NLO generator SingleTop

E. Boos, L. Dudko, V.Savrin, A.Sherstnev

Theory Division of the Institute of Nuclear Physics Moscow State University

Outline

• Introduction

• Basic single top processes and rates

• Problems with single top event generators

• SingleTop - the new NLO event generator for LHC (for Tevaron RUNII - ready soon)

• Conclusions

SingleTop is based on latest versions of CompHEP PYTHIA CompHEP-PYTHIA interface (Les Houches Accord) first version:

E.Boos, L.Dudko, and V.Savrin, SingleTop - the new event generator for single top quark production at LHC. CMS Note 2000/065

Tevatron results in RUN1:

• The 95% Confidence Level Limit on single top production cross section : 13.5 pb by CDF (preliminary) 39 pb (17 pb Neural Network) (s-channel) and 58 pb (22pb Neural Network) (W-gluon fusion) by D0 (published) Extracted cross section of single top production by the likelihood fit (CDF): σ = 5.2^{+4.9}_{−3.4} pb SM prediction: σ_{SM} = 2.43 ± 0.32 pb

Single top is expected to be discovered in RUN2

• Top decays much faster than a typical time-scale for a formation of the strong bound states. So, top provides, in principle, a very clean source for a fundamental information.

• In single top production processes Top is expected to be produced with a high degree of polarization

• Correlations in Top production and decay determine by the W tb coupling structure and unique in the Standard Model

The main goals to search for single top:

• Independent electroweak channel of the top quark production • Direct |V_{tb}| CKM matrix element measurement • Significant background to Higgs and many “new physics” (MSSM) processes • Unique spin correlations properties • Process of interest for “New physics”

– W_{tb} anomalous couplings – FCNC – New strong dynamics – R-parity violating SUSY effects – effect of Kaluza-Klein excited W-boson and W^′

Three mechanisms of the single top production: t-channel (Q^2_W < 0) s-channel (Q^2_W > 0) associated tW (Q^2_W = M^2_W ) t-channel

t-channel σ_{NLO} = 245 pb ± 27 LHC (2.4 pb ± 0.4 Tevatron)^a

aS.Willenbrock et al Phys.Rev. D56 (1997) 5919-5927

Diagram for s-channel single top production:

q q̄^′ t

b̄ W

s-channel σ_{NLO} = 10.2 pb ± 0.7 LHC (0.88pb ± 0.05 Tevatron)^a

aM.Smith, S.Willenbrock Phys.Rev. D54 (1996) 6696-6702

Diagrams for leading order 2 → 2 tW production (A) and O(1/log(m^2_t /m^2_b )) 2 → 3 process (B), (C):

σ(tW + X) = 62.0^{+16.6}_{−3.6} pb^a

aA.Belyaev, E.Boos Phys.Rev.D63 (2001) 034012

Single top generators: ONETOP, TopRex, generators based on MADGRAPH, PYTHIA, CompHEP (SingleTop) Problems and requirements:

• Negative weights when subtraction method is used. • ”Reasonable” matching of the LO and NLO calculations at the generator level.

• Correct spin correlations.

• Separation Top and antiTop since the rates are different.

• Anomalous W tb and FCNC couplings.

Analysis of Pythia (2 → 2 + b-jet from ISR) and CompHEP (2 → 3) distributions:

Matching of Pythia (2 → 2) and CompHEP (2 → 3) distributions:

σ_{PYTHIA}(2 → 2) = σ_{NLO} − σ_{CompHEP}(2 → 3) |_{P bT >cut(P bT )},

where, σ_{CompHEP}(2 → 3) |_{P bT >20GeV,P} q_{T >20GeV}≈ 88.7 pb

Final matching of Pythia (2 → 2) and CompHEP (2 → 3) distributions:

σ_{PYTHIA}(2 → 2) = σ_{NLO} − σ_{CompHEP}(2 → 3) |_{P bT >cut(P bT )},

where, σ_{CompHEP}(2 → 3) |_{P bT >10GeV,P} q_{T >20GeV}≈ 124 pb

Generated t-channel subprocesses (SingleTop):

Cuts: P^b_T > 10 GeV, P^{jet}_T > 20 GeV, ΔR(j, j^′) > 0.5

pp → tb̄(t̄b) + jet + X 73.8pb(46.2pb) (1) Subprocesses : ug → dtb̄ ug → stb̄ d̄g → c̄tb̄ ud̄ → gtb̄ gu → dtb̄ gu → stb̄ gd̄ → c̄tb̄ us̄ → gtb̄ cg → dtb̄ cg → stb̄ s̄g → c̄tb̄ d̄c → gtb̄ gc → dtb̄ gc → stb̄ gs̄ → c̄tb̄ s̄c → gtb̄ d̄g → ūtb̄ d̄u → gtb̄ gd̄ → ūtb̄ s̄u → gtb̄ s̄g → ūtb̄ cd̄ → gtb̄ gs̄ → ūtb̄ cs̄ → gtb̄ 59.7(34.4) pb 6.6(4.4) pb 5.4(6.2) pb 2.2(1.3) pb

Generated s-channel subprocesses (SingleTop): pp → tb̄(t̄b) + X 4.9pb(3.1pb) (2) Subprocesses : d̄u → tb̄ ud̄ → tb̄ d̄c → tb̄ cd̄ → tb̄ s̄u → tb̄ us̄ → tb̄ s̄c → tb̄ cs̄ → tb̄ http://cern.ch/mc

Conclusions

• Study of Single Top Quark production at the LHC provides a large number of possibilities to measure top properties like couplings, width etc and to search for various new physics effects.

• Single top is an important part of the total top production rate (about 1/3), and it gives a significant background to many physics processes like Higgs, MSSM etc.

• Therefore one has to simulate Single top signal accurately in a hole region of the phase space taking into account known NLO corrections, spin correlations between top production and its subsequent decay, at the next step - possible anomalous couplings (Wtb, FCNC). SingleTop is a step in that direction.