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Introducing uvSSM

z-Fogliani, Mufioz
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Neutrinos@uSSM

TeV scale seesaw with right-handed neutrino + Rp — m, # 0
PG, Roy 2009; Fidalgo, Lépez-Fogliani, Muiioz, Ruiz de Austri 2009; PG, Dey, Mukhopadhyaya, Roy 2010
Even with Yﬂ and 3vf =—m,, #0,ie€l,2,3
correct neutrino physics at the tree level
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The Spectrum

Significance of Lepton number (L) is lost

e MSSM + Rp + 3 0f = 8(7) CP-even(odd) states h,(P.) / 10
neutralinos Y0 / 7 charged states S / 5 charginos Y=

TeV scale seesaw with Y, ~ 107°., 17:_, eLR practically decoupled..
With small A.. Hy, Hq, 7 decoupled..
K, A small... h13,P123, X456 singlet like

Masses Values in GeV
Mp, 125.7
mp,, mp,, Mp; 36, 38, 5.5
mhl, mhz, mh3 7.5, 8.0. 19.6

mig, mig, m)zg 9.6, 11.5, 11.9

hg, lightest doublet-like Higgs, X9, lightest neutralino
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A unique signal

When myo < 20 GeV..

X" — hi/P; + vi = mesoscopic DV (1 cm

The proposal ...

mio g myy...

4
|DL ~ l/mxo...

. Ipr > 100 m...Rp is an impostor to R,C

Bartl, Hirsch, Vicente, Liebler, Porod, 2009

In the pvSSM

Sloe < 3 m)

A very light Y° ( <20 GeV) is detectable at the LHC!

1-CL

F ATLAS-CONF-2013-011

ATLAS Preliminary
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125 GeV Higgs in pvSSM

at the LHC....?

PG, Lépez-Fogliani, Mitsou, Muiioz, Ruiz de Austri, 2013
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An unique signal....mp, ,,, mp,,,??

Jets are not the best bet though h;, P; — bb is more general

o o 2m; < my, p, < 2my,...for clean final states

® 7's are the best... ny, = 3 for hadronic 7
decay.. (65% of time)

4 ® 7 detection efficiency varies with pT.

The signal gg — hs — x9x9 — 2hi/P; + 2v — 271277 2v

Displaced yet detectable multi-leptons at the LHC
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A little price to pay correlation lost

e Correlations among X decay and neutrino mixing angle
= n, > ne

Bandyopadhyay, PG, Roy, 2011
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@ In the current analysis h;/P; — 77~ decays... correlations lost
® = ny is practically independent of Y,,v

Pradipta Ghosh (IFT/UAM) 125 GeV Higgs in pvSSM 8 /17



Y |\
Self-developed

Code

Y PYTHIA INPUT

] DT °,.l°°
o ° . °
e
S T - ™
===
= bt pw By = o1

- o o Jets *®

; PGS4

5:; ] Analysis

Pradipta Ghosh (IFT/UAM) 125 GeV Higgs in pvSSM 9 /17



To kill the backgrounds

l\/_lesosc0pic e All SM (e.g. ZZ*)/SUSY backgrounds
displaced (e.g. h1 — P1P; — 2¢72¢~@NMSSM), with
ve.rtex.... prompt £ are effaced ...
?'Sp:aced charge o NMSSM with 10—% < A < 10~2... light NLSP
racks.... — LSP + h/P, h/P — £t¢~ = possible
impostor..
e NLSP — LSP + h/P, #=- mesoscopic decay
|ength.... Ellwanger, Hugonie, 2000
e Options.. e.g. MSSM +%)\ijk|:i|:jéﬁ-- N ;3/04‘3‘9

hardly possible in reality... with LEP
(and LHC) results...
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Lepton multiplicity... @8 TeV @20 fb~*

No_of Evens
No. of Events

) 2 1 6 s 1
o multiplicity for Pr > 10 GeV'

©
»

e multiplicity for Pr > 10 GeV
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e e, us are from leptonic T decay.. although h;/P; — putpu™ is

possible
e 4e,4pus from T ~ 0.1% while 47724 ~ 18%

e Highly collimated QCD jets faking 7h2d
disappears with higher p}had cut
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E7and DL distribution
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)ZQ and 7 decays...

o CcTo R 30 cm.... large number of
4

events appear inside charge tracker
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o

1 2 3 4 5
lepton (e +  + ") multiplicity with P‘Y>10 GeV

125 GeV Higgs in pvSSM

o Moderately high MET & > 6v from

12 /17



Probing DVs

|zpv| vs ppv
e A large fraction of DVs appear within

|zpv| < 2.5 mand ppy <1 m,ie, in the
range of inner tracker

e Tracking possible ©®

Charge track mass vs n

s0000 e A very useful event selection criteria
10 o
E = o000 ® Sensitive for n;, > 4 and vertex mass
[ o > 10 GeV... G. Aad et al. [ATLAS] 2013

50000 e Room for development... sensitivity to
- 00 low vertex mass
. oo e Life is better with jets

e

Invariant mass of charge tracks (GeV)

"
5

o

1
Number of charge tracks in each vertex

Ny | max = 12, four 3-prong 7 decay
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Summary and conclusion...... and beyond

* pvSSM.... solves p-problem and reproduces correct neutrino
physics

% Novel signals are well expected with enriched mass spectrum..
and broken R,

% Collinear and Displaced objects at the LHC =- lesser
backgrounds.. new signs are well envisaged

% Sophisticated analysis of collinear and displaced objects are

Dreaming the future..
. Day is over, night has come.
With new data and R
. OmMOorroWw comes With a Whole bew light!
up-gradation to 14 TeV......
more phenomenological
wonder with yvSSM are

awaiting.....
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The Higgs boson?..

CMS PAS HIG-13-005
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The soft terms

@ The Lagrangian Ly, containing the soft-supersymmetry-breaking terms is

given by

Lo = (mBYIQ7 @7 + (m3 )i af + (m2, )ids " df + (m2)iLY (2

2 \ijzc*xc 2 a* ya 2 a* ya 2 \Nlis@” 5@
+ (méc)'lel e_/ +deHd Hd+mHuHu Hu(m[)c)JI/,- Vj

¥ e [(AUYU)UHSQ;"’ZJJ? + (AgYa)TH3QPAS + (Ae Ye)TH3LEE + H.c.]

[fab(A,, Y, )THEL20¢ — cap(ANN)DEHZHE + L(Ank) DS s + H.cl

(HO) = vg, (HO) =vu, (50)=vi, (5F)=vf.
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