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Outline %
- Top mass W

- hadronic, semi-leptonic, dileptonic channels
> (complementary techniques)
- study of kinematic dependence for m; measurement
» Top couplings
I - bottom quark content in top decay using t-tbar events: [Vl

- Wtb couplings from W Helicity analysis
- * From t-tbar events in dilepton channel

- » From single top topologies

First public presentation at this conference!
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CMS Mass Measurements

CMS Preliminary

CMS 2010 dilepton 1755+ 4.6 £ 4.6
JHEP 07 (2011) (L=36 pb ™) (val. = stat. = syst.)
CMS 2010 lepton+jets 173121+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. + stat. + syst.)
. ' == '
CMS 2011 dilepton 1725+ 04+1.5
arXiv:1209.2393 (L=5.0/fb) (val. + stat. = syst.)
CMS 2011 lepton+jets 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. + stat. + syst.)
CMS 2011 all-jets 1735+ 0.7+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.)
CMS combination . 173.4+ 0.4+ 0.9
up to L= 5.0/fb (val. + stat. = syst.)
| | | | | |
160 165 170 175 180 185
My, [GeV

Most precise measurements in all channels
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CMS Mass Measurements

CMS Preliminary

CMS 2010 dilepton ' ® 1755+ 4.6+ 4.6
JHEP 07 (2011) (L=36 pb’) (val. = stat. + syst.)
CMS 2010 lepton+jets 1731+ 21+ 2.7
PAS-TOP-10-009 (L=36 pb’) (val. = stat. + syst.)
CMS 2011 dilepton - 1725+ 0.4+ 1.5
arXiv:1209.2393 (L=5.0/fb) (val. + stat. = syst.)
CMS 2011 lepton+jets D 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. = stat. = syst.)
CMS 2011 all-jets ¢ 173.5+ 0.7+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. + stat. = syst.)
CMS combination B 173.4+ 0.4+ 0.9
up to L= 5.0/fb (val. + stat. + syst.)
Tevatron 2012 combination y 173.2+ 0.6+ 0.8
arXiv:1207.1069v2 up to 5.8/fb (val. + stat. = syst.)
I I I I I I
160 165 170 175 180 185

Mo, [GeV

Most precise measurements in all channels
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CMS Preliminary

CMS Mass Measurements

CMS 2010 dilepton ' ® 1755+ 4.6+ 4.6
JHEP 07 (2011) (L=36 pb’) (val. = stat. + syst.)
CMS 2010 lepton+jets 1731+ 21+ 2.7
PAS-TOP-10-009 (L=36 pb’) (val. = stat. + syst.)
CMS 2011 dilepton - 1725+ 0.4+ 1.5
arXiv:1209.2393 (L=5.0/fb) (val. + stat. = syst.)
CMS 2011 lepton+jets D 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. = stat. = syst.)
CMS 2011 all-jets ¢ 173.5+ 0.7+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. + stat. = syst.)
CMS combination B 173.4+ 0.4+ 0.9
up to L= 5.0/fb (val. + stat. + syst.)
Tevatron 2012 combination y 173.2+ 0.6+ 0.8
arXiv:1207.1069v2 up to 5.8/fb (val. + stat. = syst.)
I I I I I I
160 165 170 175 180 185
My, [GeV]

Precision of combination equal to Tevatron combination
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EPJC 72 (2012) 2202

CMS Preliminary

CMS 2010 dilepton ¢ 7755+ 4.6 + 4.6
JHEP 07 (2011) (L=36 pb™) (val. = stat. + syst.)
CMS 2010 lepton+jets ¢ 1731+ 2.1+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. = stat. + syst.)
CMS 2011 dilepton 1725+ 0.4+1.5
arXiv:1209.2393 (L=5.0/fb) (val. = stat. + syst.)
CMS 2011 lepton+jets ' 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. = stat. + syst.)
CMS 2011 all-jets : 1735+ 0.7+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.)
CMS combination ‘ 173.4+ 0.4+ 0.9
up to L=5.0/fb (val. = stat. + syst.)
CMS combined result
| | | | | |
160 165 170 175 180 185
my,, [GeV]

+ 5.0fb1pp @ Vs=7 TeV
tt — WbWb — (€+ng) (f_ V_gb)

 Analytical Matrix Weighting Technique

- take combination with largest weight w

w={>" f(@)f(@2) } p(E; m)p(Ef- |m.)

probability density for
Ei in top rest frame

Sum over initial state partons
uu, dd. gg
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m: in dilepton channel

9934 Events

CMS 2011, 5.0fb"at Vs =7 TeV

% u g g00f
¢y 1600~ S 700f !
- c 600&
S 1400k 3 5005
- ~ 4008 4
- 300F
.."E) 1200 - 200F
~ 100E-
$ 1000F o
L - 160 165 170 175 180 185
800 - Top quark mass [GeV]
N 4 Data
600~ =t signal
B = tt background
400 = Single top
] = Drell-Yan
200— = Diboson
900 150 200 250 300 350 400
Reconstructed mass [GeV]

Leading systematic uncertainties:

- JES & flavor dependence

> renormalization/factorization scale
- Best m: measurement using dileptons

mi=172.5 = 0.4 (stat) = 1.5 (syst) GeV
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CMS PAS TOP-11-017 _
mt from all hadronic channel

CMS Preliminary, 3.54 fb', /s=7 TeV

CMS Preliminary

% : ® CMS data
. (L?) 250— — — tt component
CMS 2010 dilepton 1755+ 4.6+ 4.6 ~ B i
JHEP 07 (2011) (L=36 pb) (val. = stat. = syst.) > - multijet background
oMS I o % B combined tt and multijet
2010 lepton+jets 173121+ 2.7 :
PAS-TOP-10-009 (L=36 pb™) (val. = stat. + syst.) Lﬁ 200 B uncertalnty on fsig
| eV
CMS 2011 dilepton 1725+ 0.4+1.5 L
arXiv:1209.2393 (L=5.0/fb) (val. = stat. + syst.) |
R 150—
CMS 2011 lepton+jets 173.5+04+1.0 N
arXiv:1209.2319 (L=5.0/fb) (val. = stat. + syst.) |
CMS 2011 all-jets : 1735+ 0.7+ 1.3 =
PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.) 1 OO -
CMS combination ‘ 173.4+04+0.9 -
up to L=5.0/fb (val. = stat. + syst.) -
50—
I I I I I I =
160 165 170 175 180 185 =
mtop [GeV] : I_:'_'I = ,‘_‘_-_::'.-__ ________
P '_I- ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I—I _I_ _I_-"- P’—
. 00 150 200 250 300 350
- At least 6 jets, two b-tagged mi* (GeV)

- Kinematic fit using mw and mi=muar (3 dof) * Measure m: with ldeogram method
- improves jet-parton assignment & resolution  © analytic event-by-event likelihood

- Require Pgoi(x?)>0.09 calibrated using simulation

- Take permutation with best x2 - JES dominant systematic (1.09 GeV)
- Model multijets from data using event * Most precise m: using this channel

mixing in preselected sample m: = 173.49+0.69(stat)+1.25(syst)
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CMS Preliminary

JHEP 12 (2012) 105

m: in |+jets channel 7 TeV

CMS, Vs =7 TeV, (+jets

™

S AL S B B
%J - [__] f unmatched B Z+jets .
. o G 8000 [ ttwrong [ W+jets —
CMS 2010 dlleptoq 175546+ 4.6 To) - B i correct [ single top .
JHEP 07 (2011) (L=36 pb") (val. = stat. + syst.) - 7000 :_ i uncertainty e Data (5.0 b _1) _:
. n C ]
A i el =2 S 6000F * -
CMS 2011 dilepton — 1725+ 0.4= 1.5 *%S 50005 Z 3
arXiv:1209.2393 (L=5.0/fb) (val. = stat. + syst.) - -
S 4000f =
CMS 2011 lepton+ets - 1735+ 0.4+ 1.0 éE = -
arXiv:1209.2319 (L=5.0/fb) (val. + stat. = syst.) 3000 :_ _:
. ———— N ]
A oa b (0 2 AR 20000 3
CMS combination y 173.4+ 0.4+ 0.9 1 OOOf— —f
up to L=5.0/fb (val. = stat. + syst.) r .

| | |CMS combined |result | | 0 100 500 e 300
160 165 170 175 180 185 miz*° [GeV]
My, [GEV] ~ 4000 OMS, is=7TeVilsfets
- Event Selection tt — WbWb — (£vb)(jjb) © F [ldumached WM Zies :
Q) 3500~ = tt wrong = V\_’+lelt5t ]
C t correc single top .
° ExaCtIy 1 ei Or l’li |n|<21 1pT>30 Gev f 3000: :; uncert;inty e Data(5.0fb™) ]
. N - ]
> Four or more jets pr>30 GeV & 2 b-tags 5 - ]
_ o = 2500 3 E
Kinematic Fit (2 d.o.f.) 5 0000 7 -
> m free but require mi=mipar & Mw=80.4 GeV S is00k E
> Require Pyof(x2)>0.2 r000k E
o correct permutations: 13%—44% co0k E

+ Sample of 5174 events in 5.0 fb'' pp @ Vs=7 TeV :

100 200 300 400

mee [GeV] _
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|

CMS Preliminary

JHEP 12 (2012) 105

m: in |+jets channel 7 TeV

+ Sample of 5174 events in 5.0 fb'' pp @ Vs=7 TeV

CMS 2010 dilepton ¢ 7755+ 4.6 + 4.6
JHEP 07 (2011) (L=36 pb™) (val. = stat. + syst.)
CMS 2010 lepton+jets ¢ 1731+ 2.1+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. = stat. + syst.)
CMS 2011 dilepton 1725+ 0.4+1.5
arXiv:1209.2393 (L=5.0/fb) (val. = stat. + syst.)
CMS 2011 lepton+jets ' 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. = stat. + syst.)
CMS 2011 all-jets : 1735+ 0.7+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.)
CMS combination ‘ 173.4+ 0.4+ 0.9
up to L=5.0/fb (val. = stat. + syst.)
| | | | | |
160 165 170 175 180 185
mtop [GeV]

Event Selection tt — WbWb — (¢vb)(jjb)

- Exactly 1 e* or p* Inl<2.1,pt>30 GeV
> Four or more jets pr>30 GeV & 2 b-tags

- Kinematic Fit (2 d.o.f.)
o mt free but require mi=Mar & mMw=80.4 GeV

> Require Pgot(x2)>0.2

o correct permutations: 13%—44%
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Sum of permutation weights /5 GeV ~ Sum of permutation weights / 5 GeV
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OIIII

CMS, Vs =7 TeV, l+jets

™

CMS, Vs =7 TeV, l+jets
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JHEP 12 (2012) 105 _
m: in |+jets channel 7 TeV

L(sample|m;, JES) = H (Zchof(i)P(mig,m{f/fﬂmt,JES))

events 1=1

CMS, 5.0 b, s = 7 TeV, /+jets

- ldeogram method 2 I25
> Analytic Likelihood function 1:005
> calibrated using simulation Y
- Jointly fit for m¢ and light-flavor o0
Jet Energy Scale |
+ Leading systematic uncertainties 0.99
> color reconnection 0.985
> b-jet energy scale |
0.98 | 0
172 173 174 175
m, [GeV]

mi=173.49 + 0.43 (stat+JES) = 0.98 (syst) GeV

Best single analysis measurement of m!
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CMS PAS TOP-12-029

» Investigation of possible
biases on m: through study
of kinematic distributions
> Color reconnection effects
- Radiative effects ISR/FSR

> b-quark kinematics ?3
« Use same sample & %
technique as I+jets a'VH
- 2D mass and JES fit -
> now binned in 12 variables
> Shifts in mi and JES studied -
- Compared to MC models S
- MadGraph+Pythia Z2,P11 N
- MC@NLO+Herwig6 .

28 Feb 2013 La Thuile
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CMS PAS TOP-12-029 _
m: and color reconnection

CMS preliminary, (s =7 TeV, lepton+jets CMS preliminary, Vs =7 TeV, lepton+jets
< L L B LR UL IR < e L
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CMS preliminary, (s =7 TeV, lepton+jets _ CMS preliminary, \s =7 TeV, lepton+jets N
UCD/: 0.14 | | | . 'Data (5.0 fll") — g 10 | | | o :)ata (5.0 ﬂl“) _ . N
- —— MG, Pythia 22 3 - —— MG, Pythia Z2 .
v 0.12:—JES ----- MG,Pah::Pﬁ — A B m2D ----- MG,Pah::Pﬂ s Emp|r|Ca| mOdel
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R e 3 Largest systematic for |+jet m;
% 1 2 3 4 5 6 % 1 2 3 4 5 6
© ©

*= o Pythia P11 and P11noCR
ARqq=(AN2+AP2)" * No sign of extreme effects here!
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CMS PAS TOP-12-029 _
m: and color reconnection

CMS preliminary, (s =7 TeV, lepton+jets CMS preliminary, \s =7 TeV, lepton+jets
I N o B B B B B B D B B D B B N O B B [y LA I By B O B B B B B B ]
s L pmem) N —— Color flow
c O Npermutations - MG, Pythia P11 = & mib MG, Pythia P11 . ~--~- Color connection
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> i -= MC@NLO, Herwig - e 3L -~ MC@NLO, Herwig _]| Color reconnection
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CMS preliminary, (s =7 TeV, lepton+jets CMS preliminary, (s =7 TeV, lepton+jets N
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CufJ) 01—_ ' ' ' ° D:Lta(SOfb) ] E B | | | ° D;ta(SOfb) ] N
A0 —— MG, Pythia Z2 ] B — MG, Pythia 22 1
v FJES = womeen 1S4 m2D wemee <o MC@NLO best match for
, 0.08 -~ MG, Pythia P11noCR] Q - -~ MG, Pythia P11noCR
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3 [GeV] 3 [GeV]
Prthad Prthad

* No sign of extreme effects here!
pt hadronically decaying top o all MC models track well
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CMS PASTOP-12-029 o
mt and Initial/final state radiation

CMS preliminary, (s =7 TeV, lepton+jets CMS preliminary, Vs =7 TeV, lepton+jets
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pT top-antitop system
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CMS PAS TOP-12-029 _ _
Study of m: dependence on kinematics

- 12 observables studied “Observable miD x2 JES x2 m2P x2 Ndf
. AR & 1.01 3.41 1.49 3
- Global agreement is good: Ao 231 918 289 3}Color
o Y2= = PThad 940 783 241 4 { reconnection
X?=68.58/78 dof P=0.77 iuhad o1 aa 317 3
 All MC simulation codes & tunes Hr gég ;;Z 33151 i
. . . . . mtf . . .
following trends well within statistics bre 339 167 218 4 ¢ 'SR/FSR
° MadGraph+PYTH|A 72 P11 Jet multiplicity  1.47 2.00 1.56 2
’ ’ PThhad 081 235 217 4
P11noCR 7o hadl 264030 048 28 5ot kinematics
- POWHEG+PYTHIA Z2 ARep 187261 8013
Api 287 385 686 3
- MC@NLO+HERWIG Shown

First mass measurement binned in kinematic variables

> including variables suggested by theoretical community

Based on single most precise measurement

Results rule out extreme or dramatic effects

Valuable input for interpretation of m: measurements for EW fits
Builds confidence in systematic & theoretical effects for m: meas.
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CMS PAS TOP-12-029 _ _
Study of m: dependence on kinematics

- 12 observables studied “Observable miD x2 JES x2 m2P x2 Ndf
. AR & 1.01 3.41 1.49 3
- Global agreement is good: Ao 231 918 289 3}Color
o Y2= = PThad 940 783 241 4 { reconnection
X?=68.58/78 dof P=0.77 iuhad o1 aa 317 3
 All MC simulation codes & tunes Hr gég ;;Z 33151 i
. . . . . mtf . . .
following trends well within statistics bre 339 167 218 4 ¢ 'SR/FSR
° MadGraph+PYTH|A 72 P11 Jet multiplicity  1.47 2.00 1.56 2
’ ’ PThhad 081 235 217 4
P11noCR 7o hadl 264030 048 28 5ot kinematics
- POWHEG+PYTHIA Z2 ARep 187261 8013
Api 287 385 686 3
- MC@NLO+HERWIG Shown

First mass measurement binned in kinematic variables

> including variables suggested by theoretical community
Based on single most precise measurement “Stpeet Cred"
Results rule out extreme or dramatic effects for precise m;
Valuable input for interpretation of m: measurements for EW fits
Builds confidence in systematic & theoretical effects for m: meas.

28 Feb 2013 La Thuile Top Properties at CMS - Karl.Ecklund@rice.edu 14



CMS PAS TOP-12-035

B b content in top decay: [Vl

+ 16.7 fb'' pp @Vs=8 TeV » B(t — Wb) Vo2
e tt — WqlWq — (€+wq)(€_u_gq) - Z B(t . Wq) _3‘ GZ]‘ -

> high purity sample 70-90%
° two isolated leptons e or p: pr>20 . Measure top only with kinematics
- at least two jets pt>30 & no b-tags

- for ee, HM: missing Et > 40 GeV . Count b-tags to measure R

* Measure b-tag efficiency

* Use kinematic info for * Use M(lb) kinematics
data-driven Drell Yan g Categorlze by # jets with independent
estimate (dominant) from top: 0, 1, 2 sample of dijet events

e count b tags
e compare with data-
driven probabilities

H Fit for R from measured b-tag multiplicities using
; w- data-driven b-tag efficiency & probability functions

28 Feb 2013 La Thuile Top Properties at CMS - Karl.Ecklund@rice.edu 15
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CMS PAS TOP-12-035

B Db contentin top decay: Vil

Counting correctly reconstructed t =Wq qglv

4
k<

CMS simulation, Vs=8 TeV CMS preliminary, Vs=8 TeV, [ L=16.7 fb"

—~0.16 O 5000 FZ | l i
) = '© - v -
© - M e b misassignments § 2000 — ew events —
‘(7)’0.14:— Gé_.[ 1800 E— e data —E
g 1o - correct . . % 1600 i_ Z \/i E b |:| misassigned (data) —i
5 | Correct combinations = oo B corect =
§°F Jacobian peak o indot : 0.76 E
= - 1000 —
© 0.08 - r—— — \m&m ~ 153 GeV ‘ 800 =
- | . 3 E
0.06 - | Wrong combinations 400 - =
B | I I 200 =
0.04|— ead to tai = s -
~ 0 200 400 600 800
B Invariant Mass [GeV]
0.02~ g 15T P T R Frm s =
B lj\_'cé 1 —WWWM*'LF——Q -------- . S P =
0 ] ] ] ] ] ©
0 200 400 = 0-5015 """"""""""""""""""" g b TR 0
Invariant Mass [GeV]
CMS preliminary, {s=8 TeV, [ L=16.7 fb”
. . . )] = T T T T T T T T T =
+ Model combinatoric background with 5 °F | e, E
Q - u events 3
a— 800 — —
randomly rotated leptons g M oh . data (residuals) -
: : 9o = =
- Normalized to control region M>180 GeV S b Bl correct E
= ¥?/ndof : 2.03 =
Category CA(;IrCI;ect cd(;llflfzect data/ MC o0 E_ _E
=Djets 02654 0.002 0.28=+0.01+0.01 1.05=+0.04=+0.04 400 3
ee  =3jets 0211+0.002 021+002+001 0.99+0.09+0.05 b Background-subtracted 3
=4jets 0.1734+0.002 0.18£0.02+£0.02 1.04+0.12+0.12 = s
=2jets 0.347540.0009 0.35+0.01+0.01 1.00+0.02 +0.02 F E
e =3jets 0.2539 £0.0008 0.26+£0.01+0.01 1.01=+0.04+0.04 100 - =
—4jets 0.2114+0.0010 0.20+0.014+0.01 0.94 + 0.05 % 0.05 E . . e
0 200 400 600 800
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CMS PAS TOP-12-035

B Dbcontentin top decay: Vil

MS prellmlnary /s=8 TeV, [ L=16.7 fb"

Cc

"t 0.988 <R < 1.058

25000F

15000

10000

> =4
b-tag multiplicity

combined
ee
| Juu
eu

I\||IIII|IIII|IIII|IIII|III-I—

\©)
'(O—PIII|IIII|IIII|IIII|LLLL|’IIII|IIII|IIII|IIII|III1—

—l-IIIlIIII\I‘Illllllll

095 1 1.05 ER
Measured R

- Fit for R using analytic data-driven probability functions
for number of tags in each category (36 total) R = 1.02310-036

> e.g. for 2 jets, 2 b-tags, 2 tops reconstructed ‘th‘ —1 011+0 .018

0.017
P = Rzé‘% -+ 2R(1 — R)&‘bé‘q -+ (1 — R)chg Feldman-Cousins
> gp = b-jet tag efficiency ; €4 = light flavor tag efficiency K > 0.945 @ 95% CL

- measured in dijet events, (pt,n) dependent Vil >0.972 @ 95% CL
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CMS-PAS-TOP-12-035 (2013)
CDF Note 10887 (2012)
CMS-PAS-TOP-11-029 (2012)
D@ PRL 107, 121802 (2011)
@ PRL 100, 192003 (2008)
D@ PLB 639, 616 (2006)
CDF PRL 95, 102002 (2005)
CDF PRL 86, 3233 (2001)

+0.09
D
+0.31
-0.24

+0.036
0.034
-0.08

+0.09
0.09
+0.044
0.044
0.07
+0.05
0.05
-0.17
0.24
+0.49
0.42

i 0 95+0.07
I: 1417

1j:
(s 1,031

Ij:
Ij: 1.02%!

1I: 1.023
I+j: 0.94*"
11: 0.981
11: 0.86

1j: 0.97
1j+110.94

|Vipl

World’s Best Measurement!

| |
12 14 16 1.8 2 22

B(t— Wb)/B(t— WQq)

- Fit for R using analytic data-driven probability functions

Zh
e
/
1
o
o
.
i
1

SRNRRRRN
AR RRNRN
ARRRNRNNN ]
NN

AHTTHA R RTT R T HTI T N R T T T R R T T R R R R DS RSSO A ]
SN OO RN AN aaAas
N N N N N OOy
R T
T Y
TN
AN U e e N S N E S S S S
N OGO G,
AN N N R O O O R O R A AN AN AN
AN NN A A O O O NN AN AARRNNARNARNNNRWNN
AN O NN NN NN NN RAARARRARRRRAANs

n top decay

0 02 04 06 0.8

1.1

T TTTTTTTTTTTT I TTTT]ITTTTT] KNI _______r_/________._l
~
~

=2b-tag_multipﬁcity
combined

ee

1.05
Measured R

16.7 fb™’
T
0.988 <R < 1.058

|
|
e

0.95

CMS PAS TOP-12-035

- New! b content

CMS preliminary, \s=8 TeV, [ L

|_._______________________\_\_\______________________._I
v 1 < 1 ®m® 0O N 0 - 1 o°

(o9} Al ~— o

\( Bo-

17

CL
0.036
—0.034
CL
CL

95%
1.0237

/S
/S
/

R

Vip| = 1.011%57;7

R, > 0.945 @ 95%
IVibl > 0.972 @ 95%

Top Properties at CMS - Karl.Ecklund@rice.edu

Feldman-Cousins

R

light flavor tag efficiency

b-jet tag efficiency ; gq

> e.g. for 2 jets, 2 b-tags, 2 tops reconstructed
Eb

for number of tags in each category (36 total)
P =R +2R(1 — R)epe, + (1 — R)*e?
b b<q q
> measured in dijet events, (pTt,n) dependent
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W Helicity in top decay

anom. T — -0 g, _
i = = 557" (VLPL o+ VRPR)EW, — \%b m; (gLPy + gRPR)EW, + H.C,
- Probe Wtb couplings from
polarization of W in top decay

t—=Wb

Helicity fractions:

- Normalized partial widths for i
L,R,Longitudinal(0) polarized Ws

6000

4000

’ SM prediCtiOnS (V-A): 01:I -0.8 | I-0.6I I I-0.4I I I-0.2I | IOI | I0.2I | I0.4I | I0.6I | 0.8 = 1
- Fo=0.687(5) 1 dr 3 o 3 T T
. FL=0.311(5) Tdcoser g\t o8O Fut gl cost)Fk + 7 sin”67h

- Fr=0.0017(1)
Analysis of helicity angle 6~
distribution:

- Direction of charged lepton in W
rest frame with respect to W
direction in top rest frame

28 Feb 2013 La Thuile Top Properties at CMS - Karl.Ecklund@rice.edu 18



CMS PAS TOP-12-_O1§ _ _
% W Helicity in t-tbar dilepton events

« pp@ 7 TeV 4.6 fb-1

Two isolated leptons e ()
- pr>20 GeV & Inl<2.5 (2.4)
- opposite sign 00
Suppress DY for same flavor
> Veto Z: 76 <m(ll) <106 GeV 200
Require one b-tagged jet 100

'éMs’liD'réiihiihh'ry,'4.b'f'b""ét'\l§'=‘7"ré\'/' o

600 [ single top

DY+Jets
—#— Data

300

IIIII_LIIII|IIII|IIII|IIII|II:

Missing transverse energy R AMMEEEEEEE s SSS T
- Et>30 (20) GeV ee, Y (en) _ l
Top reconstruction
- W mass constraint used for | |
Reconstructed kinematics of top

neutrino solutions . S .
important for determination of cos 0
- Take jet-parton permutation and fit for helicity fractions

with smallest M(it)

—
Lo
=
g
3
»
L
1@
L 4
£
»
g
@
o
@4
o
@~
—o-
[ ]
-0
e
——
—— :
——
——
—e—i
:
——
[ —
 o—— :
o

i ’
0.5: ............................... }{ {T IIIIIIII + ]
p, of Top's in Top reconstruction
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CMS PAS TOP-12-_O1§ _ _
W Helicity in t-tbar dilepton events

- Fit reconstructed cos 6 using TGS Preliginar 6 T N

reweighting method 2500 7 Ty E

- takes into account resolution 2000 » -

and efficiencies - K -

> Fit for FL and Fo F Za E

> Take Fr from unitarity N = E
constraint: Fr+F_+Fo=1 500

» Leading systematic uncertainties : _
> top mass o

- top Q2 scale in simulation cos(0)

FL=0.288 + 0.035 (stat) + 0.050 (syst)
Fo= 0.698 + 0.057 (stat) £ 0.063 (syst)
Fr=0.014 = 0.027 (stat) + 0.055 (syst)

Consistent with SM expectations/V-A structure
Compatible with measurement in t-tbar I+jets (TOP-11-020)

28 Feb 2013 La Thuile Top Properties at CMS - Karl.Ecklund@rice.edu 20



CMS PAS TOP-12-020

W HeI|C|ty Ig Slngle Top Topologies

! CMS preliminary, 1.14 fb" at (s = 7 TeV
£ 700 —e— data
- W helicity fractions are also accessible in ool
single top process a0,
o N.B. couplings in production & decay 200
. 7TeV (1.14 fb1) & 8 TeV (5.3 fb-") ,
. Selection: (t— Wb —uvb) 0500 o0 0 20 500 S50 o0 oo
- single isolated u: Inl<2.1 & pr>20 (26) GeV *§900:_ Emm—— atﬁ_azvf.v%%::ﬂel
o exactly two jets: Inl<4.5 & pt>30 (60) GeV J oo T
- exactly one b-tagged jet ; zz— = ot

Stat. Unc.

* Substantial backgrounds
> t-tbar (MC simulation)

- Data-driven W+jets from 0 b-tag
- Data-driven QCD multijet

50 100 150 200 250 300 350 400 450 500
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CMS PAS TOP-12-020

W Helicity in Single Top Topologies

A . -1
_ CMS preliminary, 1.14 fb” at s =7 TeV CMS preliminary, 5.3 fb at Vs = 8 TeV CMS preliminary, 7 TeV ® 8 TeV
800 —e— data @ —e— data B
L Il t-channel S I t-channel B
L - tW-channel 3 - = tW-ch | 1
700— - s-channel « 600 . -:1: annle B
N - i ° -s-c anne B
- 7 Di-boson 9 tt -
600 B W+Jets £ - * Di-boson -
- By /Z+Jets S 500 Bl W+Jets 0.5
- QCD < C N | /Z+Jets -
[ stat. Unc. - Qcb B
5001~ Stat. Unc. i
~. O
g -
77 ?
/ Z4 m |
0.5—
- B @95%cC.L.
- i @ss%c.L.
| e Best fit
memiTIEE—— = - -1_51_—|.|.||||||||||||||||||||||||||||||||||
1 08 06 04 02 0 02 04 06 08 f Y -08 06 04 02 0 02 04 06 08 1 .08 06 04 -02_0 02 04 06 08
cos(6;") cos(6)") Re(g))

. . . Constraints on anomalous
- Separate likelihood fits with couplings (combination)

reweighting method Combination 788 TeV:

- also for d fttb '
o R FL=0.293 + 0.069 (stat) = 0.030 (syst)
o (Fo,FL) Fr from unitarity N
~0=0.713 £ 0.114 (stat) = 0.023 (syst)

. IC uncertainti _
Systematic u .ce tg fies ~r=-0.006 + 0.057 (stat) = 0.027 (syst)
> Q2 scale & simulation
- Jet Energy Scale & Resolution Consistent with SM expectations/V-A structure

- W-ets shape Compatible with measurements in t tbar
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% Other Results %
Too many to present here >

» Mass
- JHEP 06(2012) 109 top-antitop mass difference
- CMS PAS TOP-12-027 Top mass from endpoint (Mt2)

» Properties

- CMS PAS TOP-12-014 Associated production ttZ and ttW
- Talk by R. Wallny earlier today

- CMS PAS TOP-11-020 W Helicity in |+jet events

- CMS PAS TOP-12-004 Spin correlations in t-tbar

- CMS PAS TOP-12-016 Top polarization

- Phys.Lett. B718(2012) 1252 Search for FCNC (t—Zq) in tt
- CMS PAS TOP-11-031 Charge of top quark

- CMS PAS HIG-12-035 Search for ttH production
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Summary %

K Top quark properties have been studied at CMS

- Mass: precise measurement of high interest for
electroweak fits (vacuum stability!)

- Mass: theoretical effects from colored & unstable object
investigated with study of m: vs kinematic variables: -
* No sign of dramatic effects
- Should aid interpretation of top mass measurements

- Couplings - V| compatible with 3 generation SM CKM [

- Couplings - W Helicity fractions from dilepton channel -
and single top topologies
» as expected for V-A decay limits on anomalous couplings

» So far, top looks like a SM quark
- Outlook: Additional 8 TeV data analysis in progress
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EPJC 72 (2012) 2202

m: in dilepton channel

/s 9934 Events
« 5.0 fb1 PP @ \/S=7 TeV CMS 2011, 5.0 fb” at Vs =7 TeV

- - - E 800F
tt — WbWwb — ([I_ng) (K_V_gb) G 1600 S 7o\
- High purity sample selected = 1400 ¥ o)
> Two opposite sign isolated leptons £ 12001 0
pr>20 GeV Inl<2.4 = 1000}~ oF
> Two jets pr>30 GeV Ini<2.4 800 o
- At least one b-tag s00F ) ;;_;'gggmund
> Missing Et > 40 GeV to Reject DY 4001 [ omae P
(except ep) 200 = Diboson
» Veto Z peak 76 - 106 GeV P06 150 200 250 300 850 400
- Analytical Matrix Weighting Reconstructed mass [GeV]
Technique, scanning my
> up to 8 kinematic solutions mi=172.5 + 0.4 (stat) £ 1.5 (syst) GeV
o combination with largest weight w
taken as reconstructed top mass - Leading systematic uncertainties:
w = {Z f(a:l)f(xg)}p(E2‘+ imy)p(E,;—|my) - JES & flavor dependence
Sum over initial state partons|  |probability density for > renormalization/factorization scale
uu dd gg Ei in top rest frame
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CMS PAS TOP-11-017 _
mt from all hadronic channel

CMS Preliminary, 3.54 fb', /s=7 TeV

« At least 6 jets, two b-tagged £ 200 o CMS data
pr>60,60,60,60,50,40,30 GeV ... 2 ook — — t component
R P PR multijet background
- Choose permutation with best kinematic fit X2 180 combined  and multijet
. ] - uncertainty on fsig
- Suppress multijet background with ARpp>1.5 160
- Model multijets from data using event mixing F
in preselected sample 12
100—
CMS Preliminary, 3.54 fb', (s=7 TeV -
< _ 80—
> i ® CMS data _
(Lg 250_— — — tt component 60;_
Z e multijet background 400
% i combined tf and multijet -
Lﬁ 200+ uncertainty on fsig 20:_ K
: _ cmsPreli inary, 354 b, Vs=7TeV } (o) NMEE |||||||||||||||||||||:_‘-H"'
_ T 48l i 1 15 2 25 3 385 4 45 5 55 6
_ S e i AR ¢
150 Yo =
i | - Mass measurement from Ideogram
1003_ | | method (as |+jets)
f BN - calibrated on simulation
50 - JES dominant systematic (1.09 GeV)
L T e mi = 173.49+0.69(stat)+1.25(syst)
9 00 150 200 250 300 350

mi* (GeV)
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JHEP 12 (2012) 105

5.0 folpp @ Vs=7 TeV
tt — WbWb — (Lvb)(jjb)
Event Selection
- Exactly 1 e* or p= Inl<2.1,pt>30 GeV
> Four or more jets p>30 GeV
- Two b-tagged jets
 Kinematic Fit (2 d.o.f.)

> Improves kinematic resolution &
parton-jet assignment

My free, Mit=Mibar

W mass constraint 80.4 GeV
Require P(x2)>0.2

correct permutations: 13%—44%

- Sample of 5174 events

O @) (@)

O
Sum of permutation weights /5 GeV ~ Sum of permutation weights / 5 GeV

28 Feb 2013 La Thuile
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m: in |+jets channel 7 TeV

CMS, Vs =7 TeV, l+jets

500

| T T T T T T T ]

L[]t unmatched B Z+jets il

" [ tt wrong I W+jets ]

- I tf correc t [ single top .

tt uncer tainty e Data (5.0 fb ™) .

v P(x2)>0.2:

- Z -

B 1 1 1 1 | 1 1 1 1 ]
0 100 200 300

CMS, Vs =7 TeV, l+jets

miece [GeV]

- | T
- [__] tf unmatched
1200F
i tt uncer tainty

[ tt wrong
B tf correct

T T T | T T T T
B Z+jets

[ W+jets

[ single top

e Data(5.0fb")

P(x2)>0.2

| 3of_ 200
|
m [G|eV]28



CMS PASTOP-12-029 o
-mt and initial/final state radiation

CMS preliminary, \s =7 TeV, lepton+jets CMS preliminary, (s =7 TeV, lepton+jets
C | ' | ' | | ' l ' |

e Ly r ]
= > = ]
i) - e Data (5.0 fb™) [0} sE- e Data (5.0 b =
= o . s . h (O] - 1 D s . -
= 6000F N permutations— Ve Pythiazz = E m MG, Pythiaz2 3
Ne) L — - Powheg, Pythia Z2 | a - — - Powheg, Pythia Z2
> C -- MC@NLO, Herwig ] = 65— -- MC@NLO, Herwig _f ’
S 50001 - M = ] q
S I N &7
S = - - ] = = [ 3
S 4 |
£ 4000~ ] - E
S L 3 s
8 B ] = (] =
3000 —_ 2 v E
S 1 } =
§ 2000 - > o 3
L (O] E =
— — | | | -
C ] N 5F | ‘ i | -
1000} — N
C — - =] ] g Of . 0 { ] 7,
C | . | * + .5F | ‘ | ‘ | E
0 4 5 6 S 4 5 6
. @ .
Number of jets © Number of jets
012 CMS preliminary, \s =7 TeV, lepton+jets CMS preliminary, (s =7 TeV, lepton+jets 4
A 0.12F I - T - | . = r | ' l ' | ]
& = e Data (5.0 fb™) ;. % s 2D e Data (5.0 fb™) s
3 o1 J E S —— MG, Pythiaz2 ] S, - m —— MG, Pythia Z2 . .
' B — - Powheg, PythiaZ2 | N - — - Powheg, Pythia Z2 - ° O I t p 3 O G V
D 008 -- MC@NLO, Herwig _] e o --- MC@NLO, Herwig - n e S T> e
) C ] Vv B + ]
N7 ] 1 4_ —
S |+ More jets, | babilit
S, S 3 E ore jets, larger probability
0.04F 1 - - t . . . .
E pdeed [ ] | of picking high-pt ISR
0.02— * — - —|:___:__:____‘,______E O IC In I T
- . 21 { : 7
U . . > - ’
r M _ () 41— |
n anl | | | ] 2 C | . | N
[qV] 01 — [ [ | — [ 5? | T ‘ + =
N N s
O OF . . G  ofF o
= C ¢ ] = C L - ]
' -0.1E | ‘ \ ‘ | = ' -5k | ‘ \ ‘ | =
% 4 5 6 % 4 5 6
O Number of jets © Number of jets

Number of Jets
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CMS PAS TOP-12-035

B Dbcontentin top decay: Vil

CMS preliminary, /s=8.0 TeV, [ L=16.7 fb’ CMS preliminary, s=8 TeV, [ L=16.7 fb”
.fi.) il rrrrrrrrr T rrrrrrrrrrrTrT rrrrrrrrrTrTd I: (< 51_ T L N Y N N Y I N N B N
c 8000 = e — - £ 30000 ' : : ' .
3 = ee uy | ! =1 > 5 F 0988<R<1058 3 3
D 7000 - 2 = O 45 Giestonf. ]
= 3 [ muttietsw— v ! . -
6000 ;_ _; |:|other tt 4;_ _;
5000 - = 351 s
4000 f_ _E Single top :_ “b-tag multiplicity _:
— 2 jets 3 jets - . 3: combined ]
3000 -+ = -k o5l \ ee =
2000 Fa | L]z T /
— 3 jets — 2 I " H
1000 3jets | 4 Jet__ e data - eu .
= 4 jots 4 jets = 15 7
012340123401234012340123401234012340123401234 15_ ) ;
b-tag multiplicity - '\ E
§<S_ 1.5 1L L L L L L L L — n
W . ... e n SR E SO e o RPN ++.¢.-o—‘i: 0.5:_ . _:
R AR A S kAR At * - e ] i
© 0.5 _|-1}2+3+4|.0|1|2|3|4404142434o|1l2}3+4+ok1|2|3|4|o|14234o|1l2l3}4+0+1+2|3|4|0|1|244_ %TQI — IO|95I —= ‘ll-— - l‘I é)él — 111
- Fit for R using analytic data-driven probability functions Measured R
for number of tags in each category (36 total) R = 1.0237Y: 832
> e.g. for 2 jets, 2 b-tags, 2 tops reconstructed
P =R +2R(1 — R)epe, + (1 — R)“¢ |
b T bEq T q Feldman-Cousins
> gp = b-jet tag efficiency ; €q = light flavor tag efficiency K > 0.945 @ 95% CL
> measured in dijet events, (pt,n) dependent IViol > 0.972 @ 95% CL
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