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Top physics results from CMS



Motivation

e Largett cross-section

— About 20X Tevatron at 7 TeV

 Opportunity to study “bare” quark

— Decays before hadronisation

e Handles on New Physics

— Higgs mass uncertainties
— New phenomena coupling to top

— Top as background to discovery channels

e Exercise full detector and reconstruction In
complex multi-parton events
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Top production and
decay

o Top pair production from initial g¢ pair
dominates

 Top pair decay modes
— All hadronic (6 jets) — large BR, large QCD background

— Lepton+tjets (4 jets) — smaller BR (per lepton), smaller
background

— Dileptonic (2 jets) — smallest BR, cleanest

o Also consider single top production
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Top@CMS in 2010

» 36 pb collected

* Focus on channels with muons and
electrons

« Main measurement: top pair cross-section
o First look at other quantities

— Top quark mass

— Production asymmetry
— Top pair invariant mass

— Single top
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Top pair cross-section
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Leptons+jets event
selection

M3 is “poor man’s” top mass estimate
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Cross-section with b tags

utjets

CMS Preliminary [ L=36 pb'1, \s=7 TeV

C Table 1: Results of the fit for muon+jet events with at least 1 b-tag.
250 B g g g g Data | Total Fit | Top | SingleTop | Wbx | Wex | Wqq | ZJets | QCD
| 2 H 2 2 1Jet1Tag 505 5040 | 13.3 25.0 | 942 | 255.1 | 819 | 139 | 206
r 2 2 g g 2 2Jets 1 Tag 314 3182 | 510 294 | 826 | 97.7 | 35.0 73| 151
00— - P 3 p p 3Jets1Tag | 166 1585 | 783 148 | 295| 219 | 104| 28| 08
1 -tag i 3 3 3 3 4 Jets 1 Tag 85 892 | 60.6 49| 128| 55| 33| 13| 08
1500 5Jets 1 Tag 45 438 | 346 15| 46| 18| 09| 02| 02
2Jets 2 Tags | 29 241 | 147 33| 53| 05| 02| 02| 00
3Jets2 Tags | 37 440 | 352 38| 39| 08| 00| 02| 00
100 4Jets 2 Tags | 41 410 | 362 19| 24| 04| 00| 01| 00
5Jets 2 Tags | 27 260 | 24.0 08| 10| 01| 01| 01| 00
D |V| d e sam p I e = Total 1249 | 124838 | 3478 854 | 236.2 | 383.8 | 131.8 | 261 | 376
according to n. «: - o= v . '

Secondary vertex mass (GeV)

jetsandn. b

Table 2: List of systematic uncertainties for the muon analysis. Due to the correlation between

tag S CMS Preliminary [ L=36 pb”, V5= 7 TeV parameters in the fit, the combined number is not the sum of the squares of the contributions.
F ° Source | Uncertainty (%)
16— E E E E Systematic uncertainties
14 E % % % % Lepton ID/reco/ trigger 3
C o 9 @ 2 Unclustered ET"* resolution <1
C = = = g -
12 P J; J JE P tt+ Jets Q?-scale 2
r E & - = 3 ISR/FSR 2
2_tag 1“; o "~ ) ° ME to PS matching 2
oF ‘ PDF 34
j Profile likelihood parameters
64 Jet energy scale and resolution 9.5
C b tag efficiency 9.1
O WJets (Q%-scale 3.8
E J| Combined 125
50 5

Secondary vertex mass (GeV)
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Cross-section with b tags

CMS Preliminary [ L=36 pb'1, \s=7 TeV J
250 . " . . A Table 3: Results of the electron+jet fit for events with at least 1 b-tag.

r 5 s g g s Data | Total Fit | Top | SingleTop | Wbx | Wex | Wqq | ZJets | QCD

-3 - i H i 1Jet1Tag 388 3898 | 6.0 141 | 424 | 2495 | 269 | 31| 479

00— & F, F; g 2 2Jets1Tag | 252 2453 | 317 210 | 444 | 1040 | 148 | 33| 262

o= : T : A 3Jets1Tag | 159 156.0 | 62.7 122 | 235 | 344 | 51| 21| 160

1 -tag 50 —j 3 g 5 5 g 4Jets 1 Tag 71 80.7 | 60.6 48| 82| 92| 14| 08| 43

L - - " v ° 5Jets 1 Tag 57 521 | 409 16| 26| 30| 05| 04| 30

i 2Jets2Tags | 14 199 | 94 23| 47| 12| 01| 02| 20

1000 3Jets2Tags | 39 38.1 | 29.1 31| 38| 09| 00| 02| 09

4Jets2Tags | 37 413 | 371 19| 19| 04| 00| 01| 00

o 5Jets2Tags | 37 307 | 288 09| 08| 02| 00| 01| 00

D IVI d e sam p | e 50 Total 1054 | 10538 | 306.3 61.8 | 1321 | 4027 | 489 | 103 | 916
accordington. e | e
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jetsandn. b

CMS Preliminary | L=36 pb'1, \s=7 TeV
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Source

Systematic uncertainties

Lepton ID/reco/trigger
Unclustered EF*** resolution
tt+ Jets O?-scale

ISR/FSR

ME to PS matching

PDF

w s
.u'\"""'\",_.“’

Profile likelihood parameters

Jet energy scale and resolution 8.5
b tag efficiency 8.3
WJets Q%-scale 32
Combined 11.9
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Table 4: List of systematic uncertainties for the electron fit. Due to the correlation between
parameters in the fit, the combined number is not the sum of the squares of the contributions.
] Uncertainty (%)




|+]ets cross-section

* pb-tagged analysis gives best precision
* Independent result without b-tags

v = 150+ 9 (stat.) £ 17 (syst.) £ 6 (lum.) pb. with b-tags
o = 17373 (stat + syst) = 7(lumi) pb w/o b-tags
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Cross-section from

dilepton events

Table 5: Expected signal and background contributions compared to the number of events observed
in data passing signal selection with at least two jets and at least one b-tagged jet. The format of the
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ted results is the same as in Table 4.

Source efe pt esput
Dilepton tt 1331321 17.2x16£27 485£39x75
Vv 0.09 +0.03 0.09 =0.03 02401
Single top - tW 0.5+02 0.6+0.2 16+05
Drell-Yan t+7— 0.2+0.1 02+01 0703
Drell-Yanete , utu— 07+07 26+18 N/A
Non-W /Z leptons 09+1.2 0.3+08 05+11
Total backgrounds 23+14 3.8+20 3.0+14
Data 15 24 51

Cross-section result

168 + 18(stat) + 14(syst) &£ 7(lum) pb
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CMS Preliminary \ s=7 TeV

Cross-section combination

(CMS TOP-11-001)

« Combination of b-tagged I+jets with dilepton measurement
« Uses Best Linear Unbiased Estimate (BLUE) technique

CMS combined (prel.)
I+jets+tag & dilepton

CMS I+jets+tag (prel.)

CMS dilepton (prel.)

CMS I+jets (prel.)
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Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
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Other measurements
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o Two

70

Events

Boosted decision tree (BDT)
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Backgrounds are large
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Single top cross-section
(CMS TOP 10-008)

« t-channel (dominant) g

Central b-tagged jet
Forward light jet

« Leptonic decay of W

Isolated lepton
Large M. (Iv)

CMS Preliminary, 36 pb”\s = 7 TeV

+

7 08-0604-02 0 02 0.4 0.6 08

cos 6,

“2-D” fit
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/bdt_all.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/eta_all.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/costheta_all.pdf

Single top results

CMS Preliminary,Js=7 TeV, L=35.9 pb” Combination using BLUE:
5=84+30 pb
2D, u channel ® 104.1+ gg:g t-channel single top quark production
S [ w Cusereiminaysepst i
2D, e channel ® 164.2 + 73, © 102 : ggF E
% NLO 5f %
BDT, i channel N 89.8 + 404 I ]
10 E
BDT, e channel e 59.2+ 378 5 ;
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5 I I TR I S R
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—— 295
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CMS combination ;; 836+ 20 Significance (2D) 3.7c obs/2.1c exp
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/SingleTop_Summary_CMS_7TeV_36pb.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/top.pdf

Top pair invariant mass
(CI\/IS TOP-10-007)
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Charge asymmetry
(CMS TOP-10-010)

Small effect predicted in SM

— Top quark n distribution #arrower than antiquark
*  But dominant gg production is symmetric

—  Measured quantity:
=

— Asymmetry prediction from SM
. A=0.0130(11)

Lepton+jets selection
Fit to identify top and anti-top

Unfold measured asymmetry
—  A.=0.06x0.13(stat)£0.03(syst)
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Top mass measurement
(CMS TOP-10- 006)
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/topmassfit_kin.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/topmassfit_mwt.pdf

First top mass result

Table 2: Summary of the systematic uncertainties (in GeV/c?) in the measurement of Miop, to-
gether with their correlations and combined values.

Source KINDb AMWT Correlation factor Combination
jet energy scale +3.1/-3.7 3.0 1 31
b-jet energy scale +2.2/-25 2.5 1 2.5
Underlying event 1.2 1.5 1 1.3
Pileup 0.9 1.1 1 1.0
Jet-parton matching 0.7 0.7 1 0.7
Factorization scale 0.7 0.6 1 0.6
Fit calibration 0.5 0.1 0 0.2
MC generator 0.9 0.2 1 0.5
Parton density functions 0.4 0.6 1 0.5
b-tagging 0.3 0.5 1 0.4

Table 3: Summary of measured top quark mass for the KINb and AMWT methods with the
contributing weights to the combined mass value.

Method  Measured m;,, (in GeV/c?) Weight
AMWT  175.8 4+ 4.9(stat) 4+ 4.5(syst) 0.65

KINb 174.8 + 5.5(stat) 22 (syst) 0.35

combined_ 175.5 + 4.6(stat) = 4.6(syst) x=lof=0.040 (p-value=0.84)

Combined result using BLUE
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/Table2.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/Table3.pdf

Summary and outlook

o First results from CMS across a range
of top physics areas

— SM measurements

— Quantities sensitive to deviations from SM

 Lots more data in 2011

— Improved statistics and systematics

Total Integrated Luminosity 2011 (Mar 14 09:00 UTC - May 17 08:53 UTC)
i ivered 265,568 pb

200

— Cover all decay channels (tau and all-hadrghi

— Wider range of analyses

-% University . _
loP half-day meeting on top quark physics,
. BRISTOL QMUL, 18th May 2011

) W63 104 2504 09105 23105




	Top physics results from CMS
	Motivation
	Top production and decay
	Top@CMS in 2010
	Slide Number 5
	Leptons+jets event selection
	Cross-section with b tags
	Cross-section with b tags
	l+jets cross-section
	Cross-section from dilepton events
	Cross-section combination (CMS TOP-11-001)
	Slide Number 12
	Single top cross-section (CMS TOP-10-008)
	Single top results
	Top pair invariant mass (CMS TOP-10-007)
	Charge asymmetry (CMS TOP-10-010)
	Top mass measurement (CMS TOP-10-006)
	First top mass result
	Summary and outlook

