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This talk is mostly based on...

& M. Billo, M. Frau, |. Pesando, F. Fucito, A. Lerda and
A. Liccardo, “Classical gauge instantons from open strings,”
JHEP 0302 (2003) 045 [arXiv:hep-th/0211250].

[d M. Billo, M. Frau, |. Pesando and A. Lerda, “N = 1/2 gauge
theory and its instanton moduli space from open strings in R-R
background,” arXiv:hep-th/0402160.
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Introduction

Field theory from strings

@ String theory as a tool to study field theories.

@ A single string scattering amplitude reproduces, for o’ — 0, a
sum of Feynman diagrams:

String theory S-matrix elements = Field theory eff. actions

@ Moreover,
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String amplitudes

@ A N-point string amplitude A is schematically given by

e V. is the vertex for the emission of the field ¢; :
"'/:.‘), = ¢i V(.),

e Y is a Riemann surface of a given topology
o (...)y isthev.ev. in CF.T. on .
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Gauge theories and D-branes

@ In the contemporary string perspective, we can in particular
study gauge theories by considering the lightest d.o.f. of open
strings suspended between D-branes in a well-suited limit

o/ — 0 with gauge quantities fixed.
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useful outcomes

perturbative amplitudes (many gluons, ...) via string
techniques;

construction of “realistic” extensions of Standard model
(D-brane worlds)

AdS/CFT and its extensions to non-conformal cases;

hints about non-perturbative aspects (Matrix models & la
Dijkgraaf-Vafa, certain cases of gauge/gravity duality, ...);

description of gauge instantons moduli space by means of
D3/D(-1) systems.
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Non-perturbative aspects: instantons

@ We will focus mostly on the stringy description of instantons.

[Witten, 1995, Douglas, 1995, Dorey et al, 1999], ...

@ Our goal is to show how the stringy description of instantons
via D3/D(—1) systems is more than a convenient
book-keeping for the description of instanton moduli space &
la ADHM.

@ The D(-1)'s represent indeed the sources responsible for the
emission of the non-trivial gauge field profile in the instanton
solution.
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Deformations by closed string backgrounds

@ Open strings interact with closed strings. We can turn on a
closed string background and still look at the massless open
string d.o.f..
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Introduction

Deformations by closed string backgrounds

@ Open strings interact with closed strings. We can turn on a
closed string background and still look at the massless open
string d.o.f..

@ In this way, deformations of the gauge theory are naturally

suggested by their string realization. Such deformations are
characterized by

e new geometry in (super)space-time;

e new mathematical structures;

e new types of interactions and couplings.
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Non-(anti)commutative theories

@ The most famous example is that of (gauge) field theories in
the background of the B*” field of the NS-NS sector of closed
string. One gets non-commutative field theories, i.e. theories
defined on a non commutative space-time

@ Another case, recently attracting attention, is that of gauge
(and matter) fields in the background of a “graviphoton” field
strength C,, from the Ramond-Ramond sector of closed
strings. These turn out to be defined on a
non-anticommutative superspace

[Ooguri-Vafa, 2003, de Boer et al, 2003, Seiberg, 2003], ...
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Usual string perturbation

@ The lowest-order world-sheets > in the string perturbative
expansion are

spheres for closed strings, disks for open strings.

@ Closed or open vertices have vanishing tadpoles on them:

<V¢closed >sphere =0 ’ < V¢0p0D >disk =0.

@ No tadpoles ~» these surfaces can describe only the trivial
vacua around which ordinary perturbation theory is performed,
but are inadequate to describe non-pertubative backgrounds!
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
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Closed string tadpoles and D-brane solutions

@ The microscopic realization of supergravity p-brane solutions
as Dp-branes (Polchinski) changes drastically the situation!

@closed ¢closed
— HANNNNNAN - <V§bclosod >dlskp # O

source

Dp-brane
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
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Closed string tadpoles and D-brane solutions

@ The microscopic realization of supergravity p-brane solutions
as Dp-branes (Polchinski) changes drastically the situation!

@closed ¢closed
— HANNNNNAN - <V§bclosod >dlskp # O

source

Dp-brane

@ (The F.T. of) this diagram gives directly the leading
long-distance behaviour of the Dp-brane SUGRA solution:
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Open string tadpoles and instantons

@ This approach can be be generalized to the non-perturbative
sector of open strings, in particular to instantons of gauge
theories.

@ The world-sheets corresponding to istantonic backgrounds are
mixed disks, with boundary partly on a D-instanton.

, ¢0pCIl Qbopen
. NN <V¢0P€n >mixed disk 7& 0
mixed disk source

@ In this case, this diagram should give the leading long-distance
behaviour of the instanton solution.
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Instantons & and their moduli (flashing review)

o Consider the k£ = 1 instanton of SU(2) theory

M (T — 20)"

AS =2
(@) (z — 20)2 + 2
S winding # 1 map __--
/\ /
R4 | :

S5 = SU(2)

° nfw are the self-dual 't Hooft symbols, and F),, is self-dual.
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
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Instantons:Singular gauge

e With a singular gauge transf. — so-called singular gauge:
(F o still self-dual despite the 75,)

c _ 2 =c (
AL(r) = 2p ;
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The N/ = 1 gauge theory from open strings

The ADHM moduli space of the N’ = 1 theory
The instanton profile

Instantons from perturbative strings

Instantons: parameters

e Parameters (moduli) of k =1 sol. in SU(2) theory:

moduli meaning #
.Z‘g center 4
p size 1
g orientation® 3

(*) from “large” gauge transf.s A — U(0)AUT(6)
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
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Instantons: parameters

@ For an SU(XV) theory, embed the SU(2) instanton in SU(NV):

ON_2xN—2 0
A,=U Ut
H 0 AEU(Q)

Thus, there are 4N — 5 moduli parametrizing %
— total # of paramenters: 4N,

@ For instanton # k in SU(N): total # of moduli: 4Nk,
described by ADHM construction: moduli space as a
HiperKahler quotient.

Atiyah,Drinfeld, Hitchin; Manin
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Instanton charge and D-instantons

@ The world-volume action of N Dp-branes with a U(N) gauge
field F' is

1
D.B.I. + / [Cp+1+20p3Tr(F/\F)+...
D

P

o A gauge instanton (i.e. Tr(F'AF ) #0) ~ a localized
charge for the RR field C),_3 ~ a localized D(p — 3)-brane
inside the Dp-branes.

@ Instanton-charge k sol.s of 341 dims. SU(V) gauge theories
k D-instantons inside N D3-branes

[Witten, 1995, Douglas, 1995, Dorey et al, 1999}, ...
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Stringy description of gauge instantons

Marco Billo

_—— D3/D3, C-P: uv

= D(-1)/D(-1), C-P: ij

D(-1)/D3, C-P: iu
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Disk amplitudes and effective actions

Usual disks: Disk amplitudes
D3
a’ — 0 field theory limit
_D(-1)
Effective actions
D3/D3 D(-1)/D(-1) and mixed
Mixed disks:
p3/~  :D(-1)
; N =4 SYM action ADHM measure
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@ We will now discuss a bit more in detail the stringy

description of instantons, focusing on the case of pure
SU(N), N =1 SYM.
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N/
The instanton profile

1 theory

@ We will now discuss a bit more in detail the stringy

description of instantons, focusing on the case of pure
SU(N), N =1 SYM.

@ Though for simplicity we well discuss mostly its “bosonic”

part, this is the supersymmetic theory we will later deform to
N =1/2.
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The Cg/(ZQ X Zz) orbifold

o Type IIB string theory on target space

6
R4XR;
ZQXZQ

.,10).

I
ot

Decompose M — (2#,29), (u=1,...4, a

)
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The Cg/(ZQ X Zz) orbifold

o Type IIB string theory on target space

6
R4XR;
ZQXZQ

Decompose M — (2, 2%), (u=1,...4, a=5,...,10).
@ Zo x Zy C SO(6) is generated by

@ ¢i: a rotation by 7 in the 7-8 and by —7 in the 9-10 plane;
@ ¢i: a rotation by 7 in the 5-6 and by — in the 9-10 plane.
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The Cg/(ZQ X Zz) orbifold

o Type IIB string theory on target space

4 RY
X —
Lo X Zig

Decompose M — (2, 2%), (u=1,...4, a=5,...,10).

@ Zo x Zy C SO(6) is generated by
@ ¢i: a rotation by 7 in the 7-8 and by —7 in the 9-10 plane;
@ ¢i: a rotation by 7 in the 5-6 and by — in the 9-10 plane.

@ The origin is a fixed point = the orbifold is a singular,
non-compact, Calabi-Yau space.
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Residual supersymmetry

o Of the 8 spinor weights of SO(6), X = (£3,£3,£3) , only

- 1 1 1 . 1 1 1
(+) — R T (=) —(_- _ = _—
A —<+2,+2,+2), AT = ( 5 T 2)

are invariant ones w.r.t. the generators gi ». They are the
orbifold realization of the 2(= 8/4) Killing spinors of the CY.
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are invariant ones w.r.t. the generators gi ». They are the
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Residual supersymmetry

o Of the 8 spinor weights of SO(6), X = (£3,£3,£3) , only

- 1 1 1 . 1 1 1
(+) — R T (=) —(_- _ = _—
A —<+2,+2,+2), AT = ( 5 T 2)

are invariant ones w.r.t. the generators gi ». They are the
orbifold realization of the 2(= 8/4) Killing spinors of the CY.

e We remain with 8(= 32/4) real susies in the bulk.

@ Only two spin fields survive the orbifold projection:

GE) — oE3(p1t+pates)

I

where 1,2:3,bosonize the SO(6) current algebra.
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Fractional D3-branes

@ Place N fractional D3 branes, localized at
the orbifold fixed point. The branes preserve
,,,,, : 4 = 8/2 real supercharges.

Fractional D3's
along x1,...,x4
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Fractional D3-branes

@ Place N fractional D3 branes, localized at
the orbifold fixed point. The branes preserve
4 = 8/2 real supercharges.

@ The Chan-Patons of open strings attached
to fractional branes transform in an irrep of
Z2 X ZQ.
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Fractional D3-branes

@ Place N fractional D3 branes, localized at
the orbifold fixed point. The branes preserve
4 = 8/2 real supercharges.

@ The Chan-Patons of open strings attached
to fractional branes transform in an irrep of
Z2 X ZQ.

@ The fractional branes must sit at the orbifold
fixed point.
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Fractional D3 branes and pure N = 1 gauge theory

@ Spectrum of massless open strings attached to IV fractional
D3'’s of a given type corresponds to A/ = 1 pure U(N) gauge
theory. Schematically,

N ag(+)
NS:{ ¥ Ay R:{ 525

— A,
P* no scalars! Sas(=) A

[0}
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Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Fractional D3 branes and pure N = 1 gauge theory

@ Spectrum of massless open strings attached to IV fractional
D3'’s of a given type corresponds to A/ = 1 pure U(N) gauge
theory. Schematically,

N ag(+)
NS:{ ¥ Ay R:{ 525

_
P* no scalars! Sas(=)

Ao
A
@ The standard action is retrieved from disk amplitudes in the
o/ — 0 limit:
_ 1 4 1 2 A 70‘46A
S=—[d :UTr(iFW—2 ) ﬂ) .

p)
9ym
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Auxiliary fields

@ The action can be obtained from cubic diagram only
introducing the (anti-selfdual) auxiliary field H,,, = H.1j,:

§'= L [t (@A, 04000 4 20, 40 27
YM

— 28PNy + HH + H, 5, [, A7]}
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Auxiliary fields

@ The action can be obtained from cubic diagram only
introducing the (anti-selfdual) auxiliary field H,,, = H.1j,:

2

Sl - g\iM d4l‘ Tr{ (8“14” - aVA”)aﬂAV + 21 aHAV [AM’ AV]

— 28PNy + HH + H, 5, [, A7]}

o Integrating out . gives H,,,  [A,, A,] and the usual action
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Auxiliary fields in the open string set-up

@ The auxiliary field H,,, is associated to the (non-BRST
invariant) vertex

Vityip) = () PG g ) TN
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The set-up

Instantons from perturbative strings The N = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Auxiliary fields in the open string set-up

@ The auxiliary field H,,, is associated to the (non-BRST
invariant) vertex

Vityip) = () PG g ) TN

A We have then, for instance,
1 1 " y
H §<< Vi VaVa >> - T2 Tr <H/1,1/(p1)A (p2>A (p3))
— Iym

+ other ordering

~~ last term in the previous action.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Va(y) = (2ma’)? go a, ¥ (y) e W) |
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Valy) = (2ma')2 goa, o (y) e .
@ Here g is the coupling on the D(-1) theory:

1 1 872

CO = - =
3 37 5 -
2r2a’” 95 9ym
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Va(y) = (2ma’)? go a, ¥ (y) e W) |

e Cp = normaliz. of disks with (partly) D(-1) boundary. Since
gy is fixed as o/ — 0, gy blows up.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Va(y) = (2ma’)? go a, ¥ (y) e W) |

@ The moduli a, are rescaled with powers of gy so that their
interactions survive when o/ — 0 with g%M fixed.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Va(y) = (2ma’)? go a, ¥ (y) e W) |

@ The moduli a, have dimension (length) ~ positions of the
(multi)center of the instanton
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —o

Chan-Paton factors in the adjoint of U(k).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

Va(y) = (2ma’)? go a, ¥ (y) e W) |

Moreover, we have the auxiliary vertex decoupling the quartic inter-

actions D, e
s
(2ma’) —5H Qe (y) |

Vp(y)
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Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D(-1) strings D(-1) D(-1)
With k& D(-1)’s, all vertices have e —oO

Chan-Paton factors in the adjoint of U(k).

Ramond sector
The vertices surviving the orbifold projection are

Vi (y) = (27ro/)% % M Sa(y)S(_)(y) 030 ,

Valy) = (27a/) T g S%(y)S™H) () e 29W)

o M'® has dimensions of (length)z, A, of (length) ™.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D3 strings D(-1)

D3
All vertices have Chan-Patons in the ./\/{

bifundamental of U(k) x U(N).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

‘u(y) = (271'0/)% % We A(}/) Sd(y) e*¢>(y) 7

@ The (anti-)twist fields A, A switch the b.c.’s on the X* string
fields.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D3 strings D(-1)

D3
All vertices have Chan-Patons in the ./\/{

bifundamental of U(k) x U(N).

Neveu-Schwarz sector
The vertices surviving the orbifold projection are

‘u(y) = (271'0/)% % We A(}/) Sd(y) e*¢>(y) 7

Valy) = (2ma’)? % e Aly) S*(y)e W)

e w and w have dimensions of (length) and are related to the
size of the instanton solution.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Moduli spectrum in the ' = 1 case

D(-1)/D3 strings D(-1)

D3
All vertices have Chan-Patons in the ./\_/{

bifundamental of U(k) x U(N).

Ramond sector
The vertices surviving the orbifold projection are

o The fermionic moduli /1,/i have dimensions of (length)!/2.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The N = 1 moduli action

o (Mixed) disk diagrams with the above moduli, for o/ — 0 yield
Smod = tr¢—1iD, (WC + iﬁzy [a’“, a’yD

—ixe (wua fiu + " D + [ag4 Mla])

where | (W€) ¢ = w™, (7€)% wﬁ .
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

N = 1 moduli action

o (Mixed) disk diagrams with the above moduli, for o/ — 0 yield
Smod = tr¢—1iD, (WC + iﬁzy [a’“, a’”])

—ind (w“d flu + 1B+ [a0s "’])

where | (W°) " = w™; (7°)% ot

e D.and \* ~ Lagrange multipliers for the (super)ADHM
constraints.

Marco Billo Instantons in (deformed) gauge theories from strings



The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The N = 1 ADHM constraints

@ The ADHM constraints are three k£ x k& matrix eq.s
We +int, [*,a"] = 0.

@ and their fermionic counterparts

WY, Py + LW + [a’ M/O‘] =0

ad?
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

N =1 ADHM constraints

@ The ADHM constraints are three k£ x k& matrix eq.s
We +int, [*,a"] = 0.

@ and their fermionic counterparts

W fig + 1 + [y M| = O

ad?

@ Once these constraints are satisfied, the moduli action
vanishes.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Parameter counting

e E.g., for the bosonic parameters

#

CL/'u 4k’2

Wey, W 4k N

ADHM constraints | —3k?

Global U(k) inv. —k?

True moduli 4kN

o After imposing the constraints, more or less
at ~ multi-center positions, ...

We,Ws ~»  size, orientation inside SU(N),...
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The instanton solution from mixed disks

@ Mixed disks = sources for gauge theory fields.
The amplitude for emitting a gauge field is

AL(0) = (Var (=p) ) g = Vo Var (=p) Vi )

W =i (TI)”u p¥ ﬁlc,u (’u,'“(;l (TC)dB 1711) e PTo
1P/
i :

w

w
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The instanton solution from mixed disks

@ Mixed disks = sources for gauge theory fields.
The amplitude for emitting a gauge field is

AL(p) = (Var (=p) )pq = Vi Vag (=0) Vi)

w = i(TI)”u p¥ ﬁfm (ur“d (TC)dB (7}1) e Pt
7 P N
it ,"

o

w ® Var(—p) : no polariz., outgoing p, 0-picture

Vag (z:-p) = 677 (90X, —ip- i) 7 ()
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The instanton solution from mixed disks

@ Mixed disks = sources for gauge theory fields.
The amplitude for emitting a gauge field is

AL(0) = (Var (=p) ) g = Vo Var (=p) Vi )

. o INv v =c (, u c\a -3 —ip-xg
w =i (1), " 5, (W' (7°) P e .
7 P N
H A
X - ) .
w @ N.B. From now on we set £k = 1, i.e. we consider

instanton number 1.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The instanton solution from mixed disks

@ Mixed disks = sources for gauge theory fields.
The amplitude for emitting a gauge field is

AL(0) = (Var (=p) ) g = Vo Var (=p) Vi )

W = i(TI)”u p¥ ﬁfm (’uf“(»l (TC)dB 1711) e Pt
1P/
i ;

o

w @ z( = pos. of the D(-1). Broken transl.

invariance in the D3 world-volume ~~ “tadpole”

<efip-X >m'd x eip-:ro ]
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The classical profile

@ The classical profile of the gauge field emitted by the mixed
disk is obtained by attaching a free propagator and Fourier
transforming:

d*p 1 .
I I ip-
A,L(I) = /(%)2 A,,,(p)]?epm

—2(T1)", [(T)} ﬁzym :

where (T1)?, are the U(N) generators and

(Tc)uu =u 'ur:'x (Tc)d' FJ’U :
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The classical instanton profile

@ In the above solution we still have the unconstrained moduli

w,w.
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The set-up

The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Instantons from perturbative strings

The classical instanton profile

@ In the above solution we still have the unconstrained moduli

W, W.
@ We must still impose the bosonic ADHM constraints

«

We=wt (Tc)é‘-ur"?, =0.
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The set-up

The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Instantons from perturbative strings

The classical instanton profile

@ In the above solution we still have the unconstrained moduli

w,w.

o Iff W€ =0, the N x N matrices

1 v —f
(f’ff)uz‘ = 2/)2 <“"yd“(T(’)”..}/[T'j“)

where
2 Uk
2p° = w', w, ,

satisfy an su(2) subalgebra: [{.. 1] = ic.ge te.
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The classical instanton profile

@ The gauge vector profile can be written as

TN 4.2 I, \-c (@—0)"
A (@) =4p T (T fv)n,wm
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

The classical instanton profile

@ The gauge vector profile can be written as

TN 4.2 I, \-c (@—0)"
A (@) =4p T (T fv)n,wm

@ This is is a moduli-dependent (through 7.) embedding in
su(N) of the su(2) instanton connection in
o large-distance leading approx. (|z — zo| > p)
e singular gauge

Marco Billo Instantons in (deformed) gauge theories from strings



The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Additional remarks

@ The mixed disks emit also a gaugino A% ! ~-
account for its leading profile in the
super-instanton solution.

Marco Billo Instantons in (deformed) gauge theories from strings



The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Additional remarks

w
1P ")w
| @ The mixed disks emit also a gaugino A% ! ~-
= w account for its leading profile in the
lE super-instanton solution.
b
T — @ Subleading terms in the long-distance expansion
~

/ of the solution arise from emission diagrams
with more moduli insertions.

@ At the field theory level, they correspond to
\p_ 1 having more source terms.

T
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The set-up

Instantons from perturbative strings The N/ = 1 gauge theory from open strings
The ADHM moduli space of the N’ = 1 theory
The instanton profile

Additional remarks

Question: Why singular gauge?

@ Instanton produced by a point-like source, the D(-1), inside
the D3 — singular at the location of the source

@ In the singular gauge, rapid fall-off of the fields — eq.s of
motion reduce to free eq.s at large distance — “perturbative”
solution in terms of the source term

@ non-trivial properties of the instanton profile from the region
near the singularity through the embedding

S0 <, SU(2) € SU(N)
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The N = 1/2 gauge theory
The deformed ADHM moduli space
The deformed instanton solution

Deformations of gauge theories from closed strings

Deformations of gauge theories fr closed string
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The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Non-anticommutative theories and RR backgrounds

C.v RR background: new geometry

@ A class of “deformed” field theories, recently attracting
attention, is that of gauge (and matter) fields in the
background of a “graviphoton” field strength C,,, from the
Ramond-Ramond sector of closed strings.
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The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Non-anticommutative theories and RR backgrounds

C.v RR background: new geometry

@ A class of “deformed” field theories, recently attracting
attention, is that of gauge (and matter) fields in the
background of a “graviphoton” field strength C,,, from the
Ramond-Ramond sector of closed strings.

@ These turn out to be defined on a non-anticommutative

superspace, where the, say, anti-chiral fermionic coordinates
satisfy

{ed,eﬁ'} o O  (o)5BC,,.
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The N = 1/2 gauge theory
. . . The deformed ADHM moduli space
Deformations of gauge theories from closed strings 4 SP:
The deformed instanton solution

Non-anticommutative theories and RR backgrounds

C.v RR background: new structure

@ The superspace deformation can be rephrased as a

modification of the product among functions, which now
becomes

6) + 9(6) = F6)exp( = 5 5z O -5) 9(6)

@ There are also new interactions between the gauge and matter
fields: see later in the talk.
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The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Non-anticommutative theories and RR backgrounds
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The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Non-anticommutative theories and RR backgrounds

Plan

@ We shall analyze the deformation of NV = 1 pure gauge theory
induced by a RR “graviphoton”C,,,,, the so-called N = 1/2
gauge theory.

[Seiberg, 2003], ...

@ We shall discuss how to derive explicitely the A/ = 1/2 theory
from string diagrams (in the traditional RNS formulation).

@ Moreover we will derive from string diagrams the instantonic
solutions of this theory and their ADHM moduli space.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The graviphoton background

@ RR vertex in 10D, in the symmetric superghost picture:
Fig SAe_WQ(z) S’Be_‘g/Q(é) .

Bispinor F ;3 ~ 1-, 3- and a.s.d. 5-form field strengths.

Marco Billo Instantons in (deformed) gauge theories from strings



The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The graviphoton background

@ RR vertex in 10D, in the symmetric superghost picture:
Fig SAe_WQ(z) S’Be_‘g/Q(é) .
Bispinor F ;3 ~ 1-, 3- and a.s.d. 5-form field strengths.
]R()'

4 PR . . .
@ On R* x 7,x7, @ surviving 4D bispinor vertex is

Fy 848 0/2(2) §P5He0/2(z) |
with de = ‘7:'@'
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The graviphoton background

@ RR vertex in 10D, in the symmetric superghost picture:
Fig SAe_WQ(z) S’Be_‘g/Q(é) )
Bispinor F ;3 ~ 1-, 3- and a.s.d. 5-form field strengths.

4 ]R()' P . . .
@ On R* x 7,x7, @ surviving 4D bispinor vertex is

Fy 848 0/2(2) §P5He0/2(z) |

with de = ‘7:'@'
@ Decomposing the 5-form along the holom. 3-form of the CY
~» an a.s.d. 2-form in 4D

Cou o< Fy (635

the graviphoton f.s. of N/ = 1/2 theories.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Inserting graviphotons in disk amplitudes

@ Conformally mapping the disk to the upper
half z-plane, the D3 boundary conditions on
spin fields read

Q 548 (z) = §45H) (%) -

(opposite sign for S*S(-)(z)).
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Inserting graviphotons in disk amplitudes

@ Conformally mapping the disk to the upper
half z-plane, the D3 boundary conditions on
spin fields read

Q 548 (z) = §45H) (%) -

(opposite sign for S*S(-)(z)).

C. @ When closed string vertices are inserted in a
D3 disk,

548H)(z) — 5§45 (z) .
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

Start inserting a graviphoton vertex:

{ V)

where

Vr(z,2) = Fy S48He9/2(2) S8 e=0/2(z) .
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

Start inserting a graviphoton vertex:

( VE )
where

Vr(z,2) = Fy S48He9/2(2) S8 e=0/2(z) .

~ we need two S(~) operators to “saturate the
charge”
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

We insert therefore two chiral gauginos:
(VaVa  VF)
A with vertices

Valy;p) = (2ma!)1 A%(p) SuS) e 2¢W
oiV2malp X (y)
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

We insert therefore two chiral gauginos:
(VaVa  VF)
A with vertices

Valy;p) = (2ma!)1 A%(p) SuS) e 2¢W
oiV2malp X (y)

A Without other insertions, however,
(557 5,S5) o €*Peqp

~~ vanishes when contracted with Fii
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

To cure this problem, insert a gauge field vertex:

(VAVAVAVE)

A that must be in the 0 picture:
. 1
Valy;p) = 2i(2ma’)2 Au(p)

<8X“(y) +i(2ra)zp - w”(y))
X ei\/ﬁpx(y)
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Disk amplitudes with a graviphoton

To cure this problem, insert a gauge field vertex:

(VAVAVAVE)
A that must be in the 0 picture:
Valysp) = 21(2ma’)? A, (p)
(07 (y) +1(2na")2 p- v (y) )
A ei\/ 2ra’p-X (y)

~ finally, we may get a non-zero result!
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude

@ We have
[L; dyidzdz
dVeka
(Va(y1:p1)Va(y2; p2)Va(ys: p3) Ve (2, 2))

where the normalization for a D3 disk is
1 1
7T2C¥/2 Q%M

(VAVAVAVE) = C4

Cy =

and the SL(2, R)-invariant volume is

dya dyp dy.
(ya - yb)(yb - yc)(yc - ya)

dVock =
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Explicit expression of the amplitude

o Altogether, the explicit expression is

8 5 (0% [ 14 v
(VAVA VAV )= 5 — (2ma)s Te(A% (pr) A (o) P54 ) ) 5
YM

<Mt {<S“<y1>sﬂ<y2> W (33) 5°(2) 5°(2)

x (ST (1) ST () S (2) SH)(2))
% <ef%¢>(y1)e*%d’(y?)e*%ﬂz)e’%d’(z)>

% <eimp1 X(y1) olV2ma/p2- X (y2) oiv2ma/ps- X (y3)> }
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: correlators

@ The relevant correlators are:
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: correlators

@ The relevant correlators are:

1. Superghosts

<e—%¢(yl) e—%¢(y2) e—%¢(2) e—%¢(5)>

I

= (=) 1= =2 e =) (o —2) (- 2)
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: correlators

@ The relevant correlators are:

2. Internal spin fields
(ST ()8 (12) S M (2)SH)(2))
= -1 W —2) (-2 (-2 (y2—2) %

X (zfz)i

o
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: correlators

@ The relevant correlators are:

3. 4D spin fields

(S (y1) S5 (y2) 1"0" : (y3) S%(2) 5% ()
1

=3 (y1 — y2)_%(2 - 5)_%

~ <(0'lw)—\,§ Ed[} (yl — y2)

(Y1 —y3)(y2 — y3)

Ghv afB (Z_Z)
e () <y3—z><y3—z>>
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: correlators

@ The relevant correlators are:

4, Momentum factors

<ei\/ QWQ’Pl'X(yl)eiV2“0/?2')((3/2)61\/2770/173'X(y3)> onihf"” 1.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: SL(2,R) fixing

@ We may, for instance, choose

Yy — 0o, z2—i, zZ— —i.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Evaluation of the amplitude: SL(2,R) fixing

@ We may, for instance, choose

Yy — 0o, z2—i, zZ— —i.

@ The remaining integrations turn out to be

/+00d /yzd 1 _12
e PP B @y 2

Symmetry factor 1/2 and other ordering compensate each
other.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Final result for the amplitude

e We finally obtain for { Vi Vi V4 V£ ) the result

87T2 N VoA = ap
—— (27a')3 Tr (A(p1)- Alp2) P5A” () ) 7 (0)
9ym ‘
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Final result for the amplitude

e We finally obtain for { Vi Vi V4 V£ ) the result
872

S (2ma!)E Tr(A(pr) Ap2) PE A" (5)) s (G0)*
9ym

@ This result is finite for o/ — 0 if we keep constant

Cuw = 4n® (2m0/)% F 3 (6,0)%°

e (', of dimension (length) will be exactly the one of ' =1/2
theory.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Final result for the amplitude

e We finally obtain for { Vi Vi V4 V£ ) the result
872

S (2ma!)E Tr(A(pr) Ap2) PE A" (5)) s (G0)*
9ym

@ This result is finite for o/ — 0 if we keep constant

Cuw = 4n® (2m0/)% F 3 (6,0)%°

e (', of dimension (length) will be exactly the one of ' =1/2
theory.

@ We get an extra term in the gauge theory action:

)

ifd%ﬁ@AwM%ﬂww@w
9y NI
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Another contribute

@ Another possible diagram with a graviphoton
insertion is

A (VAVAVEVE).

H, nuv

Marco Billo Instantons in (deformed) gauge theories from strings



The N' = 1/2 gauge theory
The deformed ADHM moduli space

i of gauge theories from closed strings q A
Deformations of gaug e The deformed instanton solution

Another contribute

@ Another possible diagram with a graviphoton

insertion is
A (VAVAVEVE).
@ Recall that the auxiliary field vertex in the 0
Hw picture is
X Vi (y;p) =
Hy ; T
(27‘('0/) ® (p)¢y¢y(y)ezmp X(y)

2
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Another contribute

@ Another possible diagram with a graviphoton
insertion is

A (VAVAVEVE).

@ The evaluation of this amplitude paralles
exactly the previous one and contributes to
the field theory action the term:

nuv

5 / a's T (A-AH )
29%m

having introduced C),,, as above.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

Another contribute

@ Another possible diagram with a graviphoton
insertion is

A (VAVAVEVF) .

@ All other amplitudes involving F vertices
pv either
e vanish because of their tensor structure;
i e vanish in the & — 0 limit, with C),,, fixed.
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The deformed gauge theory action

@ From disk diagrams with RR insertions we obtain, in the field
theory limit

o/ =0 with G, = 4n® (210')? F, ; (5,)% fixed

the action

=3
9ym

— 20 DY Ag +i(0MA” — OV AF)A-AC,

S’/_L die TY{(G#A,,—8VA;L)8”A”+218#AV[A“’A”]

C —C 14 1 v
+ H.H +chw<[Aﬂ,A ] +5A-AC" )}
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The N' = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The deformed gauge theory action

@ Integrating on the auxiliary field H., we get

G L 1 o
S=— [ds Tr{fFil, — 28 PB4

| (rac.))

FIFY AN Gy -
2 ~
L Tr{ ( )41 A ACW> + %FWF‘“’

2
9ym

— 28, P%As}

i.e., exactly the action of Seiberg's A/ = 1/2 gauge theory.
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The deformed gauge theory action

@ Integrating on the auxiliary field H., we get

~ 1 1 .
§=— [d Tr{§F3V — 28 PB4
Iym

HiFMAAC,, — i (A-Aqw)2}

1 4 () 1 2 =
= [do T {| (FD+ SAACw) |+ 5Fu B
Iym 2

— 28, D% As}

~~ How.is the instantonic sector affected?

Marco Billo Instantons in (deformed) gauge theories from strings



The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The graviphoton in D(-1) disks

@ Inserting Vr in a disk with all boundary on D(-1)'s is
perfectely analogous to the D3 case (but we have non
momenta).
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The graviphoton in D(-1) disks

@ Inserting Vr in a disk with all boundary on D(-1)'s is
perfectely analogous to the D3 case (but we have non

momenta).
@ The only possible diagram is
o (VuVMVDVE)
2 S
48 = g2 (MM D) Fo )
D 1
l\ ® I* = ——tr (]\/[/AJ/D() CC )
N\ V4 2
~ ix -
Vi where 1
C° = 7, O
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The graviphoton in mixed disks

@ We can also insert V£ in a disk with mixed b.c.’s.

@ There is a possible diagram

(VaVuVoVrE )
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The graviphoton in mixed disks

@ We can also insert V£ in a disk with mixed b.c.’s.

@ There is a possible diagram

(VaVuVoVrE )

I
. @ We have different b.c.s on the two parts of the
F A boundary, but the spin fields in the RR vertex
® XD Vr have the same identification on both:
4
7 548 (z) = §45H(z)|

Z=Zz
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The graviphoton in mixed disks

@ We can also insert V£ in a disk with mixed b.c.’s.

@ There is a possible diagram

(VaVuVoVrE )

I
- @ This is because we chose D(-1)'s to represent
F A instantons with self-dual f.s. and 7, to be anti-
® XD self-dual.
4
s 4
1
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The graviphoton in mixed disks

@ We can also insert V£ in a disk with mixed b.c.’s.

@ There is a possible diagram

(VaVuVoVrE )

. - @ The u, i vertices contain bosonic twist fields
F A with correlator
® XD , 1
L Aly) Ayz) ~ (y1 —y2) "2 .
m

Marco Billo Instantons in (deformed) gauge theories from strings



The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings q q
gaug e The deformed instanton solution

The graviphoton in mixed disks

@ We can also insert V£ in a disk with mixed b.c.’s.

@ There is a possible diagram

(VaVuVoVrE )

! - @ Taking into account all correlators, the
F N SL(2,R) gauge fixing, the integrations and the
® X D normalizations, we find the result
4
v 7T2 u v &b
2 ?(27@)2‘51‘(/1,,# D )n#,,fad( )
% </1“/1 D, >CC.
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Effects of the graviphoton on the moduli measure

@ No other disk diagrams contribute in our @/ — 0 limit.
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Effects of the graviphoton on the moduli measure

@ No other disk diagrams contribute in our @/ — 0 limit.

@ The two terms above are linear in the auxiliary field D,
~~ deform the bosonic ADHM constraints to

We+ii, [a",ad" ] + %(M’-M’Jru“ﬂu)CC =0.
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Effects of the graviphoton on the moduli measure

@ No other disk diagrams contribute in our @/ — 0 limit.

@ The two terms above are linear in the auxiliary field D,
~~ deform the bosonic ADHM constraints to

We+ii, [a",ad" ] + %(M’-M’Jru“ﬂu)CC =0.

@ This is the only effect of the chosen anti-self-dual.
graviphoton bckg.
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Effects of the graviphoton on the moduli measure

@ No other disk diagrams contribute in our @/ — 0 limit.

@ The two terms above are linear in the auxiliary field D,
~~ deform the bosonic ADHM constraints to

We+ii, [a",ad" ] + %(M’-M’Jru“ﬂu)CC =0.

@ This is the only effect of the chosen anti-self-dual.
graviphoton bckg.

@ Had we chosen a self-dual graviphoton, we would have no
effect.
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The emitted gauge field in presence of C,,

@ In the graviphoton background, we have the
extra emission diagram

M 7 ;
- (ViVar(=p) ViVr)
p \ ) 56 p .
I -— f@ R = 271'2 (271'0/)% (Tl)vu pll(a_yu)aﬁ fdg lluﬁl. R
1% Il 1 | |
X— P /' — 5 (TI)Uu pl/ ﬁgu /l“/?p CC e—lp.xo
o
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The emitted gauge field in presence of C,,

@ In the graviphoton background, we have the
extra emission diagram

M 7 ;
- (ViVar(=p) ViVr)
p \ ) 56 p .
I -— f@ R = 271'2 (271'0/)% (Tl)vu pll(a_yu)aﬁ fdg lluﬁl. R
1% Il 1 | |
X— P /' — 5 (TI)Uu pl/ ﬁgu /l“/?p CC e—lp.xo
o

@ No other diagrams with only two moduli
contribute to the emission of a gauge field.
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The classical solution

@ Taking into account also “undeformed” emission diagram
discussed before, the emission amplitude is

AL(p) = 1 (T 5, [ ()", + (5% | e 70
where (T7)?, are the U(N) generators and

(T(")uw — (1,‘“-\ (Tc)d_ (—,,L'}I' 7 (SC)UU — _% /1"1//—1’“ ce .
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The classical solution

@ Taking into account also “undeformed” emission diagram
discussed before, the emission amplitude is

AL(p) = 1 (T 5, [ ()", + (5% | e 70
where (T7)?, are the U(N) generators and

(T()u = wi (Tc)d_ (f‘:}l, 7 (S(‘)u _ /1 /11 ce .

«

@ From this we obtain the profile of the classma solution
dp 1 .
AI AI ip-x
L) = [ e Ab) e

=21 (1) + (59 (oo
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The classical solution

@ The above solution represents the leading term at long
distance of the deformed instanton solution in the singular

gauge.
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The classical solution

@ The above solution represents the leading term at long
distance of the deformed instanton solution in the singular
gauge.

@ However, above appeared the unconstrained moduli 1, ji, w, w.

o We need to enforce the deformed ADHM contraints, for k = 1:

We + %(]\/I’J\J’—i—y“ﬁu)C“ = 0,

U U, . _
W s M + M Wean = 0.
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The classical solution in the true moduli space

@ Using the ADHM constraints, the solution can be written as

Alfe) = 2( M TR(T) 4 WOT(TH) + T (TS )

—c (.le B :UO)V
SCEE

Marco Billo Instantons in (deformed) gauge theories from strings



The N = 1/2 gauge theory
The deformed ADHM moduli space

Deformations of gauge theories from closed strings T e e ety

The classical solution in the true moduli space

@ Using the ADHM constraints, the solution can be written as

Alfe) = 2( M TR(T) 4 WOT(TH) + T (TS )

—c (.le B :UO)V
SCEE

X

@ On the bosonic ADHM constraints,
We = —% (M’~M' + /t“ﬂu)Cc = We.

Without the RR deformation, 17 ¢ would vanish.
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The classical solution in the true moduli space

@ Using the ADHM constraints, the solution can be written as

Alfe) = 2( M TR(T) 4 WOT(TH) + T (TS )

—c (.T B :UO)V
e —a

X

o The matrix M is M = W0\ /I — |1V
(R)™ =W 6% — W W, where

2 (R72)™, with

0 _ . u &
W =w", w, .

At Ol soalyr WS = 2/)2, where p = size of the instanton,
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The classical solution in the true moduli space

@ Using the ADHM constraints, the solution can be written as

Alfe) = 2( M TR(T) 4 WOT(TH) + T (TS )

—c (.le B :UO)V
e —a

X

@ The N x N matrices t* and t°, depending on the moduli
w, w, generate a u(2) subalgebra
~+ the instanton field contains an abelian factor, beside su(2).
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The classical solution in the true moduli space

@ Using the ADHM constraints, the solution can be written as

Alfe) = 2( M TR(T) 4 WOT(TH) + T (TS )

—c (.le B :UO)V
e —a

X

@ The N x N matrices t* and t°, depending on the moduli
w, w, generate a u(2) subalgebra
~+ the instanton field contains an abelian factor, beside su(2).

@ Moreover, the matrix (5°)%, = —%/1,“/71; C° commutes with
this u(2).~> another abelian factor.
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An explicit case of the solution

@ We can write the above general expression choosing a
particular solution to the ADHM constraints, to make contact
with the literature [Grassi et al, 2003, Britto et al, 2003].

@ Decomposing u = (¢, i) with & = 1,2 and 7 = 3,..., NV, the
bosonic ADHM constraints are solved by

[0}

3 : . ;
Wy =pdt+ LW

i
w'y, =0.
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An explicit case of the solution

@ We can write the above general expression choosing a
particular solution to the ADHM constraints, to make contact
with the literature [Grassi et al, 2003, Britto et al, 2003].

@ Decomposing u = (¢, i) with & = 1,2 and 7 = 3,..., NV, the
bosonic ADHM constraints are solved by

6 ; - ;
“"‘,d =r 6ﬂd + 4%) We (Tc)ﬁd )
U,‘y’d =0.

@ Having fixed w, w, the fermionic constraints are solved by
/1d =g =0.

Moreover, up to a U(N — 2) rotation, we can choose a single
pily sayai-being # 0.
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An explicit case of the solution

u

', reduces then to

@ The instanton gauge field (A4,)

(Au)ag = {/)Z(Tc) 671 (]\4’.]\4’ + /1"‘/1;;) C. 6‘%

1
32/)

_ b N\ N A 5 e (z — @0)”
(|C’\ (e) 5 2C.C° (1) ﬂ)]” My /t.,}UW< ~ )

and : ( )"
N . (@—x
(A#) g = —5 T [3 C(,: 77;/,1/ m

This agrees with [Britto et al, 2003].
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Additional remarks

@ The gaugino emission is not modified at the leading order by
the RR background.

@ Subleading terms in the long-distance expansion of the
solution arise from emission diagrams with more moduli
insertions.

@ At the field theory level, they correspond to having more
source terms.

@ This, is exactly the field-theoretical procedure utilized in
[Grassi et al, 2003, Britto et al, 2003] to determine the
(deformed) super-instanton profile,
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Conclusions

@ The instantonic sectors of (supersymmetric) YM theories is
really described by D3/D(-1) systems.
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Conclusions

@ The instantonic sectors of (supersymmetric) YM theories is
really described by D3/D(-1) systems.

@ Disks (partly) attached to the D(-1)’s account, in the o/ — 0
field theory limit for
o the ADHM construction of instanton moduli space;
o the classical profile of the instanton solution: the mixed disks
are the source for it;
o the “instanton calculus” of correlators.
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Conclusions

@ The open string realization of gauge theories is a very
powerful tool, also in discussing possible deformations
(induced by closed string backgrounds).
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Conclusions

@ The open string realization of gauge theories is a very
powerful tool, also in discussing possible deformations
(induced by closed string backgrounds).

@ In particular, the deformation of V' = 1 gauge theory to
N = 1/2 gauge theory is exactly described in the open string
set-up by the inclusion of a particular Ramond-Ramond
background.
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Conclusions

@ The open string realization of gauge theories is a very
powerful tool, also in discussing possible deformations
(induced by closed string backgrounds).

@ In particular, the deformation of V' = 1 gauge theory to
N = 1/2 gauge theory is exactly described in the open string
set-up by the inclusion of a particular Ramond-Ramond
background.

@ The stringy description of gauge instantons and of their
moduli space by means of D3/D(-1) systems extends to the
deformed case.
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Perspectives

@ Deformations of NV = 2 theories:
o deformations of A/ = 2 superspace by RR backgrounds (work
in progress);
e stringy interpretation of the deformations leading to the
localization & la Nekrasov of the integrals on instanton moduli
space (under investigation, in collab. also with Tor Vergata).

@ Derivation of the effects of constant Ramond-Ramond field
strengths (gauge theory action, instantons, etc) using
Berkovits' formalism instead of RNS (work in progress).

@ Derivation of the instantonic sector of non-commutative
gauge theory from the string realization with constant B,
background.
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