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0 Compactification to four dimensions
0

N=2 world-sheet
supersymmetry

Superstring in four

dimensions

Supercoset
models work
with Kazama

Geometrical
interpretations?




Mirror Symmetry

Target . ¢4dim
space o N=2
Vi = Nl — Some of the
worldsheet 2%&7e N=(2,2) SCFT RS
Sphys (1t 2) quantities can be
A 1B _ obtained exactly
-twiIstB-Twist .
StOp- A(t) Stop. B(z) Wltten
Topological A-model Topological B-model on
on Cys; “mirror” CYs
Mirror

symmetry
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B-model side

No instantons
obtain
For non-compact
| 3

CY successfull
For compact

CY??

Superpotentials for physically interesting
models?
Cosmological applications




disc — World sheet
instanton

Disc 1nvariants
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B-models to A-models
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Evaluation of 3-
chain integral Mirror map Disc invariants
(superpotentials)




D-brane 1n

Compact o WAL Ay WA -
manifolds

a 3 chain integral

wo(2(q)) 2

Or,(z(q)) _ ¢ e 23# S T ki

Superpotential induced by DO -

brane
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a Defining Polynomial

W = Z(27 + a5 + 23 + 25 + 22) — Yr1r9r37475 = 0

| =

o Period integral

53?7/) / d$2d$3d$4d$5

() =
(272)4 W
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Picard-Fuchs equations

o Morrison Walcher

arXiv:0709.4028 - 5 |
O(z) = 7 0)

W = Z(—l)i_lxidxl AL A JEE A...Ndxs

()

LO = ((1 —°)dy — 100497 — 25¢°07 — 15420y, — 1)Q = —dJ3
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B = ;L (ﬁ%:ﬂ%ﬁjx;wl + ToxaraTews + VP Tox s Ty TewWs
+ w%fgsgsch?;@m + w4xi’$§x§$ﬁx§w5)
| [5,3 (wiﬂgﬁiﬁgwg + 3224 £g:1:3:1:ﬁ:1:§w4 - 6w3$%$3£§$i$§w5)
| Hjlfﬁ (1/)334$gf.d4 -+ 7w2x1x2$3954$§w5)
+ % (Vasws).

a 3-chain integral

/F Q(2)

inhomogeneous Picard—Fuchs equation 15

LT (z) = f(2)




Where Is the D-brane?

\ - .
; Bl ey - $e iy )
vy ' o - _.‘ P\ ‘,_,, iz t : Yt . " . - s | % Laa - B -

a ) ‘w

W =

5, .5 . .5, .5, 5
(] + x5 + 23 + x5 + x2) — Yrirergrsrs = 0

Wy

P = {$1—|—$2 :$3—|—$4 :0}

. . main
o two singular points contributions

p1 = {21 = —x9,23 = x4 = x5 = 0}

po={xr1 =22 =25 = 0,03 = —14}

requires the resolution of singularities
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£ = 155V terms added for
a Mirror map consistency
t=t(z) = szlm' Zzg ) q(2) = exp(2mit(2))
wo()Ta(2) = o Z 4 2

5 '>'® = [y
T(3/2) g((afnw?/?) m1/z _ 7y 2000 e
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number of disks ny4

30

1530 o Walcher 06

1088250

975996780

1073087762700
1329027103924410
1781966623841748930
2528247216911976589500
3742056692258356444651980
5723452081398475208950800270
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o Picard Fuchs analysis:
straightforward

However...
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o Rigorous but tedious
o boundary terms

3 4.4 4 4 5.5 5 2
== ($2x3$4$5w1 + VToxyx Tewy + VT 1T

W4

2 5 5
W3
+ W(wxwgu&l + T ey wgasywiws)

1

+ W (wx5w5)-

T 773 (¢$3334$5W3 + 3w2$1$2$3xix§w4 + 6

2 6 6
3L g3

3,22 92 3 7 4,3.3.3 3 4
+ Ut T T T TEwy + U $1$2$3$4$5w5)

3 2 2 2 2 3

)
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_off-shell superpotentials

o Inclusions of boundary moduli
A

Alog Q(z;, ¢) ERgu=Igle]gl=Re-Rull
ry [lo Walzi¥) ons.?
H. Jockers and M. Soroush.

Fixing boundary moduli

Minimizing On-shell
superpotentials superpotentials

However Problems on the normalization



a explicit integrations

W = Z(27 + a5 + a5 + 25 + 28) — Yar9rsrgrs = 0

dry N+ N x5
Wo ~~ %

dri A Axs (23 + -+ 1,
WO“"/Z 1 5(1 5)( )

T1ToT3T4Ts  (T1ToT3T425)" )0

| =

DCJ

(bm)!
MZ m'5) 5)n
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_resolution of the singularities

e S

-
ey ——

Fuji,Nakayama,Shimizu
H.S. 1in preparation

slngularliles
» analytic continuations
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in.claim of my talk

-
»~ ‘q—.r‘
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e

We can obtain superpotential induced by
the presence of D-branes in compact CY
by explicit integrations.

Simple integrals
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o Defining equation

1
W = 5(11:? + a5 4+ a3 + ) + 22) — Yarersrexs = 0.

25



g

7

olar coordinates”

CX = Cu/(50T)?,
Z = w/(5¢T)"2,

W = %[1 —T% 4+ (5¢)72(¢ — z)w5T5f2Y2 +Y (1 —w?)]
BOUﬂdary C — 1,,’£U — ::1,,T = 1.
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Integration over Y

ey

Y no boundary even at the

boundary

1

O — 10/ dCd 1 wdw

(272)3¢C - T \/(1 —w)? —

AwS(¢ — ¢~1)(T5/2 — T-5/2),1/2

Cy

L4 -
. @“

Q 3-cHain

2 = 1/(5¢)
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Singularities and. the

~fgndaraentalperiod
3 d¢dTwdw 1
() = 10/ (QTTZ)Q‘C T \/(1 o ’LU)Q o 4w5(c— . C—l)(T'é/Q _ T—5/2)2:1/2
(=e® —7m/2 <0 < 7/2 HI\'
T=¢e%0<¢<2r/5 L
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2n)! [ dw  w™H

(272) (n))? J 270 (1 — w?)?n ]
dT’

(272)T

(T5f2 o T—5/2)nznf2

Analytic
continuations

ooy

B 40/ ds mcos(ms) I'(2s + 1)
271 sin(7s) F(s+1)

e [t [
1 2mi (1 — w?2)2s+l QTTZC 2711

> T5f2 T—5f2)323f2
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Integral W|th boundary Line

B 40/‘* ds ?TCOS(?TS ['(2s + 1)
2me sin(ws) I'(s+ 1)?
0 dw  w°st! dT

5/2  g—5/2\s _s/2
2w (1 — w2t zmg(c ) g T T
d( 1 s I'(s+ 1)
zm ce-¢ )t =geosy DS+ 1)2
b dT(T5z’2 T-5/2) = ™2 T(s +1)
omi ] T 5 T(S+1)

1 ds mcos(ms) m.sﬁlﬂ(%s +1) 27 cos(7s/2)| oo
I, = o= ST € s 5( : )2 30
21 J 2me sin(7ws) I'(5+1) sin(27s)




1 ds mcos(ms) m.'gﬁl“(%sth) QTTCS(?TS/Q) o/
Op, = — S— € : )Z
T 2miJ 2w osin(7ws) ['(3+1)°" sin(27s
o Singularities ogarithmic
s=2n+1: single poles terms are

derived

s=2n: double poles




off-shell superpote
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o Inclusions of boundary moduli

Alog Q(z:, ) e
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H. Jockers and M. Soroush.

Interpretations?

Fixing boundary moduli



i eory Interpretatlons

Sl 3

Mina Aganagic,

] Calabl'YaU fOUFfO' Chr«lstopher\
o With intersection

BeemarXiv:0909.2245

Q4(€f’) = Tp42Tpy3 T Q(il?z'; ﬁb) =0,

) [CEoued ) s
rs 1o Wal(zi, ¥) T T Walew 9)Q(ee,0)

-1 AlogQ(::c 0)
ry [, Wa(zi, ¢)

around on-shell points

We can perform the integrals

with open-string moduli
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o We have evaluated 3-chain integrals
by explicit integrations (with open-
string moduli)

o We could predict the results which
has not been proved by A-models

o We need some generic formula for
normalization, Case by Case?
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Higher genus extensions for on-
—stieibsuperpotentia
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o Analysis for each modeihannes Walcher
arXiv:0712.2775

Generic analysis?




Universal formula for genus one

’a“

—{onesoduli.models)

Xdladﬂzndk (wl? ?‘UQ? 3 3 wz)

[Tii d
Classical Yukawa coupling: Ko = ;‘:1 J
[[icy wi
Euler number 1 [1E, d; ( i r i !
X= o0 i T w;
3 [ [izy ws i—1 i=1

The fundamental period

E1Fdn+1 .
ZH (dn+1) ,

[(w;n + 1)
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{ —
“the chain integral

T C’—2 Z Hz  D(—win — w;/2) zn+l/2:
2m 1_1 (—din — d;/2)

¢ = N/|S|. N the number of branes
n S| the dimension of discrete subgroup

c = 1

wr

which makes the brane invariant

X5(15);X5(14:r2);X8(14;4);X10(13;2?5)?){3,3(16):

) oo T2 s T,
I'(—d;/2)? [l 0aa v d;
glreal)_oj24?72?212?0 Hz 1 ( /) d;;odd H 1

for X5(15),,X6(14} 2),, Xg(ld,, 4);X10(13; 2} 5),,X3?3(j




,(Lreal) o8 —41_[@ 1F( wZ/Q) [l_Iu:t.!.,um:lcl'["“’TE HE 1 Wi 2}
[T T(—di/2)? 1aoaadi  TI;ds

U

ndtre) — 0,24, 72,220
for X5(15)?X6(14? 2):, Xg(ld,, 4)?)(10(13} 2., 5)?X313(1

Negative
integers

We could not find any good
generic formula for
normalization
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“Strange phenomena

Xg(1,1,2.2,2)
e are no dilscs:

> Ang + 4no)! - -
(o) = 3 o mtAnl e
2

el (n1 + ng)!?nq!?ny!

Shifting indices n. by 1/27

Ny — ng +1/2 »

S o
y e q
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dy | di=1 3 5 7 9 L ox,(1.1.1.1

1 (16 960 75040 6173824 514892464 43219912640 3641043723936)

3| 0 -80 20352 11725184 2999936576 13711273908600672 1868277909330725376
50 0 0 720 6207360 5002228736 2147047861760  659882052731936
7100 0 0 8848 447544832 868822854144 679236361218048

o 0 0 0 0 126608 49265314880 159342867902112

Table 5: CDiSC” instanton numbers for Xg(1, 1,2, 2,2). A-model and B-model interpretation}

are both unknown.

do | dy=1 3 5 7 9 1 13
1 | (32 13184 6620052 3458028506 1824551060832  O67408380640128  514400)626878¢
1131 2366944 9187105536 1462534358064 1 1609043007200 1825670403871

3 0

5t 0 0 103840 4124378880 23328622659584  67719084870712320 138106880307719
7 0 0 0 -12504352 1942110616576  27809054323356672  150067275287732
9 0 0 0 0 1767088416 1397633136225408  33243587538451

Table 6( "Disc¢” instanton numbers for Xio9(1,1,2,2,6). A-model and B-model interpre@—

tions are both unknow. Otherwise it may be just an accident. 473
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Xﬁ(la 1: 2: 2)

2
rixs + mg + x5 — Yor1T2w3Ts + Y1 (2] — 13)

o = (3?’&1 + 3?12)'(2ﬂ2)' Zﬂ1+n2 o
ny!(ng +ng)2ng!3 ™ -

ﬂ2—>?’12+1/2
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Xe(1,1,2,2)

all,1] — 12 all,3] — 12 all,5] — 36 all, 7] — 84 all,9] — 144
al3,1] =0 al3,3] — —48 «a|3,5] — =252 al3,7] — —1296 al3,9] — —5292
{1:5, 1: — () {1[5, 3] — 12 {1[5, 5] — 492 EI[E), 7] — 0184 {1[5, 9] — 39552
al7,1] — 0 al7,3] — 0 al7,5] — =252 a|7,7] — —15348 al|7,9] — 227748
al9,1] — 0 al9,3] — 0 al9,5] — 36 al9,7] — —2916  al9,9] — —1007712
a(l1,1] - 0 a[l11,3] — 0 al11,5] — 0 al1l,7] — 432 alll,9] — —1963752
Xg(1,1,2,4)

all, 1] — 16 all, 3] — 32 all, 5] — 144 all,7] — 288 all,9] — 800
al3,1] =0 al3,3] = =144 a|3,5] — —1536 a|3,7] — —13056 al3,9] — —74016
al5,1] — 0 alb, 3] — 32 alb,5] — 3504 alb, 7] — 74016 al5,9] — 987712
al7,1] — 0 al7,3] — 0 al7,5] — —1536 a|7,7] — —131344 a[7,9] — —3889664
al9,1] — 0 al9,3] — 0 al9, 5] — 144 al9, 7] — 74016 al9,9] — 6076944
al11,1] - 0  a[11,3] — 0 a[11,5] — 0 al11,7] — —13056 a[l11,9] — —3889664

45



Physicall

Y
interesti

-

N\

Sy _
—_- J model

5, 1,

a[.1,1] —32 a[l,1,3] - 320  all, 1,5 — 1824 o[1,1,7] — 8000
a[1,3,11 — 0 a[1,3,3] — —1920 a[1,3,5] — —76800  a[1,3,7] — —1434240
a[1,51] — 0 a[1,5,3] — 320 a[l,5,5] — 1674048  a[1,5,7] — 180699840
all,7,1] = 0 a[1,7,3] =0  a[1,7,5] — —76800 a[1,7,7] — —144582400
al3,1,1] =0 a[3,1,3] — 0 a[3,1,5] — 0 a[3,1,7] — 0
a3,3,1] — 0 a[3,3,3] — —1824 a[3,3,5] — —98304  a[3,3,7] — —2211840
a[3,5,11 =0  a[3,5,3] =0  a|3,5,5] — 327680  a[3,5,7] — 27525120
a[3,7,1] — 0 a[3,7,3] =0  a[3,7,5] — —98304 a[3,7,7] — —802258944
al5,1,1] =0 a[5,1,3] — 0 al5,1,5] — 0 af5,1,7] — 0
al5,3,1] =0  af5,3,3] — 0 af5,3,5] — 0 al5,3,7] — 0
al5,5,1] — 0 a[5,5,3] — 320  a[5,5,5] — 296800 a5, 5, 7] — 31475520
al5.7.1] =0  af5.7.3] —0  a[5.7.5 — —153600 a[5.7,7] — —433073664
al7,1,1] =0 a[7,1,3] — 0 al7,1,5] — 0 al7,1,7] = 0
al7,3,1] =0  a[7,3,3] — 0 al7,3,5] — 0 al7,3,7] — 0
al7,5,1] =0  a[7,5,3] — 0 a[7,5,5] — 0 a[7,5,7] — 0
al7,7,1] — 0 a[7,7,3] =0 a[7,7,5] — —98304  a[7,7,7] — —T1047712
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Xg(hl,

numbers

Qer dimensions?

bifrar map produces integer

[{a[i] — 192, a[3] — 7727424, a[5] — 1842113513280, a[7] — 694520856180000672, a[9] —
326365289149716415005552, a[11] — 174638777858917520239006 T01888, a[13] —
1018218400622076431537824607 76604992, a[15] — 63096348164T45777825007194171422469140160, a1
40920124690715288513267332193649988661459921088, a[19] — 274917560393165740031457443028419
18098013605158230234850769075882328466073059534042130050752, a[23] — 1343420727967129302348
968350591473350848510101648105957792780868453206200804673 7418775951360, a[27] —
T094051204219884260976710276459728807681772047198600970543010350425715409152, a[29] —
526056654463925506082084501088030589740172063406498384408821 1816959105121215452480, a[31] —
3961606822180788923076174609511900019023575714462536019812732793267265200696693120454464,
30097387996616903071778772162464337879431714838815690889302449562096599226 744668 752948054
2307854175085871676853766894721 17257863056 793703930579055987573324650093141496032459343471
178427335077543175557200345226867742112500560130165T0R08697275311538049548086819465450082
13896657640184624280160524589267795523723201904856 7974058951 T1263279025760909963 488862664
108951841021583212862521773449557076844108231246543945831848588323084942424320825769257041
850328699122086332907766978405569746584473136018401392702073261624280000786661 48099978460
68147111478461128859342794129392286633611125763279574366270150374339531344235376850777593
5431163445493444238768018901 1865520866181542676054030071115437160433637816181074842943810
434825803051159897484539360361212795134413150469513558428860001 11965474505 703600427714949
34958772956868810515365296750785873055457241286809545053655069071109824680838361074732465
282146885426492838140923575585224193480431292110897244592905008582382999376 107151 150057081
22853248251097114979966792403177182511209314157567960617307888010586208159759198998347720




0o Relations to the geometries?
o should be continued
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