€+(80 — 81)Cc+ —1ie_ (80 + 81))\6_ — i§+(a() — 81))\c+ . (C.54q)

supercharges Q+ & Q4+ D —f%® unconstrained complex % C IZ/EHT 5 LIRDBRIZ/ 5.
C = ¢ +iV20 0oy +iV20 e +ivV20 xep +1V207 xo
+200T0 F.+2i070 M. —2i00"G.+2i070 N.—0 0 Aee — 070" Bt
+ 21070701y + 21070707 — 2107070 Aoy — 2107070 Aol
+2070°070 D, (C.55a)
—ie_Q+C = V2e_Xep —207c_M.+107c_ (i(@g + 01) e — §6%> —207¢_N,
+iV20 0 e (00 + 0D — 1V2Cer ) — V207 e (@0 +O)xe — 1VIAet )
— 2070 e_ e + V2010 (—ie_) (0 + O1) Xer
+ 201070 e (0 + 1) N +i07070 = (i(ao 4O A + 230) — 201070+ e_(9y + 01) M.
—2i0T070707_(0y + 01) Ao s (C.55b)
e Q_C = —vV2eyye — 20t M, — 20", G, —i0 ey (i(80 —0)be — ZCZ)
SRNGY A ((ao O fer + V2 cc_) FiV20H0 e, ((ao — ) xes +i1V2 XC_)
+iv2 070 ey (0o — O1)xer — 2070 e Aoy
Fi0tete e, (i(ao — 81) By + 2@) 210700 . (8 — 01)Cu + 200704 (9 — D) M.
—2i0T070707 e, (0y — O01) Ao (C.55¢)
—i2_Q.C = —V2&_thoy —i0TE_ (i(ao + 01)be + R%) +207_G.+20 E_F.
— V26070 = ((ao + 01)Xe— +1V2 XC+) — V2070 = ((ao +01) e +1V2 <c+)
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+20707F (. —iV20T0TE_ (O 4 D)y

200G E_ (9 + ) F. — 20070701 E_ (9 + 01)Ge + 10100 - (i(ao 40 Ao — 2bc>
— 2107070707 _ (0 + 01)(.— (C.55d)

V2E 1p + 207, N, +i07 5, (i(@o — 1) e + Zc:> + 207, F,

— V207072 (B0 — O)xer — V2R ) +iv207072, (0 — 01)Per — V2o )
+iV20707E L (0p — D)o +20T0TE L Coy

210700 (8 — 1) F. +i6T0 05, (i(ao — 1) By — 256) 21010702, (8 — D),

— 2107070707, (0g — 01) e - (C.55¢)
2T 6 @Jﬂzéj\i% 607 @c:l:y Xt Fc» Mm Gc; NCa Ac— Bc—H—a Cc:l:a c:|:7 D @ijﬁ'fﬁ?ﬁﬂﬂ Li‘(ﬁ\'
THEALNS:
6C = 8¢ +iV20 00 er +1V20 0o +iV20 5 et +iV20 Sxe

{
(-7

= 21074 { = 52 (0 - e~ VEG) +
(-7

TO0Ae—

+ 21070 6F, +21070"6M,.—210"0T5G,. + 21070 6N, — 00 6A.— — 01068,
+210T07076C, +210707075C. — 210700 6Ny — 2107070

+207070707 6D,

{ - ﬁg—@w + ﬂg-ﬁ-@c— + \/§€_Xc+ - \/§‘€+Xc—}

L ((60 +01)¢e + iE%) W28, F. + if25+§c}
e+ (@ — 0)ge +1A2) — iV2E o +iv2e N}
((80 +01) e — iEc%) CW2E, N+ iV2 5+MC}
((a0 — 91)Be ﬂcz) W22 G+ iﬂe,ﬂc}
e (@0 + 0 ~ V20 ) + % e (@ — 0)ber +1v2G))
e (@ - 0xer — V2R )}

e (@0 +01)xe — V2o ) }

= (B0 + 01)xe- +1V2Rey ) —

-5l

=2 (00 + 0B +1V2Cr ) + (B = D1)xer +1V2Ae ) |

vasil

00" { IV2E, (8 — 01) e — V26, (8p — O)Xe — 25_Co + 26— Ac_}

— 0Tt iV2E_ (00 + 01Vt +1V2e- (00 + O1)Xet — 284 Cor + 25+Xc+}
+2i670~ {5 ( 60—81 —Qibc> +E_(80+61)fc+a_(80+81)ﬁc}
20106 {% ( (@ + 81) A — 2@6) 2 (80— 0)Fu — (80 — al)éc}
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— % 9+9*§+{ - %a ((ao — 8By + 2@0) F 2 (8o +01) T+ 5 (8 + al)Mc}
— % 9#)*5*{ - %g_ ((ao o) A + 2@0) 5 (B — 8)Ne — 4 (85 — al)m}
+ 29+9*§+9*{ CE_ (B 4+ 01)Cow — 124 (Bp — D) Cor — 14 (8o — D) Aoy —ie_(Dp + al)Xc_} ,
(C.56a)
e ~V2E Yoy + V28 P +V2e Xer — V2eiXe, (C.56b)
e \% e ((ao 0. + i§0%> W28, F. +iV2e,Ge, (C.56c)
e —% e ((30 — ) e + iZC:> V22 F,. +iV2e_N,, (C.56d)
5XC+ —% E_ <(80 + 31)$C — IEC%) —1i 2€+NC + i\/§€+MC y (0566‘)
1 _ — — . _ = . =
e = 5 ((ao — 01)Pe — 1Ac:> W28 G, +iV2e M., (C.56f)
_ 1 — . 1 — .
oFe = e (B0 + 0n)be- — V261 ) + 75 (@0 = 00)es +iv2¢- ), (C.56g)
_ 1 L= 1 _ . e~
oM. = ——& ((ao )Xo +1V2 AC+> - & ((a0 — )Xt — V2 )\C_> : (C.56h)
7 1 . 1 . .
6Ce =~ % ((ao )Py — V2 gc_) e ((ao O ) Xew — V2 )\c+> , (C.56i)
_ 1 _ 1 - .
oNe = ~ 55 (B0 + o) +1V3ey) + 75 (@ = )xer + V2N ) (C.56))
0Ae = —ivV28, (00 — 01)he— — V264 (g — 1) Xew — 26_Com +26_ Ao, (C.56k)
0Bey = iV2E_ (00 + O) et +iV2e_ (00 + )Xot — 284+ Cer + 264 At (C.561)
o % s ((ao — 1) By — zibc) +E_(9p+ 0 Fe+ (30 + )N, (C.56m)
5Co %5_ ((ao 4O Ae — 2@0) 2. (8 — 8)Fe — (80 — 01) T, (C.56n)
e —% ol ((ao — 8) By + 2@) +5_(0p+ 01)Ge + e (8o + O1) M, , (C.560)
e —% e ((ao 4O A + 215.;) 2 (B — 8N — 4(80 — 01) M., (C.56p)
5ﬁc —ig_(ao + 81)§c_ — i?.,.(ao — 81)40_;_ — i€+(8() — 81)Xc+ — 18_(80 + 81)XC_ . (C.56q)

last update: 2015-09-03 15:05

89



last update: 2015-09-03 15:05

C.12 Expansions of abelian GLSM

#H5 CcE NN T2 abelian GLSM O TOIHDREFMZIHELL TH I 5 (FI parameters D &AL IZ
Sa = %(51,(1 + iSQ,a)a ty = %(tl,a + it2,a)):

C.12.1 twisted F-terms

k ) -
; f/cm 0)%, +(hc)} = ;{ﬂ/deﬁw (@—ta)2a+(h.c.)}
= —\[Z {an - iﬁaé — DV,a r3 _ 19F01,a, — X_7a5(/+ — X.ha%_ — ;_;'_)\_7& — ;_)\_,'_7&}
- \@Z {t1,aDv,a + tz,aFm,a} : (C.57)

C.12.2 F-terms

k
2 o~
aZ=1 \f/d ~ Qu® aQa) (h.c.) } 7 Z { / d0Td0” Q. PuQq + (h.c.)}
= V2D, [% GaFa + QaFa) + Gada D@,a} +iv2) [&z (@aFa+ @aFa) + Tada EM]
—V2)° :% (Y10t + @L,m_@)} ~vaY [& (FaTrat @_ﬂ%’a)}
— \/§Z :sz (X+,alz—,a + IZJF@X_’Q) +Ga (X+,a¢_,a + ¢+,a}v\—,a)}

— \/i Z :aa (Z—,ai—i-,a + i_,az-ha) + Eva (%—,aj-ha + i_ﬂa—i—,a)} ’ (0'583)

zk; f/d2 +(be) } \fZ{/CWd@ \If<I>a+(h.c.)}

= iy [\fqbaGJr (r' +ir )D<I>,a] +iy [\/55(1@+ (r' — ir2)D<1>,a}
- \/§Z [X+X—,a - X—X+,a] - \@Z F—,aYJr - X+,a¥—} ) (C.58b)

i{\/ﬁ/d295a¢a+(h-0)} = —IZ{/dmde— saq)a—i-(h.c.)}
a=1 V2 4
= iv2) {Saana - gaﬁha} : (C.58¢c)
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C.12.3 D-terms
y 1 _ _ L1 _
3 / d40—2 ~ DT+ Bala) = Z / 46+ d0~d0* ™ (ZaZa — D)
a=1 €q

= 262[ (For.a)? = [0moal® = [Omdal® + = (Dva) + Do o]

+ Z [A+ (@ = M)At a + A a8+ DA+ Ao (B0 = )0+ A a0 + )X

(C.59a)

/ d49912(—@@) _ / d6*d6~dg* 0™ ( )
= 5[50 + 500 -1 } + 5 [Re@ = 00T + @+ 0] (500

/ d40912(\11\11> _ / dgtag ot ( )

- _912 [ @)+ 5 (0nr?)? - \G| 4 3[R0~ 0xs X (@ + x| (0:590)

> [t0(Quet®Qu+ Que Q) = Y [a0as atds (- QuetQu - Que Q)
= > { - 1Pl — 1Dmial? - 2|a:F(!qa\2 +1Gal?) + 1Fal? + |Fal? = Dva(laal® = ldal?) §
. > {¥a(Do = D)sa + Vo a(Do + Di)a )
+i Z {+a(Do = D1)isa + P a(Do + Di)P-a }
+¢§z{qa(w+,ax_,a—w Aia)
+\/§i{ o(Vaha = Prar-a)
—\/ﬁzaj{aa( —alra = VoaVia) + Ta(Prat-a — Drat-,

/d40 (F+F+QZV) - /d0+d9 ag+do- L (F+I‘+ZZV>

a=1

+ 8 (Vo adia — Vrada)

}
+ 3 (Prara = Poaria) |
)

} (C.59d)

2

= —% [((%73)2 + (Dm74)2] ~2¢*> 0aos + ¢°|Gr* = V24*4* > Dva
a,b a

+19% [T (8 = B1)Cs + T (0 + D1)C- |
V283" [Nl = X aly +C Mo — G
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2

-2 | @mn 71?] - 2° Zaadb—i-g Gr|? — \fg?fySZDVa
[ @ — )%+ + X (ao+al)>z_]
= \f 23 Paaf = X afs +X-Aba— XeAa] (C.59¢)
9;(5 =-V2 ZC +C) }
/de+d9 d9+d9{ Tzs 29}(5 :)Z(Ca—i—Ca)—W(f[Z(Ca—l—Ca)r}

9 [6my1 . Zam(d)qa 4 ¢c,a):| +g [_ é(am?ﬁ)z + \GE\Q]

+ig? (€4 (80 — )€+ +E- (B + D1)E-]
- 92 Z(Dc,a + EC@) |:y1 - Z((bc,b + ac,b)i|
b

R TR 1T ) P g P )
a b

2

+ % Z [(BC—H-,CL + Ec%,a)(ao - 01)342 — (Ac:,a + Zc:’a)(ao + 61)y2:|

a
2

2

- 292 Z [(Fc,a + Mc a)(Fcb + Mc b) (Gc,a + Nc,a)(Gc,b + Nc,b)]

_ \292 Z |:(w0+,a + Xc+,a)(80 - 81)§+ - (wcf,a + ch,a)(ao + 61)57:|

_ L 2 Z [ (B0 — 01) (Xet.a + Yeta) — (00 + 01) (Ne—a + @c_ﬂ)]

- gf Z(AC;CL + ZC:,CL)(BC%-F,b + Ec% b \/>92 Z |: c,a + Nc a éE (Gc,a +

Nc,a)GEj|

- 92 Z [ Cc—,a + /\c—,a)f—&— + (Zc—i—,a + Xc-l—,a)"s:— + E—i—(/\c—,a + Cc—,a) + g—()\c—i-,a + Cc—f—,a)}

+ \/592 Z |: ZZ)C+ a7t Xeta Ao bt Cc—,b) - (djc*,a + ch,a)(/\c—ﬁ—,b + Cc+,b):|
+ \/592 Z [ Xc ,a + wc ,a Cch b + Ach b) (Xc—l—,a + @c—i—,a)(Zcf,b + ch,b)} 3 (C59f)
k
_ _ 1 _ _
V2(U — ) azl(oa . Ca)} - /d9+d9 dg+de {m(w ~ ) zaj(ca - ca)}

Z [%((bc,a - gc,a)(ag - a%)TQ + i(Dc,a - 55,@)7‘2 + \/§(Fc,a - Mc,a)é + \/§(Fc

a

92

= Mea)G]
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1 Z [(Bettaa = Bosr.a) (00 — ) + (Aema = Aema) (@0 + 011"
\[ Z { Yeta — Xe+, a)(00 — 01)X+ + (e a ~ Xe— a)(a() + 01)X }
72 Z [(Yc-i-,a - Jcﬁ-,a)(al) - 81)X-i— + (Yc—,a - Ec—,a)(ao + al)X—]

+ Z [ Cc—i— a c+ a) - (ZC—,CL - Xc—,a)y—&- + ()\c—f—,a - Cc—l—,a)X— - ()\c—,a - Cc—,a)X-‘r .

(C.59¢)

EEL LT, 552A0HAMS (3, Va)? # 5, (Va)?, [0 (Ca+ Co)]2 £ 50 (Ca+ CTo)? TH S

(2}{3»@)2 ::-—82{;’}4QaA0b<—,4LwA1ﬁ——Jaob——aaab 0to 0t + ... . (C.60)

Z U CHZAWD XK D

Dinga = 8m‘]a - iAm,a Ga » Ga — qfl = e+i’\“qa s (Cﬁla)
Dmaa = amZ]Va + i-’4771,(1 fda ’ aa — (ZL = eii)\azja 5 (CGlb)
Dm’Y4 = am74 - \/52 Am,a s 74 — (74)/ = ")/4 + \/iz Aa s (0610)
Dm¢i,a = am¢i,a - iAm,a Q;Z)i,a ) Dm&i,a = 8m{;i,a + iAmﬂ Q,Ziya y (C61d)
Ama = Ay = Ama+0nda. (C.61e)

INFBEERCTOEMRDEA (Q, Q IZZFNFN +1, —1 OBEM) ODRAEH L LTORETH
b, ZABRIEEDLIOLIWHTUZMEIZ BRIZ2MICL>TZIDOREDOEHRENRL - T
RZ5 (EBREXZNTNOXEROT TIIFFELRR\N) 20 Th b, MOCEZEFE-> TREILLTL
F5&0, ZD/ - TOEHEEZHS L THL LRIV L B,

P, =D D_C, (C13) IZ& D, XD a IZDVWTIRNEZ 5:
1 2 4 2
_72|8m¢a| = _ﬁ‘amMc,a‘ ) (C.62a)
€a €
1\/5 qba(Qaﬁa + aaFa) = 2\/5 Mc,a(‘]aﬁa + qNaFa) s (C62b)
1 : - e = =
?‘D{),a’Q - lﬁQQQa D<I>,a + lﬂana D‘P,a
a

1 _ = |2 ~
= g\Dc,aJr\f?eanqa\ — 2€2|¢adal’®
a

- ﬁ(l)c,a + \66260,511) [(60 - 81) cH,a (60 + 81)140 ,a + ( 61)q§c a:|

+ 212 ( c,a + \/562 Qaaa) [(80 - al)BC-H-,a + (80 + al)Ac:,a - 1<8(2) - 8%)¢c,a]

2
(00 — 01)Besr.a + (00 + 01)Aee o — 1(02 — 03)Pea| - (C.62¢)

43
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D N = (4,4) Lagrangian of charged hypermultiplets

N = (4,4) abelian gauge theory Lagrangian Z{XDFRIZ T 5

z = /d46{612< SR ) QP 1R )

+ {fz/d%ﬁé}@@ + (h.c.)}. (D.1)

ZIZTN = (4,4) SUSY 227D o &  ODMHEZFANRDL, FHARNDIZIEZN = (4,4) D
SU(2)g-symmetry (ZDWTHEHETBH I LITRD, WABIZHHREL KD

K

hFEIz

S5

+ | = 1Dumgl? = 20?0 Plg* + |FP? + aDy g

+ | = 1Dmdl? = 2020 P + |FP? - aDy|g?]

+ ;%[L(ao — 9 At + A_ (9 + al)x,] + e% @(ao — O)As +A_ (Do + al)X,}

+i[64(Do = Da)os + - (Do+ Di)o-| +i[+ (Do = D)y + U (Do + Dr)i_|

+ivV28 [¢(q15 +GF) + anQ} —iv2g [@(ﬁ +qF) + qébq)}

+vV2afa(@ix = b Xe) +a(6-Ar — viA) b= V2a{@(BA- = BA) + 3y —viA) |

+V2B[a( b+ By X) + A0y +A-) |+ V2BAR v + 4 X0) + A A+ A0
~Vaa{o b i +7 | +Vaa{od gy + oD}

+V2B[0(04 b + i) | +V2B[B(D-By +D-D4) . (D.2)

1
Fo1)? = 9o l? = 0md ] + 5(Dv)? + [ Daf?]

HB3INMHAEERIZIERT 5, SU(2)g-symmetry IZHEWVWTIE ZNEND fields XKD

xS (26, 27]:

ITZ

(¢,9) — (@, —q), (wiﬁi) — (¢i,Zi)’ (A, Ae) = (e, =As). (D.3)

@ (D.3) ® KT Lagrangian 2" ANZETdH 5 72T 1,

a = -8, (D.4)

THAHERNEZZ ENEFHEINS,
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E R-symmetry charges

21, 44] 12726 > T, F#IZ GLSM for KK5-branes (7.6

D SU(2) x SO(4) ~

(Q4% 0y . (2,1,2)_ @ (2,2,
(0a;¢a) + (1,2,2)

Ao dea) @ (2,2,1)- @ (2,1,
(¢a,da) = (2,1,1)

(¢ia,¢ia) b (1,1,2)- @ (1,2,
(rt,r?,r%) © (3,1,1)
7' (1,1,1)

(e x+) © (2,1,2)-@(2,2,

ZIT QA4 Qe IF N =

(4,4) SUSY charges T®» %,
SU(2); ZNZEND doublets & 2K d,
charges Z ZNEN +1, —1 ZIFHI, MO T X T U(1)f neutral TH 5,

¥ 7=,

) & KRS B R (IR < )z
SU(2)1 x SU(2)2 x SU(2)3 R-symmetry (2§ 2 B & FIH L TH

last update: 2015-09-03 15:05

DWW T

1)+

1), (E1)

BT D (A, a,a) & SU(2)1 x SU(2)2 x
(GarV+.a)s (Ga,ra) FTHIZ

U(1)s flavor symmetry
ZD U,

flavor symmetry (&, v* @ U(1) gauge symmetry & IZfEEARTH 5,

TT N =
[43] & ZR),

{Q1,Q2,Qr; Qs} &AL & 5,
@ charge assignment (XX D D

(0,2) SUSY charges & U T EAKIyIZ
D % D Lorentzian signature (Z
"2, £UT SU(2)1 x SU(2)2 x SU(2)3 @ Cartan generators & U(1)y
GLSM for KK5-branes (7.6) D&k 705 (5 &

(Q;7,97") % i#
BWTIE Qp AU Q) THRINAWMAL T %

#.350 (EMIER D 72 12

D charge % TN L1
HBHIZDWNT

N =

(4,4) vector | Q1 — Q2 Qg Qf | N=(0,2) rep
Oq -1 +1 0
chiral
A -1 +1 0
Va Am,a 0 0 O
vector
A_q 0 0 0
Dy, 0 0 0 (auxiliary field)
+1 +1 0
~¢a chiral
Aa +1 +1 0
L e S e et
A +2 0 0 fermi
Ds +2 0 0 (auxiliary field)
ta 0 0 0 FI parameters
Sa —2 0 0 FI parameters

8R-symmetry SU(2)1 x SO(4) @ brane configuration % F\ 7z 5HEERIELIRIZ. SU(2)1 A% 678- A D SO(3) [Alfz,

SO(4) 1& 2345- /D SO(4) FIEETH 5,
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#8135 (Dv,a, Do) £ 3E ITIE charge assignment ARV, vector/fermi multiplets HMFAE L T

W5, EE & U T FI parameters (sq,tq) & (
(3+1,1,1) REUZELTWizZ &

7’17' 7”,’}/

1) [k

( )1 X SU(2)2 X SU(2)3 )]

ZHEWHIT XU (see section IV.C.1 of [32]),

N = (4,4) charged hyper | Q1 — Q> Qn Q| N =(0,2) rep.
-1 0 +1
da chiral
(. -1 0 +1
Qut------2 & ||l ______.
V_q 0 -1 +1 fermi
F, 0 -1 +1 | (auxiliary field)
qe -1 0 -1
~Qa chiral
~ (S -1 0 -1
Qot----- e
V_q 0 -1 -1 fermi
F, 0 -1 —1 | (auxiliary field)

W85 (F,, F,) ® charge assignment (% F-term 7* 5& B2 7 5%, TNEFNITIE charge assign-
ment 23[A U fermi multiplets 23FE L T\ 5,

N = (4,4) neutral hyper | Q1 — Q2 Qg Qf | N=(0,2) rep.
s -2 0 0
chiral
-2 0 0
ol Xxe 200
X— -1 -1 0 fermi
G -1 -1 0 (auxiliary field)
3 a4
+i 0 0 0
v 72: chiral
Pl ST o .0 _ 0 .
C_=+4g2x_ +1 -1 0 fermi
Gr (+1) (-1) (0) | (auxiliary field)

fliB¥% G @ charge assignment & fermi multiplet TH b y_ L FH U TH 5,
Gr @ charge assignment /& Lagrangian T AHAL A\ D3,

— 73T, Hih%

fermi multiplet TH 5 y_ & [[

U assignment % (fH E)EAL TH L, EiE Gr l& Wess-Zumino gauge O FTOD dualization

(7.5)

TN T BENEELRNDED, &D7=8H

8] BBk o LT WD

Iz nf LU T, GLSM for H-monopoles (7.1) TD#EY; © D44 & GLSM for exotic

five-brane (7.12)

TO#Y =

96

D%, TNEFND charge assignment ZFEliL THZ 5



last update: 2015-09-03 15:05

N = (2,2) twisted chiral | Q1 — Q2 Qg Qr | N=(0,2) rep.
3+ i 0 0 0 )
_ chiral
X 0 0 0
ol ____ X Yo P
X— -1 +1 0 fermi
G -1 +1 0 | (auxiliary field)
N = (2,2) twisted chiral | Q1 — Q2 Qr Qy N =(0,2) rep.
1,2
+1 -2 0 0
_ Y Y chiral
— | &+=—9 Xt —2 0 0
- E =49 +.. +1 +1 0 fermi
G= (1 =+1) (¢qr=+1) (qr =0) | (auxiliary field)

il G= @D charge assignment % Lagrangian TIFH AR WA, fermi multiplet TH B £_
E AL assignment % (fHE E)EALTEL,

T HIZZ %z U T, unconstrained complex superfield C, (%1% ®, = D, D_C,) D5
B2 DWW T D charge assignment %, dualization (7.10) & & U' Lagrangian 7* & 34 %:

®, =D, D C,|Q1—Q2 Qg Qf N = (2,2) chiral &,
Mg +1 +1 0 Po = —21M,,
A +1 +1 0 ~
7C+7a >\+,a - _\/i)\c—}—,a - 1(80 + al)Yc—,a
Xc—,a +1 +1 0
Ae—a +2 0 0 ]
o )\f,a = _\/ﬁ)\cf,a + 1(80 - 81)yc+,a
Xc+,a +2 0 0
Dea +2 0 0
Beyta +2 0 0 Do = iDeq — 5(80 — 01)Bera — 3(80 + O1) Ac,
o Az +2 0 0 103 — 0)ea

U fea +2 0 0
F.q -1 -1 0
Ve a -1 —1 0 redundantly auxiliary fields
Cora ~1 ~1 0
Yer.a -2 0 0 .
_ redundantly auxiliary fields
Coma —2 0 0
GC a

: (@) (ar)  (45) fields related to auxiliary field Gz € =

Nea (—q1)  (—aqr) (—qr)
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— ek % R IR S D T L ATHRED & D A IRDEBE E4T > TH L 2015 1/07]:

o TS (Fug, Vet arCora) & @ WTRIGT 2HDIRVRADIRGTH 5, FEINSITH I
D& DFIEHITDAREL U, TS 82 5270\ 8, £D7dH, WP oFT
PHIZHE L THMBEIRZRVA, [8] BokT o L TH 3,

o il Geu & Ny 1d G2 € Z LU charge assignment Td %A%, dualization BiD ¥ 12
WIS BGWFEEL RN, NETH D, FHE. (Gea, New; Gz) IO EFEE L R0
FETHH, EEoTHRER,
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F Covariant derivative of charged scalar fields

RO ZHE A B
a* = 1a* = v2z, —V2qq = X+iY. (F.1)

(¢,9) 2 r* TRk L &5 [21]:

2 2
(la? +1a*)" = (laI* = 1g1*)” + 4lqq®* = 2R?, (F.2a)
R? = x24+vY? 4+ 72, (F.2b)
_ 1 tia ~ _ 1 o XAIY
qg = 21/46 VR+7Z, qg = 21/46 N A (F.2¢)

ZIZT a3 PERT, Z02lHWTql ¢ DREWMDEZESHZ 5!

1Dynd? + |Dimidl> = |0mg — idma|” + |0 + 4]
10mal? + 10md@)? + (1g)* + |3)?) A A™ + A, 1T

= Omaq|? + |0md|® — 4\gRHmHm + \/§R(Am + %Hmf . (F.3)
BHZITIRDED
Omg = iq[@ma i m} = ig [ama - iBm} , (F.4a)
O = —ia[ama —i 85”(55:2? ti amx(itf)} = —ia[ama By + icm] . (F.4b)
al* = \2}2:? : (F.4c)
B, — XOmX + YQE;%m(; Tg +2)0mZ , (F.4d)
Col™ = XZiYQ (@00 X)? + (07)7] (F Ae)
4 = x2—2w2 :xamx + Yamy} , (F.4f)
—i(cm™—-C") = x2—2H(2 :x&mY - Yamx} : (F.4g)
Oy = i(G0mq — ¢Onq) — 1(q0mq — @Omq) = —2(lq* + [q1*)0ma —i(Cim — Cm)|q|”
= —2V3R(Ona+ _XfR(;J;Yf) %) (F.4h)
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£oT, FHEDH S ITIRDIED

1 2
_|DWLQ|2 - ‘Dm~|2 = _|amq,2 - ‘am(ﬂQ + 7HmHm - \/§R<Am + Hm)

4V2R
= g |(Om)? + (Bn)?|

g [(ama)2 4 (Bin)? + ConC™ + 1(8) (C™ — T™) — By (C™ + ém)}

+V2R (ama + _Xza ;(éin)mX)Q
~ V2R(Opa — A + _xf ;(;Tgmxf
N _2ng [(8mx)2 + (OmY)* + (87”2)2}
— V3R <8ma — A+ —X;m(;i\f;mxf (F.5)
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r2-Jil & 5 Ry Ta V827 MELU T, FEMMT s- O ZETL LD

R? = ()24 (r2+5)% + (r*)?, (G.1a)
= (M) + (7, (G.1b)
I I 1 1 1 L d
ds H(R) = ds(—= 4+ —) = — ¢+ /
21 R /_L (R) 2R /_L <92 \/iR) 9 2V21Ry Jo1 2+ (12 + 5)?
= i—k;[log(s—&— 32+92)]L
9*  2V21R; L
1 1 L+ /L?+ ¢?
= 5+ log( + 0 )
g V21 Ry 0
= H(o), (G.1c)
1 L 1 L r? 4 s
dsQy = —— [ ds—0 5% _ 9, G.1d
21 Ry /_L ! 27R2 /_L V2R(R + r3) ( )
I 1t r!
dsQe = —/ ds ————
2Ry /_L ? 27R2 )1 V2R(R + 1)
1 L L r3
N [arc an (r1> arctan ( Trr 2 ﬂ
! arctan (T3> + (divergent term) (G.1le)
- - Vv . .
V21Rs rl 5

T LIE r2-HHIZDOWTOD IR cutoff TH 5, FHLEIToTWBDT, r2+ s DAEEGES

DEETIARS (2 2EAIC L THHDRN), & 5I0RE REND:

VH() = e+ (= L T G
27T1Rz/ds(V><Q)1 - —27T1Rz/ds \/;;3 _ _ﬁjﬂz;; (G.2b)
27T1722/d5 (V x Q) = 27r1732 ds ’j;%: — 0, (G.2¢)
27r1R2/ds(V><Q)3 _ _%%Q/ds\/% _ —\/571%7; (G-2d)

2771732 / LLds (VH(R)) = VH(o) = 27r1732 / LLds (V x Q). (G-2e)

-
—

L—o00 D7z®, &®HPTL/\/I2+02=1,01LT
CHHATH D Z N5,

VEBEE AR WS - FHEEER, p.110 S
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H Einstein frame in D dimensions

E4IZ U T, (defect) objects DHEBRZ E 2 EBIIZEH L R 256505 5, T DRI
string frame & U % Einstein frame (28> TiHE 2T H2HBELNDH S, T I TIEZN S frame
DITERZE TSHBITHNALTEL, DF D string frame TOI0RTRZEDF & G5Fy &,
D =10 — d {XJulZ2 T D Einstein frame DFHE G, & DBIRZE B HIZER 2,

F 9. 10{KJT string frame TODEF & & dilaton %
GRN s o, (H.1)

&35, TUT d=10— D RILEFIRITEITLT b, D THEFED S b TRILEITL I RN
W G MEDE XD, K@ I NG G, Gt 3R X <745, % UT dilaton A
IRDRRIZ72 5 (BIZIX [45] (4.7) ZH):

e 290 — /vol.d62¢10. (H.2)

ZOH UK EEINTZ ¢op ZHWVWT, DIRILTD string frame H* 5 Einstein frame 12, ¥XDFRIZ
HEMZzon5:

GE, = e D2tr Gl (H.3)

%% 2 %, [16] IZd 5. 3IXJt Einstein frame T®D exotic 53-brane 1 f& % 10{RXJT string
frame 22552 X 5:

ds? 0 = —dt® + dadys,s + Hdal, + %dxgg , e — % : (H.4)
Z I T, 1234589-F A ZIRILEILT HI LT D=3t (d=T7) ITL &K D:
ds?,; = —dt* + Hdz,, (H.5a)
e 7293 = /Vol.7 e 200 — /d7:1: \/Me_%’10 = /d%g %
= . (H.5b)

CToldhEZGZ 5T, 2F0INED o3 ZEHTHS, THE v=1I1THKBIELTSE
5, ZN% D=3 Xt T Einstein frame 123 5:

E _ —%¢3 str  __ 2 ~str str
G, = e 320G, =vG, = G,, (H.

dsty, = —dt* + Hdx, . (H.6b)
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[ GLSM for A-type ALE and ALF

I.1 D1-brane description

As-type ALE space (3-Taub-NUT space) @ orbifold limit C?/Z3 % string 2Mnflt 3 281 %
worldsheet sigma model & % ® GLSM Tidik L7z, Z DZEIL. 10¥XJC Tl three-centered
KKb5-branes T 5, static gauge ZEHT 5 & LT, IRORRIZEEN 2 52 5:

0 112 3 4 5|6 7 8|[(9

SKKb | vV V|V VvV VvV V/
F1|v V

Table 2: KK5-branes & string DJAAYD . (9) I& Taub-NUT circle T® - 7z compact S1 %% 7.

Zi%E 2D N = (4,4) gauge theory ® Higgs branch TxRKild 2 Hikd b 5, F 7 1% [29, 30]
DFRIZ hyper-Kihler quotient DML /72 % D1l-branes TOFRIBIZEZ A 72H D E BN T 5, t%
2 [30] TERAMIZHHINT WS DT, THIZRED, As-type ALE space %tk 3 5728
affine A, Dynkin diagram % &9 % (Figure 1):

Figure 1: affine As Dynkin diagram (IZH gz B L 726 D).

Figure 1 (& quiver diagram & U THEERET 5, 74D B, 3DD node (ENZENIT T N)L
U PRV TWWDE) LB EROREFRBOMPMPTT NS, TNEND node DT NIVIET —
VHERT, SIETNENNUN) THHI 2 E KT 2, HHFMLFA U node IZER->TK %
HRIZENZTNDO T — VBT S adjoint scalars # 3R 9, IBRIZHRARIE UQ) x U(1) 1IZX9 3
bi-fundamental scalars % &9,

[30] IZ& B &, 3DD node ZNZL A, Taub-NUT space D3 DDRELAZEZRL, ZTDHE LIZ
Dil-brane 23% > TW5%, % L T node Al X% D7 < link I&. Dl-brane [A] 1% ¥ £ IZFF D open
F-string # 33 (5% C?/Z3 DT, FEMIIFITEFLTWS, FD728 I D open string &
B\, Hf7 1 Ik Dl-brane E®D F-string TH D, KRBT A 2 iE2DD Dl-branes % D72 <
F-string Th b, TNZTNOIREE— N SEHTD2AN T =, 7 — IFHIR L T adjoint,
bi-fundamental T#H 25 Z L IFBFHIZHMATE 27255, Z D open F-string @ Chan-Paton [K¥-
IZ& D, Ui THEA % Dl-brane ETHWIZHFFS D charges 2D (Figure 2):

Figure 2 TlX, Ay-type ALE (C?/Z3) D _EIZ Dl-brane 2355, #%D 5 f% K
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D1 D1

SN

)

o=

Ly

6789

Figure 2: Ay-ALE space % 5-Z % Dl-branes Ot &E & Bk,

L. H\ open F-string (& Dl-brane E®D N = (4,4) U(1) vector multiplet % 5-Z %, X 7z
N open F-string 1&, 2725 Dl-branes [l 128\ TE D, N = (4,4) charged hypermultiplets
wi = (g;, cﬂL)T 5.2 %, D0, 2D gauge theory & L T® matter contents & gauge symmetry
D charges DRDERIZE-Z 515 [20]:

w) = (ql,qJ{)T +1 -1 0
wy=(q0)"| 0  +1 -1
wy=(gg )| -1 0 41
(A717w ¢1) adJ - -
(A72n’ ¢2) - ad.] -
(A§n> ¢3) - B adj

Table 3: Ay-ALE Z¢ff]% 5.2 % 2D N = (4,4) charged hypermultiplets w; & vector multiplets.

Z OB TOD branes DJAHYD IF Table 4 DFRIZZR > T\W5:

0 1(2 3 4 5|6 7 8/[(9

3KK | v V|V vV V V/
D1|v V

Table 4: KK5-branes & D1-brane, 2D A = (4,4) gauge theory & 01- /7[R0 35D B,

728, Table 4 ® S-dual A* Table 2 TdH 5, DF D Dl-branes %l U Taid X5 2D gauge
theory I&, Table 2 DEINL% D string worldsheet sigma model @ strong coupling limit in IIB
string theory T 5,

7. ITN7/ITT 2D N = (4,4) gauge theory |& Lagrangian 252 IZFLB TE 5, FI
parameters 7% & % AN DR ZEEL 7272 51X moment map ji; % iam 3 AUXR W [30, 20, 41),
moment map &%, FEFIZF-IEKE D &, KD Kihler potential % gauge symmetry (Z{3> T

104



last update: 2015-09-03 15:05

WLz 2B GTEHIARERETH S, ZNiE D-flatness 5efb & UTEIL T 5, FiX32D U(1)
= VBRI TIE R K, —D2D U(1) % decouple THZZ LN TE S, DT, Tong [20] IZ
HbHEIIZ, —MBD A-type ALE (ZDWT®D 2D gauge theory 1%, RDOBRIZEEGEMIZRT Z 212
ALY

An_1-type ALE  — 2D N = (4,4) U(1)N~! VMs with N charged HMs

ZZTHAMT L7z 2D N = (4,4) gauge theory (& hyper-Kihler quotient 12325 £ D TH 5
[29, 30, —7/3 T A-type ALE space % toric variety & U Calid U, £ % N = (2,2) gauge theory
EUTHEBIES (IR EE R ED conformal NLSM & N = (4,4) 12 EIF I TW53) HiERN
H5 19, 61T, FXIEHGA, toric data ZEHEHL LM S N = (4,4) gauge theory & U Talik
U7z [4],

1.2 Brane-web description

JlF E DEE%, Hanany-Witten scenario [31, 32] LMD E W AETHALREZ S, D7
&, string dualities Z VT Table 4 22 L TW <L, EARIZIE, 9-AMIZ T-dual % FEFF L
TAHALD:

3 NS5
D2

< <o

RN
AN

Table 5: NS5-branes & D2-brane.

Table 5 ZX/R U725 DA Figure 3 TH 5:

NS5 NS5

2345 NS5

D2

Figure 3: Brane configuration.

Figure 3 Tl&, circle L2725 7z D2-brane 7%, 32® NS5-branes (2 & > T3RE TN TWVW5
ZTNZTNDHES D2-brane DB %EHE 2 5, [H—DKES D2-brane (Z ik & £FD open F-string
(Ffh) 2ol 2D (01-/1) N = (4,4) vector multiplet 73 & %9 5, 7z, ER BT D2-
branes % i iUIZHF D open F-string (7R 4) 225 1d. 2D N = (4,4) charged hypermultiplet 738
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$ 5 (F-string |& NS5-brane IZ¥iZ K TRWDTHE@D L TWD), ##47 D2-branes 23320dH 5 D
T. vector multiplets & hypermultiplets & ZNZ N3 T OEH T 5, 7272 L Z1ik Taub-NUT
circle J3[A] (9-J31A]) iZ T-dual L T\WA DT, ALE space % A5 2 % brane configuration T
372 <, W25 & 512 NSH-branes TRIEUVELU/ZHETH 5, ALE space £ UL TEHZX 72\
72 51X, Figure 2 1I22DWT, %% @D Dl-brane (21> THEEIZ KK5-brane % &I} X1E 51 5,
F-string (& KK5-brane 124 % ff TR WD T, Figure 2 PA_EIZ spectrum % H 3§ 5K 1L 2 220,

B 72 AT, NS5-branes (& 6789- A FHIZ DWW TIEFEAIZMEL TW5D, ik C?/Zs D T-dual
EiroThb, LU 678-HAHICEEP ST 5T HELARTH S, Z ik 2D gauge theory
D735 Tld FI parameters % Fi\C Higgs branch O AFIZT 5T 2 2 2R L TWS [32], FI
parameters D& AL moment map ji, 75 HHAINS [30, 20, moment map &Ik, FEHIZH
21X E D &, KD Kihler potential % gauge symmetry (Z{R > T L7z & SITEL T 5 48%
ETHD, L D-flatness S:ff& U TELT 5,

ZHT 2D N = (4,4) gauge theory & Lagrangian 2358425k T & 5,

1.3 GLSM for A;-type ALE space

As-type ALE space 1 G = U(1)1 x U(1)2 x U(1)3 gauge symmetry IZ X > TZAd X115, Moment
map %5 Z % charged hypermultiplets w; = (g;, DT = (a;,0:)T ZFHEB#HKT 5

%

wi = (a1,b)" | +1 -1 0
Wy = (CLQ,BQ)T 0 +1 -1
w3 = (as,b3)t | —1 0 +1 (I.1a)
(A}nvgbl) adJ - -
(A72na¢2) - ad.] -
(A%, ¢3) - - adj
fi1 = w]{ Tw; —w§Fw3, (L.1b)
fy = w%FwQ—wIi‘wl, (I.1c)
fiz = w;:f’wg —wg T Wy, (I.1d)
0 = [+ fig + fi3. (I.1e)
iz &, M2 moment map X iy, jis TH D, TNENDE T ZEHEZ T
pi —ipt = 2a1by — 2asbs, py —ip3 = 2ashy — 2a1by, (I.2a)
pi+igd = 2aiby — 2asbs, ps +ips = 2asby — 2a1by, (I.2b)
pi o= (laa]* = 1b1f*) = (Jas|* — [bs]*) , py = (laol* = 1b2f*) = (las* — 1 ]*) . (1.2¢)

Z Z/Lf)) gauge multiplets @ﬁﬂj}f%%ﬁﬁ L7z& &2 D-term IZ %5‘?5*%0:\ ﬁi%@i‘ﬁﬁfffﬁ)ﬂ e
MEET L L, ROBRIZRS:

Sy = /d49 {‘A1’2€+2V1—2V2 | Ag|2et22 & \Aglze_wl}
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+ [t {|BPe i B By e
— {\/ﬁ/dQQ |:<I>1 (AlBl — A3B3) + &9 (A2B2 — AlBl):| + (hc)} . (I3a)

gauge multiplets (V, ®1), (Vo, ®2) 1& G/U(1) ZH %, Z I TIX U(l); % decouple T T, EHH)
JHE FIHZRTHELTBEI S

Ay = el%/d‘le{ —[Zi2+ |21 P +€1§/d46{ — %o + |92}
+ {\/§/d2¢9 (51 1) + (h.c.)} + {\/i/d2§(t1 i)+ (h-C-)}
+ {\/§/d20 (s0®s) + (h.c.)} + {\/i/d2§(t2 ) + (h.c.)}. (L.3b)

te = %(t}l +it2) L L7 ED tL 2. C%/Z3 ® blow-up parameter [ZtH%49 %, £ L T FI
parameters (£ moment map (ZIBIIT N D [FESEHK] Th b,

I.4 Deformation to As-type ALF space

Tong [20] (. ALF space & GLSM Talibd 5 & 2, BRIOLE 217> TW\W5, D deforma-
tion IZEEMTH [33] THAINT VWS,

INEUTHEE L TORGNITRRE S FEMIE [20]) GLSM for Ay-ALE space Tld2
DIMNLIR T — D REN3 DD charged HMs w; = (g;, cf)T = (a;, b))V \ZEFL T\W/z, ALF space ™~
DERTIE., 2TD w DWTHUARICHAHEZHR IS U(1)r flavor symmetry % 7 — P4k
LT, & 5I(Z neutral hypermuliplet % —#JEMT 252 & TH 2D, £73. UQ)p FIRDOERIZIEM
9 5:

(U, U1 UQ)s Ul)p
w1 = (al,gl)T +1 —1 0 +1
Wy = (GQ,EQ)T 0 +1 -1 +1
w3 = (ag,gg)T -1 0 +1 +1

Z LT ZHNIZPES moment map jip %, JBH1T % neutral hypermultiplet (D 5 B3 53) 7 =
(—rbtr2,p3) &HITE AT B 1L

wi — exp(io)w; for i — (I.4a)

3
%(H}r —ipy) = Z V2aib; + (rt 4+ ir?),
3 Zzl )
fir = Y wlFw—V2r = § Sk +ind) = Y V2abi+ (!t —ir?), (L4D)
=1 i=1

3
g = Y (lail® = [l = V217,

i=1

POfaf£ 5 2312 U(1)1 x U(1)2 x U(1)3 gauge symmetry & FFD GLSM ZERK L TH R, fliH D72 gauge
coupling constants e, BETH U L FTIIE Ul)s 275 VM (V3,3) 2 (Vo — Vag1 = W, DR (V,, ®,) LD
M B DEIZ) R SHERT 5 Z &2V CIZiRAIN B,

Ui i DR R A7 — )i [20] &£ 55, HUZ convention DEWTH 0, R I h 2,
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INSDEAZED, GLSM (1.3) PRDBRIZHLEE S N2 (Ve @p) X U)p 27—V
& D vector multiplet):

Gy = /d49 {,Al‘zew(vrwwp) 4 [ Ag[2e 2Vt VE) o ,A3‘26+2(—v1+vp)}
+ / @t { | By o2 VimVa V) | yf2em2(Vat Vi) | gy 22—V |
+;/H%{—@F+WF}
- {\/i/dze [41B1(®1 - @3+ @) + (he.)}
= {\@/dQH [AQBQ(% 4 ®p) + AyBs(—; + q»F)} + (e}, (L5a)
Lo = ;/d40{ A @112} n 61% /d49{ — %2+ !<I>z!2} + el%/d‘*ﬁ{ —ZF? + ychP}
+ {\/§/d29(31 @)+ (he) } + {\/i/d2§(t1 1)+ (he.)
+ {fz/d29(.92 @3) + (he) | + {\/i/d%i(t? %) + (he) |
+ {\/§/d29 (50— @) 5] + (he) | + {\@/&5 ((tr—©)Sp] + (he)}.  (L5b)

Z Z T neutral hypermultiplet & U T twisted HM (¥,0) = %(7‘1 +irt B+ 1)+ ... ZEAL
7zo ZAE IR limit T 3-centered NS5-branes (H-monopoles) geometry 0 6789-/7 [n] D JFEAE % 5-
2B, ZITV, 0 IFENZTN N = (2,2) chiral, twisted chiral TH 5, U(l)p DT —TfbL
Z® geometrical 72 [A%E %, Taub-NUT circle coordinate ¥ @ isometry D7 — AL TH % DT,
ALF space HE & UTIN%2FEH T 5121 neutral HM (¥,T) = %(rl +ir?, —r3 /g2 +id) + ...
ZHBET S [20, T i& N = (2,2) chiral T, Stiickelberg field & 9%, Z#id shift symmetry
9= 9460 B —IfENd-DTHD, Z0LE, T OEFIEE [20] 125D LS

/d49 (D +T +2Vi)?, (1.6)

DERIZ T2 B

FE, (15) 1& [22] LIRS, U LEA—TH 2, FA—Mz2ild7D, (V,,0,) =
eq(V), @) DFRIZ gauge coupling constants % HGIZHDIAA, T 512 (V] ®)) ZIRDERIZHIE
L &S

avy 1 -1 1 eV}
vy | = 11 eV |, (I.7a)
&3V -1 0 1 erVi
Y 1 -1 1 e ®
&, | =] 0 1 1 ex®, | . (L7b)
A ~1 1 er®)
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FI piirameters~(31~, 59,8F), (t1,te,tr) BERICHIEEE#MIE 2, T2, HLW THEK)
(Va, @0) = €(V, @) IZTHZ 585 Lagrangian 1 [20, 22] D Z IR 5:

Lt = /d46?{]A1\2e+2‘71 4 ‘A2’2e+2\72 i ]A3\2e+2‘73} +/d40{\31|2e2‘71 i ‘32’2672% 4 |Bg[2e’2‘73}

- ;/d‘*e{ — 0 + v}

~{V2 [ @ [A1B131 + 02BaBs + AaBT] + ()}

’ v A
_ Z/d40{|Aa2e+2Va—|—|Ba|2e Wl [ato{ - jok + 1w}

—Z f/d2 (®oAaBy) (h.c.)}, (L8a)

By = Nﬁ/d4 (S 4 (B2 }+%/d4 { = 152 + 1P }+é2/d4 { = 1% + 1852}
{f/d2 (51®1) + (he) } +{ \f/detlzl (he)}
+{v2 /d932<1>2 o))+ \f/dQ (2 5) + (nc.) }
+{f2/ (3 ®3) + (he) } + f/d2 (7 5s) + (hc.)}
+{\@/ |- (q>l+¢>2+q>3)] f/d2 (%1 + 5, + 5)| + (he.) )

@mt\g‘ = w

=g/ 0]~ ISP + (3}

+23:{f2/d29 [(5a- é\l}) Ba| + (e} +a23::1{\/§/d25[(?a - %9) Sa] + (he)}.

a=1
(L8b)

Q

BRI, BB [20] I2EDEZVWEE S 451X neutral HM & sigma model coupling constant
EENEN
1 ~ 9
g(\]:j,@) — (\I’,@), - —

7 (I.8c)

SIZHERT IUXR L,
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