Index a definition, 20 A^{dir}_{CP} and A^{mix}_{CP} definitions, 24 A_{ΔΓ}

and untagged decay, 359 definition, 23 D(tagging dilution), 83 ϵD^2 (tagging power), 83 η (psuedo-rapidity)

β vs η, 78 coverage of detectors, 76 definition of, 75 λ_f Im λ_f ≠ 0, 27 |λ_f | ≠ 1, 26 definition, 21 |ΔB| = 2 transition, 18 e^+e^− machines

comparison with, 94 q/p, 20 y (rapidity)

definition of, 75

absorptive part, 27, 57 anomalous fermion couplings, 273 anomalous triple gauge boson couplings, 272 anti-unitary transformation, 16, 17

B → X_sℓ^+ℓ^−, 246

QQ̄ background, DØ, 282 charmonium resonances, 249 convergence of OPE, 250 decay amplitude, 246 dimuon mass spectrum, DØ, 283 event rates, DØ, 283 forward-backward asymmetry, 248 intended approach, BTeV, 300 SM prediction, 246

B → ℓ^+ℓ^−, 268 branching ratio, 269 event rates, CDF, 294 event rates, DØ, 285 SM prediction, 270 B → D^{(∗)}ℓν̄, 304 Q^2 reconstruction, BTeV, 319 Q^2 resolution, BTeV, 319 background rates, BTeV, 317 event rates, BTeV, 318 B → Kℓ^+ℓ^−, 254 CP asymmetries, 265 analysis cuts, BTeV, 299 backgrounds, BTeV, 300 event rates, BTeV, 300 form factors, 251 in large energy limit, 257 B → K^∗ℓ^+ℓ^−, 254 CP asymmetries, 265 analysis cuts, BTeV, 296 analysis cuts, DØ, 280 angular distribution, 262 backgrounds, BTeV, 295, 297 charmonium resonances, 260 event rates, BTeV, 297 event rates, CDF, 288 event rates, DØ, 281 form factors, defined, 252 forward-backward asymmetry, 263 forward-backward asymmetry, BTeV, 297 forward-backward asymmetry, CDF, 289, 290 forward-backward asymmetry, DØ, 282 forward-backward asymmetry, zero-point extraction, CDF, 290 in large energy limit, 257 phase space, 278 SM prediction, 260 545 trigger strategy, CDF, 288 B → K^∗γ, 266

event rates, CDF, 287 form factors, defined, 252 HQET prediction, 256 measured branching fractions, 266 trigger, CDF, 286 B → K^∗_2 (1430)γ, 266 B → X_dγ, 246 B → X_sγ, 244

decay amplitude, 244 measured branching fraction, 245 SM prediction, 245 B → π(ρ)ℓν̄, 306 B → ργ, 267 long distance contribution, 267 B decay

nonleptonic, 44 semileptonic, 41, 335, 379 B decays

B^0 → D^−X, 384 B^0 → D^−ℓ^+ν, 384, 426 B^0 → D^−π^+π^+π^−, 384 B^0 → D^−π^+, 26, 384 B^0 → D^0K^−, 191, 196, 210, 214, 233 B^0 → D^±π^∓, 29 B^0 → D^{(∗)+}D^{(∗)−}, 384, 385 B^0 → D^{(∗)}ℓν, 60 B^0 → D^{∗−}X, 384 B^0 → D^{∗−}π^+π^+π^−π^0, 384 B^0 → D^{∗−}π^+π^+π^−, 384 B^0 → D^{∗−}π^+, 384 B^0 → D^{∗±}π^∓, 29 B^0 → D^{(∗)+}s D^{(∗)−}s K_S , 385 B^0 → Kπ, 151, 153, 171, 182, 233 B^0 → KK, 171 B^0 → Xℓ^+ν, 22, 26, 379, 384 B^0 → D^0ρ^0, 384, 385 B^0 → D^{∗0}π^+π^−, 385 B^0 → D^{∗0}ρ^0, 384, 385 B^0 → D^0π^+π^−, 385 B^0 → πℓν, 60 B^0 → ππ, 29, 150, 152, 168, 170, 171, 179, 181, 187, 188, 232, 379 B^0 → ψK^+π^−, 384

B^0 → ψK_S ρ^0, 385 B^0 → ψK_S , 28, 59, 150, 157, 158, 160, 164, 168, 232, 370, 372, 379, 489 B^0 → ψϕK^∗, 385 B^0 → ψϕK_S , 385 B^0 → ψρ^0, 385 B^0 → ρπ, 29, 152, 215, 217, 233 B meson

CP transformation, 15 decay constant f_B, 15 mass difference Δm, 19, 20, 331, 352 Δm_d, 352, 379 Δm_s, 353, 382 new physics, 379, 382 SM prediction for Δm_s, 354 width difference ΔΓ, 19, 20, 354 ΔΓ_s and branching ratios, 360, 362, 368 ΔΓ_s and lifetimes, 362 measurement of ΔΓ_d, 370 measurement of ΔΓ_s, 358 new physics, 363 sign convention, 19 SM prediction for ΔΓ_d, 358 SM prediction for ΔΓ_s, 357 B mixing, 17–22, 352 B^0 mixing, 352, 379 B^0_s mixing, 331, 353, 382 new physics, 18 B^0_s mixing, 138

average significance, 394 average significance in BTeV, 410, 413 average significance in CDF, 401 average significance in DØ, 404 hadronic, 399 K factor, 397 mixing frequency, 394 semileptonic, 396 b-jet

p_t spectrum, 447 production, 445, 447 b-quark production impact on experiments, 69 Coulomb singularities, 443 high energy behavior, 443

Run II, 451 Run II reach, 445 Sudakov logarithms, 443 theory, 441 threshold resummation, 443 via gluino decay, 445 bag constants, 342 B_{Bq} , 356 B^S_{Bq} , 356 baryons

doubly-heavy, 499 triply-heavy, 499 B_c decays

B_c → B^0_s π^+, 497 B_c → B^{(∗)}_s ℓ^+ν, 485 B_c → B^{(∗)}_s π^+, 486 B_c → B^{(∗)}_s ρ^+, 486 B_c → η_cℓ^+ν, 485 B_c → η_cπ^+, 486 B_c → η_cρ^+, 486 B_c → ψℓ^+ν, 485, 488, 498 B_c → ψπ^+, 486, 488, 490, 492, 495 B_c → ψρ^+, 486 B_c meson, 476

decay, 481

leptonic, 485 nonleptonic, 486 semileptonic, 485 lifetime, 482 mass, 477 production, 478

cross section, 480 reconstruction, 488 triggering, 488 b̄c-system

spectroscopy, 477 beam drag, 520, 524 bottomonium

decay

η_b(1S) → ψψ, 457 η_b(1S), 456 polarization

CDF, 473 production, 454 B^0_s decays

B^0_s → ψη^{(′)}, 221, 225, 230, 233 B^0_s → D^{(∗)+}D^{(∗)−}, 385 B^0_s → D^−_s K^+, 147, 190, 193, 203, 214, 233 B^0_s → D^−_s ℓ^+ν, 384, 397, 403 B^0_s → D^−_s π^+π^+π^−π^0, 384 B^0_s → D^−_s π^+π^+π^−, 370, 384, 387, 403, 414, 429 B^0_s → D^−_s π^+, 22, 26, 194, 359, 364, 370, 384, 387, 394, 403, 406, 414, 418, 422, 429 B^0_s → D^±_s K^∓, 29 B^0_s → D^{(∗)+}s D^{(∗)−}s , 24, 155, 355, 361, 364, 367, 368, 372, 384, 385, 387, 416 CP -odd fraction, 368, 372 B^0_s → D^{∗−}_s π^+π^+π^−π^0, 384 B^0_s → D^{∗−}_s π^+π^+π^−, 370, 384 B^0_s → D^{∗−}_s π^+, 370, 384 B^0_s → KK, 182, 188, 361, 362 B^0_s → Kπ, 233 B^0_s → Xℓ^+ν, 22, 364, 370, 384 B^0_s → χ_{c0}ϕ, 385, 425 B^0_s → D^{(∗)0}K_S , 384, 385 B^0_s → ππ, 171 B^0_s → ψK^−π^+, 384 B^0_s → ψK^{(∗)}K^{(∗)}, 385, 403 B^0_s → ψK_S π^0, 385 B^0_s → ψK_S , 145, 385 B^0_s → ψK^{∗0}, 408 B^0_s → ψη^{(′)}, 385, 418, 422 B^0_s → ψϕϕ, 385 B^0_s → ψϕ, 145, 155, 158, 367, 368, 372, 385, 415, 418, 427 B^0_s → ψf_0, 385, 425 BTeV B^0 → D^0K^− prospects, 210 B^0 → ππ prospects, 181 B^0 → ρπ prospects, 217, 220 B^0_s → ψη^{(′)} prospects, 225 B^0_s → D^−_s K^+ prospects, 203 B^0_s mixing, 406 sin 2β prospects, 164, 167 sin 2β_s prospects, 225, 230 sin γ prospects, 203, 208 detector, 121

charged particle identification, 126 data acquisition system, 128 detached vertex trigger, 125 electromagnetic calorimeter, 126 forward tracking system, 127 forward vs central, 121 key features, 122 muon detection, 128 pixel vertex detector, 123 RICH, 126 sketch, 122 flavor tagging, 131

away side combined, 132 away side vertex charge, 132 same and away combined, 133 away side kaon, 132 away side lepton, 131 same side, 133 presumed bb̄ cross-section, 121 presumed luminosity, 121 schedule, 133 software

analysis tools, 128 calorimeter clustering, 130 RICH simulation, 130 simulation tools, 128 tracking, 129 trigger simulation, 130

Cabibbo-Kobayashi-Maskawa matrix V_{cb}, 304 V_{td}, 57, 58, 352 V_{ts}, 57, 58, 353 V_{ub}, 379 CDF B^0 → D^0K^− prospects, 196 B^0 → ππ prospects, 170 B^0_s → ψη^{(′)} prospects, 221 B^0_s → D^−_s K^+ prospects, 193 B^0_s mixing, 393 Υ polarization, 473 ψ polarization, 472 sin 2β prospects, 158 sin 2β_s prospects, 221 sin γ prospects, 170, 193 B_c, 491 Bgenerator, 386 calorimetry, 102 detector improvements, 99, 386 detector simulation, 109, 389 dimuon trigger, 159 flavor tagging, 159, 394

opposite side kaon, 395 same side kaon, 395 hadronic B decays, 202 hadronic trigger, 170, 202, 389 muon systems, 102 proper time resolution

hadronic, 399 semileptonic, 396 charge conjugation, 14, 16 charmonium

decay

χ_{cJ} (1P ) → ψ + γ, 455 η_c → ϕϕ, 456 η_c(2S) → ψ + γ, 455 h_c → ψπ^0, 455 η_c(1S), 455 η_c(2S), 455 h_c(1P ), 455 polarization

CDF, 472 production, 454 chromomagnetic energy of a heavy quark, 336 CKM angle

γ, 189, 191, 214 color evaporation model, 458 color octet model, 459 color singlet model, 458, 479 CP asymmetry

sin 2β, 28 in B^0_s decay, 144 in charged B decay, 23 in flavor-specific decay, 26, 371, 381 SM prediction, 372 interference type, 24 mixing-induced, 24 semileptonic, 26, 156, 371 time-dependent, 23, 28, 148, 155 time-integrated, 24, 155 CP conjugate state, 21 CP transformation

B meson, 15, 360, 361 Higgs boson, 16 quark currents, 15 vector boson, 16 CP violation

clean modes, 28, 29 complex couplings, 16 direct, 24, 26, 29 in ΔF = 1 transitions, 29, 56 in decay, 24, 26, 141, 148, 174

kaon, 56 in mixing, 26, 140, 174

kaon, 55 in non-CP eigenstates, 29 indirect, 29 interference type, 24, 27, 141, 148 kaon, 55, 56, 59 kaon physics, 53

ϵ_K , 30, 55 ϵ_K constraint on ρ, η, 58, 59 ϵ^′_K , 30, 55 semileptonic asymmetry, 53 Kobayashi-Maskawa mechanism, 7, 17 Standard Model, 16, 137 superweak, 30 T violation, 17 tagged decay, 141 untagged decay, 144 CP T theorem, 17 CP T transformation, 17 CP T violation

string theory, 17 CP T violation, 19 cross-sections

DØ measurement, 77 table of, 70

D meson

mass difference Δm_D, 377

new physics, 382 width difference ΔΓ_D, 377

D mixing, 18, 377, 382 DØ B^0 → ππ prospects, 179 B^0_s mixing, 402 ψ trigger, 430 sin 2β prospects, 160, 162 B_c, 488 flavor tagging, 164 DØ calorimetry, 113 DØ central fiber tracker, 111 DØ dielectron trigger, 118 DØ muon detector, 113 DØ muon trigger

Level 1

ψ event rates, 115 QQ̄ dimuon rates, 115 description, 114 efficiency for dimuon events, 115 notation, 114 trigger rates, 115 Level 2 and 3

description, 116 DØ Silicon Tracker Trigger, 116 efficiency, 118 impact parameter resolution, 116 prompt ψ separation, 118 DØ silicon vertex detector, 111 DØ trigger system, 113 decay amplitude, 21, 139 decay matrix Γ, 18

eigenvalues, 20 eigenvectors, 20 detector

desired properties, 87 central vs forward, 88 dilepton mass spectrum

QQ̄ production, 277 sequential decays, 278 trigger rates, DØ, 279 discrete ambiguity of CP phase, 372 dispersive part, 57 doubly-heavy baryon decays

Ω^{++}_{ccc} (ccc), 508 Ω^+_{cc}(ccs), 508 Ω^−_{bb}(bbs), 508

Ω^0_{bc}(bcs), 508 Ξ^{++}_{cc} (ccu), 508 Ξ^+_{bcc}(bcc), 508 Ξ^+_{bc}(bcu), 508 Ξ^+_{cc}(ccd), 508 Ξ^−_{bb}(bbd), 508 Ξ^0_{bbc}(bbc), 508 Ξ^0_{bb}(bbu), 508 Ξ^0_{bc}(bcd), 508 doubly-heavy baryons, 499 decays, 503 lifetimes, 503 observability, 505 production, 500 spectrum, 499

effective Hamiltonian, 242 Wilson coefficients defined, 242 for B → ℓ^+ℓ^−, 268 renormalization group, 242, 244, 269 Wilson coefficients in SM, 242, 269 EM Calorimeter

BTeV, 126 overview of, 92 η_b(1S), 456 η_c(1S), 455 η_c(2S), 455 event

cartoon of a typical, 72

FCNC transitions, 241 flavor tagging

BTeV, 131 CDF, 394 description of

away side, 83 overall strategy, 86 same side, 84 dilution (D), 83 motivation for, 82 power (ϵD^2), 83 flavor-specific, 22

decay modes, 352 fourth generation, 384 fragmentation, 508

color string model, 521 experimental impact, 528 heavy quark

e^+e^− collisions, 511 pp̄ collisions, 514 ambiguities, 525 non-perturbative, 517 perturbative, 511 fragmentation function, 508

heavy quarks, 510 in HQET, 518 Peterson, 512, 517

gluino production, 445

hadronic parameter

B_{Bq} , 356 B^S_{Bq} , 356 ^B_B , 37, 353 relation to B_{Bq} , 356 ^B_K , 57 ξ, 354 f_B0 , 353 f_{Bs} , 353 and SU(3)_F symmetry, 354 in lattice QCD, 50 Hamiltonian

|ΔB| = 1, 32 |ΔB| = 2, 35 h_c(1P )

h_c → ψπ^0, 455 heavy baryons

SU(3) antitriplet, 343 average decay rate, 347 matrix elements, 344 heavy quark expansion, 40–45 heavy quark symmetry, 37 Higgs sector, 275

strong dynamics, 275 HQET (heavy quark effective theory), 37– 40 λ_1 and λ_2, 39, 43 constraints on semileptonic form factors, 303 flavor symmetry relations, 255 for lattice QCD, 51 in inclusive decays, 43 perturbative corrections, 303 spin symmetry relations, 255

inclusive weak decay rates

effective Lagrangian, 334 kinematical integrals, 337 operator product expansion, 333 Pauli interference, 335 semileptonic decay of charm, 341 spectator quark effects, 339 splitting for baryons, 346 theoretical predictions summary, 351 weak scattering, 335 interactions

mean rates of, 80 Poisson distribution of, 81

K decays K → ππ, 54 K^+ → π^+νν̄, 58 K_L → ℓ^±ν π^∓, 53 K_L → π^0νν̄, 59 K mixing, 17, 53 kaon q/p, 53 isospin, 54 mass difference Δm_K , 53 mass eigenstates, 53 rare decay, 58 width difference ΔΓ_K , 53 kinetic energy of a heavy quark, 336

Λ_b → Λγ

event rate, CDF, 287 trigger strategy, CDF, 287 Λ_b → Λ_cℓν̄_ℓ, 304

Q^2 efficiency, CDF, 312 Q^2 reconstruction, BTeV, 319 Q^2 reconstruction, CDF, 312 Q^2 resolution, BTeV, 319 Q^2 resolution, CDF, 312 analysis cuts, CDF, 312 background from excited hadrons, 305 backgrounds, BTeV, 317, 320 backgrounds, CDF, 315 event rates, BTeV, 318 event rates, CDF, 312 trigger, CDF, 309 Λ_b decays

Λ_b → Λ^+_c π^−, 389, 429 Λ_b → Λ^+_c π^−π^+π^−, 389 Λ_b → ψΛ, 388, 429, 430 Λ_b → pD^0π^−, 389, 429 large energy limit, 257

corrections, 258 zero in forward-backward asymmetry, 263 lattice QCD, 253

B → D^{(∗)}ℓν̄, 304 B → π(ρ)ℓν̄, 306 lattice spacing effects

heavy quarks, 50–52 light quarks and gluons, 50 lattice spacing errors, 253 momentum dependent errors, 254 predictions for B → K^∗γ, 266 quenched approximation, 49 semileptonic decays, 304 sources of uncertainty, 253 unquenched f_B, 49 lifetime

B^+, 331 B^0, 331 B^0_s , 331 Λ_b, 331 b-flavored hadron, 331 at CDF, 426

hadronic triggers, 429 leptonic triggers, 428 at DØ, 430 experimental lifetime, 432 ratios, 428 light-cone sum rules, 259, 266 luminosity, 121 Lund string model, 521

mass difference Δm, 331, 352 Δm_d, 352, 379

new physics, 379 Δm_s, 138, 353, 382 new physics, 382 SM prediction, 354 mass eigenstates, 18, 138 mass matrix M, 18

eigenvalues, 20 eigenvectors, 20 mixing asymmetry, 22 mixing parameter

x, 24, 138 y, 24, 138 muon detection

BTeV, 128 overview of, 92

new physics

fourth generation, 384 in B^0_s mixing, 154 left-right symmetry, 381 strong dynamics, 381 supersymmetry, 381 two-Higgs doublet model, 384 flavor-changing Higgs, 381, 384 nonleptonic weak interaction

QCD renormalization, 337 NRQCD (nonrelativistic QCD), 457, 479

OPE (operator product expansion), 31, 32, 482, 483 operator

O_±, 33 O_{1−2}, 33 O_{3−6}, 33 O^{ew}_{7−10}, 34 O_7, 34 O_8, 33 O_{9−11}, 34 Q, 352 chromomagnetic, 33 current-current, 33 electroweak penguin, 34 magnetic, 34 QCD penguin, 33 semileptonic, 34

parity, 14, 16 particle identification

BTeV RICH, 126 overview, 90 Pauli interference, 483 penguins

in B decay, 148 in B^0 → ψK_S , 150 in B^0 → Kπ, 153 in B^0 → ππ, 150 pollution, 148, 151, 168 phase

in decay matrix, 20

kaon, 57 in mass matrix, ϕ_M , 20, 21

kaon, 56 of CP violation in mixing, ϕ, 20, 357 kaon, 54, 55 SM prediction for ϕ_d and ϕ_s, 357 phase convention, 25

CKM matrix, 15 phase transformation

quark field, 15 pixel detector, 123 potential models, 482 production

b-quark, 441 proper decay time, 86 psuedo-rapidity (η)

β vs η, 78 coverage of detectors, 76 definition of, 75

QCD improved parton model, 442 quark models, 258 quark-hadron duality, 243 quarkonium

polarization, 468

CDF, 472, 473 production, 454, 457 spectroscopy, 454

rapidity (y)

definition of, 75 renormalization group, 33, 34 resummation, 444

Schrödinger equation, 18, 19 semileptonic decays

lepton-displaced track trigger, CDF, 310 muon identification, BTeV, 317 simulation method, CDF, 308 trigger strategy, CDF, 307 short distance cross section, 442, 479 spectator model, 483 strong phase shifts

from lattice QCD, 52 from perturbative QCD, 13 SU(3), 256

breaking, 256 relations, 152, 178 summary

B^0_s mixing projections, 413 lifetime projections, 432 width difference ΔΓ_s projections, 425 supersymmetry, 262, 381

Tevatron parameters, 70 time evolution

decay rate, 21

D meson, 378 untagged B, 23 time reversal, 14, 16 tracking system

BTeV, 127 required properties, 90 transversity angle, 415 triggering

B_c meson, 488 BTeV, 125 detached vertex, 125 overview of, 91 twist expansion, 243 two-Higgs doublet model, 381, 384 flavor-changing Higgs, 381, 384

unitarity triangle

and B^0_d −B^0_d mixing, 59, 331, 352 and B^0_s −B^0_s mixing, 59, 331 and V_{ub}, 59, 379 angle α, 379 angle β, 355, 379 angle β_s, 355 angle γ, 355 kaon physics, 58, 59 untagged B

branching ratio, 23 two-exponential decay, 359, 365, 368, 369 Υ polarization

CDF, 473 production, 454

vertex detector

BTeV pixel, 123 desired properties, 89

width difference ΔΓ, 354

B^0_s , 45, 138, 155 ΔΓ_{CP} , 422 measurement of ΔΓ_d, 370 measurement of ΔΓ_s, 358

at BTeV, 418 at CDF, 414, 418 branching ratios, 360, 368 effect of vertex trigger, 421 lifetimes, 362 sensitivity, 422 summary, 425 new physics, 363 SM prediction for ΔΓ_d, 358 SM prediction for ΔΓ_s, 357 Wigner-Weisskopf approximation, 19 Wilson coefficient, 32, 34, 352 |ΔB| = 2, 37 table, 36 Wolfenstein parameters

for V_{cd}V^∗_{cb}, 355 for V_{cs}V^∗_{cb}, 355 for V_{td}, 353 for V_{td}V^∗_{tb}, 355 for V_{ts}, 353 for V_{ts}V^∗_{tb}, 355 for V_{ud}V^∗_{ub}, 355 for V_{us}V^∗_{ub}, 355