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Outline

e |ntroduction

* Jop palr cross sections
* top palr, ttbb/ty), ttH, ttW/Z

* SM parameter constraints: O, m{P°"
* Single top cross section

* Jop quark properties:

* top mass, spin correlations, |Vis|, charge asymmetry, polarisation
* Beyond the Standard Model

« FCNC
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lop quark

The heaviest SM particle: mi = | /2.2 £ 0.8 GeV (CMS combination)

Life time (10-2%s) shorter than hadronisation time scale (10-%%s)
bare quark properties accessible: mass, |Vis|, spin, charge,...

Top quark mass — important Standard Model parameter

The Higgs boson preferentially
couples to the top quark

Can be used for testing the SM

consistency of mu, mwy, Mt
pQCD precision tests

Main background in many BSM
searches
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Top quark production

LHC — top quark factory NNLO  mt=173.3 GeV
Collider Otot [pb]
Top pair production: via QCD interactions Tevatron | 7.009

LHC 7 TeV | 167.0

LHC 8 TeV | 239.1

85% Tevatron | 596 Tevatron LHC 14 TeV| 933.0

159% LHC 85% LHC arXiv: 1303.6254
q t g z : t g t
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Single top production: via EVWK interactions
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fop pair decay signatures

t > Wb ~100% Top Pair Decay Channels
+ w |o
. 9 W decay defines ¢ 28]
= £ T
f i V.4 final state - £ 5|5
S |o BT

"o tautjets
e, =5 muon+jets
" z MET o | 9 electron+jets
_ ": $ ,0% +| o+ _+ - —
b-jet & (€ [M]T ud cS
7/”’?7 . biet
e Top Pair Branching Fractions
semileptonic [e/p] BR~30% dileptonic [e/p] BR~5% "alljets" 46%
Bkg: WHjets, ... Bkg: DY +jets, ... (small)
T "f}MET t+jets 15%

b-jet

Ltjets 15%

je jet

all-hadronic [e/u] BR~46% T+jets BR~15% e Hels 15% -
Bkg: QCD multijet, ... (large) “dileptons™ lepton+jets
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Section

Top pair production
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lop pair inclusive cross section

JHEP 02 (2014) 024

di|ept0nic Channel el Y MET 4%80002_ CMISI'E:BTeV,II_:5_3fb'1 | EE?’HW;Z B
| | | b__jgfj% h@.é_%;;;_ Lﬁ : e*l¥ channel =§i‘:(1glet -
2 oppositely charged isolated high-pt =/ ™ 000 = ncerainty
leptons: ee, ey, yu — separately w000l :
>7) jeT_S, > | b—tagged Jet 2ooof
DY and non-W/Z background data estimated o
Main systematics: |ES, model uncertainties g —
O oat ] .
o = 239.0 £2.1 (stat.) + 11.3 (syst.) & 6.2 (lum.) pb i 1 et mulioliciy
arXiv:1407.6643 8 Te
e+T, u+T channel > 1200 w_;_l*gff'b'?gf T
 Yuer O I X ]
. Lo o 1000 i @B ti dileptons
exactly | isolated lepton e/p Z L — i
2 s g e oy
exactly | reconstructed hadronict ™ ™ ¢ ” e
600—
Main background: semileptonic tt
: Co : 400
| jet misidentified as T
0 = 257 + 3 (stat) & 24 (syst) & 7 (lumi) pb 0T s
Lepton universality satisfied 100 100 200 =00 500 o GeVT

7
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http://dx.doi.org/10.1007/JHEP02(2014)024
http://dx.doi.org/10.1007/JHEP02(2014)024
http://arxiv.org/abs/1407.6643
http://www.apple.com

lop pair inclusive cross section

ATLAS+CMS combination of 7TeV and 8TeV measurements
Correlated uncertainties taken into account

CMS Preliminary,c,; summary, Is=8TeV July 2014

Precision driven by the dilepton channel

o
CMS dilepton (ee,uu,eun) 239+ 2+11x 6pb

o :%T' 't L 'b.lt.' *IL—ISIBfL‘)L R D = JHEP 02 (2014) 024 (L=5.3/fb) (val. = stat. = syst. = lumi.)
2 " ATLAS dilenton Lo 4615 ATLAS+CMS Preliminary  July 2014

- | O CMS dilepton L =23 f5' =

-_,C:,) | ATLAS lepton+jets* L = 0.7 TOPLHCWG |

8 O CMS lepton+jets L = 2.3 o' —eo+—

n o | ATLAS dieptonL =203 b’ CMS prel. e/u+jets 228 = 9+ =10 pb
ow 10 — O CMSdilepton L=5.3 fb = TOP-12-006 (L=2.8/fb) (val. = stat. + syst. = lumi.)
n — ©® ATLAS lepton+jets* L =5.8 fo' ! ! .

9 - O CMS lepton+jets* L =2.8 fb' ]
H(_,J B * Preliminary 250r ]

= n .

() n i o

% CMS prel. e/u+1:h 257+ 3+x24+ 7pb
3 200 TOP-12-026 (L=19.6/fb) (val. = stat. = syst. = lumi.)
IS 10 — I 3

c ~ I l‘I'— ]

NNLO+NNLL (pp) 150 + 1] — NNLO#NNLL (top++2.0), PDFALHC, m _ =172.5 GeV
== NNLO+NNLL () ' 7 ' ' 8 1 Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 u % S e ity
| | Mo =|172.5 GeV, PDF® o uncertainties according to PDF4LHC | S | | |
1 | | | | | | | | | | | | | | | | 1 | | | | | | | | | | | | |
2 3 4 ) 6 7 8 9 o 100 200 300 400
Vs [TeV] o(tt) (pb)

Good agreement with theory predictions
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Top pole mass and &s(mz)

PLB 728 (2013) 496
Top pair production inclusive cross

section used to extract: E
top pole mass with &s(mz) constrained
OXs(mz) with top miP°'e constrained

The first measurement of &Xs(mz) from

ttbar + first full NNLO QCD

Main systematics: _
measured ttbar cross section and PDF =

Results: (NNPDF2.3)

mPole = 176.7759 GeV

0s(mz) = 0.11511000%5

ABMI | has significantly smaller gluon density and &;
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http://dx.doi.org/10.1016/j.physletb.2013.12.009

Top pair differential cross sections

Enhance sensitivity to new physics in tails of the distributions
Important test of SM predictions.

_OMsPAsTOP-12-027  lepton + jets
. . 10° CMS Preliminary, 12.1 fb' at (s = 8 TeV CMS Preliminary, 12.1 fis' at Vs = 8 TeV
Comparison to different ¢ =y gy o
5 i — MadGraph ] +lo ggF — MadGraph ]
MC generators, theory - weeno 4 e
o ] 0.5 ---- POWHEG .
calculations - - T Approx. NNLO

~5-10% precision per bin S _:

Dominant systematic: |

J
0 50 100 150 200 25 300 25 -2 -15 -1 050 05 1 15 2 25

. . P (GeV] y!
sighal modellin T .
5 5 OMSPASTOP-12.028 dilepton
Good description of data o ey Jep e D|.>o.8_....f“.”f.'.:'.r.el'fr.".i.”ffy.’.f.z.'fffjff‘ﬁfiffﬁv..._
2 £ Dilepton Combined e Data E EIOU - Dilepton Combined e Data :
‘Q'HF 95 — MadGraph 7 07 — MadGraph
88 8- MC@NLO - = MC@NLO |
Top quark pt spectrum w4 —romes
. R . 6 (arXiv:1210.7813) = . :— —
harder in MC predictions. i _5 i et
4; _ 03
. 3 : :
Better description by ]
Hoo e e - 0.1
AppI‘OX. NNLO 5™ o5 18040658 3mo3w0. o0 2 e T
p. [GeV] y
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https://cds.cern.ch/record/1523611
https://cds.cern.ch/record/1523664

lop pair with aadrtional jets

CMS PAS TOP-12-041
Large fraction of ttbar produced with hard jets from ISR/FSR

Large uncertainty from radiation modelling in MC

Tuning parameters for MC
from measurements

Background to many BSM
searches

Cross section as a function
of additional jet multiplicity
with 3 jet prt thresholds

Fraction of events without
additional jets with thresholad
on |st, 2nd jet pt, HT

Differences between theory
predictions at low pT region

CMS Preliminary, 19.6 fo'at Vs =

8 TeV

- Dilepton Combined p’ >30 GeV

 Data
e MadGraph+Pyth|a =
-- MC@NLO+Herwig 3

-- POWHEG+Pythia ]

10° | | | | | =
%) 1.5 -
g ...............
§ ------------------------------------
05
Jet
CMS Preliminary, 19.6 fo" at (s=8 TeV
1 .05 ““““““““““““““““““““““““
o D|Iepton Combined
46 — P
® = ) _m..u‘*"'“
“+—0.95 g
o | ™
0.9 = ]
Q) r l_"o'r'_ 3
oss o =
E {z. e Data 3
0.8 l_.J (] Syst+Stat error =
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0.75¢ F ------- MadGraph 4*Q? E
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FF - MadGraph matching up ]
0.65 - MadGraph matching down —
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o
0.6 e
@ 1-If
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https://cds.cern.ch/record/1547532

Section

Associated tt+X production
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t+tt, tt+bb

CMS PAS TOP-13-012

CMS Preliminary, 19.6 fb™ at Vs = 8 TeV

tt+tt has very small cross section In the SM §9F ... ousnzom =
i 104';_ H, = 400 GeV/c, E™™ = 30 GeV %gé&iﬂ( nnnnn .
May be enhanced in some g ‘ ok o
new physics scenarios [
g 10
No deviation from the SM: i
Observed: 42715 fb “
Expected: 63 b 9 t
. ' CMS PAS TOP-13'O1O o 10° T T T T 3
tt+bb fraction mismodelled A S
in MC: Madgraph, Powheg L%J » 19.6fb" at\/s =8 TeV mzy -1

The main (irreducible)
background to ttH production = 1
Fit to the measured b-tagging ¢ - EERE O —

= L ° = 3
05F \

algorithm OUtPUt o >4E Number of b-Jets

Number of b-dets

| - 00 GeV o(tibb) /o (tjj) = 0.023 & 0.003(stat.) 4 0.005(syst.) x|.44 (1.35) Madgraph
JCUPT = 40 GeV (b /o (iFjj) = 0.022 + 0.004(stat.) = 0.005(syst.) x| .69 (1.57) (Powhesg)
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http://cds.cern.ch/record/1644574?ln=en
http://cds.cern.ch/record/1605842?ln=en

tH production

arXiv:1408.1682
Probe of the top quark Yukawa coupling cus 87100 5051 0115 =3 TV, 193197
- B=8 Expected = 10
--- Expected+ 20
Test of t-H coupling o5 - ot

Can be enhanced in some NP scenarios .

3l

Analysis separately optimised for each
of the H decay modes:

Same-Sign 2|

Combination

H—bb, T,Ty, YY’WVV’ 4 1 95% CL limit on ofog,, at m, = 125.6 GeV

Assumed mH = 125.6 GeV _ cus bbreyy WW.ZZ 132378 1o55sn
& [~ omserea | — ..........................

Observed excess equivalent to ‘% 8 ; Exzecze: (S;g |nJ) .......... .......................... ........................... ..........................
. £ 7B xpected = 1o |.... .......................... ........................... ..........................

20 upward fluctuation S Bxpected <20 |

Results don’t change significantly with
mH variation around 125 GeV

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
120 125 130 135 140

m, (GeV)

C 1 1 1 L1
910 115
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http://arxiv.org/pdf/1408.1682v1.pdf

t+W//L

arXiv:1406.7830

Rare processes in the SM S Z
Measurement of couplings to bosons T |
Background for BSM searches = ... S W+
Measurement in 3 channels: w tr”epﬁg E ﬁ 1 d”eim E

3 or 4 leptons: tt/

8
of 20
4 : 10 22222 %%Z ,,,,,,,,,,,
Channelsused  Process Cross section Significance
20 HW 170120 (stat) £ 70 (syst) b 1.6 0 N
B 480 140 Total (up)u (un)e (e€)u (ee)e Total u*u* e'u* e*et wu ew ee
30+4¢ ttZ 20077, (stat) 3, (syst) fb 3.1
19.5fb™ (8 TeV)
—. - +1OO _|_80 — — T T T 7T T T T T | B — ]
20+30+4¢ ttW + ttZ 3807, (stat) "7, (syst) fb 3.7 2 [omshB % | | |
& B /// % 2-D best fit
© 500 / — 68% contour
N — 95% contour

2D fit of the ttWV and ttZ cross sections: ol % =low
Channels used ttW cross section  ttZ cross section 3005_ 5 oy
20+30+40 1707150 (total) fb 200 = 90 (total) fb
200
Measured cross sections compatible with 7
SM predictions within uncertainties. L .
o... [fb]

ttw
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http://arxiv.org/abs/1406.7830

Section

Single top

Nazar Bartosik
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Single top: t-channel

JHEP 06 (2014) 090

Direct probe of Wtb coupling

u,c d,s d,s u,c

Test of SM predictions, search for NP

Constraint on u/d PDF models via
O-tjo-tbar r’atiO

t-channel single-top-quark production
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIII ]

¥ CMS,L=19.7 fb"
~ ¢ CMS, L=1.17/1.56 fb"
" Y DO,L=9.7fb"
[ 4 CDF,L=3.2fb"

—

o
n
I

Leptonic decay mode (including T—p/e)

—_
o
III|

o)
=t
[
9
S
O
(0]
(2]
(2]
(2]
o
P —
(@]
[0}
g
o
IS
()
c
C
©
e
(lJ
~,~—

Signal region at high |n| of light jet
Otch, = 83.6 £ 2.3 (stat) == 7.4 (syst) pb. E { G 3

®
s, Phys. Rev D83(2011%091503

Rieh = Oren (8)/0ran (©) = 1.95 4 0.10 (stat) £ 0.19 (syst). ' 2 5 & 5 & 7 & d.0

CMS, \s=8TeV,L=19.7 fb"’
L EL L L B

CMS

Combined with 7 TeV result to determine |Vp| | i==omca=omem

Vip| = 0.998 4 0.038 (exp.) + 0.016 (theo.) o

MSTW2008

No deviations from the SM observed

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1
1 1.2 1.4 1.6 1.8 2 2.2
Rioh = 0t-ch.(t)/ Gt—ch.(t)
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http://dx.doi.org/10.1007/JHEP06(2014)090

Single top: s-channel

CMS PAS TOP-13-009

Smallest cross section at LHC CMS Preliminary, 193 o ", Electrons, 5 = 8 TeV
g SOETTTTTTTTTTTTTTTT T ke
e o ° E 800:— _: s-channe
Sensitive to new physics i el
it 600;— _;%t‘lN
' ' - 7 tt
: —) 500 = WZ+ets
Leptonic decay mode (including T—=u/e) = e
- -| @ Diboson
. . . 300 —
Multivariate analysis based on Boosted oo E E |-t
Decision Trees 00g E
0 -0.8 -0.6 -0.4 -0.2;3[;TIDD - 02
. . . iscriminant
Inclusive cross section: e, u combined
. . CMS Preliminary, 19.3 fb '1, Muons, Vs =8 TeV
Upper limit: Oo.cn < 11.5(17.0,9.0) pb ¢ rom ey
observed(expected with SM signal, 5 1% ' I Mranemel
: = -  Otw
expected with bkg only) > 1w
600 [ ilij?tf
. B i +jets
2.1 (3.1, 1.6) times the SM 400 | Woiboson
B :DQCD
- - £ Syst. unc.
200 - - Ril; syst.
pO_? -ODISTOI4 -03 0.2 01 0 0.1 0.2

BDT Discriminant
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https://cds.cern.ch/record/1633190?ln=en

Single top: tW channel

PRL 112 (2014) 231802

Dilepton final state CMIS, 16 =BTeV, L1221
14000;— 2 Ez/ava
Dominated by ttbar background 12000} I
N 4 Uncertainty H

Multivariate analysis based on Boosted £ qooo] .

Decision Trees i 000
4000

Signal and 2 control regions 2000

defined by jet/b-tagged jet multiplicity T 2 -

6.10 significance observed

cwms, /s = 8 TeV, L= 122fb 1j1t

Ow =234 154 pb ™
600F -
Ow =222 + 0.6 + 1.4 pb (appr. NNLO) st y ;
£ 400 Yy '
V| extracted: 2 3000

Vin| = \/Utw/(ftw = 1.03 £ 0.12 (exp) = 0.04 (th.) 2001

100 o

Results in agreement with SM predictions Y N

BDT discriminant
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http://dx.doi.org/10.1103/PhysRevLett.112.231802

Section

Top quark properties

Nazar Bartosik
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lop mass: leptontjets

CMS PAS TOP-14-001

Essential parameter of the SM

Input to fits of global electroweak

parameters

Affects the Higgs potential

Selection: semileptonic

exactly | isolated lepton (e or p)

> 4 jets (exactly 2 b-tagged)

Kinematic fit: mw=80.4 GeV, mi = Mibar

2 tagged — tt

2 untagged — W —j

Goodness-of-fit probability (Psof) used to
Improve jet-parton assignment:

Permutations / 5 GeV

Data/MC

Permutations / 5 GeV

CMS Preliminary, 19.7 fb- Tos= 8 TeV, l+jets

—
20000 c. -ll correct 1 - Z+Jet
; [ we+ Jet
18000-~ -“w Mng.... = st gi: e top
16000£~ E tt unmatched ) ,,Data;,,,, ]
14000 B S E
12000 oo -
10000 oo -
8000 [ -
(10]0]0] s =
4000 i T Mesg
2000 g
1 5 _FT T T z T T T T { T T T T
11— ++W 0000000000000 00, WU.% w..v I'l'l.i.
0.5 L L I I I ; 1 1 ! ! i I L I L
100 200 300 400
mtreco [GeV]
Poor> 0.2
CMS Preliminary, 19.7 fb- 71, Vs =8 TeV, l+jets
12000—- - ‘tEeorrect ‘ - Zidets
L - i : [ w+ Jet
L wrong
Co M EElsingetop ]
100001 E ttunmatched e Data
8000 ‘
6000~

4000
2000}

1.5 T

— o o | o \ x
foo = 13% — 44% (weighted by Pyof) e T ++*«-..-w m+**+++ ; W T
. . LA i
<4 permutations/event [2 X jet, 2 X pz(V)] e
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http://cds.cern.ch/record/1690093?ln=en

lop mass: leptontjets

CMS PAS TOP-14-00
ldeogram method for simultaneous

determination of my, jet energy scale (JSF)

Likelihood fit of m: from the kinematic fit
and reconstructed mw

Calibrated using MC:

/ simulations of m¢ x 3 values of |SF

Result from 2D fit;

my = 172.04 £ 0.19 (stat.+JSF) £ 0.75 (syst.) GeV,
JSE = 1.007 £ 0.002 (stat.) & 0.012 (syst.).

Result from D fit (JSF = 1.0) cross check
my = 172.66 = 0.11 (stat.) £ 1.29 (syst.) GeV

Larger systematic uncertainty from JES
uncertainty (|.1/ GeV)

CMS simulation, |s = 8 TeV, l+jets
-¥ JSF=0.96 -®- JSF=1.00 -& JSF=1.04
T

T o
O, 0.4F — 5 o — S — : —
AGCJ 025" """"" _; i """"""""" R _:
2 e e e e — —
W
ES" QA B S— — e
\ -0.6 ;_ . . S A W _;
LLA :: —_— —_— — —_— — —_— = 5:
gy 0008
7 0.004 S— : e S— ' k
u’ 0.002F e
2] )= s i ok e ouhs ¥
T'/’ C: T L
'0002; H H H 1 : : B
“0.004 | e A3
-0.006 |- : : e =
166 168 170 172 174 176 178
M gen [GeV]
CMS Preliminary, 19.7 fb™', (s = 8 TeV, l+jets
L
(@p)]
2 1.012
1.01
1.008
1.006
1.004
1.002
171.5 172 172.5
m, [GeV]
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http://cds.cern.ch/record/1690093?ln=en

Top mass: full hadronic

CMS PAS TOP-14-002
Selection: full hadronic

> 6 jets (exactly 2 b-tagged)
Same ideogram method as in lepton+jets
kinematic fit: mw=80.4 GeV, Mt = Mibar

simultaneous determination of m¢ and JSF
/ simulations of mt x 5 values of |SF

Result from 2D fit;

my = 172.08 £ 0.36 (stat.+JSF) £ 0.83 (syst.) GeV,
JSE = 1.007 £ 0.003 (stat.) = 0.011 (syst.).

Result from ID fit (JSF = [.0) cross check
my = 172.59 £ 0.27 (stat.) &= 1.05 (syst.) GeV

Results consistent with values obtained
from lepton+jets channel

0 CMS Preliminary, 18.2 fb™, (s =8 TeV
T T | T T T T | T T T T T T

> B | T T __
8 60 O— .tf correct Background _
u\u: 500;_ .tiother e Data i
S 4000 E
> N
“ 300¢ :
200/ ]
100F E
015:',',-,,,,,,,,,.,
= . | IH 4 ) T
% 1 IH ++’“°“+1 N +++ H‘fﬂ# Mﬁ
o 05795 200 300 400
mit [GeV]
CMS Preliminary, 18.2 fb™, (s =8 TeV
c|_|5 1.018
22 tog(L) =1
= 1.016 B 20 oatL) =
1.014 [ ]-2Alog(L) =9
1.012
1.01
1.008
1.006
1.004
1.002
1
0.998
0.996

171 172 173
m, [GeV]
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http://cds.cern.ch/record/1743141?ln=en

Jop mass: kinematic dependence

CMS PAS TOP-14-001

Interpretation of measured m. observable for electroweak fits — not
trivial: difficult to match pole m¢ to MC m

Can cause biases in differential distributions of the m: observable

Madgraph + Pythia Z2* tune for the final result determination

m2P - <m?P> [GeV]

data - MG Z2* [GeV]

—_
01

—_
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1
9]

_CMS Preliminary, 19.7 fb 7 (s=8TeV, ljets

llllll | T T 17T l T ' T 17T T T
- e Data = --- MG, Pythia P11
[ —— MG, Pythia Z2* -..-- MG, Pythia P11noCR:
I — - Powheg, Pythia Z2* ----- MC@NLO, Herwig 6 |
5~ —
- P . &
O —
-1 O __ ® ]
5 _, , , [l L1 [l I L1 [l , , , [l L1 , , , , , IIIII
(0] $
'5 ;\ [ | [T R R I
2 4 6
aq

mzP - <mZP> [GeV]

data - MG Z2* [GeV]

CMS Preliminary, 19. 7fb 1 (s=8 TeV l+jets

e Data @ --- MG, Pyth a P11
—— MG, Pythia Z2* - MG, Pythia P11noCR|

— - Powheg, Pythia Z2* ----- MC@NLO, Herwig 6 |

EHHHHHHHHHHHHHHHH
s
2 | | ? n
100200300400
[GeV]
Tthd

mzP - <mZP> [GeV]

data - MG Z2* [GeV]

CMS Preliminary, 19. 7fb 1 (s=8 TeV l+jets

e Data @ --- MG, Pyth a P11
—— MG, Pythia Z22* - MG, Pythia P11noCF£

— - Powheg, Pythia Z2* ----- MC@NLO, Herwig 6 ]

Kinematic dependences well described by MC for most observables

Nazar Bartosik

Top quark measurements in CMS


http://cds.cern.ch/record/1690093?ln=en

Top mass: CMS combination

CMS PAS TOP-14-001
2012 result in lepton+jet channel

combined with results on 2010 (dileptonic,
semileptonic), 201 | (dileptonic, semileptonic,
full hadronic) data

Most systematics assumed to be fully
correlated between 5 additional analyses

Experimental uncertainties correlated
between analyses using same data

JSF uncertainty treated as uncorrelated

X% =4.1/5 DOF (54% CL)
my = 172.22 £ 0.14 (stat.) == 0.72 (syst.) GeV

CMS Preliminary

CMS 2010, dilepton ® 175.5 + 4.6 = 4.6 GeV
JHEP 07 (2011) 049, 36 pb" (value = stat = syst)
CMS 2010, lepton+jets ® 173.1+ 2.1+ 2.6 GeV
PAS TOP-10-009, 36 pb’ (value = stat = syst)
CMS 2011, dilepton e 172.5 0.4 = 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb (value = stat = syst)

——

CMS 2011, lepton+jets 173.5+ 0.4 = 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb" (value = stat = syst)
CMS 2011, all-hadronic o 173.5+ 0.7 = 1.2 GeV
arXiv:1307.4617, 3.5 fb™' (value = stat = syst)
CMS 2012, lepton+jets . 172.0 = 0.2 = 0.8 GeV
PAS TOP-14-001, 19.7 fb" (value = stat = syst)
CMS combination 172.2+ 0.1+ 0.7 GeV
March 2014 (value = stat = syst)
Tevatron combination : 173.2+ 0.6 = 0.8 GeV
Phys. Rev. D86 (2012) 092003 (value = stat = syst)
World combination 2014 173.3+ 0.3 = 0.7 GeV
ATLAS, CDF, CMS, DO (value = stat + syst)
L | I O | I N | | L1 1 | [

m, [GeV]

Consistent with 2014 World combination: LHC + Tevatron
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lop charge asymmetry

CMS PAS TOP-12-033

NLO effect due to interference of

different qq — tt diagrams
Small in SM; enhanced in NP

D0 & CDF observed 20 excess s

in forward-backward asymmetry 3

Boost difference at LHC:

Apr — N(Aly| >0) = N(Aly| <0)
N(Aly| > 0) + N(Aly| < 0)
Aly| = ye| — |yz]

1/0 do/d(A

Tevatron A

JHEP 04 (2014) 191

top
anti-top

m.

0.2

- CMS ‘Prellmlnary |

" 19.7fb'at 's=8TeV
| A;=0.005 = 0.007
I+jets

—— Data i
—— NLO prediction 1 |

lepton+jets

CMS results consistent with NLO prediction

ATLAS and CMS results at 7TeV combined

taking correlations into account CMS PAS TOP-14-006

No excess observed at LHC
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. 1 0 I I I

1 2
Alyl

LHC

A top
anti-top

CMS, \s = 7TV50fb
E:‘ L (Dt bkg und), u fldd
s 0.6 Systematic uncertainty ]
% L MC@NLO parton level
©
o} L
S~
T 0.4f -
0.2+ =
dllepton
O PR SR S R NN T SO N S N S R L
-2 -1 o 1
Alytl

TOPLHCWG

ATLAS+CMS Preliminary (s =7 TeV

March 2014

(stat) (syst)
CMS 1+ 0.004 = 0.010 = 0.011
[PLB 717 (2012) 129]
ATLAS b——e—1—4 0.006 = 0.010 = 0.005
[JHEP 1402 (2014) 107]
ATLAS+CMS H—e—3 0.005 = 0.007 = 0.006
Theory (NLO+EW) 0.0115 = 0.0006
[JHEP 1201 (2012) 063]
| | |
-0.05 0 0.05
AC
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Jop branching frac

DO reported tension with the SM

ifels

PLB 736 (2014) 33
BR(t— Wb)/BR(t—Wq) [g=b,s,d]
measured In dilepton channel

Depends on |Vw| and [(t)

prediction: R = 0.86") 1, (stat) + 0.035 (syst)

Parametrised in terms of b-tag multiplicity,

b-tagging and misidentification efficiencies

Best fit: R = 1.014 + 0.003 (stat) + 0.032 (syst)

-log A

Lower limit: R > 0955 — |V| > 0.975 (95% CL)

Combined with the t-channel single top
production cross section to determine [¢:

I = 1.36 & 0.02 (stat) "

0.14
0.11

(syst) GeV

(1.29 in SM)

Results agree with theoretical expectations
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and \/tb

cmS, Vs = 8TVdet 19.7 fb"
| T T T | T T T T T T T T T

|:] Obtgs ]
0-9— []=1bag =
0.8_— [ ]=2b-tags .
- [[]=38b-tags
0.7

- B = 4 b-tags

0.6F
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I0.4 | 0.6 0.8 1 1_.2
R=B(t—Wb)/B(t—Wq)
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R=B(t— Wb)/B(t— WQq)
27
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Spin correlations, polarisation

PRL 112 (2014) 182001
Information about spin of the top quark

transferred directly to decay products

CMS, 5.0 fb™ at Vs =7 TeV
[ T T T T | T T T T | T T T T T T T T ]
—%— (Data-bkg.) unfolded -

0.65 L Syst. uncertainty
- —— MC@NLO parton IeveIE

Can be altered by couplings to new

1/0 do/d(cos(6y))
o
(®))

0.553— _f
particles in BSM models 05t et
Asymmetry variables defined for o ;

0.4F -

Polarisation: Ap— N [cos(8;) > 0] — N [cos(0}) < O] :
N [cos(8}) > 0] + N [cos(67) < 0] 0850 v 1

-1 -0.5 0 0.5 1
and spin correlation discrimination:
N(A¢pp+o- > 1/2) — N(Apy+p- < 11/2)

CMS, 5.0 fb™ at Vs =7 TeV
IIIII |IIII|IIII|IIII|IIII|IIII||—

|+|-)

AA(P — 05 - W.Bernreuther & Z-G.Si —¥— (Data-bkg.) unfolded ]

O (SM,u=m) . .

N(Aq)g-i-g— > 7-(/2) —l_ N(A4)€+£— < 7-[/2) S n W.Be!:nreuther&Z.-G.Si Syst. uncertainty i

Q 0.45 - (uncorrelated, u =m,) —— MC@NLO parton level |

o) -
© .

Asymmetry Data (unfolded) MC@NLO NLO (SM, correlated) L o04F ]
Apg 0.113 £0.010 £ 0.006 & 0.012  0.110 = 0.001 0.115%50¢ T .
Ap 0.005 = 0.013 = 0.014 == 0.008 0.000 = 0.001 N/A 0.35 -
° ° L] ° 0.3:

Indication of presence of spin correlation I e S E

0.21- g

No indication of polarisation, in agreement | ;
with NLO SM prediction DT &, (radians)
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Section

Beyond the Standard Model
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Flavour changing neutral current

Transition from a quark to a different-
flavour quark of the same charge:

forbidden at tree level in the SM

strongly suppressed in higher order
diagrams

can be enhanced in NP models

Search in trilepton t—Zq+WVb decays

No evidence of FCNC found

CMS PAS TOP-11-028

>
O
<
w
© o
I
o
—
(12
<

Events / 20 (GeV)
08]

> [ CM3, is=8TeV..
. )
/Z and W decay leptonically O [L,=1971b
E :
S

Combination with 7 TeV result excludes s00f , i
BR(t—Zq) > 0.05% (95% CL) S
150+ < P =
10&;(5"'155'"zad"'zéd"sod"s;,o
m,, (GeV)
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Summary

CMS has rich program for quark related analyses
Provide precise test of the Standard Model
Allow searches for many NP effects

All analyses of top quark cross sections and properties show good
agreement with SM predictions

Disagreement with NLO predictions in top quark pt distribution.
Better agreement with approx. NNLO calculations

Most precise top mass obtained from the combination of
2010-2012 CMS measurements: my = [ /2.2 £ 0.1 £ 0.7 GeV

Many results on 8 TeV data approaching publication
Complete list of public CMS results at a dedicated page
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