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Single Top production

Vtb = 0,88 ± 0,07 (PDG, 2010).
Vtb > 0,79 (R. Schwienhorst, D0, DPF-2011, Providence, RI, hep-ex/1109.2826)
Vtb = 1,16 ± 0,22 (T. Speer, CMS, DPF-2011, Providence, RI,

hep-ex/1110.2374)

Vtb up to 1 % at eγ.
E. Boos, M. Dubinin, A. Pukhov, M. Sachwitz and H.J. Schreiber, Eur. Phys. J C21

(2001) 81. hep-ph/0104279.
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Single Top production
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SM single top production cross section

beams No. of diagrams tt̄ ? σ(fb) σ(fb)
(
√

s = 0,5 TeV) (
√

s = 1,0 TeV)

e+ e− 20 yes 3.1 6.7
γγ 21 yes 9.2 18.8
e e 20 no 1.7 9.1
γe 4 no 30.3 67.6

E. Boos, M. Dubinin, A. Pukhov, M. Sachwitz and H.J. Schreiber, Eur. Phys. J C21 (2001) 81.

hep-ph/0104279.
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Single Top at the e+e− collider
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Single Top at the e+γ collider
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Single Top and the effective W approximation
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Single Top and the effective W approximation

σ(e+γ → tb̄ν̄e) =
∑

WL,WT

∫ 1

xmin
W

dxW fW+/e+(xW ) σ(W+γ → tb̄)(ŝ)

xmin
W =

mW

E
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Single Top. The NLO virtual correction
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Single Top. The NLO real correction
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Single Top at NLO
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J.H. Kuhn, C. Sturm and P. Uwer, Eur. Phys. J. C30, (2003) 169. hep-ph/0303233
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The effective W approximation

q

q̄V

V

MV ≪
√

s
2

.

MV ≪ mq

One dominant V polarization.

mV → 0 (or MV 6= 0)

S. Dawson, Nucl. Phys. B249 (1985) 42..
R. Kauffman, PhD. Thesis, SLAC-348 (1989), Phys. Rev. D 41 (1990) 3343.
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Single Top and the effective W approximation

σ(e+e− → tb̄ν̄ee
−) =

∑

WL,WT

∫ 1

xmin
W

dxW fW+/e+(xW )

∫ 1

0

dxγfγ/e−(xγ) σ(W+γ → tb̄)(ŝ) +

∑

WL,T ,ZL,T

∫ 1

xmin
W

dxW fW+/e+(xW )

∫ 1

xmin
Z

dxZfZ/e−(xZ) σ(W+Z → tb̄)(ŝ)
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The dipole substraction method

S. Catani and M.H. Seymour, Phys. Lett. B378 (1996)
287. [hep-ph/9602277]

S. Catani and M.H. Seymour, Nuc. Phys. B485 (1997)
291. [hep-ph/9605323]

S. Dittmaier, Nuc. Phys. B565 (2000) 69.
[hep-ph/9904440]

L. Phaf and S. Weinzierl, JHEP 0104 (2001) 006.
[hep-ph/0102207]

S. Catani, S. Dittmaier and Z. Trocsanyi, Phys. Lett.
B500 (2001) 149. [hep-ph/0011222]

S. Catani, S. Dittmaier, M.H. Seymour and Z. Trocsanyi,
Nuc. Phys. B627 (2002) 189. [hep-ph/0201036]
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The dipole substraction method

σ(W+γ → tb̄) = σLO(α0
s) + σNLO(α1

s)

σNLO = σvirtual + σreal

→ |M|2Aux ≡ Dgb,t + Dgt,b Dgb,t =
Vgb,t

2pg · pb
|M2(p̃gb, p̃t)|2

σreal − σA = [flux]

∫

dΦ3(t, b, g)
(

|M3|2 − Dgb,t − Dgt,b

)

dσA = Σdipoles dσBorn ⊗ dVdipole
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The dipole substraction method

∫

3

dσA = Σdipoles

∫

2

dσBorn ⊗
∫

1

dVdipole

≡
∫

2

dσBorn ⊗ I

σNLO(W+γ → tb̄) =

∫

tbg

[

(dσR)ǫ=0 − (dσB ⊗ dVdipole)ǫ=0

]

+

∫

tb
[dσV + dσB ⊗ I]ǫ=0
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The dipole substraction method

dσB ⊗ dVdipole =
〈Vgt,b〉
2kg · kt

|M0(k̃gt, k̃b)|2 + {t ↔ b} ,

〈Vgt,b〉 = 8παsCF {
2

1 − z̃t(1 − ygt,b)
− ṽgt,b

vgt,b
[1 + z̃t +

m2
t

kg · kt
]} ,

z̃t =
kt · kb

(kt + kg) · kb
, ygt,b = 2

kg · kt

sxtb
, ṽgt,b =

λtb

xtb
,

vgt,b =
√

(1 + agt,b)2 − a2
gt,b/zb , agt,b =

2zb

xtb(1 − ygt,b)
,

k̃b =
xb

2
P +

λtb

λgt
(kb −

P · kb

s
P ) , k̃gt = P − k̃b , P = kW + kγ ,
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The dipole substraction method

dσB ⊗ I = |Md(W
+γ → tb̄)|2 αs

2π

1

Γ(1 − ǫ)

(

4πµ2

s

)ǫ

(Igt,b + Igb,t)

Igt,b = CF [2Ieik + Icoll
gt,b ]

XIII Mexican Workshop on Particles and Fields– p.18/22



The dipole substraction method

Ieik =
xtb

λtb
{ ln ρ

2ǫ
+

π2

6
− ln ρ ln [1 − (µt + µb)

2] − 1

2
ln2ρt −

1

2
ln2ρb

+ 2Li2(−ρ) − 2Li2(1 − ρ) − 1

2
Li2(1 − ρ2

t ) −
1

2
Li2(1 − ρ2

b)}

Icoll
gt,b =

1

ǫ
+ 3 + ln µt + ln (1 − µb) − 2 ln [(1 − µb)

2 − zt] −
µb

1 − µb

− 2

xtb

[

µb(1 − 2µb) + zt ln
µt

1 − µb

]

ρ2 = (xtb − λtb)/(xtb + λtb),
ρt = (xtb − λtb + 2zt)/(xtb + λtb + 2zt),
ρb = ρt{t ↔ b}.
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Single Top at NLO
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F. Peñuñuri, F. Larios and Antonio O. Bouzas, Phys. Rev. D83 (2011) 077501..
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Single Top at NLO
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Conclusions

e+γ → tb̄ν, EWA, NLO correction 5 %.

e+e− → tb̄νe−, EWA, NLO correction 12 %.

EWA not very reliable for single top. It works better for tt̄

than for tb̄.

XIII Mexican Workshop on Particles and Fields– p.22/22


	small Single Top production
	small Single Top production
	small SM single top production cross section
	small Single Top at the $e^+ e^-$ collider
	small Single Top at the $e^+ gamma $ collider
	small Single Top and the effective W approximation
	small Single Top and the effective W approximation
	small Single Top. The NLO virtual correction
	small Single Top. The NLO real correction
	small Single Top at NLO
	small The effective W approximation
	small Single Top and the effective W approximation
	small The dipole substraction method
	small The dipole substraction method
	small The dipole substraction method
	small The dipole substraction method
	small The dipole substraction method
	small The dipole substraction method
	small Single Top at NLO
	small Single Top at NLO
	small Conclusions

