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1. Introduction

The top quark is the only known fundamental fermion with a mass (m; = 178 4.3 GeV)
on the electroweak scale. For this reason study of the top quark may reveal important information
about electroweak symmetry breaking sector of the standard model (SM). One of the aspects of this
study is the precision calculation of the decay rates of the top quark. Electroweak (EW) radiative
corrections to the process t — bW were calculated by several groups [fll, B, B, fl-

This paper is devoted to the one-loop QED and EW radiative corrections (RC) to the semilep-
tonic top quark decay process t — bl v (y). According to the SM the dominant channel of top
quark decay is t — bW with a branching ratio to be 99.9% [F]]. The decay branching ratio of the
W-boson into leptons Br(W — 17v) ~ 11% [[]. Approximately 1/3 part of all top quark decay
events is due to the semileptonic ones: t — bl vy (IT = €™, u* or ™).

Here we present the results obtained within the SANC [[7]] system and some comparisons with
the calculation performed by means of CompHEP [B] and PYTHIA [B] packages. Starting from the
construction of helicity amplitudes and EW form factors SANC performs calculation of the decay
width and produces computer codes which can be further used in the experimental data analysis.

Covariant (CA) and helicity (HA) amplitudes for top and antitop decays were presented in
[[A]. SANC is also able to compute one-loop QCD corrections [[L0], however the discussion of this
possibility is beyond the scope of this report (see, for example, [L3, [2 L3, f4]).

2. Calculation scheme
The total one-loop width =19 of the decay t — bl *v;(y) can be subdivided into four terms:
rlfloop — rBorn + rvirt()\ ) + rsoft()\ ’ C:)) + rhard(d))' (2.1)

Here B = (O js the decay width in the Born approximation, V"' is virtual contribution, =t
and "9 are the contributions due to the soft and hard photon emission respectively. An auxiliary
parameter w separates the soft and hard photon contributions and an auxiliary parameter A ("photon
mass™) emerges from the virtual contribution and the soft one.

For the numerical calculation we used the next set of input parameters:

m = 178 GeV, m; = 1.77699 GeV, a(0) = 1/137.035999,

my = 4.3 GeV, my= 80.425 GeV, GF = 1.16637-107° GeV~2,
me = 0.000511 GeV, mz = 91.1876 GeV, Ny = 2.138 GeV,

my = 0.105658 GeV, my = 120 GeV, N = 1.551 GeV.

Electromagnetic coupling a = €?/47t can be set to different values according to different input
parameters schemes. It can be directly identified with the fine-structure constant a (0). This choice
is called a scheme. Another value for a can be deduced from the Fermi constant Gg. In this
case a(Gg) = \/§GFm§\,sin2 By /1 and this choice is called Gg scheme. We used both Gg and a
schemes to produce numbers.
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3. Born-level process

In the Born approximation there is only one Feynman diagram for decay t — bl *v; with one
intermediate virtual W boson (see Fig. [l).

Figure 1: Feynman diagram for Born level process.

Differential decay rate in the top quark rest frame:

1

dl—Born - =
2m

> |aBom2dds, (3.1)

spins

where .#B°" is an amplitude of the process and d®s is the differential three-body phase space.
One can express the values .#B°" and dds via two independent variables: s= (p, + py)? and
cos 0, where 6 is the angle between p and py, in the rest frame of the compound (I, v;). After
these substitutions were made we obtain:

1 (Mm—my)?
I'Bo”‘:/dcose / ds f(s,cos8). 3.2)
-1 qu

The result of two-fold Monte-Carlo integration shown in Tab. f]. This calculation performed by
means of Monte-Carlo integration routine based on the VEGAS algorithm [fL5].

FBO™M (SANC) | FBo™ (CompHEP) | FBo™ (PYTHIA)
0.17303(1) GeV | 0.17301(1) GeV | 0.16782(1) GeV

Table 1: Born-level decay width for the processt — bpu™ v, produced by SANC and comparison with the
results of CompHEP and PYTHIA packages.

The results of SANC and CompHEP are in fair agreement, the deviation from PYTHIA ap-
pears due to the difference in the definition of EW constants. In addition to integration we used
Monte-Carlo events generator of unweighted events to produce differential distributions. In Fig.
we presented some of these distributions and comparison with distributions, obtained with the help
of CompHEP and PYTHIA packages. We note, that the input parameters for this comparison were
tuned between SANC and CompHEP.
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Figure 2: Differential distributions for Born-level processt — bu™ v, produced by SANC, CompHEP and
PYTHIA packages.

4. Radiative corrections

Radiative corrections can be subdivided into three parts: hard-photon emission, soft photon
emission and virtual (one-loop) corrections. Soft contribution is proportional to the Born-level
decay rate and have the same phase space. Hard processt — b+ 1% + v; + y have four-body phase
space. An auxiliary parameter w separates hard and soft photon regions.

4.1 Hard photon contribution

For hard photon emission there are four tree-level Feynman diagrams (see Fig. ). One dia-
gram corresponds to emission from the initial state, two diagrams describe the final state radiation
and remaining diagram corresponds to radiation from intermediate W boson.

Differential decay rate for hard process is represented by 5-fold integral:

rhafd:/dsz5d534dcos 61dcos 820, f(Sps5,Ss4,C08 B4, €08 62, @2). (4.1)
Q

Kinematics and meanings of variables are illustrated in Fig. . The results of Monte-Carlo integra-
tion are presented in Tab. B,

There is a significant difference between two sets of numbers and this difference increases
with decreasing of w parameter. This difference is due to the approximation which implemented
in CompHEP package for the representation of W boson propagators. CompHEP represents the
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complex function for propagator as a real one:

L SR il (4.2)
pP2—mg, +imyTw (P2 —ng)2+mg g, '
v b b
y
t |+ t I+
\Was W+
V| Vi
b b
t I t Vo
W y W+
Vi Vi

Figure 3: Feynman diagrams for the hard photon emission.

Figure 4: Kinematical diagram for the hard photon emission.

This assumption will not lead to noticeable departure from right result with the exception of
the case when we have the product of two different W propagators. In this case it is necessary to
make substitution that corrects this assumption:

pi—mg -y
(p2—mG,)2+ Mg, I3, (p3—mG)2+mgra
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pi— g, Pz — G,
(P —mG,)2+ MGG (07— mG,)? -+ Mg,
MZ r2
+ m-W (4.3)

((pf—mG,)2+mG, g, ((p3—G,)2+mG,rg,)

w, GeV | rad 10-2Gev | rhad 10-2GeV
(CompHEP) (SANC)
10 0.2578(2) 0.2592(2)
1 0.6982(3) 0.8582(2)
10-1 0.8538(3) 1.5000(3)
102 0.9628(4) 2.1495(3)
10-3 1.0730(4) 2.8005(4)
10~4 1.1809(3) 3.4525(4)

Table 2: Comparison for hard emission produced by SANC and CompHEP systems.

We can explicitly observe the difference in Fig [, where are presented the various differential

distribution. As indicated in the upper two pictures the difference is to be observed in the region of
soft photons and near the resonance.
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Figure5: Differential distributions for the hard photon emission processt — bu™vy.
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4.2 Soft and virtual corrections

In the automatized system the soft and virtual corrections are accessible via menu chain SANC
— EW — Processes — 4 legs — 4f — Charged current —t->blnu —t->bl nu (FF), see
Fig. B. The module, loaded at the end of this chain computes on-line the scalar form-factors of the
decay process. The parallel module t -> b I nu (HA) provides the relevant helicity amplitudes. For
more detail see section 2.5 of the SANC description [[] and the book [[L6].
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Figure 6: SANC treefort — bl*v; decay.

5. Numerical results

The results of total 1-loop width calculation for a and Gg scheme and comparison with Born
level widths are presented in tables J§ and f

lepton | FBOM GeV | M1-100 Gev | 5, %
et | 016192(1) | 0.17271(1) | 6.66
pt | 0.16192(1) | 0.17271(1) | 6.66
tt ] 0.16192(1) | 0.17270(1) | 6.66

Table 3: The results of the decay width computation in a scheme.
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lepton | FBOM GeV | M0 GeV | 5, %
et 0.17302(1) | 0.17527(1) | 1.29
ut 0.17303(1) | 0.17527(1) | 1.29
T+ 0.17303(1) | 0.17526(1) | 1.29

Table 4: The results of the decay width computation in G scheme.

6. Conclusion

A study of the semileptonic top quark decay t — bl "v;(y) was presented. We computed total
one-loop electroweak corrections to this process with help of the SANC system. Using Monte-
Carlo integrator and events generator that were created we specify the decay width due to radiative
corrections. These corrections are about 6.7% for a scheme and approximately 1.3% for Gg
scheme. The comparison with the numbers of CompHEP and PYTHIA packages was done at
the tree level. During this comparison we found noticeable deviation from the CompHEP package
for hard-photon emission in the region of resonance.
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