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Content

W+

® First measurement of V-

t (+2/3 e)
o(ttV)=oc(ttZ)+o(tiW)
b (-1/3 e)
B Measurement of R:
V 2
R = B(t— Wb) = > | tb|2 5~ 99.8 (standard model)
B<t_>Wq) |th| +|Vts| +|th|
B Constraints on the top quark electric charge:
N, .—N
A =28 2% =1 (standard model)
N+2/36+N-4/3e
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First Measurement of Vector Boson
Production Associated with ft

" £=5fb"at Vs=7TeV
Trilepton channel: o (tfZ — [ +jets + (Z —11)

Same-sign dilepton channel: o (t7 V — [+jets + (W —1v) or (Z—11))

with /=e or pu

B

t
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Trilepton Channel: o(tt Z)

B Selection: ® Background estimation from data:
=>» 3 leptons: 2 opposite-charge and => tt : cross-flavor dilepton events
cand . . .
same-flavor leptons (Z*™) => Z+jets and diboson: trilepton,
> 3 jets (2 b tagged), H_> 120 GeV no b tag events
CMS Preliminary L=4.98f"at Vs =7TeV CMS Preliminary L=498fb"'at\s=7TeV
S“h :IIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|IIII: S-n.. __|||||||||||||||||||||||||I||I||I|||IIII__
[4}] 220:_ . Datﬂ _: (i) 35: . Data l
© 200 o . . Clti+2z - © [ ft+Z . ]
L0 - tt estimation = . N 3oF ! Z+jets and -
= : Wl Z +jets ] [ L ElZ+jets diboson
2 160% I i E o B M estimation -
O 140H + + [ Diboson = T [ [ Diboson ;
“ 120k +++ = 20 E
100 E 150 E
1 10f -
5 -
%0 80 90 100 110 120 130 140 150 % 60 70 80 90 100 110 120 130
Opposite Flavor Dilepton Mass [GeV] Dilepton Invariant Mass [GeV]
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Same-Sign Dilepton Channel: o(tt V)

CMS Preliminary L=4.98fb"at {s=7TeV

> IR L I R IR L
G 400 @ Data B
o C _ E
® Selection: = 35 E::jv E
_ § 30;_ I Fakes _;
=>» 2 same-sign leptons O oeE [l Charge MisiD 7
- vz :
= 3 jets (1 b tagged), H_> 100 GeV 20 [ Rare SM E
151
=2 Veto trilepton selection 10_

%0 40 60 80 100 120 140 160 180 200

® Background estimation from data: Leading Lepton p. [GeV]
]

=» fake/non-prompt leptons: loose leptons passing tight criteria in QCD events
=>» charge mis-identified electrons: fraction of same-signed electrons in Z decays
=» WZ cross section from CMS measurement

=» rare SM processes from MC prediction
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CMS Preliminary L=4.98f 'at\s=7TeV

@ I I | | | ]
. c i . e
Combined Results © 1o e®paa  Trilepton .
W iz :
10F Et+w .
[ P Z+iets ® -
taking into account tt+W g Hl -
- [ Diboson :
6_ =]
o(ttZ) [pb] o(ttW) [pb] 'cr(tﬂ/) [pb] [ I
Trilepton Analysis  0.30 1917 7005 - 0.66 32 002 4r ¢ "
Dilepton Analysis - 0.28 T915 +£0.04 0.45 7917 006
Combined - A - 051 701360 0
NLO Calculation 01387 0.169 +0029 0.308 (ee)e (eer (uve (uun Total
CMS Preliminary L=4.98fb"at \s=7 TeV
- @ 25 | | | B
subtracting tt+Z yield S | ep .
9 y TR “2 " Dilepton

ool tt+2Z

- Eiew

.. - [ Fakes

® Result combining all 7 channels: 150 I Charge MisiD
L I wz
=» signal established at a significance of 4.67 ¢ 101 [ Rare SM

o(t1V)=0.51"),3(stat.) o oa(syst.) pb

ee uu eu Total
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Measurement of R

_ — 2
= Dileptonic ff in £=2.2fb" at\s =7 TeV p=Bt=WD) _ [V

TB(toWg) |V PV VS
® Observable: b-tagged jet multiplicity Vil 1V [+

W+
Vi
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b-Tagging Multiplicity thag

B b jet :=tagged with Track Counting High Efficiency Loose (TCHEL)

® Fairly good agreement with R =1

v 1200771 T T T T T R
t — o 1 ) ey events —
o L CMS preliminary, ys=7 TeV, | L=2.2 fb | 2jets 3jets -
> - . | —
w 1000 +——*data lﬁ dileptonsl other tt DZW +ets— I | ]
- | —
— lW+jets lSingIe top D Di-bosons | ]
800 — | } —
- ee events | uu events | _|
—  2jets 3jets | 2jets 3jets | |
600 — | | |
— | I _
400 — } _
200 —
°
3 1.5 !
3] )
g T —H
©
0 0.5 [ I | I O I L
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Jet-Assignment Estimate f

correct
B Correctly assigned jets from tt: =
. 5 5 g
mmv(lep.,jet)sx/mt—mw=156 GeV £
k)
S
B Other jet assignments lead to large tail: j%

=>» averaged template from data:
=>» swapping jet from different event

> from randomly rotating p,

cp

Data/Expected

fé (en, 2 jets) = 0.388+0.011 (stat. + sys.)
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Model and Fit of thag(R)

m Binned maximum likelihood fit with thag(R)—modeI that depends on:

=» b-tag and mistag efficiencies (from data)

= fraction of top events (from data) 5 SFYTT T T T g
= - CMS preliminary % : {1
i ' = [ rtev, | L=22m" 57 {-
- fraction of jets from top (from data) o ¢ sErIeV L= : 13
4_ [ 14
] C _ ; 14
‘sﬂ 4000_ —————— 1 E R—UQSiO.U4 14}[)[]5_ _ f:.
% . CMS preliminary, {5=7 TeV,I L=221b" ] —==combined —ee : 11
3500— ] - SRR, /o
Lﬁ - —— =0 b-tags — - =1btags - 3L el — MU T biag muﬁip,';;it; g
3000:— =2 b-tags — - =3 b-tags _: i /f / E
2500/ = -\ / // _f
n ] o\ j .
2000F - HEA A ,r/ ]
- . E\ / =
1500/ = N / ]
- < 1EN \ i =
1000 - u / m
- . N / ]
500 — - 7 E
C —_-_ _____,_; t | | I | | I | —_I.

e EE 7 S Y S e 085 09 095 1.05 1.1 115
R = B(t—>Wb)/B(t—>Waq) R= B(t—>Wb)f B(t—>Waq)
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Results of R Measurement

R =0.98 + 0.04 (syst.+stat.)
® Dominated by systematic uncertainties

® Feldman-Cousins frequentist approach: R > 0.85at 95 % C.L.

g é CMS preliminary, ys=7 TeV,j L=2.2fb"

0.9F

Source Uncertainty T F [ Jear%cL
€b 0.031 5 o [ Jos% cL
P 0.011 ’g 0.7 B os o
Jet energy scale 0.002 0.6
Jet energy resolution 0.004 ,@, . 55_ -
Pile-up 0.006 T 3
Q2 0.023 X 04 &
Jet-parton matching scale 0.011 0.3§— US,
]?Y contamination 0.012 0.2f o
tt contribution 0.002 - —

Total 0.044 o o

02 04 06 08 1 1.2
R

obs
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Constraints on Top Quark Charge

B Determine b charge and combine with W charge
® Discriminate +2/3 e against -4/3 e top charge scenario

mff —py+Jetsin L=5f"at Vs =7 TeV

t (+2/3 e)
+4/3 e
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Charge Tagging of b Jet e CMS Simulation\s=7 Tev

>
8 L tt MC (Madgraph)
— — u from B: same sign as b
o L — u from B: opposite sign as b |
>~ 300~ u from D: same signasb _|
m Charge Of b quark' % L — uw from D: opposite sign as b |
. ()
>
()
5
= diluted in hadronization process g 200 —
£
>
=>» transmitted to decay products = 100
T I T :
B Soft muon from b decay chosen as b-charge discriminator:  °© 1 2 ofmuon Pfrel (GeV?
BR=11%  BR=10% 1o CMS Simulation\/s=7 TeV
“ IJ 9 S
/ / o Lt MC (Madgraph) ]
i w- T N
| @ 08:— IS (B —
0 ° T
d 0.6% R -
4 ++++ ]
. . . . 0.4-* §
- increase performance with p_ _ to jet axis (B mass) ]
’ 0.2_— ]
> global muon (p_> 4 GeV) inside b jet (AR < 0.4) b e e
0 1 2

3 4
soft muon Pr ol [GeV]
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Charge Tagging of b Jet

><10|‘3 ICII\/IS|SirInuI§1tioln\F|s=7lTey |

>
8 tt MC (Madgraph) _|
L L _ S A X qEUCP0 |
® Optimization of soft muon charge discriminator: < oy soft muon
5 ]
=> maximal statistical significance: eD? g
= muon p__ > 0.85 GeV S |
B Probability of correct b charge:
oL
P _.=[745%0.8 (stat.) +2.6 (syst.)] % 0 2 cut on soft muon . GeVS
Sign-
Fli
B Estimate from data: // \ /'p
= fraction of same sign muons in enriched bb sample \bL bL
b b
=>» data and simulation agrees within stat. uncertainty of 2.5% \ Sign- \\
Flip

- taken as syst. uncertainty for tt

B Additional systematic study: comparison of two different fragmentation models

RWTHAACHEN Yvonne Kiissel ~ Other Top Quark Properties at CMS  ICHEP 2012  05.07.2012 14




Event Categorization

m Choose the combination with m_ (one b jet, two non-b jets) closest to top mass

assign to hadronic side CMS Preliminary \'s=7 TeV L=4.6 fb’
|

* data :
B it u+jets(signal) |
U tt efr+jets
U tt dileptonic
B single top
B W+jets

O Z+jets

- quality cuton m_ (p, blep_) <150 GeV

® Correct assignment of charge tagged b jet:

PIoair =[80.2 £ 0.8 (stat.) + 3.8 (syst.)] %

4/3e scenario

Number of selected events

m Combine b charge with high-p_ muon charge

® Example:
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Results of Top Charge Analysis

B Test statistics: asymmetry between +2/3 e and -4/3 e categorized events

=» probability density of A: pseudo experiments of N

A =0.97

meas

+ 0.12 (stat.) £ 0.31(syst.)

and N,

+2/3e

® Dominant syst. uncertainty: limited statistics in systematic samples

0.15

0.1

Probability density / 0.046

0.05

RWTHAACHEN

Yvonne Kussel

CMS Preliminary \5—7 TeV L=461fb™"

+2/39 (stat.)
- -4/3e (stat.)
— +2/3e (stat. + sys.)

-~ -4/3e (stat + sys.)

N TS R S R RN

-2 -1

A

Error rate

Other Top Quark Properties at CMS

A=

N +2/3e N 43¢

N+2/3€+ N—4/3e

CMS Preliminary \F =7 TeV L=4.6fb"

[T ‘ I I I T ‘ I I I I I ‘ T I I T ‘ ]
10 nypeI o -
a ~Type II: B o
C G:J -
107 36CL g E
C o -
o
L 3 -
10% - S E
- 56 CL = -
10"8; \ *:
107 2
| ‘ | | | ‘ | | | | | | | | \v ‘
-2 -1 2
ICHEP 2012 05.07.2012
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CMS Preliminary
T T T T

L=4981h" at \s=7TeV

—_—

——
A Trilepton Channel

® First measurement of ttV- o oron o
(direct measurement)
—— ® Combination

=> signal established at a significance of 4.67 o ~— NLO Galuiaton

T I PP T P T P T e
0 02040608 1 121416 18

o(t1V) =051, (stat.) o (syst.) pb e

3 P IZL
® Measurement of R: promnes —ee [ L]
; //,
R =0.98 £ 0.04 (syst.+stat.) a
: / =
i s
> Alimitis setto R>0.85at 95 % C.L. . ]
SEHH H\‘j H‘/“I("}5‘|H1|1H|%15
' (t—>Wb)/B(t—Wq)
® Constraints on the top quark electric charge: CMS Preliminary \S=7 TeV L=4.6 ft"

B tf u+jets(signal) |
0 tt efr+jets

[ tt dileptonic

B single top

B W+ijets

[0 Z+jets

A =097 £0.12 (stat.) +0.31 (syst.)

Number of selected events

=2 4/3 e charged top scenario (A = -1) excluded.

Top quark properties measured by CMS agree nicely with SM! —_—
Yop
17
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Selection of Trilepton Channel

® Full selection optimized for signal significance:

2> Z__ ' 2 opposite-charge, same-flavor leptons with p_> 20 GeV
>p. (£ )>35GeVandm (Z )e[81,101] GeV
= third lepton with p_> 10 GeV

- at least 3 jets (p, > 20 GeV, |n]| <2.4) (1 lose, 1 medium b tagged), H_> 120 GeV

B | oosened selection (background from data): _ CMsPeimimay_ Loagnlayse Ty
% 35; e Data é

. - T+ ]

- 2 opposite-charge leptons (p_ > 20 GeV) 2 sl Sre

@ i B Z+jets ]

. - . ] % 25 B 3
withm_(Z__)> 350 GeV,no same-flavor: tf estimation 3 ol EIDboson

15: A

- at least 3 jets (p, > 20 GeV, |n| < 2.4)

10

= third lepton with p_ > 10 GeV (Z+jets and diboson)

1

50 100 150 200 250 300 350 400
P, (£) [GeV]
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Selection of Same-Sign Dilepton Channel o(ttV)

CMS Preliminary L=4.98fb"at /s=7TeV

> frrT LRI B R B B
® Full selection optimized for signal significance: g oof é.?ata ]
S ol Hiow
- 2 same-sign leptons with p_ >55and p_, > 30 GeV ¢ > M Fales :
W 4oE B Charge MisiD ]
- Bwz
- at least 3 jets with p_> 20 GeV (1 b tagged) 30 B Rare SM
20F

> H_> 100 GeV

® | oosened selection for validation: 100200300 400 80 vy
- 2 same-sign leptons with p_> 20 GeV CMS Preliminary L =4.98 fo"at is =7 TeV
2 I | ]
:;’120 ® Data g
i [z -
> m_()> 8 GeV 100 Do w -
I Fakes ]
. . [ Charge MisID |
- 3 jets with p.> 20 GeV and || <2.4 Wz

[ Rare SM

® Rare SM: ZZ, V+gamma, same-sign WW production,

triboson and multi-parton interaction leading to twice W+jets

0 1 2

b-Jet Multiplicity (medium)
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Dileptonic tt Selection in £ =2.2 fb” R
at\s=7TeV

B | eptons (muons and electrons):
=> trigger: double lepton

- at least 2 leptons with p_> 20 GeV and isolation: particle flux ,_ .. < 17% (20%)

0

=» if more than 2 leptons: oppositely charged and highest 2P, e

> M >12 GeV t

Tl T

® Drell-Yan (DY) contribution:

- same flavored leptons: | M- M | > 15 GeV and ETmiSS > 30 GeV W-

= estimated from data: angle between leptons; template from low ETmiss region

m Jets: E_> 30 GeV, well separated from leptons

B Fraction of tt events after selection: 0.767 + 0.052 (stat.+syst.)
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Factorization of N__(R) R

g

m Expected b-tagging multiplicity P, to reconstruct and select 0, 1 or 2 jets from top decays

=2 e.g. two jets from top decays:
2 2 2 2
P, = Re +2R(1-R)e e +(1-R)¢,
m P of the different event cases are combined using the probabilities a. of having

reconstructed i jets from top decays

B O can be expressed in terms of

=>» fractions of top pair and single top events

=» fraction of correctly assigned b jets f

correct

B | ikelihood using this model and observed b-tag multiplicity:

jets

L= 1—[ H H pﬂf‘SSﬂ” [N:F?fajﬁs (k): N(E;ff’jds (k)] 1—[ gnns (x: X, Ux)

€0 jets=2 k=0
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Selection of tt — y+ Jetsin L =5 fb" q
at \s=7 TeV o0

® |eptons:

=» trigger: single isolated muon

CMS Preliminary \'s=7 TeV L=4.6 b
I T

® data

B tf u+jets(signal)
O tf e/r+jets
O tt dileptonic

- exactly 1 isolated muon p_> 26 GeV (trigger plateau) o

> veto on second loose lepton .
10

(electron E_> 15 GeV, muon with p_> 10 GeV)

102

Number of selected events

m Jets:

- at least 4 jets with p_> 30 GeV

Data/MC

]
!
1

© ©
(0]

| |
b-Jet Identification  Jet Association Charge Assignment

=> at least 2 b jets with TCHE medium
=>» b-tagging efficiencies and mistag rates corrected (event weight)

B Resulting background fraction (W, DY, QCD) ~ 2 %

® Top pairs and single top treated as signal
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Factorization of A qtop

B Probability to reconstruct a +2/3 e categorized event:
N2/3e

P=
N2/3e+ N4/3e

= account for background events (f, : background fraction):

Summary of performance numbers

P= f Bg‘O-S + (1 _f BG) ‘P signal Potag 0.911 =4 0.004(stat.) & 0.029(sys.)
Poc 0.745 4 0.008(stat.) = 0.026(sys.)
Prair 0.802 4 0.008(stat.) = 0.038(sys.)
=» Account for misidentification of b jet: Prntag b 0.53 + 0.03(stat.) + 0.14(sys.)
Piignal 0.64 + 0.01(stat.)
e 0.014 + 0.005(stat.)
Psignal= ( 1— Pbtag) .P!btag, bC + Pbtag. Ppair,bC Ppg 0.5+0.1

=» Account for wrong b charge tagging and wrong association to lep. or had. side:

Ppair,bC=Ppair.PbC+(1_Ppair>'<1_PbC)
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