Results from Fermilab E687 and Future High Statistics Charm Experiment FOCUS/E831

Harry W. K. Cheung Fermilab, Batavia, Illinois, USA

Talk presented at the conference on Production and Decay of Hyperons, Charm and Beauty Hadrons, Strasbourg, France, Sept. 5-8, 1995.

Brief History of Fermilab E687

• 1987 Data Taking Run

– About 10^4 Charm decays reconstructed

• 1990+1991 Data Taking Run

– About 10^5 Charm decays reconstructed – Run ended January 1992, Data processing of the 500 million events completed in August 1992!

– First Physics results published in February 1993 – So far 23 physics papers published in PRL or PLB from 1990/91 data – Still more interesting physics to come!

Some Highlights of E687 Results

• Lifetimes

– World’s best measurements of all the charm particle lifetimes

• Charm Baryon Decays

– Reconstructed baryon decays using the Σ^− (Σ^− → nπ^−), e.g. Λ+_c → Σ^−π+π+ – First conclusive evidence for the Ω^0_c , in Ω0_c → Σ+K^−K^−π+ – First confirmation of two Λ^{∗+}c states

Some Highlights of E687 Results

• Many Competitive Semileptonic Results – D^+ → K^{∗0}μ^+νμ form factors and branching ratios – D^+s → ϕμ^+νμ form factors and branching ratios – D^0 → K^−μ^+νμ form factor, branching ratio, pole mass and f_−(0)/f+(0) – Coming soon: D^0 → K^−e^+νe, D^0 → π^−e^+νe,

D0 → π−μ+νμ branching ratios, ratio of form factors and |V_{cd}|/|Vcs|

Some Highlights of E687

Results

• Hadronic Decays of Charm Mesons – Detailed Dalitz plot analyses of D^+, D^+_s → K^+K^−π^+ and D → Kππ Coming soon: D^+, D^+_s → π^+π^−π^+ – Decays with K^0_s

D^0 → 2K^0_s and 3K^0_s D^+, D^+_s → K^0_s K^+ and K^0_s K^{∗+}

– Multibody decays, e.g. D^0 → K^+K^−π^+π^−, K^−π^+π^+π^−,

K^+K^−K^−π^+ and π^+π^−π^+π^−

• Tests of QCD with Double D Events

• Competitive D^{∗∗} Results

• CP Violation search in Charm decays

• Coming soon: DCSD decay D^+ → K^+π^−π^+

Photoproduction of Charm in an Upgraded Spectrometer

• Accumulate 10^6 Fully Reconstructed Charm Decays

• Tremendous Experience gained from E687

• Run at 5 times the luminosity of E687

• Improve Efficiency of the DAQ+Detector by ×2 – Upgrade to handle higher beam intensity – 5 New detectors – Upgrades to all detectors except Cerenkovs – New Trigger System – New DAQ System

Physics Goals for FOCUS

• High Precision Studies of the D Semileptonic Decays – Muon yields are anticipated to be 30× E687 – Muon misidentification reduced by ×5 – Much improved electron detectors – Measurement of |Vcd|/|Vcs| to 1.5% – Measurement of vector and axial vector form factors might be used to predict the Beauty form factors

• Leptonic Decays – f_D pseudoscalar decay constant – Observing D^+ → μ^+νμ, D^{∗+} → D^+π^0 – Search for D^+_s → τ^+ντ

• Absolute Branching Fractions

– CLEO value 2% statistical and 4.4% systematic – Measurement of BR(K^−π^+) to 3% – Measurement of BR(K^−π^+π^+) to 4%

• Hadronic Decays of the D^0 and D^+

– Improved Dalitz plot analyses – Ability to use K^0_L with new hadron calorimeter

Physics Goals for FOCUS....

• Study Charm Production Dynamics and Make a Detailed Comparison with Models – Double charm events will be particularly useful (10K events)

• D^+_s Decays

– 20,000 D^+_s → K^+K^−π^+ – Study excited states • Λ^+_c Decays

– 20,000 Λ^+_c → pK^−π^+ – Absolute Branching ratio (to 20% statistical) – Search for new modes (containing neutrons) using the Λ^{∗+}_c tags

• D^{∗∗} States

– Look at carefully with very clean Double D samples • Charm Baryon Spectroscopy and Lifetimes

– New ability to use Ξ^0 as a daughter decay particle as well as Λ^0, Σ^±, Ξ^− and Ω^− – Search for doubly-charmed baryons

Physics Goals for FOCUS....

Search for New Physics

• D^0 − D̄^0 Mixing and Double Cabbibo Suppressed Decays

– Current predictions for mixing including long distance effects are ≈ 10^{−8}, but various new phenomena like a heavy b^′, or two-Higgs-Doublet models could produce visible mixing effects – Conclusively identify several DCSD channels, e.g.

D^+ → K^+π^+π^−, K^+K^+K^−

• Rare D Decays

– Set limits for D^0 decays to μ^+μ^− and e^+e^− – Set limits for D^0 → ργ and K^∗γ

• Forbidden Decays

– D^0 → μ^+e^−

• CP Violation

– Difference in rates between D^0 and D̄^0 decays using the D^{∗+} as a tag

Changes for FOCUS from E687

Ten Times More Charm

• Upgrades to the Beamline

– Use positron beam ×1.50 – Lower secondary energy ×2.65 effect on charm cross section ×0.75 – Reduce material in beamline ×1.10 – More intensity/run longer ×1.50 – Total increase in flux ×5

• DAQ, Trigger and Spectrometer

– DAQ upgrade and hadron calorimeter ×1.5 in improved trigger – Upgrades to spectrometer ×1.4-2.0 – Increase in livetime/efficiency ×2-3

• Total increase in Charm ¿ �10

Changes for FOCUS from E687

Many Upgrades and Five New Detectors

• Segmented Target

– Allows for 50% of D^0’s to decay outside of target

• Silicon Vertex Detector

– Faster and Thinner

• NEW Target Silicon Detector

– Better spatial resolution – Increased efficiency – Increased acceptance – Improved momentum resolution

• Multiwire Proportional Chambers

– 2 of 5 chambers rebuilt – Lower gain - higher efficiency – Deaden central region – Cover central region with NEW Straw tubes to keep good efficiency

Changes for FOCUS from E687

• Upgraded and Expanded Muon System

– Expect 30× more reconstructed decays with muons – NEW Inner muon system should have 5× better pion misidentification – NEW outer muon detector extends muon acceptance to lower momentum

• Improved Electromagnetic Calorimetry

– NEW Inner electromagnetic calorimeter using Lead Glass will give much better energy resolution – Upgraded outer electromagnetic calorimeter will have better pattern recognition

• NEW Fast Hadron Calorimeter

– Tower Geometry with scintillating tiles – Use in the first level trigger to reduce DT

• Improved Trigger

– Transverse energy trigger – Zero degree blind trigger

• NEW Data Acquisition System

Schedule for FOCUS

• Start 17 month run in April 1996 • Concurrent data processsing during the run • Expect exciting physics results in 1997

Future Of Charm in the US!