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Closed string background and
deformed SYM theories

Constant NS-NS 2-form Bmn

—->Noncommutative SYM theory in D-brane world-
volume

[Seiberg-Witten (1999)]
Constant R-R F,,nabe
—->SYM theory in deformed geometry
(non(anti)commutative superspace)

[Ooguri-Vafa, Seiberg (2003)]

We focus on deformed SYM theories defined on D-branes w.v.
in the presence of R-R backgrounds
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R-R backgrounds in |IB string
theory

Self-dual R-R 5-form field strength -=>deformation of

superspace geometries
N=2 non-singletly deformed harmonic

N=1 superspace deformation superspace from open string amplitudes
[Ooguri-Vafa, Seiberg (2003)] [Ito-S.S (2006)]

N=4 superspace deformation from
open string amplitudes
[Ito-Kobayashi-S.S (2006)]

R-R 1-form = deformation of superspace geometry
with specific structure
N=2 (N=4) singletly deformed harmonic superspaces (v.0. charge conservation)

R-R 3-form deformation?-> [Ito-Nakajima-S.S. (2007)]



D3/D(-1) system and instantons

ADHM construction = Systematic construction of instantons in gauge theories
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o ©

[Atiyah-Hitchin-Drinfeld-Manin (1978)]

ADHM construction of instantons in SYM
- D3/D-instanton brane configuration

>

k D(-1)-branes

B

. N

D3-branes

U(N), k-instanton = k D(-1), N D3

D3/D(-1), D(-1)/D(-1) open string - ADHM moduli

instanton effective action of 4D SYM theory

- D(-1)-brane effective action Seff
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F(k)(a)zfdj\?l(k)e v
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D-Instanton effective action with

R 3-form background

D3/D(-1) with self-dual R-R 3-form bkg. (N=2
graviphoton bkg. € )

D-instanton effective action = Deformed instaton effective action

- £2 -background deformation of N=2 instanton effective action

. . Billo-Frau-Fucito-Lerda (2006
—->BRST exact after topological twisting [Billo-Frau-Fucito-Lerda (2006)]

—localization technique for moduli space integration of instanton
partition function

Explicit calculation Z(a;e) = exp
of instanton p.f.

[Nekrasov-Okounkov (2003)] lim F, a g) = F a
im Fnp.(a;e) = Fsw(a)

Fnp(a;e) X1 .
[ pez ] 25—2.7-'(’“)(&5)]

~ exp [
k=1

R-R backgrounds naturally regularize the moduli space integration .




Deformed SYM In the presence
of SD 3-form R-R bkg.

[Ito-Nakajima-S.S (2007)]
Filed theory calculations of deformed instantons

(consistency check)
Deformed SYM theory in the presence of self-dual R-R 3-form background
- Open string disk amplitudes with closed string vertex insertion (NSR-formalism)

t~asit D@ @
\

R-R vertex operator

deformed action open string vertex operator
) L = Lgym + 0L
a =0 RR correction
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N=4 SYM In the presence or
self-dual R-R 3-form bkg.

N Euclidean D3-branes in R19 > N=4 U(N) SYM
Self-dual R-R 3-form field strength background FH#¥¢

N=2 graviphoton and vector-like backgrounds are
unified into N=4 graviphoton background

All information of N=2 is included in the N=4

# of non-zero disk amplitudes to calculate is less
than N=2 case
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N=4 open/closed string vertex
operators

Field

Vertex Operator

Vector

1':51_11(5-'1 pl= (‘27&"]% %y"(y]t'ﬂ'[ﬂ]t—_iv’?l-'ﬂ'p-xly)

Vi p) = 2i2ma")E 4, (p) (OX¥(y) + i(27a’) Ep - it(y)) VITEW

6 real scalars

(= L va 7 - v e2rop- X
1.1: ”(H:P)=(' F{lf)?F (p) (y)e (y) iV 2ro p-X{y)

VOy: p) = 2i(2r a)rﬁ(p) (8X2(y) +i2ra’)2p- vi(y)) VX

(zluino

Vi (y:p) = (271X (p)Sa(y) Saly)e 7¥eV 2P A
Wy p) = (2ma’) T Xaa(p)§4(y) S (y)e 200 ViAW)

Auxiliary field

Vi) = a2 Ho e )V XD
{U] (y p) - b(-ﬂﬂ )qu(p)'- L (y)e"rzr“'.ﬂ'-l[.ﬂ}
{0] Ay:p) = C(}nﬂ )H (P)L“Lb(y)thﬂ" X (y)

R-R field

h: T3 ) = (2r0) FOIREN 5, (2)Sa(2)e TIS5(2)Sp (D)o 1o

note: closed string left and right mover are identified
by boundary condition [Billo-Frau-Pesando-Lerda (2004)]




Non-zero amplitudes—
selection rules

(- F)
(1) F ~ 5a54535p Charge cancellation combination
(||) o power counting p — ; Disk normalization + Zero-slope scaling

21202  vertex operators
(2ma')/2F = ¢ = fixed

(I11)  Lorentz and internal index structure ~ Ex. F(aﬁ)(SaSﬁ) ~ _']-‘(Ctﬁ’),sm3 =0

There are three ‘ (Auqo.'F) + (prqo.'F) + (AAF)

non-vanishing
contributions

SUSYO07 : 31 July@ Karlsruhe 9



Deformed N=4 SYM action

= £EoM+ _\4‘.\ f.\ A

|
(i) v -

. : dy; H_j—]. dz d_ (qu ( l.—%) —_

= Cp, [ == (P ) - (21-71) )

Zero-slope limit 2 N=4 deformed action

L 1 (+) - 2 aA
= o Tr|— (F;w ~ipCl) —iA*4(0") 43D )~ S(Dupa) + oo il
kg 2 ‘

1 — — 1. Kl ‘
+§(E“)‘wﬂaﬂ[¢-‘a-ﬂa3] + 5():“)_.131"\0‘{[%- N+ 2aBepAaASP



Supersymmetry and consistecy
with the Myers action

Remaining deformed SUSY

rank of C{¢3N12]
0 1 2
DA =(2.2) [N =(3/2.1) | A =(1.1)
rank of CIB [T [ A"=(3/2.1) [A"=(1.0) | A =(1/2.0)
2 A" =1(1.1) [AN'=(1/2.0) | AN"=(0.0)
Py e 1
Myers action  Spg = %STr " ZP[e“’\"P"F’ATA(”)]e)‘F
4 n

Self-dual 3-form (and its dual 7-form)

i . -2 1 .
BSoTr f P[er}"ﬁkﬁA(zj]e'}‘F
k My

1 1
= — d*x Tr [gaFu] (2wa’)2FHVe
sp  2kgym J-Va

. .2 1
@STF/ PleNeA2 A(6)]1AF
k My

=0
SD
Bosonic part is consistent with the deformed action derived from amplitudes calcullfltion




N=4 ADHM solution

[K.Ito, H.Nakajima, S.S, work in progress]

From the deformed action £ = Jsvy_hﬁ 4+ 6L | instanton equation and its

solution are obtained

N=4 ADHM solution @, Wyja, W, i, Me - ADHM moduli

4'1;(_{0} — —IE@HU.
O — Ag( M) = T(MA B — ba fM-*)U.

"y (0) — _l iﬂ L" -1 MBET' Lr 0 L'T
va 4( )48 / + U Xalox2 + lpxk

Uy, — Vuv MA o MA . }U'Aui
T\ (Ui TR T (M)
= (1 — wafTN3I. UL = —(a' + 2)aaf@ VL F— |22 (2] = x)

¢a — (cpa) 12



ADHM constraint

ADHM constraint

(AA) = 11550
MAIA+AMA=0

i .
Axja = axjo + B335 = ( (a}; + 8552)ac ) (A =udia)

Constraint on Xa

(T wg. xa} + el [ xal] = ZEDapMAME + 38 daug + . o))

SUSYO07 : 31 July@ Karlsruhe 13



Comment on mass deformatio

[ I B A | HVII

(R-R 3-form with internal SD condition)

= £8Gm+ 4:.\ A

Mass deformation of the instanton effective action can be achieved by
Another type of R-R 3-form backgorund (self-dual in internal space)

0L

Tr [(E°EPE) apvarpec] CAP) + ——Tr [Rz RG] €48

59vm
Tr [(fuzbfc);-'lB(fazbfd)C‘Diﬁc@d] cAB)o(CD)

f d28 Tr [(7®?)]

5ﬁvm
11

4RQYM

f d26 Tr [(m;®?)] +

2Lgm 2kg2 >

for appropriate mass matrix background

SUSYO07 : 31 July@ Karlsruhe 14



N=4 - N=2 reduction

Set-up o
Orbifolding R4 x C % CQ/ZQ D3/D3 Vertex operator projection

- . . . “U(N) N=2 SYM h
N (fractional) D3-branes at orbifold fixed point U(N) SYM on the branes

ViR @ 2= 2ra) FONN |50(2)5O) (2)81(2)e 729D 55(2) 5 (2)5(2)e 29|

Constant graviphoton background

v2m12) (2= (2ral) FeBE) [sa(z)s“r)(z)s;(z)e—%qﬁ(@sﬁ(z)s(“(5)53(2)6—%¢<5>]

Vector-like background (after orbifold projection)

N=4 = N=2 background decomposition
graviphoton

(aB) _1(CW) 0 )
¢ 2( 0o o )
Vector bkg. o




N=4 - N=2 reduction

N=4 = N=2 orbifold projection for open string Vv.o.
/\£=K§=O (A=3,4)
Ya=0(=7,8,9,10)

1 _ _ 1 .
p = E(% — i), ¢ = 75(@5 + ipg)

pV=4N=2 ; Tt [iF3CH — i F,, C* + V/—:‘_’na"n PreiSal
kgdm 2

Lo — v _ I B
+ S(FCH) = (BCwI(#CM) + Z(pCH)?|
= 1 ) sl 2 V2 i ={a
kg$M Tr [_E (Fé;l-J — (ang#y — z{pcuy)) -+ ?An h&ic( 3)]
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Amplitudes reduction

= L&+ _\4‘.\ ﬁ.\ /.\
. o

£=£SY=|\/2|+_\:’\+34.\ "'JA"’ &4_
ke E Hiess E LT ¢ Hew @

—>graviphoton + vector-like background
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Deformed N=2 SYM : SUSY

0L

L =LEGZ + 6L+ 0(C3)

= 1 Tr [1prcpc“ — i@ F, C" + ?AQ'A 3,-(_?(“3)

kﬂvw

+ (R — (FCu) (O + (204 7?]

Supersymmetry is deformed and the number of SUSY
Is dependent on the rank of the backgorund

rank of 127
0 1 2
0| A =(1.1) N =(10) A =(1.0)
rank of C129 [ 1 [ A" =(1/2.1) | N =(1/2.0) | A" = (1/2.0)
210 =(0.1) A =(0.0) A =1(0.0)
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Deformed ADHM from
deformed SYM [K.lto, H.Nakajima, S.S, work in progress]

ADHM solution

AP = —T,U.
AL — AL (M) = T (M FBa — b fMOU.

,'D)—Q T J"' T 0 r
I4EULMJEWL-I—L (o xlzﬂ—t’

~(0) — 7 o 0
7 U(O )?12x2+)U

Deformed constraint

Ly = if@ﬁ”“ HO Y o)

Lx = w%¢wg Qs Gy

L= —{w we, *} + [ay,, [a™, *]]

19



Instanton effective action

Instanton effective action fmn = 2Cmn, fmn = 2C7mn

S = 2n?tr[-2(Ix. afu] - 207l )([x. 0™ - 2if™"al,) |
+ (Mg - Ba@)(whx — aw) + (xifg - Baa)(wdx' — qud)

2 2 . . i ,
+ 26, (T + a) = 12N ey (BT M = (0™ 33070)

+S=1DH1I
Sapmar = try[—iD - 7 (w Wa +a'°q L) — A (Flwg + Tap + [al 4. M.

[Billo-Frau-Fucito-Lerda (2006)]

> Precisely reproduces D-instanton effective action in the presence of
Omeoga-background (up to @(CC) term)

R-R deformed N=2 instanton < N=2 Omega-background effective action

?
R-R deformed N=1,4 instanton <~ N=1,4 Omega-background effective action
[K.Ito, H.Nakajima and S.S, work in progress]



Summary and future work

Derived deformed N=4 SYM action that correctly
reproduces N=2 D3/D(-1) system with self-dual R-R
background and also omega-background deformation
of instanton effective action

ADHM solution in the deformed N=2,4 SYM is found
Gravitational correction to instanton solutions

[future work]

Perform complete calculation of N=4 instanton effective
action and find the similarity with N=2 deformed
Instanton calculus

N=1 generalization
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Omega-background deformation

6D Omega-background
dsz = dzdz + (dz + QFdz + QHdZ)?
QF = Qg QF = QFVy,
Omega-deformed N=2 SYM £(2) = £857 + 6L
5L = —|—%Tr [v@gFﬂpD“@QV — V29F,, D' pQY + ig° D, gD, 504 Q"
~iv262 Dple. 21" — iV2¢° Duplo. 1 — 29° Fup B QMY
—2ig? D@Dy oMY + ig? Dy Do — 2ig°[. . FLu 24|
- Deformed instanton effective action
(0)(Q Q=0)= (0)

BRST-exact after topological twisting
—>Applicable localization technique in moduli space integration

—>Instanton partition function can be calculated [Nekrasov-Okounkov (2004)]
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