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® W helicity in top decays

® FElectroweak couplings:

® associated tt+y production

® associated tt+Z and tt+WV production

® Branching ratio: R=B(t—Wb)/B(t—Wq)

o FCNC
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® Very sensitive to additional contributions: (BSM or “anomalous”) couplings - important test of

Wtb structure

® W helicity fractions measured from angular distributions:

® cos(0%):in t rest frame - angle between down-type fermion momentum in W rest

frame and W momentum in top rest frame

1 Wb 3 3 3

Tdcosf* 8 4

® General vertex langrangian:

B _\LFB,,F(VLPL + VRPR)IW,, — f 1(17\/1 v

Inthe SM: Vi =Vu =1  VrgLgr are all =0

= = (1—cos6") F + 3 (1+cos8”) F + ; sin® 6°F;

in SM (LO):
Fo=0.6902
Fr=0.3089
Fr=0.0009

(gLPr + grPr) ¢t Wﬂ_ + H.c.

Fr Fi. Fg
& ot [~ & '~ vvvvvvvvv A —7 Straightforward to interpret
| ® | ' | fractions in terms of anomalous
¥ couplings:
[ = : Saavedra et al.
o am o em e e Vhian an s o om e on 02 ggepmeseenend  simple polynomial dependence

coupling coupling N coupling
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Data: pp@ 7 TeV (1.14 fth'') / 8 TeV
(5.3 fb!)

Selection for 7 / 8 TeV:
1 muon pr>20 / pr>26 GeV
Exactly 2 jets pr> 30 / pr>60 GeV
Exactly 1 tagged as b

M1>40 / M1>50 GeV (W transverse

mass)

\_

/

Data: pp@ 7 TeV (4.6 fh'!)
Data: pp@ 7 TeV (5.0 fb!)

2 isolated leptons (e/p) pr>20 GeV
Exactly 1 lepton

In ee and pp channels: reject evt in

Z mass window 76< M <106 GeV | Pr>26 (muon) or pr>30 (electron

channel) GeV

At least 2 jets pr> 30 GeV
edst 2 jets pr © At least 4 jets pr> 30 GeV

At least 1 tagged as b
99 At least 2 jets tagged as b
Ermiss>30 (ee/pp) or Ermiss>20 (ep)

GeV M1>30 GeV

\
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W helicity: single;I;

* Large contribution from top pairs, specially at 8 TeV

* Measurement from both single-top and top pairs

e Shape and normaliz. of W+jets:
data control samples
Vs =8TeV || /s =7TeV
Systematic source AFL AFp AF; AFy
JES 0.006 | 0.006 | 0.020 | 0.020
JER 1 0.008 | 0.003 || 0.015 | 0.010
unclustered energy 0.013 | 0.003 || 0.015
pileup ‘ 0.002 . 0.003 | 0.004 | 0.000
b-flavored scale factor 0.004 | 0.006 | 0.009 | 0.009
non-b-flavored scale factor 0.004 ' 0.007 || 0.002 | 0.001
C single-top generator 0.008 | 0.014 || 0.004 | 0.004
| Q" scale —0.000 | 0.012 | 0.040 | 0.007 |
Myop 0.005 | 0.006 || 0.010 | 0.010
PDF 0.005 | 0.005 || 0.000 | 0.000
tt normalization 1 0.002 | 0.003 || 0.008 | 0.008
QCD shape | 0.002 | 0.002 || 0.004 | 0.004
W+jets shape 0.008 | 0.010 | 0.010 | 0.010
integrated luminosity 0.003 | 0.003 || 0.007 | 0.007
SM W-helicity reference | 0.004 | 0.003 || 0.001 | 0.002
total systematic uncertainty (w /o generator) 1 0.022 | 0.021 || 0.054 | 0.035
total systematic uncertainty 0.024 | 0.026 || 0.054 | 0.035
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PAS:TOP-12-020

CMS preliminary, 1.14 16" at s = 7 TeV

* data

» 250~
t-channel L * data
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W-channel Wect
s<channgl 5 ' SO
o | s-channel
=N} -
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Combined results:

7 and 8 TeV

F0=0.713+0.114+0.023

F1=0.293+0.069+0.030
Fr=-0.006+0.057+0.027
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* Measurement from cos(0*) both sides

* Very low backgrounds: estimated using MC

CMS Simulation, 4.6 fb" at \s =7TeV
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Fitting
F, R
~ Systematic Source +6F | +6FK
( Top QScale 0.027 | 0.051
Top Mass 0.016 | 0.003 /
WZQScale 0.013 | 0.026
DY XSection 0.009 | 0.014
W XSection 0.000 | 0.002
SingleTopTW XSection | 0.002 | 0.008
JES 0.01 | 0.006
Pile-up 0.014 | 0.017
PDF 0.004 | 0.005
Total 0.040 | 0.063

2500 —

2000 —

1500 —

All Backgrounds
———— Reweighted signal
Data

4 l L1

PAS:TOP-12-015

F0=0.698+0.057+0.063
F1=0.288+0.035+0.040
Fr=0.014+0.02710.042
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* cos(0¥): needs to identify down-type fermion o TOP-11-020 updated,
to be submitted to |HEP

* Leptonic branch: d-fermion = lepton (ok!)

e Hadronic branch: d-type quark can not be identified: only |coshd(6*)| information

B £ muon-ets
........................ B t
cMS Prellmlnary 7 TeV 5 b 0 ti bkg
Bl V-ets
[ single Top

B DY +jets

® Muon+jets

L L L L L IS B B B
300 cms Preliminary 7 TeV, 5 b

250

Muon

channel

N
[=]
o

\
4.I|IIII|IIII|IIII|

Entries/bin
o
o

[ single Top

B DY +ets

® Muon+jets

1lA|IIII|IIII|IIII|II

s »y g =M %mjfﬂf#ﬁ%%w&
S XLt R o Tt e
i | | .
S "1 08 -06-04-02 0 02 04 06 08 1 = lcos™(0")!
cos(6%)
IIIIIIIIIIIIIIIIIIIIIIII S -tfelectron+jets
240;—' cMS Prellmu;alrglf 7 TeV. 5 fb" e CMS Prellmlnary 7 TeV 5 fb1 =:/tvt:'(:ts
220 E_ [ single Top
200 B DY-iets
180 @ Electron+jets
£ 160F- =
Elect ,,,
& = o 120
d:’ 120 B ¢ clectron+ets e C ro n E
— = 0 T bkg T
I.I=J 1285 B W+iets u
= [ single Top
coF = channel
40 @ Electron+jets ]
20 o
£ g 1257 '-"w" Ar B PR
= 41.\ f' = it ¥ %E 2% _-é‘ ¥
30-8:| |||||r|||/§| 24 g |||]|| ||| = 0 01 0.2 0.3 0.4 0.5 0.6 0.7 08 09 1
= -1 -0.8 -0.6 -0.4 -0. 2 0 0.2 04 0.6 0.8 1 Icoshad(ﬁ*)l

cos(6*)
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e Treating leptonic/hadronic branches independently

e “3D": fit Fo, F,, and # normalization

take FR= 1 -FO-FL (as in single top and )
o “2D": set FrR=0

® W+jets and DY+jets normalization and shape from control regions

(estimated in data)

p+jets (cos 6*) e+jets (cos6*) £+jets (cos0*)

Systematics 3D fit 2D fit 3D fit 2D fit 3D fit 2D fit

+ AFy | £ AF, || £ AFy | £ AFy | £ AFy, || £ AFy || £ AFy | £ AFL || £ AFy
b-tag eff. 0.001 0.001 <107° || <107° | <107 | 0.001 0001 | <107° || <107°
Single-t bkg. 0.004 | <10°® || 0.003 0.004 | <10* || 0.004 0.004 0.001 0.003
DY +jets bkg. 0.002 0.001 0.001 0.001 | <107® | 0.001 0.001 | <10°” 0.001
W-jets bkg. (0.019 0.007 0.006 0.009 0.006 0.022 0.013 0.004 0.006 )
Lepton eff. 0.001 0.001 0.001 0.009 0.012 0.015 0.001 0.002 0.002
JES 0.005 0.003 0.001 0.006 0.002 0.003 0.006 0.003 0.001
tt scales 0.013 0.009 0.007 0.015 0.018 0.030 0.009 0.009 0.011
JER 0.009 0.005 0.001 0.014 0.009 0.003 0.011 0.007 0.001
Top-quark mass | 0.011 0.008 0.007 0.025 0.018 0.014 0.016 0.011 0.019
Pileup 0.013 0.011 0.008 0.008 0.007 0.005 0.002 | <10°° 0.008
tt match. scale | 0.004 0.001 0.006 0.010 0.013 0.016 0.011 0.010 0.008
PDF 0.002 0.001 0.003 0.004 0.002 0.002 0.002 | <10°° 0.003
MC statistics (0.016 0.012 0.009 0.019 0.015 0.012 0.016 0.012 0.010 )

Friday, July 19, 2013



3D

mu-+jets; leptonic branch [} 1
e+jets; leptonic branch ] 1

combined (e,mu)+jets; leptonic branch B s e 1

CMS Preliminary 7 TeV, 5 fb™!

1 LLLLLLLLLLLLLLLLLI_LI !

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

2 D mu-+jets; leptonic branch '|
mu+jets; hadronic branch ]
mu+jets; combined leptonic+hadronic branches
e+jets; leptonic branch
e+jets; hadronic branch ]
e+jets; combined leptonic+hadronic branches
combined (e,mu)+jets; leptonic branch

combined (e,mu)+jets; hadronic branch ]

combined (e,mu)+jets and leptonic+hadronic branches

CMS Preliminary 7 TeV, 5 fb™
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0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

cwe bl bbb bn e ol b b b b b

R
Leptonic branch: cos§”
- _Fit | Channel || Fo + (stat.) £ (syst.) | Fi = (stat.) = (syst.) | Fr * (stat.) = (syst.) | por |
3D | p+jets 0.674 =0.039=0.035 0.314 =0.028+0.022 0.012 =0.016=0.020 || -0.95
3D | e+jets 0.688 =0.045=0.042 0.310 £0.033+0.037 0.002 £0.017=0.023 || -0.95
et 2D | p+jets 0.698 =0.021=0.019 0.302 +0.021+0.019 fixed at 0 -1
2D | etjets 0.691 =0.025=0.047 0.309 =0.025=0.047 fixed at 0 -1
: Hadronic branch: cos™ 6°| -
Fit | Channel || Fy + (stat.) = (syst.) | F; = (stat.) = (syst.) | Fr =+ (stat.) = (syst.) | oL,
2D | ptjets 0.651 =0.060=0.084 | 0.349 £0.060=0.084 | fixed at 0 -1
015 -01-005 0 005 01 | 2D = edjets 0.629 =0.060=+0.093 0.371 £0.060+0.093 fixed at 0 -1
Fit | Channel(s) | Branch | Fraction + (stat.) + (syst.) [total] | pp7™
Fy 0.682 +0.030+0.033 [0.045]
! 3D £+jets 1 F; 0.310 £0.022+0.022 [0.032] | -0.95
Fp 0.008 +0.01240.014 [0.018]
: 2D ptjets I+h | Fy 0.694 £0.02040.025 [0.032]
. Fy, 0.306 £0.02040.025 [0.032] -1
2D e+jets 1+h Fy 0.674 £0.02540.028 [0.037]
Fy, 0.326 £0.0251-0.028 [0.037] -1
! 2D {+jets 1+h Fy 0.685 £0.01740.021 [0.027]
1 Fr | 0.315 £0.017+0.021 [0.027] -1
» 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.;
Fo= 0.682+0.030+0.033
/ ° .
World’s most precise: [tk IEFAHN5:
(with no Fr=0 assumption) Fr=0.008+0.012+0.014
9



e Fix Vi=1 and VR () to SM pred1ct1ons

1) fix also gr=0 => set limits on gr (independent on Fr): (Sl

..........................................

e Use measurement setting Fr=0, more precise Lo L
e [imit: Re(gR) = -0.008 iO.OZ4(stat.)+0-029-0,o30(syst.)
2) set limits on Re(gr) vs Re(gr)

e Use most precise “3D” measurement:

Aﬂ:04 N LI | LI | LI | T T | L | T 11 | T T1 T T1 _ o °
%’ ~— Muon and electron channels, combined ’ F I'O m Sl n g I e-i'O p TO P' ] 2'02 O .
o - . -1 _
0.3 — CMS Preliminary 7 TeV, 5fb . 68% CL n L CMS preiminary, 7 TV ® 8 ToV H ig h I)’ disfavored b)’
- ° - .
02p [leswer - : _ single-top cross
- #% SM . g .
0.1 = ” sections
- A V=1,V =0 measurements
Uy ] X
- - §
0.1 - &
- ] 05
02 - = B @osxcL
- Z 1 [ @es%cL
-0'3:_ = * Bestfit
- :I 11 1 | 11 1 1 | 11 1 1 | 11 1 | | | I | | I I | | 11 1 1 | 11 1 : AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
0%2 03 02 01 0 01 02 03 _ 04 padieo ol 22 T ol o Sl
Re(g,)

-
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. LHC measurements are crucial: ttV cross PRI— I |0(20|3) |72002 (TOP 1 2- O|4)

section very low to be seen at Tevatron

* Very low SM backgrounds

* tt = l+jetsand Z— |l
® “fake lepton” (e.g. ttt+jets, Z+jets with

* Three-lepton final state, event selection: one jet misidentified as lepton), diboson
. - . .
2 isolated leptons p1>20 GeV in Z window ® Use control regions with looser
3rd lepton pT>10 GeV selection criteria to measure fakes/

at least 3 jets pr>20 GeV , 2 b-tags estimate background

Hr = jets)>120 GeV
1= 2pr(jets) ® Single-top +Z (via virtual W, final state:

g M L= 50fb"at N5 =7 TeV tbZ): taken from simulation
F ey ; ® In the signal region:
6F BREtW =
: ém;'e ; ® 9 events (3.2+0.8 expected bkg only)
o tt 1
€ 4 B Diboson R
5 :
w ] —
: 3 Oz = 0.28%014¢ 1 (stat) "% ¢ o3(syst) pb
2 7 T ? -;
; e : significance: 3.3 0, (p-value 0.0004)

(ee)e (ee)u (uw)e () (N LO PrEd: O I 37 Pb)

Friday, July 19, 2013 11



PRL | |0(20|3) 172002 (PAS TOP 12- 014)

® Selecting 2 same-sign leptons
pp — tEW — (t = b*v)(t — bjj) (W — £*v)
pp — t{Z — (t = beEv) (t — bjj)(Z — £5£67)

CMS L=5.0fb'atfs=7TeV
22 T T ]
20 ® Data '
18 D tt+2 _:
16 D tt+wW _:.
B Non-prompt / MisID
[ ] Charge MisiD

ee up ey

Background sources
Mis-reconstruction (charge id, fakes)
Rare SM:W/Z, ZZ WY, WW/(++,--),VVV

Friday, July 19, 2013

Event selection

2 leptons pt>55 (30) GeV

veto over ttZ selection (3 leptons)
3 jets pr>20 GeV

| btag

Hr>100 GeV

® |6 events (9.212.6 expected bkg only)

Oy = 0.43*017 5(stat) 097 o o7(syst) pb

significance: 3.0 O
(p-value 0.002)
(NLO pred: 0.306 pb)

12
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~ #V summary

|

CMS L= 5.0fb"at \s=7TeV
0.8 |~
- ttV (dilepton analysis) ttZ (trilepton analysis)
" 04371 (stat) ’:;g'_f{syst.) pb 028754 (stat.)’ggg(syst.) b
06
o) -
& -t
c
oo p=
o <)
8 04|
3 =
e
o k @
02

" NLO Calculations —————
Cambell and Ellis, JHEP 07 (2012) 052
Garzelli et al., JHEP 11 (2012) 056

0

Cross sections slightly above but
consistent with the Standard
Model predictions

Friday, July 19, 2013
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Branching ratio:
R=B(t—Wh)/B(t—-Wq)  q=hs,

PAS:TOP 12-035

* Key issues : correctly identify b/light-quark jets and its parent top *

e Data:pp @ 8TeV (2012), 16.7 fb -!

® Dilepton channel, event selection:
2 isolated leptons p1>20 GeV

IMiFkMz|>15 GeV (Z bkg removal ) for ee/u
Mi>12 GeV

Ermiss > 40 GeV for ee/pp
At least two jets separated from leptons AR=0.3

® b-tagging: for the analysis, crucial to know efficiency of

® correctly identifying b-jets using btag (&b, +~1-3%) Measured in data

® accepting light jets passing btag (mistags: €q ~14%,2~1 %)

Friday, July 19, 2013 14



_ S

E—

‘ B . .
| rancning ratio
I\

B e

CMS simulation, ys=8 TeV

—~0.16
E’; o014 I:l misassignments

E 012 e g ZZZ%SP R wevents =

3 3 i E

® Jet assighment to its parent top: 5 § o e

§' 0.08— -——— \\mZ-m3, = 153 GeV g: ¥2Indof : 0.76 E

® use invariant mass (lepton-jet) 006 - .

0.04} - T 3

® normalize at high mass region —_, o R I e

0(; - | == a 0.5041....‘,4.....M,.....‘44‘....“42.36 ................................. 480"‘6(;0 .......................... =

4 N Invariant Mass [GeV]
N/ : oA |
Measured in data | .
\_ y Category c%lr(rject gc?rtraect data/MC

2jets  0.265+0.002 0.28=x0.01=0.01 1.05=x0.0440.04
ee 3jets 0.211+0.002 0.21+0.02+0.01 0.99=+0.09+0.05
® remove from data & f.o~0.25 4jets  0.1734+0.002 0.18+£0.0240.02 1.04+£0.1240.12
2jets 0.3475+0.0009 0.35=0.01=0.01 1.00=0.02=0.02
ey 3jets 0.2539 £0.0008 0.26+0.01 £0.01 1.01+0.04+0.04
4ijets 0.2114+0.0010 0.20+=0.01 =0.01 0.94+0.05=+0.05
2jets  0.269 =0.001 0.27=x=0.01+=0.01 0.97=x0.04+0.04
uu 3jets 0.214+0.001 022+0.01+0.01 1.05=x0.05=40.05
4jets 0.172+0.002 0.18+0.02+=0.01 1.06+0.12+0.06

Friday, July 19, 2013
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® From feorr = get N, nr of correctly reconstructed and selected tops (thus, of bjets!)

® Given N, from &b, Eg= model the nr expected events for each b-tag multiplicity

1 CMS preliminary, (s=8 TeV, [L=16.7 fb"

0.9

Probability

0.8
0.7
0.6
0.5)
0.4

03 =0 b-tags
- [ =1Db-tags
0.2 Il =2 b-tags

: =3 b-tags
0.1 M =4 b-tags

0 : 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

R=B(t—Wb)/B(t—Wq)

Events

Obs./Exp.

8000
7000
6000
5000
4000
3000
2000
1000

1.5

0.5

CMS preliminary, s=8.0 TeV, [ L=16.7 fb"

ee

uu

eu

2 jets

4 jets

012340123401234012340123401234012340123401234
b-tag multiplicity

N N N Y R O U R O Y O R R A A I

#‘0‘ _+_.¢._—0—-¢- _+-++‘_+_ _+_ .+__‘_-0-Q- _+_+‘ *+_._-.-—0— ----- _.__.._-0-0-.+._._-0-_'i

—l—lii++||||441l‘+IIIF}HIIIH |||}}|'|'|||||-|-|—
123401234012340123401 2 3 4 0 1234 1234012

Extract R from a likelihood fit to
the model entirely based on data

Friday, July 19, 2013

I:VV

. Multijets/W—> v

I: other tt
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® Systematic uncertainties ® |ikelihood fit:
Source Uncertainty (0/0) . 5EMS p‘l‘:‘eli‘mira‘ry,‘\{EfB‘TeLV, ) I‘.=‘76.‘7'f‘b'11 — = 1?MS preliminary, s=8 TeV, [L=16.7 fb"
Statistical 04 g | )] fo Mona
Systematic 3.4 ::z:ﬂ i B mmesc
Individual contributions: = e -
(b-tagging efficiency 1.9 ) N comeined %0'6
tsftat 0.5 ';\\ = g I 0.5;
Mistag rate 0.9 b . Z:
B(W — fv) 0.2 i A,
DY 0.3 05| N\ L
Fake leptons 0.1 %.;9‘ - ‘o.s‘as‘\j\‘" 11 = ‘1’.33'5(‘ — 0: I B I
JER 0.9 Measured R 0 0.2 0.4 0.6 O.IE\B/IeaSl‘IJred I;.2
JES 1.0
( Luminosity 0.2 3 0.036
ME-PS 1.2 — +0.
Pileup 0.2 R=1.023 -0.034
¢ 11 R>0.945 @95%CL
Selection efficiency 0.2
Signal 0.2
Simulation stat. 0.2
Single top cross section 0.1
ot 11 At 7 TeV (TOP |1-029) with 2.2 fb"

Extra sources of heavy flavors 0.9

Total 34 R:=0.98+£0.04, R>0.85 @95%CL

Friday, July 19, 2013 17
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® SM: t—=Wb almost 100%

® Direct search for flavor changing neutral currents tt = Wb +Zq —Ivb +lig

T e — — P = _— e ——— —

|

|‘ p p “
———— — - - — = — e ——————————— |

® t—Zqis highly suppressed (BF~10-'%), not visible at the LHC unless new physics occurs

® Tri-lepton final state, event selection (19.5 fb~! pp @ 8 TeV)

3 isolated leptons pr>20 GeV

Z mass window: 78< M; <102 GeV
br(Z) > 35 GeV

3rd lepton pT>10 GeV

at least 2 jets pr>30 GeV

exactly | btag
Ermiss >30 GeV

® Backgrounds from data: classified by nr of b-tags
® 0 b-tag: diboson, Drell-Yan, QCD
® | b-tag: signal

® ) b-tags: tt,tbZ, Wtt, Ztt

Friday, July 19, 2013

Selection data-driven estimation | SM MC prediction

t = Zq (B = 0.1%) — 6.36 + 0.08 = 1.27
WZ 0.87 +0.10 + 0.62
74 4 1.54 +0.12 +0.74 0.07 £0.01 £0.05 |
Drell-Yan 0.00 + 0.03 +0.02
tt 0.74 + 0.70 + 0.52
Ztt 1.09+0.13 +£0.77
Wit 160:243:204% | 0000055006 |
tbZ 0.33+0.02+0.23 |
Total background 3.14+497 +£1.17 3.19+0.72 £ 2.26
Observed events 1 —
Expected limit B(t — Zq) < 0.10% o
Observed limit B(t = Zq) < 0.07%

| event observed (3.14 expected)

BF<0.05% @95%CL

18



° Important tests of the Standard Model valldlty on 201 | and 2012 LHC data:
® W helicity in top decays measured with unprecedented precision

® Stringent constraints on anomalous couplings

® Measurements of ttV (V=2Z,W) cross sections presented
® ttV in hadron colliders: unique for LHC

® first steps towards understanding structure of electroweak couplings to
tops

® R=B(t—Whb)/B(t—Wq) > 0.85 at 95%CL
® Limits on FCNC in top pairs were set (BF<0.05% at 95%CL)

® Consistency with the Standard Model in all measurements

All results can be found in https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

Friday, July 19, 2013 19


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Additional slides \
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~ 1nring metho

[ \
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e Likelihood fit with L(F) = T1 Ny (i; F) Nata (i)

b (Niata())! exp (—Numc(i; F)).

Nmc(i, F) = Npxg(i) + Ng(i; F)

Ng(GF) = Fp Y. W(cosb;,,;F)

tt events, bin i

NBkG(i) = Nwaijets(Z) + NbDrell—Yan-+jets (1) + Nsingle—Top ()

e Number of expected tt for different helicity configurationsf
obtained by reweighting

3 . 3 S ... .
T e p(cos 0z,,) gFL (1 —cos Ggen)z + ZFO sin? Ogen + gPR(l + cos Ogen)2
(cos gen’ ) = pSM (cos 9§en) 3 3 3

ngM(l — c080;,,)% + ZPgM sin® 6, + ngM(l + cos 05, )

Friday, July 19, 2013 21



® Important Standard Model test: new physics modifies the structure of the electroweak

couplings, described by
see e.g. U.Baur et al, PRD71 (2005) 054013

771" —_ : ‘ ‘ O, Ny s ‘ ‘
T4V (k2 q, q) = —ie {"m (FY (k%) + v FY (k%)) + -é“;' (g + )" (iFy, (k%) +75F2‘fq(k2))}

N .'" 2 ,s‘l‘r
F"}S‘I':——. F75[=0
1V a: 1A P -
recision
FZSM _ _ 1 (1 _ 8 i 9w) FZSM _ 1 measurements on ttV
1V ey . ’ 1A S . ’ -
4 sin By cos By 3 4 sin By cos Oy final states sensitive to

anomalous couplings

® tt production via intermediateV very difficult
® small correction to a QCD dominated process

® |nstead, measure cross-sections: ttZ, ttVV production

® Tests of the electroweak sector in top physics specially interesting

® | HC measurements are crucial: ttV cross section very low to be seen at Tevatron
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® SM - electroweak isospin parter of b quark (of q=-1e/3) : charge = +2e/3

® Other possible decay to W and b quark: exotic particle charge -4e/3

* Key issue : to identify b—quark jet and its charge *

¢ identification of b-initiated jets (b-tagging): long lifetime of B
hadrons, jets with large impact parameter; soft (low-pt) muons from B
decays

¢ identification of b quark charge ®» more complicated! Methods:
|. from the charge of the soft muon (same sign as B-hadron in direct decays)
* smeared by flavour oscillations of neutral B mesons

* smeared by B-hadron cascades through charmed hadrons

2. from the momentum-weighted charge of all charged particles in the jet

Py o R
Opjer = 2 q'_,j _‘p'l- : K MC derived parameter =0.5
il Pil* i runs over all tracks
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*’ Top quark charge

— — ————— e —_—

PAS:TOP | |-03 |

® Systematic uncertainties

4.6 fb-' tt— U Vtjets

Category Rel. Sys. Uncertainty on Py, Rel. Sys. Uncertainty on A
Matching Threshold 5% 23 %
b Charge MisID 2.5% 12%
Top Mass 2% 8%
. JES 1% 7%
exactly |l isolated muon pt>26 GeV @ 05% %
. Fragmentation Model 0.6% 3%
>=4 jets pt>30 GeV JER 0.1% 3%
b-tagging 0.2% 2%

2 btags Pileup 0.4% 29

Soft lepton: + 1 within jet (pt>4 GeV)

CMS Preliminary \'s=7 TeV L=4.6 fb™
[T I T T T T ‘ T T T T ‘ T T T T ‘ T T T T I T]

CMS Preliminary \s=7 TeV L=4.6fb" @
g L L L N L L LB B LB B E 10 | 7Type I: o 1
S F +2/3e (stat.) - - - 1
P L | -4lge (stat) o -Type II: B —
; 0.15+— — +2/3e (stat. + sys.) — |_|j [ _
-‘5') r 13 .- -4/3e (stat + sys.) 1 ) % ]
CMS Preliminary \'s=7 TeV L=4.6 fb" 5 | 0 z
1] I g @ E
c * data . £ o4 i 5 =
o B tf u+jets(signal) - 8 : 10 b _
g O tt e/r+jets g o 2
O L e D tf dlleptonlc DL_ c_ju ]
S B single top g - _
5 B Wjets 1 0.051- 3 - 10%- ]
»n O Z+jets . 7 B i
= 3
@ S - H |
o 1 _|
l \ t ! 10
g 0> 1 0 1 2 | L. \ o AN |
= A 2 -1 0 1 2

* Exotic scenario excluded at 5 o *
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