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The LHC has finally arrived!

Giving particle physicists plenty of puzzles to grapple with
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Jets and MET

• Probe of solutions to the hierarchy problem.

• Candidates for Dark Matter.
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To be honest...
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Outline

• Universal signatures to distinguish signal from background.

• What a 7 TeV LHC can achieve at 1          .fb−1
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• Universal signatures to distinguish signal from background.
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Spectrum in Different Theories
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Casting a Wide Net

Q = mX −mχ̃
Alwall, Le, Lisanti, Wacker (0803.0019)

Kinematics matters more than spin or A-terms

X = g̃, q̃ , ...

Tevatron Gluino
Sensitivity

Q = 0

V. GLUINO EXCLUSION LIMITS

A. No Cascade Decays

For the remainder of the paper, we will discuss how model-independent jets + ET� searches
can be used to set limits on the parameters in a particular theory. We will focus specifically
on the case of pair-produced gluinos at the Tevatron and begin by considering the simplified
scenario of a direct decay to the bino. The expected number of jets depends on the relative
mass difference between the gluino and bino. When the mass difference is small, the decay
jets are very soft and initial-state radiation is important; in this limit, the monojet search
is best. When the mass difference is large, the decay jets are hard and well-defined, so
the multijet search is most effective. The dijet and threejet searches are important in the
transition between these two limits.

As an example, let us consider the model spectrum with a 340 GeV gluino decaying
directly into a 100 GeV bino. In this case, the gluino is heavy and its mass difference with
the bino is relatively large, so we expect the multijet search to be most effective. Table III
shows the differential cross section grids for the 1-4+ jet searches for this simulated signal
point. The colors indicate the significance of the signal over the limits presented in Table II;
the multijet search has the strongest excesses.

Previously [28], we obtained exclusion limits by optimizing the ET� and HT cuts, which
involves simulating each mass point beforehand to determine which cuts are most appropri-
ate. This is effectively like dealing with a 1× 1 grid, for which a 95% exclusion corresponds
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FIG. 4: The 95% exclusion region for DO� at 4 fb−1 assuming 50% systematic error on background.

The exclusion region for a directly decaying gluino is shown in light blue; the worst case scenario

for the cascade decay is shown in dark blue. The dashed line represents the CMSSM points and

the “X” is the current DO� exclusion limit at 2 fb−1.
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Radiation
Degenerate spectra require radiation to generate signal
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Unbalanced momentum set by Q = mg̃ −mχ̃
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As pT of gluino increases,
Final state jets get harder (and eventually merge),

but won’t gain significant MET

UED-like Theories
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Radiation
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Radiation unbalances LSP’s momentum

MET is generated by radiated jets

Without extra jets, signal is invisible
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Matching of Matrix Elements with Parton Showers

Needed to compute additional radiation

SM Backgrounds:

pp → W±/Z0 + 3jpp → W±/Z0 + 2jpp → W±/Z0 + 1j

pp → tt̄ pp → tt̄+ 1j pp → tt̄+ 2j

pp → XX pp → XX + 1j pp → XX + 2j

Signals,                 :X ∈ {�g, �q}

Tuesday, May 11, 2010



New Initial States
Possible at higher order

gg, qq̄ → 2g̃ + 0+j gq → 2g̃ + 1+j qq → 2g̃ + 2+j
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• What the LHC can achieve at 7 TeV with 1        .fb−1
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Signals

“Gluinos” g̃ → qq̄χ0

g̃ → qq̄χ�0 → qq̄(qq̄χ0)

Large color,  High Jet Multiplicity, High MET

Large color,  High Jet Multiplicity, Lower MET

mχ̃� =
1
2
(mχ̃ + mg̃)

Octet
Majorana Fermions

“Squarks” q̃ → qχ̃0

Small color,  Low Jet Multiplicity(6 copies of) 
Triplet Scalars

Different “modules” used to explore generality
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Selection Criteria for Different Jet Multiplicity Searches

1j + ET� 2j + ET� 3j + ET� 4
+j + ET�

j1 ≥ 400 GeV ≥ 100 GeV ≥ 100 GeV ≥ 100 GeV

j2 < 50 GeV ≥ 50 GeV ≥ 50 GeV ≥ 50 GeV

j3 < 50 GeV < 50 GeV ≥ 50 GeV ≥ 50 GeV

j4 < 50 GeV < 50 GeV < 50 GeV ≥ 50 GeV

Table 1: The selection criteria for the different jets plus missing energy samples. Jet pT cuts
in GeV for the different exclusive search channels. The following cuts are applied: |ηj | < 2.5,
pT,� < 20 GeV, ∆φ(ET� , ji) > 0.2 rad. (i = 1, 2, 3).

2.1 Classification of Search Channels

Discovering new physics in an all-hadronic final state is a challenging prospect in the jet-

rich environment of the LHC. The QCD and instrumental backgrounds, particularly in

early running, are a major challenge. In order to both trigger and ensure that the events

are sufficiently distinctive compared to poorly understood backgrounds, the searches

considered in this article have tighter cuts than the ones considered in the published

search strategies from ATLAS and CMS. For instance, the cuts used in this article were

initially based on the benchmark ATLAS multijet + ET� searches [3]. This article finds

that requiring a larger missing energy criteria is more effective at separating signal from

background

The first step in devising a model-independent, inclusive search strategy is to clas-

sify events into different jet multiplicities. The primary variable used are the pT s of the

jets. Each multiplicity has a definition of a primary jet, usually a central jet of fairly

high pT . After the primary jet there are secondary jets that can be central or forward

and there may be lower pT cut on these secondary jets. A classification scheme that

is relatively insensitive to the exact values used in the division of events is necessary

to avoid events falling between searches. This is accomplished by choosing a common

definition of a secondary jet and then classifying events by the number of secondary

jets. The pT selection of the jets is as shown in Table 1.

There is a trade-off between having a higher requirement for jet pT s versus a low

requirement. Higher jet pT s mean that the jets are more likely to come from final

state decay products and less likely to be produced in parton showering and radiation.

Having a tighter requirement on jet pT s will reduce the SM backgrounds significantly.

However, new physics may not have a widely spaced spectrum and the resulting final

state jets may be soft. Therefore, by raising the requirements on jet pT s, there is a loss

of sensitivity to degenerate spectra. At the same time, the search strategy should be

able to pick out spectacularly hard jets from a sea of soft jets. In Sec. 2.2, other event

– 5 –

Search Strategy

The abundance of IS/FS radiation means we only need a         and MET search. 4+j

Unlike at the Tevatron, the lower multiplicity searches were found to be redundant.
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Designing the searches

Three sets of searches

ET� > 300GeV

ET� > 400GeV

ET� > 200GeV

αRTS > 0.2

αRTS > 0 (No Cut)

“High MET”

“αRTS”

“Base Search”

HT > 600, 900, 1200

HT > 600, 900, 1200

HT > 300, 600, 900

GeV

GeV

GeV
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�
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pp→ g̃g̃ + X → (qq̄χ̃0)(qq̄χ̃0) + X

Direct Gluino Decays
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Doubling the reach in the next year!
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One-step Cascade Decaying Gluinos
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14 TeV LHC result: Directly Decaying Squarks

pp → q̃ ¯̃q +X, q̃ → qχ0
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Multijet search more effective than a two-jet and MET search
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Conclusions

A simple search strategy covering wide classes of theories possible

A 7 TeV LHC can double our reach reach by end of next year!
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