Daniel E. LOPEZ-Fogliani

Astroparticle and Particle Phycis Group, IFIBA (UBA - CONICET)

CONICET

U B A
CONIGCELD

Buenos Aires, Argentina

LHC and dark matter signals motivated
by the nuvSSM

MultiDark

Multimessenger Approach
for Dark Matter Detection

June 2018, Annesy, France



Supersymmetry: still the most compelling theory for physics beyond the standard model

. The lower bounds on SUSY particles ( ;6 TeV) are still reasonable

. Experimentalists use simplified models that don’t cover full SUSY
phase space (BR variations for example)

. Run 2 is still going on, low luminosity

. Most SUSY searches assume R parity conservation (RPC), thus the

LSP is stable, requiring missing energy in the final state for its
detection

. If R parity is violated (RPV), SUSY particles can decay to standard
model particles, and the bounds become significantly weaker



MSSM: The Minimal Supersymmetric Standard Model

W= YIHQ a5+ Y HY QY+ Y  HY LY éS + [ Hy H,y

® From theoretical viewpoint has a crucial problem,
the so-called J-problem

What is the origin of gy, and why is of order EW

@ From experimental viewpoint, another problem, since in the MSSM neutrino masses
are zero

@® SUSY particles appear in pairs:

- The LSP is a good dark matter candidate _ _
R-parity conservation

- Easy the check at colliders (missing energy
searches)



The u from v Supersymmetric
Standard Model : The uvSSM

W = ew (Yf Qi a§ + Yy HY Qi ds + Y Ay Lej + v, Hy L ﬁf)
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- Only dimensionless parameters in the superpotential
No M-problem

- R-parity is not a symmetry of the model
LSP not stable



The u from v Supersymmetric
Standard Model : The uvSSM

Soft Terms
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The SUSY breaking scale, only source of spontaneous gauge breaking:

THE ONLY SCALE



The u from v Supersymmetric
Standard Model : The uvSSM

W = ew (Yf HyQFas + Yy HY Qi ds + Y Ay Lie; + v, Hy L ﬂf)
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Once the electroweak symmetry is spontaneously broken, the
neutral scalars develop in general the following VEVs:
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The u from v Supersymmetric
Standard Model : The uvSSM

W= ea (VI BS Q1 + Yy BT Qs + VT Ay LY e+ v YL )
K\ﬁ L\[J Effective Dirac Mass

Effective p-term  Effective Majorana Mass

Once the electroweak symmetry is spontaneously broken, the
neutral scalars develop in general the following VEVs:
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The p-from-v supersymmetric Standard Model
- Minimal NATURAL SUSY spectrum containing the SM and explaining

Neutrino Physics:
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For simplicity we can set it to zero still reproducing all the known phenomenology



The p-from-v supersymmetric Standard Model

- Minimal NATURAL SUSY spectrum containing the SM and explaining
Neutrino Physics:
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For simplicity we can set it to zero still reproducing all the known phenomenology

- This spectrum, Allows very nice interpretations see arXiv:1701.02652;
with interesting consequences arXiv:1705.02526; and others......
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The p-from-v supersymmetric Standard Model

- Minimal NATURAL SUSY spectrum containing the SM and explaining
Neutrino Physics:
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For simplicity we can set it to zero still reproducing all the known phenomenology

- This spectrum, Allows very nice interpretations see arXiv:1701.02652;
with interesting consequences arXiv:1705.02526; and others......
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The p-from-v supersymmetric Standard Model

- Minimal NATURAL SUSY spectrum containing the SM and explaining
Neutrino Physics:
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For simplicity we can set it to zero still reproducing all the known phenomenology

- All known phenomenology can be reproduced

- New Signals at LHC are expected



The Neutrino mass matrix is:

[ Osxs
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The Neutrino mass matrix is:
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Effective Neutrino mass matrix

M, =mT M 1m

Using Diagonal Yukawas for Neutrinos
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We have neglected all the terms of order Y)v°, YJv and Y, ”




Effective Neutrino mass matrix

Simplify Formula:

eff i g Tu Ui LU4 L
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“Neutral fermions” W= (B” WO, Hy, Hyvp, v,
(neutralinos+neutrinos) 5 — \,

X456789.10 X123
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We are going to concentrate our attention in the sneutrinos as a long life
particle, giving interesting signals at LHC

Discerning the left sneutrino LSP

with displaced-vertex searches arXiv:1804.00067

in Collaboration with:

Inaki Lara Carlos Munoz
Natsumi Nagata Hidetoshi Otono

Roberto Ruiz de Austri



Discerning the left sneutrino LSP
with displaced-vertex searches

- For simplicity we consider only one family of right-handed neutrinos -

The neutrino tree-level mass is given by:

1 ) WY,  vgY? 2 ) Uty 1
my = vy 4 v -+ —= ||, Mg=M]|1- r kU —— 4 =\
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The sneutrino tree-level mass is given by:

o Y, AU
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We consider m% < 100 GeV in order to obtain a long life particle



Left sneutrino LSP phenomenology in the uyvSSM

- Mixing between left sneutrinos and Higgses, makes possible the decay of the sneutrinos
The mixing is controlled by neutrino physics

Stau LSP:

(¢) W channel
Figure 1: Decay channels into two 7£/7, from a pair production at the LHC of scalar
and pseudoscalar tau left sneutrinos co-LSPs. Decay channels into one 7 £/7 plus neutrinos

are the same but substituting in (a), (b) and (c) one of the two vertices by a two-neutrino
vertex.



Approximative formulas for decay widths:
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small values of A and large values of M favor larger BRs to dileptons
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Long-lived particle searches at the LHC

- Since sneutrinos are electrically neutral, we are unable to use disappearing track
searches or metastable charged particle searches to probe them

- We may detect the longevity of the sneutrinos by reconstructing their decay vertices,
using the charged tracks associated with the daughter particles. This type of search
strategies is dubbed as the displaced-vertex searches.

significant distance from the production point ( 1 mm)

The ATLAS 8-TeV analysis is general enough as to be sensitive to the decay of the z7_



The ATLAS displaced-vertex search

ATLAS collaboration, G. Aad et al., Search for massive, long-lived particles using multitrack
displaced vertices or displaced lepton pairs in pp collisions at \/s = 8§ TeV with the ATLAS
detector, Phys. Rev. D92 (2015) 072004, [1504.05162].

Is based on the 8-TeV data with an integrated luminosity of 20.3 / fb. The dilepton
displaced-vertex selection channel, where each displaced vertex is formed from at
least two oppositely-charged leptons, may be used for the long-lived.

o One muon with pp > 50 GeV and |n| < 1.07, one electron with pp > 120 GeV or two
electrons with pp > 40 GeV.

o One pair ete™, ptp~ or e*uT with pr > 10 GéV and 0.02 < | < 2.5 for each one.
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Limits on the urSSM parameter space from the ATLAS 8-TeV displaced-vertex
search with an integrated luminosity of 20.3 fb™! | combining the uu and ey channels.
The region inside each colored line is excluded. The neutrino mass scale is fixed to be
my ~ 0.05 éV, and the neutrino Yukawa couplings are set to Y, = 1077, 5x 10~7, and 10~
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correspond to the sneutrino mass of 50, 60, 80 and 100 GeV, respectively.




The mu24i trigger, which is an isolated single muon trigger at the event-filter, also uses

the information from the inner detector and requires the transverse momentum threshold
of pr > 24 GeV

ATLAS collaboration, G. Aad et al., Performance of the ATLAS muon trigger in pp
collisions at \/s =8 TeV, Eur. Phys. J. C75 (2015) 120, [1408.3179|.

We use the following criteria for the optimized 8-TeV analysis:

e At least one muon with pr > 24 GeV.

e One pair ptpu~ or e*u¥ with pr > 10 GeV and 0.02 < |n| < 2.5 for each one.
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For the 13-TeV LHC run

e At least one electron or muon with pp > 26 GeV.

e One pair utp=, ete™, or e pT with pr > 10 GeV and 0.02 < |5| < 2.5 for each one.

#Dimuons = [J(pp — Z 002 +olpp > W = U7 +o(pp = 1, Z = ?ﬂﬂ‘ﬂ

x L x [BR(ZE — pp) e (er™) + BR(ZE — pp) 4 (erh)], (3.1)

vert
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channels, and considering also the optimization of the trigger requirements discussed in the
text.




Gravitino Dark Matter in the
MVSSM

If the gravitino is the LSP can be the Dark Matter

3

WLEYD:
D(Ug0 = Y V) / Uy |?

64T M3

Wy/a

Mp ~ 2.4 x 1018 GeV

3
|U':]}y|2 = Z |N;1 cos by + Nz sin 6'1;=[,r|2

1=1

The same result for the decay width holds for the conjugated processes 11‘3/2 —r YV



Previous works analysing the two body decays and the detectability at FERMI-LaT

Choi, L-F, Munoz, Ruiz de Austri, JCAP 1003 (2010) 028 [arXiv:0906.368]

Work including Fermi-LAT collaboration

Search for 100 MeV to 10 GeV ”~
y-ray lines in the Fermi-LAT data and CSAg—
implications for gravitino dark matter in the J/ B B
uvSSM

Category II paper:

-Fermi-LAT Collaboration: Albert, Bloom,
Charles, Gomez-Vargas, Mazziotta, Morselli
External authors: C. M., Grefe, Weniger

UL ary

r Dvark Matter Detection

And more works related .....

1 1016 10 GeV\*
o s (1) (95
vE ; 20 (372 — 32 i) Usul* )\ may2

Using 10716 < |U*,}7U|2 <1071 Obtained the bound: ~ m3/5 S 5 GeV.



New analysis: arxiv:1608.08640 Gomez-Vargas, L-F, Munoz, Perez, Ruiz de Austri

Deep exploration of the parameter space, we include three body decays

LT Wy W

'-\_\_“__I

W=

Wao

Ir



Thus we obtain the following result:

Using Fermi-LAT 95% CL upper limits on the total diffuse extragalactic y-ray background
using 50 months of data, together with the upper limits on line emission from an updated

analysis using 69.9 months of data.

10—2[] 5 |U:|,ry 2 i 10—14

majg S 17 GeVand 739 2 4 X 107 s

We have found that in standard scenarios such as those with the low-energy GUT relation
My = 2 My, the line limits are crucial and only allow gravitinos with masses < 4 GeV (and
lifetimes > 10?8 s), even for values of | M| as large as 10 TeV. In the case My — My, although
the line size is suppressed restricting less the gravitino mass ( < 17 GeV), still the line limits
are more important than the diffuse extragalactic y-ray background

ArXiv: 1608.08640, In collaboration with:G. Gomez-Vargas, C. Mufioz, A. Perez, R. Ruiz de Austri



Work in preparation

Decaying Dark Matter: NLSP — LSP + axion

N | . m;, y R i e ) N T e T
graviino NLSP — axino LSP + ion: Ty, - i + o) = Hﬁ“ 31 - o) graviting thermal relic densty: ﬂ‘-ﬂ-zir’z(].ll_lfmﬁ gw)(”%)(‘“*Tv{"> ( ¥

- i 12 107 ?
axino NLSP — gravitino L8P + axion: (g  y, 4 o) = ”_(1 (- axinathermalrelicdensity;ﬁah'lEU_;;U,WS[T”)-L[F [”?’(T””)( i )( Th )(m G'\)

Y6y, M- B J\GV GV L,

- In a multicomponent scenario, the dark matfer relic densily come from thermal and from non-thermal production (NLSP decay) — ), ¢pii* _ggm,; +ggﬂﬂ _qw] _Mn\ 1gpht
MNSLP )

Work in collaboration with: Gomez-Vargas, A Perez, C Munoz



Axino LSP plus Gravitino NLSP dark matter

mﬂ=(},75 msz
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Gravitino LSP plus Axino NLSP dark matter
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The yvSSM can be tested

Interesting signals of displaced vertices at LHC

The displaced dilepton search channel is most sensitive to the sneutrino LSP, where
at least one of the pair-produced left sneutrinos is required to decay into 77 or 7¢
With the final-state tau leptons decaying leptonically.

mZ  ~ 45-100 GeV DV < 1 mm

Dark matter signals at indirect detection experiments



Thank you

END
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