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approach

S2MSSM

A simplest NSW model: S2MSSM

Fields content:

e Matter Sector ®, S and S?
o U =putS?—2st
e Hidden Sector z

W = mye[Wio(2) + 7 VA(2)]
K

N2MSSM-like (NMSSM
+ 1 gauge singlet) with
significant differences !

+=(U, ®,2)

= m’%gk(z, ZN + SPSZ; + Z/\/(z, zT)(D;rCDI
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\ SUPERGRAVITY BREAKING IN HIDDEN SECTOR \

1 1
Veoft = mélfﬁjﬁﬁl + (mg-)qPSJ,Sp + {6%U2<L{> + EA,J/{?’ + A/Z/[HU.HC/

+CpSP +2,Q.HyU = agL.HgE — 34Q.HyD + N (U)Hy.Hp + b.c.}

jms |

2
2
|

Hybrid fields and Vhard =
Hard-breaking

terms

(Qupejo's)s” + qiis)sesis)

2

A simple extension
of NMSSM: mas
S2MSSM 5

M
]

m3

+

/—’hxi

(Tipo}o's? + T'sfsPs")

[y

N

+*l/ﬂ\)aqu2(z/[ + <Z/[>) + DY9UH,.Hy + 3\<U>aqHqu>S$ + hc}

> 3
+ (E"(u>H Hy + DIQ.H,U — DIL.HyE — D QH(/D+6K"L{ +
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6 S2MSSM

Differences with N2MSSM (NMSSM—1 singlet):

S coupling parameters (\,x) not only doubled but correlated !

EW symmetry breaking conditions

A simple extension
of NMSSM:

SaMSSM e Mass spectrum

RGEs (effects from hard-breaking terms)

13 /27
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Radiative
corrections
induced by
Hard-breaking
terms

© Radiative corrections induced by Hard-breaking terms
Hard-breaking terms as a solution to the Higgs mass fine-tuning
Coleman-Weinberg eff. potential & Diagrammatic approach
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VHard

Fine-tuning and
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S SH

Hard-breaking
terms as a solution
to the Higgs mass
fine-tuning

S: Singlet submatrix
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Fine-tuning and V4
6 Constraints : (V) ~ 0,{(dV) =0, (S) < mp

rtct Ter
Q.tsisesis
| ; < A2 = m}
N
s s S SH
Q/qu)}f()’SJSP
SH H
s
o« A2 = m}
q t s P »—-q&
D'9UH,.HyS}
Hard-breaking ‘ ) « A= m}
o e Vigge mase. N .
fine-tuning ¢ ¢
S: Singlet submatrix
H: Higgs submatrix
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Fine-tuning and V4
6 Constraints : (V) ~ 0,{(dV) =0, (S) < mp

rtct Tcr
Q!tshspsis
e Common energy scale M:
| < A2 = m} ms X (’)(m%)
N
s s S SH
Q/ﬁ(}}(,)’SJSP
SH H
i o« A2 = m}
a T T
D'9UH,.HyS}
Hard-breaking _ ‘ ) x A% = m
B S
fine-tuning ¢ ¢
S: Singlet submatrix
H: Higgs submatrix
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Hard-breaking
terms as a solution
to the Higgs mass
fine-tuning

Fine-tuning and V4

Constraints :

(V)=0,(0V) =0, (S5) < my

i T
Q'tsspsisr
e Common energy scale M:
L ‘ < A2 = m} ms =~ O(m%)
s TS S SH
] o Q/ﬁ(}j(,)’SJSP
SH H .
o« A2 = m}
, _|_ (;)_ S N }-_‘;5
D'9UH,.HqS4
TSN v
\ « A2 = Hard Breaking O( m32/2) negligible
I S bt
¢ ¢ compared to tree-level soft O(m?3)!
S: Singlet submatrix 2
H: Higgs submatrix
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Fine-tuning and V4

Constraints : (V) ~ 0,(0V) =0, (S) < mpy

QItshspslsr
e Common energy scale M:
. « A? = mi ms ~ o(m%)
s T S SH
/ o Q/pq()j()ISQSP
SH H e
x A= mg
DU H,.HgS} $TTTTT
u-Tld9q
S 2 2 . mg/2 ..
L e Hard Breaking O(—%=) negligible
[ N T, mpe
¢ ¢ compared to tree-level soft O(m?3)!
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Hard-breaking
terms as a solution
to the Higgs mass
fine-tuning

Fine-tuning and V4

Constraints : (V) ~ 0,(0V) =0, (S) < mpy

Common energy scale M:
ms = (’)(m%)

SH

QItshspslsr
3 ) x A= mi
STTTTTYS S
SH

DU H,.Hy S} J
.‘/"—3:\\‘.
‘ « A2 = m}

et e

¢ ¢

S: Singlet submatrix
H: Higgs submatrix
SH: Higgs / Singlet mixing (off-diagonal)

H

/ e Q/pq()}()IS;SP

Hard Breaking O("2L2
ard Breaking (mpe
pared to tree-level soft O(m% M)!

) negligible com-
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Fine-tuning and V4

QItshspslsr
Several energy scales M;:
S Energy scale hierarchy
2 2 1
’ x A° = mg M, ~ (’)((Mfmpg)S) << Mpe
[ S S S,
s K S SH = m; = O(Mims )2/ mp)
T~ Q/pq()}c‘)lsgsp
\}‘\;‘\:‘\ fields and SH H e
; N
, t e
DU H,.Hy S} ¢ ¢
« A2 = m}
Hard-breaking - el
terms as a solution ) ¢
to the Higgs mass
fine-tuning

S: Singlet submatrix
H: Higgs submatrix
SH: Higgs / Singlet mixing (off-diagonal)

Coleman-Weinberg
8

Constraints : <V> ~2 0,<8V> =0, <5> < Mpy
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Several energy scales M;:

Fine-tuning and V4
6 Q;iS4SPSis”

S Energy scale hierarchy
2 2 1
_"*\:}_;"_,*"_‘XA =M My = O((MZmpe)3) << mpye
s K S SH = m; = O(Mims )2/ mp)
T~ Q,pqo',"o’sé,'sp
SH H e
£7) ansm
, i e
D'9UH,.HqS4 b ®
« A2 = m}
Hard-breaking oo el . 6 5
te 33 wuion ¢ ¢ Hard Breaking O(My/(m3/2m;,))
fine-tuning S: Singlet submatrix and O(M?*/(ma,»m3,)) sizable!
H: Higgs submatrix ( 1 /( 3/2 pg))

SH: Higgs / Singlet mixing (off-diagonal) Constraints <V> ~ 0,<8V> =0, <5> < My
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6 Seesaw mechanism and V4

Let's take a look on Off-diagonal corrections...

S SH
SH H
D'qUHu.HdSQ; \/
Hard-breaking| . . K x A= mi
terms as a solution e e
o= T

S: Singlet submatrix

H: Higgs submatrix

SH: Higgs / Singlet mixing (off-diagonal) o
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6 Seesaw mechanism and V4
If SH < H, S:

Let's take a look on Off-diagonal corrections... D'9UH,.HqS} (generated by
A in ) can push Tree-Level
mass:
S SH
SH H
D'9UH,.Hy S} \/
Hard breaking . y A2 =
terms 35.3 solution ___’_‘;_,._"_4____
et g mass ¢ ¢

S: Singlet submatrix
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6 Seesaw mechanism and V4
If SH < H, S:

Let's take a look on Off-diagonal corrections... D'9UH,.HqS} (generated by
Example: A in ) can push Tree-Level
mass:

o ms o ~ O(l) TeV
o M; < O(10%) GeV
o My~ O(10%) GeV

S SH my = mi- — (Corr.)?

ms = mit 4 (Corr.)?

= 5 — 20% loop correc- SH H my = mj" + (Corr.)?
tion to A \/ ms = m{* — (Corr.)?
D' H,.Hy S \
S e D'9UH,.HgS} can induce a see-saw
Hard-breakin ) . x AT = g . .
Ei’Thiﬁizg?g'm”ZL"s" e mechanism and possibly push up-
fine-tuning ¢ ® wards my to 125 GeV — Reduce
S: Singlet submatrix the fine-tuning?

H: Higgs submatrix
SH: Higgs / Singlet mixing (off-diagonal) .



6 Two approaches

1) Coleman-Weinberg (off-shell p? = 0)

Coleman-Weinberg
eff. potential &
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approach
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1
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In (MZ/MZ) -

3

2
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o No SUSY-breaking : STrM? =0 : No corrections
o Soft-SUSY-breaking : STrM? = 2(Tr(m3) — Tr(m%/z)): STr.M? Field
independant ! No corrections on mass matrix

e Soft+Hard-breaking terms : STrAM? Field dependant = Will induce
mass matrix corrections !
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6 Two approaches

1) Coleman-Weinberg (off-shell p? = 0)

In (MZ/MZ) —g

1
6472

+ M gTr A2

AV = STrm* T

o No SUSY-breaking : STrM? =0 : No corrections
o Soft-SUSY-breaking : STrM? = 2(Tr(m3) — Tr(m%/z)): STr.M? Field
independant ! No corrections on mass matrix

e Soft+Hard-breaking terms : STrAM? Field dependant = Will induce
mass matrix corrections !

to
fine-tuning
Coleman-Weinberg
eff. potential &
Diagramma tic

2) Diagrammatic (on shell p2 = m?)...
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6 Conclusion

Soni & Weldon : finds solutions to consistent Supergravity breaking

e Leading to Soft-breaking terms
e Used since 80’s for all phenomenological studies

SWS is not the only possible solutions = Non-Soni-Weldon-Solutions

e Leading to Hard-breaking terms M suppressed
e The simplest possible model involve a new type of field : "Hybrid field”

e A simple model : S2MSSM (N2MSSM-like with significant differences)

e Radiative corrections on Higgs mass from Hard-breaking terms

e See-saw mechanism as a solution to fine-tuning problem

e Viarg can possibly push upwards sfermions mass scale

LHC / Dark Matter / Cosmology = S.low.SUGRA project
(IPHC,L2C,LUPM,APC)

Conclusion



6 Soni & Weldon solutions

Assumptions :

N

K = Z mpKn(z, Zl, &, o)
n=0
M

W= Z mgé W,,(Z, d))
n=0

Constraints on Matter Fields / Hidden Fields decoupling in mp; — oo limit :

K= m;ZJZK2(Za ZT) + mpﬂKl(Zv ZT) + KO(ZaZT7 CD7 (DT)
W = mf,g Wa(z) + mpe Wi (2) + Wo(z, ®)

Conclusion
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6 NSW Canonical solutions

Canonical solutions :

K = mpzzt + oof + SisP

W = mng1(z7 5) + Wo(Z, 5, ¢)
with :

Np
Wl(Z,S W10 —I—EWLP )Z/,LZSSPS

p>1 s>1

(2,5, ) Z Wo,q(2)S7 + =(UEP; ©, 2)
q>1

UG = Ep, 5P — PSP with 11y, 5, (2) = 1 €7 (2)

Conclusion
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6 NSW Non-canonical solution

An other non-Canonical solutions :

K = ming(z, Z' o, CDT) + Ko(z,zT, o, CDJf)
W = m[ZJZWZ(Z7<b) + W0(27 (D)

Decoupling Matter / Hidden for mpy, — oo limit if :
e Wy, Kp are arbitrary functions

e Wh, K> are arbitrary functions that should depend explicitly on ®,®f, subject
to a no-scale-like condition :

-1
82g2 . W2 2
0192 (W) aJ*92:3 , with G, = K2+In‘m,%

Conclusion
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@ N2MSSM

N2MSSM = MSSM + 2 gauge singlets (NMSSM + 1 gauge singlet)

Phenomenological study in progress :

« RGEs (SARAH)

e Spectrum Generator (SPheno) + Work with Cyril Hugonie (LUPM) on
NMSSMTools— N2MSSMTools

e Constraints coming from Higgs sector measurements (HiggsBounds &
HiggsSignals)

e Constraints coming from Dark Matter (micrOmegas)

= Recasting of H — aa analysis + Full space parameters scan

Conclusion
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6 No-scale Supergravity

Fine-tuning problem on <V> for Cosmology

_K
V = e (D, WK' DM W — %| W|2>
me,

A possible solution : No-Scale Supergravity
i Jx 1 3 2
DIWK' DWW = —|W|
mey

V =0 at Tree-Level !
The gravitino mass is unfixed (no-scale) and is a free-parameter of the theory

Conclusion
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