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Outline
* What we call anomalous Wtb couplings
Operators and vertex approaches
* Anomalous couplings in production cross section
° Anomalous couplings in the decay of top quark



Effective operators in the field theory:

In the units where h =c¢ = 1, the fields of the SM have mass dimensions:

scalar:  dim ¢ = 1
vector: dim A, =1
fermion:  dim ¢ = 3/2

Every term in LSM Is of dimension-4,
while the new four-fermion interaction is of dimension-6:

where A is the scale of the new physics ~ 1TeV



Full list of effective operators that have effects on
single top quark processes at order 1/A%:

Operators that contribute to the Wtb vertex:
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Operators which lead to contact four-fermion interactions:
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1. Vertex function approach

Using gauge invariant operators:

05 =3 {fp*(f’D —er*')fp} (Gv“c'as), 03 =i(§'D. #1050
O3y = (Grsc ™ t'br)g W, , O = (130t iR)§ WY, ,
one can derive vertices:
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Where corrections to SM coupling:
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2. Effective operators approach

We take into account only the dimension-6 operators (order 1/A%), that contribute to
the single top processes. The following operators contribute (for m = 0):

Oy = (6T Dug) @yt q)
O = (Go"rit)pW!
O = (gvum"d)av'm'q)

The first two operators O__and O, will affect the Wtb coupling.
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The operator qu Is four-fermion interaction that u t
couples light quarks to third generation quarks. %/

This additional vertex is not a part of Wtb. d b




2. Effective operators approach

Single top production processes:
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To follow this approach we have to remove all terms of order 1/A\”.
The corrections to the SM squared amplitudes include only terms of order 1/A*:
Anomalous operators contribute only to interference with SM.

g-channel:
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Vertex functions

The interference terms between SM amplitudes and dimension-6 operators
are proportional to 1/A*, and the pure dimension-6 operators corrections to 1/A*.

Contribution to matrix element from Wtb anomalous couplings (for m_= 0):

order: 1/N° 1/N?
v, (V)
- (V)

- (9)°
g, (9.)°




Vertex function at order 1/A? Effective operators at order 1/A*

Takes into account all Takes into account only
matrix element terms with Interference terms with SM,
coupings that include couplings ]

and
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0(2 —5) ~ (ff, = AP(p) + fﬁ BP(p))( f;_l AD(p) + fa,+ BD(p))/(f, + fa)) =
[le ‘1{,!”‘|‘fp1 E{j"l‘|‘f‘[1 fpl < [ﬁ'” (f11‘|‘f}?

A(p) ~ 1000; B(p) ~ 0100; C'(p) ~ (1100 — 1000 — 0100)

To_5( L1, fpn — a* 1000 £ b nlnn + ¢ % (1100 — 1000 — 0100)
“'h‘--l'--- a= fi1/(fi1+ [1):b = far/ (i1 + fR)ie = [iifh /(i1 + [R):
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* For the vertex approach create a model with four couplings

* For the operators approach create a model of vertex function
approach with anomalous couplings V , g_ only.

* For the contact term:

- Introduce an auxiliary massive vector particle P (M >> sqrt(s)) and vertices of SM-like
Interaction P with fermions.

- Set Pqq couplings parameters ~M_..

- Calculate total matrix element and keep only SM terms and terms of interference SM
with processes including anomalous V , g, and (P,quark,quark) interactions
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* There are two approaches for the anomalous Wtb couplings, one can
set the limits in both of them (In addition to complete Wtb couplings
search we can set additional limits to effective operators which are
linear to 1/A\?.

* We know how to describe correctly all possible values of couplings
with few MC samples and provide model independent limits

* The generator SingleTop has implemented already in DO analysis
and for CMS analysis. The samples created for LHC community are
available in LHEF format in MCDB http://mcdb.cern.ch
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* The possibility to explore all new physics effects whose contribution
Is proportional quadratic corrections from anomalous couplings V_, g,

= The possibility of direct measurement of V, coupling parameters.

= \We use operators with different mass dimensions.
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®= All correction terms in the matrix element of the same order of mass
scale parameter.

= Takes into account the contribution from the contact four-fermion
Interactions.

= Not taken into account the contribution from anomalous couplings V_, g,
= [tis difficult to measure directly the V _coupling parameters
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