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EXAMPLE: CDF

CDF, “Cross-section constrained top quark mass measurement from dilepton events at the Tevatron”,
Phys.Rev.Lett.100:062005,2008.
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RECENT PROGRESS AT NLO

* O(tt):
* Approx. NNLO: Moch and Uwer, arXiv/08041476
e Scale-dep, Coulomb and all powers of logB: at 2-loops
* NLL resum, update: Cacciari, Frixione, Mangano, Nason, Ridolfi, arXiv/08042800
* Kidonakis, Vogt, arXiv/0805.3844

® Spin correlations at NLO

W. Bernreuther, A. Brandenburg, Z. G. 51 and P. Uwer, Phys. Rev. Lett. BT (2001)
242002 [arXiv:hep-ph/O107086].

W. Bermreuther, A. Brandenburg, Z. . 51 and P. Uwer, Nucl. Phvs. B 690 (2004)
&1 [arXiv:hep-ph0403033].

e NLO corrections to O(tt+jet)

S. Dittmaier, P. Uwer and S. Weinzierl, Phys. Rev. Lett. 98 (2007) 262002

e EW effects in o(tt)

Electroweak effects in top-quark pair production at hadron colliders. G5) NLO QED contributions to top-pair production at hadron collider.

J.H. Kuhn, A. Scharf (Karlsruhe U., TTP) , P. Uwer (CERN) . CERN-PH-TH-. Wolfgang Hollik, Monika Kollar (Munich, Max Planck Inst.) . MPP-2007-106,

Published in Eur.Phys.J.C51:37-53,2007. Published in Phys.Rev.D77:014008,2008.

17) Weak corrections to gluon-induced top-antitop hadro-production. 16) Weak interaction corrections to hadronic top quark pair production.

S. Moretti, M.R. Nolten, D.A. Ross (Southampton U.) . SHEP-06-04, Mar 2006. * Werner Bernreuther, Michael Fuecker (Aachen, Tech. Hochsch.) , Zong-Guo Si (Shandong U.)

Published in Phys.Lett.B639:513-519,2006, Erratum-ibid.B660:607-609,2008 Published in Phys.Rev.D74:113005,2006.

FOR A RECENT REVIEW, SEE ALSO: BERNREUTHER, ARXIV/0O8051333



MOCH&UWER VS CACCIARI ET AL: LHC
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® Central values within 1%

¢ PDF uncertainty results agree, and confirm that Oppr is
underestimated

¢ NNLL scale uncertainty smaller than NLL?



MOCH&UWER VS CACCIARI ET AL: TEV
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SCALE DEPENDENCE

1400 1400 ———F——F—"—F—T——T—T———
1200 1200 [ Tpp g PRI ALLAC -
1000 1000 F T 3
BOO 800 —
600 [ R 600 =
400 | 400 G -
0 1 I L1 L4 L | 4 I L 0 I T T L L1 I g L1 I L
165 170 175 180 165 170 175 180
m, [GeV] m, [GeV]
Moch and Uwer, arXiv/08041476
Scale dependence criteria:
Moch and Uwer:
HrR= Mg = U Ho/2 < U < 2 Ho Ho = Myop

Cacciari et al.

HR # HE 1/2 < pr/ pPr<2 Ho/2 < UrF < 2 Ho Ho = Myop



== ON THE OTHER HAND ==
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A1 =Anir [A=2, yr=Hr] ~7%  “Conservative” NLL scale uncertainty
Ao = Anir [A=0, yr=Hr] ~2%  “Aggressive” NLL scale uncertainty




NLL RESUMMATION
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A AND HUrFHUF SYSTEMATICS AT NLL

A=2
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PDF UNCERTAINTIES
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PDF UNCERTAINTIES
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PDF UNCERTAINTIES
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TEVATRON

Run I preliminary
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EXPLOITING PDF CORRELATIONS?

Looking for PDF correlations with the inclusive jet sample:
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A correlation exists, but it is not perfect. Likely due to the fact that
the initial state is not precisely the same:
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Ogg(jet) : Oqg(jet) : qu(jet) =45% : 45% : 10%



MASS-DEP" PARAMETERIZATION
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LHC AT 10 TEV

414 pb at 10 TeV
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NNLO BUILDING BLOCKS

Real-emission diagrams, squared:

* ttgg ttqg, ttqq (g = gs*x gs*)

1-loop, O(€, €2):

e tt @ 1-loop, squared (g8 = gs2+2 x g, 2+2))
1-loop + real emission diagrams:

e ttg+ttq at 1-loop, interference with tree-level

2-loop

e ttat2-loops, interference with tree-level tt

(888 i g8(2+4) % gSZ)



]1-LooP, O(E, €3)

J.G. Korner, Z. Merebashvili and M. Rogal, Phys. Rev. DT3 (2006) (0534030

J.G. Korner, Z. Mercbashvili and M. Rogal, arXiv:0802.0106 [hep-ph).
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REAL-EMISSION, 1-LOOP

S. Dittmaier, P. Uwer and S. Weinzierl, Phys. Rev. Lett. 98 (2007) 262002
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2-LOOP

Qunuoog

GEOO0no0o0Y EEPDI DD

b b R R Ry
aQ
n
(o))
NOonuvney
QQ
wn
N

"
b

M. Czakon, A. Mitov and S. Moch, Phys. Lett. B651 (2007) 147.
M. Czakon, A. Mitov and S. Moch, arXiv:0707.4139 |hep-ph].

qq/gg->0Q0 at 2-loops, analytic, vS>>mg

Czakon, arXiv/0803.1400
qq->00 at 2-loops, numerical, mQ=0,

Czakon, in progress

gg->0Q0 at 2-loops, numerical, mQ=0,



CONCLUSIONS

The LHC will challenge QCD in the determination
of o(tt)

Estimates of the intrinsic theoretical accuracy vary
from 2% (NLL or approx NNLO, pr = yr, A=0) to
9% (NLL, URr = U, A=2)

PDF uncertainty likely underestimated

Current impressive progress towards full NNLO,
but still some way from physical cross-sections



