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Top Quark Physics W,

Precise Standard Model measurements
— Heaviest known elementary particle

— Constraint on Higgs mass

A Window to new physics

— Many models couple preferentially to top
— New particles may decay to top

* Main background in many new physics scenarios(e.g.
SUSY)

Very useful to calibrate detector
— Jet energy scale
— b-tagging efficiency
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* BR(t->Whb) = 1 in Standard Model

* Analysis strategy depends on W decay modes
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Top Quark Candidate
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tt Cross Section at CMS "4

* First publication: A first measurement at 3.1 pb in the dileptonic channel:

— TOP-10-001: «First Measurement of the Cross Section for Top-Quark Pair
Production in Proton-Proton Collisions at Vs = 7 TeV», Phys. Lett. B695 (2011)
424

* In 2010, Results from 2010 data are based on dataset corresponding to L =
35.9 pb! of data at Vs =7 TeV.

— TOP-10-002: «Measurement of the tt Pair production Cross Section at Vs =7
TeV using the Kinematic Properties of Lepton + Jets Events»

— TOP-10-003: «Measurement of the tt Pair Production Cross Section at Vs =7
TeV using b-quark Jet Identification Techniques in Lepton + Jets Events»

— TOP-11-002 (submitted to JHEP, arXiv:1105.5661): «Measurement of the tt
production cross section and the top quark mass in the dilepton channel in pp
collisions atVs = 7 TeV»
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t't Cross Section - Dilepton Channel “
(submitted to JHEP, arXiv:1105.5661)  #iCaé

* Event Selection
— two opposite charge leptons:

o F T T T T @0

—  p;>20GeV/c, |n| <2.5(2.4) for e (p), Isolated in tracker 5 160;;:;/':51“@ e 2 5
. + = - signal

and calorimeter W 140f Events withew [ b preiction =

b/ vs//

. . . 7 oz o't
- invariant mass selection: / [ Single top I Single top
CJw Cdw

s M,>12GeV/c2, M, #[91 + 15]
— jets selection:
* corrected Jet, p;>30 GeV/c, [n|<2.5
— For each channel, for 2 jets no b-tags, 2 jets 1 b-tagand 1
jet no b-tags
* Main backgrounds after leptonic selection :

— Drell-Yan = Il: main background,
* rejected by Z veto, jets and ., estimated from data

[ZZ) Non-W/Z prediction
2] Bckg. uncertainty

[ZZ) Non-W/z predictiol
77 Bckg. uncertainty

NN

=4
Number of jets

3 =4
Number of jets

& 0F T T T T 8 120F T T T T =
— - . _ c [ cmS @ Data c - cMS @ Data L
W+lets, semi-lept. tt, QCD: from non W/Z decays, S [ ogpblatys = 7Tev [ tsigna ® [ 36pbatys = 7Tev M signa
estimated from data W 60[-Events with eu Y DY prediction W oo[-Events with ee/u/en Y DY prediction
: D zl-,\l’:‘)‘['*‘[» : D Z{Y‘ﬁt"[-
— Single top tW, diboson, Z->tt: small cross-sections, sof- I Single top o B sngerer ]

[ Non-W/Z prediction
772 Bekg. uncertainty

estimated from MC

* Very clean channel, thanks to b-tagging
- Cut and count experiment
*  Event counting with dedicated data-driven techniques
for the estimation of background contributions in e*e”, 1o
U*u, and e*u’ channels of
* Combination taking correlation into account using Best
Linear Unbiased Estimated
Oy = 168 & 18(stat) &= 14(sys) = 7(lum) pb

[Z7] Bekg. uncertainty

60—

40—

AN\

3 >4
Number of jets

3 =4
Number of jets
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t't Cross Section - Lepton+Jets Channel
(CMS TOP-10-002)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

* Measurement without b-tagging Eowt 7 — Sngloop
* Simultaneous binned likelihood fit to )  aDers

— Missing ET with 3 jet
* discriminate QCD from true W decay
— M3 With Z 4 jets 0 20 40 60 80 100 120 14OETEgOeV]

* M3 is invariant mass of 3 jets with max X' P; £ 0zsggbf;s;fi,g?:'éﬁénﬁt@'7'T'e'v; & """""" E
* separates top from other events with real W T osf wgeTer S
decays ® sk A e
* M(W) shows good agreement with data o1-
e Combined measurement "o E
o, = 17313 (stat. + syst.) £ 7(lumi.) pb R R S R
* Compatible with other measurement § s SyERATINY., _
g o

100 120 140
My (W) [GeV]
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t't Cross Section in the Lepton+Jets Channels with b-Tagging “
(TOP-10-003)

 Measurement with b-tagging

e Event Selection:

— one lepton (with second lepton veto): p; > 30 (20) GeV/c, |n| <2.5(2.1) fore
(n), Isolated in tracker and calorimeter

— jets selection: corrected Jet, |n|<2.4
— KT and b-tag selection: ET > 20, Secondary Vertex
* Simultaneous fit of

— Secondary Vertex Mass (from tracks associated with the vertex with a pion
mass assumption)

— Number of jets and b-tagged jets

<

CMS Preliminary [ L=36 pb”, Vs=7 TeV CMS Preliminary I- L=36 pb”", \s=7 TeV

® Data

.Top
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[l wox
Hwex
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-
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I
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p+jets channel:

50 50 5 50 5
Secondary vertex mass (GeV) Secondary vertex mass (GeV)

Combined Measurement:
oz = 150 4 9 (stat.) £ 17 (syst.) &= 6 (lumi.) pb
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tt Cross Section Combined “n“

CMS Preliminary \'s=7 TeV

value + stat. + syst. = lum. error
(luminosity)
* Combined measurement has . )
. - o) CMS combined (prel.) 158+ 10+, £ 6
p reCIS I O n Of 12 A) TOP-11-001 (uncx cor.x lum.) (36 pb™)
* Very good agreement with
. . . —=@=— -
approximation NNLO theory CMS I+jets+btag (prel.) 150+ 9+ 17 + 6
TOP-10-003 (36 pb™)
 Comparable to world
e () ——)
average CMS dilepton (prel.) : 168+ 18+ 1% + 7
TOP-10-005 (36 pb™)
u—+‘——:
CMS I+jets (prel.) 173 +£14+20 + 7
TOP-10-002 2 (36 pb™')
—=j-—
ATLAS combined (prel.) 180+ 9+ + 6
ATLAS-CONF-2011-040 (35 pb™)
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) unc.
| I | | |
0 50 100 150 200 250 300

Top Pair Production Cross Section [pb]
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Single Top Cross Section “
(CMS-PAS TOP-10-008)

@ CMS combined result
» o(t) =84 +30pb
* Event Selection @ Significance observed (expected)
— Trigger: Single p/e » 2D fit: 3.7 (2.1)
— Existence of a good primary vertex > BDT:3.5(2.9)
— Exactly one muon (electron)
— Exactly two anti-kt 5 Particle Flow jets
with
— Transverse W boson mass > 40 GeV (50
GeV)
e Still rather small signal to background 10}
ratio: j
 Complementary methods |

— Exploit two characteristic features of i ]
Single top quark production (2D T Y - S—T
analysis) Js [TeV]

— Use MVA technique Boosted Decision Vi = \/@z 1.16 + 0.22(exp) = 0.02(th)
Trees for further separation (BDT 7
analysis) For 0 < |V,[2 <1 (flat prior in |V, |2):

|Vis| > 0.69 @95% CL (BDT analysis)

Msa

t-channel single top quark production

L L L L R L B L R
®  CMS Preliminary, 35.9 pb’
Bl ATLAS Preliminary, 35.3 pb™
4
A

o [pb]

DO, 5.4 b’
CDF, 3.2 10"

,,,,,,,, NLO QCD (5 flavour scheme)
s theory uncertainty (scale ® PDF @ top mass) ]

T Campbell, Frederix, Maltoni, Tramontano, JHEP 10{2009) 042
|
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Reconstruction of m,done in 3 steps

— reconstruction of leptonic W (with MET as p; (1))

* 2real solutions - keep both
* imaginary solutions - modify MET

— jet-parton association by x> minimisation

* 5 quantities used: my,, (top), my,4 (top), m,4 (W), p; (€1), H;

fraction
* correct association in ~ 80% (in simulation)

— kinematic fit to improve resolution
M, = 172.5 GeV/c2
* m,, =80.4GeV/c2

Looking for narrow resonances
— Model independent
Lepton+jets channels
— et +jets
—  u* +jets
No significant signal observed

June 2, 2011

tt Invariant Mass
(CMS-PAS TOP-10-007)

Events / 50 GeV/c?

Upper Limit o, x BR(Z' — tt) [pb]
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[ CMS Preliminary —e— Data

12036 pb'at\/s = 7 TeV [ Jacb

re+u,=4 jets I Z/v*—1'T (+ light jets)

100 [ ] vbb+x
[ Ve(e)+X
80 I W—lv (+ light jets)
I single-Top

I
Z' 0.5 TeV (50 pb)
Z'0.75 TeV (50 pb)
---------- Z'1 TeV (50 pb)
..... Z'1.25 TeV (50 pb)

60

40

20

(0] JENHI

800 1000 1200 1400

180
My [GeV/c

N,
—

80— T T T T T
- CMS Preliminary .
7036 pb at\/s = 7 TeV =
601 —«— Observed (95% CL) ]
50; Expected (95% CL) é
40; + 10 Expected é
3 O; + 20 Expected é
2of | -
100 E
of , i

IIIIIIIIIIII N T T T T T T T M A

04 06 08 1 12 1.4 16 1.8 2

m., [TeV/c?]
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Top Quark Mass Measurement in the Dilepton Channels
(submitted to JHEP, arXiv:1105.5661)

w Io—————————— ——
Tt |[cms,36pb atVs=7Tev
e -] /
i} o5 fe/eu/up. events g
. [ m,,=174.8 = 5.5 GeV/c® \ /
* Event Selection: ol \
— Inclusive single lepton trigger v
50 0 180

1 180 190 20
Top Quark Mass [GeV/c?]

o

25 250 275 300

* muon with p;>15 GeV/c (uu/eun) or electron with ET>17 GeV (ee/ew. 15:,K|Nb
— =2 leptons, p;>20 GeV/c |[n|<2.5 .

* Isolated and promptly produced 10}
— = 2jets, p>30 GeV/c |n|<2.5 :

* Anti-kT (R=0.5), particle flow based algorithm
— MET > 30 (20) GeV for the ee/uu (eu) channel

* Evaluated using 2 methods Reconstructed mass [GeV/c?]
— fully kinematic analysis (KINDb) 0 30—
— analytical matrix weighting technique(AMWT) g ;:e“f:;,ﬁ’je::fﬂ“" s,
e Largest systematics from jet energy scales u 25?%,,: 1758+ 4.9 GeVlc? ¥ q -\\ /
° 1 -
CMS combined result 20 A MWT R

180 190 200
Top Quark Mass [GeV/c] |

m,,, =175.5t4.6(stat) + 4.6(syst) GeV/c?
* Good agreement with world average '
m =173.1+1.1 GeV/c? 10 +

100 125 150 175 200 225 250 275 300
Reconstructed mass [GeV/c?]

151~

top
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Event Selection:

— Exactly one high p;isolated lepton (electron p; > 30
GeV, p p; > 20 GeV), loose 2nd lepton veto and four

or more PF jets (p; > 30 GeV).

— Particle flow jets and missing transverse energy are
used to achieve the best expected mass resolution.

Using Ideogram method

(CMS-PAS TOP-10-009)

Number of Events / 20 GeV

— A constrained kinematic fit is used to reconstruct the
complete kinematics of the event under the
hypothesis that the event is a tf lepton+jets event

— Alikelihood is calculated for each event in the data
sample from the output of the kinematic fit

— The likelihood calculation takes into account all the
possible assignments of jets to quarks in the tf
lepton+jet event hypothesis, and considers the
possibility that the event is a tf event or a

background event

Number of Events / 20 GeV

— Ajoint likelihood fit over all events in the data
sample is then used to extract the value of the top

guark mass

6/2/11
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Top Quark Mass Measurement in the Lepton+jets Channels

60

40

20

e
Msa
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CMS Preliminary, L = 36 pb’
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—+— Data
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200 300 400 500 600
Fitted Top Mass [GeV]

CMS Preliminary, L = 36 pb"’

—+— Data

M
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Single-Top
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e + jets channel

1
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Fitted Top Mass [GeV]
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'Fresh from the oven: approved yesterday!’ m
NEW!

e S

CMS Preliminary, 36 pb™ at\'s =7 TeV

N
o

* Combination e+jets and u+jets
my = 173.1 + 2.1 (stat) 751 (JES) + 1.4(other syst) GeV.

-2 log(likelihood)
N
=)

—y
o
T T 1T 1T

101

The most precise top mass T
measurement outside Tevatron R

Top mass [GeV]

CMS Preliminary, 36 pb” at\'s = 7 TeV

Mean = 1.86

, PATA RMS = 0.25

\\ lepton+jets

 Combination of dilepton and lepton
+jets top mass using the BLUE (Best
Linear Unbiased Estimate) method.

m,=173.4 £ 1.9(stat) £ 2.7 (syst) GeV

Pseudo Experiments / (25 MeV)

. ‘5 L .
fitted statistical uncertainty [GeV]
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Charge Asymmetry
(CMS-PAS TOP-10-010)

Tevatron
— Valence (anti-)quarks from certain direction
— Forward-backward asymmetry
* LHC
— gg fusion symmetric
— asymmetry only from small gq fraction
 A.=(N*-N7)/(N*+N)
N* / N-are the number of events with
positive /negative values of 7, |- [7,.tit0p
Predicted in SM A. = 0.0130(11)
 Would indicate BSM if there is deviation
e.g. axigluon
* Measured at CMS
A. =0.060 + 0.134(stat) £ 0.026(sys)
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o(;rotal Integrated Luminosity 2011 (Mar 14 09:00 UTC - Jun
I T

Summary

« CMS is a new Top Factory o |
* With only 36 pb! we have:
— t't cross section (+12%)

— Single top cross section (x36%) . D..,
— The most precise top mass measurement outside Tevatron
— t'tinvariant mass (-> limits for Z’ production)
— Charge asymmetry (competitive with Tevatron end of
20117)
* Today, June 2, 2011 we have more than 500 pb-
and many golden opportunities in Top Physics
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