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An instanton can be realized as a Euclidean D brane wrapping a non-trivial
cycle of the background geometry. (Green] [Witten] [Douglas]
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@ Multi-instantons, Instanton Decay [ibanez Urangal[Garcia-Etxebarria,Uranga]
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Z, x 7, orbifold of the k = 1 Instanton Sector of N=4 SYM

e The Charged Sector

4N3 wg and W
2N3 p33, i3 @,
2Ny 3, Fiz
2Ny po3 Ti3p

e The Neutral Sector

at , M, )\ W .

Foqy B33 '
3 a'M* X"

We will work in type IIB with fractional D3 branes with rank assignment (N,N,,N3,0)

and fractional D(-1) instanton rank assignment (0,0,1,0)

Christoffer Petersson, Chalmers University
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Instanton Moduli Space Integral

The moduli space integral is given by (Blumenhagen, Cvetic, Weigand]

Sw = G/d{a,M, \D,w, @, u,fiye S5
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Instanton Moduli Space Integral

The moduli Space integral is given by [Blumenhagen, Cvetic, Weigand]
Sw=20C /d{a,M7 \D,w, @, p,fiye S 5
The moduli action for a single fractional instanton, in the ADHM limit, is

[Atiyah,Drinfeld,Hitchin,Manin][Dorey,Hollowood,Khoze Mattis][Billo,Frau,Pesando,Fucito,Lerda,Liccardo]

S1 = i (Tiyywa + Wapzs)A* — iD° (@ () qw;)

and the interactions between the charged sector and the chiral superfields,

1 .
S = 5@3@{‘]’(])}”.%

i

3

_ = i — i — i —

3 Pr3pias — 5#33"’31#13 + §M32¢23#33 - 5#33‘1’32#23
i i

*Eﬁgz‘bzlulz + 5ﬁ31¢12#23

where {®D} = D3 D3 + D3P 3 + D3Pz + D3 dys.
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The Prefactor

The scaling dimension of the moduli fields are given by

[a"] [wal = [@a] =M, [D] = M7
(M°] = [u] =[] =M, M= M)
I:d{avM7)‘7D7wawv M, E}:| = Ms_(na_%nM+%n>‘_2'lu+nwrg—%n“’ﬁ)

— Ms_(nw,w_%ﬂmﬁ) — MS_(3N3_N1_N2) — M—ﬂ3

s
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The Prefactor

The scaling dimension of the moduli fields are given by

[a"] = [wa]=[@a] =M ", [D]=M;
(M°] = [u] =[] =M, M= M)
[d{a»My)vD’Wa@M’ﬁ}} = Ms_(na_%nM+%n>‘_2'lu+nwrg—%n“’ﬁ)

— Ms_(nw,w_%ﬂmﬁ) — MS_(3N3_N1_N2) — M—ﬂ3

s

Note that ﬁ3 can also be Obtained fI'OIIl [Billo,Frau,Pesando,Di Vecchia,Lerda,Marotta]

<1>h )= —(3N3 =Ny = N;) In (Mi) = —(3In (Mﬁ)
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The Prefactor

The scaling dimension of the moduli fields are given by

[@] = [wa] = [@a] = M, [D] = M}
(M) = [ =[E=M" =M

M—(na—%nm+%nx—2nu+nw,m—%nu,ﬁ)

[d{a,M,)\,D,w,w, 7 ﬁ}} = g

_ M—(”wﬂ_%”mﬁ) _ MS—(3N3—N1—N2) — M—53

= s s
Note that ﬁ3 can also be Obtained fI'OIIl [Billo,Frau,Pesando,Di Vecchia,Lerda,Marotta]

<1>h )= —(3N3 =Ny = N;) In (Mi) = —(3In (Mﬁ)

By also including the vacuum disk amplitude of the fractional instanton we

get [Polchinski]
2

_ 8w
C =M% e B0 — \Ns—Ni—N>
. .
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Dimensional Analysis

Sw = /d4xd29 Wpp , wherex =a* and 0% =M”

Wap = N / d{\,D,w, @, i, ke 57 ~ NN IZBN NI =N)
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Dimensional Analysis

Sw = /d4xd29 Wpp , wherex =a* and 0% =M”

Wap = N / d{\,D,w, @, i, ke 57 ~ NN IZBN NI =N)

@ ADS case: For N| + N, = N3 — 1 where Ny = N + N, and N, = N3,

[Affleck,Dine,Seiberg|[ Akerblom,Blumenhagen,Lust,Plauschinn,Schmidt-Sommerfeld]

W;;\pDS — /\2N3+l¢2—2N3 .
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Dimensional Analysis

Sw = /d4xd29 Wpp , wherex =a* and 0% =M”

Wap = N / d{\,D,w, @, i, ke 57 ~ NN IZBN NI =N)

@ ADS case: For N| + N, = N3 — 1 where Ny = N + N, and N, = N3,

[Affleck,Dine,Seiberg|[ Akerblom,Blumenhagen,Lust,Plauschinn,Schmidt-Sommerfeld]

W;;\pDS — /\2N3+l¢2—2N3 .

@ Stringy case: N3 =1

WS — AS*N] 7N2(DN1+N2
np s .
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Stringy Instanton Superpotentials with Orientifolds

Consider the D3 brane content (N, N,,0,0) and D-instanton content
(0, O7 17 O) [Argurio,Bertolini, Ferretti, Lerda ,Petersson]
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Stringy Instanton Superpotentials with Orientifolds

Consider the D3 brane content (N, N,,0,0) and D-instanton content
(0, O7 17 O) [Argurio,Bertolini, Ferretti, Lerda ,Petersson]

I I
S=0 , &= Eﬁ31¢12#23 ~5 i3 ®or 13

W x /d{/\,D,/;,,&}e_S2 =0
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Stringy Instanton Superpotentials with Orientifolds

Consider the D3 brane content (N, N,,0,0) and D-instanton content
(0, O7 17 O) [Argurio,Bertolini, Ferretti, Lerda ,Petersson]

I I
S=0 , &= Eﬁ31¢12#23 ~5 i3 ®or 13

W x /d{/\,D,/;,,&}e_S2 =0

Let us introduce an O3 plane such that the gauge groups are USp(N) and the
neutral sector is projected in the following way,

a, = (a,)" ,M*=M*)" | X\s=—(N\s)" projected out!
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Consider the D3 brane content (N, N,,0,0) and D-instanton content
(0, O7 17 O) [Argurio,Bertolini, Ferretti, Lerda ,Petersson]

I I
S=0 , &= Eﬁ31¢12#23 ~5 i3 ®or 13

W x /d{/\,D,/;,,&}e_S2 =0

Let us introduce an O3 plane such that the gauge groups are USp(N) and the
neutral sector is projected in the following way,

a, = (a,)" ,M*=M*)" | X\s=—(N\s)" projected out!

=W ~ (S]\[’(’NC det(<b)

Stabilizes the theory which already has ADS superpotential from a
(1,0,0,0) fractional gauge instanton.

[Akerblom,Blumenhagen,Lust,Plauschinn,Schmidt-Sommerfeld]
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Stringy Instanton Superpotentials without Orientifolds

Consider D3 brane content (N, Ny, 1,0) and D-instanton content (0,0, 1,0),

[Petersson]
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Stringy Instanton Superpotentials without Orientifolds

Consider D3 brane content (N, Ny, 1,0) and D-instanton content (0,0, 1,0),

[Petersson]

S = i (fizswa + Wapiaz)\* — D (@*(7°)w)

1 — 1 _
S, = Ewi{dxb}wj—éwi{d)d)}wi
i

Tir ®
2#33 321423

- i i -
+o 03 Pi3paz — S Papis + S5 Paspzs —
2 2 2
I i
*§H32¢21M13 + 5#31")12#23

where {®O} = 3P 3 + B3 Py3 + P3Pos + Py Pos.

Christoffer Petersson, Chalmers University Stringy Instanton Superpotentials With(out) Orientifolds



Stringy Instanton Superpotentials without Orientifolds

Consider D3 brane content (N, Ny, 1,0) and D-instanton content (0,0, 1,0),

[Petersson]

S = i (fizswa + Wapiaz)\* — D (@*(7°)w)

- o
S2 = Si{PP}w; — SW{PP}w
I — [ - [ — [ —
+§H31¢13ﬂ33 - 5#33"’31#13 + §M32¢23H33 - 5#33‘332#23
I i
— 5T Par 13 + 573 Propos
2 2
where {®O} = 3P 3 + B3 Py3 + P3Pos + Py Pos.
Wo = NN / d*wed*Wadpzsdiisd" p3d" Ty, d™ posd™ i,

< 5 (g + Tass )04 (3% (°)o)

where we have performed the integrals over the \* and D¢ variables.
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Stringy Instanton Superpotentials without Orientifolds

From the two fermionic J-functions we obtain,

(Fxwi + @i pa3) (Tiazws + Wihss) = Tias (Wlwi - wiwi) 133

and the following constraint
N =N;.
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Stringy Instanton Superpotentials without Orientifolds

From the two fermionic J-functions we obtain,

(Fxwi + @i pa3) (Tiazws + Wihss) = Tias (Wlwi - wiwi) 133

and the following constraint
N =N;.

The integration over these remaining fermions brings down determinants of
®,; and P, and we arrive at the following result,

Wy, = A7V det[®y]det[®py] x I for Ny =N, =N

where the remaining task is to evaluate the following bosonic integral,

[e3

J = /d2w@d25d (wlwz — wzwl) (5% (w’i(TC)ﬁ:wB) eiéwi{¢6}wi+%ai{¢‘$}wi .

Christoffer Petersson, Chalmers University Stringy Instanton Superpotentials With(out) Orientifolds



Bosonic Integral

v end dp' i (—wi s 4 4
63(@”‘(#)2%): %ewl( wj@j+w;05) /;;e” wiWjtwyws) /2[; i (] @5 03 )

and

. d3p 0 o 0 0 . . M, M, w;
j—/(zﬂ_ydwdw(—m“rm) XP(—[UJl w2}|:M3 M4:||:wl:|)

where M| = —ip® — —{¢¢} M, = ip' — p*, My = —ip' — p? and
My = —ip’ + 3 {®®}. Performing the Gaussian integrals, we obtain

o 0 1 {00}
d3 - _— = /d3 —_—
/ P ( o, + aM4)M1M4—M3Mz P [P+ Hoo)?)’

where we have inserted back the expressions for the M’s, and p* = Zl 1(p )2, If we
now change to spherlcal coordinates ([ d’p = 4 [ dp p*), rescale p =

{ ‘W}
the fact that j;) dp == [fl - 1]2 = 7, we can conclude that:
The bosonic integral J only results in an irrelevant numerical factor which can be

absorbed in the prefactor A;.
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Stringy Instanton Superpotentials without Orientifolds

The final result of the moduli space integral has the structure of a baryonic
mass term,

Wy, = N2V BB

for Ny = N, = N and where B = det[®,], B = det[®5].
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Stringy Instanton Superpotentials without Orientifolds

The final result of the moduli space integral has the structure of a baryonic
mass term,

_ A3=2N ;R
Wop = BB
for Ny = N, = N and where B = det[®,], B = det[®5].

@ We have generated a holomorphic superpotential term without using
the D-term constraints for the matter fields.
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Stringy Instanton Superpotentials without Orientifolds

The final result of the moduli space integral has the structure of a baryonic
mass term,

Wy, = N2V BB

for Ny = N, = N and where B = det[®,], B = det[®5].

@ We have generated a holomorphic superpotential term without using
the D-term constraints for the matter fields.

@ It has been shown in related configurations where orientifolds were
used that such a term will have dramatic effects on the gauge dynamics
and, for example, give rise to dynamical supersymmetry breaking
[Argurio,Bertolini,Franco,Kachru][Aharony,Kachru.Silverstein][Buican,Malyshev, Verlinde]

[Aganagic,Beem ,Kachru] [Garcia-Etxebarria,Uranga]
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.

Ny = N, + 1 SQCD case rseivers) Where the gauge group is SU(N) and we
consider only the part the flavor group which is SU(N + 1), broken down to
SU(N)xU(1) by

Witee = ¢£3¢310¢€2f - ¢£10¢61l3¢32f Cc = 1, ,N andf = l, 7]\/
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.

Ny = N, + 1 SQCD case rseivers) Where the gauge group is SU(N) and we
consider only the part the flavor group which is SU(N + 1), broken down to
SU(N)xU(1) by

Wiree = oy @315, — @, d6303p  c=1,.,Nandf =1,..,N
There is also a non-perturbative superpotential term

Wap = A= (MIB, B/ — det[M]]) ij=1,..N+1
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.

Ny = N, + 1 SQCD case rseivers) Where the gauge group is SU(N) and we
consider only the part the flavor group which is SU(N + 1), broken down to
SU(N)xU(1) by

Wiree = oy @315, — @, d6303p  c=1,.,Nandf =1,..,N
There is also a non-perturbative superpotential term

Wap = A= (MIB, B/ — det[M]]) ij=1,..N+1

W+ Way = (AN ATV BE
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.

Ny = N, + 1 SQCD case rseivers) Where the gauge group is SU(N) and we
consider only the part the flavor group which is SU(N + 1), broken down to
SU(N)xU(1) by

Wiree = oy @315, — @, d6303p  c=1,.,Nandf =1,..,N
There is also a non-perturbative superpotential term

Wap = A= (MIB, B/ — det[M]]) ij=1,..N+1
Wy + W, = (A—2N+1M+AS—2N+3)B%+._.

@ This stringy instanton fixes the non-anomalous U(1)g current
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Implications for the Gauge Dynamics

We have generated a non-perturbative superpotential term for a
SU(N)xSU(N) gauge theory with an additional global U(1) factor which has
an instanton associated to it.

Ny = N, + 1 SQCD case rseivers) Where the gauge group is SU(N) and we
consider only the part the flavor group which is SU(N + 1), broken down to
SU(N)xU(1) by

Wiree = oy @315, — @, d6303p  c=1,.,Nandf =1,..,N
There is also a non-perturbative superpotential term

Wap = A= (MIB, B/ — det[M]]) ij=1,..N+1
Wy + W, = (A—2N+1M+AS—2N+3)B%+._.

@ This stringy instanton fixes the non-anomalous U(1)g current

@ Breaks the non-anomalous axial U(1), symmetry
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@ We have show that it is possible to derive non-perturbative
superpotential terms from stringy instantons by considering one
additional cycle which is wrapped by a single space-filling D brane
together with an instanton ED brane, without introducing orientifold
planes.
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@ We have show that it is possible to derive non-perturbative
superpotential terms from stringy instantons by considering one
additional cycle which is wrapped by a single space-filling D brane
together with an instanton ED brane, without introducing orientifold
planes.

@ By evaluating the moduli space integral for the Z, x Z, orbifold
background we found a holomorphic superpotential term with the
structure of a baryonic mass term.
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superpotential terms from stringy instantons by considering one
additional cycle which is wrapped by a single space-filling D brane
together with an instanton ED brane, without introducing orientifold
planes.

@ By evaluating the moduli space integral for the Z, x Z, orbifold
background we found a holomorphic superpotential term with the
structure of a baryonic mass term.

@ We believe that this result is quite general and should be applicable to
many D brane systems in backgrounds with more general
(non-)compact Calabi-Yau manifolds. We regard this computation as a
example of how such a stringy instanton effect could arise, and have
important effects, in more realistic theories.
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@ We have show that it is possible to derive non-perturbative
superpotential terms from stringy instantons by considering one
additional cycle which is wrapped by a single space-filling D brane
together with an instanton ED brane, without introducing orientifold
planes.

@ By evaluating the moduli space integral for the Z, x Z, orbifold
background we found a holomorphic superpotential term with the
structure of a baryonic mass term.

@ We believe that this result is quite general and should be applicable to
many D brane systems in backgrounds with more general
(non-)compact Calabi-Yau manifolds. We regard this computation as a
example of how such a stringy instanton effect could arise, and have
important effects, in more realistic theories.

Thank you for listening!
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