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SUSY �at dire
tions

→ a key 
orresponden
e between �at dire
tions and gauge invariant

monomials (in the '80 - '90) → a very powerful tool.

e.g. O gauge invariant ⇒ δO = 0 = ∂
∂ΦO~TAΦ

if

∂
∂ΦO|Φ=Φ0

= cte× Φ†
0 ⇒ D-�at in the Φ0 dire
tion

(6=0) In fa
t also ne
essary

→ 
lassify all gauge invariant, independent monomials

→ The (Rp-
onserving)MSSM potential has ≈ 300 �at dire
tions

a promising paradise for In�ation!
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The saddle point MSSM-In�ation model

• ǫαβ Lα
i L

β
j ek [SU(3)c×SU(2)×U(1)Y gauge inv.℄ → 'LLe' D-�at dire
tion

Li =

(

ϕ
0

)

, Lj =

(

0
ϕ

)

, ek = ϕ, ϕ 
omplex-valued

i 6= j, α 6= β

• ǫabc uai dbj dck [SU(3)c×SU(2)×U(1)Y gauge inv.℄ → 'udd' D-�at dire
tion

uai = dbj = dck = ϕ, ϕ 
omplex-valued

j 6= k, a 6= b 6= c

→ in fa
t also F-�at in the (Rp-
onserving)MSSM
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The saddle point MSSM-In�ation model

V tree
inflation =

1

2
m2

φφ
2 − |A|λ φ6

6M3
+ λ2 φ

10

M6
, (λ > 0)

V tree
inflation has now a non-trivial minimum at φ = φ0 6= 0.
→ Adjust the parameters to make this minimum as shallow as possible

+ initial 
ondition for the in�aton �eld φ to get slow-roll.

→ exa
t saddle-point at φ0 =
(

M3mφ

λ
√
10

)1/4
with A =

√
40mφ.
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The E�e
tive Potential

Improve the Potential → loop 
orre
tions → log φ
φ0

resummation.

V tree
inflation =

1

2
m2

φφ
2 − |A|λ φ6

6M3
+ λ2 φ

10

M6

m2
φ → m2

φ(φ), |A| → |A|(φ), λ→ λ(φ), φ→ φ(φ)

V tree
inflation → V loop

inflation ← 'slight' shape modi�
ation
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V tree
inflation → V loop

inflation ← 'slight' shape modi�
ation

BUT

V eff ∼ V tree +
1

64π2
StrM4 logM2 + · · ·

M2 ⊃ ∂2

∂φ2
V tree
inflation indu
es φ4, φ8

, ...not 
onsidered (?)
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Relating A to the soft MSSM trilinear 
ouplings

→ Minimal SUGRA (minimal Kähler potential)

At the 'high' s
ale:

V =
∑

a

|Fφa |2 +m2
3/2|φa|2 +m3/2

(

∑

a

φaFφa + (A− 3)W + h.c.

)

→ soft terms in φ3
b and φ6

c are thus related

A3 = Am3/2, A6 = (3 +A)m3/2

→ in the simplest 
al
ulable 
ase (Polonyi superpotential)

A = 3−
√
3⇒ A6 = A3

6−
√
3

3−
√
3

used in the study

CAUTION: valid only for universal soft terms � GUT !!
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The Renormalization Group Equations

Can be adapted from RPV results

(see e.g. Allana
h, Dedes, Dreiner, Phys Rev D 69, 115002 (2004) )

16/19



The Renormalization Group Equations

Can be adapted from RPV results

(see e.g. Allana
h, Dedes, Dreiner, Phys Rev D 69, 115002 (2004) )

udd:

tds:

16π2 d
dt
(ΛU3 )12=2×(− 4

5
g21−8g23+2

∑2
i=1(YD ii

)2+2(YU 33
)2)(ΛU3 )12

16π2 d
dt
(A

U3 )12=2×( 8
5
g21M1+16g23M3+4

∑2
i=1 AD ii

(YD ii
)2+4AU 33

(YU 33
)2)

tsb:

16π2 d
dt
(ΛU3 )23=2×(− 4

5
g21−8g23+2

∑3
i=2(YD ii

)2+2(YU 33
)2)(ΛU3 )23

16π2 d
dt
(AU3 )23=2×( 8

5
g21M1+16g23M3+4

∑3
i=2 AD ii

(YD ii
)2+4AU 33

(YU 33
)2)
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The Renormalization Group Equations

LLe:

LeLµτ :

16π2 d
dt
(ΛE3 )12=2×(− 9

5
g21−3g22+

∑2
i=1(YE ii

)2+2(YE 33
)2)(ΛE3 )12

16π2 d
dt
(A

E3 )12=2×( 18
5
g21M1+6g22M2+2

∑2
i=1 AE ii

(YE ii
)2+4AE 33

(YE 33
)2)

LτLµτ :

16π2 d
dt
(ΛE3)23=2×(− 9

5
g21−3g22+(YE 22

)2+4(YE 33
)2)(ΛE3)23

16π2 d
dt
(AE3 )23=2×( 18

5
g21M1+6g22M2+2AE 22

(YE 22
)2+7AE 33

(YE 33
)2+AE23

(YE 33
)2)
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Implemented in SUSPECT3

✲

∼ 1016GeV

MGUT

∼ 1014GeV

In�ation

∼ 103GeV

EWSB

91GeV

MZ
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Con
lusion

◦ although (parti
ularly) �ne-tuned, the saddle-point MSSM in�ation

is an interesting set-up → relates high s
ale in�ation to low s
ale

parti
le physi
s.

◦ the on-going 
ollaboration: brings together exp & theo/
osmo &

parti
le, expertise and related analysis tools

(ASPIC/SuSpe
t3/SFitter)

◦ new results (see Gilles talk)
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