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ASYMMETRY Al THE TEVATRON

Tevatron Top A,z Measurements

CDF dil(5.1 fb!) | o 1420+ 15.0%
DO 1+ (5.4 fb-1) | 119.6 £ 6.5%
CDF I+j (9.4 fb1)| \ 116.4+4.5%

iInformal Snowmass average} ,, ’ 188 1T 36 %
NLO QCD+EWK | 16.7+2.0%

Differential distributions
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B YIMETRY AT THE T

Consistent with SM prediction Ag™"“" = 1.15 -

Alyl -

-1
01 50fb at\Vs=7Te

A () =04+1.0+1.1%

[CMS, arXiv:1207.0065]
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AéTLAS (6]) — ] O s 2.4 % | =1.04 15" ATLAS

[ATLAS, Eur. Phys. J. C72 (2012) 2039]

(7)) —5.71+24+1.5%

[ATLAS-CONF-2012-057]

AZTLAS (05 4+ 00) =294+ 1.8+14%




PERTURBATIVE QCD AND RESUMMATION

Asymmetry in QCD at NLO from virtual and real gluons:

Oa>0 O'a<0

NE@R@@ D= NINLL + EVV: " NLO+NNLL \/__196TeV
e 60 %) - 1.225w 03

[Ahrens et al,, PRD 84 (201 1) 074004] | f
[Hollik, Pagani, PRD 84 (201 1) 093003] 02

NE@E@ED 1 EVV:
AT =115+ 0.06 %

[Kiihn, Rodrigo, JHEP 1201 (2012) 063]

0.1

007260 6000 3000 © 1 00O
Mtf [GGV]

Results are stable with respect to soft gluon resummation.
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DICTION FROM EVENT GENERATORS

Asymmetry arises from QCD coherence:

More radiation for backward tops — large recoil of the tt pair.

[Skands, Webber, Winter, JHEP 1207 (2012) 151]

Minimal radiation for large y; and m; ~

— Ac grows with Ay =y —y;  (but less than

— Ac grows with my;

observed In the data)



COMPARISON WITH DATA

L ow p?: Ao >0
virtual contributions dominant.

I—I|ghpT Ao <0

real radiation dominant.

Reconstruction and modelling
ofp dependence Is robust.
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S-CHANN PHYSICS: AXIGLUONS

Constructive interference for
Bl M <2my;: g% g4 >0
Mo > 2 g Sgie 4

Towards UV completion:

Chiral color breaking SU(3), x SU(3)r i SU(3)c

Anomaly cancellation and coupling textures: new fermions.

Axigluon constraints:

Dijet and top pair production B, dijet pair production B
| HC charge asymmetry (B
Precision electroweak observables (PEW) B
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CONSTRAINTS ON HEAVY AXIGLUONS

30

Dijet resonances at L HC

2.5:-
931 < 0.3g9gs (MgS2TeV,Tg/Mg S 15%)

20f

Dijet angular distributions 25l

gA ~ =10, 793 (Mg < 2TeV, largely width-independent) 1.0}

0.5}

Top pair production | x5 L

0.0k == 1t & dijet res.

- lop-antitop resonance searches
are insensitive to g4 for g% < g¢%.

- Spectrum doyz/dM,; probes An axigluon with
axigluons with Mg ~ Mz < 1.6 TeV. Mg = 2'1eV

and strong couplings to

L HC charge asymmetry top quarks can explain

A'éil ok with Avp the excess in ALy .




BCONSTRAINTS ON LIGHT AXIGLUONS

Dijet pair resonance searches rule out narrow axigluons with
100 5 MG 5 500 GeV. [CDF, ATLAS, CMS 2012]

Counter-acting constraints
PEW (mainly I'z, onhaq) and LHC asymmetry A'ﬁ'.

Flavor Universal, I'=0.2mg

- Non-universal g% < —gh: o
Relax A%, strengthen PEW.

- Increase g%
Relax PEWV, but trouble
with top observables.

- New fermions strengthen
bounds ﬂ"Om PEW 0.0 [Gresham, Shelton, Zurek, arXiv:1212.1718]

100 20%) 300 400

me (GeV)

Preferred: 200 < Ma < 450GeV and g% = g% ~ 0.3 —-0.4¢; .
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1- AND U-CHANNEL: 27, W', SCALARS

Flavor constraints

9"
' Zé- M u-c and c-t couplings induce FCNCs
— pTE t// N — Ol ZL@R’)/'LLtR

Flavor symmetries

- protect Z” model from large FCNCs

- avold same-sign top production (uu — Z' — tt)

- imply flavor-diagonal couplings gu Z,Urv*Ur
— dijet constraints are important

Scalars in u-channel are disfavored by do;/d Mz
and atomic parity violation.




ASSOCIATED T+Z" PRODUCTION

Negative contribution of Z“ to A/
reconciles large ALy with SM- ke A

[Alvarez, Coluccio, arXiv:1209.4354] [Drobnak et al., arXiv:1209.487/2]

Fit to inclusive tt production

u=m. Br=14

"l !
:r;'.ln =30
Combined

0.k. with tj resonances

[Drobrak et al, anXiv| 2094872 |

Hize [{:]E"n.-’l

lop-jet resonances
B(Z" — tu) < 30%
Need other /" decay modes.

et multiplicities in ¢t prod.
Rule out u-channel scalars.

[Shelton 2012, unpublished]

No conclusion about Z' — 45.




OPEN QUESTIONS AND NEXT STEPS

For theorists
- NNLO QCD contributions to charge asymmetry
- Normalization of ALy and scale uncertainties

For experimentalists
- Lepton and threshold asymmetries in top pair prod.
- lop-quark spin and polarization measurements

For both

- Dijet angular distributions for heavy and light axigluons
- Asymmetry and distributions in top pair plus hard jet

- Inclusive top + X observables for t-channel candidates




