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The uvSSM
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uv??rSM
uvSSM extends the MSSM particle content

with right haded neutrino superfields:

« Coupling to Higgs super fields = Solve the u problem of the MSSM

* Coupling to Left handed lepton super fields = Give mass to neutrino sector.

The presence of both v hg
couplings at the same time 2
breaks R-parity explicitly. Lo -
u s UV

The LSP is no longer stable = Can't be interpreted as DM,

However, the
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quSM

* Inthe limit Y’ — 0, R-parity Is restored.

o Atter EWSB, all neutral scalars can develop VEVs.
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* The value of vig are naturally around Msusy. While Y7 — 0
implies vii = 0, and can be estimated as v, ~Y,'v,.
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uvSSM

After EWSB the <¢> generates several effective
terms in the Lagrangian:

o u-term for the Higgs sector = p = \ivig

* Majorana mass for rigth handed neutrinos =(mgf) = = Vakvir

Iy

* Dirac mass for neutrinos = (mg’), = 5 Yy, v,
It the value of Yvj ~10-¢ = Electroweak scale Type-| seesaw.

The pvSSM mix all the states with the same spin, CP and charge
properties. Phenomenology different from RPC models.



The uvSSM seesaw . 2'=(B' W' Hi Hu,(v,) v,
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At first approximation mgs = —m' - M™' - m . With 3 generations of right-
handed neutrinos: ] )
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With a single generation of right-handed neutrinos:
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From supergravity = Interaction term gravitino-photon field strength-photino

. In R-parity conserving SUSY

0 - 0 .
Wi DY X I my. , =M. orxy —YVYs, if m,. ., <M.

e Inthe uwSSM, photino and left-handed neutrino are mixed:

Planck suppression
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Dark Mater in the uvSSM

Monochromatic photons produced in the decay of the gravitino=

Indirect detection of DM through gamma-ray measurements.

W9

Constraints from Fermi-LAT:

m3/2 < 17 GeV
Tg/9 > 4 X 105

German A. Gomez-Vargas, Daniel E. Lopez-Fogliani, Carlos Mufioz, Andres D. Perez, Roberto Ruiz de Austri JCAP 1703 (2017) no.03, 047

Neutrino
physics
related with
DM lite-time




Collider phenomenology of the pvSSM

The violation of R-parity in the yvSSM produces a particular phenomenology:

 The LSP is not stable = any particle could be at the bottom of the SUSY

spectrum.

e The characteristic signal of SUSY is no longer missing transverse energy.

The small value of Yvrequired by neutrino
seesaw imply small R-parity violation:

e Particles more massive than the LSP will
produce the LSP in the decay.

e Suppression of the decay amplitude of the
LSP = long lived particle.

SUSY spectrum

l Non-suppressed decays

LSP

$ R-parity suppressed

SM spectrum




Back to the neutrino seesaw
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Three representative solutions with diagonal Yukawas:

e <0, with Yv1 < Yvo, Yy, and vi > vo, va. Needs a mild tuning
between 1st and 2nd terms of the seesaw.= ; is the smallest

(meﬁlreal ) i =

sheutrino mass.

o \>0, with Yy < Yv1 <Yv2, and v1 < vo~va Dominated by gaugino
seesaw and Yz can be small= ;. is the smallest

e \>0, with Y2 < Yv1 <Yy, and v+ < vo~Vv3, Similar to previous
solution but exchange on 2«—3. = ;, is the smallest

Neutrino physics makes the left sneutrino a natural LSP

Using non-diagonal Yukawas changes completely the story



Sneutrino a Natural LSP candidate

e CP-odd/even sneutrino states are (almost) degenerated in
mass.

e Sleptons would normally be slightly more massive than
sneutrinos: —my~ cos 2B

e Neglecting small terms, the mass of sneutrinos is
approximately:

Y v Av
2

m~I~I = LA VR - _KVR : R .
Vi Vi tan 3

It Msusy lies at ~TeV scale with soft terms consistently at this scale
and uett at the same scale— Left sneutrino is naturally the LSP.

%
f va~1 ToV,

~1 and Av~ -100 GeV, then the mass of the

Vit left sneutrino is ~ 100 GeV.
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Decay of the sneutrino LSP mediated by RPV interactions
Suppressed

CP-odd left sneutrino cT vS mass
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CP-even left sneutrino cT vs mass
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Below ~100 GeV the left sneutrino is long lived



It prompt, several visible signals:
- Diphoton plus missing transverse momentum. For V,.

- Diphoton plus 7/ . For Vv,

- Multilepton signal. For v,

It displaced, dilepton signal:
['(0— 7l) ~ mvT (Yw ) // '

Proper decay length ~ 0.1mm-5mm
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ATLAS search for long-lived particles using displaced lepton pairs

20,3 fb~=! @ 8TeV - e~
Trigger™® pt > 50 GeV, |n| < 1,07  pr, > 120 or pr, , > 40 GeV
Lepton tracks pr > 10 GeV , 0.02< |n| < 2,5
dop > 2 mm do > 2,5 mm
Vertex selection mpy > 10 GeV, rpy < 300 mm, |Zpy| < 300 mm
vV (xpv — xpv)2 + (ypv — ypv)? > 4 mm

*Both electron and muon triggers don't make use of tracking information. Large Pt cut
iImposed to reject background.

ATLAS collaboration found no displaced dilepton events:

Channel | No. of background vertices (x1073)
ete” 1,0+ 0,2 f%’fg
ei,ﬁ 2,44+0,9 i_(i”i
,u+,u_ 2,005 —_Hi,,i

Exclusion power highly limited by harsh
trigger requirements



Optimization
Using inner detector information we can change the trigger to
MU24i(G.Aad et al. Eur. Phys. J. C75 (2015) 120). Looser Pt and n

requirements on tracks.=More signal
Background still under control increase of order ~10 still
compatible with zero

Non-optimized Optimized
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Analysis of the 3-generations uvSSM parameter space

Scan 1 (57) Scan 2 (.5)
tan 8 € (10,16) | tan g € (1,4)
Y, € (1078,109)
v; € (1078, 1073)
T, € (105,104
M, € (150, 2000)

Scan over significant
parameters for sneutrino
phenomenology

Impose constraints form:

e Neutrino mass differences and mixing angles (NO)
e Higgs physics (HiggsBounds+HiggsSignals)
e Flavour observables

e Chargino mass bound

e Stability of EWSB vacua (Vevacious)
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2nd solution to neutrino seesaw
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2nd solution to neutrino seesaw

om?* /107" (eV?)

Expected hierarchy
Is observed

om?* /107" (eV?)




Seesaw imposes decay to

g/
2

ut as the main visible
J channel

2

g
Uiv_iUi‘g

)

Dominant decay is to
neutrinos= Conseguence of

gaugino-seesaw dominance
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Exchange second and third generations on seesaw solution:
Muon sneutrino is the LSP

Light sleptons-sneutrinos have an impact on the anomalous
magnetic moment of the leptons.
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Electroweak sparticles shouldn't be tar above the EW scale

aibb}',lL ~ 13 x

Using data from
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Experimental limits
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Long-lived sneutrinos decay invisibly — AT| AS 1908 08215

M, (GeV)

Exclusion is difficult if wino-sneutrino masses are

close



Long-li\_/ed bino LSP & Wino NSLP
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ATLAS 1504.05162
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More muons to trigger, but more compressed spectrum



Conclusions

* The pvSSM is a well-motivated model of SUSY which addresses the
solution of the p-problem and explains the origin of neutrino masses.

* In the pvSSM R-parity is broken = the LSP is unstable.

* Correct neutrino masses require small R-parity violation.

* The gravitino can be a viable DM candidate thanks to the Planck
suppression and the R-parity suppression of its decays.

* The natural solutions of the generalized seesaw (with diagonal
yukawa couplings) motivates one of the sneutrinos to be light.

e L HC data @13 TeV could test a tau left sneutrino as the LSP.

* A light muon sneutrino could induce the necessary contribution to
a, to close the gap between the theory and experiment,



