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We investigate the process of double top quarks production
(see Y.Gouz and S.Slabospitsky, hep-ph/9811330 for details)

pp — ttX

pp — ttX
where both top quarks decay into charged lepton (u), neutrino
and b-quark

t— bW = blty

We also studied the contribution from related background pro-
cesses.



Double top (antitop) may be produced in the following process:
eSMQCD:gg — tttt

suppressed due to & o< o and requirement that one ¢ (or tt)
pair should produce in very forward (backward) direction

e SMQCD :tt — tt, (tt — ti)

initial ¢-quarks are from a sea of colliding hadrons

e SM electro-weak processes

qq — ttWW qq — ttiq
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suppressed by (agep)” (c¢gep)™ + kinematics



e beyond SM : four-fermion interaction
qq — tt
q t

L

e beyond SM : Flavor Changing Neutral Current
qq — tt

u(c)—- % ¢




In Standard Model framework only loop contributions may gen-
erate FCNC ¢-quark decays

channel Brs,,
t—g + c(u) 5-107H1
t—~v + c(u) 5-10713
t—Z 4+ c(u) 1.5-10713
Any experimental evidence for top-quark FCNC
process would be an indication of a new physics

beyond SM.
e two-Higgs—doublet model

Br(t — gc) ~ 107° = 1077
Br(t — yc) ~ 107°
Br(t — Zc) ~ 107°
e SUSY (without R—parity)
Br(t — gc) ~ 107°
Br(t — yc) ~ 107°
Br(t — Zc) ~ 107*



Anomalous couplings lead to effective vertices of the FCNC
transitions of ¢t — gc, t — ¢, and t — Zc
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e Indirect constraints (low energy)
The anomalous top interactions may generate the FCNC tran-
sitions in other quark sector (i.g. b — s). From K — putpu~,
K1~ Ksmass difference, B'— B mixing, B — IT17 X, b — s~
one gets

k.| < 0.29

|k,] < 0.28

e Using CDF constraints on

Br(t — c¢y) + Br(t — uy) < 3.2% (95% CL)
Br(t — ¢Z) + Br(t — uZ) < 33% (95% CL)

one finds

k.| < 0.77
k.| < 0.74

e tt production via FCNC

The anomalous top interactions lead to appearance of the new
diagrams having initial and final particles identical to the QCD
case

g 12 g t

require that |cgop — gops| < d(= 2 pb) one finds

B9 < 0.47 Tev!
A



channel | Wb | (c+u)g | (c+u)y (c+u)Z
k/A 8§8-107% | 3-107% |k, ~4-1077
N(GeV)| 154 |7.7-1071 | 7710712 2.2.10713
Br 1. | 5-100% | 5.10718 | 15.10713
k/A 1 1 Kk, =1
I(GeV) | 1.54 1.4 0.084 1.4

Br 0.35 0.32  {0.02(0.05) 0.32
k/A 0.5 0.77 Kk, = 0.74
[(GeV) | 1.54 0.35 0.05 0.77

Br 0.57 0.13 0.018 0.28
k/A 0.5 0.28 k. = 0.29
N(GeV) | 1.54 0.35 6.6-1073 0.11

Br 0.77 0.17 0.003 0.056

where x/A is in TeV ™1




Search for anomalous top couplings
e Rare decays

osu(pp — tX) x Breenc(t — ...)

e Direct production

orcnc(pp — tX) x Broy(t — ..)
Rare decays (FCNCQC)

el — cg
ot — cvy
ot — c/
ot — W W¢

W+ W=
t ds b ¢

A X VuVi=0 for mg=ms=my

Due to evident GIM suppression the corresponding branching
ratio is very small

Br(t — WtW™¢c) ~ 10712



Top quark production via FCNC
e The largest cross-section has the process of “charm-gluon”
fusion

u(c)

The cross section depends on K',g. For k,/A =1 TeV~! one gets

Vs=14TeV o(ug —1t) ~ 2-10* pb
o(ug —t) ~ 5-10%pb
o(cg —t) ~ 3-10°pb

however, the background processes
large.

N

Wjets and tb) are very

e 2 — 2 processes

gu — tg(v,”Z)
qq — tc, gg — tc

For example,
q7 — té, = o(14 TeV) ~ 20 pb

These processes have large cross sections, however the back-
ground processes are also very large.



e FCNC contribution to ¢t production.

Can be seen at relatively large values of anomalous couplings
(k ~0.1)
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Double top production

pp — ttX
pp — ttX
t — W' — bty

Three anomalous couplings contribute to this process

similar to t¢ production, however o(tt) o< (r,)*

has no background from ¢t (for [T{*2jets final states) or from
single-top production

For /s = 14 TeV and K, = kK, = K, = 1 one has

o(tt) ~ 480 pb (70% g, 5% ~, 25% Z)
o(tt) 16 pb

For £ = 100 fb~! one may expect to achieve the upper limits

12

%’i ~5-1072 TeV™, Br(t — gc) ~2-1073
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We study two background processes:

q
qqg — Wtt W
t
=
1 {
%4
q sl q
qq — WWaqq E
q % q
w
The cross sections are equal to:
o(tt) = 480 pb, o(tt) = 16 pb,
o(Wtt) = 0.5 pb, o(W~tt) = 0.24 pb,

c(W+Wqq) = 05pb, o(W-"W-qq) = 0.23 pb.
The contributions from W W qq processes are very small (in pb):

qqutuT =6.6-1073, cqutput =1.4-107%, bgutut =2.1-10"°
qqup~ =2.9-1073, cqupu™ =1.0-107%, bgu p~ =7.6-10"7

for luminosity of L = 10° pb~! one may expect before any cuts

WWaqq = N(pptbX) ~ 19 and N(p p bX) ~ 11
Wit = N(p ptbX) ~ 200 and N(pu~pu bX) =~ 100
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We have included all these process in
PYTHIA 5.7 + JETSET 7.4
ATLFAST 2.0 + ATLFAST-B
We apply the following cuts:
pr > 15 GeV, |n| < 2.5
two isolated like-sign charged lepton (up, pe or ee)
Rl—jet > 0.4
E¥" > 20 GeV, |nje| < 5, |mp—jer] < 2.5
We use a standard b-tagging (NSET=5) with the efficiencies as
follows:

ep = 36%, €. =10%, €,q4s=1%.
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We apply four additional cuts
e only two jets with EZ > 20 GeV

o %" > 40 GeV and one (or two) b-jet

e both invariant masses M (l;j;) and M(ls75) should be less
than 160 GeV

e invariant mass of two charged leptons and two jets should
be greater than 500 GeV
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cut Nevents (tt) Nevents (Wtf)
o (for k = 1) 0.72 pb 0.004 pb
no cut 10000 10000
two isolated like-sign muons 3452 5354
ph > 15 GeV, no third muon

only two jets with EZ¥ > 20 GeV | 2095 712
two jets with 2% > 40 GeV 1221 316
and one (or two) b-jet

M(lj) < 160 GeV 1177 190
M(llj7) > 500 GeV 853 15
Neyents for L = 10° pb~! 6100 0.6

Nsignal > Nback

as a preliminary result we find

g

A
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To estimate the upper limit on the anomalous coupling we re-
quire:

<0.069 and Br(t — glc+u)) <4.3-107°




