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Low-energy effective theory on D-branes in closed superstring
backgrounds
Realizing new types of field theories via string technique

m  NS-NS B-field B,,,, along D-branes
Noncommutative spacetime [x#, x¥| = 10"
[Chu-Ho, Seiberg-Witten]
x-product

e 9le) = f(@)ep (55,073 o(a)

Noncommutative SYM

1
Seff = ?/d4a?trFMV*F#V—I—---

F,=0,A —0,A,+i(A,xA, — A, xA))
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Type |IB Superstrings contain various R-R fields

NS-NS sector: | ¢mn, Bmn, @

R-R sector: | X, Crun, Cronpg | (F5 = dCy, *F5 = F5: self-dual)

It is difficult to study effective theory in these backgrounds
due to the back reaction to the metric.

four-dimensional effective field theory in constant self-dual
graviphoton background F,3(# 0), EF.3=0

[Ooguri-Vafa, Berkovits-Seiberg, de Boer-Grassi-van
Nieuwenhuizen]

O no backreaction: T}, Faﬁng =0
0 non(anti)commutative superspace

{ea, 67 } — o/3/2 o8
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Outline Application of Gravaiphoton corrections in string and field
Introduction theorieS

m graviphoton correction« topological amplitudes

Low-energy effective [Antoniadis-Gava-Narain,BCOV]

A = Ao 0 N =2 SYM Instanton effective action in
Background ()-background(Nekrasov)

oM R-R 3-form background|Billo-Frau-Fucito-Lerda,
Background 0606013]

Deformed A= 4 0 N =1 effective superpotential (Dijkgraaf-Vafa)

Discussion R-R 5-form backgroundOoguri-Vafa

Deformed supersymmetric gauge theories in R-R backgrounds

m  Generalization of noncommutative (super)geometry
m  New non-perturbative effects (A, F)
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Construction of the deformed action in the R-R bacground

m N (fractional) D3-branes
N =4: RY
N: 2: R6 X C2/Z2
N =1: R* x C3/Zy x Zs
m  NSR formalsim
(0 vertex operators (massless fields, R-R fields)

O disk amplitudes including a R-R vertex operator
[0 zero-slope limit o/ — 0

m Interaction terms = Low-energy effective Lagrangian
A

A A A

. >J5< +:i[i+\§§ +;><i,
A A

A
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NSR formalism

l()”t'ige | Matter fields: (X™(z, 2),¢v™(2),¢¥"™(%)), (m=0,1,---,9)
Low-energy effective ghOStS SyStem (b7 C? B? ’Y)

action bosonization:

HWHT i) = eTlicy, B=05e?, v = ne?

D3-branes . | f
vertex operators Cei ' COCyC € aCtor

R-R vertex operator R_R sector: Spin f|e|ds S)‘(Z) f— GA'gb(z)C)\,

Classification of the
R-R field strength A= (:I:%,:l:%,:l:%,:l:%,:l:%)

FoBAB . : : :
Disk amplitudes GSO projection: odd numbers of minus signs in A

Auxiliary field
method

i G (5 ) ~ (2= 0) ()08 ()

N =1SYM

Deformed Action [Friedan-Martinec-Shenker,
N =1 SYMin
Gravipﬁoton Kostelecky-Lechtenfeld-Lerche-Samuel-Watamura, 1987]

Background

N =2SYM in
Graviphoton
Background

Deformed N = 4
SYM
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D3-branes

Qutline N D3-branes (2, 2!, 22, 23)

Introduction

P— Lorentz group SO(10) — SO(4) x SO(6)
action

S* — (5454, 5454)

NSR formalism

vertex operators Sa, Sa (a, & = 1,2): four-dimensional spinors

R-R vertex operator A . . . .
Classification of the Sa, S4 (A=1,---,4): six-dimensional spinors
R-R field strength . _ —

FoBAB Gamma matrices ['* — o#, gk, X% 2@

Disk amplitudes

Auxiliary field 24 = (773’ _iﬁgv 7727 _7;7727 771; ”71) :
;‘\’/etf’i oy Low-energy effective theory=N = 4 super Yang-Mills theory
A = 2 SYM massless fields

N =1 SYM gauge fields A, scalar fields % gaugino A%, A4

Deformed Action

N =1SYMin
Graviphoton
Background

N =2SYM in
Graviphoton
Background

Deformed N = 4
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vertex operators

Outline gauge fields A, scalar fields ¢

Introduction

Low-energy effective

! _ 1 A oy
action V( )(y’p) (27'('04 ) H p) ¢H( ) ) 1V 2malp: X(y)

NSR formalism

i
w%\%’\

D3-branes : /
Vi (yip) = (2ma)? )W(y)e‘(b(y)e“ Zre'p-X ()
R-R vertex operator \/7

Classification of the
R-R field strength

FoBAB gaugino A4, AA

Disk amplitudes

Auxiliary field . 7
s Vi P (yip) = (2ma) 1A () Saly) Saly)e 20V eV XW)
N =2 SYM o . - /
o Vi yip) = (2ma!)iRaa(p) 54 ()8 (y)e 20WerVErr X W
Deformed Action

N =1SYMin

Graviphoton

Background

N =2SYM in
Graviphoton
Background

Deformed N = 4
SYM
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R-R vertex operator

l()“t'i;’e | R-R sector : massless fields F*' S (2) SN (2)
ntroduction /
Low-energy effective fAA — fOéﬁAB ?é 01 fadAB — FdaAB — FQBAB =0
action
_ —1/2,—1/2 _ 3 - 5 o —Lg, -
NSR formalism ng- /2712 (4 7) = (2102 FOPABG S e (2)SgSpe 2%(2)

vertex operators

Decomposition of R-R field strength

Classification of the
R-R field strength

gt FOBAB  _  rlalAB] | plaBl(AB) | plaP)AB] | r(af)(AB)
Disk amplitudes

Auxiliary field _ ]:aeaﬁ(za)AB 4+ ]:abceaﬂ(zabC)AB

method

_ AB bc\AB
i BV 4 B ) ()
N =1SYM B
Deformed Action (ZabC)AB — (E[aZbZC])AB
Graighoton ()28 = L(ghaV — ov5t)2e7?
Background

N =2SYM in
Graviphoton
Background

-

Deformed N = 4
SYM
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-~ Classification of the R-R field strength F*/45

lOutIi;e | a F(aB)(AB) Frvabe (S,S)-type (5-form field strength)
L"t”i — — Graviphoton background

ow-energy etfective

action m f(aﬁ)[AB] ~ f,UJ/CL (S,A)—type (R—R 3—f0rm)

NSR formalism u f[aﬁ](AB) ~ fabc (A,S)—type (R_R 3—form)

D3-branes s FlBABL o F. (A A)-type (R-R 1-form)

vertex operators

R-R vertex operator

Classification of the Scaling Condition: ()(, — O
R-R field strength

Disk amplitudes (Zﬂ(yl)n/zfaﬁAB — C(XBAB — I\/lass_n—l_2

Auxiliary field

method

N = 4 SYM _ _ _ _
N =2 SYM m n =3 case: C has dimension —1 (non(anti)commutative
N =1 SYM superspace) [0] = M ~1/?

Deformed Action

N =1SYMin m n =1 case: C has dimension +1 (€2-background)

Graviphoton

Background (A,x)-type deformation preserves the Lorentz symmetry
N =2SYMin

Graviphoton

Background

Deformed N = 4
SYM
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Disk amplitudes

Outline
Introduction 1 1

Q (—=5:73)
Low-energy effective <<V)(<1 ) o Vf‘ 2 ) >>
action B

[Iimy dyi 112, dzdz; g (~1-3),

NSR formalism = CD2 <VX1 ( ) V (217 Zl) . .
D3-branes dVCKG
vertex operators
R-R vertex operator . . . L 1 1
Classification of the normallzatlon faCtor- CD2 — 27‘(‘2(04/)2 kg%M
R-R field strength -
FoBAB Volume of conformal Killing group:
_ =
Auxilayfield dVoka = dmldedw?’/(xlsz?’x?’l) (ZEW = Li :EJ)
method ~ = _ Y-\ - .
N = 45YM s replace S,5(7)(2) — S,5(7)(2) in the correlator. (doubling
e rick)
Deformed Action m [otal number of ¢-ghost charge = —2
N =1SYMin : .
Craviohorm Effec.tlve rules: | |
Eaeieellld 10-dim. correlator=4-dim correlator x 6-dim correlator
N =2SYM i A B _ A QB
Graviphoton " <S04S SﬁS >_<SCYSB><S S >

Background

m  Auxiliary field method
Deformed N = 4
SYM
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Auxiliary field method

Four point function(a’ — 0): [Neveu-Scherk, 1972]

(V1) — (cubic interactions+propagator) + (contact terms )

A A A

H? 4+ H[A, A] — [A, A]? ]
H,,: auxiliary fields = M. <
VD Y one gy e

non BRS invariant operator

1 : .
VW) = 5 (2ma)) H (p)e oYX (),
VI (ip) = 22ma’)Hua(p)gtu (y)e™ P X,

1 : .
Vil (rip) = ——s(md) Ha(p)i s (y)e V7o n X0,
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N = 4 SYM
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—kg*%(M LsyM

1 1

Tr %(@LAV LD A)IAY + 0, A AR, AY) & SHLH 4 S HonS, AR, A

+Tr

+Tr

+Tr

9 9
1 1

_§HabHab + EHCLZ)[SOG;SOZ)]

1 o 1 .

5 Lpa0” +%0usoa[A“,soa]+§HuaH “+Hua[z4“,soa]]

1 — — & 1

iN o D As — 5 (2P Aoalpa, N5] — 5 (=) 45 AO‘A[%,AS]] .

N =2 SYM Integrating over H vyields

N =1SYM

Deformed Action £N:4
N =1SYMin SYM
Graviphoton

Background

N =2SYM in
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Background
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Discussion

1 1 1., ~ A A —0 1 y
EQ%M Tr [—ZFM (F;,LI/ + F;JJ/) — A (O-M)(XBDNA AT 5 (D/J“gpa)

a - —Q ==a a 1
T (E )AB AdA[SOCUA B] + (E )ABA A[SOCMAS] T Z[@a,%pb]Ql )

DO | —

1
2
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N =2 SYM

N (fractional) D3-brane: (z!,--- %) at singularity of the
orbifold C x C?/Zy: (2°,--- ,x')
Z =-2(X°+iX%), U= (¢°+iyh

V2 V2
Z' = (X7 +iX%), U= (" +i)®)
72 _ %(XQ +iX10), U2 — %(%DQ —|—7;’QD10).

- Z2 action g- (27 Zla ZQ) — (Z, _Zla _ZQ)
m g acts on spin states |A3, A\q, A\5) as 1 ® io3 ® (—io3)

Z> invariant states: ‘%, :l:%, :|:%> , €==l1.

m Lorentz group SO(10) — SO(4) x SO(2) x SU(2)
= 10-dimensional spin fields: S* — (§*S(=) 5% §45(+) g%
G(E) = ¢t393 Gi — oE5(dates)

massless fields:
gauge fields A,,, gauginos A“*, As;, complex scalars ¢, ¢
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N =1SYM

Outline N D3-(fractional)branes: (z!,---,23) at singularity of the
Introduction bf |d

Low-energy effective Or3| © 5 10

action C /Z2><Z2: (ZU e ,ZE )

NSR formalism Z2 X Z2 action:

D3-branes

vertex operators m g 7 rotation in 7 — 8 plane and —7 in 9 — 10 plane

-R vertex operator

Clasiication of e g1 (2°,2% 27, 28, 27, 210) — (2°, 2%, —27, —2%, —2%, —210)
= leld strengt . . .

FaBAB m gy 7 rotation in 5 — 6 plane and —7 in 9 — 10 plane

j i (D 6T 8 9 10 5 6 .7 .8 9 10
,Iiuszlﬁar:yp:‘i:lccljes g2 . (55 y Ly T, X7, T )_>(_5E y L, L, X7, X, L )
method m g1 acts on spin states |A3, A4, A5) as 1 ® io3 ® (—io3)
N — 2 G m g9 acts on spin states |3, Ag, A5) as 103 ® 1 ® (—io3)
ol Aition Zo x Zi5 invariant spin states are ‘i%, i%, i%)
N =1SYMin : : . — )

Graviphoton 10-dimensional spin fields: S* — (5*8() §45(H)

Back d .
o Go — oE3(d1+d2) gd — oE5(d1—¢2) GEF) — oF3(ds+oates)
Graviphot " . | I « A Q1

oo massless fields: gauge fields A, gauginos A% , A

Deformed N = 4
SYM
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ﬁ Deformed Action

) /)3/2f‘aﬁAB

1(S.5)
2 (S.5)
— 4 (5.5)
/)1/2focBAB

/N

5 O 0O O
=2z 2
I

Q

s

1 [

— C9PAB — fixed

Bill6-Frau-Pesando-Lerda 0402160]
Ito-Sasaki 0608143]

Ito-Kobayashi-Sasaki 0612267]

— OPAB — fixed

N =1 (AS) [lto-Nakajima-Sasaki]
N =2 (S,A) [Billo-Frau-Fucito-Lerda, 0606013]

(A,S) [lto-Nakajima-Sasaki]

1 [

N =4 (S,A), (AS) [lto-Nakajima-Sasakil
(S,S)-type: no deformation

19 / 42



Outline

Introduction

Low-energy effective
action

N =1SYMin

Graviphoton
Background

N =1SYM
N = 1/2 Deformed
Lagrangian

Non(anti)commutative
N = 1 Superspace
N = 1/2 Super
Yang-Mills Theory

N =2SYMin
Graviphoton
Background

Deformed N = 4
SYM

Discussion

N =1 SYM in Graviphoton Background

20 / 42



p
=

=

Outline

Introduction

Low-energy effective
action

N =1SYMin
Graviphoton

Background

N = 1SYM
N = 1/2 Deformed
Lagrangian

Non(anti)commutative
N = 1 Superspace
N = 1/2 Super
Yang-Mills Theory

N =2SYMin
Graviphoton
Background

Deformed N = 4
SYM

Discussion

N =1SYM

graviphoton vertex operator

VEVETURG 5 = (2ra)FPem 299,90 (2)em 298550 (2).

undeformed Lagrangian (M =1 SYM)
amplitudes

1
(vOviTve

D v v V) T v )

—1 1
kgy s 4
1 1
+2 + — 5 Henp, | | — iAo )
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__ E N = 1/2 Deformed Lagrangian

Quiline amplitudes:
Introduction <<VAVKVKVF>> -~ plluAV (pl)AA(ZTFO/)S/QF(Xﬁ(Ouy)a7€75

scien © " (Vi VEVEVEN ~ Hu A (210! B2FOB () ) Ve
N =1SYMin
Graviphoton

ackgroun ]_ — — _
T L= 5t (G A AAC™ + Hyy AACH)
N = 1/2 Deformed gYM

Lagrangian

Non(anti)commutative

N = 1 Superspace - —

N = 1/2 Super (27-‘-()/)?@5 — Caﬁ A F A \
Yene-Mills Theory Integrating out auxliliary fields in £+ L’
Cravphomn yields ' = 1 SYM Lagrangian on _
SACKEIoune non(anti)commutative A/ = 1 super- A A

Deformed N = 4
SYM Space

Discussion
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Non(anti)commutative A/ = 1 Superspace

coP, {ga’gﬁ'}* — {0%,05Y, = [0% 2", = 0

s

The chiral coordinates y* = z# + i@o‘agdéd commute with other
coordinates:

y*, YY) = [y*, 0% = [y, 0% = 0

x-product
)+ 9(0) = F0)exp (~32.0°7T3) 900

Qo = ai Qo = — =57 + 2i0%" . 8% supercharges
N =1SUSY — N (1/2 0) SUSY unbroken (Euclidean
space-time)
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N = 1/2 Super Yang-Mills Theory

Outline

Lagrangian|[Seiberg]

Introduction

Low-energy effective 1

acton L = (/ d20trWe « W, + /d29_trWd * Wd>

N =15YMin 16kg?
Graviphoton
Background

1 _
- — —Ai\GM B 2
% _ i/SQYIg/leformed 16k92 o ( 4Z>\O- D'u)\ F Flﬂ/ i 2D )

Lagrangian

g 33 1O
tr —QZC’u FHV)\)\ -+ T()\)\)

Non(anti)commutative
N = 1 Superspace _|_
N = 1/2 Super 16k92

Yang-Mills Theory
N =2 SYM in

Graviphoton V = (A'u, )\, D), Wa — —%DDG_VDQGV,

Back d _ —
ackgroun Wd _ —iDDe VDdev
Deformed N = 4 .

SYM Wess-Zumino gauge

Discussion
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Non(anti)commutative
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Deformed action

N =2U(N)

gauge theory in

N =1/2

Superspace

Deformed N = 4
SYM

N =2 SYM

1 1 [1 1
LYRE = ————tr |2 (0,4, — 0,A,)% +i0,A, A", AV + ~H.H*
gy k14 2
1

5 Heno [A", A”] + 000" ¢ + 10, 0[AY, @] + i[ Ay, 0]0"
—HaguHYy, + iHapu[A", @) +i[Ay, o] HYy
+H3, +iV2Hp |0, @]

LN DRy — A [, Ay —

; A [Mq] .

Integrate out auxiliary fields

11 (] ol 1
£SYM — 5 7 (__FMVF“ o /HLV}?Iu _D,U«SODMSO__[SO7SO]2

G2 k: 4 4 2

A, [%NI),

1

—iN'o" D, A; — —=
V2

A g, Ai] —

E\H
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Graviphoton Corrections

Outline graviphoton vertex operator

Introduction

Low-energy effective (_l’ 1 B , 0Bii 1 B 1 B
action__ Ve 27 2(2,2) = (2na)FoPiem295,507)8;(2)e729555(7) 5, (7).
N =1SYMin
Graviphoton
Background

N =2 SYM in " <<VAVKV95V]:>> + <<VAVKVHA¢ VE)
Graviphoton m (VaVi Vi VE) + (VeVi Vi VE) (the same as N =1 case)

Background
N = 2 SYM

Corrections -~ -~

An example of Disk /\ F /\ \
Amplitudes A

Deformed X _—
Lagrangian

N =2
Non(anti)commutative
Superspace /\

> |
N

Non(anti)commutative
N = 2 harmonic
superspace

Deformed action ® - —_
N =2U(N)

gauge theory in

N =1/2 7\
Superspace /\/
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An example of Disk Amplitudes

Outline

Introduction (vt (pl)VK(_1/2) (p2)VE" (ps) Vi 2T g s

Low-energy effective
action 1 1

- . - 2
N = 1 SYM in 27202 ngM
Graviphoton

Background Hj dyj dzdz
X

Graviphoton 1

N s xi(2ma")pou (5 (1) % (126" (1) (2)S5(2)

Gr ; hoton 3

Co?regti(c)mc; <S( )(yl)S(+)(y2)\Ij(y3)S( )(Z S( )(Z <H V2ral pj- X(yj)> )
An example of Disk o

Amplitudes N

(2ma’)? (2)tr | A% (p1) Ry, (p2) @(ps) | FD D)

—20(1) = 39W2) e 59(2) e~ 322 (S) (415 (y2)Si(2)S; (

Deformed
Lagrangian y1 — 00,z — 1,z — —1, Use effective rules for spin correlators
N =2

Non(anti)commutative 1 1 1

Superspace 9
- T 242
Non(anti)commutative 27122 kg2 ( ) ( )\/5
— i YM
N = 2 harmonic
superspace

) — L1 A — C
(0") S eyge™ 3™ - tr | Ag;(p1) g (p2)pau@(ps) | F

Deformed action 7 f p fy2 p (21)
N =2U(N —
gauge theoEy i21 vz g3 (y —|—1)(y3 +1)
N =1/2
Superspace 2 1 B . N
_ = [A : A oM &ima . 3 ] C(aB)(i5)
\/5 kg%(M Oé’t(pl) &g (p2)( )B p3,u90(p3)

. 7T2
_ (22)2 o

Deformed N = 4
SYM
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N = 2 Non(anti)commutative Superspace

ouine N = 2 rigid superspace (z#,0%,0') (i =1,2: SU(2)p doublet)
Mntroduction [Grimm-Sohnius-Wess]

Low-energy effective
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Harmonic superspace|Galperin-lvanov-Ogievetsky-Sokatchev]|
(z", 0%, 0" u) (i =1,2), ui: SU(2) matrix (harmonic
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off-shell formalism
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Comments:

N =1/2 limit % = C*PL U(N) [Araki-lto-Ohtsuka
0307076] Order O(C) result is exact, no higher order
corrections

CoPu = P, U(1)

[De Castro-lvanov-Lechtenfeld-Quevedo, 0510013], agrees at

the O(C) level

In general case, higher order corrections O(F)™ such as
(---VZFVEF) exist. This is consistent with harmonic
superspace.

Singlet deformation=(A,A) deformation?
[Ferrara-lvanov-Lechtenfeld-Sokachev-Zupnik, 0405049]
(tadpole divergence)
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the Chern-Simons term [Myers]
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My

[Imaanpur 0501167]
f,uvabc _ _(O.,uv)aﬁ(iazbic)ABc(aﬁ)(AB)
SUSY completion of the CS term
agrees with A/ = 4 Lagrangian in N/ = 1/2 superspace
no N = 4 superspace description, geometrical interpretation?

Vacuum (flat direction, fuzzy sphere configuration)
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R-R 3-form
Scaling conditions:

n (2n/)3/2FBAB — fixed
Higher-point disk amplitudes: It is difficult to extract contact
Interaction terms.

n  (2n)V/2FBAB — fixed
Number of interaction terms reduce.

m N =2 SYM with (27To/)%]: = C, (S,A)-type deformation
[Billo-Frau-Fucito-Lerda, 0606013]

C =

—tr | F,pCH + (@CWF] .
Iym

The instanton effective action agrees with that obtained by
Nekrasov (€2-background) at O(C) level.
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(A,S), (S,A)-deformation: Supersymmetry structure
Geometrical interpretation is not clear (x-product?)
superspace dependent coupling constant 7(C, 0) = 7 + C6?,
m(C, 0)

(A,A)-deformation: tadpole divergence: ((VzVr))
(backreaction)

higher genus and o’ corrections

Hybrid formalism in 6 dimensions(N = 2),

pure spinor formalism (N = 4)

Deformed (super)instanton equations

Nonperturbative Correction in Flux Compactification of
superstrings

42 / 42



	Outline
	Introduction
	
	
	

	Low-energy effective action
	
	NSR formalism
	D3-branes
	vertex operators
	R-R vertex operator
	Classification of the R-R field strength FAB 
	Disk amplitudes
	Auxiliary field method
	N=4 SYM
	N=2 SYM
	N=1 SYM
	Deformed Action

	N=1 SYM in Graviphoton Background
	N=1 SYM
	N=1/2 Deformed Lagrangian
	Non(anti)commutative N=1 Superspace
	 N=1/2 Super Yang-Mills Theory

	N=2 SYM in Graviphoton Background
	N=2 SYM
	Graviphoton Corrections
	An example of Disk Amplitudes
	Deformed Lagrangian
	N=2 Non(anti)commutative Superspace
	Non(anti)commutative N=2 harmonic superspace
	Deformed action 
	N=2 U(N) gauge theory in N=1/2 Superspace
	 

	Deformed N=4 SYM 
	disk amplitudes
	Deformed Lagrangian
	Comments
	(A,S) and (S,A) type deformation
	(A,S) and (S,A)-type deformation of N=4 SYM

	Discussion
	 


