CONSTRAINTS ON METASTABLE SUSY
BREAKING IN N=2 THEORIES

Claudio Scrucca (EPFL)

® Metastability and sGoldstino masses.

® N =1 models with only chiral multiplets.

® N =1 models with chiral and vector multiplets.
® N =2 models with only hyper multiplets.

® N =2 models with only vector multiplets.

Based on works with M. Gomez-Reino, J.-C. Jacot, J. Louis



METASTABILITY AND SGOLDSTINO MASSES

Vacuum

Vacua are set by constant values of the fields minimizing the potential V.
One has V/ = 0, whereas V' = A% defines the vacuum energy and
V" = m? the fluctuation mass matrix.

In SUSY theories, the form of V' is constrained. As a result, vacua display
special features.

Denef, Douglas 2005
Gomez-Reino, Scrucca 2006

SUSY breaking and metastability

When SUSY is broken, there is a Goldstino fermion which has zero mass.
Its partners the sGoldstino bosons have masses controlled by breaking
effects and difficult to adjust.

Requiring positive sGoldstino masses leads to metastability conditions.
Gravity gives only quantitative modifications compared to the rigid case.
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N =1 MODELS WITH CHIRAL MULTIPLETS

Zumino 1979

Lagrangian and transformation laws Freedman. Alvarez-Gaumé 1981

An N = 1 theory with ng chirals ®* = (¢*, ¥*, F*) is defined by:
L= /d49 K(®, ®) + /d29 W (®) + h.c.

This gives a non-linear o-model on a Kahler target space with metric
gi7 = K;5 and non-trivial potential V.
The SUSY transformations take the standard form
Sop* = V2eq)’
d* = V2eF' +V/2idy'e
where

F* = —g"“W; + ferm.
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Vacuum
A vacuum breaks SUSY if F'* £ 0:
V = F'F;

The Goldstino fermion and the two sGoldstino real scalars are identified
with the following combinations of fields:

n = vV2F;y'
_ Rey/ 1
P4+ = Im(Fi¢ )
Average masses Grisaru, Rocek, Karlhede 1983

There I1s a sum rule on the difference between the bosonic and fermionic
average masses:

strm? = 2Rz-3—Fi17’3_
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Goldstino and sGoldstino masses

Using the stationarity condition one finds:

where
R F*FIFkR
(FnF,)?

R =

Metastability Gomez-Reino, Scrucca 2006

Taking the average of mii, one finds an upper bound for the lowest

scalar mass eigenvalue, which should be positive for metastability:

m2 :RFze

meta
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N =1 MODELS WITH CHIRAL AND VECTOR MULTIPLETS

: . Bagger, Witten 1982
Lagranglan and transformation laws Hull, Karlhede, Lindstrom, Rocek 1986

An N = 1 theory with n¢ chirals ®* = (¢%,*, F'*) and ny vectors
Ve = (A%, A%, D?) is defined by:
L= /d40[K(<I>, B)+ (Ka(®, B)+ £a) VO + 2X3 X0 (@, B)VV?]
-|—/d20 - Fan(@)WEWP LW (2)] + hec.
This gives a gauged non-linear o-model on a Kahler target space with

metric g;; = K3, gauged isometries generated by Killing vectors X(’i
with Killing potentials K, and non-trivial potential V.

The gauge couplings and angles are determined by h,, = Re(fap) and
0., = Im(f.p), the matter charges by Qq;7 = 1V; X2 and the vector
masses by M2, = 2X¢ Xp;.
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The gauge symmetries imply several constraints and act as
5P = A“ X} (D)
5V = —2 (A= A%)
The SUSY transformations read
dp* = V2erp?
S = V2eF ' 4+V2iIPp'E
0AY, = ieauj\“—i)\aaue_
0N = 1eD” + o"eFy,,
where
F* = —g"“W; + ferm.

D® = —%h"’b(Kb—l— &) + ferm.

The constant FI terms are consistent with gravity only if there is also a
U (1) g symmetry.
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Vacuum
A vacuum breaks SUSY if F*, D®# 0:
V = F'F; + D"’D
Stationarity further implies the relation
M2, D" — £,4,°0.4D°D® = 2Q ;5 F*F?
The Goldstino fermion and the two sGoldstino real scalars are
n = vV2F}'+iD A"
o+ = ne(Fid")
Average masses Grisaru, Rocek, Karlhede 1983
The bosonic and fermionic average masses satisfy a sum rule:
str m? = 2(Ri5 — hapih*°h*®heq;) F*F7
+2(Qai* — 2fap°h®%0.q) D*
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Goldstino and sGoldstino masses

Using the stationarity condition one finds

(D*D,)?  ,D°D,

=0 m2 =RF'F;+S8SD*D,+T"——="+M?*—-"+ A
e e + T arE, Y EE,
where

R R, FFIFFF o hacih@hgy; FEFIDe DY
- (FrF,)2 - FrFy, DD,
. habihcbiDanDch 2 ngX’biDan
(DeD.)? - D<D,,
MetaStability Gomez-Reino, Scrucca 2007
Averaging over mfoi, one finds:
0 - -1 o\ DDy,
M2 0 = RFF; + (SF'F; + JT DDy + M?)
meta 4 FJ FJ
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N =2 MODELS WITH HYPER MULTIPLETS

- . Alvarez-Gaumé, Freedman 1981
Lagranglan and transformation laws Hull, Karlhede, Lindstrom, Rocek 1986

An NN = 2 theory with n4; hypers H is a subcase of N = 1 theory with
2n+ chirals Q% = (¢, x*, F'*).

The second SUSY transformation has the general form
P 1 = = — Py
Q" = ;D (N (Q,Q)(¢6 + ee))
Thisis an N = 1 symmetry if Q,, = V.N, and X* = Q**W,, satisfy

Q(u'v) =0 Vwfzfu,'v =0 V’u_Jﬂufv =0 Quwﬂwfv — _5’3
V,u—)Xu =0 V(UXQ—,) =0 Ququ_))_('lﬁ_ qu_)vwXu =0

This says that the geometry is Hyper-Kahler with three complex structures
defined out of €2,,,, and that X ™ is a triholomorphic Killing vector.
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The SUSY algebra closes on-shell with a global central charge symmetry:
0.Q" = AX™(Q)
The two SUSY transformations take the form
iq* = V2ex™ 0q* = — V2% E Y

A

XY = V2eFU4+V2idq¥e ox* = V2EF*+v2iQ% @G é
where
F* = Q" X? + ferm. F* = —X* 4+ ferm.
There is a global SU (2) g symmetry rotating the complex structures:

ju_ _ (0 % 0 iQ¥\ (idy O
— Qﬁv 0 ’ _iﬂﬁvo 9 0 _25’%

The source of SUSY breaking is
X’u
U p— —_—
= (5
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Vacuum
A vacuum breaks SUSY if F*, F'*=£ 0, i.e. XU # 0:
V = FuF, = FuF, = %XUXU

The two Goldstino fermions and the four sGoldstino real scalars are given
by the combinations

n:\/—puxu ﬁ:\/_ﬁ‘uxu
o+ = po(Fuq®) ¢+ = Im(Fuq )

Using real scalars and symplectic-Majorana fermions, these modes can
be reorganized as doublet and singlet plus triplet of SU (2) r:

n* = (guvoE+iJGvo™s) X Vx VP

¢’ =guvX'q" ¢® =JgvX"q"
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Average masses Grisaru, Rocek, Karlhede 1983

Due to the property R,z = 0 one finds:
strm? =0

Goldstino and sGoldstino masses

Using the stationarity condition one finds:

20=0 m2,=—R, X"Xy

Mo = 0O m o

where
_ RyyvunXY(IX)VXM(JrX)N

R,
(XKX k)2

Gomez-Reino, Louis, Scrucca 2009

Metastability Jacot, Scrucca 2010

Averaging of the mfow and using the property >~ R, = 0 one finds:

2 _
mmeta =0
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N =2 MODELS WITH VECTOR MULTIPLETS

De Wit, Van Proeyen 1984

Lagrangian and transformation laws Hull, Karlhede, Lindstrom, Rocek 1986
Castellani, D'auria, Fre 1991

An N = 2 theory with ny, vectors V¢ is a subcase of N = 1 theory with
ny chirals ®* = (¢, ¢*, F*) and ny, vectors Ve = (A%, A%, D%).

The second SUSY transformation has the following general form:
OBt = V2i fi(®)eW?
OV = —v2i(L*(®) — ifoc "L (®)V°)é0 + h.c.
Thisisa N = 1 symmetry if f& = ;L% is the inverse of f and:
K= L (M.Lo— L°M,) Xi= fac’ fiL°
W = V2e, L%, forec =0 faop = —iMygy

This says that the geometry is Special-Kahler with prepotential M and
that W is linear in the sections L°.
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The SUSY algebra closes off-shell and without any central charge.
The two SUSY transformations take the form
5¢p* = v2eqp? Sp* = V2EFIN?
Sp* = V2eF*+V2iPP'e Sy = V2eF +ot e fL Fy,
0AS = iea A —id%0,é 0AY = —iéo, fey'+ifiyio,é
A = ieD+ oM eF%,  OA* = ieD*+V2ifePopié
where

F* = —v2f*e, + ferm. Ft = %fia(Ka—ga) + ferm.
D% = —%h"’b(Kb-l— &) + ferm. D® = 24k ey + ferm.

The constant FI terms must all be aligned for consistency with gravity.

Thisleavesa U (1)rg C SU (2) g global symmetry, defined by
= 1

B, = Pui = (2Re(ea), 2Tm(ey), %ga) N = —, K,
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Vacuum
A vacuum breaks SUSY if F'¢, D@, F'* f)“;é 0,i.e. P* N@ ;é 0:
V = F'F;+= D“Da = F* F + = D“Da = —P“P —|— N“N
The two Goldstino fermlons and the four sGoIdstlno real scalars are
n = V2Fpt +iD A 7§ = V2 ﬁ¢'+ma>\a
P+ = Im(F%¢Z) P+ = Im(F%¢z)
Using complex scalars and doublet fermions, these can be traded for
1" = (Nud3+iPEa™%) aXiB
Pt = m(Naffd') ¢+ = m(Pafid")
Average masses Grisaru, Rocek, Karlhede 1983
Using the relation between g;5 and hqp and the form of X! one gets

strm? = 0
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Goldstino and sGoldstino masses

Using the stationarity condition as well as the relations X:L® = 0 and
X:L® = if** N, one finds:

> > . (N°N,)? __ ,N°N,
Mya = 0 ™m0 = 0 m,, = SN N,+ T PP, 4 3M oD, + A
where
o _ _ RipafifdfefiPePONeN? |, 2X5Xy; NON°
PeP, NFN¢ NeN,
T —  Rigpgfe ffEf4 N*N°NeN?
(INeN.)?

Cremmer, Kounnas, Van Proeyen, Derendinger, Ferrara, de Wit, Girardello 1985
Jacot, Scrucca 2010

Metastability

Averaging over mfoi, one finds:

N°Ny,
PcP,

m2 = (SP"’Pa-I— TN®N, + 3M2)

meta
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CONCLUSIONS AND OUTLOOK

® In N =1 theories, there exists a sharp necessary condition for the
existence of metastable SUSY-breaking vacua. The general case
IS understood.

® In N = 2 theories, there are similar but stronger constraints for
metastable SUSY breaking. The general case is however not yet
understood.

® In some cases, one finds no-go theorems. These seem to fit with
the obstructions recently found in some cases by Antoniadis and
Buican against defining a low-energy theory for just the Goldstini.



