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Introduction

● 8 million top quark pairs per 
year in the low luminosity phase

● Major goals

-   top mass measurement with a 
precision below 1 GeV

-   production cross section to 
better than 10%

-   production and decay 
mechanisms to 1-2%

-   spin correlations to 3-5%



  

Measuring the mass
● The top quark mass has a high 

impact on electroweak physics !

● The top quark mass is measured 
in the pair production process 
exclusively

● The method is based on 
kinematic reconstruction and 
fitting

● An interesting alternative is the 
measurement from the cross 
section normalization

● At the Tevatron the precision 
from the cross section shape is 
about 5 Gev

● At the LHC one expects 2-3 GeV



  

Calibration

● One of the main problems is identifying 
    jets with a b-quark (b-tagging)

● This can be improved with samples that 
   have been identified as top pair events

● Another use is luminosity determination
   for processes induced by the gluon flux

● Conclusion from recent CTEQ analysis: 3 – 5 % precision required
   on the theory and experimental sides !!!

90 % ! overcomes part of the uncertainty in the gluon PDF !

STANDARD CANDLE !



  

Uncertainties at the LHC



  

Theoretical framework
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Fluxes
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Scaling functions
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Threshold behaviour
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Threshold behaviour
● Soft gluon radiation important because of the vanishing phase 

space at threshold

● At l-loops the logarithms go up to

● Currently known up to NNLL Moch, Uwer '08 p
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1−z ]




  

Theory uncertainties
● At the LHC the scale dependence gives an error of about 12% at NLO

● Excellent prospects at NNLO

    3% scale, 2% PDF

● Conservative estimate with NLL resummation

●  Input parameter sensitivity at NLO

with mt=170.9±1.1stat±1.5syst

5mt

mt

≃ 5%
(CDF & D0)

by varying the PDFs in CTEQ ≃ 5%

Moch, Uwer '08

Cacciari, Frixione, Mangano, Nason & Ridolfi '08



  

Historical perspective
● NLO corrections

    Nason, Dawson, Ellis '88

● implemented in MCFM

     Campbell, Ellis

● LL resummation

    Laenen, Smith, van Neerven '92

● NLL resummation

    Bonciani, Catani, Mangano, Nason '98

● NLL resummation + ...

    Kidonakis, Vogt '03

● NNLL resummation

     Moch, Uwer '08

● 1-loop squared

    Korner, Merebashvili, Rogal '06

● NLO tT + jet

    Dittmaier, Uwer, Weinzierl '07

● High energy asymptotics of 2-loop 
amplitudes

    quark annihilation MC, Mitov, Moch '07

     gluon fusion MC, Mitov, Moch '07

● Full mass dependence of 2-loop 
amplitudes

     quark annihilation MC '08

     gluon fusion Baernreuther, MC      
                          (in preparation)



  

Contributions to the cross section
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● Determine the coefficients of the mass expansions using differential equations in m
s
 

obtaining the power corrections

● Evaluate the expansions for              to obtain the desired numerical precision of the 
boundaries

● Compute the high energy asymptotics of the master integrals using Mellin-Barnes 
representations in order to obtain the leading behaviour of the amplitude

ms

d
dms

Mims , x ,=∑ j
Cijms , x ,Mjms , x ,

ms≪1

● Evolve the functions from the boundary point with differential 
equations first in m

s
 and then in x (ZVODE)

Virtual corrections for quark 
annihilation... numerics

The new invention          based on some earlier ideas by Czyz, Caffo, Remiddi '02

The hardest part           invented for Bhabha scattering by MC, Gluza, Riemann '06



  

Virtual corrections for quark 
annihilation... numerics

● Computational complexity

190   diagrams
2812 integrals
145   master integrals

● Even worse for gluon fusion

726   diagrams
8676 integrals
422   master integrals

● Convergence regions for a
  small mass expansion

m2 = .2 s, t = -0.45 s
1 % accuracy
region of the 
leading asymptotics
(MC, Mitov, Moch '07)

1 ‰ accuracy
region of the
expansion



  

Virtual corrections for quark 
annihilation... numerics

● Numerical stability requires higher precision

● Global error determined by contour variation 

● Due to relatively slow evaluation one needs interpolation based on
   a grid of values for Monte-Carlo generation (grid available on arXiv)



  

Virtual corrections for quark 
annihilation... numerics

● Problems at the singular points of the differential equations

● Taylor expansions around arbitrary points as a possible solution

● Extremely efficient implement with sparse matrix multiplication and
   multiple precision (e.g. 128 digits needs 10 seconds for 21 terms)

finite part of the bosonic + heavy lepton
contribution

ms=0.2, d=1/10x−0.45



  

Virtual corrections for quark 
annihilation... numerics

● Decent precision needed at the edges of the phase space for total
   cross section contribution in dimensional regularization
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Virtual corrections for quark 
annihilation... numerics

● Contribution to the total cross section at m
s
 = 0.2, obtained with

   2 Taylor expansions around x = 0.45 and x = 0.55 (unrenormalized)
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with 17 terms

with 18 terms

with 19 terms



  

Conclusions
● The total cross section will be measured to better than 10% at the 

LHC and can be used for callibration and alternative mass measure

● The error from scale variation at NLO is about 12%

● Soft gluon resummations not sufficient and do not fit into MC

● Known at NNLO are

    - PDFs

    - square of the one-loop matrix element

    - tT + jet cross section

    - leading behaviour at high energy of the 2-loop virtual corrections

    - exact virtual corrections in the quark annihilation channel

● Next: remaining virtuals and real radiation

● Lots of work before a satisfactory Monte-Carlo implementation


