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e+e-→tt near threshold

Resonances
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Top threshold
✦ mt and yt measurement is important to test SM/BSM
✦ (Δ mt)exp <= 50MeV→ theory goal δσ<=3%
✦ NNLO result @2001

@2001

✦ We will advance the theory calculation to NNNLO

Scale uncertainty about 20 %
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Effective Field Theory
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Threshold XS in EFT
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Potential Perturbation

We treat higher order potentials as perturbation to 
the all order resummation of LO Coulomb exchage.

→　We call Potetial Insertion 

All order Coulomb ladder

Single nsertion of a1, a2, a3 is NLO, 
NNLO  and NNNLO, respectively 
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Ultrasoft Correction

2014年3月5日水曜日



US renormalization II: Vertex
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✦ all the logarithmic parts obtained analytically

✦ there are uncanceled iΓ/ε,   which in turn produces 
scale dependence  -> unstable top EFT

Beneke-YK 08
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US corr

✦ Ultrasoft correction 
alone; constant(solid), log
+const. orange band

✦ RLO+Rus 

Ultrasoft correction is scale 
dependent and not physical
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Bulding blocks (2014)

Anzai-YK-Sumino, 
Smirnov-Smirnov-
Steinhauser (2010)

Marquard-Piclum-Seidel-Steinhauser
 arXiv:1401.3004[hep-ph]

Beneke-YK-Marquard-Penin-Piclum-Seidel-
Steinhauser arXiv:1401.3004[hep-ph]
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Coulomb Corr
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NonCoulomb Corr

µ=50-120 GeV
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Ultrasoft Corr
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N2LO and N3LO

Beneke-YK-Schullet(TTbarXSection)
+Marquard-Piclum-Seidel-Steinhauser, Penin(c3, b2ep)

µ=50-120 GeV

Inputs: 
mPS(20GeV)=170 GeV,  
Γt=1.4 GeV,
αs(Mz)= 0.1180

µ=50-120 GeV

Not the final result! 
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Issue of unstable top 
✦ There are several different effects concerning to 

unstable nature of top quarks.

✦ We have taken into account one of unstable top effect 
by E-> E+iΓt , We have introduced some uncanceled 
scale dependence.

→　talk by A. Hoang, and  P. Ruiz

multiplicative Z-factor need to renormalized counter 
term by unstable top EFT

It was started to seriously think this issue  few years ago 
[ Hoang-Reisser-Ruiz, Beneke-Falgari-Schwinn-Signer-Zanderighi, Jatzen-Ruiz, Penin-Piclum,....]. 

We have started to implement a prescription in our code, to fix the scale 
dependence, but not yet completed. 
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Summary 
✦ e+e- →tt cross section near threshold 

computed at NNNLO →sizable correction, 
reduction of scale dep.

✦ Still few missing parts→ c3,...    
✦ c3(singlet) still missing

✦ Implementation of some of unstable effects 
started Jantzen-Femenia(2013), Beneke-Jantzen-Femenia(2010), Hoang-Reisser-Femenia(2010)

Maquard-Piclum-Seidel-Steinhauser(2014)
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