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To begin with…..

Supersymmetry is still the most popular new physics
option beyond standard model.p y

Provides a cold dark matter candidate in the form of the
lightest supersymmetric particle (LSP).

Most common practice is to assume lightest neutralino to
be the LSP.

What about other types of LSP ? Do they alter SUSY
signals at colliders ?signals at colliders ?



The Idea:

A i Di t t i th i l t t iAssuming Dirac-type neutrino mass as the simplest extension
to the SM one has right-handed (RH) neutrino for each
fermion familyfermion family.

If SUSY is the reason for a stabilized electroweak scale, thenIf SUSY is the reason for a stabilized electroweak scale, then
with the above hypothesis, one needs to add right-chiral
sneutrinos in the list of superparticles.f p p

Is accelerator phenomenology of SUSY altered by the RH
neutrino or its scalar partner ? Does the superfield help
in explaining something more than just neutrino masses ?

Rν



The Idea….
What are the standard SUSY signals at the LHC ? We say….g y
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If RH neutrino superfield exists, then the is an LSPR
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Advocate the idea:

S h t i kl l d d lSuch sneutrinos are very weakly coupled and also more
favoured than the left-chiral state.

…couplings proportional to the neutrino masses )10~( 13−O

Favoured over its left-chiral counterpart in a setting where
masses evolve from a high scale..f g

( in our case mSUGRA)

It is basically the smallness of the Yukawa coupling which
plays a crucial role in our understanding of the spectrum and
i fits consequent features.



Advocate the idea:

Th i ht hi l t i t l t thThe right-chiral sneutrino mass parameter evolves at the one-
loop level as:

Arkani-Hamed,Hall,Murayama,Smith,Weiner (2001)  
Hooper,March-Russell,West (2005)

The feeble interaction suppresses its production and alsoThe feeble interaction suppresses its production and also
accounts for low annihilation rate.

Cold dark matter candidate relic density within allowed
values.

Asaka, Ishiwata, Moroi (2006)



Thus a right-chiral sneutrino LSP in the mass range ~100
GeV is consistent in the mSUGRA framework.

Thi lt i d h i hi h l d t diff t fi lThis results in new decay chains which lead to different final
states at accelerator experiments.

Consequences:

The LSP couples to all other SUSY particles with a strength

Diracmy νν ~



Consequences:

SUSY particle production cascades into the NLSP.

Very slow decay of the NLSP to the LSP.

LSP is cosmologically stable, but the NLSP (maybe
charged) appears stable in the collider detectors.

The signal of the long-lived NLSP will be charged tracks.

New signals at the LHC !!!New signals at the LHC !!!



The NLSP can be (dominantly right-1

~
τThe NLSP can be (dominantly right

handed)
allowed over a large region of parameter

1τ
allowed over a large region of parameter

space

Typical signature for such a long-lived NLSPyp g f g
would be a charged track seen in the muon
chamberchamber

Kinematically differentiable

S.K.Gupta, B.Mukhopadhyaya, SKR, PRD (2007)





…..can have long-lived staus:
Supergravity theories with gravitino LSP

J.Feng et al, 2003,2004; J.Ellis et al, 2004; A. Ibarra+S.Roy, 2006….

Gauge mediated SUSY breaking with a superlight gravitinoGauge mediated SUSY breaking with a superlight gravitino
D. Dicus+B.Dutta+S.Nandi,1997;K.M.Cheung et al, 1998, 

J.Feng+T.Moroi, 1998; P.G. Mercadante et al, 2001….g , ; ,

MSSM with stau-neutralino near degeneracy (co-annihilation 
i )region)
S.Ambrossanio et al, 1997; Gladyshev et al., 2005; T.Jittoh et al.,2006…

Supergravity with right-sneutrino LSP
T.Asaka+K.Ishiwata+T.Moroi,2006;

S.K.Gupta+B.Mukhopadhyaya+SKR,2007



Spectrum:

The superparticle spectrum mimics the mSUGRA spectrum in
all details except with the identity of the LSP.

The mass-squared matrix for the sneutrino looks like

The lighter eigenstate corresponds to the LSP and is
d i l i h h d ddominantly right-handed..

The mixing angle:The mixing angle:



Spectrum:
~

A right-sneutrino LSP and the lighter stau to be the
NLSP.

)( 1τ

A large mSUGRA parameter space can realize this scenario :
provided and one has of the order of 10 and
above.

210 mm < βtan

We present two benchmark points in the SUGRA setting
consistent with experimental bounds for our study of such longconsistent with experimental bounds, for our study of such long-
lived staus at the LHC.

)tan)(( βμsignAmm )tan),(,,,( 210 βμsignAmm







We concentrate on the following final states:

The low energy spectrum takes the form:



Due to the long-lived nature the stau-NLSP will almost 
always decay outside the detector

Characteristic signals like charged track with 
large transverse momenta..

Will have high specific ionization due to their slow 
motion within the detector.

We focus on the kinematics of processes producing 
these particles at the LHC. 



T l t fi l t t d d th f ll iTo select our final states, we demand the following 
requirements on our sample events:

In addition we have rejected events having photons with:



The final states arise mostly from the direct decayThe final states arise mostly from the direct decay
of gluinos and squarks, into the lightest neutralino, 
which decays into a tau and lighter stauwhich decays into a tau and lighter stau. 

Th t d h d i llThe tau decays hadronically.

W P hi i f d i h ISASUGRA fWe use Pythia interfaced with ISASUGRA for our 
event generation ( modified to include right-sneutrino
LSP and decay of lightest neutralino). 





The standard model background would be due to 
events with two or more hard jets and two central muonsevents with two or more hard jets and two central muons 
which will fake the signal. 

The leading contribution comes from top-pair 
production and its subsequent decay into dimuons withproduction and its subsequent decay into dimuons, with 
similar topology as that of the signal.

The cuts are as before… 



Background is almost completely reducible with the imposition of
strong event selection criteria…..





This is a very clean signal due to the stringent demand on they g g
hardness of jets.

Such final states will appear in cascade decays involving the
charginos and heavier neutralinos.

The same basic cuts as before are good enough to kill the SM
b k d f 4 ’ t th ith 2 ( ) j t ithbackground of 4 µ’s together with 2 (or more) jets with a 
p_T > 100 GeV.





corresponds to the scalar sum of the individual transverse 
momenta of the charged tracks in the muon chamber.





Conclusions:
We have studied a scenario motivated in the SUGRA

f k h h LSP i d i l i h hi l iframework where the LSP is a dominantly right-chiral sneutrino
with the lighter stau as the NLSP.

The stau-NLSP tends to fake muonic signals in the muon
chamber due to its quasistable nature.q

We have shown that such tracks reveal considerable difference
i h i ki i h i h f d di i i iin their kinematic characters straight forward discrimination
possible !!

Due to its striking similarity in the mass spectrum with SUGRA
having neutralino LSP, more work needed to uncover itsg
signatures at LHC.


