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CMS

Motivation for top quark physics

» The top quark plays a special role in the electroweak sector and in QCD
* Heaviest elementary particle known to date
e Decays before hadronizing: unique window on “bare” quark
e Top and W masses constrain the Higgs mass

=>» A tool for precise SM studies in the LHC energy regime

» Special role in various beyond SM extensions
* New physics might be preferentially coupled to top
e Non-standard couplings between top and gauge bosons
* New particles can produce/decay to tops

=>» A sensitive probe to new physics

* In addition:
= A major source of background for many searches

=» A tool to understand/calibrate the detector, as all sub-detectors involved
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u/e + jets ~ 34%

11 + 2 b-jets + 2 light-jets +1v
Good rate, manageable bkg
Main background: W+jets

all-hadronic ~ 46%
High rate, huge bkg
Main background: QCD
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Low rate, low background
Main bkg: Drell-Yan
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Low rate, high bkg
Main bkg: W+jets, QCD

M. Aldaya

3 LHC Physics Discussion, 20.06.11



CMS

CMS top quark measurements on 2010 data

CMS public results on the full 2010 pp datasetat Vs =7 TeV: L£=35.9 + 1.4 pb
» Top quark pair cross section measurements:
e in dileptons ( arXiv:1105.5661 (*) )

« in I+jets without b-tag (arXiv:1106.0902 (*) ), with b-tag ( CMS-PAS TOP-10-003 )

e combination of cross section measurements ( CMS-PAS TOP-11-001 )

» Single top quark cross section measurement ( arXiv:1106.3052 (*) )

= Other top quark properties: “E\N \
 top mass in dileptons ( arXiv:1105.5661 (*) ) and in |+jets ( CMS-PAS TOP-10-009 )

e top pair invariant mass and searches for new physics ( CMS-PAS TOP-10-007 )
e top pair charge asymmetry ( CMS-PAS TOP-10-010 )

(*) accepted by JHEP, (*) submitted to EPJC, (*) submitted to PRL

All results shown in this talk are available here:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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: o(tf) in dileptons  arXiv:1105.5661

2 CMS Prolmmary : ts
i I I [ow7 To
» First measurement already with only 3 pb-'! g B it sy, i signal

Phys. Lett. B695 (2011) 424

» Simple cut-and-count experiment requiring
2 OS isolated high-p; leptons, Z veto, jets, E{mss

» Dedicated data-driven estimates for Drell-Yan
and other background events with leptons

= 9 measurements:

~ 3 selections: o
. 2 3 T _ T * Dsta T
3 channels: ) - N(jets) = 2, = 0 b-tag g WE Soph e et Ty mme
ee, uu, ue * N(jets) = 2, = 1 b-tag gof Fvemtewh s/ r e
_ ot = 1 b-tag
-« N(jets) =1, = 0-btag :
= Combined cross section: 14% precision :: ected
o = 168 + 18(stat) & 14(syst) + 7(lumi) pb| =}
20
Major systematics: background modelling and 1o
b-tagging efficiency 0= 1 2 >4

Number of jets
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CMS

o(tt) in I+jets without b-tag arXiv:1106.0902

= 1 isolated high-p; /e, veto on additional leptons, = 3 jets ( no E;™ss requirement )
» Simultaneous binned likelihood flt to E;™ss with 3 jets and M3 W|th =4 jets

100

_5 03-CM§ Simulation at\s _7Tev. I _: _5 " CMS Simulation a at\s 7 TeV' ] 1
*g I e+jets, N —3 . 1 BT 0.25[e+jets, Nj >4 —
— N N E - i — n
T ozsf E_miss Single-Top 1 F M3 = Inv mass of N
s f T Wl 1 ¢ % 3 jets with max 2 p; -
© 0.2p — ZIy* I =T - |
- . : ’ 0.15 R
0.15} QCD/y+ets 4 - Separates top a
o Separates events 0.4 T from backgrounds -
F = with real W decays - E m :
0.05| = 0.05- li J.E‘:Edq_d_l_l-k .
00 20 40 60 80 100 120 140 160 00 100 200 300 400 500 600 700
: M3 [GeV
= Good agreement after the fit: Er [GeV] [GeV]
$ wsol ouSprlmnay +Daa 3 " Measured cross sections:
pb™ at e — T . { .
g 3003_u+1ets, Njets2 3 Etsting|e_Top _f M+Jets: O'tf — 168t§%(stat- + Sy St.) :t 7(lum1.) pb
i) - B Wl =
g % M (W o +ets: oz = 1807 (stat. t.)+7(1 b
TN (W) Qe 3 etjets: oz = 2 (stat. + syst.) (lumi.) p
150;— —é u COmbIned reSUIt 22% precision

oi = 17373 (stat + syst) & 7(lumi) pb

50

20 0 e 0 Soo 320 a0 Main systematics: jet energy scale (JES)
M(W) [GeV]
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o(tt) in I+jets with b-tag cMms-PAS TOP-10-003

T LIS S S B S N B B B B B B B B B N

= 1 isolated high-p; /e, veto on additional leptons, = 3 jets, E;™ss

= Use only b-tagged events based on displaced g CMS simulation ~ —Betem =
w — Charm

secondary vertex " — Light Flavor -

" SV mass: |

» Binned likelihood fit to secondary vertex (SV) mass .,
—> separates light from heavy flavour o

» Measurement in 9 different jet & b-tag multiplicities

inv mass of tracks :
from same SV

o
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isolll 4 : N ) .v B [ wox g - |y -
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C Wcex C ~
100 [JwLrsess | °ETT ‘
L 4—_
50 i .Z +Jets -
2
. - [ Jaco )
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Secondary vertex mass (GeV) Secondary vertex mass (GeV)

= Combined p+jets & e+jets cross section: 13% prec.  Main systematics, determined from

the fit, due to JES, Q2-scale,
og = 150+ 9 (stat.) + 17 (syst.) =6 (lum.) pb b-tag efficiency
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... and comparison with theory predictions

CMS Preliminary \ s=7 TeV

value * stat. = syst. £ lum. error
(luminosity)

CMS combined (prel.) ‘ ’ 158+ 10+, + 6

TOP-11-001 (uncz cor. £ lum.) (36 pb”')

i

CMS |+jets+btag (prel.)
TOP-10-003

150+ 9+17 + 6
(36 pb™)

Combination of o(tt) results cMs-PAS TOP-11-001

o (CMS) = 158 + 19 pb.

12% precision

All measurements consistent
with each other and with SM

CMS Preliminary

® CMS combined (36 pb™)
B ATLAS combined (35 pb™)

o
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CMS dilepton (prel.) o 168+18+13+7 | o [ g g(t))F
TOP-10-005 o (36 pb™") °c L
O B
|
Z c i
z S
—A— =
: 3 36 Q B
CMS I+jets (prel.) ) 173114150 £ 7 3
TOP-10-002 B (36 pb”') o B
< & II'
R § 10 Approx. NNLO QCD (pp)
ATLAS combined (prel.) 180+ 9+%+6 | 2 F ,fj e e o
ATLAS-CONF-2011-040 (35pb7") = - + _______ Approx. NNLO QCD (pP)
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009 | ," | scale unc.
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) unc. L/ ,'\-Aasngg\?;eolgé'\mwgg; Phys. Rev. D80 (2009) 054009
I I I I I /
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Top Pair Production Cross Section [pb] \'s [TeV]
M. Aldaya 8 LHC Physics Discussion, 20.06.11




CMS . . _
: Single top cross section arXiv:1106.3052
" 1%t evidence for EWK single top production at LHC! [ = _ OMS Preliminary 36pb"Ns =7TeV___
= t-channel (dominant): q' q §3o cos( 68* lepton-light jet) E
1 isolated high-p; u/g, central b-tagged jet, W A o5k Signal is -t L E
forward light jet, E;™Miss y : ~1 + cosf .
) hes: 4 B i E
approaches: g 5 :

2D likelihood fit to angular signal properties
- Robust, minimal model dependence

* 1D likelihood fit to multivariate (BDT) output
—> Fully exploits signal topology, maximizes significance

-1 -0.8 06-04 02 0 02 0406 08 1

— - 1 Ccos 0,

CMS Preliminary, 36 pb”',\s = 7 TeV - - l

o 70i"l"'l“'l"'l"'l"'l"'l"'l"'l"' M+jets&e+jets ‘2455"'I'"'I""I""I""I""I""I""I""I"'E
c - H H 1 e -
s F 37 mgred_lents_ ] * data 3405_ | n light jet| 3
w60 -lepton, jets kin., 3 | Wt channel |“ *E—— E
s50F -W,topkin., 3| [Js channel 35 E

: - global event 1| Dw 30 L Signal is E

40F shape & energy 3| Bt 25 £ 3

: - BWbh more forward E

30__ - .wcc 20 =

- - 15 .
20F 41 BWc E

- 11 BW+light jets 10 E

10F 3| MZ+jets 5 ——
0: 0.8-06-04-02 0 0.2 0.4 0.6 0.8 _1 — b % 05 1 15225335445:
S ~ BDT odtput S@acD h‘u?
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CMS

Single top cross section arXiv:1106.3052

CMS Preliminary,\I§=7 TeV, L=35.9 ptj1 o) t-channel single top quark production
Q [ 1 T |l I 1 T |l I 1 T 1 I T T 1 I T T |l |
— @®  CMS Preliminary, 35.9 pb™ _
o B  ATLAS Preliminary, 35.3 pb™
2D, u channel ° 104.1= 203 107 F ¥ Dposan’ E
- A CDF 321" 3
2D, e channel *1542- L i |
1 0 Y - NLO QCD (5 flavour scheme) =
o theory uncertainty (scale @ PDF) 3
BDT,u channel ¢ 89.8 + :g: B Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 _
1L I NLO+NNLL |
37.8 = theory uncertainty (scale © PDF) 3
BDT! e Channel 59.2 + 37.8 E T Kidonakis, arXiv:1103.2792v1 [hep-ph] E
R T R R R
‘ ‘ 0 2 4 6 8 10
2D, e+u channel 124.2 + 481 .
" I 11 | 3.70 evidence ( 2.10 expected ) Ns [TeV]
— e— 3.50 evidence ( 2.90 expected )
BDT, e+ channel - 78.7 = 502
==
: CMS combined cross section: 36% precision
CMS combination @ 83.6 = 00 .
- 83.6 £ 29.8(stat. 4 syst.) £ 3.3(lumi.) pb
I I I I I I

-100 -50 0 50

100 150

200

Single Top t-Channel Production Cross Section [pb]

Main systematics: b-tagging efficiency

All measurements consistent with each other and with SM |
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CMS, | . .
% Top mass in dileptons arXiv:1105. 5661

CMS prellminary

» First top mass measurement at LHC !

c :
O [36pbratys=rTev =
LI>J o5 eefen/y events g

» Dilepton (ee, uu, ue) channel: m = 17582 49Gevet ¢

\
- final state reconstruction still under-constrained after 200 AMWT | - \’Kf/
imposing pr conservation, my,, = M40, My, cOnstraint :

C 150 160 170 180 190 200 |
155 Top Quark Mass (GeVic?) |

S+B model-

= Two independent methods to constrain further:

 analytical matrix weighting technique ( AMWT )
Scan values of m,, weight from PDFs & lepton spectra

« fully kinematic method ( KINDb ) = d

100 125 00
Use p,(tt) as additional information, b-tag for I-jet assignment 30 ReconstruIC’feldl Mass (99\(/9?
- :CMS prellmlnary g ]
= Template fits to extract m, from the mass distributions §zsj§,g:;;:tjf::§" 3 | ,/
- "m,,=174.8+ 5|5 GeV/c? = \ /
= Agreement with world average m, = 173.1 £ 1.1 GeV: 200 \\ //
® - $50 60 170 180 180 230.
MethOd Measured mtop (m GeV/CZ) 15—_ Top Quark Mass (GeV/c?) |
AMWT  175.8 &+ 4.9(stat) + 4.5(syst) o KiNb

KINDb 174.8 + 5.5(stat) "2 (syst) ﬂ»
| combined 175.5 + 4.6(stat) + 4. 6(syst)| 4% precision

: o 100 125 150 175 200 225 250 275 30C
Dominant systematics: JES Reconstructed Mass (GeV/cg
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CMS . ] \
" Top mass in I+jets cMS-PAS TOP-10-009 WEW
Ideogram technique: o cms Prelin_mta;y;; = 36 pb”

= Constrained kinematic fit of y/e+jets events I = s
requiring my,, = M, applied to up to 24 jet s0l Single-Top
Bz

combinations per event

Number of Events / 20 GeV

i QCD
= Event likelihood as a function of the top quark £ “I
mass hypothesis taking into account: I
« all possible jet-quark assignments (weighted by ?) zo:—
* probability density to be a signal or background event o
* b-tagging information 0 " Fitted Top Mass [GeV]
_ . _ _ CMS Preliminary, L = 36 pb™
= Joint likelihood fit over all events to extract m; 3 - 4~ Data
o 60— M
= Combined e+jets & p+jets: 3 | o oo
my = 173.1 + 2.1(stat) 22 (syst) GeV. 2L i
5 |
Dominant systematics: JES s |
S0 etjets
= Combined CMS result (with dilepton): 5o, precision 2
me = 173.4 + 1.9(stat) + 2.7 (syst) GeV. I i +
00 = 100 — 21|)0 - I300 — 400 500 600

Fitted Top Mass [GeV]
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. Top-pair invariant mass CMS-PAS TOP-10-007

T LA UL L
N CMS P I —e— Data ]
= Search for heavy narrow resonances decaylng > 120} 56 pb' z'\fp'"a;yTev EZSD E
into top pairs with e/u+jets in the final state g|oo:e+“’24'ets —ERSULE
] o) N Vbb+X ]
- can modify the m, spectrum from 5 f B Voeex -
. tt £ 80 [ W—lv (+ light jets) ]
SM predictions S [ Single-Top X
L 60__ -tf ]
. . . . - Z'05TeV (50 pb)
» Energetic & isolated e/u in an energetic - 7075TeV (s0pb) ]
. . . . 40_ --------- Z'1TeV (50 pb) -
hadronic environment with 2 b-jets B | e Z125%v G0ph) ]
201 —
= Reconstruct m,, using a kinematic fit e
. . 0 400 600 800 1000 1 200 1400 1600 180C
e Separate in different lepton flavours and m_ [GeV/c?]
jet & b-tag multiplicities ( 8 categories ) T PFeme peminary ]
, — 70F3 =
« For all relevant processes, use data-driven & oo (Y R C B AL :
MC-based templates T 60p —*— Observed (95% CL) 5
T : S 5ok Expected (95% CL)
= Likelihood template fit to m,,  50F xpected 9% CL)
CE 40F + 1o Expected -
= No significant signal observed S ol + 20 Expected e
* Limits set for narrow Z'-like particle £ 205 .
. — n 7
production at the 95% C.L. _: :
o 10_— =
agn . . (o} - ]
= Already competitive with Tevatron, particularly > | -

higher masses 04 0608 1 12141618 2
at higher mas m.,,. [TeV/c?]

M. Aldaya 13 LHC Physics Discussion, 20.06.11




CMS /|

Top pair angular production asymmetries are a possible indicator

of BSM top production interfering with SM production

» Tevatron: proton-antiproton collider
* Valence (anti)quarks from certain direction
- Forward-backward asymmetry
Reported a deviation from SM predicted Arg ~ 5%

= LHC: proton-proton collider
* gg symmetric > SM asymmetries more diluted
* No valence antiquarks, quarks have higher x on average
Nt —N-
Nt + N—

- Asymmetry in mtopl - |nantitop|=N : AC —

= SM prediction: A =0.0130 = 0.0011
» CMS measurement (unfolded):

Ac = 0.060 = 0.134(stat.) + 0.026(syst.)

Competitive with Tevatron with ~1fb-1 of data
First measurement in top pair production in pp !

100

50

Tevatron

top
anti-top

'Charge asymmetry in |+jets cMS-PAS TOP-10-010

>
n
LHC top
anti-top
>
| n
—CMS Prehmmary 'edata
L 36 pb'at\'s = 7 TeV [ Bt
e+Jets n+jets [single top.
A'e°_0 018+0.034 I P Z+jets
BWijets

[]acbp

/-
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cnis Summary & outlook

= A lot of interesting results in the top quark sector with only 36 pb-1!

» Top-pair cross section in dilepton and lepton+jets channels ( 12% precision )
e Single top cross section ( 36% precision )

 Top mass in dilepton and lepton+jets channels ( 2% precision )

e Top-pair invariant mass =» limits on narrow model-independent Z’ production

e Charge asymmetry

» Many new results for summer conferences in the pipeline:

e Additional decay channels (all-hadronic, with taus)
 Differential cross sections
e More top-pair and single top properties

= So far, good agreement with SM predictions, but already ~1 fb-1 2011 data collected
. . . this is only the beginning . .. ©
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Additional information

M. Aldaya

16 LHC Physics Discussion, 20.06.11



Muon
Electron

""" Photon

)ﬁl!]"

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

The CMS

experiment

Tracker “ =

Transverse slice EC AL 7
through CMS HCAL
Magnet
<«
3: 45 fl\gs prel{m‘i;?ry 2010 B ~4T
E ntegrated luminosi
- 40 9 ty 2010 data

All runs until 31 Oct 2010
Delivered: 46.41 pb™

. T
D Barmaey, CERN, Febrisuy 2004

Muon chambers

~ 100M channels, > 98% operational

35E Rovero 4o pb’!
255—
E Tracker o(p;)/p;~1.5%p;+0.005 In|<2.4
20—
15E- Ecal o(E)/E~3%/VE+0.003 In|<3
10— Hcal o(E)/E~100%/VE+0.05 GeV  |n|<3(b)/5 (f)
St Muon o(p;)/p;~1-10%p; In|<2.4
0 s ad s ! colaeds o ! RSy B 1
g 5 3 g g b
= - 3 - T :  Date
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A More info: Bckg estimation in dileptons

» Background estimation from simulation:
single top (tW), semileptonic ttbar, diboson, Z/y*— t+t-

» Background estimation from data:

1) Drell-Yan : Estimation of the contribution outside the Z-veto region
using the number of events inside the Z-veto region
I:l Peaking NOUf R (Nin k Nin )
processes — : . e .
ENon-peaking Z/’}’* OUt/m N ,J'+IJ' e:i:“,:l:
processes
from simulation, non-peaking processes

R, = Nou(PY MC)/ N, (DY MC)  from ep channel data
corrected for lepton eff (k,,)

76 106 Dilepton mass

2) Non W/Z decays Ieptoﬁ (“fakes") : QCD multijet, W+jets

Estimation of the contribution of fake leptons, NT9",~ | using the number of events in a sample
with loose identification requirement, N-o°se, .,

Tight _ . NJLoose
Nocp = A Nogp

R, = Probability that a loose lepton passes the tight selection. Determined from a multijet sample

M. Aldaya 18 LHC Physics Discussion, 20.06.11



More info: Bckg estimation in dileptons

Drell-Yan contribution Non-W/Z contribution

Selection Njgt =1 Njet 2 2
Sample Nt =1 Nigt 2> 2 ete : Er > 50 GeVin Ny =1, Er > 30 GeV in N, > 2
efe : Er > 50 GeVin Nt = 1, Er > 30 GeV in Njet > 2 Simulated 1.0+0.3 0.6 +0.1
Simulated 0.1+0.1 1.7+ 03 Estimate indata 0.3 +0.3 1.1+14
Rout/in 0.13+0.13 0.14 +0.03 }l+}l-: ET > 50 GeV in Njet = 1, ET > 30 GeV in Njet >2
Estimate fromdata 02+0.3 30+18 Simulated 0.1+0.1 0.1+0.1
u u: Fr > 50 GeVin Nt = 1, Er > 30 GeV in Nit > 2 Estimate indata 0.1 +0.3 0.6+1.1
Simulated 14+03 33105 e*ut:
Rout/in 1.1+03 0.22 + 0.03 Simulated 1.0+0.3 1.6 +0.3
Estimate fromdata 5.2+34 74+4.1 Estimate indata 1.3 +0.38 14+16
ete: with b tagging, Fr > 30 GeV e'e”: with b tagging, E7 > 30 GeV
Simulated 0.16 £ 0.07 0.6+0.2 Simulated 03401 0.3+0.1
Rout/in 0.08 + 0.04 0.14 + 0.05 Estimate indata 0.3 +0.5 09+1.2
Estimate fromdata 0.6+ 0.5 0.7 +07 u'u~: with b tagging, Fr > 30 GeV
u*u~: with b tagging, Fr > 30 GeV Simulated 0.0+01 0.1+0.1
Simulated 0.8+02 13403 Estimate indata 0.1 +0.3 03+0.8
Rout/in 0.27 + 0.08 0.23 +0.05 e*u¥: with b tagging
Estimate fromdata 29+1.9 26118 Simulated 03+01 Lox01

Estimateindata 13+ 1.1 05+1.1
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More info: tt cross section in dileptons

Systematics

Table 3: Summary of systematic uncertainties relative to the rate of selected signal events estimated for
the full signal selection. All values are in per cent. Systematic uncertainties on the lepton selection are
treated separately for e*e™ and "~ final states. Except for the lepton selection, values for all modes

of a single source are treated as 100% correlated: the negative sign denotes anti-correlation. Different

sources are treated as uncorrelated.

Niet =1 Niet = 2
Source efe"+utu~ e*u¥™ ete +utu- e*ut
Lepton selection 1.91/1.30 1.11 1.91/1.30 1.11
Energy scale —3.0 -5.5 3.8 2.8
—pp [epton selection model 4.0 4.0 4.0 4.0
Branching ratio 1.7 1.7 1.7 1.7
Decay model 2.0 2.0 2.0 2.0
— Event Q? scale 8.2 10 -2.3 -1.7
Top-quark mass -29 -1.0 2.6 1.5
Jet and E1 model -3.0 -1.0 3.2 0.4
Shower model 1.0 3.3 —0.7 —0.7
Pileup —2.0 -2.0 0.8 0.8
Subtotal (before tags) 11.2/11.1 13.1 8.0/7.9 6.2
- b tagging (> 1b tag) 5.0 5.0
Subtotal with tags 9.5/9.4 8.0
Luminosity + + + <
M. Aldaya 20 LHC Physics Discussion, 20.06.11



CMS

More info: tt cross section in I+jets w/o btag

= 2D binned likelihood fit to E;Mss with 3 jets and M3 with = 4 jets

= Templates for E;™'ss and M3 for signal and background obtained from simulation,
except for QCD (data-driven)

6 parameters floating in the fit: signal + 5 background

ﬁff Nst NW+jets Nz +jets NQCD e+jets I\IQCD ;.4+jets
predicted | 1.00 | 72+4 | 1069 =77 | 138 =10 367 =27 584

fitted 1.10 | 76 =22 | 1475+ 86 | 184 =51 440 =44 113431

120—IIII|IIII|I|II|I|II|IIII|I 160_—0-]!|III|III|III]III]III|III|III|I
~ CMS Preliminary —e— Data - CMS Preliminary —e— Data

> LI — > p==
(o)) . ] ]
g o SRR g o uEmTNCT mmg -
N - HIEIS, Niers™ [ Single-Top 1 5 120 Z_u 18 Nets™ [ Single-Top 4
@ - B W—lv 1 € n EW-lv .
S 80 2T L“>u’ 100 Wl Zy -
> — — | -
- CD ] - [ 1QCD ]
Y e[ —a . o E
i ] 60— =
40— — C ]
B _ 40 ]
200 [y 20 =

O 100 200 300 400 500 600 % 20 40 60 80 100 120 140 160 180
M3 [GeV] E;r [GeV]
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CMS u = ] u ]
More info: tt cross section in I+jets w/o btag
Systematics
stat.+syst. uncertainty

Stat.+bkg. uncertainty —8.4% +8.7%

—p | JES —17.6% +20.3%

JER —8.4% +8.8%

ISR/FSR variation —8.6% +9.0%

——3p | Factorization scale —10.6% +11.2%

Matching threshold —9.8% +10.5%

Branching ratio —8.6% +8.9%

Efficiencies (from T&P) | —8.7% +9.2%

| QCD rate & shape —8.9% 4+9.1%

Lepton scale —8.4% +8.7%

| PDF uncertainty —8.5% +8.7%

Pile-up —9.3% +9.3°/o

Total —19.3% +23.5%
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CMS

More info: tt cross section in I+jets w btag %

» Fit separately lepton flavour (electron, muon), number of jets (1, 2, 3, 4, = 5)
and number of tags (1, = 2)

Scale factor for the Nuisance parameter, where X can be:
simulated cross section b-tag efficiency, JES, Q2 scale
pred . Y aMC X
N (lept, jets, tag) = k; N (lept, jets, tag H P (lept, jets, tag Rx)
B ~
Number of predicted Number of events predlcted by MC Polynomlal functions describing the effect of
events corrected for Data/MC discrepancies the nuisance parameter, obtained from MC

Systematics combined mu/e

Source Uncertainty (%)
Systematic uncertainties
» Most important systematics are Lepton ID/reco/trigger 3
included as parameters in the fit Unclustered Ef"* resolution <1
- their impact is reduced tt+ Jets Q°-scale 2
ISR/FSR 2
ME to PS matching 2
PDF 3.4
Profile likelihood parameters
Jet energy scale and resolution 7.0
b tag efficiency 7.5
W+Jets Q2-scale 9.1
Combined 11.6
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> More info: single top

+ .
/ « Solve neutrino z-momentum

a9,
N * W boson mass constraint
f e— . \ e real solutions: smaller |p_z|
b ET e complex solution: minimally modify MEx and MEy

" CMS Preliminary, 36 pb™,\s = 7 TeV CMS Preliminary, 36 pb”,\/s = 7 TeV
u : ol B vy L Bl L L | o I”":.data g : .d.(a
S TOF muon channel - Mtchannel S 350 electron channel - mtchannel
> E - CJs channel > - [[]s channel
w  s0— 4 Ow w30 Cltw
£ ] En . = E& :
it 1 —] Wb r Wb
i W+jets {mwee 25E | W
E ] Wi - Wi
40— - .Wslight jets 20— -wfugm jets
- ] M Z+jets - 2 Ml Z+jets
30— —| mw 15— mvv
E - £JQCD - [JQcb
20t signal - 105
10— E S5E
%0100 150 200 250 300 350 400 450 %0100 150 200 250 300 350 400 450
M, (GeV) M, , (GeV)

Still rather small signal to background ratio: Complementary methods
- Exploit two characteristic features of Single top quark production (2D analysis)
- Use MVA technique Boosted Decision Trees for further separation (BDT analysis)
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More info: single top

Event yield summary

Process 2D, u channel | 2D, e channel || BDT, y channel | BDT, e channel
single top, t channel | 17.6 = 0.7 () | 11.2 = 0.4 (1) 17.6 £ 0.7 (1) 10.7 £ 0.5 (1)
single top, s channel 09 =03 0.6 =0.2 14 +0.5 1.0+ 0.3

single top, tW 31+09 24 =07 38+1.1 < 0.1
WW 0.29 £+ 0.09 0.23 = 0.07 0.32 + 0.10 0.23 + 0.07
WZ 0.24 = 0.07 0.17 = 0.05 0.33 +0.10 154+ 04
ZZ 0.018+ 0.005 | 0.011 £ 0.003 0.020 + 0.006 < 0.1
W+ light partons 18.2 + 5.5 11.6 = 2.3 84 +4.2 7.0+ 3.5
Z+X 1.7 £ 05 1.6 =03 0.7 +£0.2 0.05 £+ 0.03
QCD 0.6 =03 2.6f§:‘é 49 +25 53+5.3
Voo 204 +10.2 141 +7.1 17.6 + 8.8 11.7 £5.8
We 12.9 7}%° 9.4 737 9.2 732 59 739
tt 20.3 + 3.6 15.6 = 2.8 349449 229 +=3.2
Total background 78.6 +15.2 584 +=11.0 82.4 + 13.1 55.9 4+ 10.2
Signal + background 96.2 = 15.3 69.6 = 11.0 100.0 £+ 13.2 66.6 + 10.2
Data 112 72 139 82
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More info: single top

Systematics combined mul/e (given in %)

impact on
uncertainty correlation 2D BDT
- + - +
statistical only 60 52
shared shape /rate uncertainties:
ISR/FSR for tt 100 -1.0 +15 | <02 <02
Q? for tf 100 +35 =35 | +03 04
Q? for V+jets 100 457 —-120| 426 —-45
Jet energy scale 100 -88 +36 | -51 +1.2
— | b tagging efficiency 100 -196 +198 | —152 +14.6
MET (uncl. energy) 100 -57 +37 | -39 -05
shared rate-only uncertainties:
tE (£14%) 100 +20 -19 | +05 -0.6
single top s (=30%) 100 -04 +05 | -04 +04
single top tW (£30%) 100 +11 -10 | <02 <02
Wbb, Wce (£50%) 100 -30 +29 | +17 -19
We (73007 100 -30 461 | —24 +44
Z+jets (£30%) 100 -06 +07 | +04 02
electron QCD (BDT: £100%, 2D: “130%) | 50 +29 =37 | -17 +17
muon QCD (BDT: 50%, 2D: +50%) 50 <02 <02 |-21 <421
signal model 100 -50 +50 | —-40 +4.0
BDT-only uncertainties:
electron efficiency (=5%) 0 — — -14 +14
muon efficiency (+£5%) 0 — — -36 +35
V+ets (=50%) 0 — — -15 <02
2D-only uncertainties:
muon W+light (£30%) 0 -14 +14 | — —
electron W+light (+=20%) 0 -06 407 | — —
W+light model uncertainties 0 -54 454 | — —
M. Aldaya 26 LHC Physics Discussion, 20.06.11




> More info: top mass in dileptons

Fully Kinematic Method (KINb)

» Top quark reconstruction:
e Solve equations of tt system many times per event
 Scan kinematic phase space: vary p+(jet), E/m'ss & p,(tt) independently according to resolution
* Accept solutions with lowest m(tt) if [my,, -m 00| < 3 GeV

» Choose the I-jet combination with largest number of solutions
* My, = outcome of gaussian fit around most probable value (+ 50 GeV)

= Top mass determination:
» Unbinned likelihood fit to my
« Free parameters: my,,, Ng;; N,

e Background templates from simulation (shapes fixed); signal template (gaussian + landau)
from fit to simulated signal sample
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> | More info: top mass in dileptons

Analytical Matrix Weighting Technique (AMWT)

» Top quark reconstruction:
e Solve equations of tt system many times per event
* 8 solutions per event (4 for each of the 2 lepton-jet combination)
* Scan my,, within [ 100 GeV, 300 GeV ] in steps of 1 GeV
» Assign a weight to each solution according to CTEQG6.1 PDF and the kinematics of the decay:
W= f(x)f(X)p(E |mmp)p(17f$ m,,)
f(x) = PDF (summed over u, d, g)

p( E*|my,, ) = probability of finding the lepton with energy E in the top rest frame by given m,

 Sum weights of all solutions for a given m,,, and average for different p(jet) within resolution
* MamwT = Miop With maximum average weight

= Top mass determination:

 Calculate likelihood for different Mygp,

* All templates from simulation except Z+jets background, which is taken from data in Z-mass
window (fixed)

M. Aldaya 28 LHC Physics Discussion, 20.06.11



More info: top mass in dileptons

Systematics

Table 2: Summary of the systematic uncertainties (in GeV/c?) in the measurement of Miop, to-
gether with their correlations and combined values.

Source KINb AMWT Correlation factor Combination
=P jet energy scale +3.1/-3.7 3.0 1 3.1
— b-jet energy scale +2.2/-2.5 2.5 1 2.5
Underlying event 1.2 1.5 1 1.3
Pileup 0.9 1.1 1 1.0
Jet-parton matching 0.7 0.7 1 0.7
Factorization scale 0.7 0.6 1 0.6
Fit calibration 0.5 0.1 0 0.2
MC generator 0.9 0.2 1 0.5
Parton density functions 0.4 0.6 1 0.5
b-tagging 0.3 0.5 1 0.4
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. More info: top mass in lepton+jets

w =P AL ]
+ Cross check: simultaneous % ¢ g Gy [mrromose | -
measurement of m(top) and E consaton= 0578_|
JES 1085 B
o Template method in 2-tag sample 123: E
o using M3 and M2 (mass of 1.02f- -
untagged jets) . 9;5 E
 Central result: 155 160 165 170 175 [(; L\}%o
| Miee
my = 173.1 2.l(stat)f§:‘1l (JES) £ 1.4(other syst) GeV
o Factor two more precise than ATLAS result in |+jets:
ATLAS! 169.3 +/- 4.0 +/- 4.9 GeV
» Combined measurement with World average:
dileptons 173.3 +/- 1.1 GeV

my = 173.4 + 1.9(stat) 4+ 2.7(syst) GeV
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More info: top mass in lepton+jets

Systematics

Ideogram analysis Cross-check
Source omi (GeV) OJES  dmy
JES (overall data/MC) +2.4-2.1 - -
JES pr and 5 dependence - 0.004 0.3
light vs b-jet scale - 0.002 2.6
JER (10% effect) 0.07 0.005 0.2
MET (10% effect) 0.4 - -
Factorization scale 1.1 0.001 0.9
ME-PS matching threshold 0.4 0.003 0.2
ISR/FSR 0.2 0.008 0.4
Underlying event 0.2 0.001 0.7
Pile-up effect 0.1 0.005 0.2
PDF 0.1 0.002 0.2
Background 0.5 0.007 0.9
B-tagging 0.05 0.003 0.2
Fit calibration statistics 0.1 0.004 0.1
Total systematic uncertainty +2.8- 2.5 0.015 3.1
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CMS /|

Reconstruction of m,, done in 3 steps:

More info: top pair invariant mass

= Reconstruct leptonic W: E{™ss = p(v), p,(v) unmeasured

» Impose W mass constraint: m,, = my, = 2 solutions for p,(v)

« If both real, keep both; if imaginary, modify E{™ss within resolution to give real solution

= Association of jets to hadronic W decay and to the 2 b quarks by %2 minimization
« 5 variables used: m/¢°, m/had, p_(tt), H; fraction (= sum of E;selected jets/ sym of E 2!l jets)

= Kinematic fit to improve resolution

<\'|_‘ 250_"""'] LN DL L N L A I'_ & 250_"'["["']"l"'l"I"'l"l"'l‘_
RS, " CMS Preliminary RS - CMS Simulation
> -1+ jets . > F e +jets ]
(0 200~ —+— Before kinematic fit — reSO| ution & 200 - —+— Before kinematic fit -
‘= | . . . . - H . . . r "
= ~ ----+--- After kinematic fit £ ----t---- After kinematic fit -
S  150|- - /_l,+jetS € 150} : -
O L O . -
3 ¥ — 3 i §
o] N o) " ]
8 100 — 8 100 -
c i . c [ ]
i resolution _- :
50 — - . 50 — .
g e+jets '
I B BT SRR BT SRR SRR BT ST B _) (o ]
900 400 600 800 1000 1200 1400 1600 1800 200 BOO 400 600 800 1000 1200 1400 1600 1800 200(2)
Generated m, [GeV/c Generated m, [GeV/c”]
M. Aldaya 32 LHC Physics Discussion, 20.06.11



CMS

More info: Charge asymmetry

Reconstruction of ttbar final state: (following event selection from TOP-10-002)

= Reconstruct leptonic W: E{™ss = p(v), p,(v) unmeasured

* Impose W mass constraint: m,, = my, = 2 solutions for p,(v) ; if imaginary, take Re

» For each possible 4-jet combination, determine W and take the hypothesis with

the smallest value of ¥ :

¥ = x*(1 — Py(2b;,,4)) (1 = Py(zs,,,,)) Po(Tq, ) Po(zgs)

CMS Preliminary. ' edata
36 pb'at\s =7 TeV Bt
e+jets, u+jets [single to
B Z+jets
BWijets
[Jacp [

Events

3

o

L1 1111

10°

10

11 llIIlIl

e Ll

(M Fad =™t had)”
X2 — t,haag y11a +
™M had
b.p. 2 2
+ (mtllzp - ieﬁap) ( w had {f’chad)
2 2
m¢ Jep Imw had
process electron channel | muon channel
tt 184 + 16 231 +20
single top 9+3 12+ 4
WHjets 130 + 8 159 +9
Z+jets 206 15+5
QCD 64 +6 17 +5
total fit result 407 £19 434 £+22
observed data 428 423
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‘Conpac e sl

= More info: Charge asymmetry

Unfolding: correct the measured |0, |-[N 4,40l from several effects:

» Background contributions:

 use orthogonal samples from diagonalized covariance matrix and subtract them from the
measured spectrum: A_*°= 0.018 + 0.034 (stat) > A= 0.035 + 0.070 (stat)

» Smearing and selection effects:
» Define matrix y = A x, where x = true spectrum ; y = measured distribution
e A is taken from simulation, measured scale factors from overall selection eff accounted for

» Equation solved by a generalized inversion process of matrix A

L L = I P A L L R L L
1001=GMs Preliminary I '+ data = CMS Preliminary * unfolded result
- 36 pb'at\'s = 7 TeV Bt . -+ - 36 pb'at\'s =7 TeV — LOMadGraph -
e+jets, p+jets Wsingle top g ----- NLO prediction |
- y =
A°=0.018+0.034 PZ+jets S 04 Unfolded-
i . [
Recanstructed EW+iets o ]
[]acp -
50
0.2 .
!
, NI S—
i | | |
Q4 -2 2 4 Q4 1 1 1 2 1 1 1 4
- )

M. Aldaya 34 LHC Physics Discussion, 20.06.11



