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Single top quark production channels

Partonic processes at LO
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(@) t channel: gb — g't and gb — §'t (ub — dt and db — iit, etc.)
(b) s channel: g3’ — bt (ud — bt, etc)

(c) associated tW production: bg — tW™
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Soft gluon corrections

For the process p1 + p2 — p3 + pa

defines = (p1+ p2)> t = (p1 — p3)>, u = (p2 — p3)* and sy = s + t + u — m3 — mj3

At threshold s4 — 0

In’ (sq/m?)
Sq

Soft corrections [

_|_
I < 2n—1for the O(a?) corrections

Resum these soft corrections
Expand cross section through NNNLO at NLL accuracy

Requires one-loop calculations in the eikonal approximation
c=)_ / dx1dx2 1 (X1, BF) P fr15 (X2, uE) G (S, t, 4, PF, PR, &s)
f

MRST 2004 NNLO pdf are used for the numerical results
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Resummed cross section
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N; = N[(—u + m?)/m?] and N, = N[(—t + m?)/m?] for incoming partons

N; = N(s/mZ) for outgoing partons

Ci=Cr = (N2 —1)/(2N,), B(l) = 3Cr/4 for quarks; C; = C4 = N, Bél) = Bo/4 for gluons
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One-loop eikonal vertex corrections to the soft function in the t and s channels

q (9) q (") q (9) q' (")

b t b t
q b q b
q t q t

Nikolaos Kidonakis, DIS 2007, Munich, Germany, April 2007



One-loop eikonal vertex corrections to the soft function in the tW channel
b b b
8 8 8
Top-quark eikonal self-energy one-loop corrections: (a) t channel; (b) s channel;
(c) associated tW production
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NLO soft gluon corrections
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NNLO soft gluon corrections
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Single top production at the Tevatron - t channel

Singletop at Tevatron t-channel S"2=1.96 Tev p=m,

Singletop at Tevatron t-channel S"2=1.96 Tev ph=m

t
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%60 165 170 175 180 ?60 165 170 175 180
m, (GeV) m, (GeV)

t channel LO NLO approx | NNLO approx | NNNLO approx
my =170 | 1.131 1.150 1.177 1.193
my; =172 | 1.091 1.113 1.139 1.155
my = 175 | 1.035 1.060 1.085 1.100
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Single top production at the Tevatron - t channel

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

gt—channel (3, — 170 GeV) = 1.171 705 £ 0.06 pb = 1.17 4 0.06 pb

T T
scale pdf

gtchannel () — 175 GeV) = 1.08 1705 £ 0.06 pb = 1.08 % 0.06 pb
T T

scale pdf

Cross section for anti-top production is identical
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Single top production at the Tevatron - s channel

Singletop at Tevatron s-channel s"2=1.96 Tev pH=m

t

Singletop at Tevatron

schannd  S7°=1.96TeV  p=m

t
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m, (GeV) m, (GeV)

s channel LO NLO approx | NNLO approx | NNNLO approx

my =170 | 0.353 0.510 0.555 0.576

my =172 | 0.335 0.484 0.528 0.547

my =175 | 0.310 0.448 0.488 0.506
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Single top production at the Tevatron - s channel

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

gs—channel (4 — 170 GeV) = 0.56 £ 0.02 &+ 0.01 pb = 0.56 & 0.03 pb

T T
scale pdf

gs—channel (4 — 175 GeV) = 0.49 £ 0.02 + 0.01 pb = 0.49 £ 0.02 pb
T T

scale pdf

Cross section for anti-top production is identical
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Single top production at the Tevatron - tW channel

bg-->tW at Tevatron

s"=196Tev  p=m

t

bg-->tW a Tevaron S'°=1.96TeV  p=m
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m, (GeV) m, (GeV)
tW production LO NLO approx | NNLO approx | NNNLO approx
my = 170 0.080 0.122 0.140 0.146
my = 172 0.076 0.116 0.133 0.139
my = 175 0.070 0.107 0.122 0.127
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Single top production at the Tevatron - tW channel

Approximate NNNLO cross section

o™ (m; = 170 GeV) = 0.15 + 0.02 + 0.03 pb = 0.15 £ 0.03 pb

T T
scale pdf

c™W(m; = 175GeV) = 0.13 & 0.02 =+ 0.02 pb = 0.13 = 0.03 pb
T T

scale pdf

Cross section for anti-top production is identical
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Single top production at the LHC - t channel

Threshold corrections not a good approximation of full QCD corrections

Exact NLO cross section

Oiop ™ (my = 170GeV) =152 £ 5+ 3 pb =152+ 6 pb

T 1
scale pdf

Tiop ™! (m; = 175GeV) = 146 £ 4 + 3 pb = 146 + 5 pb
T 1

scale pdf
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Single antitop production at the LHC - t channel

Threshold corrections not a good approximation of full QCD corrections

Exact NLO cross section
oinitonnel (m; = 170 GeV) = 93 £3+2 pb =93+ 4 pb
T 1

scale pdf

it (m; = 175GeV) = 89 £ 32 pb =89 + 4 pb
T 7

scale pdf
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o (pb)

Single top production at the LHC - s channel

Singletop at the LHC s-channel s"=14Tev p=m, Singletop at the LHC s-channel s"=14Tev p=m,
[ | | — 1 2_ —r 1 T 1 T 1
14:_ — LO g ——- NLO approx /LO
L ——- NLO approx - .—--= NNLO approx / LO
12 -=+-- NNLO approx | -] - NNNLO approx /LO| 7
S EERPED NNNLO approx
- s i
: E L
i ] T T S ~
: 120 i
2| . [
%o ' 1f|55 — 1|7o — 1|75 — 1_80 160 1f|55 ' ' 1|7o — 1I75 1m0
m, (GeV) m, (GeV)
s channel | LO | NLO approx | NNLO approx | NNNLO approx
my =170 | 5.40 7.53 8.08 8.33
my =172 | 5.18 7.23 7.76 8.00
my =175 | 4.87 6.79 7.29 7.52
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Single top production at the LHC - s channel

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

Tip " (my = 170 GeV) = 8.070% £ 0.1 pb = 8.0172 pb

T T
scale pdf

o (my = 175 GeV) = 7.270% + 0.1 pb = 72102 pb
T T

scale pdf
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Single antitop production at the LHC - s channel

Single antitop at the LHC s-channel s"=14Tev p=m, Single antitop at the LHC s-channel s"=14Tev p=m,
55— | — 5T T
E\,:\.:\ — LO ] ——- NLO approx/LO
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m, (GeV) m, (GeV)
s channel | LO | NLO approx | NNLO approx | NNNLO approx
my =170 | 3.44 4.22 4.14 4.09
my = 172 | 3.30 4.05 3.96 3.92
my = 175 | 3.08 3.78 3.71 3.67

Nikolaos Kidonakis, DIS 2007, Munich, Germany, April 2007

18



Single antitop production at the LHC - s channel

Matched cross section (exact NLO + soft gluon corrections through NNNLO)
g~ channel ) 170 GeV) = 4.5+ 0.1+ 0.1 pb = 4.5+ 0.2 pb

antitop
T T

scale pdf

oo (m; = 175GeV) = 4.0 £ 0.1+ 0.1 pb = 4.0 0.2 pb
T T

scale pdf
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Single top production at the LHC - tW channel

bg-->tW a the LHC S"°=14TeV

bg-->tW a the LHC S"°=14TeV

p=m, p=m,
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m, (GeV) m, (GeV)
tW production | LO | NLO approx | NNLO approx | NNNLO approx
ms = 170 32.1 44.3 48.6 51.0
my = 172 31.2 43.1 47.4 49.6
my = 175 29.9 41.3 45.2 47.3
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Single top production at the LHC - tW channel

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

c"W(m; =170GeV) =44+5+1pb =44+ 5 pb

T 71
scale pdf

c™W(m; =175GeV) =41+4+1pb =41+4pb
T 71

scale pdf

Cross section for anti-top production is identical
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Summary

e Single top production via Standard Model

partonic processes
e t and s channels and associated tW production
e Soft-gluon threshold corrections

e At the Tevatron, threshold approximation works well -

small corrections in t channel, large in s and tW channels

e At the LHC, threshold approximation works well

In s and tW channels - large corrections
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