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® Top production at the Tevatran
» SM and experiment are not consistent

> g/lost of the proposed New Physics cannot do better than
M
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SM and experiment are not consistent L NE

Both CDF and DO at the Tevatran reported the measurements of forward-

backward asymmetry in top pair production.
The result shows 20 deviation from the SM prediction.

i\‘lah ALT_T
CDF(S.EﬂJ'l): 0.150+0.050+0.024 CDF(S.EﬂJ_I)Z 0.158+0.072+0.017
MCFM : 0.038+0.006 MCFM : 0.058+0.009
Numerical Calc: 0.051+0.006 Numerical Calc: 0.078+0.009

A

DO(4.3fb™"): (8 +4(stat) +1(syst))%

MC@NLO: (I (syst))%

Note that for the DO and MC@NLO results, the detect effects are not cleaned off, so these
results cannot be compared directly with the Numerical Calc result
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Most of the New Physics cannot do better than SM

Lots of New Physics are proposed to account for the Asymmetry
anomaly. They can be classified into two categories.

1. Introducing a W'/Z' which induce a t-channel 77 — 77 .

New Asymmetric Cross-Section is from the inteference of the new t-
channel diagram with the usual QCD diagram.
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Most of the New Physics cannot do better than SM

However, the .+ /77 distribution for top pair production is violated
greatly 102

M_=160GeV « =0.024

—#— Experimental data

QCD Born

i

L QCD NLO

QCD Born + Z° Born

QCD NLO +Z' NLO

dofd M, (fb/GeV
3

= T

107"
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Most of the New Physics cannot do better than SM

2. Introducing axigluon G.

New Asymmetric Cross-Section is from the inteference of the new
s-channel gg — 77 with the usual QCD diagram, and/or from its self-

conjugation
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Most of the New Physics cannot do better than SM

However, as has been argued in 1007.0260, suitable parameters to account
for all existing measurements can hardly be found.

40

10
1200 1500 1800 2100 2400 2700
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A new Color-Octet Axial-Vector Boson Zc

Motivation

1. The “above” and “below” diagrams indicate that the deviation of Afb
can be attributed to the events in the low Mtt region

PP —
08 Parton Level A, Above M, Edge Parton Level ATC below M, Edge
Tk 0.6
C C CDF Il Preliminary L=3.2 fb™
06— F 3 C —— Ao,
C 0-5:_ - _Gstm*aym
0.4 — e R TP Integral A__=19.3%
£ L ] Licgaagsdsdoana C
22 [ et % z o040 with flat mass dependence
0.2— of -
< "L }A < F NLO Model
| SO e e - T N
k1] = F Y % C
e k @ 0.2
& “0-2[| CDF Il Preliminary L=3.2fb" E L | Ly
o [| == Appt0,, 3 C w
H & © — ’
0.4 o t Gstat*n.ya.t 0.1 —
[ semennm Integral A_ =19.3% -
“D.G with ﬂat mass dependence D E-—- ------------------------------------------------------------------------------
NLO Model :
080 200 500 500 I?tlmllIISOOIHIQ(;OIH‘IIOOU Y| = N B I AV R B
Mt edge (GE\”CE) 3100 400 500 600 700 800 900 12000
t M, edge (GeV/c)
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A new Color-Octet Axial-Vector Boson Zc T: :

Motivation

2. Meanwhile, we believe that there is also some deviation in the
differential Cross-Section /o / g’/]/t - in the low Mtt region.

% E + —+— Experimental data
Q) L
5 B QCD NLO
= L
E*-' 10 g—
E —
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u —
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A new Color-Octet Axial-Vector Boson Zc N

Motivation

From these detailed experiment measurements and SM predictions, we
can estimate that approximately an extra Asymmetric Cross-Section 6o
of 800fb which spread in the low Mtt region, and an extra Cross-Section
oo of 700fb which settle mostly in the 350Gev-400Gev bin are needed.

(Of course, due to the large experiment uncertainty, other values ofoc
and 00 are also permitted. But the basic characteristics of the final
result would not change much according to different choice of values.
As will be seen latter, the value we choose here will give an excellent
fitting of the distributions of “above”, “below” and &/ 71/ .)

Now we try to search for a model that can fulfil these needs.
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A new Color-Octet Axial-Vector Boson Zc N

We introduce a new Color-Octet Axial-Vector Boson Zc, that have

+ —/2’ v"7’ coupling to top-quark,
. —zgjy“y%oupling to other quarks,

« and mass Mc just above 2 mt

This Zc model will bring

Asymmetric Cross-Section lole] y

that proportional to ﬁ

Symmetric Cross-Section falej

2
that proportional to ﬁ

AN

'V
g 1B Z q
/q)lu-l-lﬁ\/ M

Note: ,B is small in the region where Mtt is just above 2 mt.
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A new Color-Octet Axial-Vector Boson Zc N

This model has 3 free parameters g;, g, and Mc.

Now we should find out the region of parameter space that can explain
the @0/ dM; and Asymmetry simultaneously. We will reduce the allowed
region of parameter space step by step.

1. The region of Mc<350Gev and Mc>400GevV is excluded trivially.

2. Constraining the parameters by 060 =700b and 60 ,=800fb as
announced earlier. Here is two examples

0.20 . . . . e

o
ql_ [ =)
=

9,9

. g Jg =0.0034 | i
o.o7 ] .07 q ig=0.002 |

T T T T T T T T
=0 3E0 3T IED =

B ) * w0 o
M Gev) MeGev)
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A new Color-Octet Axial-Vector Boson Zc N

3. Exclude the parameters that violate obviously the
distributions of “above”, “below” and &G/ V[, .

The finally obtained region of parameter space is approximately
described by

0.0040< g,/ g, <0.0044
M. —290[Gev]

7,

1350Gev < M. <380Gev

/i

g,8,=0.2

(Further constrains may come from other experiments for example di-jet measurement.
However, it is obviously that the parameters obtained here is much smaller than the
limit.)
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A new Color-Octet Axial-Vector Boson Zc T: :

Excellent agreement between theoretical predictions and data is
achieved after introducing this Zc model.

An example is shown in the following figure, where the parameters are
choosentobe ¢ /g=00042 and A47.=360Gev
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A new Color-Octet Axial-Vector Boson Zc N

Excellent agreement between theoretical predictions and data is
achieved after introducing this Zc model.

An example is shown in the following figure, where the parameters are

choosentobe ¢ /g=00042 and A47.=360Gev

E _+_ Experimental data
"m" GCD NLO
£
= 4 I QEDHLD-IE:{ME%M’]

= =
D
=]
]

1T

——f——
107 I
L L L I L L L | L L L I L L L I L L L | L L I L L L I L
0 200 400 500 800 1000 1200 1400

M (GeV)

Bo Xiao | The sign of new physics and its future confirmation at the LHC | 5T 2010

Page 23/34



~TN T
[ ] ..-"" 1""-.;

~ W
I l ] =)
u I e 9 =
=N l'." L

s

Faa®

® Top production at the Tevatran
» SM and experiment are not consistent

» Most of the proposed New Physics cannot do better than
SM

® A new Color-Octet Axial-Vector Boson Zc
> Motivation and the new Zc model

» Better agreement than SM is achieved in Asymmetry and
differential Cross-Section with the new Zc model.

» Key difference between this Zc and the axigluon proposed
by others.

® How to detect this Zc at the LHC

» From the differential Cross-Section measurement
» From the "Forward-Backward” Asymmetry measurement

® Summary

Bo Xiao | The sign of new physics and its future confirmation at the LHC | 5T 2010 Page 24/34



This Zc VS the usual axigluon -

The key difference between this Zc and the axigluon proposed by other
authors to explain the Asymmtry is that,

- for the latter, the mass of axial-gluon is set quite heavy (O(1)TeV)
then the the axial-vector couplings with top and with other quarks
have the opposite sign in order to induce a positive Asymmetric
Cross-Section from interference,

 while in this Zc model, the Mc is assumed just above 2mt and the

axial-vector couplings with top-quark and the other quarks have the
same sign.
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How to detect Zc at the LHC

1. From the differential Cross-Section measurement.

Zc brings sizable extra Cross-Secion around Mc in the oG/ 71/, spectrum
through the subprocessgy —> 7. The SM background mainly comes from

85 —>// . From the experience gained in an earlier work, we know that a

— T T T T T T T _ ‘'t T Tt T
1605 LHC-TTev

7 — 3

— SM+Z_(M_=3600Gev)| |

proper /7, ;- cut can
suppress the &>/

background efficiently.

1-:-:--: Ih_

The right diagram shows the

Zc effects on the @6/ dl/, ]
after applying the /), - cut ] 1'—I—_,‘
}},f; > mv ] 0 400 500 o) [l &0 H?:IFEIGEvJ1CF?J
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How to detect Zc at the LHC

2. From the “Forward-Backward” Asymmetry measurement at the LHC.

Zc also brings large extra Asymmetric Cross-Section in the subprocess
Q? —>// , So people can measure the top-quark “One-side Forward-

Backward Asymmetry Cross-Section” at the LHC to detect Zc. The right
diagram shows the Zc

—
ki

— T ' T T 1 _T* T —Tr 7J
LHC-TTew

—5M -
— SMHZ_ (M =3600Gav) |

—
L]
1

effects on the “One-side

da"idM (TG ev)
I

Forward-Backward Asymmetry

1]
1

Cross-Section”
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How to detect Zc at the LHC b

2. From the “Forward-Backward” Asymmetry measurement at the LHC

We can also integrate Mtt and get the total “One-side Forward-Backward

Asymmetry Cross-Section”, which is shown in the following table
together with its signal significance.

TABLE I: Total one-side asymmetric cross section (fb)

in Zc+SM. In the SM, osy(Lo) =~ 22.2x10%, 75x10°fb

and oS 0FE ~ 650, 1650fb for /s = 7 and 14 TeV

respectively. Note that P .. is used for all the o and
o 0FB calculations.

The significance is

oaiiye(Mc=)  Sig(Mc=)  estmatedby
355.0 360.0 370.0  355.0 360.0 370.0 g, _ "8 — " o
7TeV 1623 1670 1716  20.63 21.62 22.61 VISM

: 1
14 TeV 3071 4096 4245  26.69 28.13 29.85 - 'S chosen tobe 10fb
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Summary N

1. A phenomenological model which contains a new color-octet boson Zc
that of the properties

* Mc is just above 2 mt,

- the nature of couplings among Zc and quarks is axial-vector like,

* the axial coupling of Zc with top quark is much larger than that with light
quarks, but are of the same sign,

can explain the distribution of asymmetry and the differential Cross-

Section of Mtt in top pair production simultaneously.

2. If this scenario is true, the new Zc particle can be detected at the LHC

with low integrated luminosity.
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Thank you ©
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