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Motivation

Light stops: interesting and challenging

Light Third Generation Superpartners

LHC constrains flavor-universal SUSY below the TeV scale. However
SUSY should not necessarily be flavor universal to solve the flavor problem
of the MSSM or the hierarchy problem of the SM. These problems can be
addressed with the “effective SUSY” framework: light stops and sbottoms,
with other partners at the TeV scale (gluinos) or multi-TeV scale (scalars).

Atlas excludes a single light
sbottom if the neutralino is also
light. The parameter space is still
wide open for EW scale NLSP.

Almost no constraints on a single
stop, (cross -sections: should not

be lighter than top ??)
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Motivation

Three regimes of stop

2-body decays mt̃ ≫ (mt +mχ0): can use /ET , MT , MT2 in these
regime.
3-body decays mt̃ < (mt +mχ0): can use kinematic distributions
(mbl ) and(maybe) /ET (usually suffers from low acceptance for most
of the searches
“one body decays”, or “stealthy regime” mt̃ & (mt +mχ̃0), LSP does
not carry lots of momentum, the event is very top-like
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Spin correlation

Spin correlation overview

Spins of the tops are correlated when they are pair produced, stops are
spinless particles. Until now this fact was only used to probe

spin-correlation in tt̄ events.
Can we use this to see if there are “stealthy” stops in the top sample?

Which variables carry this information? Mahlon, Parke, 2010

1 ∆φ between the leptons (2l
event)[The plot from Mahlon-Parke]

2 Angle between the top and the lepton
in zero-momentum frame

Others..
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Spin correlation

Full matrix element correlation

Based on Mahlon and Parke, 2010; Melnikov and Schulze, 2011

We can try to reconstruct leptonic events on event-by-event basis and ask
what is the probability that the event is spin-correlated

R =

∑
w |A|2corr∑

w |A|2corr +
∑

w |A|2uncorr

Uncorrelated matrix element – matrix element of the decay which is
spherical in the top rest frame.

Using this probability Melnikov-Schultze constructed a likelihood function
for the spin-correlation hypothesis.

We never explicitly use stop matrix element

True power of this approach – stability with respect to NLO corrections
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Spin correlation

ME correlation as top/stop discriminator

Event reconstruction

Accept events with 2 leptons, ≥ 2 jets, ≥ 1 b-tag, /ET ≥ 40 GeV. From
two constraints on top mass and two constraints on W mass we can get 0,

2 or 4 real solutions. Discard the events w/o real solutions. We get
∼ 12% reconstruction efficiency for tops and stops w/ mt̃ = 200 GeV

(massless neutralino).
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Rapidity gap

t-channel singularity in gg → tt̄

Why stop production is so small?

For mt̃ = 200 GeV σt̃ t̃∗ < 0.1σtt̄ . DY is small due to p-wave suppression,
but gluon fusion is small due to t-channel singularity.

∆ηavtt̄ > ∆ηav
t̃t̃∗
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Rapidity gap

Practical realization

There is a simple way to use this variable, use rapidity gap between the
lepton instead of tops. Moreover, in the limit of high mass events the

effect becomes more pronounced (“massless tops limit”).
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Advantage – no need in event reconstruction, the signal enjoys better acceptance.

Bottleneck - NLO corrections.
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Rapidity gap

NLO corrections

Bottleneck - we do not know who much does it change at the NLO. Here
how the rapidity gap between the leptons can change at the NLO:

The uncertainties are dominated by systematics. This variable might be
useful when tt̄ @ NNLO is known.
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Conclusions

Conclusions and Outlook

Stealthy regime is challenging, but not impossible

Full ME correlation in 2l events gives some handle, try to use similar
techniques for semileptonic events

Rapidity gap gives a different handle, can probably be reliable after
NNLO is calculated
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