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Motivation

Single top quark production is important:

e Provides a possibility to measure the CKM-matrix element |V;;|? directly

e At lepton colliders single top-quark production

ety - tbi,

e No tt-background
= Clean environment to study single top quark production

e Process allows the measurement of |V|? with high accuracy
and with an uncertainty of 1% at 20 level (E. Boos et al. '01)

= Knowledge of the QCD corrections mandatory

e Large m; = high energy scale = pert. QCD reliable

= Test of the SM at high energies = New physics 7



Preliminaries

e Describe process et~ — tbi, through effective W-approximation
Kane et al. '84; Dawson '85; Lindfors '85; Kunszt, Soper '88; Kauffman '89

e Consider momentum distribution of the W-bosons through
structure function f.

Structure function distinguishes between longitudinal
and transversal polarized W-bosons

= relevant process:

I/Vlj;fy —tbh

e Cross section through convolution:

Tetn—tbie ™ fe/Wi & OW, ~—tb



Born process
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= Trivial calculation!
= In principle it is possible to do it automatically

But:

Structure of logarithmic contributions

\

Analytical calculation important
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Resummation of log(m?)

e Initial state collinear singularity for my =0

e In the case of massless b-quarks the singularity is absorbed
in stucture functions:

o = /da: Lo (i, ) X 6(WF (pw)y(zpy) — t(pe)b(ps))
+ /da: Ly/o(por, ) X 6(WF (pw)b(apy) — t(pr))

e & : up dependent, MS subtracted cross section

e Matching calculation gives:
F’y/v(ﬂFv r) = 6(1—z)+0(a),

Q& o, 2 2 M% 2
Cnliera) = 5eia+ (1= a) In (45) + Oe?)

e Resummation of the leading logarithms to all orders through evolution
equations a la DGLAP



Fixed order versus structure functions
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= Finite b-quark mass is important, affects the location of the threshold



QCD corrections

Calculation of the QCD-corrections consists of 2 parts:

1.) Calculation of the virtual corrections to the process:
Wty —tb
2.) Calculation of the real corrections:

Wty —tbg

Combination of 1.) 4 2.) yields finite result



Virtual corrections

Technicalities:

e Dimensional regularisation of the UV-singularities
as well as of the IR-singularities (t'Hooft, Veltman; Marciano)

e Passarino-Veltman reduction of the tensor integrals to scalar one loop integrals
e Solution of the scalar integrals through Feynman-parametrisation
e Replacement of the scalar box integrals in d = 4 — 2 ¢ dimensions through:
4
Dy~ = aDg™? + > b Oy

S~ -
IR finite N _

IR di&ergent

= algebraic complexity is reduced.
e |R- singularities in three-point integrals (C))

e UV- singularities in one-,two-point integrals (Ag, Byp)



As usual:

Divergent parts:

5‘M17d‘2‘UV—div.

5|M1’d|2’IR—div.

Analytic result

Result = Z Coefficient; X Scalar-integral.

27 MMy

. A2\ 1
a—r(l—l—G)CF( H ) E|./\/l0|2

4t 1?

S%F(HE)OF(

7

1
) - F(zwa Zby Zt)

memy

g )
?C’F (zp+2: — 1) (27r,u)2 ReCy(1,2,3) s Z |M0,d|2

Pol.

the finite parts are a little bit lengthier. . .
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Real corrections

e |R-singularities from phase space integration through soft gluon

VWA Denominator of the propagator:
| —2FE,Ep(1 — B cos Oyy)
S = Vanishes for £, =0

e Factorisation in the limit p, — O:

D gsoft

Mo (D, Dws Pt Pbs Pg) — S(Dt, Dgs Pb) X Mo(Drys P, Dt Db)
with the eikonal factor

2 (pi - pj) _ (i - pi) _ (pj - pj)
Pi-Ds) (0 ps)  (Pi-ps)*  (pj-Ds)?

S(pi, ps,pj) = (

= Consistency check of the amplitudes

e Extraction of the singularities:

1.) Decomposition of the phase space

Phaf, Weinzierl '01,

2.) Dipol subtraction method for massive quarks " "=

12



Dipol subtraction method

Basic idea:

o= [ (@) g = (@0™), ) + / [dav + /ldf’”b]

e Construction of dgstP

do'° ® D;; x
m-+1

dipoles

e Construction of dgstP: IR dgsP =B R T

Catani et al. '02
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Checks

Check of the analytical results of the infrared finite scalar
integrals with FF Oldenborgh

Dy-Box checked with the analytic result of Beenakker, Denner

Coefficients of the scalar one- and two-point integrals checked
by UV renormalisation

Check of the IR divergent integrals and their coefficients through
the cancellation with those from Catani et al.

Factorisation in d dimensions checks the treatment of the y-matrices
in d dimensions

High degree of automatisation
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Results:

Total cross section

unpolarised : S
Born (m, = 4.6 GeV)

--- Born (m,=5.1GeV) g
— Born+ QCD corr. (m, = 4.6 GeV)
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Results
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Cross section for longitudinally and transversly polarized W-bososns
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Differential cross section
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= Initial state singularity

Dipol subtraction method allows the calculation of the QCDcorrections for aribtrary observables!

17



QCD Logarithms

e QCD corrections generate o x log(my) term
e In principle they need to be resummed
= Same framework like the LO-Resummation
Ingredients:

— Mixed evolution
— QCD corrections to structure functions

e [hese Logarithms are not expected to be large!
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— use exact result in LO!
— use W-approximation only for the QCD corrections!
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Conclusions

e Dependence of the b-quark mass of
the process W1~ — tb has been studied
— b-quark mass effects important in threshold region

e QCD corrections of the process Wt~ — tb have been calculated

— corrections of the order of 10-20%

e QCD-NLO prediction for ety — tbis, in the
effective W-approximation has been made
— QCD corrections are of the order 5%
— important for precise measurements of |V
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