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Potential with Superpotential

@ The simplest supersymmetric Lagrangian
Lo = —0,AM A+ i0,patp + FF

@ Invariant under:

A = V2ey
S = iV201EQ A+ 26F
0eF = iV2Eata,n
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Potential with Superpotential

SUSY in Superspace

@ Chiral superfield in chiral co-ordinates
O =A+0y+00F

@ Superspace Lagrangians
Lo = / d?0d?9dd = —0,A)" A+ FF
Lm= Z/d29¢2 + hc = mAF + mAF

By constuction supersymmetric!
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Potential with Superpotential

Elimination of F

@ Total Lagrangian

Lo+ Ly = —0,A0"A+ FF + mAF + mAF

@ F equations of motion

F=-mA

which leads to the on-shell theory:
Lon—shell = —0, A" A — m?AA
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Potential with Superpotential

Superpotential

@ From a holomorphic function of the chiral superfields we
have

Lp= /d29P(<D) + he

@ and after superintegration and elimination of F it leads to
the on-shell theory:

Lon—shell = —0,AMA — P'(A)P'(A)
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Potential with Superpotential

Superpotential

@ In rigid ungauged chiral models, the most general scalar
potential is:

V = KU(D;P)(D:P)

@ In ungauged chiral models,coupled to supergravity, the
most general scalar potential is:

V = eX[KT(D;P)(D:P) - 3PP

This standard structure of the scalar potential breaks down
when higher derivatives are introduced!

Here we will explicitly consider a realization...
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Potential without Superpotential and Safe Higher Derivatives

Higher Derivatives

@ Consider the superspace Lagrangian:
Lop = / GP0PIN | Dy SD, 0D ED 0] + ho

@ After superintegration:

Lup = 16U {(FF)* + 0,A0°A0,A0°A — 2FF0,A0°A}

Where A(®, ®)| = U(A, A) is a hermitian function.
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Potential without Superpotential and Safe Higher Derivatives

Higher Derivatives, No Superpotential

@ We now have the total Lagrangian:

Lo+ Lyp = —0,AMA+FF
+ 16U {(FF)? + 02A0°A0,A0°A — 2FF0,A0°A}

@ The equation of motion for F is:

F(1 — 32UFF + 320,A0%A) = 0

Two solutions!
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Potential without Superpotential and Safe Higher Derivatives

1) SUSY preserving

@ The first solution preserves supersymmetry, it is the
standard solution one expects when there is no
superpotential:

F=0

@ The standard branch on-shell theory is:

Lo+ Lup = —0,AMA—16U(A,A) 9,A02A9,APA
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Potential without Superpotential and Safe Higher Derivatives

2) SUSY breaking

@ The second solution is:
1

FF= ———— +0,A0'A
32U(A A "
@ This branch breaks SUSY spontaneously, the on-shell
theory is:
1 - -
Lo+ Lup=———— — 16U(A,A) 0,A02A0,A0°A
0 FEHD = T 3oU(A, A) (A, 4) 0a 0

+ 16U(A, A) 0,A92A0,A0°A
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Potential without Superpotential and Safe Higher Derivatives

Emerging Potential in SUSY

@ A scalar potential emerges, even though there is no
superpotential to start with:

]
- 32U(A, A)

@ This potential is negative definite and breaks SUSY
spontaneously.

Fotis Farakos Emergent Potentias in Supergravity



Potential without Superpotential and Safe Higher Derivatives

Coupling to Supergravity

@ Now U is a Kahler space tensor,

1 _ _
&' Loos = —5R — 9430aAA+ gz e3FF

—16U {ezs“ (FFY? + 0,A02A0,A0PA — 265 FF9,A0%A }
@ The on-shell theory thatspontaneously breaks SUSY is:

- 1, (9aa)
1 _ ! AA
& Loos = —5R+ ouy]

—16L9,A02A0pA0PA + 16L0,A02 A0, AGPA.
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Gauged Chiral Models Coupled to SUGRA

Gauged Chiral Models

@ The most general Lagrangian in superspace is:

Lot = /d2@ 2> (1575 - 8R> e kI3
8
1
+@Fab(¢) W@ W®) L p(o)

+%(z§z‘> - BR) [/"\7" i Do KiDo KDY KD K| ] + he

Where A" is a gauge invariant Kahler space tensor and
K=K+T.
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Gauged Chiral Models Coupled to SUGRA

Gauged Chiral Models

@ In component form:

1 Y o

e 'Lt = —5R—grDnADA + €3 grFIFT
1

1692

e (F’D,-P+ FFDJD) +3e"PP

Fa(AYFSIF™®) — 1 g?(D(@)?

~e5 FIF D,ADA" - &5 FIF DA DA )
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Gauged Chiral Models Coupled to SUGRA

Single Chiral Superfield, Gauged U(1)

@ The extended Kahler potential is:

K=ob+d+ v&>¢+%v2&>¢+gv

@ For a gauged U(1), the Killing potential is:

DM = dd +¢
@ No superpotential:

P=0
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Gauged Chiral Models Coupled to SUGRA

Scalar Potential

@ After the elimination, the scalar potential reads:

1 .-
59 (AATE) 640U(A, A)

@ Simple example

U= MGpa9aa =M

with scalar potential:

_12_ 2
V=20 (A -

can describe, DS, ADS, Minkowski vacua, all with
spontaneously broken SUSY.
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Gauged Chiral Models Coupled to SUGRA

Scalar Potential

@ Second example

Figure : Uplifted Emergent Potential
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Gauged Chiral Models Coupled to SUGRA

Two U(1) Gauged Chiral Superfields

@ For simplicity suppose:

K = K1 (¢1 ) (51) + K2(¢27 &)2) + d
@ with Killing potential:

D) = &ydq + Ppdp + ¢

@ and for the K&hler space gauge invariant tensor:

Airjn = mKirKin

A general system can be solved for any number of chiral
multiplets, but it's very complex.

Fotis Farakos Emergent Potentias in Supergravity



Gauged Chiral Models Coupled to SUGRA

Two U(1) Gauged Chiral Superfields

1 1 o 1

71 a d

e EfOl‘ = _ER _ ZgiFDaAlDaAr _ @Fc(d)l__c (a)
1 1 5 - _ 5

+m — 59 (A1A1 + AAz +€)

+9m (Qir DA [75*7\7) 2—1 6mgirgjnDaA'D3A Dy AT DP AT

1 4mg,: 05 DaA? DA Dy AT DOA2

+m(g:DaA DA — g3 DR’

£ (7 + 6mgrDA DA ) {(gﬁbam DA — g, DA DR’

1

~ ~ =T~ ~,—-5)2
+49,719,3D.,A2D?A' D, A’ DbAz}
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Gauged Chiral Models Coupled to SUGRA

Two U(1) Gauged Chiral Superfields

@ We recover canonical kinetic terms
@ DBI terms and safe higher derivatives

@ Manifest higher derivative nature of this supersymmetric
theory through 2 on-shell Lagrangians

@ SUSY is spontaneously broken
@ D-term uplifted emergent potential

1

Y= "%am

1 _ _
+ 58 (AiAi+ Aohs + ¢)?
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Gauged Chiral Models Coupled to SUGRA

Applications

@ Cosmology in supergravity

@ Hidden sector SUSY breaking

@ Theories with symmetries that forbid a superpotential
(Potential without superpotential)
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