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Motivation

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

0 The corresponding forward-backward asymmetry has been measured at
CDF and DO

. CDF 9.4 fb-! .
o Discrepancy to SM prediction [ + jets (1308.1120) 94%3%
remains at 2 — 3o level i J{) i;gljets, (Dtgcl)\l Zt.e7 22-9'4) 165 + 47419 %
o Sign of new Physics? Z;QZb Zt; gts’ (DESONZZ;?; g | 636204%
o Need to measure the charge SM,NLO 38+0.3%

asymmetry at the LHC

o Problem: predicted SM charge asymmetry in inclusive top pair produc-
tion at LHC is very small




tt+jet in the SM
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Charge asymmetry of qg — tt + jet in QCD

q —> f q
n Differential charge asymmetry at a certain ! ’
phase space point: | —~—TTW ! 7
doy = dog — dogy do, ~ dc?bc antisymmetric

under ¢ <> ¢
(Furry theorem)

n Symmetric differential cross section :

dog = dog + dog

g 1 7 g

preferred suppressed




Charge asymmetry of qg — tt + jet in QCD

(S.B., S. Westhoff, JHEP 07(2013)179
S.B., S. Westhoff, arXiv 1307.6225)

Differential charge asymmetry:

do o = doy — dog

doa(qq — ttj) | . |
10 d0; dE, A = — [Ny + sin® 6, (N7 + cos® ¢ NY)] cos ¢ « Incline Asymmetry

-+ [NQ + cos? © ng] Sin (9j COS 6’j « Energy Asymmetry

Ni(E;, Ef) - symmetric in F; and E;
Ni(E;, Ef) - antisymmetric in E; and Ef
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o Partonic asymmetries for ¢ — ttg in dependence of the jet scat-
tering angle 6;, /s =1 TeV, E; > 20 GeV.
0 Incline Asymmetry  dd% = doa(cosp > 0)
Fwba Asymmetry d&i{ — d(}A(CQS 0, > O) . dog = doy — dog

Energy Asymmetry  dol = do4(AE > 0)

cos 0y = sinf; cos psiné 4+ cosb,;cosé, cosé = f(Ey, Ef), AE=F,— E;



dd/df, [pb]
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“collinear
0; [rad] divergency

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

0 Incline Asymmetry  dd% = doa(cosp > 0)
Fwba Asymmetry A6 = dé 4(cos B, > 0) , dog = doy — dog

Energy Asymmetry  dol = do4(AE > 0)

cos 0y = sinf; cos psiné 4+ cosb,;cosé, cosé = f(Ey, Ef), AE=F,— E;
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0 Partonic asymmetries for gg — ttq in dependence of the jet scat-
tering angle 6;, v/s =1 TeV, E; > 20 GeV.

o Energy asymmetry in qg — ttq: Quark direction does not need
to be determined!
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0 Partonic asymmetries for gg — ttq in dependence of the jet scat-
tering angle 6;, v/s =1 TeV, E; > 20 GeV.

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



Results: LHC @ 14 TeV

Incline Asymmetry

|yttj |min

[cos(@)min

Incline asymmetry A%? tests the
charge asymmetry of the gg-channel
(g9 channel contribution tiny)

oa(Y; > 0) — oy <0)

AP =

gs

LHC Detector cuts have been ap-
plied. Furthermore |g,| < 0.5

Dashed lines: Luminosity needed
to distinguish the asymmetry with
5o from the null hypothesis (as-
sumed tt + jet reconstruction effi-
ciency 0.05)

Maximal significance at LHCS: 3.60

@ ... inclination angle
Ytj ... boost along z-axis



Results: LHC @ 14 TeV

Energy Asymmetry
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Energy asymmetry A¥ tests the charge
asymmetry of the gg-channel,
rel. contributions: qg : 21%, qq : 4%

O'A(AE Z O)

0s

AF =

qq contribution to A¥ is exactly zero

LHC Detector cuts have been applied.
Furthermore |7,| < 0.5

A lower cut on AFE implies a larger
minimum pr; cut

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

Maximal significance at LHCS: 3.30

Ystj ... boost along z-axis



tt+jet with massive
color-octet bosons
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Lagrangian, contributing diagrams

L=— gs fabc [(&uGzC/L o aI/CTYZ) Gb,ugcu T GaMGbV(aﬂgg)]

— 1G5 G; ’Y”GZTQ(

i i 1

| gy + V5924 (i t

e q

9.G
g
q t

_ 9gv.A 9v,A _
o G? - massive gluon field 1 t

7
a 4i,q4 - vector, axial-vector couplings of the
massive gluons to quarks ¢ — t

o All combinations of diagrams can contribute 7
to the cross sections o4 and o,

o Asymmetry depends on the heavy gluon mass

q t
Mg, its width I'¢ and products of coupling ;
combinations, e.g. gi-gt, or g% g% ; )




Axigluon Parameters

0 (Consider light massive color-octet bosons with masses ot
100 — 400 GeV as motivated in Gross et al. (Phys.Rev. D87 (2013)
014004) to explain the measured Tevatron Top charge Asymmetry

o gy = 0, — consider pure axigluons

o Define a4 = g%glas with 0.005 < ay < 0.032 to explain the Tevatron
asymmetry

o Axigluon width > 10%

o Axigluon must decay preferably into more than 3 jets to avoid collider
bounds




Energy asymmetry at parton level: gq - channel
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o Shown is the differential energy asymmetry with AL = E, — Er:
Left d6% = do4(AE > 0), right A~F

o Blue: SM, Black: including Axigluons, Red: difference

o Contrary to the SM case, do4 exhibits a pole for collinear jets

o — normalized asymmetry is large and finite for collinear jets

0 Need to measure 0; dependence or calculate an integrated double asymmetry:

1 . .
ASET = 5 (6277(0; > 0) — 6377(6; < 0))




Energy asymmetry at parton level: qg - channel
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0 Shown is the differential energy asymmetry with AE = E, — E;:
Left do% = do,(AE > 0), right A®F

o Blue: SM, Black: including Axigluons, Red: difference
0 Contrary to SM, normalized asymmetry large and finite for 6 — «
0 Need to measure 6; dependence or calculate an integrated double asymmetry:

AU . |
ASET = P (6277(0; > 0) — 6577 (0; < 0))




Results: Energy Asymmetry at LHC @ 14 TeV

0 At the hadron level the quark direction is

~ 250
determined by the boost of the tt; system: |
- [ 30/f6
AEjq(. AEja/ . P
A8EGq _ T4 (Wi >0) — oy (i <0) 200 -
Os I
> 150 | e
o Detector cuts: pr; > 25 GeV, |y;| < 2.5 ) L (12/1b
A E i
o Minimum cuts on AE = E;, — Ef and |y =100 |- -
increase the asymmetry:. — gl
o — Notice, minimum AFE implies a larger
minimum pr; than 25 GeV
o Dashed lines: minimum Luminosity to mea- VIR S SR R

sure an asymmetry difference U 0.5 10 1.5 2.0
AARE = ARENE _ NAAESM with 5o | Yejlmin
AAREI4 for large coupling scenario:
o Black dot: minimum luminosity required me = 400 GeV, oy = 0.032, Dy = 40 GeV

for bo



Results: LHC @ 14 TeV

0 Minimum Luminosity required
(black dot from last slide) to
measure AAF54 at the 5 o level
in dependence of the coupling
parameter

o ¢
A = gagaQs

o Green, blue, red, black Lines

correspond to
m¢q = 100, 200, 300, 400 GeV.

o Upper plot: Incline asymmetry
Middle: Energy asymmetry
Lower Plot: Rapidity asymme-
try
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Concluding Remarks

o The top quark charge asymmetry can be tested at the LHC in tt + jet
production by investigating the incline and energy asymmetry.

o Assuming light axigluons with masses between 100 and 400 GeV and
appropriate couplings to quarks that could explain the Tevatron forward-
backward asymmetry exist:

o Such axigluons can be discovered at the LHC by
investigating the top charge asymmetry in tt + jet

o The entire parameter range can be tested at the do level
for a luminosity of less than 200 fb~!

PHYSICS || /2 CHSCHULE
AT THE 7th Annual Workshop of the Helmholtz Alliance

C "Physics at the Terascale” Rw
7.\ TErRA 2. - 4. December 2013, Karlsruhe, Germany

SCALE



