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New Sugra-mediated NNMSSM-like strutures

G Moultaka

L2C-Montpellier

NMSSM-∞ workshop, Montpellier 6 Marh '18

Based partly on: arXiv:1611.10327 M. Raush de Traubenberg, D. Tant, GM,

+ forthoming ollab: S.low.SUGRA, soutien projet IN2P3 (IPHC, L2C, LUPM, APC)
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Where is �Is there� (TeV) New Physis ??

◦ why is the Higgs so muh SM-like??...(unitarity) why is it so light?

...(vanilla SUSY) why is it so heavy?

◦ is it elementary? ...is it omposite?...

◦ No (diret) TNP experimental disovery so far, where ontemporary

paradigm expets it!

◦ seems to (seriously?) undermine the trust in the anons of TeV

naturalness and �ne-tuning.
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Where is �Is there� (TeV) New Physis ??

1 → TNP realized in a more omplex way? more data? di�erent

signatures? more data?

OR

2 → is the paradigm half wrong? ...TNP there but too heavy to be

disovered at present energy frontiers? indiret glimpses from "low

energy" observables?

OR

...

3 → is the paradigm totally wrong?

ould be a double-edged razor:
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No reason to give up SUSY, at least not yet
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No reason to give up SUSY, at least not yet

→ deep onnetion between internal and spae-time symmetries

→ uni�ation with Gravity...
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F-term (loal)SUSY breaking

〈F I〉 6= 0

F I = e
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F-term (loal)SUSY breaking

If SUSY breaking VEVs of hidden setor �elds ∼ O(mpℓ) then a strong

onsisteny requirement:

all visible setor �elds should not appear in the operators of the

Lagrangian that diverge formally in the limit mpℓ → ∞.

⇓ Soni & Weldon Phys. Lett. B126, 215 (1983)

K(h, h†,Φ,Φ†) = m2
pℓK2(z, z

†) +mpℓK1(z, z
†) +K0(z, z

†,Φ,Φ†) ,

W (h,Φ) = m2
pℓW2(z) +mpℓW1(z) +W0(z,Φ),

where hi ≡ mpℓ z
i
.
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◦ ...It so happens that these forms always lead to SOFT susy breaking

when mediated by gravity!

◦ → subsequent literature adopted these forms even though SUSY

breaking VEVs are not neessarily O(mpℓ):

W (h,Φ) → m2
pℓW2(z) +W0(Φ),

⇒ Plank suppressed ouplings between hidden and visible setors

& soft susy breaking.
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Requiring tree-level separation of high (here Plank)

and low (here GUT, EW,...) sales is a prerequisite

to mitigate potential hierarhy problems,

irrespetive of the ensuing strength of susy breaking.
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Repeating Soni & Weldon's exerise

Approah seemingly straightforward:

K =

N∑

n=0

mn
pℓKn(z, z

†,Φ,Φ†) ,

W =
M∑

n=0

mn
pℓWn(z,Φ)

injet in VF and require positive powers of mpℓ to be Φ,Φ†
independent.
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W =
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injet in VF and require positive powers of mpℓ to be Φ,Φ†
independent.

BUT we stumbled on something...
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Repeating Soni & Weldon's exerise

In this talk we fous on the simplest Kähler form

K = m2
pℓz

i∗zi +Φa∗Φa

VF = e

ZIZI∗

m2
pℓ

2M∑

c=0
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†,Φ,Φ†] mc

pℓ +O(m−1
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Bak up

VM,c[z, z
†,Φ,Φ†] =

∑

n
(0)
−

≤n≤n
(0)
+

∂Wn

∂Φa

∂W c−n

∂Φa∗
+

∑

n
(2)
−

≤n≤n
(2)
+

((∂Wn

∂zi
+ zi∗Wn

)(∂W c−n+2

∂zi∗
+ ziW c−n+2

)

+ Φa ∂Wn

∂Φa
W c−n+2 +Φa∗∂W n

∂Φa∗
Wc−n+2 − 3WnW c−n+2

)

+
∑

n
(4)
−

≤n≤n
(4)
+

WnW c−n+4Φ
a∗Φa

n
(s)
+ = min[M, c+ s],

n
(s)
− = max[0, c−M + s]
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Bak up

E.g. for c = 2M − 1:

∂WM

∂Φa∗

∂WM−1

∂Φa
+ h.c. ∼Φ 0
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W (h,Φ) = mpℓW1(z, S) +W0(z, S, Φ̃)

{Φ} = {Φ̃a, Sp}

where

W1(z, S) = W1,0(z) +
∑P

p≥1W1,p(z)
∑np

s≥1 µ∗
ps S

ps , (1)

and

W0(z, S, Φ̃) =
∑k

q≥1W0,q(z)S
q + Ξ(...,Upps

S ...; ..., Φ̃a, ...; ..., zi, ...),

with

Upps
S ≡ ξps(z)S

ps − ξps(z)Sp1
and µpsξps(z) = µp1ξ
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S ..., Φ̃a, ..., zi, ...),
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S ≡ µ1S
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Model building?

◦ diret oupling of the S-setor to the usual vis. setor needs at

least two S-�elds

◦ the S-�elds should be SM singlets

◦ e.g. λSHu ·Hd, ξFS,
1
2µ

′S2, 1
3κS

3

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓
λUab

S Hu ·Hd, ξ
a
FS

a + ξbFS
b, 1

2µ
′[Uab

S ]2, 1
3κ[U

ab
S ]3

Uab
S = ξa∗F Sb − ξb∗F Sa

◦ the S-�elds ould be harged under (gauge) symmetries of seluded

setors → interesting Yukawa strutures (Uab
S )L ·H (Uab

S )R

◦ ...
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SUSY breaking terms

V NSWS

LE

=
∣∣∣ ∂Ξ̂
∂Φ̃a

∣∣∣
2

+m2
3/2 |Φ̃a|2

+ m3/2

( (
A− 3

)
Ξ̂

+ Φ̃a ∂Ξ̂

∂Φ̃a
+ h..

)

+ O(m−2
pℓ ) ,
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Provisional onlusions and outlook

◦ separation of Plank and EW sales ompatible with other

strutures than usually assumed.

◦ these strutures suggest NNMSSM-like models, but with unusual

SUSY breaking (inluding parametrially small hard breaking).

◦ an these be implemented into viable models (RGEs, mass

spetrum, ...)?

◦ an they live better with the so far no SUSY experimental

disovery?

◦ pheno? DM ? osmo? → S.low.SUGRA projet (IPHC, L2C,

LUPM, APC)
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