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Introduction

single top quark production enables us
e to study the nature of the weak interaction

e direct measurement of the Cabibbo-Kobayashi-Maskawa (CKM
matrix element/;,,
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Introduction

The three main hadronic production modes for single top kuaithe
standard model:

e tchannel jr
b t
e s channel >w<
b t I E— w
e associated tW production CEAN ‘
’ B T T A —
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Introduction

Predictions for single top-quark production cross secsianthe Tevatron
a.nd the LHQV\/emer Bernreuther, arXiv:0805.1333v1]

cross section t channel s channel tW mode
O atron 1.15+0.07pb 0.54+0.04 pb 0.14 +0.03 pb
otuc 150 + 6 pb 7.8+£0.7pb  44+5pb
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Introduction

Predictions for single top-quark production cross secsianthe Tevatron
a.nd the LHQWemel Bernreuther, arXiv:0805.1333v1]

cross section t channel s channel tW mode
O atron 1.15+0.07pb 0.54+0.04 pb 0.14 +0.03 pb
otuc 150 + 6 pb 7.8+£0.7pb  44+5pb

e scale uncertaintiess>- errors
The contributions of some diagrams like

—— -
disappear at NLO due to color.
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Introduction

Predictions for single top-quark production cross secsianthe Tevatron
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cross section t channel s channel tW mode
O atron 1.15+0.07pb 0.54+0.04 pb 0.14 +0.03 pb
otuc 150 + 6 pb 7.8+£0.7pb  44+5pb

e scale uncertaintiess>- errors
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disappear at NLO due to color.

= NNLO calculation
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two-loop corrections to s channel
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Figure: some two loops corrections to s channel
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Tensor reduction

In this corrections occur tensor integrals like

F(d,1,1,1,1,1,1, 1)[klKY] = /ddkl/ddkz

ki

(k) ((=k2)*) ((pr = ka)?) ((=p2 + k2)*) (a1 — ka)* —

kl/
2
((p1 — k1 + k2)? = m2 ) ((p1 — g2 — k1 + ko)? — m%)l
Tensor reduction by Schwinger parametrization

F(d, - ,u,,):/ddlq/ddlq%
Q- QY

= [ [k 1l % /0 " abix ) exp(S xik?)

=/ Dx
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Tensor reduction

with the following substitutions

K = T X gy
a
F _ d d 2, Pp, Q
(dyv1,---,vn)= [ Dx | d9 | d9hexp a/1+;/2+;
where
xno e ety aft o xet e
P P
and
fI" = ap; + x3pys + Xapias e = X5Pio3
a=x1+x+x3+xa+ X7 b= x5+ X6+ x7

(%) acts as dimension shifter
x; increases the power of propagator
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Two-loop corrections

After tensor reduction :

F(d,1,1,1,1,1,1, 1)[k"ky] — <F(2 +d,1,1,2,1,1,3,1)[1]
YF(24d,1,1,2,1,1,3,2)[1] + F(2+d,1,1,2,1,2,1,2)[1]
FF(2+d,1,1,2,1,2,1,3)[1] + F(2+d,1,1,2,1,2,2,1)[1] + - )

Tensor reduction=- various scalar integrals with the same structure
of the integrand with different distributions of powers afpagators.

@
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Integration by parts

Possible approaches
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Integration by parts

Possible approaches
e to solve each integral individual,
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Integration by parts

Possible approaches
e to solve each integral individual,

e try to express all scalar integrals as a linear combinatidn o
some basic master integrals.

|ntegratI0n by paI’tS (IBRahetyrkm Tkachov (1981)]
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Integration by parts

Possible approaches
e to solve each integral individual,

e try to express all scalar integrals as a linear combinatidn o
some basic master integrals.

Integrat|on by paI’tS (IBRahetyrkm Tkachov (1981)]

o K ,pj}
/dd /ddk’ak“ o 0

= relations between integrals
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Integration by parts

Example B
d9k
F(alyaZ) = / (k2)al((p— k)2)32
using, 0 1
| s+ =

and we obtain the following relation
[d—2al — az]F(al, az) — agF(al —1l,a+ 1)+32p2F(al, a+ 1) =0
Compact notationf(a; — 1,ax + 1) = 2717 F(ay, a2).
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Integration by parts

Settinga, =1

F(al,l):—d_al 1

(a1 —

1)p2 Fla =
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Integration by parts

Settinga, =1

d—al—l

AR

F(al — 1, 1).

= reducing the index; to one

=- expressing any integral of the given family in terms of thig on
master integraly = F(1,1).
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Laporta's algorithm

An efficient approache to solve IBP relations:Laporta’salthm.
In this algorithm
e Introduce ordering of the integrals to reduce more difficult
integrals to simpler ones
e evaluation for numeric indexes (not algebraic)
e solve systematically for the difficult integrals by a Gauss
elimination-like algorithm
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Summary

e NLO error estimate likely to be unreliable, new color stuuretin
NNLO may give significant contributions to the calculatidn o
Cross section

¢ In this calculation occur tensor integrals, which are redddo
scalar integrals. For the evaluation of these scalar intdgwe
apply an algorithm named Laporta’s algorithm.
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