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Supersymmetric QCD corrections to single top quark production at hadron colliders
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We present the calculations of the supersymmetric QCD corrections to the total cross sections for single
top production at the Fermilab Tevatron and the CERN Large Hadron Collider in the minimal super-
symmetric standard model. Our results show that, for the s-channel and #-channel, the supersymmetric
QCD corrections are at most about 1%, but for the associated production process pp — tW, the
supersymmetric QCD corrections increase the total cross sections significantly, which can reach about
6% for most values of the parameters. Thus, the supersymmetric QCD corrections should be taken into
consideration in future high precision experimental analyses for top physics.
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I. INTRODUCTION

The search for single top quark production is one of the
major aims of both the Fermilab Tevatron and the CERN
Large Hadron Collider (LHC) [1,2], because it can probe
the electroweak sector of the standard model (SM), in
contrast with the dominant QCD pair production mecha-
nism, and provide a consistency check on the measured
parameters of the top quark in the QCD pair production
process [3—6]. Furthermore, the mass of the top quark is
comparable to the electroweak (EW) symmetry breaking
scale, so it can play the role of a wonderful probe for the
EW symmetry breaking mechanism and new physics. For
example, a precise measurement of the single top produc-
tion cross section can be used to test some predictions from
the minimal supersymmetry standard model (MSSM), via
nonstandard couplings [4,7-13], loop effects [14—18], etc.

At the LHC single top quarks are produced primarily via
the ¢-channel [19],

g+b—q +1,

the quark annihilation process (s-channel) [20,21],
qg+q —1t+b,

and the associated production process [3,22],

g+tb—t+ W,

which can reliably be predicted in the SM, and their lead-
ing order (LO) results are summarized in Table I [2]. As the
LHC would allow a measurement of these cross sections
with a statistical uncertainty of less than 2% [1,22-25], at
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29]. For the #-channel, the SM EW corrections are about
10% and the supersymmetric (SUSY) EW corrections are a
few percent [30] at the LHC, for the s-channel; the com-
bined effects of SUSY QCD, SUSY EW, and the Yukawa
couplings can exceed 10% for small tan3(<<2) but are only
a few percent for tan3 > 2 at the Tevatron [16,17]; and for
the associated production at the LHC, the SM EW and the
SUSY corrections have been calculated and analyzed in
Ref. [31]. But at the LHC, the SUSY QCD corrections to
the three channels have not been calculated yet. As the
associated production process involves the QCD coupling
in the initial state, obviously, the SUSY QCD corrections
are significant for this channel. In order to fill in the blanks
in the relevant radiative corrections to the channels con-
sidered here, in this paper we present the calculations of the
SUSY QCD corrections to the three channels at the CERN
LHC, mainly concerning the associated production chan-
nel, and also give the updated numerical calculations to the
s-channel process at the Tevatron [32].

Our paper is organized as follows. In Sec. IT we will give
the analytic results in terms of the well-known standard
notation of one-loop Feynman integrals for the associated
channel, s-channel, and ¢-channel. In Sec. III we will
present our numerical results with discussions of their
implications.

II. ANALYTIC RESULTS

A. Associated production

In our calculations we use dimensional reduction to
control all the ultraviolet divergences in the virtual loop
corrections. We adopt the on-mass-shell renormalization
scheme [33] for the top quark mass and the wave function
renormalization, and set all the other quark masses to zero.

. . . TABLE I. The L Its fi ingl i h
this level of experimental accuracy, calculations of the LHC e LO results for single top production at the
radiative corrections are necessary in order to test the '
loop effects arising from new physics. The QCD correc-  Process: t-channel s-channel Wt
tions to the total cross sections of the thre':e channels are o(pb): 156 + 8 6.6+ 0.6 1 4.03§
about —10%, +50%, and +50%, respectively [2,22,26— -
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The QCD coupling constant g, is renormalized in the
modified minimal subtraction scheme (MS) except that
the divergences associated with the top quark and colored
SUSY particle loops are subtracted at zero momentum
[34]. Denoting 9, mgo, 85, and A,y as bare quark
wave functions, quark masses, a strong coupling constant,
and a gluon wave function, respectively, the relevant re-
normalization constants are then defined as

PHYSICAL REVIEW D 75, 014020 (2007)
lpqO = (1 + 6ZZq)1/2¢qL + (1 + (SZ;IQq)l/zlqur
mg =my, +8m, Ay =1+ 582,44,

850 = (1 + SZg)gs

ey

After calculating the self-energy and vertex diagrams in
Fig. 1, we obtain the explicit expressions of all necessary
renormalization constants as follows:

%) (Bo[ 1 N MR MR M
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where By = [—3(N + 1) — (n; + 1)], B;j... are the two-
point functions, U f’] are the mixing matrices of the squarks,
vE is the Euler constant, and w is the renormalization
scale.
Including the SUSY QCD corrections, the renormalized
amplitudes can be written as
Min = My + M3, + Mg

vir

3)

FIG. 1.
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where M} is the LO amplitude; M4 represents the SUSY
QCD corrected amplitude from the one-loop self-energy,
vertex, and box diagrams; and M4, is the corresponding
counterterm for the self-energy corrections and vertex
corrections, respectively.

The related Feynman diagrams which contribute to the
LO amplitude M‘(‘)‘ are shown in Figs. 2(a) and 2(b). The LO
amplitude M} is given by

q

The self-energy and vertex diagrams for calculating the renormalization constants.
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FIG. 2. Tree-level Feynman diagrams for associated production.
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where V;; are the elements of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix; s, f, u are the Mandelstam in-
variants, which are defined as

s = (ky + kp)? = (k3 + ky)%,
1= (ky — k3)* = (ko — ky)?, &)
u=(k; — ky)* = (ks — k3)?,

where k; and k, denote the momentum of the incoming
particles, and k5 and k, the outgoing particles; while A,, are
the reduced standard matrix elements given by

Ay = (€ - €’ (k3) Py u (ko) (T)pe,

Ay = (€] - ko)(€] * k)i (k) Pruc (ko) (T) e,
Ays = (€ - ks)(€] + ko)t (kz) Pru (k) (T) e,
Ag17 = i (k3) Py €] £u (k) (T) e,

Aqy = i@’ (ks) P L £ £k u (ko) (T,

Ago = (€] * ky3)it" (k3) Préiuc (ky)(T) e,
Aoz = (€] - €3)a (k3) Py Jyut (ko) (T) e
A1 = (€ - ko) (€] - ko3)it® (k3) Py u (ky)(T) e
Az s = (€ - ki) (€] + ko) (k3) Prkyuc (ky)(T)pe,
Aysie = (€« ki) (ks) Préiuc (ky)(T) pe,

ik 2)i? (k3) Pré§kyuc (ko) (T) e
¢ ky)(€) - k)l (k3)PrLuc (ko) (T

A3y = (€] - k3)(€] + ko 1)ia” (k) PLuc (ko) (T) e,
Ass e = (€~ k)it (k3) Pp £ uc (ky)(T) e,
Adg 2o = (€] * ki )i (k) Pp €K u (ko) (T e
Asgz1 = (€] + ko3)i" (k3) Py £5uc (ko) (T) e,

i ko) (€8 k)i (k3) P Ky ut (ko) (T%) e
¢ ks)(es - ko)l (ks)PpKyu (k) (T e,
¢ ky)it? (k3) P gskuc (ko) (T9) e (6)

The relevant Feynman diagrams of the SUSY QCD
corrected amplitude M4 are shown in Fig. 3, and M

vir Vlr
can be written as

+ M

+ M, box- 7

vertex

MA = MA

vir self

where M4, M. .. and M3 come from self-energy
diagrams, vertex diagrams, and box diagrams as shown
in Fig. 3, respectively. Their explicit expressions are given

by

38
self A — v
self Z fm Am: Mvertex Z fmAmr
m=1

®)
box Z fb Am’

where f5If, v b are the form factors, which are given

exp11c1tly in the Appendix.
The counterterms M4, the corresponding diagrams of
which are shown in Fig. 4, can be written as follows:

M?ount = 8M?elf + 6M</‘ertex’ (9)

with

8Mgslf = 5M;e1f + 5Mfe1f
eg Vi { Ay
2\/§ SlnBW t—

25ng

[ (82 — 8Z1%) + 28m,]

(A7 - 2A8 + 2A10)

+
(t — m})?

X [(m? = 1)8ZY + 2mt5mt]}, (10)

4
Mjeriex = D OMerex, (11)
n=1
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FIG. 3. The Feynman diagrams for SUSY QCD corrections of associated production.
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egsvtb
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+ (A7 + 249 — 2A,5)(20Z, + 28Z] + 6Z44)],
egsV,
Miiex = ————(28Z, + 8Zyy + 282"
! 2/2s sm0W( Al )
X (A7 + 245 — 24,p). (12)
The partonic cross section can be written as
1y
= d A2 IMA P = | dr MA 12 (13
g ]7 23277_ | e '/;7 167 | e (13)

where A= (s —m? + m})? — dsmiy, t.=1x
[m? + m3, — s + AY2], and |[MA,[? is the renormalized
amplitude squared given by

(14)

]T
vir countd »

M, > = Z|Mg|2 + 2Re> M{IM4, + M

where the colors and spins of the outgoing particles have
been summed over, and the colors and spins of the incom-
ing ones have been averaged over.

The total cross section at the LHC is obtained by con-
voluting the partonic cross section with the parton distri-
bution functions (PDFs) G, ;,, in the proton:

1 1
0'=f dx, ) dx2[Gg/p(xlr Mf)Gb/p(Xz, ,U«f)
) To/X1

+ (x) « x)]6(7S), (15)

where w, is the factorization scale and 7 = M ;8 =

(P, + P,)*> where P,, P, are the four—momenta of the

Eﬁfﬁ;?@—é

5Mv2m tex \e) tex \e) tex
8 t 8 8 t
“00000)
w w
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FIG. 4. The counterterm diagrams for associated production.
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incident hadrons; 7 = x;x, where x|, x, are the longitudi-
nal momentum fractions of initial partons in the hadrons.

B. s-channel and #-channel

For convenience, we first define the reduced standard
matrix elements F; as follows:

Fip = 0(ky)Pg vy ulky)i(ks) Pryv(ky),
F34 = 0(ky)Pg u(ky)ii(ks) Prkiv(ky),
Fs = ii(k3) P v(ky)0(ky) Prisu(ky),
Fig8 = 0(ky)Pg pu(k,)i(ks)Prv(ky),

Fo = v(ky)Pry*u(k,)ii(ks) Py, v(ky),

which will appear in the amplitudes of the s-channel and
the #-channel below.

For the s-channel, the diagrams which contribute to the
LO amplitude M{ are shown in Fig. 2(c). The LO ampli-
tude M is

(16)

‘ 2maVy Vi,
My=—> —— F

0 " 1-
Vi sin?@y (s — m%)

a7

The virtual corrections M3, contain the radiative correc-
tions from the one-loop vertex diagrams, which are shown

in Figs. 5(a) and 5(b), and we can write My, as

9
M = foFum (18)
m=1
where f5,(m =1,2,---,9) are form factors, which are
given explicitly in the Appendix.
qE]’ — tb
q t q t
w o L Ty
g g
~ ~
ql
q (@) b q () b
gb— q't
q q q z q
gw ~
by N ;W
b g t b t

(o) (d)

FIG. 5. The Feynman diagrams for s-channel and ¢-channel
loop corrections, respectively.
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The corresponding counterterm can be written as

S maVy, V;q,
Mcount = ) 2
F sin Ow(s — my,)
q'=d,s,b

X (870 + 571 + 5791 + 6Z11)F,,  (19)
where the expressions of Z¥(i = u, d, s, c, b, t) are shown
in Eq. (2).

According to the crossing symmetry, we have similar
expressions in the z-channel as in the s-channel. We replace
the variable s by ¢ in Egs. (17)—(19); then we use the
different summation over quark flavors, and change the
indices of the quarks in the initial and final states. For
example,

My =M5<s—>t,z—> Z)
a9 {qd'}
B 477aV,,,V;q, ,
o sin®@y (t — m3,) "

M\t/ir = Mf/ir(s -1 Z - Z)
99 a4’}
9
=S ffs=e Y= SR,
m=1 9" {q4'}

>-3)
a.q9  {qd’}

2maVy, V'qq,

sin?@y (t — m,)

(20)

t — s
Mcount - Mcount<s -1

{q4'}
X (8249 + 6714 + 678 + 8Z}))F),

with
F,, = F,(v(ky) = u(ky), v(ky) — u(ks)).

Here the index pair {gq’} takes on the flavors
{ud, us, ub, cd, cs, cb}. The other formulas for cross sec-
tions are the same as in associated production.

ITI. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we present the numerical results for the
SUSY QCD corrections to the three channels of single top
production at the LHC. For comparison, we also present
the numerical results for the s-channel at the Tevatron [32].
In our numerical calculations, we use the following set of
SM parameters [35]:

m, =175 GeV,  a,,(My) = 1/128,
a,(My) = 0.118.

All light quark masses are set to zero, and the CKM matrix
elements are taken to be the values shown in Ref. [35].
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The running QCD coupling «,(Q) is evaluated at two-
loop order [36], and the CTEQ6M PDFs [37] are used
throughout this paper to calculate cross sections. For sim-
plicity, we neglect the b-quark mass. We choose w, =
g = m;, + my for the renormalization and factorization
scales in associated production and choose u, = u; = m,
for the renormalization and factorization scales in the other
two channels.

In addition, the values of the MSSM parameters taken in
our numerical calculations are constrained within the mini-
mal supergravity scenario (mSUGRA) [38], in which there
are only five free input parameters M, /,, My, Ay, tanB and
the sign of w at the grand unification, where M, », My, A,
are, respectively, the universal gaugino mass, the scalar
mass, and the trilinear soft breaking parameter in the
superpotential. Given these parameters, all the MSSM
parameters at the weak scale are determined in the
mSUGRA scenario by using the program package
SUSPECT 2.3 [39], where we set Apg = —200 GeV and u >
0.

A. Associated production

We define the K factor as the ratio of the SUSY QCD
corrected cross sections to LO total cross sections, calcu-
lated using the CTEQ6M PDFs. Figure 6 shows the K
factors as functions of M; (M, ;) for the associated pro-
duction process pp — tW at the LHC for tanB =5, 20,
and 35, respectively. From Fig. 6, we can see that the
differences among the results are small for different
tanB, and K factors increase with the increasing M 2 for
small Mz(< 160 GeV), while they decrease with the in-
creasing M for large Mz (= 160 GeV), and, in general, the
K factors are about 1.06.

In Fig. 7 we show the dependence of the K factors on
M;, (M) for different tanB. Figure 7 shows that the K

Vs =14TeV ——tanp =5
1.066 M =150 Gev | T tanp =20
0 tanp = 35
1.064 /
—  1.062 - ¢
A 1
i ﬁ
a Ii
o 1060 /
& /
S 1088 /!
i i
« /
1.056 -
1.054 T T T T T
100 200 300 400 500 M@ (GeV)
T T T T T T T T T —M (Gev)
20 40 60 80 100 120 140 160 180 200 2

FIG. 6. The K factors as functions of M; or M, , for pp — tW
at the LHC, where different curves correspond to different tan/3,
assuming M, = 150 GeV, Ag = —200 GeV, and u > 0.
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Vs =14 TeV
M,, = 40 GeV

1.0660

1.0655

1.0650

1.0645

1.0640

0
7

cls (pp-->tW)

1.0635

K=

1.0630

1.0625

T T T T T T T T T T M. (GeV)
120 140 160 180 200 220 240 260 280 300 b

r T T T
100 200 300 400 500 MO (GEV)

FIG. 7. The K factors as functions of M; or M, for pp — tW
at the LHC, where different curves correspond to different tang3,
assuming M,/ = 40 GeV, A; = —200 GeV, and u > 0.

factors have similar behaviors as those shown in Fig. 6, and
are also about 1.06 in general.

To compare with Fig. 7, we present Fig. 8 which takes
similar parameters as those used in Fig. 7, but M,,, =
70 GeV, where the gluino mass M; lies in the range
220 GeV = M; = 250 GeV for all values of M, and
tan3 we have assumed here. Figure 8 shows that SUSY
QCD corrections are not sensitive to tan3, which is con-
sistent with Fig. 7.

Figure 9 gives the K factors as functions of M;(M, /) for
different M, assuming tan = 5. In Fig. 9 we can see that
there are large differences between different M, when M
becomes small, but these curves approach each other when
M ; becomes large because of the decoupling of the heavy
gluino (M = 450 GeV). The K factors are about 1.06 for
M; = 500 GeV, and slowly become small with increasing

——M, =150 GeV
,,,,,,,,, M, =300 GeV

108 Vs =14 TeV
tanp= 5

1.064

z 1062 M = 188GeV yy — 117 Gev
A = )
= M, =238GeV y — 171 Gev
o 2
[oX
~ 1.060
L
[
n
X 1058
~— M, =127 GeV
Mg =133 GeV
1.056
100 200 300 400 500 Mé (GeV)
T T T T T T T T T T T T T T T T T T T MW/Q (Gev)
20 40 60 80 100 120 140 160 180 200

FIG. 9. The K factors as functions of M; or M, , for pp — tW
at the LHC, where different curves correspond to different M,
assuming tan8 = 5, A; = —200 GeV, and u > 0.
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1.0660

14TeV [\ =40 Gev

""""" M, , =70 GeV
M,, = 100 GeV

1.0655

= 1.0650
-~ M. =195 GeV
A Y
& roessd e ~— M. =154 GeV
o M, = 302 GeV
L joso]  M;=226GeV e
M M. =224 GeV
« b M. = 307 GeV' ...
g
10635 T My = 283 GeV
1.0630 T T T T T T T T T M. (GeV)
120 140 160 180 200 220 240 260 280 300 4
M, (GeV)

1(‘]0 2(‘)0 3(‘)0 4(‘)0 5[‘)0
FIG. 10. The K factors as functions of M; or M, for pp — tW
at the LHC, where different curves correspond to different M, /,,

assuming tanB = 5, A, = —200 GeV, and u > 0.

Mg, but the K factors decrease rapidly when M; <
150 GeV for My = 150 GeV.

In Fig. 10 we present the K factors as functions of
M; (M,), assuming tanB =5, and M,,, =40, 70, and
100 GeV, respectively. From Fig. 10, we find similar results
as those shown in Fig. 9, i.e. the K factors are about 1.06
for most values of M; considered, and slowly become
small with increasing Mj, .

In Fig. 11 we present the LO and the SUSY QCD
corrected cross sections as functions of renormalization
and factorization scales u/mo(ps = p, = p, po =
m  + my), respectively, assuming tanB =15, M, =
150 GeV, M/, = 70 GeV, Ay = —200 GeV, and u > 0.
This figure shows that the scale dependence of the SUSY
QCD corrected total cross section is a little larger than that
of the LO cross section because of the running effects of
the extra a; in SUSY QCD corrections. We can recover the
LO results of scale dependence by dividing by «; in the

Vs =14 Tev tanp =5
10645 | M,,=70GevV | tanp = 20
tanp = 35
2 100
A
a
o 10635
-
B
1
X 1.0630
1.0625

T T T T T T T T T T |
140 160 180 200 220 240 260 280 300 320 Mh (GGV)

2(‘)0 3(‘)0 4(;0 5(‘)0 MO (Gev)
FIG. 8. The K factors as functions of Mj or M, for pp — tW
at the LHC, where different curves correspond to different tang,
assuming M, ,, = 70 GeV, Ay = —200 GeV, and u > 0.
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S LO
————————— SUSY QCD corrected

1.03 4

1.02 4

1.01

1)

1.00

0.99

o(x)/o(x

0.98

0.97

0.96

0.9 +——1——7—+—1—"—7——7— —
04 06 08 10 12 14 16 18 20

X=plp,

FIG. 11. The scale dependence of LO and SUSY QCD cor-
rected cross sections of associated production at the LHC. We set
the factorization and renormalization scales as wy = u, = p
and ug = my + m,, assuming tanB =15, M, = 150 GeV,
M,;, =70 GeV, Ay = —200 GeV, and u > 0.

1.020 4 Vs =14 TeV
10184 - tanp = 5 — M, =150 GeV
1016 ] M, = 124 GeV, M, = 246 GeV |~~~ M, = 300 GeV
o 1014+
A 1012
S 1oto- T M, =130 GeV, M, = 315 GeV
\blc’ 1.008 -
B e
Il 1.006 N T
! —_ ::: ..
1.004 - M, =186 GeV™ o -
M- =309 GeV
1.002 S T
T T T T T M- (GeV)
100 200 300 400 500 9
2‘0 4‘0 6‘0 8‘0 1(‘)0 150 1:10 1(‘50 1EISO 2(‘)0 M1/2 (Gev)
(a)
Vs = 14 TeV
1.018 —
tanp = 5 —M,, =40 GeV
1016 M, = 140 GeV, M; = 265 GeV/ |~ M,, =70 GeV
1.014 4 M, , =100 GeV
i)
= 1.0124 M. = 224 GeV, M. =316 GeV
A . ° g
«.l; 1.010 4 N
o
~ 1.008 4
L .
© 4 N
i 1.006 \ 8 ‘
X -
10047 M, = 306 GeV
1.002 A M; =372 GeV
1.000 T T T T T T T T T T
120 14I10 16‘30 1;30 2(‘)0 250 2£I10 2(‘30 2{‘30 3(‘)0 Mi‘ (GSV)
r T T T T M (GeV)
100 200 300 400 500 0
(b)

FIG. 12. The K factors for pp — tb at the LHC. The variables
are (a) Myz(M,;;) and (b) M;(M,), respectively, assuming
tanB =5, Ay, = —200 GeV, and u > 0.
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1018 = Vs =14 TeV —tanp=5
M =1 Voo e =
1.016 0 50 Ge tanp = 20
= 35
—~ 1.014
I
N 1012+
h
!
a 1010
o
~ 1.008
o
L
|t|> 1.006 -|
X 1004
1.002 4
1.000 T T T T T M. (GeV)
100 200 300 400 500 ]
T T T T T T T T T T
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1.012 \ls =14 TeV tang = 5
Mw/z =70Gev ... tanp =20
1.010 tanp =35
Iy
-
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!
o
o
— 1.006
=
©
1 1.004 -
X
1.002
T T T T T T T T T T -
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T T T T
200 300 400 500 M, (GeV)

(b)

FIG. 13. The K factors for pp — tb at the LHC. The variables
are (a) M;(M, ;) and (b) M;, (M), respectively, assuming Ay =
—200 GeV and p > 0.

SUSY QCD corrections. After comparison with the NLO
QCD corrections [28], we can see that, if the NLO QCD

Vs =2 TeV
164 tanp = 5 M,, =40 GeV
) \ """"" M1/2=70GeV
R M§=140 GeV, M: =265 GeV M“2 =100 GeV
o 1.2 ’
a M. = 144 GeV, M- = 281 GeV
- g b
2 084 ~
< M. = 224 GeV, M. = 316 GeV
8 o6 9 Y
¥ 0.4 '\‘
02 Mé = 306 GeV
M; =372Gev.~ T
0.0 T T T T T T T T T M- (GGV)
120 140 160 180 200 220 240 260 280 300 Y
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FIG. 14. The K factors as functions of M; (M) for pp — tb at
the Tevatron. The graph shows different M, /,, assuming tan8 =
5,Ag = —200 GeV, and u > 0.
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FIG. 15. The K factors as functions of Mz(M, ;) for pp — gt
at the LHC. The graph shows different M,,, assuming tan8 = 5,
Ay = —200 GeV, and u > 0.

corrections are also included, O(a;) corrections still im-
prove the scale dependence.

B. s-channel and ¢-channel

For the s-channel process pp — tb, in Figs. 12(a) and
12(b), we display the K factors as functions of M;(M, ;)
and M; (M,), respectively, assuming M, = 150, 300 GeV
and M, , = 40, 70, 100 GeV. Figure 12 shows that the K
factors are about 1.01 for some favorable parameters;
otherwise, the K factors approach the unit value.

In Figs. 13(a) and 13(b), the K factors are plotted as
functions of Myz(M, ;) and M; (M), respectively, assum-
ing tanB = 5, 20, 35. Figure 13 shows that the K factors

LO
—————————— SUSY QCD corrected

1.03

1.02

1)

1.01

1.00 H

o(x)/o(x

0.99

0.98

0.97

77— 777
0.6 0.8 1.0 1.2 14 16 1.8 2.0

X=p/u,

0.4

FIG. 16. The scale dependence of LO and SUSY QCD cor-
rected cross sections of the s-channel at the LHC. We set the
factorization and renormalization scales as u; = w, = u and
Mo = m,;, assuming tanB =5, M, =150 GeV, M,, =
70 GeV, Ay = —200 GeV, and p > 0.
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1.00

0.98
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0.96
0.94 4

0.92 4

0.90 T T T T T T T T 1
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FIG. 17. The scale dependence of LO and SUSY QCD cor-
rected cross sections of the r-channel at the LHC. We set the
factorization and renormalization scales as u; = u, = p and
Mo = m,, assuming tanB =15, M,=150GeV, M,, =
70 GeV, Ag = —200 GeV, and u > 0.

can reach 1.01 for light M; and Mj , respectively, and are
not sensitive to tang.

In Fig. 14, we display the K factors as functions of M;,
for the s-channel process pp — tb at the Tevatron Run II.
We find that the K factors can reach 1.01 for small M5, and
decrease rapidly as Mj;, increases. These results are con-
sistent with those shown in Fig. 3 of Ref. [32], where the
relevant parameters assumed are the same as the ones used
in our numerical calculations.

For the ¢-channel process pp — gt at the LHC, Fig. 15
shows the K factors as functions of M; for tang = 5 and
M, = 150, 300 GeV, respectively. From Fig. 15, we find
that the SUSY QCD corrections decrease the total cross
sections and the K factors approach the unit value for all
parameters assumed here, which means that SUSY QCD
corrections are negligible.

In Figs. 16 and 17 we present the LO and the SUSY
QCD corrected cross sections as functions of renormaliza-
tion and factorization scales u/mo(pr = @, = m, po =
m ) for both the s-channel and the ¢-channel, respectively,
assuming tanB =5, M, = 150 GeV, M,;, =70 GeV,
Ay = —200 GeV, and w > 0. Since the SUSY QCD cor-
rections to the two channels are very small, they obviously
do not affect the scale dependence of the LO results.

IV. CONCLUSION

In conclusion, we have calculated the SUSY QCD cor-
rections to the total cross sections for single top production
at the Tevatron and the LHC in the MSSM. Our results
show that, for the s-channel and the 7-channel, the SUSY

—T— ]
0.4 0.6 0.8 1.0 1.2 14 16 1.8 2.0

PHYSICAL REVIEW D 75, 014020 (2007)

QCD corrections are at most about 1%, but for the asso-
ciated production process pp — tW, the SUSY QCD cor-
rections increase the total cross sections significantly,
which can reach about 6% for most values of the parame-
ters. Thus, the SUSY QCD corrections should be taken into
consideration in future high precision experimental analy-
ses for top physics at the LHC.
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APPENDIX

In this appendix, we will list the explicit expressions of
the nonzero form factors of associated production and the
s-channel. For simplicity, we first define the abbreviations
for Passarino-Veltman functions [40] below.

B = By(s, Mé, M,%),

B = B, (s, M2, M%l_),

Bf = By(s, M3, MIZ;I_),

Bl = By(1, M, M?),

Bi = B(1, M3, M,%),

a — 2 2 2 2 2
Clr. = Cijer (b, 5, miy, M2, M2, M2 ),
— 2 2 2 2
Cf’]k = C,Jk(O, 1, mW, M};i’ Mg~, M;/_),

— 2 2 2 2
o = Cijen(m, 1,0, M2, M2, M2),
— 2 2 2 2
A C,-jk.,.(m,, 1, 0, Mfi, M [ufi),

g’y

= 2 2 g2 Ag2
ffk'“ = Cijk---(ml, 1, 0, M M;i’ Mf,’)’

g;

sz]k = Cip-(0, 5,0, Mg, Ml%i’ M‘% )
Cf,'kw Cijr--(0, 5,0, M%i: Mé Mt'2>,-)’
Clie.. = Cijie (0, u, m, MZ, Mlzi-’ M%),
ijier: = Cijiew-(miy, mi, s, Mg, M2, M),
Cli.. = Cijp(0,5,0, MZ, M7, ME/)’
Cﬁk... = Cijk~--(m12’ 5,0, Mé’ M’gi’ M%}_),
Diy... = Djy..(0, myy, m7, 0,1, s, Mé’ Méi’ M’gf’ Mé)’
Dtbjk... = Djj...(0, s, m%v’ u, 0, mg, M125,-’ Mé’ M%[, M%/_),
Dii... = Dijy.. (m7, t, m, u, 0,0, Mtgf’ Mg’ M’gf’ M’Z;/)

For the s-channel, we have
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: 2 SaaSV,hvzq, q 719 719% 779'* A t 17b T7t277h% B
== 3sin®Oy (s — m3 )(UilUjl Ui Ujy Coo + UnUpUn Uji Coo),
w

d=disp =1
2 SaaSVﬂ,V* / # /s
5= ' 9y Uq Ud Uq Cao
2 qi’%‘,h i,j=1 3sin?6y (s — m3,) " "
P LA TV T o STl S ey
f3— 2. 2. 3sin2g (s—mz) gYiViiVii Y (o 1 2)
o=y bI=1 w w
2 Saa‘YV,bV 4 oo gl
fi=- — M USUSUS UG (Ch + Cf + ¢,
fr i 3sinfy (s — m%)
. 2 SaaSthV;q, D Ay B B t 77b e 7b* (B B
fs5=- / 3sin@y (s — m3, )[Mg”UilszUntl (Co + CF + &) + mU, UpUp Ui (CY + CFy + Ch))
Sy BT " "
. 2 SaaXV,bV;q/ ¢ r1b TR T B B B PR b (B B 4 OB
foe=— 3sin?fy (s — m? )[thilUjl URUG(CT + Cy + CR) + MU, U U UG (Cy + CF + 63)])
q?ﬂ?f[zlj 1 w w
2 daa, V,hV q
= mMgULUL UG UL (Ch +2C3),
7 Z ljz:l 3sinOy (s — m?)
. 2 4aaSV,bqu, q 71d 710% 710 (A A
= 2. 2 340 (s — mj )thgU”Ule“ UG+ 26)
e b1 W W
e 2 Baa,VyV. CE UL U UL UY:
’ d=dsp "= 13Sin20W(S — myy) " 2o

For associated production, we calculate the individual diagrams separately by different types, as shown in Fig. 3 and
Eq. (8). The form factors of the self-energy diagrams are

2\/—2—asgse th
37s sinfy

it = S MULUY B,

f \/ial 8 EVb > 1 * 1 % * ® *
fge“ = 37Tssi;0Wt Z{E Uf’lel?l By — (t — m2)? [Mgmr(Uf'szl + ULUS)B, + (tUL U + m; Ufofz)Bl]}
[ t

self 2\/—asgsevtb

Ub U BS,
8 37rs sinfy, Z =i
2 %
f3if = el = — 3778*11—00% - g Z[M m,(ULUS + UL US)BY + (tUL U + m>ULU)B! ),

V2
i = V28,0V Z[M UL US By + 2U% U B

10 3ssingy sinfy,
et — 37781110; (; — s Z[M (m2UL U — tUL U%S)BY + m(m?ULU'S — tULUS)B, ]

To avoid the very long expressions, we define
;
= Z fva
m
a=1

as shown in Fig. 3, where
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v — i1
; ZZ 37 sinfy, ~Up i

2
= _fvl — _ vl — 222\/5“ egsvth U Ub Ut ce
3sa7sinfy, 270w

2 2\2aeg,V, U U
Y= fu= ZZ Somng. MURUSCE = mUR UR(C + Cfy + Ch))

4\/-01 NI A% ,
v2 = 2 s b U Ub (m, UB U CYy + MULUSCY
4 11 = 3asinfy, (t — m?) ZZ Oy 2 )

R 37721;;“;(?_“” 5 iz UL UL U U Chy,
w2 Zﬁa;iiisu‘//tb iz Ui, U Ub U “ch
— o — 3:;{;;‘;;‘35_ tb 5 ZZ UL UL (m UL U Chy + MgULUSCY),
= U = = gt S S UL U UG

220,68,V & &
2 = SNEPsTos Tib t b* 17b
% 37 sinfy Z Z Ujl Uit Ui C12)
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asegsvtb
327 sinfy (1 —
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) 2 Z[M UL U%(CE = 9Cs — 9C¢) + m, UL, U%(9CS, + CY,
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v5 + v6 — -2 v5 + v6) — _ st M U b*Cf’
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g T /10 6275 sinfy Z i 1 o)
£ *5¢8s V. ii U U U (MUY Cl + m U Ch),
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vl A eg\ ii U Ub*Ub Ut*ch +M t*Ch)
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As before, we define
3 b
Sm= Z S,
B=1
as shown in Fig. 3, where
3a,egVy, 2 2
M= - U M U D3, + mU%5Dy,),
= \/—7TSIII0W Z; il Y G02)
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p— - eV UL UB MU U (DS, + DSy + DS + DSy)
2 = 3\/—7751116 ZZ Y 13 3 33
W i
thlez(Dm +2D3; + Diy; + 2D§5 + DSy + DSy + DS + 2D55 + DS33)]
b3 — ase8sV t b* b rrx c 1% c c
b= 3\/_7781110 ZZU US M UL USDSs — m U U (DS 5 + DSy + DS3)]
w i j
b3 @ égs 2. & t y7b* b yrtx c c c c c b tE c c
4 T = ZZUilUjl [thjZUiZ(Dll + Dfyy +2DS,5 + Diy; + Df;) — M, UnU; 1(D§, + D))
3\/—7TSH19W 5
b3 — 3;;?;% ZZ UL UL TmUBUS(2DS, + DS, + 3055 + 3Dy, + 2DSy; + 4D5; + DSy + Dy + DS
W i

+2DS; + Dy + DS + DS, + DSy) — MgULUS(DS + DS, + DS, + DS; + 2D5; + D§ + DS,)],

ae 2 2
"= 3\/_7fssmt9w Z;U Ui Dios»
b= %8, V. Sy b* b e De
b _3\/_7TSII'19W Z;U 1UR Ui UG (DGor = Dos):
b= ase8,V. - begb ¢
10__3\/—7TSIHGWZ;U Ui U7 Ui Doy,

b3 _— @ egf ii U Ub*Ub UI*DL
i 3\/—7Ts1n0W 5 123

A iiU Ub UL U (DS, + DSyy)
12 3\/—7T51n0W ~4 112 123/

etV UL UBT UG UG (DS, + DSy + DS + DSs)
13 3\/_‘7TSII10W ZZ]: il 123 223 23 233/

2 2
aegV .
N= s > > ULUR UL UKD, + Dy + Diyy + 2D555 + DSy + D§; + DS33),
14 3\/_7TSIHHW —& i1~ j1 > 1=V 112 12 122 123 223 23 233
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b3 @ egs t yrb*17b TIt*
= — EEUUUU(D 42D + DE, + DE),
15 3\/—77_ SIHHW 4 001 002 003/>

b3 — . HsCEsVp aegr

L1 ZZ UL USIM US UL (DS, + Dy + DS + DS;) — mUS U(DS 5 + 2D%5 + Dfy3 + 2D55;

32w s1n0w -
+ DSy + DSy + D§ + 2D5; + D5s5)],

2 2
T 11 UL U IMGUL USDS, — mUS U5 (DS, + DSy + DSs)]
21 3\/_7TSII10W Z; 2”13 T il 113 13 13370
o s€8sV ZZ UL U m, U U (Dgy + Doy + Dgy) — MgUb U D, .
3\/_7TSIHHW -
2 2
b3 «a egs t y7b* b gt c c c c b gt c
= - UL U Im, U U(DS, + Dfyy + 2Df; + Di; + Diy;) — MUY US(DS, + Df;)],
23 3\/—7TSII19W ZI:; i1~ jl1 t 111 113 13 133 13
2 2
ag eg‘ . .
b= — 3\/_“1110 3> UL UL Im UL UG(DS + 2D5, + DSy, + DSy + 3D515 + DS, + 4D, + 2D5, + 3D53,
w i
+ D5 + DSy3 + DS + 2D5; + DS35) — Mng’1 Ui(DS, + D§, + D§ + 2D, + D53 + D§ + D55)],
o stV iZU UL U%(D§, + Dy + D3 + Do)
25 3\/—77_ s1n0W — & ]2 i2 00 002 003 001
oo o8V iiU Ut Ut U DS
26 3\/—77_ SIHGW ~ % 27001’

8V iiU Ut Ut U DS
0 3\/_7TSIH9W 5 003

2 2
g eV UL Ut U U (DS, + D)
31 3\/—7751110‘4/ Z; 001 003/>
— A iiu Ut Ut U DS
2 3\/—77511’10W i 00

2 2
J

3\/—7rs1n0W :
L iiu Ut UL US(DS,, + Diyy)
34 3\/_7T81119W apA il 112 123/
b3 a egS

2 2
UL U UL U (DS,y5 + DS3 + DSy + DSy5),
35 3\/—77_ sm0W Z 2‘ 223 23 233 123

a Egs

fi3=-
3\/—77 smHW

2 2
ZZ UL UL UL UG (DS,5 + DS; + D35 + DS, + DS, + DSy, + 2D5,5).
i
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