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SUSY can be broken in Supergravity: ‘
Gravitationnal interactions between a Hidden Sector {z'} and the Matter Sector {®?}
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Gravity-Mediated Supersymmetry Breaking

Soni-Weldon solutions ( ) & New solutions (

SUSY can be broken in Supergravity: ‘
Gravitationnal interactions between a Hidden Sector {z'} and the Matter Sector {®?}

Usual solutions (Soni-Weldon)
Kahler potential & Superpotential:
[ S
K(z,zt, o, ot) = myz'z] + d2d]
W(z,®) = myWa(2) + mpWi(2) + Wo(z, ®)

Gravitino mass: m3;, = eK/(2’”12’)(W>/mf7 =M
SUSY Breaking terms: Vsorr
@ good renormalisation properties (o logA)
@ holomorphic or anti-holomorphic terms (ex:
& (61)3...) + soft mass terms ¢f¢

Used for all phenomenological studies since the
80’s
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& (61)3...) + soft mass terms ¢f¢
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New Solutions
Kahler potential & Superpotential:

K(z,zF, o, 0t) = mf,z"z;r + o2l +

W(z, ®) = myWi(z,S) + Wo(z, S, D)
Wi(z, ®) = Wi o(z) + Wi p(2)pp
WO(Z7 ¢) = Woyp(z) =+ Wo(z, ,d))
(57) < mp

: "hybrid sector”,
Need at least 2 S for direct EW coupling
Gravitino mass: my, = "/ (2m;) (W) m2 = M2
SUSY Breaking terms: Vsorr + VHARD

o HARD: quadric divergences...
suppressed!

but parametrically

e HARD: non-holomorphic terms (ex: ¢?
Can close loops!

) =

Soni-Weldon solutions & New solutions
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© S2MSSM: NMSSM-like with two hybrid fields {S*, 5%}
@ Presentation of the model
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S2MSSM: NMSSM-like with two hybrid fields {S!, S2}

Presentation of the model ( &

How to incorporate the MSSM in these new solutions with non-flat Kahler potential?
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S2MSSM: NMSSM-like with two hybrid fields {S!, S2}

Presentation of the model ( &

How to incorporate the MSSM in these new solutions with non-flat Kahler potential?

Soni-Weldon Soluti MSSM
oni-yieidon solutions minimal SUSY model including SM?

New solutions
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Presentation of the model ( &

How to incorporate the MSSM in these new solutions with non-flat Kahler potential?

Soni-Weldon Soluti MSSM
oni-yieidon solutions minimal SUSY model including SM?

minimal SUSY model including SM?
New solutions S2MSSM
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S2MSSM: NMSSM-like with two hybrid fields {S!, S2}

Presentation of the model ( &

How to incorporate the MSSM in these new solutions with non-flat Kahler potential?

Soni-Weldon Soluti MSSM
oni-yieidon solutions minimal SUSY model including SM?

minimal SUSY model including SM?
New solutions S2MSSM

Superfields content (G = SU(3). x SU(2). x U(1)y)

Observable sector Hidden Sector
Sussv = {Hu,Hp,Q,L,U,D,E} {z'}

Non-universal Kahler potential and NMSSM-like Superpotential

K(z,z',®, ) = mpz'z] + Ai(2)®[0" + : { Wi(z,S) = Wio(z) + Wi p(2) }
with ! T
W(z,®,S) = myWi(z,S) + Wo(z, S, ) Wo(z, @, 5) = Wo,p(2)S" + =(z,0/, ®)

1
=(z,U,®) = \(2) HU-HD+6ﬁ(z) +yu(2)Q - HyU — yp(2)Q - HpD — ye(z)L - HpE

A.(z)DI®?: need a rescale of the fields ®? — 1//(A,)? which modify the couplings ((A;) > 0)
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e Preliminary analysis: impact of Vyarp on the Higgs boson mass
@ Assumptions & constraints
@ Mass matrix and order of magnitude of the S-loop
@ Numerical computation of the one-loop contributions on my,
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Assumptions & constraints

Goal: Phenomenological analysis of this new model (mass spectrum, one-loop contributions, ...)
Very complicated model (New contributions, form of the gravitino mass, ...)
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Assumptions & constraints

Goal: Phenomenological analysis of this new model (mass spectrum, one-loop contributions, ...)
Very complicated model (New contributions, form of the gravitino mass, ...)
Constraints:

Vanishing of the cosmological constant: (V) = 0 & Minimisation of the potential: <%> =0

Example of new hard contributions:

2
M2 167 (201 1 575T) (4l€s 02 — 2)iS'S]  with: iy = T,/ (m,Mo)

mp

Can close very heavy S-loop and contribute to ®-mass, etc.,... = shift all mass spectrum upwords
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Assumptions & constraints

Goal: Phenomenological analysis of this new model (mass spectrum, one-loop contributions, ...)
Very complicated model (New contributions, form of the gravitino mass, ...)
Constraints:

Vanishing of the cosmological constant: (V) = 0 & Minimisation of the potential: <%> =0

Example of new hard contributions:
M22 K212 (pagt X 2 s Tteret s
e (P*®] + S°5)) (4|&3)2]" — 2)ii"S"S!  with: iy =T,/(mpMo)
p
Can close very heavy S-loop and contribute to ®-mass, etc.,... = shift all mass spectrum upwords

Before full phenomenological analysis: need simple preliminary studies to understand the real nature of
such solutions

only consider 2 = {Hy, Hp} (no Squark/Slepton sector)
(5P) & (")~ 0
No direct couplings between the matter & the hybrid sector: =(z, ®,U) = =(z, d)
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Mass matrix and order of magnitude of the S-loop

Assume only one field in the hiden sector z
To first order of 1/mj, the two sectors {z, 5P} and {Hy, Hp} can be diagonalised separately

s&z H(S & Z)
Can analyse only the {S, Z} sector in a first

H(S & 2) m approximation (off-diagonal H(S & Z) negligible)
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Mass matrix and order of magnitude of the S-loop

Assume only one field in the hiden sector z
To first order of 1/mj, the two sectors {z, 5P} and {Hy, Hp} can be diagonalised separately

s&z H(S & Z)
Can analyse only the {S, Z} sector in a first

H(S & 2) m approximation (off-diagonal H(S & Z) negligible)

Assuming {S’} (p=1,...,n):

L |ms3 o |*Tn—1 0 0
Only one statet r:|x W'Itt: z,z&_(n S 1') degenerated M2, = 0 Ims o + BIZP  clT]
states wi Mgp = m3/2. 0 E|I d
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Preliminary analysis: impact of Vyagp on the Higgs boson mass

Mass matrix and order of magnitude of the S-loop

Assume only one field in the hiden sector z
To first order of 1/mj, the two sectors {z, 5P} and {Hy, Hp} can be diagonalised separately

s&z H(S & Z)
Can analyse only the {S, Z} sector in a first

H(S & 2) m approximation (off-diagonal H(S & Z) negligible)

Assuming {S’} (p=1,...,n):

L |ms3 o |*Tn—1 0 0
Only one statet r:|x W'Itt: z,z&_(n S 1') degenerated M2, = 0 Ims o + BIZP  clT]
states wi Mgp = m3/2. 0 E|I d

Consider only one S-field to calculate the order of magnitude: S = ('sin6 + S’ cos6

N | s 5O

_ ~ 16—2(m§, sin® @ 4+ m3, cos’ 6)
PN \ / T
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Preliminary analysis: impact of Vyagrp on the Higgs boson mass

Numerical computation of the one-loop contributions on mj,

Approximation of One-loop Higgs boson mass

m;lL) [GeV]
0 600 Several free parameters:
I mitt) = f(m{TEH0P S o (2), (02w), €372, Maur, -+
_ 500
1 Tree-level + 1-loop SOFT: mf]T'L'Hloop Sof) _ 115 GeV
-2 400
~
-3 (V)=0
constraint ||300
p=0
-4 3/2 = 10° GV
£y = 10° 200
-5

4.0 4.2 4.4 4.6 4.8 5.0

Notations: W = M2 ;w, p = (9.0, Wo/ W)

Numerical computation of the one-loop contributions on mj,
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Preliminary analysis: impact of Vyagrp on the Higgs boson mass

Numerical computation of the one-loop contributions on mj,

Approximation of One-loop Higgs boson mass

m;lL) [GeV]
0 600 Several free parameters:
I mitt) = F(m{TE P 50 g (), (02w), €372, Mour s -..)
. 500
1 Tree-level + 1-loop SOFT: mf]T'L'Hloop Sof) _ 115 GeV
(z) =~ 4: Several fields in the hidden sector?
-2 400 .
) The same results can be naturally obtained by
& (V) =0 extending the hidden sector with n fields:
-3 = i\ 2
constraint | 300 1 XK 2 =
LT (00! 4 505 (0 16yl - 2T TS'S]
~4 ~ 103G ’ , DIESP_
§/2 —2ei ZISJUHy - Hp
5 200 m q
{372 =10 P
-5 Four fields z' with (z') ~ m, from the hidden

40 4z a4 464850 sector may lead to m, ~ 125 GeV. It remains a
fine-tuning in the hidden sector

Notations: W = M2 ;w, p = (9.0, Wo/ W)

Numerical computation of the one-loop contributions on mj,
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@ S2MSSM: Mass matrix and F-term analysis
@ {S,z} mass matrix in the general case
@ From the NMSSM to the S2MSSM
@ S2MSSM: Mass matrix and F-term analysis
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S2MSSM: Mass matrix and F-term analysis

{S, z} mass matrix in the general case

Preliminary analysis: helps for the general analysis of the S2MSSM

Asuming the general form of the S2MSSM:
Effects from the vevs (5P) & from the direct couplings Wo(z, ®,U)
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S2MSSM: Mass matrix and F-term analysis

{S, z} mass matrix in the general case

Preliminary analysis: helps for the general analysis of the S2MSSM

Asuming the general form of the S2MSSM:
Effects from the vevs (5P) & from the direct couplings Wo(z, ®,U)

Example: Does the structure of the mass matrix in the {S, z} sector remain?
A lot of new contributions in the mass matrix

M2 — Spa + e +bTpTT T+ 1)
s,z = o794 d'

oW
~ ose

) with T, =T, + (pWo) , 9pWho

The structure is more complex... needs a complete numerical analysis of the mass spectrum

Loop contributions will not be the same... Do such models still need several fields {z'} for m{'") = 125 GeV?
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S2MSSM: Mass matrix and F-term analysis

{S, z} mass matrix in the general case

Preliminary analysis: helps for the general analysis of the S2MSSM

Asuming the general form of the S2MSSM:
Effects from the vevs (5P) & from the direct couplings Wo(z, ®,U)

Example: Does the structure of the mass matrix in the {S, z} sector remain?
A lot of new contributions in the mass matrix

M2 — Spa + e +bTpTT T+ 1)
s,z = o794 d'

oW
~ ose

) with T, =T, + (pWo) , 9pWho

The structure is more complex... needs a complete numerical analysis of the mass spectrum

Loop contributions will not be the same... Do such models still need several fields {z'} for m{'") = 125 GeV?

Deserves further investigations...

IRN Terascale 2023 (R. Ducrocq) S2MSSM: Mass matrix and F-term analysis {S, z} mass matrix in the general case



S2MSSM: Mass matrix and F-term analysis

From the NMSSM to the S2MSSM

What about the tree-level contributions to the Higgs sector?... (Tree-level push-up effects)
Do some features of the NMSSM generalise to the S2MSSM?
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S2MSSM: Mass matrix and F-term analysis

From the NMSSM to the S2MSSM

What about the tree-level contributions to the Higgs sector?... (Tree-level push-up effects)
Do some features of the NMSSM generalise to the S2MSSM?
In the NMSSM, assuming Mz /vs < 1 leads to the upper limit on the Higgs mass
M%(cos2 B+ g sin? 5) with tanf = vy/vp & A: S/H-coupling in Wmssm

New contributions in the NMSSM: push-up effects
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From the NMSSM to the S2MSSM

What about the tree-level contributions to the Higgs sector?... (Tree-level push-up effects)
Do some features of the NMSSM generalise to the S2MSSM?
In the NMSSM, assuming Mz /vs < 1 leads to the upper limit on the Higgs mass

M%(cos2 B+ g sin? 5) with tanf = vy/vp & A: S/H-coupling in Wmssm

New contributions in the NMSSM: push-up effects
Validation: recover such results in the S2MSSM with the limit ve2 < vg1
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S2MSSM: Mass matrix and F-term analysis

From the NMSSM to the S2MSSM

What about the tree-level contributions to the Higgs sector?... (Tree-level push-up effects)
Do some features of the NMSSM generalise to the S2MSSM?
In the NMSSM, assuming Mz /vs < 1 leads to the upper limit on the Higgs mass

M%(cos2 B+ g sin? 3) with tanf = vy/vp & A: S/H-coupling in Wmssm

New contributions in the NMSSM: push-up effects
Validation: recover such results in the S2MSSM with the limit vg. < vg1
Starting from the mass matrix of the NMSSM ({Re(HD), Re(HY), Re(S)}) to identify usefull rules for the
S2MSSM:

E2C6 €2C7 ECs

2 . _ .
g Q@ with €= Mz/vs = Only one eigenvalue x ¢
ECs EC2 C1
) o v, =¢c(i=13,...,n)
Can be generalised to n x n matrix (in the lowest orfer of ¢): 5 5 5
v, =¢(c1—cin/Cn)
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S2MSSM: Mass matrix and F-term analysis

From the NMSSM to the S2MSSM

What about the tree-level contributions to the Higgs sector?... (Tree-level push-up effects)
Do some features of the NMSSM generalise to the S2MSSM?
In the NMSSM, assuming Mz /vs < 1 leads to the upper limit on the Higgs mass

M%(cos2 B+ g sin? 3) with tanf = vy/vp & A: S/H-coupling in Wmssm

New contributions in the NMSSM: push-up effects
Validation: recover such results in the S2MSSM with the limit vg. < vg1
Starting from the mass matrix of the NMSSM ({Re(HD), Re(HY), Re(S)}) to identify usefull rules for the
S2MSSM:

E2C6 €2C7 ECs

2 . _ .
g Q@ with €= Mz/vs = Only one eigenvalue x ¢
ECs EC2 C1
) o v, =¢c(i=13,...,n)
Can be generalised to n x n matrix (in the lowest orfer of ¢): 5 5 5
v, =¢(c1—cin/Cn)

Can this be applied in the case of the S2MSSM? (need more calculations & verifications)
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S2MSSM: Mass matrix and F-term analysis

F-term and SUSY Breaking

We need to be carefull with this model:

Need check if all fundamental assumptions are still valid:
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S2MSSM: Mass matrix and F-term analysis

F-term and SUSY Breaking

We need to be carefull with this model:
Need check if all fundamental assumptions are still valid:

vsi K mp

Is such constraint in accordance with (V) =0 and (2%) = (%) = (%) =07
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S2MSSM: Mass matrix and F-term analysis

F-term and SUSY Breaking

We need to be carefull with this model:
Need check if all fundamental assumptions are still valid:

vsi K mp

Is such constraint in accordance with (V) =0 and (2%) = (%) = (%) =07

Do all terms contribute to the SUSY Breaking with vsi < m, (vgi =~ 0)?

Need to analysis which terms do not contribute to (F') with vgi =0
How it impacts the SUSY Breaking terms and the phenomenology?

If couplings not contribute to SUSY breaking:

Compensation between scalar & fermionic contributions — no quadratic divergences!

IRN Terascale 2023 (R. Ducrocq) S2MSSM: Mass matrix and F-term analysis S2MSSM: Mass matrix and F-term analysis
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© Conclusion & Outlooks
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Conclusion & Outlooks

These new solutions bring new models and solutions to investigate

Done:

o Define a simple non-flat model based on the new solutions: the S2MSSM v
@ Preliminary analysis on the impact of Vyarp on the Higgs boson mass v/
o Found configurations leading to my, = 125 GeV corresponding to several fields in the hidden sector v/

@ Mass matrix in the general S2MSSM v

To be done:
@ F-terms contributions
@ Numerical computation of the tree-level mass spectrum X
@ One-loop radiative correction on my, in the general case X
@ Spectrum generator?... X

The analysis is tedious due to:
presence of new (hard and soft) contributions
several constraints applied
specific strucutre of these new solutions
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The "gravitino-rule”

In Soni-Weldon solutions:

1 2
s = e/ WA (Z) + WA (2) + Wz, ) = M
In the new solutions:
1 k/m) b M2
msj2 = /7 ((my Wi(2) + Wolz, @, )+ (8°) (mpWa o 2) + Wap(2))) =~ o
b p

Since some Soft SUSY Breaking are oc m3/2:

New contributions generate a relation between some Soft SUSY Breaking and Hard SUSY Breaking
(perturbations SP — SP + (SP))

gravitino-rule

IRN Terascale 2023 (R. Ducrocq) Conclusion & Outlooks
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One-loop correction

Relevant parameters

Example of possible configurations:
logyg (sinQ (J)

Firstly: Relevant parameters for m;u): 3
mz,, m2,, sin? 0,
° m%,: Mass of the heaviest state o -2
° mg,: Mass of the lowest state
@ sin?#: Mixing angle in the basis {S, z} /C: 1 -4
° : Function present in the superpotential =
\QML 0 sgn(02w) = — -6
Several free parameters: £ =G
g -1
{ms)2,(2), (3w),&5)2, Ma, (9:0pw0), ) } - sgn(mg ;) = 1 _8
Notations: Wy = Miwo, W = Miw, My = Mgy, 5 ({z)) = -1
p = 0z04wo/w ) =1 -10
-3

4 6 8 10 12 14
logg 53’./-3
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One-loop correction

Order of magnitude of the S-loop

Approximation of One-loop Higgs boson mass

L _ |2 ! 202 g2 2 o2 ! 2 it m(T-L) _
mpr) = | m2(Th) P el (21 (mC/Sm 0 +m2,cos? 0) (y/ + §(4\53/2\ = 2)|Z1%) withmy = 115 GeV
P b

logy (mg’ll‘] /(1 Gt‘\'))

|7

6 Several free parameters:
{m3/27 <Z>, <D§W>7£3/27 Ma, <826¢w0>7 >}

5 Notations: Wy = Mjwo, W = M3w, My = Mgyt,p = 8;04wo/w
Possible push-up effects for high &3/,

4

Solutions for m;, ~ 125 GeV exists but are fine-tuned
3 (with one S)

14 15 16 17 18 19 20
logy &30
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One-loop correction

Order of magnitude of the S-loop

mg,m) [GeV]

600
0
I 4(z): Non-sense?
1 500 Hard-breaking terms for several fields from the hidden
sector:
1 KPS
-2 400 e (Migo! +5°S])
= p
]
= 5 4Z|§3/2. 2)7,7ts'S]
300 , Sl t
—WE ! IquL{HU . HD
b
-4 372 = 1000 GeV/ . ; .
200 Several fields z' from the hidden sector may lead to
£3/2 = 100000 mp ~ 125 GeV
-5
4.0 4.2 4.4 4.6 4.8 5.0

&
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New solutions in Gravity-Mediated Supersymmetry Breaking

Generalities on SUSY Breaking

Supersymmetry must be broken (ex : mg > me)

Breaking mechanisms in SUSY not phenomenologically acceptable! = Supergravity & Hidden Sector
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New solutions in Gravity-Mediated Supersymmetry Breaking

Generalities on SUSY Breaking

Supersymmetry must be broken (ex : mg > me)

Breaking mechanisms in SUSY not phenomenologically acceptable! = Supergravity & Hidden Sector

Supergravity
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New solutions in Gravity-Mediated Supersymmetry Breaking

Generalities on SUSY Breaking

Supersymmetry must be broken (ex : mg > me)

Breaking mechanisms in SUSY not phenomenologically acceptable! = Supergravity & Hidden Sector

Supergravity

Hidden Sector {z'} < —> Matter Sector {®i}

SUGRA with (z')

Possible mediation: Some of them studied by Soni & Weldon

Gauge-Mediated Used for all studies since 80s

| £suera = Lsusy + Lsosv |

Gravity-Mediated

Anomaly-Mediated
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Expansion of the fundamental functions of Supergravity as power of mp: — e — e
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Soni & Weldon solutions (

Not all forms of K(®,®T) and W(®) lead to coherent SUSY Breaking K — K" W = Wom"
Expansion of the fundamental functions of Supergravity as power of mp: Z M Z nfm

Requirement

At least one field from Hidden sector with (z and (®

Visible sector fields interactions

IRN Terascale 2023 (R. Ducrocq) Conclusion & Outlooks 23 /16


https://doi.org/10.1016/0370-2693(83)90593-2

New solutions in Gravity-Mediated Supersymmetry Breaking

Soni & Weldon solutions ( )

Not all forms of K(®,®T) and W(®) lead to coherent SUSY Breaking K — Z K" W =
Expansion of the fundamental functions of Supergravity as power of mp: "

Requirement

At least one field from Hidden sector with (z and (®

Visible sector fields interactions

Flat case: After solving a tower of differential equations... Found two solutions:

. . . , — KW _ g2
Soni-Weldon solution (known since the 80’s) Mz = e TN = M

K(z,zt, o, 01 = mf,ziziT + 0!
W(z,®) = mi Wa(z) + mpWi(z) + Wo(z, P)

Before SUSY Breaking After SUSY Breaking

K —
e ) . 3 Curved case: i i* 2
Vi = e <’D,~W6'j*D' W=— \W|2> S — (K- Y) Vi = ;W6 1+ & W’ + Vsorr + moA

p VsorT: good renormalisation properties
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New solutions in Gravity-Mediated Supersymmetry Breaking

New solutions (

. New solutions (new field sector S)
M3 = oo
t By _ oot 4 et i
K(z,z",®,0") = m,z'z! + &0 -Q—S”SPT
Wi(z, ®) = Wi o(2) + Wi p(2)p, SP
W(z,®)=m, + Wo(z, S, ®) with Wo(z, ®) = Wo,p(2)SP + Wo(z, U, ®) and U = pPST — pIsP
(SP) < mp
S: new "hybrid” field sector with properties from both hidden and matter sector
Couplings to the hidden sector Couplings present in V in the limit m, — co
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New solutions in Gravity-Mediated Supersymmetry Breaking

New solutions (

" New solutions (new field sector S)
ms; = 4~
’ K(z,z, 0, 01) = m2z'z] + o*o] + 5°s]
Wi(z, @) = Wi o(z) + Wi p(2)u, SP
W(z,®)=m, + Wo(z, S, @) with Wo(z, ®) = Wo,p(2)SP + Wo(z, U, ®) and U = pPST — pIs°P
(SP) < mp

S: new "hybrid” field sector with properties from both hidden and matter sector

Couplings to the hidden sector Couplings present in V in the limit m, — oo

Such solutions generates new parametricallv supressed Hard breaking terms
Curved case:

i -1
Before SUSY Breaking S = [ After SUSY Breaking

K A S
Vr :e2m2 (D Ws' *,Dj W —‘W| ) Ve =oiW's' ;& W'+V50FT+VHARD+m,2,/\

Example: éFUk’¢f¢i¢k5f + %E,-kf’¢"¢}5k5}
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Scalar potential

Vo= mimyal (s
3

3) +el 3'(2\1,, + M dpen|* + Moot @((A)"e))
n

M3 (((6%) + ") ((0ke) + k) ) (|ma o877 + LA g 57 (8,770 +he] + el sv57 (51,0 a)

m2 m

where we recall that m(,,, = ms )5/, and we have defined

. . . . - 1
. . . s, = O AT A DAY — 0N ) 4 (AT
I {(ufuo,[ )+ 8L)(6) + 6 (A ) + ((S]) + SP((SP) + 57)) (%) + 51T, x (@A (A7)0 0.0 0)) (=

1.
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(M,-"\()“; +6)((6h-) + 6L ) (A 0) + ((S7) + SP)((ST) +5;1)(Z [T + MT O + ,\Ifz,u';“) 3/2 3

(8%)% 0 = (@AW A 0.0Y, — 97007, )o,I,,a'T' + (A )T - 21,T7)

(R u((6%) + 6%) S ) T

\'{m, S MIR?,((6%) + 6%) e

1|l ain . MR e et e
s + el 5179 ((57) 4 57) [1, + Moy + L2 |OF (51) + 55T Awo + e T, = —.T,-21,
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: 1 7, = 0TI - 21,10
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. 32 Ry = & — =—((A71)%:9:A"
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1
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2m2

S,
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