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- WHY IS TOP SO INTERESTING?

the heaviest of the quarks — it does not hadronize
the coupling to the Higgs O(1) - special role in the EW symmetry breaking?

IiElOP QUARK PAIR PRODUCTION
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TEVATRON (average)
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SPIN CORRELATIONS I

_ , , : : : : A &
depending on the production mechanism top quarks are produced in the different spin g/g

configuration .
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top decays before hadronizing == decay products contain information about the top spin
SPIN CORRELATIONS —in the angular distributions of the decays products:

do (o)
==( 1+«B,cosO, +«.B. cos8. - «,x. C cosb, cosO. )
dcos6, dcosB; 4 ( L L ot
top-quark polarization top-antitop quark correlation
Kt top spin analysing power factors of the top decaying products ‘V
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SPIN CORRELATIONS I

SPIN OBSERVABLES:

-quantization axis
O, =S,-S; a=-b=Kk, helicitybasis (top dir)
(92=St-é, (%=ST-6 5.26:[3 beamline basis
_ A K A=b=d off-diagonal (specific for
(93 - 4(St a)(ST b) each model X)
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Opening angle distribution among two spin analaysers: almost 100% correlation at Tevatron
[ Mahlon and Parke, hep-ph/9512264
Bernreuther et al., hep-ph/0403035 ]
do =g( 1-K@COS(P+_) L 1—~)zk
dcosp, 2 l | e P72k
Il dy7,SM — : : 5\ 5
1 \/1—(1—’;' )z
L b+ (1= =BV 122 ) k
(O1)=D '

—
\/1 — (1 =42)22 4+ 29/49% — 1g%s/(s —m3)z — (L —42)ghs2/(s — m3)?



C measurements vs SM theory =

dcoseikcrlcose = %( 1+ x,B,cos6, + KEBE cosef - K¢Kq C cosb, cosef ) (g g
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ASYMMETRIES |

Tevatron P /ﬁ p LHC
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for a theory with the CP-conserving

couplings

( pp — tt symmetric, no global direction)

but: tops are more forward than antitops
(because more boosted valence quarks
than sea antiquarks inside the proton)

|
|

Excess of boosted top quarks along the beam axis !




- ASYMMETRIES 1I

In SM asymmetry arises at NLO [Kuhn, Rodrigo 1998]
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A.=0.001+£0.014 (average)
AY" =-0.008 +0.047 (ATLAS)

= robust under higher-order QCD corrections
[Ahrens et al. 1106.6051 ; Melnikov & Schulze]

= EW corrections about + 20%
[Hollik & Pagani, 1107.2606]
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[ NEW PHYSICS ?! ]




NEW PHYSICS MODELS TO EXPLAIN A_;?

NP models must explain large Agg without significantly changing the cross section

MODEL DISTINCTION

= from the shape of Ag(M,) = from resonances in o(M,)
[Aguilar-Saavedra & Perez-Victoria, arXiv: 1107.2120] [Hewett et al, arXiv: 1103.4618]

-an example: axigluon (s-channel) [Haisch & Westhoff , arXiv: 1106.0529]
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MODEL SELECTION:

EW PHYSICS MODELS TO EXPLAIN A ?

Colour: Vectors Scalars
o Label  Rep. Label  Rep.
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Hypercharge: T (6,9)_
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Aguilar-Saavedra, Perez-Victoria
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MODEL FIT TO THE AVAILABLE DATA:

2. - high
global y “fit -scenario A (A, ,A. ,0"" o, )

-scenario B (A% A" do., Im, ,0,.)
. p oy 2
we consider NP model as acceptable if it improves upon ¥ ,,

Xiw(A) = 2.3/d.o.f.
X2, (B) = 1.8/d.o.f.



NEW PHYSICS MODELS — MODEL SELECTION |
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MODELS s-channel exchange :

= axigluon G’
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Figure 1: tt production constraints on the axigluon model: binned FBA at 1o in thick full green line, inclusive CA at 1o (20)
in thick dashed green line (thin dashed red line), m; spectrum at 2 in thin red dotted line. Parameter regions where the
model can improve the SM x? by —Ax? > 0, 1, 4 are shaded in red, yellow and green respectively.

high mass region: mg > 700 GeV

gag, ~ 0.5

low mass region: mg < 450 GeV
gngs ~ 0.2

Model fit :




MODELS t-channel exchange:
W

Ligt =

0.10

~ NEW PHYSICS MODELS ~ MODEL SELECTION I
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- NEW PHYSICS MODELS — MODEL SELECTION il

MODELS u-channel exchange:
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NEW PHYSICS MODELS — TOP SPIN OBERVABLES
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NEW PHYS$ICS MODELS — TOP SPIN OBERVABLES
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discern among scalars

Helicity axis — A C,,®X— already
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® and G’ models

G’ — very difficult to probe
(especially light G’)



CONCLUSIONS

we have performed a comprehensive analysis of tt-productioh’f
LHC within the NP resonance models addressing the Az puzzle

tension between the large positive Az measurement at the Tevatrﬁ;
among considered models only axigluon state ( of mass mg = 400 Ge *:;_';_;1_-

can reproduce Arg and Ay Nan

dlight (my, <m,) is severely constrained by measurements

we have derived predictions of top spin polarization and tt-correlations at the Tev
~ and the LHC ~
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