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Outline of Talk Two

1. LHC Machine Capabilities

2. Classic SUSY Signatures

3. Words of Caution

4. Using Inclusive Signature Space (ISS)

5. Ideas for the Future

6. LHC Olympics!
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LHC: The Environment

⇒ Timeline from Fabiola Gianotti, Physics at LHC, Vienna, 7/17/2004

• January 2007 - March 2007: Machine cool down

• April 2007: Machine commissioning (mostly single beam)

• June 2007 - Oct. 2007: Two beams, first collisions, L ∼ 5× 1032 cm−2s−1

• Nov. 2007 - June 2008: First physics run ⇒ L ∼ 1033 cm−2s−1
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• April 2007: Machine commissioning (mostly single beam)

• June 2007 - Oct. 2007: Two beams, first collisions, L ∼ 5× 1032 cm−2s−1

• Nov. 2007 - June 2008: First physics run ⇒ L ∼ 1033 cm−2s−1

⇒ One can assume 1 fb−1 − 10 fb−1 per experiment to tape in first year

• W → µν ∼ 7× 107 events

• Z → µµ ∼ 1.1× 107 events

• QCD jets with pT > 150 GeV ∼ 107 events

• tt̄ → µν + X ∼ 8× 105 events

• g̃g̃ (mg̃ = 1 TeV) ∼ 103 − 104 events

⇒ Recorded to tape: 107 events/3 days [σsusy ∼ 100 events/day ]
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LHC: What Gets Recorded?

⇒ An example: CMS high level trigger (HLT) at L ∼ 1033 cm−2s−1

• 1e, 2e ⇒ 29 GeV, 17 + 17 GeV

• 1µ, 2µ ⇒ 19 GeV, 7 + 7 GeV
Total Rate: 63Hz out of 105Hz total
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⇒ Total: 1Pb of data/year/experiment ⇒ 1015 bytes

• One week: 2000 tt̄ → bW+bW− → b`ν bjj
⇒ 2.5% accuracy on σ and mt to 400 MeV (@ 1033 cm−2s−1)!

• Claim: BSM/SUSY in one month up to 1.5 TeV (more later)
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Overview of Classic SUSY Signatures

⇒ Break up into channels by n jets + m leptons + E/T

• 0 leptons + ≥ 2 jets + E/T (“multijet”channel)

• 1 lepton + ≥ 2 jets + E/T

• 2 leptons + E/T

? Same Sign (SS) vs. Opposite Sign (OS) sub-samples
? Can be “clean”(no jets) or with ≥ 2 jets

• Trilpetons, clean or ≥ 2 jets, + E/T
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⇒ Break up into channels by n jets + m leptons + E/T

• 0 leptons + ≥ 2 jets + E/T (“multijet”channel)

• 1 lepton + ≥ 2 jets + E/T

• 2 leptons + E/T

? Same Sign (SS) vs. Opposite Sign (OS) sub-samples
? Can be “clean”(no jets) or with ≥ 2 jets

• Trilpetons, clean or ≥ 2 jets, + E/T

⇒ Photons for GMSB, R-parity violation, light Higgs search

⇒ Taus for GMSB/AMSB, heavy Higgs and pseudoscalar Higgs search

⇒ Remember: invisible, stable LSP means no mass peaks !
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Jets plus Missing Energy

⇒ Squark, gluino production rate ∼ SM jet production at similar Q2

⇒ Multijet signal via quark decays

g̃ → qq̄Ñ0
i , g̃ → tt̃, q̃L → qC̃±i , etc. [and subsequent cascades]
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⇒ Squark, gluino production rate ∼ SM jet production at similar Q2

⇒ Multijet signal via quark decays

g̃ → qq̄Ñ0
i , g̃ → tt̃, q̃L → qC̃±i , etc. [and subsequent cascades]

⇒ The ultimate inclusive signature

• Just count events – does not matter what the original particles were

• Look for excess over (known) SM rate

⇒ Kinematic variable Meff ≡ E/T +
∑

i(p
jet
T )i can be useful in SUSY discovery

• Claim: peak in Meff distribution proportional to Msusy ≡ min(Mg̃, Mq̃)

• This channel alone can find SUSY for squarks/gluinos
up to 1 TeV with 1 fb−1 – 2.5-3 TeV for 300 fb−1
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Meff and Kinematic Distributions

• SM backgrounds

? QCD (gg → gg, etc.) with
extra jets from parton
showers

? Heavy flavor production
? Z + multijets with Z → ττ or

Z → νν
? W + multijets with W → τν

or W → `ν

• A typical set of cuts

? Ejet
T ≥ 100, 50, 50, 50 GeV

? No isolated lepton with
pT > 20 GeV

? Transverse sphericity
ST > 0.2

? Transverse plane angle
30o < ∆φ(E/T , j) < 90o

? E/T > 0.2 Meff
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Multilepton Events: OS dileptons

⇒ Multi-lepton signals are comparable in reach/discovery to
multijets with 100 fb−1 data

⇒ OS Dilepton events (inclusive)

• Many paths to this signature in SUSY: C̃±1 pair production,
Ñ0

2 → ˜̀±`∓ → Ñ0
1 `+`−, q̃L → Ñ0

2q → Ñ0
1 `+`−q, etc.

• Main SM background is tt̄ production

• Inclusive OS and same flavor can be a SUSY discovery mode

⇒ Reduction of SM background (for clean OS dileptons)

• Use e+e− + µ+µ− − e±µ∓ sample to reduce tt̄

• Veto Z → `` via invariant mass cut M`` 6= MZ ± 10 GeV

• Off shell γ and Z decays to taus reduced by ∆φ(``) ≤ 150o

⇒ Remaining background includes Drell-Yan `` production and
W+W− production




