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Outline

 Motivation & Introduction
* Physics Obijects for Top
e MC Simulation

 Measurements performed so far:

o Top palr cross section
Top mass and top-antitop mass difference
Single top cross section (t and tW channel)
Search for resonances in top pair invariant mass

o)
o)
o)
o Charge Asymmetry & search for same-sign top pairs

e 6 journal papers, many preliminary results (PAS notes)

* All CMS public results available from
o https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Why Is Top Physu:s |nterest|ng’7

— 80.55 |

 Heaviest SM particle § @ oo g

0 m(top)=173.2+/-0.9 GeV (0.5%) £ soasE- exc‘f?mw,mt,mc..mggssemhes |

. . """ £ 1o band for M,, WA
e Special role in EWK S =

symmetry breaking? B0.35 | 6% 8% 00% CL :
e Sensitive to Higgs mass %03 - E
through EWK loop VB o g E
- e - g -
corrections GRS |
®%40 150 10 170 180 100 200

o Low Higgs mass peferred (GeV]

 New physics may couple preferentially to top
0 e.g. search for new particles decaying into top (pairs) = M(ttbar)

 The top quark may be special
o New physics may be hidden in e.g. spin structure

« Top production may be background to SUSY and other NP

CMS I
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Top quark pair production

e Gluon fusion (dominant at LHC)

o i tevatron
g

f g vooos——— £ gg ~85% ~10%

. rk-antiquark annihilation
Quark-antiquark a atio gq  ~15%  ~90%

q . H1 and ZEUS HERA I+II 10 parameter PDF Fit
« Total cross section at 7 TeV: = 0 = 10 Gev? z
NLO __ +23 I g
o NLO (MCFM) O-tf 158 pb u.s; — HERAPDFLS (prel.) =
o approximate NNLO j 5 o .
Kidonakis, PRD 82 2010) 114030 | B peromctrimtofpneer, ™™ Z
0.6 \ )
Langenfeld Moch Uwer PRD80 (2009) 054009 f s
~_ 1pg+10
Ot — 164—13 pb 047 xg (x0.05) E
« Ahrens et al., JHEP 1009 (2010) 097 f
0.2 £
o = 149 + 11 pb o™
Cacciari et al, arXiv:1111.5869 . é‘:
Vil
O = 159+ 1 pb v !
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Top quark decays

: : w+
« Top decays before it can hadronize Vi,
o almost exclusively t->Wb t
b
e Top pair event classification according to W decays
EQET jet jet
b-jet < | b-jet
%/ " bjet b=
v
e, jet jet
dileptons lepton + jets all hadronic
Branching
ratio: ~5% ~30% ~46%
Backgrounds: few moderate huge
(mainly Z+jets) (mainly W+jets) (mainly QCD)
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Single Top Production

« Single top quarks are produced through
electroweak interaction

q' q b W
q t
w w+ ¢
b t
g . q b g t
t-channel s-channel tW-channel
(associated production)
Cross
section: ~64 pb ~4.6 pb ~15.6 pb

Kidonakis, NLO+NNLL:

t-channel: PRD 83 (2011) 091503
s-channel: PRD 81 (2010) 054028
tW-channel: PRD 82 (2010) 054018

Difficult signature (fewer jets)
Large backgrounds from ttbar, V+jets
tW-channel interfers with ttbar at higher orders
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LHC Top Physics Program

 Production * Decay
o Pair cross section (QCD) o Branching ratios
O Single top cross section ' o t->Wb /t->Wq
(EWK) o W-helicity in top
o Differential cross sections decays (W->tb
« Compare with theory coupling)
» Validate ME+PS models
o Charge asymmetry
O Spin correlations
e Intrinsic Properties  New physics
o Mass (difference) o New particles decaying to top
o Charge o BSM top decays
o Lifetime o New physics with top-like
signature
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Physics Objects for Top Physics

Electrons and muons (also taus)

o lIdentification with high efficiency & low fake rate

o Precise momentum measurement

o Isolation (identify leptons from W-decays, suppress QCD)
o Key for triggering top events

Jets
0 Precise measurement with small jet energy scale uncertainty

Missing transverse energy (MET)
0 Reconstruct transverse neutrino momentum
0 Reject QCD, Z+jets background

b-jet identification

o High efficiency (and low failure rate) to tag jets from b-quarks

o Helps with jet pairing (e.g. for top mass)
Top physics needs ~all physics objects well understood!
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Events per 10 MeV
—
o

Muons and Electrons

CMS prellmmary

trigger paths
= 1
2011 Rl..rln, L=1.1fb Iy |y
CMS \s=7TeV [ WA
B, — pfw
Y my

z

I low P, double muon
high p double muon

I I I
1 10 - 10°
dimuon mass [GeV]

Muon Pt resolution for Top 1-2%
(tracker dominated)

Good trigger and ID capabilities
using redundant subdetectors

36pb atws 7 TeV —_

number of events / 1 GeV
(] o o —_
= o o N o
| | T T | T T | T

o
()
|

1 1 1 | 1 1 1 | 1 1 1
60 80 100 120
M(e'e) [GeV]

Excellent ECAL resolution (~1%
for TOP)

Good track matching (fit
accounting for Bremsstrahlung)

ID based on shower shape, H/E,
etc.
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Jets and Missing Transverse Energy

10EMS, L =36 pb1 \E 7TeV .

— | -y L | 1T 1T | 1T 177 | T | L
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SN, 9 .Total uncertalnty E e B type2 calof, (Data) 7
Py _gl: Ft methold ] =. [ — type2 calof, (MC) ]
£ 8 oton scale = w 20— —— tcE; (Data) —
g - Extrapolation ] B tcE, (MC) .
- — — B T —h—A n
8 7 Offs_et (2010) ] 5 B of . (Data) ]
e . —+Residuals 3 2 45 — pfE, (MC) B
S -=Jet flavor . 3 B T i
@ 5 = T T i
© Anti-k. R=0.5PF I - .
@ 4 T E 10 .
2 3 E - ]
= B ] B i
8 251 - 51— ]
QO C CMS \s=7TeV ]
< 1 - -
O NS adae T S e e CEEE 0 _I PN T T T T T T T Y T T N T O N S N A A O ]
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alibrate = e

pT (GeV) PZE; ( )

« Particle Flow (“PF”, calo&tracking&muons combined)

« Jets defined using anti-kT algo (dR=0.5)

« Jet energy scale uncertainty <2% for Pt>40 GeV

o Jet Pt resolution 10-15%

 MET resolution vastly improved with PF

« Remove PU component by vertex assoc. (ch.) / jet area method (neutr.)
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Data/MC

N
TTTT[TTTT

b-jet Identification

+  data (HLT_JET60 T =R B LA SR S B N NP
CMS Preliminary, \'s = 7 TeV E— 0CD (b quars) 5 L CMSprelim.at\s=7TeV, 050 f5" 3
[ QcD (b from gluon split.) o E =
] QcD (c quark) 0 gofE . -
I QCD (uds quark & g) ] E ) s ﬁ
2 03F i 3
- i
2 06 1 w 16f
0.5E i ERNY [ CMS prelim. at 7 TeV, 0.89 fb™
c [#] L
04F O Simulation Systemg —| ..g 1.4
@ DataSystem8 ,E g
030 O Simulation PtRel e 1 2'_’_-+."."“_.“..-""‘" Tt
+ B DataPlrel O . W
1 U E E 1-" - o.‘ll""'-‘...-*":.
I 11!. ------- casd td111l.1 TR N B SR R ] Y —_— [ 4t wannnnnnsnt®’ ‘
; l-}x t fii 1{E{{' %; 1.4F  <sF>=095:0.01 (stat) o Sysiemd E ..g 08
: 4 . : ; e 1 2F B PrRel 3 8r
30 20 -10 10 20 30 E b Y . ] Q TCHEL tagger
2D IP significance £ osf 4 - E 0.6F ® Data/MC
O 50 E i «ean + stat @ syst
0 500 100 150 200 250 0.4
Jetp,_ [GeV] 0 0.5 1 1.5 2

m

Crucial ingredient: great tracker « Data-driven efficiency & mistag

performance and alignment

Top analyses so far mostly use  SF(Data/MC) clos

o Count tracks with large IP
0 Secondary vertex reconstruction

Complex algos commissioned
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rate determination

e to unity

o known to ~10% for b-eff
o known to ~10...20% for mistag rate

o KUT



MC Simulation and Theory Uncertainties

 Use MADGRAPH to simulate top signal and most important
backgrounds (W/Z+jets)
o Matrix elements with up to 3 (tt) or 4 (W/Z) extra jets
o ME+PS matching using MLM prescription
o Scalessetas Q? = M7y, , + > P? ...,
0 Cross sections rescaled to inclusive (N)NLO values
e Dedicated samples to estimate modelling uncertainties,
varying e.g.
o scale Q by factors 2.0 and 0.5
amount of ISR/FSR radiation
ME-PS matching scale by factors 2.0 and 0.5
MC@NLO, POWHEG as alternate signal generators

o)
o)
o)
o NB new TOPLHCWSG started to assess these issues with ATLAS+TH

e Use data-driven backgrounds where possible
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Outline

e Top palir cross section
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Dilepton channel: Event selection

* Inclusive double lepton triggers

o di-muons (Pt>7/7...13/8 GeV)

o di-electrons (Pt>17/8 GeV)

O muon-electron (Pt>17/8+8/17 GeV)
 Two isolated, opposite charge

leptons (ee,mumu,emu)
o Pt>20 GeV, |eta|<2.4(mu),2.5(e)
o Good ID, conversion rejection for

electrons
0 Rel. isolation< 0.15 (0.17) e Jets
2+ Xt Zp“"'“ o Pt>30 GeV, |eta|<2.5
Rel.isol. = 2<03 R<03
p,(lepton)
* Z-boson veto (ee,mumu) . b-jet identification

o [M(I)-M(2)[>15 GeV o Track-counting algorithm

* Missing Et (MET) 0 Here: eff ~80%, mistag rate 10%
o MET>30 GeV (only for ee,mumu)
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Top pair cross section in dileptons
(PAS TOP-11-005, L=1.1/fb)

Counting experiment in dilepton final state:

Il + 2jets + MET + 1btag

Measure separately and combine ee,mumu,emu
DY, QCD, W+jets BG estimated from data

Source ee M e
Dilepton tt 4275+197 £+ 45 559.3 £22.9 +56.3 1487.2 £37.3 £139.2
VvV 26+16+08 34+£19+11 69+26+22
Single top - tW 229+48+73 289 +£54+92 73.4+86+233
Drell-Yan 11 69+26+22 88L£30x29 27.3+£52+88
Drell-Yan ee, jp 382+43+19.1 50.5 +5.1+252 -
QCD/W-ets 2.9 + 4.3(tot.) 7.6 £ 4.7(tot.) 30.0 = 12.0(tot.)
Total background 73.6 +=22.2(tot.) 99.1 £ 28.6(tot.) 137.6 + 29.6(tot.)
Data 589 688 1742

Cross section, pb 1899 £894+214+85 1658+74+185+75 1699+44+162L76

Source ee  JUp e
Lepton efficiencies 30 16 23
Lepton selection model 40 40 4.0
Jet and Et energy scale 19 17 19
B-tagging 50 50 50
Pileup 40 40 40
Branching ratio 1.7 17 1.7
Decay model (from [9]) 20 20 20

Event Q? scale (from [9]) 23 23 1.7
Top quark mass (from [9]) 26 26 15
Jetand FT model (from [9]) 3.2 32 04
Shower model (from [9]) 0.7 07 07

Total Systematic 10,0 96 88

Luminosity 45 45 45

- .. -1 ® dat
- CMS preliminary, 1.14 fb v

ee, up, eu channels W
W2y =T (I=e )
O zZy'—tt
B W+jets + QCD
+ tt other

1500 S :¢ : A M fi signal

1000

2 L L L B L B

500

a)

o 2: ]
& 1.5F 41’*
S 12 L o o

W

805 L

O 0:

0 1 2 3 >4

b-tagged jet multiplicity

o = 169.9 + 3.9 (stat.) £ 16.3 (syst.) £ 7.6 (lumi.)pb
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Lepton+jets: Event selection

e Considered modes: b
0 etjets, mu+tjets

-jet jet

» Single lepton triggers used
0 Muons (Pt>30 GeV)
o Electrons (Pt>27...42 GeV)

« Exactly one isolated lepton F

o0 Muons: Pt>35 GeV,|etal<2.1 b-'et@
* Rel. Isolation < 0.125 J

o Electrons: Pt>45 GeV, |etal<2.5

* Rel. Isolation, conversion veto

Missing transverse energy
o MET>20 (30) GeV for mu(e)

e Jets
o Pt>30 GeV, |etal<2.4

b-tagging:
o SV tagging algorithm used
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Top pair cross section in |+jets with b-tagging
(TOP-11-003, L=0.8-1.1/fb)

e Use events with >=1 b-tag sorom| N8N 1 ) - B
0 Secondary vertex (SV
algorithmy =Y E‘g\% —E : : : : wro.;b
« Template fit of SV mass in S E | W+ Light Fiavor
2D N(jets), N(tags) plane o> | = | -
o Separation of signal and et B m =
various backgrounds B iiiiee
CMS Simulation
. Most important systematics ~ § **- e 3
fitted in situ (nuisance Tosp " rerr
parameters in profile i E
likelihood) N3 :
o Jet energy scale mf_ E
o B-tag efficiency ol O

Vertex Mass (GeV)

o WH+jets ren./fac. scale
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Top pair cross section in e/mu+jets+btag
(PAS TOP-11-003, L=0.8-1.1/fb)

« Fit result for e+jets, mu+jets, 1 tag, 2 tag samples

. 5000 CMS Preliminary \s=7 TeV J[ Ldt = 1.1 fb ", Muons 3000 —CMS Preliminary \/s =7 TeV J[ Ldt = 0.8 fb ", Electrons
@ E @ L %) 0 7] 7] ® Data
© 4500 w @ @ o o o C @ c c c c
P E g c c c c ) L o <] o o
3 = e o o ] ] S 2500 — o e = = =
= 4000 5 3 3 3 E =200 5 S G S o Top
27k s = = = = 2 ot s o @ @ 9
@ 3500 o o o = = 3 L w w w w w .Sin le To
2 g 8 = = = = 22000 o = o = o g P
5 3000 - - - - - 5 K = = = =
® = [’ [’ n n oy C - - - - Whx
2500 E E E ‘5 ‘5 1500 _ - 7] (/)] 7] 7]
E = = - - - - - L= b= = b=
2000F - ™~ () < n C g 2 g g g .WCX
B = - ™ ™ < w
= 1000 |:|W+LF Jets
500 .Z + Jets
a8e [ Jaco
0 50 5o 5o 5 0 [ 50 50 5 a.m'us'
Secondary Vertex Mass (GeV) Secondary Vertex Mass (GeV)

# of events / 0.5 GeV
(&) F-9
(=] (=]
(=] (=]

L]
(=
=

150

100

50

CMS Preliminary s =7 TeV f Ldt=1.1fb”", Muons 200 CMS Preliminary s =7 TeV f Ldt = 0.8 fb ", Electrons

2 Jets 2 Tags Muons

3 Jets 2 Tags Muons

50

50

J J

180
160

f

140
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5 Jets 2 Tags Muons

4 Jets 2 Tags Muons
2 Jets 2 Tags Electrons
3 Jets 2 Tags Electrons
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5 Jets 2 Tags Electrons
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Top pair cross section in |+jets with b-tagging
(TOP-11-003, L=0.8-1.1/tb)

Obtained result for BG normalizations :

BG scale factor m

Source Muon | Electron | Combined
W+b scale factor 1.2 +/- 0.3 Analysis | Analysis | Analysis
: Quantity Uncertainty (%)
(w.r.t. MC sc. to incl. NNLO) Copton 1D reco/ Trigger v - 1
. Er resolution due to unclustered energy <1 <1 <1
W+c-jets scale factor 1.7 +/-0.1 {F +jets Q2 scale 5 5 5
(w.r.t. MC sc. to incl. NNLO) ISR/FSR 2 2 2
ME to PS matching 2 2 2
Pile-up 25 2.6 2.6
PDF 34 34 3.4
JES/ b-tag SF consistent with input’ Profile Likelihood Parameter Uncertainty (%)
. Jet energy scale and resolution 42 42 31
but uncertainty reduced! b-tag efficiency 33 34 24
Wets Q7 scale 0.9 0.8 0.7
Combined 7.8 7.8 7.3

Systematic uncertainties
extracted in the fit

Result;

o = 164.4 + 2.8(stat.) £ 11.9(syst.) & 7.4(lum.) pb

Total uncertainty 8.7% (most precise CMS indiv. Measurement)
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tau-mu and hadronic channels

« Hadronic channel (TOP-11-
007, L=1.1/fb)
O 6 jets, 2 tight b-tags
o0 QCD shape from data
o Fit m(top) distribution

CMS preliminary, 1.09 fb™"' at \/s = 7 TeV

e tau-mu dilepton channel
(TOP-11-006, L=1.1/fb)
o0 Tau reconstruction using
‘hadron plus strips’ algorithm
o0 lmu+ltau+2jets+lbtag+MET
o Counting experiment

anz_ —*— CMS data: 1620 events 705 =7 TeV, 1.09 fb' CMS Preliminary
l‘q’-\ _\Il\l\l\l‘ll\\‘I\I\lllllllI\\l\l\l‘l\ll‘HI\_
G160 tt simulation A L
o i _ < 60
T140F I."l \ -——- QCD estimate from data 8 . data
- | _ B o B > ebbvy
Emo_ 4 . combined tt and QCD < 50 =3\}Ej'erts
T = + - [ Singl
ool | % | fsig = 0.250 = 0.036 % 40 — o
C | + = B Dibos
E )
EU_— | Ir"'“.,\‘\- + Lﬁ 30
6o /i | ™,
S 20
o K| :
. 10t
20 N ! [ E
C — 3 + C ]
0 50 100 150 200 250 300 350 400 450

‘PUD- 150 200 250 300 350 400 450 500 550

m,,, (GeV/c?)

My, [GeV/c?]

Dominant systematics:
tau fake BG (from data), tau ID

Dominant systematics:
JES, b-tagging, background model

o = 136 £ 20 (stat.) =40 (sys.) £ 8 (lumi.) pb o = 148.7 £ 23.6(stat.) £ 26.0(syst.) £8.9(lumi.) pb

v 120/01/2012
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Top pair cross section combination
(PAS TOP-11-024)

CMS Preliminary \s=7 TeV

NEW (November 2011)

Method:

start from I+jets profile likelihood and
include other channels

cross check with BLUE

Precision: 8%

Start to become sensitive to
differences between various
approximations to NNLO theory!

CMS 2011 combination 166+ 2+ 11t 8
TOP-11-024 (L=0.8-1.1/fb) (val. + stat. + syst. + lumi.)
CMS e/p+jets+btag 164+ 3+12+ 7
TOP-11-003 (L=0.8-1.1/fb) (val. = stat. + syst. + lumi.)
CMS dilepton (ee,up,ep) 170+ 4+16 %+ 8

TOP-11-005 (L=1.1/fb)

CMS all-hadronic 136 +20+40+ 8

TOP-11-007 (L=1.1/fb)

CMS dilepton (ut) 149+24+26+ 9

TOP-11-006 (L=1.1/fb)

3 Approx. NNLO
EEEE Approx. NNLO
[ Approx. NNLO

/1 NLO QCD

|

(val. + stat. + syst. + lum)

e

(val. = stat. + syst. + lumi.)

(———— ']

(val. £ stat. £ syst. = lumi.)

QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
QCD, Ahrens et al., JHEP 1009 (2010) 097

I | I |

0

50

100 150 200 250 300

o7 = 165.8 +2.2(stat.) 4+ 10.6(syst.) + 7.8(lumi.) pb oftt) (pb)

b 120/01/2012  Frank-Peter Schilling - CMS Top Physics 21 N4}



Top palr cross section

* New paper by Cacciari, Czakon, Mangano, 02 O .
Mitov, Nason: http://arxiv.org/abs/1111.5869 ° MSTWa008mlogee  TERNCGy o |

] 2 015
o New: NNLL soft gluon resummation
.. s
o Central value similar to other approx. NNLO
calculations
: : 0 : ‘ : ‘
0 Somewhat increased scale unceratiny M R
220 | y 220 ,
ATLAS [4), L=0.7p") =—o—s ATLAS I+j, L=0.7fb") =——
CMS I+] L<1.1fb +—s—s cmsn;, L<1 1fb" et
200 200 |50
180 ,,’# _ 180
Q 0,03":0’:”.5::‘3036;% Iy
< ‘t::},’g”’l..’:’:"&%:ﬁ:&:* TOP-11-003 - L5050 ‘&4000
S 160 s 235 :;,q»"‘&’o & 160 _"&go,:o:‘.‘r;:oo *’AQ’&» o&,t
4‘ =]
140 140 ’**13”§¢:.0 e,
NLONNLL NLOZNNLL 55
g L tt#X (LHC. 7TeV) op L t#X (LHC 7TeV)
WS TW2008NNLO[68c.) NNPDFZT NNLO] 75 100
168 169 170 171 172 173 174 175 176 177 178 168 169 170 171 172 173 174 175 176 177 178
mmp[GeW mmp[GeV]

Excellent agreement!

Exp. ~ Theor. Uncertainty!
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PDF sensitivity

NLO tt cross sections at the LHC (\'s =7 TeV) LHC 7 TeV, HATHOR, mt = 172 GeV
S 210 : | T T T | T T T | T T T | T T T | T T T | : 210
= _ 4 mPoe = 171.3 GeV MSTWO08 NLO NNPDF2.1 NNLO
£ 200 CMS,L=0.8-1.091b ‘ — 200 I \NPDF2.1 NLO CT10NLO MSTWO08 NNLO |
' - Grbés ATLAS, L= 0.7 fb” =
o 190 7/ / / e
v7 £
170 ,%//// ’ 68% C.L. PDF % 2 170} T E}I _
i A | @) MsTWOS 2 ® 4]
160 .- SPPTY M B crecss — R R
C et JEPTOTL o A cT10 - |{;|
150 oo.emnatti T s () NNPDF2.1 — 150 |
ET e r— Sraraa [] HERAPDF10 | 3 _ )
140 = '..'""-____.,:_-- : A HERAPDF15 = 140 LHC average of(ttbar) = 176 +- 14 pb
[ " Vertical error bars iI <> ABKMO09 _
130 [ Inner: PDF only GJROS ] .
= Outer: PDF+o ] NNLO (Juan Ro0jo)
| 1 1 1 | ! ! 1 | 1 1 1 | 1 1 1 | 1 1 1 |
1205112 0.116 0.118 0.12 0122 0.124
2
NLO (Graeme Watt) og (M)

o Starting to become sensitive to PDF differences

« Similarly interesting for ttbar/Z ratio
o PDF uncertainties anti-correlated
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Outline

* Top mass (difference)
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Top mass in Dileptons
[JHEP 07 (2011) 049, L=36/pb]

 Event selection similar to cross section measurement
o No b-tagging requirement, but b-likeness used in jet assignment

2 methods to deal with underconstrained system

o Analytical Matrix Weighting Technique (AMWT)

» Assign weight for each solution based on PDF,
kinematics

» For each event, take m(top) with highest sum of weights
« Based on MWT method from DO: PRL 80 (1998) 2063

o KINb Method
e Pz(tt) drawn from MC distribution
» Accept solution with lowest m(ttbar)
« Chose combination with largest number of solutions
* m(top) from Gaussian fit around peak of solutions
« Based on KIN method from CDF: PRD 73 (2006) 112006
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Top mass in Dileptons
[JHEP 07 (2011) 049. L=36/pbl

"‘2307""'—1"""10 I‘.ﬂ30 |||||||| "
g :CMS, 36 pb™” atys=7 TeV :g i f ] 5 cms 36 pb™ aus—?Tev ié
o 25-_eefel~llfuu events E, 8 ] 2 25-_eefeu!uu events ] z ]
[m,,=174.8+5. GeVic®  °© \ / - Miop = 175.8 £ 4.9 GeVic™ & ¢ \ ; E ] _ )
- _ 'AMWT Ty 71 Max. likelihood fit to
20K INb \ 20" e g
g L \_/ | - b NAo o mass distributions
15

I i R TV R TV 1
Top Quark Mass [GeVic]

151
of T
5 5
1001251 B0 575 300
Reconstructed mass [GeV/c?] Reconstructed mass [GeV/c?]
Source KINb  AMWT
] ; Overall jet enerey scale  +3.1/-3.7 3.0
« Systematics dominated by JES, PU UE b-jetenejrgy scale +22/-25 25
. Lepton energy scale 0.3 0.3
e Two results are combined Underlying event 12 15
- — v Pileup 0.9 1.1
Method Measured mop, (in GeV/c?) Jet-parton matching 0.7 0.7
AMWT 1758 £ 4.9 (stat.) £ 4.5 (syst.) Factorisaton scale 07 08
45 Fit calibration 0.5 0.1
KINb 174.8 = 5.5 (btat )+ ( st. ) MC generator 0.9 0.2
: P density f i 04 0.6
Combined 175.5 +4.6 (stat.) + 4 6 (s syst.) breeing . o 03 "

First m(top) measurement at LHC
Good agreement with world average
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Top mass in lepton+jets (PAS TOP-10-009)

CM$§ Preliminary, L = 36 pb”

> F Data
g m__ E:—}w
'E - Single-Top
o o
e Using the “Ideogram Pl
method” (DELPHI,DO,CDF) £ 5 <o chn
. Ever_1t selectlon as for cross e e el
SeCtlon anaIySIS CMS Preliminary, L = 36 pb”
o signal fraction ~55% for >=4 § " my
jets s .
E _ W zv—rT
% “:_ (el n}
o Kinematic fit ‘E : W + jets chammel
o Constrained fit requiring -
m(t)=m(tbar) applied to up to i

=2

100 200 00 400 M) 600

24 jet combinations per event Fittod Top Mass [GeV]
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Top mass in lepton+jets (PAS TOP-10-009)

« Event likelihood (== Ideogram)
Levent (x|my, fg) = faPe (x[my) + (1 = fig) Py (x)
O X: observables (fitted mass & uncertainty, chi*2, N-btags)
o0 Signal probability density  Pg (x|m¢) = Pg (11btag) * Pt (Xmass|m1¢)

* Sum over permutations and indiv. Weights (correct perm.: analytical function;
wrong perm: shape from MC)

» Consistency of b-tags folded in

o Background probability density DPokg (¥)

» Shape from MC simulation

[ Ideogram of event 1749068 run 140124 lumi 3 |

[ Ideogram of event 285201226 run 147222 lumi 418 |

E Z::Z ;: CMS 2010 Preliminary,\js = 7 TeV E :‘:: E_ CMS 2010 Preliminary,\s = 7 TeV
E n_mri— % u_uué—
i n_msi— E -
o.wsi— * Py == 1 tagS,
.0 tags, 3 several likely solutions
=zcone dominant solution _
’ b =0 200 e Top mass [Ge%']su 0 150 200 250 300 /]

a5
Top mass [GeV]

28 A\{{]]



Top mass in lepton+jets (PAS TOP-10-009)

« Construct sample e Systematics
likelihood and minimize o Dominated by jet energy
ﬁsample (mt’ ftt) N Hj'cevent'j (mt’ ftt) Scale Ideogram analysis
Source omy (GeV)
CMS Preliminary, 36 pb ™" at\'s = 7 TeV JES (overall data/MC) +2.4-2.1
'g 25: JES pr and 5 dependence -
£ T light vs b-jet scale -
= JER (10% effect) 0.07
S F MET (10% effect) 0.4
15: Factorization scale 1.1
C ME-PS matching threshold 0.4
1or ISR/FSR 0.2
C Underlying event 0.2
g Pile-up effect 0.1
- PDF 0.1
B Tt oo Background 0>
Top mass [GeV] B-tagging 0.05
Fit calibration statistics 0.1
Centl’a| ReSU |t Total systematic uncertainty +2.8-2.5

my = 173.1 & 2.1(stat) J_rgjl (JES) &+ 1.4(other syst) GeV‘

Combination with dilepton channel measurement:
my = 173.4 4 1.9(stat) & 2.7(syst) GeV
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Top-antitop Mass Difference
(PAS TOP-11-019, L=1.1/fb)

o D i re Ct m e aS u re m e nt Of q u ark_ Source of systematic effect Uncertainty on Ani; (GeV)
Jet Energy Scale 0.16
. . Jet Energy Resolution 0.18
anthuark Mass dlﬁerence bvs b Jet Response 0.10
Signal fraction 0.03
1 1 Background composition 0.13
o Test of CPT invariance e .
. . . b-tagging efficiency 0.08
O 2 sigma deviation reported by CDF bvs btagging efficiency 0.17
Fit calibration statistics 0.3
- Parton distribution functions 0.05
e Uses ideogram method
CMS Preliminary, 1.09 fb" at\js = 7 TeV [ A CMS Preliminary, 1.09 fb" at\s = 7 TeV B
% :I TTT TTTT TTTT TTTT TTTT TTTT TTTT TTT - w—}l\.‘ E :I TTT TTTT TTTT TTTT TTTT TTTT TTTT TTT - w—}h.'
E | 2y =T E W Ziy—IT
g 350 = I B Single-Top g 350 = B single-Top
: 300 C f —+ Data : 300 C —+ Data
g T 2 © g
5 250 ridts]  § 250f fetjets
L 200E 1 2 200F .
[a] o - o = -
= 150 - E = 150 - E
100 ; ; 100 ; ;
I z
1)3 0c b v 3
0 100 200 300 400 500 600 700 800 S00 1000 0 100 200 300 400 500 s00 700 800 900 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)

Ammeasured — 1 20 4 1.21 (stat) 4 0.47 (syst) GeV
World’'s best measurement!
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Determination of Top Mass from cross section
(PAS TOP-11-008)

Using dilepton cross section (TOP-11-005) f%_ CMS Preliminary, Vs=7 TeV, L=1.14 fb”
Exploit strong dependence of theory cross J

section on mtop

approx. NNLO x MSTWO08NNLO:
[ Langenfeld et al.

400 = Kidonakis
CMS Preliminary, vs=7 TeV, L=1.14 fb" Ahrens et al.
Top quark pole mass from cross section
CMS (Prel., L=1.14 fb™") approx. NNLO @ MSTW0SNNLO value + theo @ exp + a(m,) B
Important CrOSS Langenfeld et al. — & ——+ 1703 gg 203
Check to dlrect Kidonakis —————+ 1m0 88T
Ahrens et al. 4 &+ 167.6 +§2 2363 200 [
measurements .
ATLAS (Prel., L=35 pb™) approx. NNLO @ MSTWO0SNNLO L
Langenfeld et al. —_ 166.4 i:;g
Kidonakis ———— 12 7§ - [ ] Measured cross section =
Ahrenseta, @— e 1622 8, @ Cross section corrected for m"°'e (Langenfeld etal)
DO (L=5.3 fb") approx. NNLO © MSTWOSNNLO I:I Measured cross section dependence onm"
Langenfeld et al. — 167.5 *o-2 t
47 O B0 v v v b v b b Ly
Kidonakis — 1667 *32 140 150 160 170 180 190
Ahrens et al. — 163 'j‘_:; ml:,OIe (GEV)
. Tevatron direct measurement (July 2011) - 173.2 *_g-_g t
Can also determine | | | | |
. 140I L L \150\ L L I160\ L L \170I L L \180\ L L I190
MSbar mass: ,
mP°® (GeV)
t
ole
Approx. NNLO x MSTWOSNNLO | mf” / GeV | mMS / GeV
Langenfeld et al. [7] 170.3775 163.1754
Kidonakis [8] 170.072° —
Ahrens et al. [9] 167.6779 159.877
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Outline

e Single top cross section
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t-channel single top cross section
[PRL 107 (2011) 091802, L=36/pb]

e Selection of single top events proton
o 1 isolated electron (Pt>30 GeV)
or muon (Pt>20 GeV)
o0 2 jets, Et>30 GeV, |eta|<5.0
« One “tight” b-tag
* One “loose” b-veto (2D ana)

o transv. W mass > 40(50) GeV

antiproton

CMS Preliminary, 36 pb‘1,\J§=7TeV
Frrrrp T T rrrrTrrTTrTT T T T T T

. % 35;_ | | - _; ;:'::?annel
 Reconstruct m(top) using W & 2 Jow
mass constraint " mwe

= =w$ngh| jets
3 W Z+jets
mvv
ClQcD
« Small S/B: 2 complementary
methods: 5 E
o 2D analysis w0

0 Boosted Decision Tree analysis
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t-channel single top cross section
[PRL 107 (2011) 091802, L=36/pb]

=

: CMS 36pb \ TTV

e 2D simultaneous fit o’ +

o Variables used : :
» angle between | and light jet

20 F

Events

15 &

10

 rapidity of light jet: 5 50 P T e

1 0 C [l tchannel -

O W+I|ght Shape from data 1 08 06 -04 02 0 02 04 01 40 LI esch

cos 6 O ]

o Minimum model dependence £ M

w59 I W-+light jets

 Boosted Decision Tree N More
—"'I"'I"'1I',_"I"'I"'I"'|”’i”’i”' +

o 37 well modelled input variables zE cMs sspb'Ns=7Tev AR b rararray
o Fitto BDT output i3 S
; : : 2 = Bl wobiwez
o Systematics included via 5 a0 —GE
. L E W+light jets
nuisance parameters oF Do
. 20;_ Il other _;
0 Maximum performance 10f -

oE 3
-1 -08 -06 -04 -02 0 02 04 06 08 1

o = 83.6 +29.8(stat. + syst.) +3.3(lumi.) pb

o.ex

‘th| - O—fl

= 1.16 = 0.22(exp) & 0.02(th)
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Single top tW Channel

[PAS TOP-11-022, L=2.1/fb]
« Problem of signal definition:

o NLO diagrams mix with top pair g t / !
production
_ 474 W=
o Two approaches considered
» Diagram removal (DR): remove doubly g 7 q ;
resonant contributions
« Diagram subtraction (DS): subtract ] U
gauge invariant term which locally B el EI‘W‘ !
cancels tt contribution 200" | ='z;i5:5ets_i

o Difference as systematic (few %) Sl E
250 CMS Preliminary,s = 7 TeV' [ % r 1
C 2.1 b, eelep/up [ty 3100~ . 7
- [ r s .
. 200 o mz | ¢ ]
e Event selection * -

L)
o
T

L] -
100 200 300 400 500 600
H, [GeV]

0 2 leptons (e or mu), ==1 b-jet
o Pt(l+l+jet,MET)<60 GeV :
o HT>160 GeV (emu only) N

0 20 40 60 80 100 120 140 160 180 200
P, system [GeV]
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1200

1000

events / 2.1 fb™

[==]
(=1
(=4

[=2]
[=]
o

-~
[=]
(=]

200

Single top tW Channel

[PAS TOP-11-022, L=2.1/fb]

e Cross section from simultaneous fit in signal (1 jet, 1 tag)
and two sideband (2 jet 1 tag, 2 jet 2 tag) regions

CMS Preliminary,\'s = 7 TeV
2.1 fb™, eeleu/uu

1 jet 1 tag

2 jet1 tag

® data
[ ]tw
[
B ziv+iets

[ other

2jet2tag

Systematic uncertainty (ee/ej/ pip) [%] signal tW tt Z/y* other
Luminosity 4.5 4.5 - 45
Pile-up multiplicity 0.48/0.55/0.73 - *
Trigger Efficiency 15 15 1.5
Muon reconstruction and identification -/1/1 -/1/1 -/1/1
Electron reconstruction and identification 2/2/ - 2/2/ - 2/2/ -
JES e/l 0 | /8853 *
JER 1.1/05/0.4 3.1/3.9/4.4 *
B-tagging Tio/ 208/ | ¥io/ 50/ a1 *
Factorization/ Normalization Scale (Qz) 7.7/6/10 77/11/12 *
ME/PS matching thresholds - 5.7/0.7/2.3 *
ISR/FSR - 89/7.3/7.3 *
DR/ DS scheme 8.2/9.1/6.6 - *
EMss modeling 2.3/0.9/0.9 * -
PDF uncertainties 4.5/45/4.5 - - *
Background Normalization - 15/15/15 50/ 50/ 50 +
Simulation statistics 3.5/1.9/2.7 - - 17/21/11

Systematics on top pair production
reduced to ones affecting relative
population of regions

Cross section measurement:

2277 (stat @ syst) pb

Obs. Significance 2.7sigma

Frank-Peter Schilling - CMS Top Physics
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Outline

e Top palir invariant mass distribution
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Top pair invariant mass

102: | et
do(pp » (G =) tt)/dmg [pb/20 GeV]
L0, CTEQ6BL1, THC
e Search for new particles ! £ m,=600 Gev B
decaying into top pairs P e ]
o Spin 0 (e.g. MSSM Higgs) R
o Spin 1 (e.qg. Technicolor, o E E
Topcolor Z’' bosons) N P
excitations) PR Y I N R AR EPRTRE
500 1000 1500 2000 2500 3000
tt invariant mass [GeV]
 Distortions in m(ttbar) « Reconstruction:
shape also predicted in o Standard reconstruction at
other models low mass

o At high mass jets, leptons
close by (due to top quark
boost) = “top tagging”
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Top pair invariant mass: low mass analysis

30

Events / 50 GeV/c?

10

Events / 50 GeV/c?

20/01/20

[TOP 10 007, L=36/pDb]

25fF
20f

15

—
- CMS Preliminary

36 pb” at\s = 7 TeV
- u, =3 jets, = 1 b-tags

—— Data

[Jaco

B 21T (+ light jels]
[ vbb+X

|:| Ve(c)+X

I W—h (+ light jets)
I Single-Top

I

——Z'05TeV(50pb) 1
~--Z'0.75TeV (50 pb)

Z'1TeV (50 pb)
== Z'1.25 TeV (50 pb)

800

1000 1200 1400 1600

SR L B
—CMS Preliminary

- 36 pbat\s =7 TeV
Fu, =4 jets, =1 b-tag

TTT[TTTT IIII|IIII|IIII|II]I|II

ik =
1
n'lﬁ[Ger:E]DD
. pan
[Jacb

I 2/ =T (+ light 1ets]
[ ] vbbsx
l:l Vele)j+X
[ W—lv {4 light jets)
[ Single-Top
B
Z'0.5 TeV (50 pb)

..... Z'0.75 TeV (50 pb)
....... - Z'1 TeV (50 pb)

- 2'1.25 TeV (50 pb)

A |

400

600 800

12

1000 1200 1400 1600 1800

mg [GeV/c?

« Categorize events in N(jets), N(tags), e/mu

* Fit templates of SM backgrounds and narrow Z’ signal

o Systematics included as nuisance parameters modifying template shapes &
normalizations

Events / 50 GeV/c?

Events / 50 GeV/c?

CMS Pre!lmlnary
2536 pbat\s = 7 TeV
[ u, = 4 jets, =0 b-tags

201~

&

100

400 600 800

1000 1200 1400 1600

_—
—e— Data a
[Jaco .
B 21T (+ light jels]
[ ] vibbax i
|:| Ve(c)+X 1
[ Wt (+ lightjets)
I Single-Top =
I 2
—— Z'0.5TeV (50 pb)

- Z'0.75TeV (50 pb) ]

Z'1 TeV (50 pb)
- -Z1.25TeV (50pb) ]

Here:
mu-+jets only

—h
m [Ger:g]DD

——T T
18 F-CMS Preliminary

- 36 pb at\s =7 TeV
15:—,u,z4jets,22b-tags
14
12

10

—e— Data
[ Jaco
- 2T (+ light jets)
[ ]vbbsx
[ ve(e)+X
I Wl (+ light jets)
I single-Top
I
—— 2'0.5TeV (50 ph)

-~ Z2'0.75TeV (50 pb)
-------- Z'1TeV (50 pb)
----- 2'1.25TeV (50 pb)

IlI|lIJ|I!I|lIIlIIIIIIlIIIIIIIlIIIIII

8
6
4
2
0

800

400 600
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m, [GeV/c?]
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Top pair invariant mass: low mass analysis
[TOP-10-007, L=36/pb]

e Derive 95% CL upper
limit

80— T
- CMS Preliminary .
7036 pb™ at\s =7 TeV E

Upper Limit o,, x BR(Z' — tt) [pb]

e Limit presented in 60 —e— Observed (95% CL) -

(cross section x BR) of

Expected (95% CL) —f

a narrow Z 400 + 10 Expected E
Not ti ific Z’ 5 .

O m%td;Td to a specific 30k - + 20 Expected =

e EXxclusion possible for
models predicting
~10pb for M(Z’)~1 TeV

D,

0

0.4 0.6 08 1 12 14 16 18 2
m., [TeV/c?]
Even more interesting with 2011 data (in progress ...)
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M(ttbar): High mass analysis in mu+jets

[EXO-11-055, L=1.1/fb]
_E 0.2 CMS simulation  —=— selected hyp.
5 | Ns=T7TeV —e— best possible hyp.
* High mass: top decay products 2 0.15-
collimated N
o No lepton isolation, instead ® o \
dR(mu,jet)>0.5 or Pt(rel)>25 GeV N
o Only >= 2 jets, Pt>250,50 GeV .05/ A
o HT(lep)>150 GeV
45 2 25 3
] ) mt’}e" [TeVieT]
« M(ttbar) reconstruction using 0, of CMS preliminary  mm D 1
. . . > “VE\s=7TeV W Iy
topological criteria S 50 o= 1P [ indi
o dR(top decay products) small = 300 Mo
- .g - —— CMS data 2011
o dR(top, antitop) large Z 2505
5 200
« QCD from data sideband :z:_
50;—

500 1000 1500 2000 2500 3090
Mti[GeWc]
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M(ttbar): High mass analysis in mu+jets
[EXO-11-055, L=1.1/fb]

« Statistical analysis 2o
o template shapes in HT(lep) e !
and M(ttbar) for signal and o12;
backgrounds
0.06
0 Systematics considered via o0 - A
nuisance parameters and TS0 b iso0 200630000l
shifted templates , L=Llifb ! " CMs preliminary, V=7 TeV
10 | | — medianlexpected iimitl E
— observed limit (95% C.L.)
= central lo expected limit
1 1 1 1 —— central 20 expected limit
* Obtaln Ilmlt for narrOW Z 10! -- Topcoiorz’,:o% width, Harris et al. H
(1% Wldth) = = Topcolor 7', 1.2% width, Harris et al.

e Exclude Topcolor Z' (Harris

et al.) with 3% width
0 805<M<935 and 960<M<1060 GeV

[y
=)

limit on o(pp —Z" —tt) [pb]

=
o
o

2500 3000
sz [GeV/C2 ]
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M(ttbar): High mass analysis in hadronic
[EXO-11-006, L=0.9/fb]

 Two hemishpere types e Top tagging algorithm:
o Type-1: high boost, one “top o Cambridge-Aachen jets
jet” (R=0.8)
o Type-2: moderate boost, two o Find subjets using top
jets (often one “W-jet” with 2 tagging algorithm (Kaplan et
subjets, one extra jets) al.; CMS JME-09-001)
* Analysis channels * N(subjets)>=3

o 140<M(jet)<250 GeV
o Type 1+1 . M(min)>50 GeV

.b 4. « W tagging algorithm

o CA jets with R=0.8

o Type 1+2 o Jet pruning algorithm (S. Ellis
et al.)

* N(subjets)>=2

Jet 2
Ou)\fw ] « 60<m(jet)<100 GeV
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M(ttbar): High mass analysis in hadronic
[EXO-11-006, L=0.9/fb]

CMS Preliminary, 490 pb'1 at\s =7 TeV
N e L e e e e A

b F E
 Check of energy scale 3 s o
. . . ) g mis =171.35+ 4.97 GeV g
using semileptonic ttbar g mo

. . T .E [Jacp  :

sample with boosted W jet T coma
Vo T 2e --Mcfit I

g 18 » 1= E
w0 1° '“w 100 200 300 400 500 - 800

2 4 Mass of Top Jet Candidate (GeV/cz)

] ; mWJets

2 10 Claco

* Data
== Data fit

==MC fit

0 20 40 60 80 100 120 140 160 180 200
Mass of W-Jet Candidate (GeV/cz)

e Intermediate mass search

In type 1+2 (3 Jets) e SMS Preliminary 856 et 527 TeV
- - B 140 —— Data -
O l top Jet Wlth Pt>35o Gev 8 120 [ ] QCD background estimate

I  Madgraph + Pythia Tune Z2

0 2 jets from jet pruning algo ~ 100

Pt>200/30 GeV g E

. . T g E

e high mass search in type . a0 3
1+1 (2 jets) 20

o 2top jets, Pt>350 GeV g

o5}
o
III|III|III|III|III|III|III|II

+ ]
P T I I v by by b by
0 1000 1500 2000 2500 3000 3500 4000 4500 5000
Type 1+2 tf mass (GeV/c?)

Q
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M(ttbar): High mass analysis in hadronic
[EXO-11-006, L=0.9/fb]
102 - . CII'u‘ISIFreIimIinalry, !}Bﬁlpb” at}JEF?rre\{

o) = Combined type 1+1 & 142 e
o o — Observed (95% CL) -
Sub-pb limit for M>1.1TeV = B ———— Expected (95% CL) i
T 1 U + 15 Expected
— I : 20 Expected =
KK-Gluon model excluded & & ... <K Gluom, Agashe et a S
for 1.0<M<1.5 TeV E -------- Topcolor Z*, 3.0% width, Harris et al
0 N e . Ty Topcolor Z', 1.2% width, Harris et al
A 1 b
N =
o —
E [
— 1
5 100 Lo E
Jet3: O In L L | | L 1fe L |."'1-r. 1 1 | 1 1 1 [
mz'edia%:ari\:r':?ﬁanm.z S— 1 1 5 2 25 3
tf Invariant Mass (TeV/c?)

Vs AN
i
7’/ j

;
y
e
- //
. N L

Jet 2: Jet Pruning
pt 484.3 GeVlc, '

s =98 0 oV Golden 1+2 candidate, M=1.35 TeV

‘Jet 1 : Top Tagging
pt588.1 GeVic,

3 subjets,

mass = 186.7 CeV/c2,
minMass = §7.2 GeV/c2
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Outline

 Charge asymmetry & same-sign tops
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Forward-backward asymmetry at the Tevatron

A, of the Top Quark

« ttbar forward-backward SHNSNI i
asymmetry in ppbar collisions
Ay — yt o yt— e s ?.51;8};1;].074 (+0.072+0.017)
At N(Ay >0) - N(Ay < 0) R .
N(Ay > 0)+ N(Ay < 0) (s1m)
O LO no asymmetry In SM CDF combined* —a— 0.201+ 0.067 éﬂﬁiﬂsx;’
0 NLO, small asymmetry
« interference of diagrams that differ (5-;’:’;’:;“::;“‘(““3“ Ton Asvmmetr. o
under charge conjugation (ISR-FSR, it ALl
\ | | Reconstruction Level
Born-Box) o4 0z o 02 m; < 450 GeV
 Measured asymmetry larger o054t | rams
than predICted CDF, 5.3fb™ -2.244.3
0 esp. at high M(ttbar) mass m; > 450 GeV
0 e.g. CDF, PRD 83 (2011) 112003
3 sigma effect for M>450 GeV! corsam’ || ez T

-10 0 10 2

0
,120/01/2012 Frank-Peter Schilling - CMS Top Physics ﬂ(




Forward-backward asymmetry

 New particles produced via pp->X->ttbar could increase the
measured asymmetry
o Axigluons, new weak bosons, extra dimensions

e Models must accommodate measured cross section and
M(ttbar) spectrum

e From Tevatron to LHC

TevatronA top LHC A top
anti-top anti-top

> L

n . 5
o No forward-backward asymmetry due to symmetric initial state
o But: quarks have on average more momentum than anti-quarks

o0 Boost difference, resulting in small central-decentral asymmetry
» Diluted due to ~85% gg initial states
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Charge Asymmetry

[arXiv:1112.5100, L=1.1/fbl

* Variables used: %
A(lnl) = el = [l °
Ay?) = (ye —yo) - (ye + )

 SM Prediction (G. Rodrigo)
Al = 0.013 £0.001
AY = 0.011 + 0.001

o Z with mass ~1TeV: <
A.-A_ SM~-0.02, -0.03 :

 Regularized unfolding to
extract true asymmetry

CMS I

1500 —

1000 —

500

CMélllll‘l '|D'1\'—
| 1.09fo"at Vs=7 TeV - —ae
- A,,..=-0.004+0.009 W _
I+jets .Smgle-k)p |
Ew+ets |
Bl z+jets

[JMultijet

02—

- CMs
0.4

" l+jets
03—

1.09 fo'at Vs =7 TeV
A.=-0.012+0.028
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Charge Asymmetry

[arXiv:1112.5100, L=1.1/fb]

Asymmetry A?: Abé

Uncorrected —0.004 £ 0.009 (stat.) —0.004 £ 0.009 (stat.)
BG-subtracted —0.009 £ 0.010 (stat.) —0.007 £ 0.010 (stat.)

Final corrected —0.017 £0.032 (stat.) 70022 (syst.) —0.013 £0.028 (stat.) o037 (syst.)
Theory predictions 0.0136 £ 0.0008 0.0115 = 0.0006

Stat ~ syst uncertainties
Need to reduce dominating theory systematics

0.1 0.1

= [cms i = FcMs -

— - 1.09fb'at Vs =7 TeV + data 2 - 1.09fbat Vs =7 TeV « data

W ~ . w ~ . n

o L I+jets o L I+jets i

S 0.05— S 0.05 —

=0 : = 0 :
o — \

-0.05 -0.05

i
;

500 1000 S0 1000
M. _ [GeV/c] M. [GeV/c]

tt.rec

Raw asymmetry vs mass




Afb and same-sign Top Pairs

Mz = 150 Gc‘v’.gddz,:ﬂ.ZS

FCNC in top sector could raan e
. SU_

explain Afb at Tevatron 7! | L] corue |

- et elphes | -

o t-channel exchange of 27 @ ol [ Z'signal  |]

coupling tou and t [S. Jung
etal., ...]
Could also explain CDF Wjj
bump (which DO does not
see...) " et sy G0V)
o [Buckley et al.; Jung et al.; u t g ¢
Fox et al., Cheung et al., ...]
Should manifest as same-
sign top pair production
O esp. viable at pp machine i
=>» Search for same sign tops in CMS data
o Consider model of Berger et al. (arXiv:1101.5625)

N
o

Events/ |

|
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Same-sign Top search
[JHEP 08 (2011) 005, L=36/pb]

Event selection similar to std. dilepton top pair selection,but:
0 2 positively charged leptons (search for pp->tt)

Result with 35/pb of 2010 data:
o 2 events (SM: 0.9+/-0.6)

Considered Model (Berger et al.):

_ , CMS L, =35pb'Ns=7TeV

E:gwufy“(fLPL—l—fRPR)tZP—l—h.c. X 5E'|"'|"'|"'|'"|"'|"'|"'|"'"':
Y + ~ &~ 0 ™ = "
Ny —
e Turn into limit on pp->tt(j) vs 32: &
f rand M(Z’) . T g Z E
e ) 4 - =
1.5 i_ - 1o consistent with A_;, Berger et al. —z
* Exclude parameter space 1 [ 20 consistont it v Brger ot .
favoured by Tevatron Afb, 05;_ Combined Observed Limit tt + tij _;
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Conclusions

o Top physics program at LHC / CMS is in full swing

 Many interesting results obtained already

O cross section, mass (difference), M(ttbar) resonances, charge
asymmetry, single top production ...

e Many new results in the pipeline for Moriond
o With 4.7/tfb on tape, most analyses are already limited by

systematics

o Main goal to improve understanding on experimental (e.g. JES, b-
tag) and theoretical side (c.f. TOPLHCWG)

« Entering regime of precision / differential measurements
0 Surpassed Tevatron in N(tops) produced
o starting to compete with CDF/DO on m(top)

So far no discrepancies from SM observed
o But stay tuned (SUSY with light 39 gen in the spotlight)

cMs, |

4 20/01/2012  Frank-Peter Schilling - CMS Top Physics 53 RN{]]



	Top Quark Physics�with CMS 
	Outline
	Why is Top Physics interesting?
	Top quark pair production
	Top quark decays
	Single Top Production
	LHC Top Physics Program
	Physics Objects for Top Physics
	Muons and Electrons
	Jets and Missing Transverse Energy
	b-jet Identification
	MC Simulation and Theory Uncertainties
	Outline
	Dilepton channel: Event selection
	Top pair cross section in dileptons�(PAS TOP-11-005, L=1.1/fb)
	Lepton+jets: Event selection
	Top pair cross section in l+jets with b-tagging�(TOP-11-003, L=0.8-1.1/fb) 
	Top pair cross section in e/mu+jets+btag�(PAS TOP-11-003, L=0.8-1.1/fb) 
	Top pair cross section in l+jets with b-tagging�(TOP-11-003 , L=0.8-1.1/fb) 
	tau-mu and hadronic channels
	Top pair cross section combination�(PAS TOP-11-024)
	Top pair cross section
	PDF sensitivity
	Outline
	Top mass in Dileptons �[JHEP 07 (2011) 049, L=36/pb]
	Top mass in Dileptons�[JHEP 07 (2011) 049, L=36/pb]
	Top mass in lepton+jets (PAS TOP-10-009)
	Top mass in lepton+jets (PAS TOP-10-009)
	Top mass in lepton+jets (PAS TOP-10-009)
	Top-antitop Mass Difference�(PAS TOP-11-019, L=1.1/fb)
	Determination of Top Mass from cross section�(PAS TOP-11-008)
	Outline
	t-channel single top cross section �[PRL 107 (2011) 091802, L=36/pb]
	t-channel single top cross section �[PRL 107 (2011) 091802, L=36/pb]
	Single top tW Channel�[PAS TOP-11-022, L=2.1/fb]
	Single top tW Channel�[PAS TOP-11-022, L=2.1/fb]
	Outline
	Top pair invariant mass
	Top pair invariant mass: low mass analysis �[TOP-10-007, L=36/pb]
	Top pair invariant mass: low mass analysis�[TOP-10-007, L=36/pb]
	M(ttbar): High mass analysis in mu+jets �[EXO-11-055, L=1.1/fb]
	M(ttbar): High mass analysis in mu+jets �[EXO-11-055, L=1.1/fb]
	M(ttbar): High mass analysis in hadronic �[EXO-11-006, L=0.9/fb]
	M(ttbar): High mass analysis in hadronic �[EXO-11-006, L=0.9/fb]
	M(ttbar): High mass analysis in hadronic �[EXO-11-006, L=0.9/fb]
	Outline
	Forward-backward asymmetry at the Tevatron
	Forward-backward asymmetry
	Charge Asymmetry �[arXiv:1112.5100, L=1.1/fb]
	Charge Asymmetry �[arXiv:1112.5100, L=1.1/fb]
	Afb and same-sign Top Pairs
	Same-sign Top search�[JHEP 08 (2011) 005, L=36/pb] 
	Conclusions

