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A TAKEAWAY POINT...

New Physics explanations of the FB Asymmetry
are already being tested at the LHC.
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OUTLINE

Evidence for and Characteristics of the Top
Quark Forward-Backward Asymmetry

Prerequisites for New Physics Models
Axigluon from a General EFT

Constraints from Dijets, the Top Production
Cross Section, and Flavor

LHC & Tevatron - Signatures & Follow-Ups

Some Coset Models and Conclusions
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THE F-B ASYMMETRY
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Tevatron collides protons and ANTI-protons, breaking
Charge and Parity

[s this reflected in the final state?
To analyze, need to measure sign of jets - use Tops

Measurement (probably) impossible at LHC!
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STANDARD MODEL
PREDICTION

q>m<’f+ MC@NLO Predicts:
q t

At = 0.030 + 0.007

W >@m‘<m M, > 450 GeV

LO diagram is symmetric

e largest NLO effect uses valence quark PDFs; smaller effect
from qg initial state

e NLO diagrams “see” valence quark charges

e Virtual is Positive, Real Negative, so final result depends
on the IR scale, ie minimum Jet Pt, but virtual > real
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OLD EVIDENCE FOR AN
ASYMMETRY

e Old (0712.0851) DO Measurement
of A% =0.12+0.09 with 0.9 fb~"

e Old (0806.2472) CDF Measurement
of A%, = 0.24 £0.14 with 1.9 f6~*




NEW EVIDENCE FOR AN
ASYMMETRY

e New (1101.0034) CDF Measurement
of A% =0.47540.114 with 5.3fb"
for M,; > 450 GeV

e New CDF Conference note analyzing
dilepton channel, finding asymmetry
of A% =0.21+0.09 with 334 events

e Parton level asymmetries of 40%!!




THE NEwW CDF DATA
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e Requires 1 lepton, 4 jets, 1 b-jet, and top reconstruction
e Total of 1260 events after selection

e directionality from hadronic top, sign from lepton
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ENERGY DEPENDENCE

e To get best statistics for energy
dependence, looked at Axigluon-type
models and found best division

e Found 450 GeV, so binned data as low
and high energy with this cut




NEwW CDF DATA

selection N events all M,y M < 450 GeV/c® M > 450 GeV/c”

standard 1260 0.057£0.028  -0.01640.034 0.21240.049
electrons 735  0.02640.037  -0.020%0.045 0.12040.063
muons 525  0.10540.043  -0.012+0.054 0.348+0.080

data x* < 3.0 338  0.030%0.054 —0.033 & 0.065 0.180 4 0.099
data no-b-fit 1260 0.062+0.028  0.006 4 0.034 0.190 4 0.050
data single b-tag 979  0.05840.031  -0.01540.038 0.22440.056
data double b-tag 281  0.0534+0.059  -0.02340.076 0.17840.095

o X2 < 3.0 requires better top reconstruction

e no-b-fit ignores knowledge of b-jets when reconstructing
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UNFOLDED CDF DATA
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e CDF Unfolded detector etfects to give 4 bins

e the dominant systematics are from background
magnitude and the physics model (showering, PDFs, etc)
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MODEL PREREQUISITES

e Asymmetry is LARGE

e Thus expect new physics gives
asymmetry from interference with QCD

e Interference requires Tops to be in a
Color Octet, Vector state since these are
the quantum numbers of a gluon




MODEL PREREQUISITES

e t-channel contribution produces like sign
tops, requires baroque flavor models...

e s-channel requires a new heavy color octet
vector boson, “Axigluon”

e couples to dijets of all generations
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AXIGLUON FROM A
GENERAL EFT

e EFT with a general Color Octet Vector

e Axial and Vector Couplings to Light
Quarks and to Top/Bottom, separately

e Mass and Width as Parameters, expect:

)~ 4(|g% 2 + 19%41%) + 2(198 17 + 1941%)]




AXIGLUON FROM A
GENERAL EFT
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Why put such a complicated equation in a talk!?

e Asymmetry proportional to — 931 gil
e Asymmetric term grows with M. 7525 relative to QCD

5 : : g
e total {{ cross section decreases with gy 9y

|
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CONSTRAINTS

e Flavor Effects Mediated by Axigluon

* Top Quark Total Cross Section and
Mass Dependent Cross Section

* Dijet Resonance and Contact Operator
Searches - LHC Dominated, Already!




A PREVIEW OF RESULTS
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DIJET RESONANCE
SEARCHES AT THE LHC!
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1010.0203, CMS

based on 2.9 pb/-1

for Axigluon, only
involves couplings to

light quarks

rescale results for
different couplings
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RESCALE FROM CMS

4(1g3 1% + 194 1%) + (lg%1* + 1941°)
419712 + |g4]%) + 20| g2 +lg e =

B Bg > G i) 6, 400 q2
o X BR(coloron) RS (lgv1* + 1941°)

e Colorons have couplings =1 for us

e Limits will rapidly improve this year, at
least as Luminosity”\(1/2)

e Eventually will have TTbar resonance,
but probably not competitive this year

e butis it a “resonance”?
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RESONANCE OR SHOULDER?
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1.5 TeV Axigluon with QCD couplings
Can constrain via Contact Interaction Searches...
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PHYSICS OF CONTACT
OPERATOR SEARCHES

Most QCD dijet production comes from
t-channel gluons

Dijets have flat distribution in rapidity

New contributions to jet cross section
dominated at small rapidity

We can constrain 4 fermion operators
using rapidity plots...




CONTACT OPERATOR
SEARCHES
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CONSTRAINTS FROM CONTACT
OPERATOR SEARCHES
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e [Use first 4 bins

e 800 to 1200 GeV and
> 1200 GeV data
(gives structure to
curves on plots)
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CONTACT OPS MOST
STRINGENT CONSTRAINT

Currently, contact operator searches provide
more stringent constraints than dijet resonance
searches because they allow background
subtraction, but they have larger systematics,
so with more data, resonance searches will
eventually dominate.

Improving non-resonance search is important
at higher energies!
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TOP CROSS SECTION

TTbar Cross Section Predicted at NLO,
measured at Tevatron to within ~10%

Axigluon modifies total and shape, so
there should be constraints...

But no TTbar resonance search above
800 GeV, so limits are unclear

Compromise - we display 20% and 40%
axigluon contribution to Mtt > 450 GeV




CDF DATA FOR TOP
PRODUCTION
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EFFECTIVE FIELD THEORY
PARAMETER SPACE
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EFFECTIVE FIELD THEORY
PARAMETER SPACE
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FLAVOR CONSTRAINTS

e Axigluon couples differently to third vs
first two generations

e thus mediates flavor violating processes

e very (flavor) model dependent, so we
will examine a few possibilities

* B-mixing, D-mixing, Kaon system...
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FLAVOR CONSTRAINTS

Example - coupling of b’s to other generations:
LrceNe = —gsgtav“(C}qu Pr, + 0}33(] Pr)qGF + h.c.

Governed by mixing matrix

CLwj = (a3 = a)L (UL ks(U D3y
where a;are couplings to ith generation
and U? are left, down-type mixing matrices
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FLAVOR OPERATORS

Match onto a Hamiltonian and RG evolve:

20

302,

Hap=2 = {(C}qu)QQm + (CR3.)’@1r — CL3,CRQ2 — 6 Cﬁgch,qu?)]

Use constraints on these operators choose
flavor model for mixing matrices:

(@) (B)
U = UH -
UU A UU S UU
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FLAVOR SUMMARY

Lower bound on M in TeV

(@) (8)
Kaon System | 5000 x |U2D3 U1D3* 500 X |U2% Ung*

B Mixing | 500 x [URUR*| | 100 x |[UR UR*

D Mixing | 4500 x [UZ UZ*| || 600 x |UY UY*

Constraints on mixings from K, B, and D, assuming no
new complex phases affecting the Kaon system.
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FLAVOR CONSTRAINTS

All we know for sure is that:

Voxn = UPUPT

[f we push all mixings into down sector, find:
(@) Mg 2 1.6|g% — g% TeV

So generically, there are significant flavor constraints,
but they can be evaded in natural models.
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SPECIFIC MODELS
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SPECIFIC COSET MODELS

A natural EFT for an Axigluon is a coset such as
SUL(3) x SUR(3)/SU(3)

Must assign 3rd generation L & R opposite to that of the
first two generations to generate the correct sign for the
Axigluon couplings.
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SIMPLEST 2-SITE MODEL

Choose couplings and mixing angle so that

gs = hicos = hgsinf

The gluon and Axigluon fields are simply

G" = cos 0 G + sin 0 GY
G'H = —SiIlHG’iL—FCOSHG'IQL

Essential point: 3rd Gen. vs Light Quarks
given opposite site assignments.
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THE SIMPLEST 2-SITE
COSET MODEL
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WHAT WENT WRONG?

* Couplings too small overall, forcing us
to have a light-ish Axigluon

e Not enough freedom to couple the
Axigluon differently to the 3rd
generation vs the light quarks




MORE INVOLVED MODELS...

 Can add 3rd site, but no improvement

* However, adding a vector-like fermion
mixing with light quarks helps...

u%m) = Cos« ug) + sin o %(L{) :
%(Qm) = —slna ug) + cos & wg)

We suppress all vector-like couplings with

sina = v/2sin 6
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ADD A VECTOR-LIKE
FERMION TO THE MIX...

====/ Dijet Reson.@2.9 pb-

= Dijet Reson.@1 fb_li
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AN EXAMPLE OF A MODEL
PREDICTION

Selection M,z < 450 GeV M.z > 450 GeV

Parton Level Exp. Data | —0.116 =0.146 + 0.047 | 0.475 4+ 0.101 £ 0.049

Model Prediction 0.06 0.21

Selection |Ay| < 1.0 Ayl > 1.0

Parton Level Exp. Data | 0.026 +0.104 £ 0.056 | 0.611 4+ 0.210 £ 0.147

Model Prediction 0.08 0.27

From 2-site model with vector-like fermion
and Axigluon at 1.1 TeV
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MODEL DIFFICULTIES

e Getting large axial couplings with small
new vector couplings is challenging

e Results in weakly coupled models with
light Axigluons - very constrained

e So: the most plausible “model” is
probably a heavy (2 TeV) strongly
coupled Axigluon




EXPERIMENTAL
SIGNATURES AND
FoOLLOW-UPS




LHC SIGNATURES: DIJETS

* Depending on couplings, could see a
Dijet resonance

e Otherwise use shapes of distributions;
for an Axigluon with:

MG’ — TeV, g;‘fl = 1.5, gf4 — —

One could exclude at 95% with ~45 pb/-1
assuming 5% systematics, but discovery
is challenging...
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TOP RESONANCE SEARCHES

e Top resonances less competitive this year above
~1.7 TeV, but perhaps possible using jet
substructure techniques

Events/20 GeV

8 TeV LHC

T <
: CTEQG6.6

| | | | | | | | | | | | | | | | |
1000 15 2000

00
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e L@ e g =15 g

—2 and gy =0
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NEXT STEP AT THE
TEVATRON: BB ASYMMETRY

* DO data for Tops interesting, but...

e [s a measurement of the B Quark or C
Quark FB Asymmetry possible?

e Another check, provides very useful
information on energy dependence to
discriminate NP from SM




A BB ASYMMETRY?

Let’s consider events above 450 GeV,
have 3000-10,000 events to work with
after applying kinematic acceptances.

Difficult Questions - how can we optimally
tag and measure the sign of the Bs (or Cs)?

Also considered by Strassler, 1102.0746
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BB GUESSWORK

 Need 1 or 2 leptons for signing
(0.2 probability of semi-leptonic decay),

e Need 1 or 2 b-tags (~0.3 b-tag rate)
e Must contend with B mixing (~13%)

e and leptons from charm decays (looks
possible if we lose 50% of events)




BB GUESSWORK

With 1 b-tag, 1 lepton, and M;; > 450 GeV

and assuming equal asymmetry to Tops, find
200 forward and 100 backward events.

Demanding 2 leptons would be a useful check.

Have far more events at lower energies,
so an asymmetry there should be visible.
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LHC PROSPECTS

e [f an Axigluon can (fully) explain the
asymmetry, it should be visible in LHC
dijet searches this year

e Important to improve contact operator
searches, since the Axigluon would be
heavy and strongly coupled




CONCLUSIONS

Axigluon arguably most sensible new
physics explanation of asymmetry,
currently being tested at the LHC

Other NP explanations also tested

To understand asymmetry, important to
look at Bottom Quarks, perhaps Charm

Experimental Fluke, Large NNLO,
Other SM Effect, or New Physics???




