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* New physics “generated” in extensions of the standard model
would manifest itself at lower energy scales in the form of
effective operators of dimension superior to 4.

« Complete list of dimension 5 and 6 effective operators:
Buchmuller e Wyler, Nucl. Phys. B268 (1986) 621.

« Dimension 5 operators violate baryon/lepton number.

Dimension 6 operators: a great many of them....

We are interested in processes of single top production
via flavour changing neutral currents (FCNC'’s) at the LHC.



EFFECTIVE OPERATOR FORMALISM

1 1 1
_ pSM (5) (6)
L= LM+ L0+ 5268+ 0 (A3)

All terms are invariant under the SM gauge group; ® is
the energy scale of new physics.

To select among the many dimension 6 terms, we employed
some physical selection criteria:

» The operators must contribute to FCNC’s involving the top quark
and the strong interaction, with impact on single top production.

*They must not have sizeable contributions to physics below the
TeV scale, so as to not ruin the successful predictions of the SM.

*Try to expand on the many works already done in this area.
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DIMENSION SIX TOP-GLUON OPERATORS

The dimension six operators that survive our criteria are only

two, B
Ouc= iS5 (TaA*1* D*uf) GG,
Oucs = % (fﬁ, AY ot 'U*'?R) ¢ GS,

and after spontaneous symmetry breaking, we are left with
a lagrangean for new physics given by

L = 04,04 + @ Op + By Oty + But Oure + hec.
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This lagrangean generates new vertices, namely
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Four-fermion operators

These operators are not independent; using the full gauge invariance of
the theory, we may apply the fermion equations of motion and obtain the
following relations:

Out — Otu _ E(FT OTM) + F Otuc;b)

Out = O — 19stYuYRA U Z(ﬁ* Y R At + d* Y yr Ag dY)
i

four-fermion contact terms

These relations tell us that, as long as we include the four-fermion
operators, we have TWO relations between the operators and can
therefore set TWO coupling constant to ZERO.

We will consider THREE different types of four-fermion terms:
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We also considered identical terms for the second generation
(with couplings o, , B.., etc. )

These new vertices allow extra contributions for rare top decay
channels, suchas r—c g and t—u g . The corresponding
top width is given by

3
my

127 A4

D(t — ug) = {m o + 03ul” + 1602 (1Bal® +1Buel®) -+

BUWIm[(autJra?u)ﬁtu]}

(a similar expression for the width of the c-quark decay)



Direct top production

P % The new vertices allow for the
production of a single top quark at
i the partonic level. The resulting
. | Cross section is very easy to
) obtain:

olpp =+ t) = Z 't — Q‘g) fz EQm; Folm1) fo(mi /(B 7)) doy

g =U.C T me/Baay SCM

After integration on the CTEQ6M parton density functions, we obtain

olpp — gg = t)= [1051BR(t — ug) + L70BR( — cg)] |Va|* 10 pb



Gluon-gluon fusion
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The calculation is hellish, but the final result is remarkably simple:

do(gg —~ta) gs F,,

dt T 4Amd uts3(s+1)2 (s + u)?
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do(gg —»ta) _ g- E,,
dt 4m; utsd(s+1)2 (s + u)?

't = ug)

with
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After PDF integration, we obtain

olpp = gg > tHi= [0.98BR(t — ug) + 0.98 BR(t — cg)] |Vy|* 10* ob

Again, the cross section is proportional to the branching ratios
for the rare top decays.



Gluon-quark fusion

9.Q90008—»—— ¢ 9.0000 —»— ¢ q /
A 7 Al g
I—»—"0000" 9 I —»—@0Q00, 9 g g
q t q t g t
g g g g q g
We obtain

olpp — gg — gt)= [43.98BR(t — ug) + 6.78BR(t — cg)] |Vis|* 10% pb



DIRECT:
a(pp = gg = t)= [1051BR(t — ug) + L7T0BR(t — cg)] |Vis|° 10* pb

GLUON-GLUON
olpp = gg = gt) = [43.98BR(t — ug) + 6.78BR({t — cg)] |Vu|* 10 pb
GLUON-QUARK
olpp = gg = gt)= [43.98BR(t — ug) + 6.78BR(t — cg)] |[Va|* 10 pb

- In the SM, the branching ratio of t — ¢ g is expected to be of the order
of 10-1°,

* But in other models (2HDM, SUSY), that value may increase by as much
as 4 orders of magnitude!

- Single top production therefore seems a very good channel to search
for new physics, because it is very sensitive to it.

« Even a small excess of single top production over the SM expected
value might be interesting.



Four fermion channels

There are EIGHT possible channels of single top production,
and interference terms between the gluonic operators and the
four fermion channels. The resulting expressions are
extremely complicated. The nice proportionality to the
branching ratios is destroyed.
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The result of the pdf integration for the u and c-quark
four-fermion channels is given by:
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We can now use the equations of motion to simplify the results; we
choose to set 3, and vy, to zero. Summing all contributions for single top
production, we obtain:
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For anti top production, the results are:
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Conclusions

We used a very general dimension six operator set to compute anomalous
ocntributions for single top production cross sections at the LHC.

The fact that we worked in a fully gauge-invariant manner allowed us to
simplify the results by eliminating two of the new couplings.

The cross sections for the purely gluonic channels are proportional to the
branching ratios of the rare FCNC decays of the top. These are allowed
even in the SM, but are expected to be much more favoured in more general
models.

The four-fermion contributions spoil the nice proportionality to the branching
ratio — but also liberate us from its bounds. Even if the top rare decays are
according to the SM, the terms in v, and y, might give sizeable contributions
to the cross sections.

Full detector simulations are needed to study the possibility of observing
these processes in a realistic manner...



