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Introductory motivations

Where is –Is there– (TeV) New Physics ??

G. Moultaka, LUPM-Montpellier MSSM-inflation revisited: SUSY2023, Southampton, August 17-21, 2023 3 / 16



message from (the) BSM at the LHC (?)

G. Moultaka, LUPM-Montpellier MSSM-inflation revisited: SUSY2023, Southampton, August 17-21, 2023 4 / 16



Too early to give up on Supersymmetry!

→ deep connection between internal and space-time symmetries

→ unification with Gravity...

→ SUSY DM candidates still viable, even for (relatively) light LSP,
despite direct / indirect search limits and LHC constraints.

→ ubiquity of flat directions of the scalar potential
→ potentially viable inflationary sectors?!

→ In its (next-to-)minimal versions, (N)MSSM, possible relations
between constraints from inflation (prediction of the scalar spectral
index, the power spectrum normalization, etc.), and constraints from
particle physics searches ?
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MSSM flat directions

VSUSY =
∑

k

|Fϕk |
2 +

1
2

∑
A

g2
AD⃗A · D⃗A

Fϕk :=
∂W
∂ϕk

, D⃗A := Φ†T⃗ AΦ, (Φ multiplet of ϕk
′s)

→ An MSSM flat direction → V = 0

→ find simultaneous solutions to Fϕk = 0 and D⃗A = 0
→ in the space of 49 complex scalar fields ϕk (squarks, sletons,
Higgses).

→ one-to-one correspondence with gauge invariant monomials
→ The (Rp-conserving)MSSM potential has O(300) flat directions!

a promising paradise for Inflation!

BUT...
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MSSM flat directions

a flat direction:

has to be lifted...
and by not too much → slow-roll/enough e-folding to fit
observations

→ three main lifting sources:
renormalizable superpotential (MSSM)
soft SUSY breaking masses (MSSM)

⇒ effective non-renormalizable superpotential (beyond the MSSM)

e.g. → LLe or udd flat directions lifted by

W LLe
6 = λ̃6

M3
Pl
(LLe)(LLe) resp. W udd

6 = λ̃6
M3

Pl
(udd)(udd)
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Collecting the pieces...

We follow R. Allahverdi, et al., Phys. Rev. Lett. 97, 191304 (2006) and literature in line
...however, partly at variance:

VSUSY ⊃
∑

i

∣∣∣∣∂W6

∂φi

∣∣∣∣2 + · · ·VD

SUGRA-mediated SUSY breaking:

Vsoft =
∣∣m3/2

∣∣2∑
i

|φi |2 +

{
m3/2

[∑
i

φi
∂W
∂φi

+ (a − 3)W

]
+ h.c.

}
,

Vsoft ⊃ ÃnWn + h.c. ⇒ Ã6 =
3 + a

a
Ã3, e.g. Ã6(MSUSY) =

(3 −
√

3

6 −
√

3

)−1
At(MSUSY)

√
3φ = L↑

i = L↓
i = ek or

√
3φ = ua

i = db
j = dc

k , all other MSSM scalar fields → 0.

V Inflaton
tree (ϕ) =

1
2

m2
ϕϕ

2−
√

2A6
λ6ϕ

6

6M3
Pl

+ λ2
6
ϕ10

M6
Pl

, ϕ = ±
√

2 |φ| , A6 =
∣∣∣Ã6

∣∣∣ , λ6 =
λ̃6

18
√

2
> 0.

m2
ϕ = 1

3 (m
2
soft1

+ m2
soft2

+ m2
soft3

)

⇒ A6 could be rescaled, BUT effects propagate on the PP side!

⇒ λ̃6 ∼ O(1) → λ6 ≪ O(1)
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ns,As,...

Parameter Value and error
ln(1010AS) 3.047 ± 0.014

nS 0.9665 ± 0.0038
[ nS,run −0.0042 ± 0.0067 ]
[ r < 0.032 ]

(Planck 2020)

∆N∗ ≃ − 1
M2

Pl

∫ ϕend
ϕ⋆

V (ϕ)
Vϕ(ϕ)

dϕ

= lnRrad − ln

(
k∗

a0ρ
1
4
γ

)
−

1
4 ln

(
9Vend

ϵ1∗(3−ϵ1end )V∗

)
+ 1

4 ln(8π2As)

Hubble-flow params./slow-roll approx.

ε1 ≃ M2
Pl

2

(
Vϕ

V

)2

ε2 ≃ 2M2
Pl

[(
Vϕ

V

)2
− Vϕϕ

V

]
ε3 ≃ 2

ϵ2
M4

Pl

[
VϕϕϕVϕ

V 2 − 3 Vϕϕ

V

(
Vϕ

V

)2
+ 2

(
Vϕ

V

)4
]

...

Scalar perturbations power spectrum

Ps(k) = As

(
k

k∗

)ns−1

Amplitude

As =
H2
∗

8π2ε1∗Mp
≃ V∗

24π2M4
Plε1∗

Scalar spectral index
ns ≃ 1 − 2ε1∗ − ε2∗

its running
nS,run ≃ −2ϵ1∗ϵ2∗ − ϵ2∗ϵ3∗
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quasi-flat inflection point

at ϕ = ϕ0 =

(
M3

p mϕ
√

1−α

λ
√

10

)1/4
with 1 − α ≡

A2
6

20m2
ϕ

Vϕϕ(ϕ0) = 0 and
Vϕ(ϕ0) ≡ ν = m2

ϕϕ0α+O
(
α2)

0 ≤ α ≪ 1

• α = 0 → too low ns ≃ 1 − 4
∆N∗

• α ̸= 0 → α ≲ 10−5 for ε1 ≲ 1

and α ≲ 10−22 to get, e.g. ∆N ∼ 50

huge fine-tuning, challenging numerical evaluation.
a new methodology:

Vtree,ϕ(ϕ) = (1 +∆4)
1
4

{
ν +∆4λ6

ϕ5
0

M3
p

[
10(2 +∆4)λ6

ϕ4
0

M3
p
−

√
2A6

]}
Vtree,ϕϕ(ϕ) = 5∆4λ6

ϕ4
0

M3
p

[
18(2 +∆4)λ6

ϕ4
0

M3
p
−

√
2A6

]
, ∆4 ≡ ϕ4/ϕ4

0 − 1

→ m2
ϕ and λ6 become functions of ϕ0,A6, ν.

→ a well-defined methodology circumventing numerical high precision issues.
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RGE ’improved’ inflationary potential
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V Inflaton
tree (ϕ) =

1
2

m2
ϕϕ

2−
√

2A6
λ6ϕ

6

6M3
Pl

+ λ2
6
ϕ10

M6
Pl

m2
ϕ → m2

ϕ(ϕ), Ã6 → A6(ϕ)

λ6 → λ6(ϕ), ϕ → ϕ(ϕ)

→m2
ϕ from the running of the soft masses

→ the RGEs for λ6 and A6
extracted from (renormalizable) RPV operators.
Leading β-functions depend only on running gi ,Mi .
The quasi-flat conditions can still be determined
from V Inflaton

loop (ϕ) :

m2
ϕ(ϕ0) =

A2(ϕ0, ν, g i ,M i ,A6)

20
λ6(ϕ0) = B(ϕ0, ν, g i ,M i ,A6)

define: 1 − α(loop) ≡
A2(ϕ0, ν = 0)

20m2
ϕ(ϕ0)

→same methodology as at tree-level!
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Improvements

propagation of (non-trivial) normalizations

RGE improved one-loop potential

’exact’ one-loop fine-tuning

inclusion of Yukawa effects in the RGEs

effects of reheating on the number of e-folds

tree-level versus 1-loop for given ϕ0 / given A6(MGUT)

relating to the MSSM spectrum (SUSPECT3: J.L.Kneur et al. CPC 291 (2023) 108805, [2211.16956 [hep-ph]])

-

∼ 1016GeV

MGUT

∼ 1014GeV

Inflation

∼ 103GeV

EWSB

91GeV

MZ
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∆
BPj
i [p] = p

Vtree|ϕ0 (Q = ϕ0, nS = nS) − p
VRGE|ϕ0 (Q = ϕ0, nS = nS)

σ
BPj
nS,i

[p] = 1
2

∣∣∣∣pVRGE|ϕ0 (Q = ϕ0, nS = nS + σnS ) − p
VRGE|ϕ0 (Q = ϕ0, nS = nS − σnS )
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ASPIC-inspired
+

SUSPECT3
+

SFITTER
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Conclusions & Outlook
we have revisited the (e)MSSM inflection-point scenario of inflation, both at tree- and
one-loop levels, and shown that combined fits of particle and cosmological observables are
already sensitive to the quantum corrections to the inflationary potential.

careful theoretical scrutiny of the model is thus called for:

→ we propagated correct normalizations → effects on the theoretical consistency and
the MSSM spectrum.

→ derived full one-loop RGEs including Yukawa effects for the parameters of the
inflationary potential.

→ determined the quas-flatness conditions for the full one-loop
non-polynomial potential → fine-tuning is not reduced wrt to tree-level!

the details of the reheating era are important (instantaneous or not) affecting the viable
parameter space regions.
global fit combining cosmological and particle physics observables/constaints (interfacing
ASPIC-like with SuSpect3, SFitter)

Further investigations still needed:
- SUGRA mediation assumptions
- complete one-loop effecitve potential
- explicit Treh calculations
- lower effective scales e.g. Mpl → MGUT,...
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