Overview of Exotic Physics at CDF-II Dan MacQueen University of Toronto April 14, 2003 Outline:

• Subgroups in CDF Exotic Physics • Model Based / Signature Based Searches • Supersymmetry • Results and Possibilities for Run II

Run II Exotics Group • Three physics working groups:

– Supersymmetry (SUSY) – Higgs – “VEGY” – Very Exotic Group • Other working groups involved with specific types of searches.

– lepton + track – Gauge symmetry-breaking SUSY in diphoton events – Multi-lepton signal searches – Jet probability algorithms (used in flavour tagging) – Missing E_T /SUSY

Run II Exotics Group • Exotics also involved with several technical subgroups, dealing with datasets, triggers, code, etc.

• Much overlap with other software and hardware groups.

– τ, γ, e, μ groups – Calorimetry – Tracking – Heavy flavour tagging

Model-based and Signature-based searches

• Run II exotics searches to be carried out with both model-based and signature-based methods:

– Model-based: begin with model, choose signature, calculate background, evaluate limit. Best optimized, but model may become outdated with later results.

– Signature based: begin with signature, publish acceptance and cross-section limit. If inconsistent with SM, result can be used to test various models.

Supersymmetry: Partial Motivation • For the standard model Higgs boson, corrections to Δm^2_H proportional to Λ^2, the energy scale for new physics. – Fermion loop: Δm^2_H =^{g2}_{16π2} (−2Λ^2 + 6m^2_f ln(Λ/m_f ) + · · ·) – Boson loop: Δm^2_H =^{g2}_{16π2} (+2Λ^2 − 4m^2_s ln(Λ/m_s) + · · ·) • Without new physics near the TeV scale, next known scale for new physics is M_{GUT} • This results in m_H ∼ 15 orders of magnitude above experimentally favoured values.

• Supersymmetric models postulate a fermion (boson) partner for each boson (fermion) in the Standard Model.

Supersymmetry: Higgs • Δm^2_H contributions from superpartner pairs become – Δm^2_H =^{g2}_{16π2} (6m^2_f ln(Λ/m_f ) − 4m^2_s ln(Λ/m_s)) + · · ·) • Each supermultiplet requires equal fermionic and bosonic degrees of freedom.

Supersymmetry: Unification • Coupling constants in gauge theories scale with energy, depending on the particle spectrum, number of generations, and Higgs doublets.

–^1_{αi(Q)} =^1_{αi(Q)} +^{bi}_{2π} log(M/Q) • In the standard model, with N_g = 3 and N_H = 1 – b_1 =^{4Ng}_3 +^{NH}_{10} = 4.1 – b_2 = −^{22}_3 +^{4Ng}_3 +^{NH}_6 = −^{19}_6 – b_3 = −11 +^{4Ng}_3 = −7 • Evolving the coupling constants from Z-pole to high energy – no unification.

Supersymmetry: Unification • With SUSY, with N_g = 3 and N_H = 2

– b_1 = 2N_g +^{3NH}_{10} = 6.6 – b_2 = −6 + 2N_g +^{NH}_2 = 1 – b_3 = −9 + 2N_g = −3 • Coupling constants meet around 10^{16} GeV! • Many variations on this due to different SUSY models.

Sparticle Production at Tevatron • As a p p̄ collider, the Tevatron can produce sparticles via electroweak or QCD interactions.

• Electroweak:

– q q̄^′ → W^± → χ̃^±_1 χ̃^o_2 – q q̄ → Z^o → χ̃^+_1 χ̃^−_1 .

• QCD: – q q̄, g g → g̃ g̃, q̃ ¯q̃ • t̃, and possibly b̃, thought to be less massive than other squarks, and more likely to be produced.

• Single sparticles produced if R-parity violated. • Slepton cross-section low.

Signals at CDF • In models where χ̃^o_1 is LSP, sparticles can decay via:

– χ̃^o_2 → Z^o χ̃^o_1 → l^+ l^− χ̃^o_1 or q q̄ χ̃^o_1 – χ̃^±_1 → W^± χ̃^o_1 → l^±ν χ̃^o_1 – g̃ → q q̄ χ̃^o_i or q q̄^′ χ̃^±_i – q̃ → q χ̃^o_i – t̃ → c χ̃^o_1 or → b χ̃^+_1 if allowed.

• Resulting signals include E̸_T , such as:

– Trilepton signal: χ̃^o_2 χ̃^±_1 → l^+ l^− l^±+ E̸_T – Jets, E̸_T , possibly leptons, from squarks and gluinos.

Signals at CDF • Competes with SM backgrounds producing neutrinos.

– Drell-Yan pair production + fake lepton main trilepton background.

– Z → ν ν̄ + jets background also produce jets and E̸_T . – t t̄ → b b̄ l^+l^−+ E̸_T background for dileptons, jets, E̸_T .

• In GMSB, with G̃ as LSP:

– χ̃^o_1 → γ G̃; neutralino signal becomes photon and E̸_T . – No significant physics background for γ γ E̸_T + X, main background from fake photons.

• R-parity violation: B and L non-conservation.

– e.g. g̃ → c̄ c̃_L → c̄ e^+d giving 2 electrons, 4 jets. – Possible long-lived, stable, charged LSPs.

Famous “γγ missing E_T ” event from CDF Run II TDR.

13

14

15

16

17

18

19

20

Possibilities for Run II • With luminosity, sensitivity, and energy increasing for run II, better results expected. – Greater mass reach – Smaller cross-sections, branching ratios • Run II results being presented at recent meetings based on first 70-120 pb^{−1}.

• Expect 250 pb^{−1} by summer’s end!

Possibilities for Run II

• If SUSY cross-sections ∼ 0.1 − 1 pb, might expect up to 200 - 4000 events. (Not taking background and inefficiencies into account.)

• After 2 years of data collection, enough data to report preliminary results should be available.

• Many SUSY models and parameter choices exist – trends towards signature-based, model-independent analyses.

• Theoretical expectations for SUSY put new physics just within the reach of Tevatron – if SUSY valid, should start to see something.

• We should expect the unexpected.