Top-quark charge asymmetry goes forward:
Two new observables for hadron colliders
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Motivation

QCD predicts a charge asymmetry for top quark pair production
in hadron-hadron scattering

The corresponding forward-backward asymmetry has been mea-
sured at CDF and DO
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Need to measure the charge |By| slope GeV - Gav - 210

asymmetry at the LHC (CDF, arXiv 1211.1003)

Problem: predicted SM charge asymmetry in inclusive top pair
production at LHC is very small




Motivation

LO: no charge asymmetry

NLO: Charge asymmetry is generated due to virtual
corrections (box diagrams) and real gluon emission
diagrams (ISR-FSR interference)

Separating contributions with gluon Ecut:

0.20;
0.15
0.10
o real emission diagrams contribute with 005

negative asymmetry 0.00

o virtual corrections generate positive
asymmetry

o need to understand the ¢t + jet contribution  —005]

especially in different phase space regions -0.10




tt+jet in QCD

S.B., S. Westhoff, JHEP 07(2013)179
S.B., S. Westhoff, arXiv 1307.6225
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Charge asymmetry of qg — tt + jet in QCD

q —>— Wi q
o Differential charge asymmetry at a certain "’Z}>’m‘<
§ —e—t f J

phase space point: g
do, ~ dfbc' antisymmetric
under t <> {

(Furry theorem)

da'A — da—tt_ — d&gt

o Symmetric differential cross section :

dogs = dowg + dog

g 1

preferred suppressed




Charge asymmetry of qg — tt + jet in QCD

Differential charge asymmetry:

do o = dog — dog

doa(qq — ttj .
dzz(‘;iqut dé)t =— [N + sin” 0; (V] + cos’ © NT)] cosp « Incline Asymmetry

+ [Ny + cos® ¢ NJ| sin 6, cos 0 « Energy Asymmetry

Ni(E;, Ef) - symmetric in E; and Ef
Ni(E;, Ef) - antisymmetric in E; and E;




qq — tt + jet

do4/d6; [pb/rad]

0; [rad]

o Partonic asymmetries for ¢¢ — ttg in dependence of the jet scat-
tering angle 6;, /s =1 TeV, E; > 20 GeV.

0 Incline Asymmetry  do¥ = déa(cosp > 0)

Rapidity Asymmetry  dé% = dé4(cos 6, > 0)

Energy Asymmetry  d6% = doa(AE > 0,c080; > 0) —do4(AE > 0,cos6; <0)

cos @y =sinf;cospsiné + cosb;cos&, cosé = f(E, Er), AE=EF, —E;
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0; [rad]

o Partonic asymmetries for gg — ttq in dependence of the jet scat-
tering angle 6;, \/s =1 TeV, E; > 20 GeV.

0 déps=déa(AE>0), AE=E, — F;

o Energy asymmetry in qg — ttg: Quark direction does not need
to be determined!




Results: LHC @ 14 TeV
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Incline asymmetry A%4? is testing the charge asymmetry of the gg-channel

Energy asymmetry AY is testing the charge asymmetry of the gg-channel
LHC Detector cuts have been applied. Furthermore |y;| < 0.5

A lower cut on AE implies a larger minimum pr;

Dashed lines: Luminosity needed to distinguish the asymmetry with 5 o from
the null hypothesis (assumed tt + jet reconstruction efficiency 0.05)




tt+jet with massive

color-octet bosons

S.B., S. Westhoff, Phys. Rev. D86 (2012) 094036
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Lagrangian, contributing diagrams

L=— 9s fabc [(&LLGZ o aVGZ) Gb,ugcv + GauGbV(a’ugﬁ)]

+ g G GeT

G}, - massive gluon field

q%}, qf4 - vector, axial-vector couplings of the

massive gluons to quarks

All combinations of diagrams can contribute to

the cross sections o4 and og

Asymmetry depends on the heavy gluon
mass Mg, its width ' and products ot coupling

combinations, e.g. g{-gi, or g% g"




Partonic asymmetries including color-octets
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6; [rad] 6; [rad]

o Partonic normalized asymmetries for gg — ttg (left) and qg — ttq
(right) in dependence of the jet scattering angle 6,, /s =1 TeV,
Ej 2 20 GeV.

a MGz2TeV,gv:0,ng:O.5,gf4:2

o Normalized rapidity and energy asymmetry are non-vanishing
for 6; — 0, m
— no jet cut necessary




Rapidity Asymmetry: LHC @ 8 TeV

lyl __ plylstot ly|,SM

Large asymmetries are generated due

to axial-vector couplings

Also vector couplings generate additional
asymmetry (not in ¢t inclusive at LO)
Similar results for LHC14, some additional

phase space cuts may need to be applied
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Concluding Remarks

0 The QCD charge asymmetry can be observed at the LHC in
tt + jet production using two new observables:

0 The incline asymmetry tests the charge asymmetry of the
gg-channel with asymmetries of up to —4%
0 The energy asymmetry tests the charge asymmetry of the

gg-channel with asymmetries of up to —11%

Massive color-octet bosons, that could explain the measured Tevatron
charge asymmetry in inclusive t¢-production, have large effects on
the charge asymmetries in tt + jet at the LHC.

Vector or axial-vector couplings can be determined by measuring
the differential jet distribution.
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