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P-term Hybrid Inflation

R. Kallosh and A. Lt hep-th /0306058
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e Unification of F- and D-term models of
Brane Inflation with A = +/2g

e Gravity coupling: new parameter,
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e Cosmological applications
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D3/D7 COSMOLOGICAL MODEL
AND M THEORY

Dasgupta, Herdeiro, Hirano, R. K.

o:r1,2|3(4|/5,6|7|8|9

D3 X | X | X | X
D7 X | x| x| x x| x| x| x
F=dA-B X | X | X | X

D7 worldvolume: Fg7 = tand Fgog = tan @’
F ~ % 0: spontaneously broken susy
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N=2 susY , 4 veetor , 4 hylasr with mars
Spithny —» UNIQUE POTENTIAL

THE POTENTIAL IN P-TERM INFLATION
Salam-Strathdee-Fayet model

2 rN 2
V=% |otop?+ (nl-dﬁa’“cb - ‘5—)
2 2 g

e Unstable Non-supersymmetric Vacuum
Inflation when coupled to gravity
De Sitter valley, Coulomb phase 93 "!N"*
Pt

l-t
Pr=¢  |¢|>>0 V= £2

e Stable Supersymmetric vacuum, Higgs phase

PT =0 =0 V=0

Known to String Theorists also as D-flatness condition
and ADHM equations in instanton construction

B¥ am %CDTUT('D . ET = 0

34/93 Qouud ol ave.

Hus@,riol Intlation

Easiet 'kc ‘\MVQQW\UM# I
supacqravty and Gane ::osm.o(aﬂu

AL .2\

Cosmological potential with Fayet-Iliopoulos term

De Sitter valley is classically flat; it is lifted by the one-loop correction cor-
responding to the one-loop potential between D4-D6, In this figure the valley
is along the @3 axis; the orthogonal direction is a line passing through the ori-
gin of the complex ®; plane and we have put |®{| = 0. The bifurcation point

corresponds to |®3] = /€/g, ®; = 0. The absolute minimum is at &3 = 0,

Dy = 2 /3.
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HYPERMULTIPLET MASS SPLITTING
controlled by spontaneous susy breaking

STrM2=0

M2 = g°|o|? £ g€ , My, = glol
Bifurcation point: hyper becomes massless,

MZ=0 & \w|§=§

At ¢ > e de Sitter minimum
At ¢ < e, de Sitter maximum

Beyond the critical point, scalars become tachy-
onic. The system is unstable and the waterfall
stage of the potential, mixed Coulomb-Higgs
phase, leads it to a ground state, Higgsed
phase.

Instability and s-symmetry of the worldvolume

With FI parameter D3/D7 system at the distance from
each other is unstable.

D7-brane worldvolume action in D3-brane background

~Ty (]d806_¢\/— det (¢ + F) - /EAp-i-l /\e}-)

We turn on the worldvolume gauge field

1 e & 5 et
Fgy = £ Fgog = §

Effective potential

BI . TyV3[d% [\/(1 + H 1)1 + H—lﬁ’z)}
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When ¢ = ¢/, the force between the D3 and
D7 vanishes.

F =0
For arbitrary but small values of the parame-

ters &,¢' and large distances d the finite, non-
constant part of the potential becomes

Veer Ty V3Q(F )2 Ind?

d? is interpreted as an inflaton field 2

(F )2 is interpreted as FI terms £2

Same for D7 brane background with B~ # 0
probed by D3 brane

In Coulomb branch D3/D7 system has broken
supersymmetry and slow-roll inflation is possi-
ble due to

F~#0.

THE BIG QUESTION is: how D3/D7 system
can become supersymmetric with &7 %= 0 in
the Higgs branch? The solution is:

D3/D7 SUPERSYMMETRIC BOUND
STATE

The necessary condition for the bound state
to be supersymmetric is that the rotation
factor a of k-symmetry is e-independent.

da(F) 1., mij
aa =0 (1 251 ”r”®cr3

Yy = Y (F)

A 2-form Y is a known non-linear function of F

Page 16
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k-SYMMETRY AND DEFORMATION

- It is tempting to speculate
deformed vector field strength F

In the context of Instantons on Non-commutative
R4 Nekrasov-Schwarz, 1998 FI terms are neces-
sary to make the instantons non-singular.

F=Y({F-B)-Y(-B)

D3/D7 bound state is supersymmetric iff
In the context of Dirac-Born-Infeld non-linear

1 i ,
8501’(‘*503 ® MY (B))wz ® 01236789 € =€ instantons  Seiberg-witten, 1999  FI terms are
necessary to have a finite non-vanishing instan-

1 —-T¢ e=20
( 6789) ton number.

F~(e)=0 This speculation, if taken seriously, would give
Non-linear supersymmetric instanton an explanation of the non-vanishing effective
in 6,7,8,9 space of D7 cosmological constant (in the early universe
-1 and today): it may be needed to remove cer-

B™ = 5(367 — Bgg) # 0 y) Y

tain instanton singularities.
Supersymmetry with FI terms present,

ADHM equations follow! D3/D7
cosmological model justified: Coulomb
branch, tachyon condensation, Higgs branch
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