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Outline

= |ntroduction

» Detecting top quark signatures at CMS

» Selected top quark physics results from CMS

| will only show today a personal selection of CMS results on top physics
The state of the art of CMS top quark results is available here:

https://[twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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What’s special about top?

= Special role in the electroweak (EWK) sector and in QCD

» Heaviest elementary particle known J2m |
= i = 1
» The Higgs couples preferentially to top % %

e Sensitive to Higgs mass through EWK loop corrections

* Top mass is related to the fate of the Universe

Vacuum stability
182

e Decays before hadronising: “bare” quark 180

T~5X%x10% s << 1/AQCD 178

;‘ 176

=>» A tool for precise tests of Standard Model (SM) | Y

2 172

o
168 [

166

» Special role in various beyond SM extensions

« New physics may preferentially couple/decay to top "2 12 1 1[2- v 128 130 132
MH e

e Major source of background for many searches

=>» A sensitive probe to New Physics
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<0 Top quark production ...

= {t production dominated by gluon fusion at LHC (~90%)
¢ LHC (7tev) Tevatron

g t swooo—1t 9
W >.Q.0.QQ.O< gy ~80%  ~15%
g & i oowooo——f g t g ~20%  ~85%

q

[Beneke et al. arXiv:1208.5578]
o [pb] Tevatron LHC (7 TeV) | LHC (8 TeV)

NLO 6.681036+0.23 | 158 1+195+68 | 9@ 7+27.8+9.2

* Uncertainties ~ 5 %

- . —0.75-0.22 —21.2-62 =29.7-8.3 |
° 0.21+0.29 11.1+7.2 16.5+9.7
Full NNLO f(_)r qq->tt available [ NNLO 70070214022 17160.97 111472 T 99 g*1e+07
« NNLO gg->tt just came out ! NNLL | 7.157021+039 1 162.4+7+7:3 | 231.8"05%07
» Production of single top via electroweak force
q’ q q t b w
w+ b
w
) ¢ @ b9 t
Predictions t-channel (Otqb) s-channel (O1w) tW-channel
Tevatron 2.26 pb 1.04 pb 0.28 pb
LHC (7 TeV) 64.6 pb 4.6 pb 15.7 pb

N. Kidonakis, Phys. Rev. D 83, 091503(R) (2011); Phys. Rev. D 81, 054028 (2010); Phys. Rev. D 82, 054018 (2010)
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In Standard Model:
~100%

W decay modes
define
top final states

... and decay

Top Pair Branching Fractions

"alljets"” 46%

t+jets 15%

all ha roni"c ~ 46%
Huge bg: QCD

u+jets 15%

et etjets 15%

"lepton+jets”

| + jets ~ 30%
Moderate bg: W+jets
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CMS

Detecting top quark signatures at CMS

In theory ...

Ve By
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CMS
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... in detector
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« 21m long, 15m in diameter
» 14000 tons

ECAL

‘-'h» HCAL LB (5 TS
I “l f:\\\ . 3.8T Solenoid
L) N, 4
[ /) ;”\\xg’ \\ Muon endcaps (CSC+RPC)

1% ’.

\:&'

*

N . CMS Collaboration:
Silicon pixel + « ~2500 scientists +
strip tracker engineers

 ~850 students
Muon barrel « ] 73 institutes

(DT+RPC) Preshower (Pb\+‘S'i)' » 40 countries
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

| CMS in the inverse femtobarn era

== 2010, 7 TeV, 44.2 pb '
e 2011, 7 TeV, 6.1 fb !
= 2012, 8 TeV, 23.3 b !

20 /
CMS recorded:

~ 5 fb1 (7 TeV)
~ 22 fb1 (8 TeV)

15

10

Total Integrated Luminosity (b ')
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» Excellent performance of LHC and CMS

at 7 TeV (2010-2011) and 8 TeV (2012)

= Subdetector efficiencies from
97.1% - 99.9%, at design
performance or better

= Coping successfully with challenges
of high luminosity in all fronts
trigger, computing, reconstruction

= Luminosity uncertainty is
2.2% (7 TeV) and 4.4% (8TeV)

LHC is a ‘top factory’: ~ 1M tt events at 7 TeV and ~ 10M at 8 TeV !!

e Entering the era of precision measurements: cross sections, ...

e Entering the top properties domain: mass, asymmetries, couplings, spin structure, V, ...
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CMS
lepton+tjets
\ N\
\‘ Jet:
\ pr=61.7 GeV/c
n=1.38
Muon: ‘
pr=64.4 GeV/c
n=0.29 \ Jet:
p.=135.9 GeV/c
n=0.79
Missing E:
65.9 GeV
Jet:
Jet: pr=51.5GeV/c
p;=61.7 GeV/c n=-0.12
n=0.81
CMS
Run: 163480

Detecting top quarks at CMS

= All physics objects are essential for top physics
» Charged leptons, (b)-jets, E;™Mss

» Needs optimal object reconstruction

* ‘Particle flow’ combines information from all
subdetectors to reconstruct and identify particles

» Needs sophisticated analysis tools
e b-tagging, tau reconstruction, kinematic fitting

Event: 81224410

Muon
Electron
Charged Hadron (e.g. Pion)

~ = = « Neutral Hadron (e.g. Neutron) @ilil"}llli

---- Photon

)l”"

Transverse slice
through CMS
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- Selecting top quarks at CMS

Trigger: Single / double (isolated) leptons, or based on hadronic activity

Missing transverse energy

(E,Miss) (optional) Leptons (u, e, t)
« Negative vectorial sum p;of | V¢ ™7 Py [ *pPr>20GeV, n| <2.1-25
reconstructed particles ’0.\ « Precise momentum
« EMiss > 20 — 60 GeV ’ measurement, excellent ID
* Isolation

Jets, with anti-k; algorithm L b-jet

* Pr > 20-30 GeV, In] < 2.5 " bejet ID (b-tagging)

. Prec.ise measurement with - (optional)

3:‘:;' r::;tn?nergy scale AL NX) Using secondary vertices
y e yaay it andfor track impact

parameter information
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CMS top quark measurements in a nutshell

Top-pair production cross section:
o dileptons, I+jets, all hadronic, taus

Searches:
Top-pair differential cross sections: * resonances
* dileptons, I+jets +  *search for FCNC
b
Other properties:

°* mass

e charge asymmetry

W helicity

e Spin correlations
e Charge

e Polarisation
« Rare decays Single top t-, s-, tW channel
production, properties, couplings
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CMS§

Top-quark pair

(differential) cross section measurements

g

o Ndata — NBG

Gtz f[dt

e First step in understanding top physics

e Test of theoretical calculations and search for new physics

M. Aldaya
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> Top-pair production cross sections

. Oms \s=7TeV 2.3 f” of Muon Data
: . arXiv:1212.6682  §,p) o . utjets,, 0
Leptontjets channels: . ccpted PLB) 2 & & $ &
i) (3V] A N (3]
1 isolated high-p; u/e, veto on additional g g 3 3 3
leptons, = 4 jets, = 1 b-tagged jet . o @ ~ 0

» Fit to secondary-vertex mass in different
jet and b-tag categories

Main syst.: jet energy scale (JES), b-tagging 10

g = 158.1 2.1 (stat.) == 10.2 (syst.) £ 3.5 (lum.) pb| (7%) Secondary Vertex Mass (GeV)
CMS 2.3 fb"at\s = 7 TeV
Dilepton ee, py, ue channels: 8 3500 g _ JHEP 11 (2012) 067 7
C 3000F * Data =
2 opposite-sign isolated, high-p; leptons, = 2500k %3}; Ny.iagiets
> 2 jets, 2 1 b-tagged jet W |
2000:_ I non-prompt lepton s E

= E.Mss for ee, uu; veto Z-mass region 1500) I i signal _
= AlImost background-free 1000¢
500, |
» Profile likelihood ratio in different jet & b-tag categories _14'
g1
5.1 : ol
og = 161.9 £ 2.5(stat.) 72 (syst.) £ 3.6 (lumi.) pb| (4%) ?gg;é ,,,,,,,,,,,, 0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . : ;3
Main systematics: JES, lepton selection b-tagged jet multi;)"city
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CMS§

- 0® -
Summary of o(tt) results DESY
),
CMS Preliminary, (s=7 TeV CMS Preliminary, \s=8 TeV
7 TeV CMS-PAS TOP-12-007
CMS e/u+jets+btag 168+ 2+ 10+ 4 : J
arXiv:1212.6682 (L=2.2-2.3/fb) (val. = stat. + syst. = lumi.) CMS I+jets (e/u+jets) 208+ 9+ ;Z +10 pb
TOP-12-006 (L=2.8/fb) (val. + stat. £ syst. £ lumi.)
CMS dilepton (ee,uu,en) 162+ 2+ 5+ 4
JHEP 11 (2012) 067 (L=2.3/fb) (val. + stat. + syst. + lumi.)
CMS dilepton (eeup,eu) 227+ 3+11+10pb
CMS all-hadronic 139+10+26+ 3 TOP-12-007 (L=2.4/fb) (val. + stat.£ syst.  lumi)
arXiv:1302.0508 (L=3.5/fb) (val. + stat. + syst. + lumi.)
CMS dilepton (et,ut) 143+14+£22+ 3 :
Phys. Rev. D 85 (2012) 112007 (val. + stat. + syst. + lumi.) CMS combined 227+ 3+£11+10pb
(L=2.2/fb) d (val. £ stat.+ syst. * lumi.)
CMS t+jets 152+12+32+ 3
arXiv:1301.5755 (L=3.9/fb) (val. + stat. + syst. + lumi.) EEEE Approx. NNLO QCD, Kidonakds, arXiv:1205.3453 (2012)
. =71 Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)
[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 1 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030 [ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
[ Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097
1 NLOQCD [ | | |
| I I l l 0 100 200 300 400
0 50 100 150 200 250 300 (tf) (0b)
- (0} P
o(tt) (pb)
Excellent agreement between different channels at 7 and 8 TeV
Experimental uncertainties < 5 — 15 % - approaching theory precision
M. Aldaya DPG Meeting, 05.03.13



CMS§

A. Mitov, La Thuile’13

CMS Preliminary

Summary of o(tt) results

Theory (scales + pdf) mes gt 1
300 + Theory (scales) — - ®CMScombined7Tev(1.1f) =
CMS dilepton, 7TeV »—v— = | ™ CMScombined 8 TeV (2.8 fb")
ATLAS and CMS, 7TeV =——— o °COF
CMS dilepton, 8TeV »—+— e P
. 250r Eull NNLO cal 19" Approx. NNLO calc. -+~
Q u
S u calc. - - 166 * 14 pb (7 TeV)
S i 227 £ 15 pb (8 TeV
S 200 i pb ( )
- Approx. NNLO QCD (pp)
Scale uncertainty
PP — tt+X @ NNLO+NNLL 10 — Scale ® PDF uncertainty
150 m,op=173.3 GeV T A A Approx. NNLO QCD (pp)
L Scale uncertainty
L MSTLVV2008NNLOI( 680,) B [ Scale ® PDF uncertainty
6.5 7 75 8 85 | / SR L B
VS ev I/’iI'IIIIlI|I[II|I[II|IIII|IIII|IIII|IIII
TeV] 1 2 3 4 5 6 7 8 9
[Czakon, Fiedler, Mitov (to appear)] \'s (TeV)

Experimental precision: 6 — 8 %

» Full NNLO calculation for gg available since last Thursday !

Good agreement between measurements and full NNLO calculation

M. Aldaya 15
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CMS§

Top-pair differential cross sections

Precise tests of pQCD, tuning & validation of MC models, constrains on BSM effects

= Measure o(tt) as a function of several kinematic variables for different observables
top, top pairs, (b)-jets, leptons, lepton pairs, E;™Miss, ...

.................................. g 0 IO ot et
a Tﬂ' > f e'p « Jets Combined * Data )
= 5 “R : — Madarnon ]
Event == = esponse ‘ -
-] W Jees [} "
c JOCD Mitiee
2 . Seom To ]
o J

30 . T
matrix © 20\ POWHEG

20

10

T TR T TP I IV P TVPN |

1 F
IS f
] . (Reconstructed) ;
40 60 B0 100 120 140 160 1agezoo ) Olatacalacaloials anlai
» [

40 60 80 100 120 140 160 180 200

o, [%¢Y]
1ds® 1TN:. —NE L = integrated luminosity
b o = bin width for variable X
g & x€ ¢! = efficiency and acceptance

» Corrected for detector effects (finite experimental resolution)

= Visible phase space or extrapolated to full phase space for comparison with theory

» Normalized to inclusive cross section in corresponding phase space
» Only shape uncertainties contribute
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CMS§

Top-pair differential cross sections

10° CMS, 5.0 fo'at\s =7 TeV
x

arXiv:1211.2220
(accepted EPJC)

CMS, 5.0 b at\'s = 7 TeV

u ' i — L S e B L B L IR IR O A Aa) A LAALY AL ALY ALY ALY ALY AAALY LAY
FU” klnematlc reco. > - Dilepton Combined e Data ] '8'% - e/u + Jets Combined e Data
of the tt system 8 9_ — MadGraph —Io  o6F —— MadGraph ]
‘O—' .8 MC@NLO - I+jet5' ------ MC@NLO
= Comparison to 38 i - POWHEG 0.5F ¢ "--:OWHESNLO__
: C b 25 VI— Approx. NNLO - - y(top) - pprox. ]
different predlctlons. 6F (arXiv:1000.4035) ] 04k @xwviiossier)
» MadGraph+Pythia - _ E : 5
MC@NLpO+Hy _ aF dileptons: - 0.3f ]
* erwi - ] ]
_ 9 3f- pr(top) 1 0.2f E
« POWHEG+Pythia f E : 3
- : ; 0.1 .
* NLO+NNLL - m(tt) 1 ] F
poaa el a!l : _— NN ERETE FRERE FRRNY SRRNE AT FRER AERNE SRERE R
* approx. NNLO > pT/y(tOp) 0 50 100 150 200 250 300t 350 400 %5 245 105005 115 2 2t.5
p. [GeV] y
O|'3=> 0-8_""I""I""I""l""I""I""I""-Ir""l""_ — FTT | T L L
) Ol © - Dilepton Combined e Data 1 > . e/u + Jets Combined e Data ]
Softer top p; in data, *~i® o7f — MadGraph  §  (§ 02k it — MadGraph |
, - : - Bm 1 = : ets: - MC@NLO 3
better described s dileptons: MC@eNLO 3 ™, J :
of tt -~ POWHEG 8‘ E m(tt) ~—~POWHEG
by approx. NNLO : y(tt) 1 s e — NLO+NNLL
0.5 7 10 E (arXiv:1003.5627) 3
0.4f I Za_ E i ]
- . 104E =
In general, good 03f E - i
agreement btw: 025 ] B N i
g er 7 51 o=
- data and predictions F : 107¢ \
. . 0.1F - C ]
- different predictions : ] F | | | | N
L -6 11 [ T - 11 11 1 T -
[ Yy YRR TR RY 10"400 600 800 1000 1200 ;400 1600
0 mi [GeVI-
y O
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CMS§

= Full kinematic reco.
of the tt system

= Comparison to

different predictions:
* MadGraph+Pythia
* MC@NLO+Herwig
« POWHEG+Pythia

« approx. NNLO - p+/y(top)

Softer top p; in data,
better described
by approx. NNLO

In general, good
agreement btw:

- data and predictions
- different predictions

Top-pair differential cross sections

, CMS Preliminary, 12.2 fo' at /s = 8 TeV

"'__| 10?1|0||Il|||IIIIIIIII]lllll‘l[lllll]l‘lll:
g, o Dilepton Combined e Data E
= —— MadGraph B
gg o CMS-PAS MC@NLO -
o 75 TOP'1 2'028 --- POWHEG ]
o~ Approx. NNLO 7

6 :_ (arXiv:1210.7813) .

5f -

4 dileptons: -
N pr(top) -

2 :

] SN =

| | 1 1 | 11 ‘ 111 2T ;I -

p‘T (GeV]

_8|I:>‘ 0.8 _I TTT ‘ TTTT I TTTT | TTTT I TTTT | TTTT l TTTT I TTTT | TTTT [ TTT I_
—o_  F Dilepton Combined e Data ]
0.7 . 3

- CMS-PAS MoGND

osf TOP-12-028 POWHEG
0.5p dileptons: -
04 e y(tt) -
0.3 -
0.2 -

0.1 -

L 1]1llllIlllllllllilllllil[llllllllll]lllll .

25 2 15 -1 -05 0 05 1 15 2 2.

L1 NI AR I I
0 50 100 150 200 250 300 350 400

_[Gev ]

1 do

8 TeV New &

CMS Prelimitary . a

0.7lllllllllllllllllllllll I|ll|lIIIIIIIIIIII||IIII_
e/u + Jets Combined ® Data ]
0.6 —— MadGraph ]
CMS-PAS 0 e
05 TOP'12'027 ---- POWHEG ]
------ Approx. NNLO

0.4 I +j ets . (arXiv:1205.3453)

y(top)

IlIlllIllll|||l||||||l||l|||llll

0.3 -~
0.2 -
0.1 —
11||||||||1111l1|1||||||||1|||||1||||||||||1|1111_

-%.5 2 15 105 0 05 1 15 2 25
yt
F | T T T I T T T | T T T I T T T | T T T I T T T :
[ e/ + Jets Combined * Data ]

—— MadGraph

2 i —
107 CMS-PAS MC@NLO 3
Y TOP'12'027 ---- POWHEG E
3 . -
10 I+jets:
N m(tt) i
10 == N
10°F “'“""‘""‘E
10-6 | | 1 | | I | | 1 | 11 1 I 1 11 | 1 1 1 I 1 1 1 |

400 600 800 1000 1200 1400 1600

eall F o) /]
mToeva

M. Aldaya
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CMS§

At LHC, the fraction of tt events produced with additional
hard jets from initial (final) state radiation is high

= Typically, large uncertainty
due to radiation modelling in MC

e Help tuning MC models
with measurements

= Anomalous production of tt+jets could reveal new physics
= Background for tt+H and many BSM searches

CMS Preliminary, 5.0 fb™ at\s=7 TeV

In general, good 8 [ DieponCombined  CMS-PAS
agreement between o gL TOP-12-023
data and predictions S dileptons:;
0% 0 == e Njets

N(jets) sensitive to - —"
modelling of radiation 102 ¢ Data T .
. . F —— MadGraph+Pythia
in MadGraph: | __. MC@NLO+Herwig .
data better described 10°F — POWHEG+Pythia b5
by larger scales o 15 b ]

J) SN

e o5 b, .

2 3

Data/MC

10"

1072

1073

1.5

0.5

x10°

Constraining QCD radiation using tt events

CMS, 5.0 fo'at\'s = 7 TeV

[ e/u + Jets Combined

|||||||||||||||lu—1.1

|||II|
e Data

—— MadGraph
--= MC@NLO
POWHEG

arXiv:1211.2220 1

I+jets:
pr(tt)

150 200 250 300

50 100 >
p! [GeV]
" Dilepton Combined CMS-PAS 1
i TOP-12-023_
dileptons::
e e Njets
[ eData 7 Foe |
E —— MadGraph+Pythia 3
----- MadGraph 4*Q?
---- MadGraph Q%4 R
£ --- MadGraph matching up i E
E --- MadGraph matching down ]
2 3 4 5 >6

M. Aldaya
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CMS§

Top-quark properties

M. Aldaya
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- Top quark mass

80.5 T T T T I T T T T I T T T T | T T T I T T T V,}' | T T T T

| 68% and 95% CL fit contours mii Tevatron average +
w/o M,, and m, measurements -

~
» Current measurements of the top 3
=
=

©
e
B
o

T T T[T 7T

[~ 1 | I 1

maSS are Very preCISe 68% and 95% CL fit contours
wio M, m, and M, measurements
o Tevatron mt = 17318 + 094 GeV My, world average = 16 T oy
4L ’ "'47//(/ A
= Fundamental parameter in the SM, 2035 yr / —

not an observable - scheme-dependent

» Pole mass: viewing top quark as free parton 8%3

« MS mass (‘running mass’): 80.25

T T | T 71T | T 1T | T
\L \
1
‘1 “\
- II'\
'
L1 | [ | L1l | |

d

ole S 4 2 ,’;’l"])l L L1 l,f'"]"yl 1 r""l"‘| o b
mPele — m(u) {1 + a4(7,ru,) (§ +In (m/(iy)2>> + ... } 140 150 160 170 180 190 200

« ‘MC mass’: (N)LO+PS, different from pole or MS mass

3

[
)
S

t

= Determining the top mass:
« Direct methods: full reconstruction of tt events, depend on MC

* Indirect methods: use the dependence of the top mass on other variables

NB: relation of measured m,,, to well-defined mass not straightforward

M. Aldaya 21 DPG Meeting, 05.03.13



CMS . . &
Top mass in |+jets  JHEP12(2012) 105  [DESy

CMS, (s =7 TeV, (+jets
T T I L T T T I T I T L T L

T T T
- [ ttunmatched B Z+jets

Simultaneous measurement of top mass and JES: > jo00f Eivers  Hwies
N tfﬁ:c::aimy e Data(5.0fb")

1 isolated w/e, = 4 jets, 2 b-tagged jets 1000F :

» Reconstruct top mass from kinematic fit > mfit 8001 mfit
= W from reconstructed 2-jet invariant mass _

(handle on JES) & m,,c°

= For each event, calculate the likelihood that m/®and m,,ec°
are consistent with a given top mass and JES factor

600
400

Sum of permutation weights / 5 GeV

2001

= 2D fit over all events to extract the top mass and JES: 100 200 30%" [Ge\‘}?o
(<1% precision!) ., 25
my = 173.49 £ 0.43 (stat.+]ES) £ 0.98 (syst.) GeV %_oosf !
- 20
JES = 0.994 £ 0.003 (stat.) = 0.008 (syst.) )
15
0.995
= Most precise individual mass measurement ever ! 066
= Consistent with world average |
Main systematics: b-JES, colour reconnection 0985
0.98 0

172 173 174 175
m, [GeV]
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CMS§

m, dependence on kinematics

How does the measured m, relate to the one needed

for theoretical calculations ?

» Relation contains (non)perturbative corrections, expected

to depend on event kinematics

 Colour reconnection (CR), ISR/FSR radiation, ...

» |s this kinematic dependence properly modelled in simulation?

Sensitive to CR

CMS prellmlnary \s 7TeV lepton+|ets

Sensitive to ISR/FSR

CMS prellmmary \s 7TeV Iepton+|ets

MS, 5.0 fb”, {s =7 TeV, (+jets

m, [GeV]

172 173

b-quark kinematics

CMS prellmmary \s 7TeV Iepton+|ets

= N T l ] = F T T I T :
> 10— o Data(SOfb') 4 @ s o Dala(SOfb') i 15_ o Data 5.0 fb ]
S AR(q@) Therwez ] O poltt) e I
o = - - MG, PythiaP11noCR{ O 4— — - Powheg, PythiaZ2 - A L - MG, Pythia P11noCR]
g 5 -- MC@NLO,Herwig —| & [ -~ MC@NLO,Herwig | &~ 101~ - MG@NLO, Herwig
VOE r"“ 1 vV 2 4 v f ’ )
o ~ 1 o - n ' : :
t\é" OE_' ) _: CE" 0 = i :“_‘_;_j D(\é- 5—_ Forrds st st L ".-.".':':'.".'_“__
s (- ] 2f = - ]
C ' ] C ! ] 0— —
- : 4 = - i
_ -0 i { ______________ 4 _ F ] - .
> F R © ST 4 3 s -
2 P e | e 9105:::}:::}:::}:':}: } b S0 b - | o .
N 3 { 1 g : | o s 1 : | i =
S ot . $ S o . = 3 I i -
= F - 1 =2 : t g 0; 3 +
o Sbl | . | . e () N A AT I IS B I S C5E L L L
g 1 2 3 4 5 5 § 0 2 a0 e e 10 @0 W) it g 55 100 150 200 =
© @ ° pT-‘f[ VI3 Pr b had [GeV]
Good agreement between data and predictions; more data needed !
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Summary of top mass results

CMS-PAS TOP-12-001

LHC combination CONF-ATLAS-2012-095

CMS Preliminary CMS-PAS TOP-11-018
CMS 2010 dilepton ) ’ 1790146146
JHEP 07 (2011) (L=36 pb) (val.  stat.  syst)

. — . ]
CMS 2010 lepton+jets 1731121127
PAS-TOP-10-009 (L=36 pb") (val. £ stat. £ syst)
CMS 2011 dilepton — 1725+04+15
arXiv:1209.2393 (L=5.0/fb) (val. £ stat. £ syst)
CMS 2011 lepton+jets ) 1735+04+1.0
arXiv:1209.2319 (L=5.0/fh) (val. £ stat. £ syst)
CMS 2011 all-jets B 1735407413
PAS-TOP-11-017 (L=3 54/th) (val.  stat. £ syst)
CMS combination . 1734404409
uptoL=5.0/b (val. £ stat. £ syst)
Tevatron 2012 combination e 1732406+08
arXiv:1207.1069v2 up to 5.8/fb (val. £ stat. £ syst)

CMS combined result

I I I I I I

160 165 170 175

180 185
mlop [GeV]

LHC Mg combination - June 2012, Lim =35 pb" -491p"
ATLAS + CMS PreliminaryNs =7 TeV
AL ED e e @it 169.3+ 4.0 + 4.9
A’LA?‘?"” ol ——i 1745406+ 2.3
e e ————  174.9+21+39
GNIS 200, Chaptor O———i 1755+ 46+46
OIS 2010, s bttt 1731421+ 2.7
(II_II c: IP[fII' et 173.3+12+27
CMS ”) I‘ I.I. : ]I[ | 0 1726+04+15
LHC June 2012 2 1733+£05+£1.3
Tevatron July 2011 b 173.2+0.6%0.8 >
I l l [ + (stat.) + (s
150 160 170 180 190

Mo (GeV]

Missing most up-to-date CMS and ATLAS results

Measurements in |+jets and dilepton
channels now competitive with the
corresponding ones at Tevatron

Precision of combination similar to
Tevatron combination
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| tt charge asymmetries

Asymmetries in angular distributions between top and antitop may indicate

BSM top production interfering with SM production

Tevatron: arXivi211.1203

o

e L —— -1
< [ CDF Data, 9.4 fb
0.6

= Tevatron (pp): (anti)top quarks Tevatron L?,'ii-top

preferably emitted in the direction [
of the incoming (anti)quarks \ “F
-

« Small qg—>ft NLO effect,

|~ — tt Prediction

02—

oy, = (15.2:£ 5.0)x10° (GeV/c?)”

oy = (3.4+1.2)x10* (GeV/c?)"

not present at LO or in gg—>tt n
Tevatron: Az higher than %5 s 500 s s00 ss0 700 780
- Forward-backward asymmetry predicted by SM Parton-Level M, (GeV/c?)
: . . LHC A top
» LHC (pp): gg symmetric > SM asymmetries more diluted anti-top
* No valence antiquarks, quarks have higher momentum on average
- Asymmetry in width of (pseudo)rapidity distribution "
n
Sensitive variable: AlY|= |V | = Viparl In dileptons, also lepton charge asymmetry:

A= | = gl

_N@AP>0)-NAY <0 i _ N(AJn|>0)- N(Aln|<0)
“ N(Aly|>0)+N(A]y <0) © N(Aln|>0)+N(Aln|<0)
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Measuring tt charge asymmetries [ or 57"

. Incluswe and dlfferentlal AC measurements in |+jets:

1/0 do/d(Alyl)

- CMS T ]
L 5.01b"at Vs =7 TeV _D“‘*‘ o  Kinematic reconstruction of the ft system
A = 0.004 = 0.010 NLO prediction i
0.6— —
bets , |« Corrected for background and detector effects
s 1 Lo th [Kiihn, Rodrigo
04" 1+ SM prediction: A5Y = 0.015 % 0.0006  arxiv:1209.6830]
02| 1 |Ac = 0.004 £ 0.010 (stat.) & 0.011 (syst.)
R —————= + Comparison to NLO and to effective axial-vector
A gluon BSM model (EAG)  [Gabrielli, et al. PRD 85 (2012) 074201]
O — — — - —_—
< O.1—dMé S '—ol—Da;a e <O = l l-o-Data T ]
- 5.0fb'at Vs=7TeV —EAG - 0.1"_5._0fb"at\{§=7TeV EAG B
| I+jets — NLOprediction | - |+ets m (tt) — NLOprediction |
t : i -
0.05— ly(tt)l — 0.05F A - N
: 1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ol 0:-_ r_ ‘‘‘‘‘‘‘ S— N
i ] ] 0.05 -
-0_05; N R R N N P B B S
0 0.5 1 1.5 300 400 500 600 700 800
ly | m, [GeV/c?]

No significant deviation from SM observed so far; more data needed !
26 DPG Meeting, 05.03.13
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L Summary & outlook

» Top physics: key to QCD, electroweak and new physics

* In the last years, the LHC has become a real “top factory”
* Precision regime: o(tt) < 5%, m,, ~ 1 GeV

e Experimental precision challenging the theory

» CMS has a huge physics program for top quark physics
e Cross sections, mass & other properties, searches

= So far, good agreement with SM predictions

= More results expected soon with up to ~20 fb-! of data at 8 TeV

Stay tuned !
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Additional information

M. Aldaya
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| Generator setups for tt at CMS

process ME PS method PDF Tune
tt + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(%)
tt POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M  Z2(*)
tt MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

» Matrix Element + Parton Shower generators

 Better description of high multiplicities
* ISR/FSR modelling via ME from assumed QZ variation

» Matching procedure to remove double counting tree level diagrams with up to 3 partons
between partons produced by ME and PS

» Next to Leading Order generators
* More accurate in normalization

e Smaller uncertainty on Q2 . )
y real + virtual corrections

» MadGraph(+Pythia) is the default for most of the analyses
» Uncertainty on radiation covered by variations of Q2 and ME-PS matching
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Radiative corrections

» The ‘Q? scale’ variation addresses 2 aspects:

e renormalisation and factorisation scale (ME)

e amount of initial and final state radiation (ISR/FSR)

= For each event, Q? is defined as: » Parton showering:
Q" = m; + 3 p; (MadGraph)
Q? = m? (POWHEG/MC@NLO)

* Q2 varied up (down) by a factor 4.0 (0.25)

» MadGraph uses:

* pr-ordered evolution scale of ISR/FSR
* shares Q? factor ag scale with ME
« implicitly: starting scale changes with AQ?2

* tree-level diagrams for hard radiation and interferences (up to 3 final-state partons for ttbar)

* parton showering for soft and collinear region (with Pythia 6.42X)

e matching via ktMLM, thresholds varied by factor 0.5 to 2.0 (nominal = 20 GeV)

M. Aldaya
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Mass dependence of predicted cross section
allows determining m, from measured oy

—> provides top mass in unambiguous definition

= Extract pole and MS mass from

measured cross section in dileptons

» Most probable mass results from joint

likelihood: theory ® experiment

CMS Preliminary, Vs=7 TeV, L=1.14 fb™

approx. NNLO x MSTWO8NNLO:

[ Langenfeld et al
B A Kidonakis

400

Ahrens et al

200

- [ ] Measured cross section <
@ Cross section corrected for mP®*® (Langenfeld et al)
t

Top quark mass from o(tt)

CMS-PAS
TOP-11-008

CMS Preliminary, Vs=7 TeV, L=1.14 fb™
Top quark pole mass from cross section

CMS (Prel., L=1.14 fb™") approx. NNLO ® MSTWOSNNLO

value * theo ® exp * a (m,)

Langenfeld et al.

° {1703 t6-2+3.8

-5.3-4.0

. { +6.6 +3.7

Kidonakis 1700 "5340
_ | +6.8 +3.3

Ahrens et al. “ ) 167.6 -6.1-3.6

ATLAS (Prel., L=35 pb") approx. NNLO @ MSTWOSNNLO

Langenfeld et al. ° 166.4 +;g
o +7.8
Kidonakis ® 166.2 74
@ +8
Ahrens et al. 1622 75 &
DO (L=5.3 fb“) approx. NNLO ® MSTWO0SNNLO
. —_————— +5.2
Langenfeld et al 167.5 35
————— +5.2
Kidonakis 166.7 45
—_——— +5.1
Ahrens et al. 163 46
Tevatron direct measurement (July 2011) - 173.2 *_gg
| | | 1 | | 1 1 | | I 1 | 1 1 | ! 1 | 1 I | | 1 1
140 150 160 170 180 90
mtpg °(GeV

Good agreement between different calculations
Results consistent also with other experiments

| ) Measured cross section dependence on m"° Precision ¢ Systematic uncert. of the measurement
0 Il Il Il Il ‘ Il Il Il Il ‘ Il | | | ‘ | | | | ‘ | | | |
140 150 160 170 180 190 limitations: e+ PDF uncert. + as uncert. in the PDF
mP°" (GeV)
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o, from o(tt)

. . | Most likely Uncertainty
Using arXiv:1208.2671 value Total | From om,
Top++13 . NPDR21 L 01178 | 0G| oo
HATHOR 1.3 | oaas | TOOR | Tooon
+0.0037 +00013
T0P++ 1.3 with MSTW2008 ‘ 0.1172 —3.3:“7 —383}4
HATHOR 1.3 01139 | T00R: | Tooons
+0.0028 +0.0010
Topt+13 = th HERAPDF15 | 01168 T —r
HATHOR 1.3 01140 | *55%1 | ZG50m0
T 13 11211 o0.0(BZ +0.0010
oprT with ABM11 01211 e
HATHOR 1.3 0.1185 00m8 | 00010

2.3fb" of 2011 CMS datax approx. NNLOloro“ \s= 7TeVm‘ =173.2+1.4 GeV

New CMS PAS TOP-12-022

* High precision measurement of the
top pair cross section can be used to
determine the strong coupling
constant a (m;).

« Dependence of the tt cross section on
a, and correlations with m, determined
with Top++ and HATHOR ‘and for
various PDF sets.

LA B s s e B
V- Topes 13 6
e ancn 12 g * a, determined from the maximization
_ - of a likelihood function :
H . Ho NNPDF2.1
i a " msTwa008 L(ag) = / fexp(arflas)lfm(anlas) 0.
& 4,;' t H HERAPDF1.5 / \
ABM11 H M H } i
| 1 1 * —H | | Gaussian term, Con.volutlon ofa
011 0112 0114 0116 0118 012 0122 0.124 ?.12)6 experimental Gaussian (PDF) and a
(M -
s\ measurement rectangular function
(ren./fact. scales)
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CMS ] . ‘
Top-antltop mass difference JHer o6 (2012) 109 @

CMS, 4.96 fb' at\s = 7 TeV M i
>6000: BT L T SN + ! ".‘.7 I Wy
. . . 2 F + W Zh*-IT
Test of CPT invariance: particle and s000f- e ¢ Fets I Single top
. : ~ . (] Multijet
anti-particle must have the same mass ~4000f o Data
= Compare I*+jets vs. I"+jets samples ©3000}
: : : ITHEN:
* 1 isolated high-p; w/e, = 4 jets 2000
_ 1000F
= Mass reconstructed from hadronic t, tbar decay - [
O 14 T
» Kinematic fit from the jet combination with lowest x2 3 ;E iR
@ U L
(= I X Y T IS IS P PP AP P A A
_ _ i - + - 0 100 200 300 400 500 600 700 800 900 1000
» Event-by-event likelihood for I* and I- separately Fitted top quark mass (GeV)
, CMS, 4.96 fbo'at\s = 7 TeV [ T
= World" s best measurement so far! >6000 T T T T T Wl
& L +jets W2y —IT
Amy = —0.44 £ 0.46 (stat.) £ 0.27 (syst.) GeV| gsooor =T
54000 ; + Data
= Consistent with SM (Am = 0) and between the  $3000
e and u channels * 2000}
= Still statistically limited 10007
© q4f T
JES uncertainty largely cancelled 3 &
in the mass difference Soebd o ST

0 100 200 300 400 500 600 700 800 900 1000
Fitted top quark mass (GeV)
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Events

= ttbar+W/Z are rare processes in SM

 Access to top-vector-boson coupling
 Important background for BSM searches

CMS Preliminary L=498fb"at\s=7TeV
N T T T ]

T
12; ® Data ]
L a+z ]
1of Eldsw .
L BlZ+jets ]
s MM .
I [ Diboson ]

“ee)e (et (e (uu Total

25 T T T

o Ctt+z

15/~ [H Charge MisID

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

[ @ Data

P Eiew
t [ Fakes

L wz
[ [ Rare sM

ee up en Total
Trileptons Dileptons
CMS Preliminary L=4.981fb"at fs=7 TeV CMS Preliminary L=498% at\VE=7TeV
g25_ T T T M B M RARE RARE RS RS MRS RARS RAM M
2 [ @ Daa
@ “ 7 TeV 7 TeV
20k Dﬁ+z *
[ |§|ﬁ+w
[ -Fakes
15 [l Charge MisID
- [l wz -

ee Hu eu

Total

A Trilepton Channel
(scaled from o)

W Dilepton Channel
(direct measurement)

Associated production of top and W/Z, bb ‘

Sl

tt+bb: Ratio of light flavor to b-flavored jets

(dilepton final state)

¢ important background to ttH search

o (tthb)
—==36=x1.1 + 0.94y5: %
O'(tt]]) stat syst /0
12 FT T T T T T T T T T 1 'ID lt T3
c - CMS Preliminary Jata o
() - -1 - Mltt + cc/LF -
& 10°L 5.0 fb” at\['s = 7 TeV Mioob
uu eu ee
10 3
10 = E
43

012 3 40

12 3 40

1
b-Jet Multiplicity (CSVM)

2 3 4

- - ® Combination
NLO Calkulation
FETE PETE PETE FETE FREE FREE FREE PR PR
0 02040608 1 12 14 16 18
tt+V Cross Section [pb)
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Measuring tt charge asymmetries 3517510

» A. measurement in dileptons (ee, up, pe):

o 0.4 CMS erénnl'inar'y T oam - 2 OS isolated, high—p'T leptons, = 2 jets, |
- 50fb7at Vs =7TeV EET . > 1 b-tagged jet; E;™ss for ee, uu; veto Z-mass region
- dilepton —— NLO prediction . ] ]
T y(tt) « Kinematic reconstruction of the ttbar system
0.2~ y _
- » Correct for background and detector effects
| | | » Compare to different theory predictions
o I _]
_ | Inclusive:|Ac = 0.050 & 0.043 (stat.) "5 0ag (syst.)
o o5 1 s ) )
Iytfl =, :""I'-'-“I";'I""I """""" ]
= Alternative approach: lepton charge asymmetry =, pep T e E
E - ata - BG ) Unfolded
Sensitive variable: Aln|= In;. | = In, %’ 0.5 Syst. Uncerainy g
o 04:_ —— Powheg parton level B
b L
41— N(An|>0)~ N(Aln|<0) 2
- 0.3F =
© N(An|>0)+ N(Aln| <0) :
0.2 ]
Ajepc = 0.010 & 0.015 (stat.) & 0.006 (syst.)|  o1- -
0:; J‘2ll |1 | I..uluvu

Compatible with SM; more data needed ! |72] I-Inl3
I+ -
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