The xs Reach of BTeV

Robert K. Kutschke Fermi National Accelerator Laboratory

Workshop on B Physics at Run II and Beyond Fermilab September 24, 1999

• Decay Modes • Method • Results • Future Plans • Summary and Conclusions

http://www-pat.fnal.gov/personal/kutschke/
                         BTeV/talks/990924.ps

Decay Modes Considered Bs → D−s π+ → ϕπ− → K+K− → K∗0K− → K+π− • Large product BR.

• Narrow intermediate States. • Ds → KKπ Dalitz plot cut. Bs → J/ψ K̄∗0 → K−π+ → μ+μ− • Redundant trigger. • 4 prong vertex.

• These partially overcome low product BR (Cabbibo suppressed).

Analysis Plan

• Simulations with MCFast • Signal Channels

• Efficiency ( including trigger ). • Mass resolution ( σm ).

• Proper decay time resolution. (σt). • High stats simulation of BG

• S/B; feedback to analysis cuts. • B → ΨX or B → DsX. • Generic B.

• Tagging ϵD2 from a separate study. • Details of cuts can be found in Preliminary TDR on our web site.

• Standalone Calculations • Ensemble of Mini Monte Carlo runs. • “Analytic”á la McDonald. Princeton-HEP 92-04.

Simulation Results for Bs → D−s π+

σm = 19 ± 1MeV/c2 σt = 50 ± fs

Simulation Results for Bs → D−s π+

Quantity Value Yield (Events/year) Luminosity: 2 × 10^{32} cm^{−2}s^{−1} One Year: 10^7 s σ_b¯_b: 100 μb B(B_s → D^−s π^+): 3.0 × 10^{−3} B(D^−s → ϕπ^−): 0.030 B(D^−s → K^{∗0}K^−): 0.036 B(ϕ → K^+K^−): 0.49 B(K^{∗0} → K^+π^−): 0.67 B(b̄ → B_s) 0.13 6,210,000 ϵ(Geometric) 0.08 ϵ(Analysis cuts : ϕπ^−) 0.40 ϵ(Analysis cuts : K^{∗0}K^−) 0.33 ϵ(Trigger) 0.60 108,000 ϵ(Tag)^† 0.15 16,100 Mistag fraction^† 0.25 ϵ_{tag}D^{2†} 0.04 S/B 3:1 σ(Proper Decay time) 50 fs

† Uses only highest quality tags, leptons and kaons! Highly conservative.

Numbers in red used in Mini Monte-Carlo.

Simulation Results for Bs → J/ψ K̄∗0

Quantity Value Yield (Events/year) Luminosity: 2 × 10^{32} cm^{−2}s^{−1} One Year: 10^7 s σ_b¯_b: 100 μb B(B_s → ψK̄^{∗0}): 8.5 × 10^{−5} B(ψ → μ^+μ^−): 0.061 B(K̄^{∗0} → K^−π^+): 0.667 B(b̄ → B_s) 0.13 180000 ϵ(Geometric) 0.18 ϵ(Analysis cuts) 0.17 5508 ϵ(Trigger) Tracking only 0.60 ϵ(Trigger) Total 0.85 4680 ϵ(Tag)^† 0.15 700 Include ψ → e^+e^− 1030 Mistag fraction^† 0.25 ϵ_{tag}D^{2†} 0.04 S/B 2:1 σ(Proper Decay time) 38 fs

† Uses only highest quality tags, leptons and kaons! Highly conservative.

Numbers in red used in Mini Monte-Carlo.

The Mini Monte-Carlo • Assume that BG has same lifetime as Bs. • Assume gaussian smearing with fixed σ, N(0, σ; t). • Assume step function efficiency.

• Mixed and unmixed lifetime distributions are:

F^0±(t) = N 2 [1 ± D(1 − b) cos(xt)] exp (−t).

D = tagging dilution. b= background fraction. Include smearing and efficiency: F±(t) = ϵ(t) ∫ F^0±(t′) N(0, σ; t − t′)dt′,

• Must be careful to normalize F±(t) such that the area under F±(t) is independent of xs. • Also define the fraction and number of mixed and unmixed events, f±, n±.

. . . The Mini Monte-Carlo • Generate N “events” according to the two distributions F±(t).

• Define unbinned likelihood function:

L(x) = ∏ i n+ F+(ti) ∏ j n− F−(tj) − ln(L(x)) = − ∑ i ln(n+F+(ti)) − ∑ j ln(n−F−(tj))

• i runs over unmixed events • j runs over mixed events.

• The 1σ confidence interval is given by Δ(− ln(L)) = 0.5.

Mini-MC for 1 Year of Bs → D−s π+

• The dashed line shows 5σ above the minimum.

Mini-MC for 1 Month of Bs → D−s π+

• The red line shows 5σ above the minimum.

Mini-MC for 1 Month of Bs → D−s π+

• The dashed line shows 5σ above the minimum.

Lessons Learned from Mini-MC

• xs reach is limited by likelihood function having large secondary minima.

• At the statistical limit of observing a signal, the error on xs is about ±0.2.

• This error is approximately independent of xs for all interesting values of xs.

• Error is consistent with Craemer-Rao minimum error bound.

• Errors returned by the fit correctly describe the dispersion of values “measured” in an ensemble of Mini-MC runs.

The “Analytic” Calculation Likelihood function was, − ln(L(x)) = − ∑ i ln(n+F+(ti)) − ∑ j ln(n−F−(tj)) To smooth out fluctuations, replace sums with an integral over the parent distribution: − ln(L(x)) ≃ −N { f+ ∫ ∞ t0 F+(t; x0) ln(F+(t; x))dt − f− ∫ ∞ t0 F−(t; x0) ln(F−(t; x))dt }

• x0 is the generated value of x.

“Analytic” Computation of the Likelihood Function

• Define a signficant observation when (asymptote-minimum)=(25.+6.25)/2.

Early Test Beam Results - Normal Incidence

• Consistent with expectations, which predict resolutions on the order of 3 to 4 μm for the relevant angles of incidence.

Future Plans • Use all of the tagging power.

• Improve S/B studies: more statistics and dirtier MC.

• For Mini-MC incorporate a distribution of resolutions.

• Verify reach with ensemble of Mini-MC “experiments”? • Add Bs → D−s π+π+π−?

Conclusions • BTeV has an xs reach of about 60 for one year of running.

• Lots of headroom remains,

• This estimate makes uses less than half of the tagging power that is likely available. • The are other decay modes to include.