Measurement of the top quark pair production cross section at 7 TeV | S RN
in the all-hadronic channel i
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The first measurement of the top quark pair production cross section in the fully hadronic decay channel at a center-of-mass energy of 7 TeV is presented. The measurement has been
performed using an integrated luminosity of 1.09 fb™!, collected with the CMS detector. The cross section is determined from an unbinned maximum likelihood fit to the reconstructed top
quark mass. The reconstruction of ttbar candidates is performed after a cut-based event selection using a kinematic fit. A data-driven technique is used to estimate the dominant
background from QCD multijet production. The cross section measurement yields o(ttbar)=136+20(stat.)+40(sys.)£8(lumi.) pb. This result is consistent with measurements in other decay
channels and with the Standard Model prediction.
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{ Top pair production and decay Trigger strategy {/

W+ The triggers designed to collect this signal require 5 or 6 jets with
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dominant at Tevatron. [ y Jets are reconstructed with the Calorimeter information only. The
¢ L g L L . gluon-gluon fusion b quark. Vib~1. algorithm used is AntiKt with R=0.5

¢ dominant at LHC. ~ The thresholds applied are:
Top Pair Branching Fractions | - 5 jets with pr>40 GeV/c
: “aljets” 46% ~ The all-hadronic channel has | ] _ A :
}*;} _ _ ’ : ' The topology of the final state is 4 jets with pr>50 GeV/c
i the highest branching . . .. for the trigger at low luminosity. An additional requirement of
1 cHots 15% 6 jets without missing energy.
¢ fraction. o _ - 6 jets pr>30 GeV/c
¥ QCD multi-jet production cross ] ] o
§ It’s also the one with the for the trigger at higher luminosity.
¥ section is much larger. : :
) * Liets 15% largest background. With these 2 triggers 2.5 M events have been
W iets 15% 1 collected in 1.09 fb1.
"dileptons” "lepton+jets” :
Event reconstruction and selection Kinematic reconstruction
. . ] ] ] ] ] . ] A kinematic fit (least squares) is applied to the selected events.
! The jets are reconstructed using the PF reconstruction technique. The basic event selection is driven by the trigger
_ _ o _ _ A x? is calculated and minimized:
¢ This allows the identification and reconstruction of all leptons, requirements.
; : : 2
! photons and hadrons in the event, by combining the informations Jets are reconstructed with the antiKt algorithm (R=0.5) Livec — 1 fit o S
: ' _ _ Xzzzz(]m ijl) +Y Acde withi = E, 57, ¢ and j = jets
¢ from all the CMS subdetectors. and the followings pr requirements: P Ui]_ -
- 6 jets pr>40 GeV/c The minimization procedure is repeated for each jet combination,
3 1 | | | -
o " 2m o - 5 jets pr>50 GeV/c using the information from the b-tagging.
E?Eﬁ?or;“ o tom o - 4 jets p1>60 GeV/c A cut on the x2is applied to further imporve the purity of the
arge adron (e.g.rion
§ L phowon | neeeten These are set to stay (nearly) on the plateau of the trigger selected sample.
"- turn-on curves and minimize the impact of the trigger
\ related systematics. Selection step Events Signal fraction
. «5' At least 6 jets 248,109 2%
_ 0
| ) Jets coming from the decay of a / ‘Ii‘t least t.W;.b tags ?Zgg :1));0; ©
Tracker b quark are identified using a ";’e;;;;y inematic it . °
i Electromagnetic ¢ b-tagging algorithm based on [ Vertex _ o _
"”“ colormeter 0TI 3 The signal fraction improves a lot after the full selection.
Hadron Superconducting |:  the presence of a secondary
Calorimeter Solenoid _ But the background amount is still very high, it needs to
; . ron return yoke Interspersed i vertex in the event.
, rough el 7 At least 2 b-tagged jets are required. be estimated from data themselves.

Background estimation Signal extraction and cross section measurement |

CMS preliminary, 1.09 fb" at \s = 7 TeV

The amount of background in the selected sample is estimated from The inclusive cross section is taken from a fit to the top mass.
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data. Events are selected with exactly 0 b-tagged jets. The signal The main sources of systematic uncertainty are b-tag and JES. <\J1 801 —e— CMS data: 1620 events
i .. i i i > B
contribution in this region of the phase space is around 1%. fsig . N Source Relative Uncertainty (%) 81 60— —— ti simulation
A parametrization is applied to account for the different kinematics Ut = btag  ctrigger B-Tagging 157 o r
) €0z °-0¢ Ly Jet Energy Scale 13.5 1—140—_ - --- QCD estimate from data
via the scale factor: Background 12.2 g B
Q2 Scale 8.7 7)) ~ \ . _
R — N (pr, |77, dg (SSVHP) > 2.0) Tune 8.1 €120 combined tt and QCD
P N (PT/ |77 |/ dp (SSVHP) < 2°O) fsig: fraction of events from the fit ISR/FSR 2.6 § B ‘
I Top Quark Mass 03 Ll - fsig = 0.250 = 0.036
— R(pb |5 R(p! 2 N: number of events seen in data Parton Shower Matching 5.2 100 X
w = (pT' ‘17 D X (pT/ ‘;7‘ ) _ : . . Jet Energy Resolution 4.8 -
g: ttbar selection efficiency Trs B
_ . _ rigger 4.5 80— e
] ] el 0 CMS simulation at Vs = 7 TeV dbtag: scale factor for b-tag Pile-Up 0.6 - AN
Events are reweighted and the kinematic fit 2 —e— MC QCD in signal region Svstematic 291 - | .
_ o > 0:tr"99er: scale factor for trigger o ' B ¢ “
is applied in the same way as for the £ 0.25- Statistical 14.3 60— ; 3
- * estimate Lint: integrated luminosit Luminosit 6.0 o f .
b-tagged events. o2l N 1 T each e m 9 4 Y B !
: 4 Total Uncertainty 33.0 40 .
B A B l' ~
0.15F u 4 ¥
. l f Final result compatible with the theoretical calculation and the other 20 [
i i i i 0.1 - & RN
The estimation method is validated by -4 * measurements in lepton+jets and dilepton channels. . | ‘ | e . o ® "
comparing with the simulation the 0.05/- TP T T Y S NE-TY BT .,
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distribution of the variable meop. R T P T, p T} m,_ (GeV/c®) |
| Cross check with a NN based analysis Summary
i A Neural Network analysis has also been developed to have an indipendent The background is estimated from data, taking the events with 4 or 5 jets ) ! The inclusive ttbar production cross section has been
! measurement of the inclusive cross section. that don’t pass the NN cut. ;_ measured also in the full hadronic channel, for the first time at
' The jets selection is the same as for the main analysis. In addition to this The probability of jets having 2 loose b-tags to also have 2 medium b-tags is ‘ the LHC.
f_: also the kinematical properties of the ttbar event are exploited. parametrized and a weight is extracted. f§ 2 measurements have been independently performed and they
‘EOIUECMS preliminary, 1.09 fb " at ys=7 TeV g CMS preliminary, 1.09 fb " at {5 =7 TeV i CMS preliminary, 1.09 fb " at {5 =7 TeV ‘SCMS preliminary, 1.09 fb " at {5 =7 TeV are in ag reement between each other and With the same
.}.- > 5 — Qi i = B e ‘ . MM -
¢ Toft - Brkground g i ____zfc’::r‘:und w = Z R ({pt), (I1]), AR) 1 measurement in the other channels.
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¢ | The measurements are also in agreement with the theoretical
i A kinematic fit is used to reconstruct the event and a cut on the x?is ] ..
{ : predictions.
applied. A cut on AR between the b-tagged jets is also applied to reduce the
3 PP gged) PP E | CMS Preliminary \ s=7 TeV
woplpesptoistldi ot R R A gk o o = gluon splitting contribution.
Centrality Aplanarity T, E, (GeV) E, " (GeV) e
§ CMS preliminary, 1.09 fb " at {§ = 7 TeV CMS preliminary, 1.09 fbo " at {§ =7 TeV CMS preliminary, 1.09 fb " at & =7 TeV. cus preimnary, 10002t G=77ev T €@MPlates are extracted from the simulation (signal) and from the '.,\ 'cl':ol\g%e()/()%ﬁ?gsstb(}sgb) * (16|Ajri_t t3+iy1§ +i_| 7)
: ‘§ = @ ” Lgn - % - ~ -11- =0.8-1. val £ stat. + syst. £ lum
A £o £ ol background (data). § CoMS dilepton (ee,up,ep) ® 170+ 4+1° + 8
i : H . . . . . . . . £ 7 TOP-11-005 (L=1.14/fb val £ stat. + syst. + lum
[ Finally a binned maximum likelihood fit is performed and the inclusive cross i ' ( ) ( ' )
SR T .. t i CMS all-hadronic 9 ' 136+20+% + 8
s . 02 : : section is extracted. ¥ TOP-11-007 (L=1.09/fb) (val £ stat. + syst = lum)
31 CMS diepton (1) y 149+24+% + 9
1 : = . TOP-11-006 (L=1.09/fb) (val £ stat. + syst. £+ lum)
(. Tra— T L o = 157 & 30 (stat.) & 47 (sys.) = 9 (lumi.) pb
i prenely : * CMS 2010 combination © "=/  154+17 + 6
; 1 d_ arXiv:1108.3773 (L=36/pb) \ (val + tot. = lum.)
- 4 _ CMS preliminary, 1.09 fb " at ys=7 TeV ?1
¥ CMS preliminary, 1.09 fo " at s =7 TeV ~120 d Source Relative uncertainty (%) 7 CMS e/p+jets+btag — 150+ 9117 + 6
¢ 8 variables are combined via a E — signat S { « CMS data Background - ¥ v TIOn ST (=300 Z |
_ £0.04- o 800l — & simulati JES 7.3 {3 - — 14
! Neural Network and the optimal cut ° -Background o' * tt simulation -tazain ¥ i avriosates st oF) L LS
= r 4y QCD estimate from data T 88 gff' : 4'5 § &
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1 g : ]ER 53 ‘f'-. Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
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{ ] 000l 8% Top quark mass 24 | | | |
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: b-tagged jets is also applied. ol - + - Parton matching 18 j | Reference
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