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Introduction

O’Raifeartaigh models: SUSY breaking with (Fx) # 0

m Chiral superfields Xp, ¢;, R-charges’ R(Xn) =2, R(¢i) = O‘

m Superpotential ’ W =3" Xn0n(ei) ‘

m Vacuum equations gn(¢i) = 0,> ", X, 9i0n(¢i) = 0, SUSY
spontaneously broken if ny > ny

m Space of flat directions parametrized by X; ... Xn, _n,.
Complexified R-symmetry acts as ] Xn—aX, aeC \

m Coleman-Weinberg 1-loop effective potential: minimum at X, = 0
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O’Raifeartaigh models: SUSY breaking with (Fx) # 0

m Chiral superfields Xp, ¢;, R-charges’ R(Xn) =2, R(¢i) = O‘

m Superpotential ’ W =3" Xn0n(ei) ‘

m Vacuum equations gn(¢i) = 0,> ", X, 9i0n(¢i) = 0, SUSY
spontaneously broken if ny > ny

m Space of flat directions parametrized by X; ... Xn, _n,.
Complexified R-symmetry acts as ] Xn—aX, aeC \

m Coleman-Weinberg 1-loop effective potential: minimum at X, = 0
ISS model (intriligator,Seiberg,Shih)
Low energy theory (Seiberg dual)
W = GiaMig™ + p#®Mi i =1...Ng, a=1...Ng — Nc
— (Weakly gauged) O’Raifeartaigh-like model
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SUSY breaking and R-symmetry

R-symmetry plays an important role in O’Raifeartaigh models

m Nelson-Seiberg argument:
Generic superpotential and SUSY breaking = R-symmetry

m ISS argument:
Metastable SUSY breaking < approximate R-symmetry
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SUSY breaking and R-symmetry

R-symmetry plays an important role in O’Raifeartaigh models
m Nelson-Seiberg argument:
Generic superpotential and SUSY breaking = R-symmetry

m ISS argument:
Metastable SUSY breaking < approximate R-symmetry

Gaugino masses 2 100 GeV = R-symmetry must be broken

Two possibilities:
m Explicit breaking: vacuum metastability
B Spontaneous breaking: R-axion problem
How to achieve spontaneous breaking?
m Gauge interactions (“inverted hierarchy”)
]
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The Shih model

Choose R-charges different from R = 2,0
m Fields: X, ¢(—1), ¢1), d(3)

m R-charges: R(X) = 2, R(¢x)) =k
Superpotential

M
W =X + NX(‘)(l)G)(,l) aF Mg(;b(g)(;b(,l) a4 71(,)(1)
Vacuum equations = SUSY breaking

Mg(,‘)(g) + NX Q1) = 0]
f+ N(‘)(l)(‘)(,l) =0

Ml(;“)(l) —+ NX@(,I) =0
Mg(j)(,l) =0

For f small, there is a flat direction of non-SUSY minima at
d(—1) = ¢@) = ¢(3) = 0 parametrized by X
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The Shih model

Choose R-charges different from R = 2,0
m Fields: X, ¢(_1), 1), d(3)
m R-charges: R(X) = 2, R(¢)) =k
m Superpotential

M1
%)

W =X + NX¢(1)¢(_1) + M3¢(3)¢(—1) + 2

m Vacuum equations = SUSY breaking

M3¢) + NX¢a) =0
f+ Noayp-1) =0 M1é(1) + NX¢p_1) =0
M3p_1) =0

m For f small, there is a flat direction of non-SUSY minima at
P(—1) = d1) = P(z) = 0 parametrized by X
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Coleman-Weinberg potential in the Shih model

Flat directions are lifted by 1-loop effective potential:

2 2
Véflffloop)(x) 6:- (M4( ) MA( ) M4(X)|n M;:\g)d)

This potential has the form
VETOPNX) = Vo + mEIX 2 + Ax|X | +
where (for f small)
m2 = szr/oo dv v [My (V)M (v) — Mo(v)ME(V)]
3272 J,

Note that m% is not positive-definite!
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TN e ) (LA |
Vvz M2 \vZ+M2 ] /v2 g2
1 o 2™ 1
My(v) = N — | N

A Vv2 + M2 (V2+M2> Vv2 + M2
0 00 0N O 0 0 0 0 O
0 00N OO 0 0 0 0 M
g_|0 000 00 w_|0 0 0 My O
“loNOOOO " |0 0 M3 0 O
N 00O 00O 0 M 0 0 O
0 00 0 00O M3 0O 0O 0 O

The two contribution to mZ are of the same order — R ifmZ <0
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The two contribution to mZ are of the same order — R ifmZ <0

In usual O’Raifeartaigh models M, =0 — No R
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Spontaneous R-symmetry breaking in the Shih models

Choose the couplings such that M3 < 0.5M;

Coleman-Weinberg potential:

Minimum with |(X)| ~ M3, M

Non-hierarchical R-symmetry
breaking

(Z2 unbroken)
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Spontaneous R-symmetry breaking in the Shih models

Choose the couplings such that M3 < 0.5M;

Coleman-Weinberg potential:

Minimum with |(X)| ~ M3, M

Non-hierarchical R-symmetry
breaking

(Z2 unbroken)

Same features for the class of models

1 . 1 . 1
W =X + SNIXGidj + 5MIgig) + 5QaVadid)
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Symmetries

Flavor and gauge symmetries needed for ultraviolet completion,
SUSY-breaking mediation. . .
No relevant changes in Coleman-Weinberg potential

m Easy to introduce real representations in the Shih model, for
example SO(N) fundamentals:

=X + NX ¢ o1y + Mad(s)d(- +1M1¢> )P0
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Symmetries

Flavor and gauge symmetries needed for ultraviolet completion,
SUSY-breaking mediation. . .
No relevant changes in Coleman-Weinberg potential

m Easy to introduce real representations in the Shih model, for
example SO(N) fundamentals:

=X + NX ¢ o1y + Mad(s)d(- +1M1¢> )P0

m The simplest model with complex representations, for example
U(N) fundamentals:

W = X + XNsg(5d(_s)a + XNag(syd(_a)a +
+M70( O (-5)a + Msd(5)P(~3)a + M3d(3)0(~1)a

This model also shows spontaneous R-symmetry breaking
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Runaway directions in the Shih model

Go back to the classical potential
2 2 2 2
V = [f + No@dn| +|Mid) + NX¢y)[ +[Msdig) + NX o) | +[Msy)|
There is a runaway direction:
f m2f m2f2
dm=—5;— - X= @ =
YTy Mg O moee

, P-1—0

Along this direction V. — 0 (supersymmetric runaway vacuum)
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Runaway directions in the Shih model

Go back to the classical potential
2 2 2 2
V = [f + No@dn| +|Mid) + NX¢y)[ +[Msdig) + NX o) | +[Msy)|
There is a runaway direction:
f m2f m2f2
dm=—5;— - X= @ =
YTy Mg O moee

, P-1—0

Along this direction V. — 0 (supersymmetric runaway vacuum)
m This direction corresponds to a complexified R-charge rescaling:

ol =eR@y | e—0

m Vacua previously found are only metastable!
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Runaway directions

Many models W () with generic R-charges have runaway directions.
Argument:

» Vacuum equations d;W (¢;) = 0 can be classified by R-charges:

oW =0, R((pi)<2 R>0
GW =0, R(g;) = 2 R=0

» SUSY breaking = this set of equations cannot be solved ...
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Runaway directions

Many models W () with generic R-charges have runaway directions.
Argument:

» Vacuum equations d;W (¢;) = 0 can be classified by R-charges:

oW =0, R((pi)<2 R>0
GW =0, R(g;) = 2 R=0

» SUSY breaking = this set of equations cannot be solved ...
... but it can be possible to solve the subset with R > 0

> The form of the potential V = Vr<o = Y g(,)>2 |0;W |? does not
change under complex R-symmetry transformations

» Rescaling ¢(e) = e R(¥)y corresponds to a runaway direction:
V(p(e)) =0 , €—0
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Runaway directions in the Shih model

Go back to the classical potential
R=0 R=1 R=3 R=—1

V = [f + Nowydn|* + [Mida) + NXoy)[* + [Mad) + NX )| + [Mag )

’2
There is a runaway direction:

by = _ _maf PR iR
(1) )\(b(—l) ’ )\2(;5(271) ’ (3) m]_/\2¢(3_1) 2

¢(-1) — 0

Along this direction V — 0 (supersymmetric runaway vacuum)
m This direction corresponds to a complexified R-charge rescaling:

o(e) = eiR(‘p)go , €e—0

m Vacua previously found are only metastable!
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Runaway directions

It can also happen that equations with R = 0 cannot be solved. In this
case there could be non-SUSY runaway directions.

Example: modified Shih model

M
W = fX + NX¢1)p(—1) + M3p3)p(—1) + 71¢€1) + QY ¢1)d(-1)
R=0 R=0

R(Y)=2 V=I[f+Noumory| +|Qbwd |+

Runaway direction V. — V., = ming Vr—o = |f|?(1 + [N|?/|Q|?)~?
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Runaway directions

It can also happen that equations with R = 0 cannot be solved. In this
case there could be non-SUSY runaway directions.

Example: modified Shih model

M
W = fX + NX¢1)p(—1) + M3p3)p(—1) + 7l¢(21) + QY ¢1)d(-1)
R=0 R=0

R(Y)=2 V=I[f+Noumory| +|Qbwd |+

Runaway direction V. — V., = ming Vr—o = |f|?(1 + [N|?/|Q|?)~?

Metastability
Small explicit R-symmetry breaking terms restore supersymmetry:

W. =W +eWF  R(g)#0

SUSY vacua are pushed to infinity as e, — 0
For particular R-breaking terms, they become runaway vacua.
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Conclusions

[ often occurs in
O’Raifeartaigh models with general R-charge assigment

m Flavor symmetries can be easily introduced

m These models often have (both SUSY and
non-SUSY)
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Conclusions

[ often occurs in
O’Raifeartaigh models with general R-charge assigment

m Flavor symmetries can be easily introduced

m These models often have (both SUSY and
non-SUSY)

Future directions:
m Gauging flavor symmetries (work in progress)
m Retrofitting
m Finding an ultraviolet completion
m Models of direct mediation or gauge mediation
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