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Inclusive top-pair production in QCD: g4 ~ a/(4m)*

[QCD NLO: Kuehn, Rodrigo, 1999]
[NLO+NNLL: Ahrens et al., 201 |]
[NNLO: Czakon et al,, 2014]

[EW: Hollik, Pagani, 201 1]
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ATLAS+CMS Preliminary LHCIOpWG Vs=8TeV Sept 2015
tt asymmetry
ATLAS l+jets H—a—H 0.009 + 0.004 + 0.005
arXiv:1509.02358
CMS I+jets template H-o-—H 0.003 + 0.003 + 0.003
arXiv:1508.03862
CMS |+jets H—e— 0.001 + 0.007 = 0.004
arXiv:1507.03119
ATLAS I+jets boosted . | 0.043 = 0.019 = 0.026
(M >0.75 TeV && IA Iyll < 2) - ' - ' -
ATLtPt\S-CONF-ZO‘I 5-048
| | |

-0.05 0 0.05

parton distributions Ac

[also: asymmetry in di-lepton channel; ATLAS, CMS 201 6]

oi:(v/s = 8TeV)
qq: 7.7% Rapidity asymmetry in gg channel suppressead

g9 +4qg:26.7% by large gluon background.
gg : 65.6%

R —————————




NIERGY ASYMIME | T

Measure top-antitop energy difference in tt+jet production:
[Berge, SV, 201 3]

- 018 (AE = O) b O+8; (AE < O) t : <parton frame)

Ey < Ef < cos «9((;{) > ()

“t. E,

energy asymmetry in qg frame

jet distribution reflects

angular asymmgtry in tt frame boost of incoming quark
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Enhance gg/gg ratio by selecting forward jet region:
ont O-A(vaytfj >O)+O-A(7T_9j7yt{j <O)
AEp (0;) =

0'5(63', ytfj e O) EE O (7’(’ = 997 ytfj <5 0) [Alte, Berge, Spiesberger, 2014]
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Cut on transverse momentum of leading jet, pr(j 1),
helps selecting the quark-gluon channel.
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Soft and collinear enhanced cross section: os ~ a?log? (pﬂfj))
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pp — tt] at 14-TeV LHC

—vent generation: aMC@NLO
R se CFEO ONLO

Jet clustering: Fast]et, anti-kt
Cladills AR — 0.5

Cuts on hardest jet:
pr(j1) > 100GeV, |y, | < 2.5
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dog™ (6;)/db; [pb]

dog™ (6;)/db; [pb]

yizj| > 0.5, |AE| > 50 GeV
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Maximum asymmetry preserved at NLO.



Cross section reduced by parton shower; effect smaller at NLO.

preliminary V' 0.5, 'AE" 50

do2P*(6;)/d; [pb]

Little dependence on generation cut, jet radius, jet algorithm.
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NLO+PS
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event generation: aMC@NLO w/ Pythia 6
stable top-quarks, no hadronization

jet clustering: Fast]et, anti-kt algorithm

jet cut at generator level: pr(j1)%" > 70 GeV
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PARTON SHOWER =00

NLO+PS

Energy asymmetry not very sensitive to parton shower effects.

preliminary  1v|>0-5. IAE[>50 preliminary  |'>0.5, |AE|>50
1E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | g 1)
0F ] oHHHH: Ras ol |
z z 1M Tth ¥ T
-1t b L1t
S : & l
5. "2 ] = 12f -
o H 1 ow H 1
< I 1 < I |-0-
-3¢ ] 13} 1 1S
z | | =4 [
_5' “““““““““““““““““““““ ] ! 5: ““““““““““““““““““““
00 05 10 15 20 25 30 00 05 10 15 20 25 30
6; [rad] j "rad#

event generation: aMC@NLO w/ Pythia 6
stable top-quarks, no hadronization

jet clustering: Fastjet, anti-kt algorithm

Jet cut at generator level: pr(51)8" > 70 GeV
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Scale variation: ur = pr € [m:/2, 2my]
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Scale dependence largely cancels between o4 and og.

PDF uncertainties have little effect on asymmetry.
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Integrate over region of large asymmetry, |9;,| < 0.5+ 1 <0; <

Statistical significance for total energy asymmetry (here A%°);
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Discovery scenarios
(dep. on systematics)

X ,,50/fb*

A" = —65%
o9 — 2.4pb
| S(50/fb) = 5

,300/fb*
AE = —11%
(F o = 0.14 pb
S(300/fb) = 5




ARE O

The energy asymmetry in pp — ttj is a good observable
of the QCD charge asymmetry for LHC Run |I:

O NLO QCD corrections are moderate.

O Parton shower efiects, scale and PDF dependence
largely cancel in normalized asymmetry.

O Phase-space cuts select the quark-gluon Out of This

. Furnace
channel, thus enhancing the asymmetry. g O

by Thomas Bell
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dominant
C]—P—’YJT!F!FE‘I
ol /mnrb*<
tt inclusive tt + jet
LO: no asymmetry LO:  real only
NLO: vietual + real NLO: virtual + real
levatron . AV = e
e 16 % Alro = —440£0.04%
[Ahrens et al, PRD 84 (2011) 074004] [Alioli, Moch, Uwer, JHEP 1201 (2012) 137, pTj > 20 GeV]
L e Al — 047 +0.04%
AlYl = 1.15 £ 0.06% naem A =051+ 0.09%

[Kiihn, Rodrigo, JHEP 1201 (2012) 063] [Alioli, Moch, Uwer, JHEP 1201 (2012) 137, pTj > 50 GeV]
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LHC — 7 TeV
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[Melnikov, Scharf, Schulze, 201 1] pr(jet) [GeV]

Mixed” NLO corrections might be important.

Notice: cross section dominated by gg channel,
could be different for asymmetry, gg channel.



