CMS RESULTS ON THE PHYSICS
OF TOP QUARKS
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Today’s talk

Intfroduction and context

Measurements of Top cross-sections

For Single Top measurements, see talk from Natalia Tsirova.

Measurements of Top mass.
Measurements of Top properties.

Conclusions



Introduction and context

Top physics measurements at 7 and 8 TeV are a
central part of the CMS physics program.

: Top mass M, , is

+ crucial parameter of
provide precise test of it [ ! q Standard Model, SM.
perturbative QCD, W Vv C—,: Precise measurements
PQCD, and constrain t : provide electroweak
backgrounds in constraints on new
searches for new physics.
physics. b

: W polarisation tests V-A structure of Wtb vertex, new physics
contributions can modify helicity fractions.
Searches for FCNCs in top decays sensitive to new physics.



Inclusive cross sections: top pairs (8TeV)

(CMS-PAS-TOP-12-007, CMS-PAS-TOP-006)

e/ U + jets:
Template fit to

distribution of
lepton + b-jet
invariant mass.
Systematics:
b-tagging, JES.

ee/U U /Me-
cut based, high
purity
Systematics:
Lepton ID, JES.
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b-tagged jet multiplicity

CMS Preliminary,\s = 8 TeV
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CMS prel. (/p+jets) 228+ 92 +10pb
TOP-12-006 (L=2.8/fb) (val. + stat. = syst. = luml.)
-@=)
CMS prel. (ee,uu,eu) 227+ 3+11+10pb
TOP-12-007 (L=2.4/fb) (val. = stat.+ syst. = lumi.)
-@=)

CMS prel. combined 227+ 3+11+10pb

(val. + stat. + syst. = lumi.)
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] NNLO+NNLL QCD, Czakon et al., afll:1303.6254 (2013)

[ Approx. NNLO+NNLL QCD, Kidonall, arXiv:1205.3453 (2012)

[ Approx. NNLO+NNLL QCD, Caccight al., arXiv:1111.5869 (2011)

[ Approx. NNLO+NNLL QCD, Lang@eId et al., PRD 80 (2008) 054009 (Scale ® PDF uncertainty)
[ Avprox. NNLO+NNLL QCD, La d et al., PRD 80 (2009) 054009 (Scale uncertainty)
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Close agreement

with predictions.




Differential cross sections: top pairs (8TeV)

CMS-PAS-TOP-12-028, CMS-PAS-TOP-12-041

. CMS Preliminary, 12.2f5'at /s = 8 TeV
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Cross sections: top pair + bottom pair (7 TeV)
CMS PAS TOP-12-024
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* ttH measurements potentially allow
direct measurement of Yukawa

coupling to H.

012 3 4 012 3 4012 3 4

b-Jet Multiplicity (CSVM)

* Fit to b-jet multiplicity distribution in
dilepton channel to extract O'HIOIO/O',rtii

O oy | O i = 3.6 £ 1.1(stat) + 0.9(syst)% (MADGRAPH 1.2% POWHEG 1.3%)



Cross sections: top pair + vector boson (7 TeV)

o1 Tri-lepton analysis:
searches for process -

pp = ttZ = (£ = bE=)(t = bjj) (Z = £567)  (with{=eor p)

Events

0 Same-sign dilepton analysis:
searches for processes -

pp = ttW = (t = b=v)(t = bjj) (W = £7v);
pp = tZ = (t = bE=v)(t = bjj)(Z = ££6F)  (with=eorp). 3

Final result:

oy = 0437017 (stat.) T005 (syst.) pb.
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Top mass (/TeV):
JHEP 12(2012) 105 [arXiv:1209.2319]
8

Event Selection: 1 lepton, 4 jets,

CMS, (s =7 TeV, /+jets
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Kinematic fit to jet combinations to extract £ 8%°F :
top mass. so0F E
400 -
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Fit solutions weighted by fit probability

300 400
m{ [GeV]

Sum of permutation weights / 5 GeV

to suppress effect of wrong combinations.

CMS, 50", s =7 TeV, i+jets

2D Max. Likelihood fit to extract M, and JES

m, = 173.49 * 0.43(stat. + JES) *
0.98 (sys.) GeV




Study of the dependence of the top-quark mass

measurement on event kinematics (7TeV):

CMS-PAS-TOP-12-027

CMS prellmmary \'s = 7TeV Iepton+|ets

First data study of possible
kinematic biases in the

measurement of M,

M, is determined in bins of
numerous kinematic observables.

Effects on M, well reproduced by
MADGRAPH, POWHEG and
MC@NLO.
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Top mass difference (8TeV)
CMS-PAS-TOP-12-031

Tests CPT invariance -> involved in extensions of the Standard Model.
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Final result:
Amy = —272 1196 (stat.) =122 (syst.) MeV

Significantly more precise than previous measurements.
Consistent with CPT invariance.




Top properties: Search for FCNC in top decay (8 TeV)
CMS PAS TOP-12-037

Search for decay chain 2 [CmS Prefminary | oma ]
N 10| 19.5f"at Vs = 8 TeV (Jtoza -

tt > Wb+Zg— 1V b+1lqg 2 | — 1
c - t 2
Ld>:l 8- B wit, ztt

- Highly suppressed in SM, but enhanced
in new physics models.

Event selection: eee, eel ppe or UUl, 2
jets, 1 b-jet and missing transverse

energy > 30 GeV

Events / 20.0

Reconstruct top candidates from Wb
and Zj systems

Br.(t = Zq) greater than 0.07 % excluded
@ 95 % C.L.




Top properties: W polarisation (/TeV)
CMS-PAS-TOP-12-015

Test V-A structure of Witb
vertex

W helicity fractions (FL, FO, FR)
sensitive to new physics. In limit
of massless leptons, FR=0.

Extract fractions from fit to
6 * distribution.

* —

angle between the
charged lepton in the W rest
frame and the W boson in the
top rest frame

Events
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cos(0)
FL = 0.288 * 0.035(stat) = 0.040(sys)
FO = 0.698 * 0.057(stat) £0.063(sys)
FR = 0.014 * 0.027(stat) £ 0.042(sys)
Consistent with SM.



Conclusions

Large and varied Top quark physics program ongoing

at CMS.

Measurements of (tt, ttbb, ttV) provide
tests of pQCD and contraints on background to new
physics searches.

Measurements of (m, Am,, . ) provide tests of
SM consistency and CPT invariance and constrain new
physics models.

Measurements of (W polarisation,
FCNGCs) are sensitive to the presence of new physics.

Top sector tested to higher precision than ever before...

No sign of deviations from SM observed.



