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Introduction

Supersymetric models has been an active area of phenomenological
research since the 80's.

* Solves the big hierarchy problem. Electro weak scale does not have
quadratic sensitivity to high scales = Superpartners at the TeV scale.

* Unification of gauge couplings.

* Many models provide a viable dark matter candidate.

Simplest realizations of SUSY suffer from tension with experimental
searches.

= More complicated realizations of SUSY.

= More elaborated experimental analysis to cover this scenarios.
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SUSY with broken R-parity

R-parity is proposed to protect proton from fast decay. = Implies stable
LSP and Missing transverse momentun signal at LHC.

* There are dimension-five operators permited by R-parity wich lead to
proton decay:

gade
Os= Y

~ QQQL
Os= v

* There are alternatives to R-parity to prevent the proton to decay, such as
Proton Hexality (equivalent at tree level to R-parity) or Barion Triality
(A”OWS Only for K) L.E. Ibafiez and G. Ross, Nucl. Phys. B 368, 3 (1992).H.K. Dreiner, C. Luhn and M.

Thormeier, Phys. Rev. D 73, 075007 (2006)

R-parity violation is motivated in models explaining neutrino physics such
as BRpV or uvSSM. Signatures at colliders are completely different.
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The uvSSM

|

II. The uvSSM
1.
V.
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The uvSSM

v SSM extends the MSSM particle content with three singlet chiral
superfields. They couple to:

* Higgs superfields = Solve the p problem of the MSSM, as in the
NMSSM D.Lépez-Fogliani, C.Mufioz.Phys. Rev. Lett. 97 (2006) 041801
* Lepton superfields = Give mass to neutrino sector. jFidalgo, D. Lépez-Fogliani,

C.Mufioz, R.R. de Austri.JHEP 08 (2009) 105

The presence of both coupling breaks R-parity explicitly. But only generates
lepton number violating interactions.

Neutralinos are no longer stable = Can't be interpreted as dark matter.
However, the gravitino could be a viable DM candidate, producing
monophoton signals in the decay.a. Aibert et al JcAP 10 (2014) 023
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The puvSSM Lagrangian

A SN 1 .
brax ~ b knacnaca
W = WMSSM,,:O‘JFYJJ Hu L?l/jc — Eab)\,'I/,-CHsHu + g/{u I/,-CZ/J-CZ/E.

uvMSSM

* In the limit Y/ — 0, R-parity is restored.

* We assume a soft-breaking sector with a structure inspired by SUGRA
models with diagonal K&hler metric:

T = AN Ty = Ageiii T = ALY
Ti=AYE Ti=AgY) Ti=AYY

We also assume no intergenerational mixing in the trilinear terms, neither
in the squared sfermion mass matrices.
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Scalar potential

The scalar potential recives contributions from F-terms, D-Terms and soft
terms, mixing all neutral scalar states:

V(o) = Veort + Vp + VF

With the choice of CP conservation, one can define the neutral scalars as:

K= (61 4 v + o)
! V2 After EWSB,all of them can develop real VEVs
1
HY=—=(¢h2 + vo + ic2)
v2 (Hi) = ~= (Ho) = =, (D) = ~ () = &
_ 1 i 1) = —F=>» 2) — ) iR) — —=>\ViL) =
ViR=—=(¢ir + VIR + iTiR) V2 V2 V2 V2
V2
1
5,1:%((}5,1 + v+ ioi)

However spontaneus CP violation is possible with all parameters real.

J.Fidalgo, D.Lépez-Fogliani, C.Mufioz, R.R.de Austri JHEP 08 (2009) 105
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Minimization equations

1
m,z_,d:—fG2 (v,Lv,L + Vd —v ) — AiAjViRVjR — A v

1
+Vir tanﬁ (T)\ + A/ quVkR) + Y’jlj (AkkaVJR + )‘Jvu) — 7V§;) s (1)
Vd d
mlz"u:Z G2 (V,'LV,'L + V3 — VE) — )\,-)\jv,-Rij — )\J-)\J-v§
+2AJ Yu,'j ViLVd — Yl/,'j Yu,-k VKkRVjR — Y[_/I-j Yykj Vil VkL

VL 1
+vir Ty, + NKikVkr) — 7’ (Tuyvir + Yo RikVIRVAR) — 7V§:) s (2)
u u

: (
tang
2 2, 2
mie ViR=—Tu; VitV + Ta;Vuva — iy ViRVKR — Nidj (V2 + v3) Vg + 2AjKijk VaVu Vkr

—2K)imKjk VmR ViR VKR + Yui Ak Vit VkRVd + Y Aiva Vi ViR — 2Yuy Kiki VuViL VIR

2 (n)
*Yij You VitV iR — Yoy Yij VyViR — VV:R ) (3)
1
2 2 2 2
mzl_j VjL:_ZG (ijvj,_ + vy — vu) vit = TuyvuVir + Y AevaViRvkr + Yo )xjv Vg
L (n)
—criptsizeYy, Kk VuViRVkR — Y Yy Vo ViIRVKR — Yy Yuj, vu viR — Vi’ . (4)

One can see that the vevs vz are naturally above the EWSB scale. While from Eq.4, when
Y, — 0 then v; — 0. And we can estimate v ~ Y/ vs.
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Effective terms

After EWSB, several effective terms are generated:

» Trilinear terms=> Ay ~ Y, e L2000 \r -y M Ok
e Tt Meanzg ik T TV anp
N . 6 \ Ii, )
SRR
P
Ll V’l
* Bilinear = €& ~ Y, vjg
* pi-term for the higgs sector= p¢" = \;vjr

* Majorana mass for right handed neutrinos = (M,?/’,Cf)ij = ﬂ/i,-jkij

; : eff _ 1
* Dirac mass for neutrinos = (mg )ij =

An electroweak scale Type-I seesaw with Y, ~ 107 appears naturally.

Yy, v2
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The puvSSM seesaw .

M m M — My, Mz, \jvir, V2 vig ~ O(Msysy )
M, = ~ Yii

n mT O35 ) m~ Y/v,

At first aproximation mes = —m' - M~1 . m and one can diagonalize as

U,\C,Nsmeff Umns = diag(my, my, m3). Approximately:

2 va (Yo, vj+ Yo, vi Yo, Yo vg
(meff|rea/)l'j = @quvRYVi YVj (1 - 36"]) - 2Aj’.eff viLvjL + ( :;,\ . ) + gxél )
In the limit of heavy gauginos In the limit of heavy singlinos
M — oco: vik — oo and large tan 3:
vz Vv
(meff‘,ea,),-j ~ 76 VR Yz/; yyj (1 -3 6’1) . (meff|real)ij - - M .

* |s possible to reproduce neutrino physics with diagonal Yukawa couplings.
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Scalar sector

The couplings and generated vevs on the uvSSM mix all the states with
the same spin, CP and charge properties. Thus the scalar sector is
composed by

* 8 Neutral scalars.

* 7 Neutral pseudoscalars.
* 7 charged scalars.

* 12 squarks.

The squark sector is analoge to the MSSM. But the neutral and charged
scalar sector is clearly different, The admixing of sneutrino states with
higgses could have big implications in collider signatures.
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The left handed sneutrino as the LSP

l.

Il
IIl. The left handed sneutrino as the LSP
V.
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Parameters for the analysis

* For this first analysis focused on the detection of sneutrino LSP at the
LHC, is simpler to work with only one family of RH neurinos. = Results
concerning LHC phisics remain essentialy the same.

Free parameters in the neutral scalar sector at the low scale are:

N =NEj=rRY) =Y, tanf, vy
— A — — —
ViR = VR,AI' = A)\,A'Z'k = A,{,A;-/ = AV

* Scalar soft masses are eliminated in favor of vevs through the
minimization equations.

The rest of the parameters take generic values choosen to keep the rest of
the spectrum decoupled.
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Mass matrix

2 2
m = vijgtanfB (Ty. + A\jKjkV, +... m =vig—— (Tx. + A\jKjjx Vi + ...
HEHE wtanB (T, + AjKik Vkr) HIHT 'Rtan,B( A + AjRijkVkR)
2 — . o Ve U
meHuI = T)\,-V/R +)‘kNUkVIRVjR + ... HI~Z = TA v+ ... HI~I = T)\ Vg + .
2
myzpz = -2 (Tn,-jk VKR — AkKijkVdVu + fiijk'i/mkV/RVmR) +...
iR”j
2 _ dij Y 2 Y 2
e +7L [ T vuvkr + Yoy (AMVaVkrVIR + AVa vy — BkimVuVIRVimR — Yo Vil Vi
iLYj j
-y, vvv)]+YYv+Yva+V()fO—V()
Vm YmLVIRVKR vik Tk vik Yvj VkRVIR ViLViL viL

Mixing of left handed sneutrinos with the rest of the scalar sector is supressed:

2 2 (m) 2 (n)
Myzpz = = Yo Avi = Yo Aevirvir + Vgvy s Myzoz = =Ty Ve = Yoy KiikVIRViR + Vo, vy
2
m.,;IgI = — Tl,[j vy + YVij)‘k VdVKkR — Yl’ik >‘J V4 VkR + 2Y,,’./ Rjlk VuVkR
iLYirR

(n)
=Y Youvievir + Yuu Yoyvievir + Vagy, ViR
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Left handed Sneutrino mass

*xThe mass matrices for CP-odd/even scalar differ only by the D-terms:
= %2v,-/_vJ-L. Which are negligible. = CP-odd/even sneutrino states are

degenerate in mass.

* Left handed sleptons are always heavier than sneutrinos due to the
contribution of the possitive D-term: = %22(\/3 — v3). This contribution is
small=- sleptons would be normaly the NLSP.

Neglecting small terms, the mass of sleptons is approximately:

\ A7

ViL

Q

VR 92y 1 ov(
tan 8

Since v; ~ Y, v,. One could have light sneutrinos with low values for

Ay, k,vg and Avg (of the order of 50GeV) or/and with some cancelations
between terms. = The higher the value of vg, the bigger need of tuning for
a light left handed sneutrino.

VR (—A,, — KVR +

m-<z~r -
vy v 0vyt viL OvjL
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Left handed Sneutrino mass Il

* We want to analize a left handed sneutrino LPS in the range

95 — 145GeV. Detectable zone on the direct production at the LHC. This
means that if vg ~ 1TeV and % ~ 1, then A, ~ 100GeV and a 1%
tuning is necessary.

* s also possible to suppress the mass of sneutrinos with a higger value of
sneutrino vevs, v;; >> Y, v,. But this make difficult to reproduce
experimental constraints in neutrino phisics.

* Universal values for v, Y, and A,, produce degenerate masses, broken
only by small loop efects. A hierarchy could be introduced with nonuniversal
values of any of this parameters. Possibly given by neutrino phisics.
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Benchmark points used

We consider the scenario of only 77 » light or 73 light. And the rest of the
spectrum decoupled.

A, = 386 GeV
My = 600 GeV Ay~ 3 TeV
My = 900 GeV mQud = 1.3TeV
Mec =1 TeV
Ms = 1600 GeV PR .
’AQ,u,d,e,A,n| = 1TeV E\anzﬁo 2_}{0:,02 =5x10
vk ~1.9 TeV o '
HO A0 1 * Squarks and gauginos
_ — have a mass of the order
q
% A Gur I of Msysy .
z o « H ~ Avg.
)R (m)E l o * VR ~ 2KVR.

* VR ~ szv,%.
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Decays modes of the LSP

* Decays of the LSP are always supressed by some power of Y, or v, in the
admixing of mass eigenstates. In the mass insertion approximation:

dj, ., dj,

R () HE () g HE (HE)
Uy Uy,
G
o () HE (HT) ]
o (o) oR (77)
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Decay modes of the CP-odd state |

* Through Hy:

r YaYuAvg
vl —dd A(Ax + Kvg) tan 3
Y Yo Avg
Y,

AAx + Kvg) tan 8

Dominant in the b channel, and subdominant in the 7 channel.

* Through H,:

The state with dominant H, composition will be the Goldstone boson.
Since G° does not have pure composition, we can represent the decay of
the sneutrino through H, couplings as if it happend through the state with
second dominant H, composition. As a result, this decay would be more
supressed than naively expected.
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Decay modes of the CP-odd state |l

* Through /—L:

\ YVj

~ ~Y
Vi ~>e,-ej )\

This channel is only visible if i = 3. And if i # j could produce LFV decays.
The strength of each of the possible channels depend on the hierarchy in
Y,..

J

* Through éo/WO:

2 ViL
7y 81 Ml
2 ViL
il v & M

If i = 1,2 then this would be the dominant decay channel. For i = 3 this
channel is in competition with the decay to Te/Tp.
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Decay modes of the CP-even state |

For the CP-even states, the decay through the state with dominant H,
composition (SM higgs) is open. The dominant decay channels through H,
are:

* Decay to up-type quarks:

Y. Yy (Ax + kvg)tan 8
vl —cc )\(A)\ T /fVR)

r

* The decay to gauge bosons VV*.

The lightest scalar has a small but significant composition of Hy therefore
the decay of to down-type quarks and leptons is bigger than expected from
mass insertion aproximation. Moreover, the presence of two eigenstates
with similar masses in the mass matrix enhance the mixing of them and the
mass insertion aproximation is no longer valid= The decay pattern of the
left handed sneutrino mimic the one of the SM-like higgs.
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Decay modes of the CP-even state |l

Of special interest is the diphon decay of the higgs through W™ and top
loops.

v

The BR is small, but big enough to produce a clean signal easy to
disentangle from backgrounds.
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Experimental constraints

* Stable 7, excluded from DM searches. = Not of aplication in the
uvSSM.

* Single vy production through trilinear couplings excluded from ATLAS
and CMS searches in eu, er,ut final states assuming large values of
some \jj, )\j.jk couplings. = The smallness of the effective trilinear
couplings make this searches inefective.

* Contraints form flavour phisics on products of trilinear terms
| Xjjk Atk Aijk Al - - - = The trilinear effective terms are far below
the limits.
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Detection at the LHC

l.
Il
1.
IV. Detection at the LHC
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Detection at the LHC

* If the mass of the sneutrino is around EW scale.CP-even state decays
"SM-Higgs-like”. And the CP-odd state decays mainly to neutrinos.=
Clean diphoton signal plus missing transverse momentum.
* If the mass of the sneutrinos is above 2M,y the diboson channel
saturates de decays of the CP-even v;, and Z + hs) saturates de decay of
the CP-odd 7;. Also direct production crossection drasticaly reduced.
* We focuss in the signals:

— Diphoton plus missing transverse momentum. For 7y 5

— Diphoton plus 7£. For 73
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Production

* We are interested in the signal from directly pair produced sneutrinos:

N
N
5,
. 7, 5%)
w= ¥ N
vi(t/t) ~
e Wi ¥\
”

i(7)

* Since the sleptons are directly produced — not very boosted. And

vi(r/0)

Mg — My < M. The decay e — W7v produce very soft products of an offshell
W decay plus 7 =Sneutrino production enhanced by slepton production.
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Production

* BR(— yy)~ 1073 supress the signal strength. We need enough
crossection to compensate. And BR(— ~7) drop fast as we go far from
Mz ~ 125 GeV. = Above 145 GeV no signal expected

* Energetic photons plus large missing transverse momentum needed to
discriminate from backgrounds.= A small mass would make the selection
cuts to reject all the signal, even if the crossection is bigger.
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Signals |

* UFO files generated with SARAH-4.8.1 + Spectrum generated with
SPHENO-3.3.6— Montecarlo simulation at LO with MadGraph5
_aMC@NL0-2.3.2.2.

* Output interfased with PITHYIA-6.428 for decay and hadronization.
* Fast detector simulation with PGS + ATLAS card.

* Two signal regions designed for analysis:

Emiss
T ET _ yy+T1+T1/L
— Selection cuts: ., Selection cuts:
ET™ > 200 '

Ne>1& N»=1
P’-,y- > 100,50 GeV,
AR,, <15, M,,

— backgrounds: Z+H,
Z+ISR, W+FSR.

GeV, P} > 100,50 GeV,
AR, <15, M,

— backgrounds:
QCD-diphoton, ggF,
Z+H, Z+ISR, W+FSR.
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Signals |l

@13TeV £ = 300fb~*

vy + E_,n_ﬁss
M (GeV) | Signal | Background
~ 95 15 ev 3ev
~ 125 27 ev 3ev
~ 145 12 ev 2ev

yYy+T1+T1/E
M (GeV) | Signal | Background
~ 95 1ev «1ev
~ 125 4 ev <lev
~ 145 1ev «1ev

* Leptonic signal is very sensitive to the value of Y},.The relative value of
the BR corresponding to each ¢ depends on the hierarchy in Y,. Also, if the
masses of My and M, are smaller, the signal is reduced.
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Decay length and Displaced vertices

x Decay width of the LSP always mediated by K interactions = Always
suppresed by Y.

* When M5 ~125 GeV width enhanced by bigger admixing. In other cases
mean life close to observable values.

* Calculations in 1-generation model predict decay length below mm scale.
Also boost factor 3+ small due to direct production of sneutrinos.

* Backgrounds for displaced vertex producing jets, photons or leptons are
extremely low. = Even small crossection could give a significant signal.

* Detailed analysis of possible displaced decays needs full 3-generation
analysis. Which is beyond the scope of present work.

* No available public code to simulate detector response to long lived
particles.
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Conclusions.

* The urSSM is the minimal extension of the MSSM which the 1 problem
and reproduces neutrino physics.

* Since R-parity is broken, a sneutrino LSP is not ruled out.

* Light sneutrinos require small and tuned Ay coupling.

* If 95 GeV < M < 145 GeV the signals 7 + E** and ~v + 7 /¢ would
be detectable at the end of RUN II.

* Supressed decay width of the sneutrino could lead to displaced vertices.
Reliable results require further dedicated analysis.

In the Future:

* Extend analysis to three generations of right handed neutrinos.

* Analyze possible production of displaced vertex.

* Study long decay chains of squarks and gluinos with a sneutrino LSP.

* Include possbility of spontaneous CP violation.
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Thank you for your timel
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Pseudoscalar mass Matrix |

IfAaki Lara Pérez

virtang (T)\ + A KukaR) + qu (Akijka + >‘J Vu) + VVdn‘)/d R — V(")

(n )

ViR (Ta; + AjRikvkr) — (Tuu ViR + Yu; Kk VIRVkR) + Vv:\)/u - — V

tang

n
Ty, ViR + AkKijkViRViR + V\Ed\)/u ;

T Vu — 2AkKjkVuVir — Y AkVitVkr + Yo Aivitvkr + V\Ed‘)/,R ,

(n)
Tx;vd — T ViR — 2AkKikvaViR + 2Yvy Kik Vit ViR + Viug
2 2
-2 (Tm,-jk VKR — AkKijkVdVu + KijkKimk VIR VmR) + 4Kk jmk VIRVmr + AiXj(vg + v)

2
—2Yl//k’€ijkVuV/L — (Yykj)\,' + Yyki)\j> Vg VL + Yyk’- Yykj v, + YVH Yykj VkL VL
S
L. [= Tui Vi vu + T, Vuvd — Ty VIRVKR + 2N1Kilk Vd Vu VKR — 2K limFink ViR Vi VKR
/iR

—“AN(VE + V2)ViR — 2V BikmVuViLVimg + (Yo Ai + Yo A1) Vd VL VIR

=Y Yoy V3 VIR = Yuiq Yo VKLVIL VmR] + V‘ﬁill:’?)‘ﬁ' - V( )
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Pseudoscalar mass Matrix |l

mszI;% = YNV = Yo Avkrvir + Vi,
m’24uzl7,-f = Ty Ve — Yo KljkVIRViR + V\S:.),-L )
mél%;ﬁ? = —Tyjvu+ Yo Aevavkr — Yoy Ajvavkr + 2Yu, Kjik Vu Vikr
=Y Yupvievir + Yo Yoy vievir + V\ﬁ,-f)v/R )
m;% 17]% = Yyl-k Yij Vs + Y[_/I-k YVjI VKR VIR
6U 2 2
+a [* ToyvVuvir + Yo ()\/Vd VKRVIR + AkVdVy — EikdmVuVIRVmR — Yvm VLV,
_y, () _ B \(n)
Vi VL VIR VIR)] + Vi vy, v Vod
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Scalar mass Matrix |

2
2 2 2
mir R = Myzpr+ —V,
Hy"Hg Hy Hy 2 47
GZ
2 2 2
m = m + —v,
HRHR HIHZ T 5 Vu s
2
m? = —G—vv — Tx.ViR — AcKijkViRViR + 2VgVudiAi — 2Yu. Ajvyv; +V(n)
H;RHR - 2 dVu A ViR kRijk ViR VjR dVuAiAj vii AjVu Vil VgVy
2 (n)
mH;RD.CR = 7T)\ivu — 2)\klifj'kvu\/jR + 2)\,’)\de\/1'5> — Yl/j,'/\ijLVkR — Yl/jk)‘iijVkR -+ VVdViR y
i
2
Myrper = —Txvd + Tu; Vit — 2AKikVd ViR + 2AiAjvuVir + 2Y0u, Kik ViL VIR
i

+2 ijk Yuj,- VuVkr + V\g:\)/,»R 3
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Scalar mass Matrix |l

2 2
mopor = Mgz +4 (Tn,-jk VKR — AkKijkVd Vu + KijkKimk VIR VmR) ’
iR "jR iR”jR
G2
2 _ 2 ()
mngg_R = 7VdViL - Yu;j)\jVu - Yu,j)\k VKkRVjR + Vvdv,-L )
i
2
2 - & T, Y, 2V, A 2Y,,. Y, vin
Myrpr = Ty VuVi + Tu; ViR + Yoy KijkVIRVIR — 2Y 0 AjVaVu + 2Yu; Yo vuvie + Vo0,
u 1
2
MERpER = Tugvu — Y Akvavkr — Yuu Ajvavkr + 2 Yo S VuVir + Yoy Yo VkLVIR
iL”j
Yy, Yo vievie + VA7)
vip Tvig VKLVIR ViLViR
2 2 2
Mor-r = Moz_7+ ——VivjL
Vit Vir ViVl 2 R
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Charged scalar mass matrix |.

IfAaki Lara Pérez

Yo, (NjvkLVir + Yoy, vavir) + Vg:»zv )

AM)

Left-handed sneutrinos @ the LHC

dVu

2
2 82 2 2
Mgz + 5 (Vu = vivie) = Aidivi + Yey Yoy vievin
2 22 2
2
myzyz + 7(Vd +vievie) — Aidivg + 2V Ajvavie —
g2
2
= VdVu + Th ViR + AkKik ViIRVR — Aidivavu + Yo AjVuvie + vy
g2
2
= VaviL — Yo Akvir ViR — Ye; Yey Vavie + v,
g
= Vuvie = TozviR — YKk VIRVIR + Yu Ajvavu —
- Tej,- ViL — Ye Yukj VyVir + V~C* 5
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Charged scalar mass matrix |I.

2
Myger = Teu Yeu Ak VuVkR + V
J Ij
2 — 2 (n)
Merer = Mager + Veer,,
I J
2 2 g12 2 2 2
Mycger = Mg + 7(Vu — Vg — Vi Vae )0 + Yoy Yoy Vg + Yoy Yoy vievi + V *~c*
i &
2 2 g2 2 2
2
Meg: = mj vEVE + 7(Vu - Vd — ViLViL)0jj + 7V,'LVJ'L You ijk vy + Ye, Yej/ Vi,
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Couplings |.

* CP even neutral scalar—up quarks—up quarks

3
u,* 1 * u u
a[‘l Z Uij Z UR ia u abZk2PL - l\/ﬁ(saﬁ Z Yu,abUR,jaUL,inIf,ZPR .
= a,b=1
* CP odd neutral scalar—up quarks—up quarks
1 1 >
% QBZUL“;;Z UptYuanZiPL — 7509 > iUk Ul inZiaPr -
a=1 a,b=1

* CP even neutral scalar—-down quarks—down quarks
1 3
dap Z ULJbZ UphYaab Zii P — "E%B > YiaUR Ul ZiPr .
a,b=1

* CP odd neutral scalar—down quarks—down quarks

3

* 1 *
dap Z ULJb Z U,‘; W YaaZHhPL - E(;aﬁ Z Vi UR Ul w2 Pr .
= a,b=1
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Couplings .

* CP even neutral scalar—charged fermion—charged fermion
1 3 3
- €, % €% H €,% €, % H €, % H €, % €, % H
*’ﬁ{ Z UR,ijL,ia Ye,abZi1 + &2 UL,i4(UR,jSZk1 + Z UR,jaZk3+a> + &2 UR,j4UL,i52k2
a,b=1 a=1

3 3
€e,% €,% H e,%* e, H e,* H
_UL,is Z UR,ja Yv.aZi3 + UR,js ()‘UL,iszk3 - Z UL,ia Ye,abzk3+b) }PL
a=1

a,b=1
1 3 3 3
. * e H e e H e * e e H
+’\/§{ E : Ye,abUL,jaZk3+bUR,i5 *8'25 UR,iaZk3+aUL,j47 E : Ye,abUL,jaUR,inkl
a,b=1 a=1 a,b=1
3
—g2US s Us 0 ZH — goUS U o Z0 + > VX US L Us o Z1 — 2 US U s ZIL P
82UR sV jalk1 — 82YR iaYl j5sk2 v,aYR,iaYL, j54k3 R,isYL,j54k3 (FR -
a=1

Ifaki Lara Pérez (UAM) Left-handed sneutrinos @ the LHC 15 de noviembre de 2016 41 / 33



Couplings IlI.

x CP even neutral scalar—neutral fermion—neutral fermion

; 3 3 3
i Vo« Vo SH Vo Vo SH Vok o Vo Vok o Vo H
5{gl A Uizl - eV UL Z = VAU U U U S Va2

i5
=1 =1 =1
Vo Vok SH Vo VxS H Vo Vok SH Vo VxS H Vo VxS H
+e1U;y Ujg' Zia — g2Uig” Ujg” Zj3 + V2 (Upg Uz " Zia + Uz " Uig " Zia + Uig " Ujg' ™ Zia)

3

V,x V% -H Vi Vx5 H ViV, 5H V% V,* H

—e1Uiy " Uy " 2o + 82U " Uiy " Z + VAU " Ui " Zip — VU™ S U Y aZp
a=1

i6

3 3
v v H v v H v H v H v v H
VU S UL Y2 e Uyt (U2 - Ut 2+ ST U ZL) - 2vERUg T UL 2l
a=1 a=1

3
Vs (Vox JH VxS H Vs H Vs Vox JH Vs Vs H
—e2U " (UG " 2y — Uy " 2 + D Un T i) VAU T UG Z + UG U 2
a=1
Vs o v H Vs o v H T v v v
VUL YUY Zh — VRU T S UYL L2 P+ 5{ > 2k .UY (aaUi — e2U)
a=1 a=1 a=1

3 3
w V(H V| SH WV H Vv,V H v,V H Vv
-V2y vr .U (Zkz Ug + 23 Uf7) +e1) Zi3iaUp Up + 8120 UigUjg — 8123Uj7Ujg
a=1

v,a”ja
a=1
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Couplings IV.

—82 Z Zk3+a U:a U_/5 gZZkl U:e U_/5 + g2zkz U:7 Ujs + glzkl U:A U_/6 gZZkl Ur5 /6 +V2)* st Uﬂ Ujﬁ
=1
« S H |V H Vv H o Vo,V w S H VoV
V2N Z35 Ui Uj5 fZ Y Ui ¥ Zau ,7 — 8123V Uy + 82Z3Ujs Ujz + V2X" Z3Ujg U7

3 3

v,V « v,V

V23 Y] Zk3+aU18 17 +V2 " ZY UgUp — V23 Y], U; Zkz o+ V2A" ZszmUjs
1

* oH .,V ,V * H VvV
_fz Y 2 Ul Ul + VAT ZH U U — 2v2k Zk3U,-3Uj8}PR.
a=1
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Couplings V.

* CP odd neutral scalar—charged fermion—charged fermion

3
-
{ D URUL,Ye b Zfy + 82U :A(UR ,5Zk1 + Z Ug /aZk3+a) + 82U, UL w2t
a,b=1

3
e, % e,* A €, % A
—Ullis Z URaYv, aZis + U, s (*UL,;szks + > Urn Ye,abzk3+b) }PL

a=1 a,b=1

3 3 3

1 e A e e A e e e A

+ ﬁ{ D Yol jaZiaibUr,is +82 D UR wZiasaUlja — D YUl jaUr nZia
a,b=1 a=1 a,b=1

3
e e A e e A « e e A wie e A
+&2UR isUf jaZia + 82Uk iaUf jsZiz — D Yo Uk ia UL s Zis + X UR,/‘SUL,jSZkB}PR .

a=1
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Couplings VI.

* CP odd neutral scalar—charged fermion—charged fermion

3 3
Vo Vi z Vo Vs uvor V% A
{51 u; Ziat+a — 82Ujg Z Uz Zf5 .+ V2(UY Uz" + uy TUg )Y YvaZiata
=1 = =1
Vo« A Vo v,
+e1Upy " Ug Zia — 82U;g"" Uje PARVEIN()A J7 "z - Uy Ujs Zh - Uy ijﬁ "z

A Uj‘;’*zlf‘z +e2Uy" Uﬂ AN A UV g+ \va " Z UL YoaZi
a=1

3 3
V,* V,* A V,* V,* ;A V,x A V,x 5A V% V,x SA
V20 UL Y0 Zh + a1Uly (U,.5 ZG —Uuszi + > uY zkzﬁ) —2V2RULT U ZY
a=1 a=1

3

Vv, V,x A V.« A Vo k Vo SA Vo ko V% SA
—g2U), (U,G zZh — Uz + S uY zk3+a)+\/§w,.7 U™ 25 + V20U 7y
a=1

3 3 3
1
v, Z v, A v, v, A A v v v
VUL YUY a2l — VRU T S UL Y aZ bR+ 5{ > 25Uy (— erUl + g2U))
a=1 a=1

AV, V A Vv
Jﬂfz v.a ,a( Zf Ul + Z5 U 7) ngZk3+a ia 14 — 8121 VjgUjg + 812,2U;7Ujg

(6)
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Couplings VII.

+82 Z Zk3+a U:a U_/5 + gzzkl U:ﬁ Ujs gzzkz U:7 U_]S 81 Zkl U:A Uja + gZZkl U:s U,o

a=1

3
WA VIV A VY w VAV AV V AV, Vv
—V2A(Zi3Up Ui + ZixUigUig) + V23 V) Ui Zi5U7 + 8123 Uig Uiy — 82205 Ujg Ujy
a=1

—Vaa" Zka :5 /7 fz Zk3+aU18 j7+‘[>‘ Zkl :a _/7 IZYVB laZkZ _/8

3
* A VvV * A Vv,V * A .,V ,V * A VvV
FVENTZL UG UG — V2D Y L ZE U U + VAT Z Ul U + 22k szU,.aujs}PR .
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Constraints on trilinear+bilinear

After EWSB effective terms are generated:
Trilinear terms
* )\ijk ~ Yyﬁﬁmw 52 % 10710 forj: k=3
v 1+tan2p

* N~ Yl,i,mm%:jk# <2x1071° forj=k=3

\/1+tan28
Bilinear
* e~ Yovir S 2 X 1073 GeV fori=j=3
Experimental contraints form Cosmology, Colliders and Flavour physics are:
* R-parity < O(1072°) = DM candidate.

* O(1072°) < R-parity < O(107') = Ruled out (Interference with Big-bang
nucleosynthesis).

* O(107'?) < R-parity < O(107°) = Decay outside detector (EF™*).
Stringest constraints (with msoft ~ 1TeV) over:

* M| £ 82x107° [ — er]. * [Nz An2| S 4.5%107° [KK].

* [ Madina] < 6.6x1077 [ — 3e]. * |N31\as] < 3.3x1078 [BA].

* [Ni2Ain2| < 6x107° [Ki — eyp]. * [ Njidop| S 3x1077 [KL = epd.
Left-handed sneutrinos @ the LHC 15 de noviembre de 2016
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Higgs mass in the v SSM

x Additional tree-level contributions from new F-terms and or D-terms.

0.7

0.2
0.1
0.01

(GeV)

my" upper bound

0 1 1 I 1
1 5 10 15 20

tan/s

* In the uvSSM is possible a tree-level mass around 125 GeV = At higher tan 3,
stronger A coupling is needed.

o
ot

(N.Escudero, D. E .Lépez-Fogliani, C. Mufioz and R.R.de Austri, JHEP 12 (2008) 099)
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Z3 Symmetric superpotential

* If a discrete Z3 symmetry is imposed to the superpotential, to avoid
dimensionful parameters = Once spontaneously broken after EWSB
Domain walls are generated which can dominate the energy density of the
universe, producing large anisotropies on the CMB

* If Z3 is an accidental symmetry = Nonrenormalizable interactions lift the
degeneracy between vacua

* If the right handed neutrino superfields couple in the most general way to
heavy fiels =-Radiative corrections can induce very large terms in the
effective action linear in vk

* Impose R-symmetries in the nonrenormalizable lagrangian allow only
non-dangerous higher dimension terms
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LFV

* Same QFV contraints as to the NMSSM apply to the purvSSM.
* The puvSSM superpotential includes terms which break splicitly Lepton
number conservation. = Small violation:
o BR(i — e7)uwssm =3.96x1072% « BR(u — €7)exp <5.7x10713
o BR(T — €7)wssm =2.23x10728 « BR(T — €7)exp <3.3x1078
® BR(T — p17)wssm =2.22x10728 « BR(T — py)exp <4.4x1078
o BR(i — eee),ssm=1.0x1072% « BR(u — eee)exp <1.0x10712
® BR(T — eut)wssm=1.341x10"28« BR(T — ejift)exp <4.4x1078
e Limits on 1 — e conversion: purSSM ~ 1072° « Exp Limits < 1071
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