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Introductory motivations
Supergravity in a nutshell

The 35 years old logic of Supergravity mediated soft SUSY breaking
...revisited

The other class of solutions (e.g. MSSM + 2, 3, ...n, singlets)

prospective model-building and pheno, astro, cosmo...

conclusions




Where is —Is there— (TeV) New Physics ?7

why is the Higgs so much SM-like??...(unitarity) why is it so light?
...(vanilla SUSY) why is it so heavy?

is it elementary? ...is it composite?...

No (direct) TNP experimental discovery so far, where contemporary
paradigm expects it!

seems to (seriously?) undermine the trust in the canons of TeV
naturalness and fine-tuning.




Where is —Is there— (TeV) New Physics ?7

1 — TNP realized in a more complex way? more data? different
signatures? more data?

O]

2 — is the paradigm half wrong? ... TNP there but too heavy to be
discovered at present energy frontiers? indirect glimpses from "low
energy" observables?

OR

3 — is the paradigm totally wrong?

could be a double-edged razor:

-7‘ Fl‘,rﬁi ii-




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




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




No reason to give up SUSY, at least not yet




No reason to give up SUSY, at least not yet

— deep connection between internal and space-time symmetries

— unification with Gravity...




No reason to give up SUSY, at least not yet

— deep connection between internal and space-time symmetries

— unification with Gravity...

— e.g. Supergravity mediation of susy breaking —




No reason to give up SUSY, at least not yet

— deep connection between internal and space-time symmetries
— unification with Gravity...

— e.g. Supergravity mediation of susy breaking —

...and everybody was happy for several decades...
light Higgs, natural SUSY, ...




No reason to give up SUSY, at least not yet

— deep connection between internal and space-time symmetries
— unification with Gravity...

— e.g. Supergravity mediation of susy breaking —

...and everybody was happy for several decades...
light Higgs, natural SUSY, ...

BUT!




No reason to give up SUSY, at least not yet

— deep connection between internal and space-time symmetries
— unification with Gravity...

— e.g. Supergravity mediation of susy breaking —

...and everybody was happy for several decades...
light Higgs, natural SUSY, ...

BUT!

yello arrow




N=1 Supergravity potential




N=1 Supergravity potential




N=1 Supergravity potential

mLZ IJ*
Vi = e™# (DIWK DJ*W——|W|)

DWW =W + —KIW
pf
Al

WIE ﬁ’ K]: ﬁ’

T L el
et oy T ¢

2 5 o .
= BZ?*% is the K3hler metric.




N=1 Supergravity potential
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F-term (local)SUSY breaking
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K(h,ht,®, o) mf,ng(z, i mpe K1 (2, 2N + Ko(z, 27, ®, ®7)
W (h, ®) m2,Wa(z) + mpeWi(2) + Wo(z, ®),

where b = Mpp sl




o ...It so happens that these forms always lead to SOFT susy breaking
when mediated by gravity!

o — subsequent literature adopted these forms even though SUSY
breaking VEVs are not necessarily O(m,):

W (h, ®) = m2,Wa(z) + Wo(®),

= Planck suppressed couplings between hidden and visible sectors
& soft susy breaking.




o ...It so happens that these forms always lead to SOFT susy breaking
when mediated by gravity!

o — subsequent literature adopted these forms even though SUSY
breaking VEVs are not necessarily O(m,):

W (h, ®) = m2,Wa(z) + Wo(®),

= Planck suppressed couplings between hidden and visible sectors
& soft susy breaking.

All model-building and phenomenology of mSUGRA, cMSSM,
SUGRAmed,...were based on the above result.




Requiring tree-level separation of high (here Planck)
and low (here GUT, EW,...) scales is a prerequisite
to mitigate potential hierarchy problems,

irrespective of the ensuing strength of susy breaking.
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Approach seemingly straightforward:

N
K D e

n=0

M
T Z MW (2, @)

n=0
inject in Vr and require positive powers of m,, to be @, 't independent.

BUT we stumbled on something...
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the simplest possibility:
{2} = {2°, 5"}

W(Z, S, (i) = mpg Wl,o(z) S 51W171(Z> Sin Wo(z, &)) ar 31W0’1(Z)

BUT Planck suppressed coupling of S* to the rest of the visible sector.




Old & New
(1) Soni-Weldon: (phys. Lett. B126, 215 (1983))

W (h, ®) = m2,Wa(z) + mpeWi(2) + Wo(2, ®)
Hidden sector h? = my,e2?, Observable sector ®* (MSSM, GUT,...)

(2) Non-Soni-Weldon: there is in fact a richer general structure!
( GM,MRT,DT,IJMP A34 (2019) 1950004-1-65)




Old & New
(1) Soni-Weldon: (phys. Lett. B126, 215 (1983))

W (h, ®) = m2,Wa(z) + mpeWi(2) + Wo(2, ®)
Hidden sector h? = my,e2?, Observable sector ®* (MSSM, GUT,...)

(2) Non-Soni-Weldon: there is in fact a richer general structure!
( GM,MRT,DT,IJMP A34 (2019) 1950004-1-65)

W(h, ®) = mpyWi(z, S) + Wo(z, S, ®)

{2} = {2, 57}




Old & New
(1) Soni-Weldon: (phys. Lett. B126, 215 (1983))

W (h, ®) = m2,Wa(z) + mpeWi(2) + Wo(2, ®)
Hidden sector h? = my,e2?, Observable sector ®* (MSSM, GUT,...)

(2) Non-Soni-Weldon: there is in fact a richer general structure!
( GM,MRT,DT,IJMP A34 (2019) 1950004-1-65)

W(h, ®) = mpyWi(z, S) + Wo(z, S, ®)
{2} = {9°, 57}

where

Wi(z,S) = Wie(2) + 2;1:21 Wip(z) Z:gl DL
W2, 8,00 = T Wal2) 88 4 BLLE 0 s L)

with
e A U




Old & New
(1) Soni-Weldon: (phys. Lett. B126, 215 (1983))

W (h, ®) = m2,Wa(z) + mpeWi(2) + Wo(2, ®)
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Model building?
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— compare: Me2!: M some low energy physics scale.

direct coupling of the S-sector to the usual vis. sector needs at
least two S-fields

o the S-fields should be SM singlets
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o the S-fields could be charged under (gauge) symmetries of secluded

sectors — interesting Yukawa structures (U2°),, - H (U) R
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Spontaneous SUSY breaking

Some hidden sector fields z* acquire VEVs such that some (F!) # 0

2t — 28 + (2%) in the Lagrangian

¢

SUSY breaking mediation to the visible sector
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— parametrically small (7)
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o direct coupling of the S-sector to the usual vis. sector needs
S-fields because:

Eif R G
with
Ulp = 1S — ppSt

o the S-fields should be because
1) Wi, Wy gauge invariant, where

Wi D Wii(2) py S?
Wo D Wo,p(Z)Sp

2) the hidden sector fields z should be SM singlets

similar to the NMSSM +N (> 1) singlets (e.g. NNMSSM)
BUT with significant differences
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Pheno @ Colliders

e.g. we need to construct an NNMSSM-like model but with some
specificities:

o the NMSSM superpotential parameters, \, x, 1/ and g are not
just "doubled"; they are interrelated.

the electroweak symmetry breaking conditions are different from
normal NNMSSM

SUSY mass spectrum, Higgs masses, etc.

Renormalization Group Evolution unconventional:

> effects of the VEVs of the S-fields on the running
> effects of hard breaking terms

other...
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But more tricky: Dynamical constraints, (S) < my, and cosmo cte ~ 0
o if just one common scale M = mg ~ O(ms/3)

2
= negligible hard breaking O(n;—sr/j)
P

o mass scale hierarchy, e.g. My ~ O((MZmp)'/3) < mye
= m ~ O(Mfmgs/my)
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= negligible hard breaking O( 3/;)

o mass scale hierarchy, e.g. My ~ O((MZmp)'/3) < mye
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But more tricky: Dynamical constraints, (S) < my, and cosmo cte ~ 0
o if just one common scale M :> mg ~ O(ms/s)

= negligible hard breaking O( 3/;)

o mass scale hierarchy, e.g. My ~ O((MZmp)'/3) < mye
= m% ~ O(M%mg,/g/mpg)
sizable hard breaking (’)(Mf/(mg,/gmze)) or (’)(Mf/(mg/sz())
up to O(20%) for My < O(10%) GeV and My ~ O(lOlGZ_gg\l/m




Astro/Cosmo issues
Dark Matter

o the simplest case: one S-field

W(z,8,8) = mpe [Wio(2) + Wi1(2) s} + Wolz, ) + Woa(z) S.

o various model-dependent mass scales:
W10 = M2wy, W11 = Mawin = Myjwiy
Wo,1 = Mwor1, Wo = M3wo
o coupling of S is Planck suppressed to both hidden z and visible ®
fields. But leading couplings to z.
o S mass O(mg/y); 2 mass O(M)
o e.g. depending on mass hierarchies, couplings O(M’z?/m;%e) or
O(Mf/mfye)




Astro/Cosmo issues

Inflation

o more than one S-field = dependence on Ll;p = w1 SP — ppSt in the
superpotential

o = approximately flat directions Z/lép = 0 in the potential; partially
lifted by Susy breaking terms.

o can this be interesting for inflationary scenarios?
> revisit SUGRA inflation (n-problem, etc.)

> multi-scalar scenarios, (geometric destabilisation, etc.)
> other...




Further formal developments

more general superpotential

generalization of the classification to non-minimal Kahler

the fermionic sector ?
hidden sector VEVs < m,y




Provisional conclusions and outlook

separation of Planck and EW scales compatible with other
structures than usually assumed.

these structures suggest NNMSSM-like models, but with unusual
SUSY breaking (including parametrically small hard breaking).

can these be implemented into viable models (RGEs, mass

spectrum, ...)?

can they live better with the so far no SUSY experimental
discovery? less fine-tuned H-1257

pheno? DM ? cosmo? — S.low.SUGRA project (IPHC, L2C,
LUPM, APC)




