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The MSSM

Supersymmetric generalization of the
SM based on fundamental
symmetries.

Two Higgs multiplets are required.

The field content of this self-
consistent theory, contain a super-
partners for each SM matter field.

Provides dark matter candidates and
proposes an evidence of the
existence of degenerate states (Long-
lived sparticles).

LEP2 puts limits on masses of super-
partners, so; the light higgs boson is
>114 GeV.

Soft SUSY breaking in the MSSM
iInvolve four scenarios, one of them is
the gravity mediation or mSUGRA..
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SUSY breaking

The MSSM

® SUSY is not a exact symmetry of the nature,it must be broken.

® Supersymmetry is broken in the hidden sector by soft breaking terms of
dimension < 4 and communicate with visible sector by gravity mediation.

® Universality hypothesis is postulated.
® The effective low energy theory resulting contain explicity soft breaking terms

gaugino mass terms
2

scalar (mass):terms

bilinear and trilinear
couplings




Available Regions of mMSUGRA | sss¢

Parameters Space :

Now, we only get a set of 4+1 free parameters space.

[ My, my, A, sign([), tan()]
The role of A, [, tan(l) is related to other parameters.
So, we have only two fundamental parameters (m; m,,).
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Long-lived Charginos .

® |n mSUGRA model, the R-parity conserving neutralino becomes
the LSP. In this case the NLSP is chargino.

® The chargino mass matrix reads

Ve _ M V2 My sin 3
] \ V2My cos 3 7

® The masses of the two physical states is obtained by
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T \/(Ui? — p2)? + AME cos? 23 + AME (M3 + p? + 2Mapsin 23)

® Radiative corrections are known in the leading order, and
tvoicallv thev are of the order of a few nercent.



Long-lived Charginos .

® |n case when p is small (less than M,), which takes place near
the border line of radiative EWSB, the lightest chargino y’, and
two lightest neutralinos (x',) are almost degenerate and have
a mass of the order of L.
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Long-lived Charginos

For large negative A, these lines almost coincide. Changing tan [] one can reach

smaller values of m,and m,,, thus allowing the other particles to be lighter without

changing the chargino mass.

It should be mentioned that the region near the EWSB border line is very sensitive
to the SM parameters; a minor shift in o, or m, and m, leads to noticeable change of

spectrum

Notice that though the region of small u looks very fine-tuned and indeed is very
sensitive to all input parameters, still in the whole four dimensional parameter
space (assuming universality) it swaps up a wide area and can be easily reached

The accuracy of fine-tuning defines the accuracy of degeneracy of the masses
and, hence, the life time of the NLSP



Phenomenology of light sess

chargino scenario :

Whence the parameters are chosen in such a way that one has mass
degeneracy between the lightest chargino and the lightest neutralino one
has a long-lived NLSP.

The main decay process are
X 5 0

The branching ratio for quarks final states is 74% and for leptons
final states is 26%.
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® The lifetime crucially

depends on the mass
difference between

the chargino and
neutralino

one can see that the
lifetime falls down rapidly
from the EWSB line.

to get a life-time around of

10 ¥seconds in order to have a
free pass of the order of cm
one needs the degeneracy of

less than 1 GeV.
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Long-lived charginos can be produce at LHC
Thie main processes atddIC are vt p(@) -
Z, vy wt I
4 ® | =~
: q
_ | _
p(qQ) X~ P@) x 0 p(q) —-

Since three states are almost degenerate one has also co-
production which has to be taken into account. This refers also to
the annihilation process that defines the amount of the Dark matter.

To calculate the production rate one has to know the spectrum of
the light states and the mixings in chargino-neutralino sector..

Here, the NLSP chargino and the LSP neutralinos are almost pure
higgsinos. This property defines the preferences in the interaction
pattern.



® We choose several benchmark points in mSUGRA parameter space
and calculated the cross section numerically.

mSUGRA tan & = 30
Benchmark T 1Ty o Aop
Scenarios
a 3000 510 0
b 3500 507 -800
c 4000 489 | -1500
d 5000 540 | -2500
e 6000 585 | -3500

® on average the cross-sections reach a few tenth of pb and vary with
the factor of two with the change of A,, and tan([]) .



Process a b c d €
PP = X1 X1
uu — X7 X; | 0.72 | 0.66 | 0.40 | 0.20 | 0.16
dd — X7 x; | 0.30 | 0.30 | 0.16 | 0.08 | 0.07
o p, (PD) 1.02 | 0.96 | 0.56 | 0.28 | 0.23
j PP — Xi X'
ud - X7XY | 1.24 | 1.18 | 0.66 | 0.32 | 0.26
0 po (PD) 1.24 | 1.18 | 0.66 | 0.32 | 0.26
j PP — X; X9
ud = X7 X9 | 0.88 | 0.82 | 0.50 | 0.26 | 0.22
0 ps (PD) 0.88 | 0.84 | 0.50 | 0.26 | 0.22




Conclusions

In MSUGRA, I,e, the MSSM with supergravity inspired
breaking terms, it is possible to get long-lived chargino which
might be produced at LHC.

The cross section mostly depends on the masses and mixing
and in the chosen region.

The light chargino NLSP scenarios require large negative
values of the trilinear SUSY breaking parameters A,.
Long-lived charginos might produce secondary vertex.

In other scenarios, such as the gauge mediated susy breaking
GMSB the situation is different due to the fact that lifetime of
the NLSP is typically much larger.
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