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Fig. 5. The present measurement of the asymmetry Ap together o
with other experiments. The statistical and systematic errors are which is called
added in quadrature. The two curves are the Born term prediction TOP

without mixing (broken line) and the fit to the data (solid line)
with mixing parameter y. See the text.
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Where is the Top Quark? 1980
Sheldon L. Glashow'”

Center for Theovelical Physics, Labovalory for Nuclear Science and Depaviment of Physics,
Massachusetts Institute of Technology, Cambvidge, Massachusetts 02139
(Received 17 October 1980)

Arguments are presented suggesting that the top-quark analog of the J/¢ should lie at
38+ 2 GeV] Should there exist a fourth @ =% quark &, the first Ak state must be heavier
than 300 GeV.
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MASS AND MIXING ANGLE PREDICTIONS FROM INFRA-RED FIXED POINTS 1980

B. PENDLETON and G.G. ROSS
Theoretical Physics Department, Ox ford OX 1 INP, UK

Received 15 July 1980
Revised manuscript received 3 November 1980

250
| [t is argued that low energy parameters, such as masses and mixing angles, may be related by the infra-red fixed points of
ml‘ | the underlving field theory. For the Kobayashi- Maskawa 6 quark model the infra-red fixed point predicts the top quark
200 mass pnt = 135 GeV pnd the Higgs mass mpy = 72 GeV. The implications for the mixing angles and phase are discussed and

we also show that grand unification predictions should not be significantly affected.
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TOWARDS A REALISTIC SUGRA-GUT 1983

..E. IBANEZ

Departamento de Fisica Téorica C-X1. Universidad Autonoma de Madrid. Cantablanco. Madrnd-34. Spain

and

G.G. ROSS'

Rutherford Appleton Laboratory. Chilton. Didcot, Oxon. England
Received 25 June 1983

We construct a grand unified model based on (N = | local supc.rs) mmetry) x SU(S) (a “"SUGRA™ GUT) in which the
only fundamental mass scale 1s ()(Mplanc;) The model predicts sin® 26w = 0.22, and has two new scales induced by
gravitational effects M, = ’\Ip,,m,\ ‘87, Mgusy = 10" GeV. SU(2) x U(1) is broken by radiative corrections for a top quark
md\\ in the rangd 30 < m, < 130 GeV|and the colour triplets of Higgs scalars are automatically superheavy.
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ASSOCIATED PRODUCTION OF AN ISOLATED, 1984
LARGE-TRANSVERSE-MOMENTUM LEPTON (ELECTRON OR MUON),
AND TWO JETS AT THE CERN pp COLLIDER

UAI Collaboration, CERN, Geneva, Switzerland

A clear signal is observed for the production of an isolated large-transverse-momentum lepton in association with two or
three centrally produced jets. The two-jet events cluster around the W* mass, indicating a novel decay of the Intermediate
Vector Boson. The rate and features of these events are not consistent with expectations of known quark decays (charm,
250 bottom). They are, however, in agreement with the process W — tb followed by t — beu, where t is the sixth quark (top) of
the weak Cabibbo current| If this is indeed so, the bounds on the mass of the top quark are 30 GeV/c“ < my < 50 GeV/e*.
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ARGUS Collaboration
Received 9 April 1987

Observation of B’ — B” mixing

To explain the large mixing parameter,
ARGUS had to assume the top mass
to be large, m¢o, > 50 GeV

Using the ARGUS detector at the DORIS II storage ring we have searched in
three different ways for B® — B® mixing in Y (4S) decays. One explicitly mixed
event, a decay Y — BB, has been completely reconstructed. Furthermore, we
observe a 4.0 standard deviation signal of 24.8 events with like-sign lepton pairs
and a 3.0 standard deviation signal of 4.1 events containing one reconstructed
B°(B") and an additional fast/*(/") . This leads to the conclusion that B’ — B’
mixing 1s substantial. For the mixing parameter we obtain r=0.21+0.08.
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C.-P. Yuan

(Received 15 May 1989)

New method to detect a heavy top quark at the Fermilab Tevatron

High Energy Physics Division, Argonne National Laboratory, Argonne, Illinois 60439

We present a new method to detect a heavy top quark with mass|~ 180 GeV|at the upgraded Fer-

250 milab Tevatron (V'S =2 TeV and integrated luminosity 100 pb~') and the Superconducting Super

200

717 Collider (SSC) via the W-gluon fusion process. We show that an almost perfect efficiency for the
“kinematic b tagging” can be achieved due to the characteristic features of the transverse momen-
| tum P and rapidity Y distributions of the spectator quark which emitted the virtual W. Hence, we
can reconstruct the invariant mass M°*? and see a sharp peak within a 5-GeV-wide bin of the M "
distribution. We conclude that more than one year of running is needed to detect a 180-GeV top

150 quark at the upgraded Tevatron via the W-gluon fusion process. Its detection becomes easier at the

SSC due to a larger event rate.
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Minimal dynamical symmetry breaking of the standard model

We formulate the dynamical symmetry breaking of the standard model by a

William A. Bardeen, Christopher T. Hill, and Manfred Lindner

Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, Illinois 60510

(Received 21 July 1989; revised manuscript received 2 November 1989)

top-quark conden-

The low-energy effective Lagrangian is the usual standard model

250 | sate in analogy with BCS theory.
m with supplemental relationships connecting masses of the top quark, W boson, and Higgs boson
| which now appears as a 7 ¢t bound state. Precise predictions for m, and my are obtained by abstract-
200 | ing the compositeness condition for the Higgs boson to boundary conditions on the
renormalization-group equations for the full standard model at high energy.
I
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Discovery of TOP
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o A charge asymmetry arises at NLO
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Top quarks are produced along the direction of the incoming quark
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Minimal FCNC Z’ is disfavored

Berger, Qing-Hong Cao, Chen, C. S.Li, Zhang, PRL 106 (2011) 201801
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Left-handed coupling is
highly constrained by
Bg4- By mixing.

Arg prefers a fr.




Minimal FCNC Z’ is disfavored

Berger, Qing-Hong Cao, Chen, C. S.Li, Zhang, PRL 106 (2011) 201801
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Minimal FCNC Z’ is disfavored

u > >

Left-handed coupling is
highly constrained
Bg4- By mixing.
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AFB versus A
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° Charged Iepton is maX|maIIy correlated with top-spln
—_ Bernreuther, Zong-Guo Si, NPB837 (2010) 90
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A% 5 versus AL,

Berger, Qing-Hong Cao, Chen, Yu, Zhang, PRL 108 (2012) 072002

t .
e Arpand A%y is connected by the top-quark and
charged lepton spin correlation.
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Color sextet scalar and same-sign top pair

Berger, Qing—Ha, n, Shauhnesy, hang, PRL 105 (20]0) 181802 .
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supersymmetry Extra Dimension
MSSM, NMSSM, nMSSM, uMSSM  Flat (ADD, UED)
R-violating Warped (RST)
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echnicolor
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